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Preface to the First Edition

One of the basic functions of the World Health Organization (WHO) is the interna-
tional transfer of scientific knowledge of direct practical value to countries in solving
their health problems. A vast store of knowledge and experience has been accumu-
lated in tuberculosis control. Through WHO-assisted projects, simplified and largely
standardized control methods have been developed for general use, even in the
remotest rural areas of developing countries. The concept of the “national tuberculo-
sis control programme” was formulated by WHO to enable the new technology to be
applied effectively. The Organization’s policy on tuberculosis control, contained
mainly in concisely worded reports of the WHO Expert Committee on Tuberculosis,
has given rise to a great many questions and requests for further information. It has
long been thought, therefore, that a detailed commentary on the scientific knowledge
and practical experience underlying WHO’s tuberculosis control policy would be a
valuable element of WHO’s technical cooperation with Member States. This book,
presented in the form of questions and answers, is a first step in that direction. I hope
that it will reach all tuberculosis workers in key positions, the organizers and admin-
istrators responsible for tuberculosis control in national programmes, and the field
staff concerned with the day-to-day problems of tuberculosis control in the commu-
nity. The book is also directed towards those who teach about tuberculosis control in
medical schools, schools of public health, nursing schools, and similar institutions.

H. Mahler
Director-General
Geneva, 1979
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Preface to the Second Edition

For more than two decades, Kurt Toman’s book Tuberculosis case-finding and
chemotherapy: questions and answers has been the most authoritative reference on the
rational basis of diagnosis and treatment of tuberculosis. Few scientific books last so
long, particularly in these times of rapid expansion of knowledge. The book has been
reprinted many times by the World Health Organization (WHO) in English, Spanish
and Arabic, and translated and printed by the International Union Against Tubercu-
losis and Lung Disease in French and Portuguese.

Unfortunately, despite the availability of low-cost and accurate diagnosis as well as
nearly 100% curative treatment for more than three decades, tuberculosis remains one
of the leading infectious causes of death globally, killing nearly two million people a
year. Tuberculosis accounts for more than one in four avoidable deaths among adults
in developing countries. The HIV epidemic is making this bad situation even worse.
Many countries in Africa have experienced a two- to fourfold rise in the incidence of
tuberculosis since the advent of HIV.

Over the past decade, in consultation with partners and Member countries, WHO
has refined and promoted the tuberculosis control strategy known as DOTS. DOTS
ensures accurate diagnosis, reliable cure, and systematic monitoring, as well as the
political and administrative support required for effective tuberculosis control.
However, the basis of the DOTS strategy is sometimes questioned. DOTS is not
dogma, but a framework that is based on extensive basic, clinical, and epidemiologi-
cal research, and that will continue to evolve as new information becomes available.
In this regard, the second edition of Toman’s Tuberculosis comes at a particularly
opportune time. Countries throughout the world are rapidly scaling up DOTS imple-
mentation, and programme managers, doctors, medical school professors, and other
interested persons often have questions about the basis and background for DOTS
strategies and practices.

It must be admitted that the remarkable relevance of a scientific book written 
24 years ago is not only a testament to the prescience of Dr Toman, but also a sad 
testimony to the lack of rapid progress in the field of tuberculosis control over the
past two decades. In recent years, there has been renewed interest in tuberculosis.
Our understanding of the disease, our ability to diagnose and cure it, and the im-
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plementation of effective control strategies should improve sufficiently that much less
time will elapse before the next edition is required!

It is my hope that this invaluable book will provide support to those on the front
lines of the battle against tuberculosis, including programme managers, policy-
makers, doctors, nurses, medical school professors, and members of civil society who
work together to stop tuberculosis.

LEE Jong-Wook
Director-General
Geneva, 2004
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Introduction
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One section of the first edition of K. Toman’s Tuberculosis case-finding and chemother-
apy: questions and answers is entitled, “What were the main landmarks in the devel-
opment of tuberculosis treatment?” It could accurately be claimed that Toman’s text
has itself been one of these landmarks. Shortly after publication of the first edition in
1979, K. Styblo and the International Union Against Tuberculosis and Lung Disease
(IUATLD) developed a model with all essential elements of tuberculosis control and
applied it in several countries of Africa and the Americas. This model, further refined
by the World Health Organization, is today known as DOTS, the internationally 
recommended strategy for effective tuberculosis control. DOTS is based on evidence
available from studies and experience gained in more than 100 countries.

Once again, the evidence base for approaches to diagnosis, treatment, and moni-
toring is presented in a comprehensive and comprehensible form, and is extended in
this edition to prevention and control. The information is intended for all persons
involved in the diagnosis, treatment, prevention, and control of tuberculosis – clini-
cal specialists and public health practitioners alike.

Toman’s concept was to marshall in one place the scientific basis for WHO/IUATLD
recommendations on the detection and treatment of tuberculosis. Much of what
Toman wrote 24 years ago remains relevant today; that is why some of the chapters
required no updating. Toman’s use of clear, convincing data, lucid explanations, and
sensible approach made the book a touchstone for a generation of tuberculosis experts
and many general physicians, particularly in developing countries. His description of
the effectiveness of respectful, sensitive treatment of tuberculosis patients is as perti-
nent today as when it was written. The tightly reasoned and impassioned advocacy
for the role of controlled clinical trials, and for adherence to the highest scientific and
ethical principles in their conduct, could have been written yesterday. Toman’s sys-
tematic discussion of drug resistance and of the role and difficulty of treatment with
reserve drugs is highly relevant to the current lively discussion of the appropriate role
of treatment of multidrug-resistant tuberculosis. And, of course, the entire section on
case detection is a classic and brilliant elucidation of the role of acid-fast smears, the
role and limitations of chest radiography and culture, and the importance of detec-
tion of tuberculosis patients through the general health system.



This second edition of Toman’s Tuberculosis has attempted to retain the simplicity
and clarity of approach of the first, as well as the systematic scientific background for
the answers given. The section on case detection has been updated and sections on
human immunodeficiency virus, the tuberculin test, and newer diagnostic modalities
have been added. Sections on appropriate case detection strategies are also included.
The treatment section has, of necessity, been updated with information on short-
course treatment, which had not been established when the original text was pub-
lished. Updated information on host defences, drug resistance, drug dosages,
extrapulmonary tuberculosis, treatment adherence, and direct observation of treat-
ment has been added. Sections on the basis, role, and limitations of treatment for
tuberculosis infection have been included, as has a section on monitoring programme
effectiveness, based largely on the experience of DOTS implementation in various
countries. The recording and reporting system established by Styblo is simple, robust,
and effective; it serves as the basis for accountability and programme monitoring.

A final point – from the introduction to the first edition – should be noted: “The
information given on any particular subject is far from exhaustive. The aim was not
completeness but deliberate selection. From among the numerous questions that are
asked, those that recur the most frequently and that appear to be most pertinent have
been chosen.”
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1

Case detection





3

1. What is the role of case detection in
tuberculosis control?1

F. Luelmo2

3

Detection of the most infectious cases of tuberculosis – sputum smear-positive 
pulmonary cases – by case-finding in patients attending health facilities is an essen-
tial component of the control of tuberculosis. Its objective is to identify the sources
of infection in the community, that is, individuals who are discharging large numbers
of tubercle bacilli. Treatment of those infectious patients rapidly renders them non-
infectious, thereby cutting the chain of transmission. A secondary benefit of case
detection is to minimize the delay in initiating treatment, thereby increasing the prob-
ability of cure (1). If the cases detected cannot be treated effectively – because of lack
of drugs, poor organization, or patients’ limited access to treatment services – the
activity is of little value. Identification of cases without being able to treat them under-
mines confidence in the health system and increases the number of persistently 
infectious cases spreading drug-resistant bacilli. Where new cases are not yet treated
satisfactorily and reliably cured, resources and efforts should therefore be concen-
trated on improving treatment outcomes rather than increasing case detection (2). In
addition to patients consulting for symptoms, the main target group for case detec-
tion is persons who attend health facilities for any reason and present persistent cough,
i.e. cough of more than 2 or 3 weeks’ duration.

In the past, case detection has been based on screening of the community by mass
miniature radiography (MMR) – so-called “active case-finding”. However, radiologi-
cal shadows are not specific to the diagnosis of tuberculosis, and, even in patients with
active pulmonary tuberculosis, radiographs do not reliably discriminate infectious
patients from other cases who do not represent a major risk to the community. Mass
screening is not cost-effective since the specificity of the method for identifying
sources of infection is low, many cases arise between rounds of screening, and the
individuals detected are often not motivated to complete treatment and are frequently
lost (3, 4) (see “What is the role of case detection by periodic mass radiographic 
examination in tuberculosis control?”, page 72).

1 Based on the chapter in the previous edition by K. Toman.
2 Consultant, TB control programmes, Geneva, Switzerland.



Identification of adults with persistent cough attending health facilities and screen-
ing them by examination of sputum smears is more cost-effective than MMR and
specifically identifies those who are transmitting tuberculosis. In areas where patients
are being reliably cured, community education should be provided so that people are
made aware that persistent cough is abnormal, informed where health services are
available, and persuaded to consult a health provider promptly for sputum smear
examination.

Contacts of smear-positive tuberculosis patients are at high risk of infection 
and of developing tuberculosis, justifying active case detection in these individuals.
Examination of contacts, particularly of contacts of sputum smear-positive patients,
is therefore recommended to identify and treat tuberculosis cases and to provide pre-
ventive treatment to those at highest risk, such as children and people infected with
HIV. Among residents of institutions with a high risk of tuberculosis transmission
(such as prisons, shelters for the homeless, and hospitals), evaluation for cough on
admission and periodic assessments are useful to detect and treat sources of infection.
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2. What is a case of tuberculosis?1

F. Luelmo2

Tuberculosis control aims to reduce the spread of infection. The most efficient method
for preventing transmission is identification (through case detection, diagnosis) and
cure of the most potent sources of infection – pulmonary tuberculosis patients excret-
ing tubercle bacilli (1). In addition, tuberculosis control aims to cure all forms of the
disease in order to reduce mortality and human suffering. For the purpose of tuber-
culosis control programmes, a “case” is therefore defined as a patient in whom tuber-
culosis has been confirmed bacteriologically or diagnosed by a clinician (2).

For programme purposes, cases are classified according to the site of the lesions as
either pulmonary (with lesions in the lung parenchyma) or extrapulmonary (with
lesions elsewhere but not in the lung parenchyma). Pulmonary cases are further clas-
sified as either sputum smear-positive or sputum smear-negative (which includes
smear result unknown). The positivity of smears depends on the number of tubercle
bacilli (see “How many bacilli are present in a sputum specimen found positive by
smear microscopy?”, page 11) and correlates with the risk of infecting other individ-
uals and the risk of dying from tuberculosis. Contacts of smear-positive individuals
are at much greater risk of being infected with Mycobacterium tuberculosis and of
developing tuberculosis than contacts of tuberculosis patients positive by culture only
(3). In countries where culture of sputum samples is readily available, smear-negative
cases can be classified as either definite tuberculosis cases (culture-positive for M.
tuberculosis complex) or others (culture-negative or unavailable).

On diagnosis, patients are classified for registration according to previous TB treat-
ment as:

— new: without or with less than 1 month of previous treatment;
— relapse: smear- or culture-positive patient previously treated and declared cured

or treatment completed;
— failure: sputum smear-positive after 5 months or more of treatment (or after 2

months or more of treatment if initially sputum smear-negative);
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— return after default: return to treatment after interruption of 2 months or more;
— transfer in: patient transferred from another tuberculosis register to continue

treatment; and
— other: all cases that do not fit the above definitions (includes chronic, i.e. patients

sputum-positive at the end of a re-treatment).

Although smear-negative pulmonary tuberculosis and extrapulmonary cases may 
also be relapses, failures, or chronic cases, this is rare and should be supported by
pathological or bacteriological evidence (2).

For registration, there are six mutually exclusive categories of treatment outcome:

— cured: a patient who is sputum smear-negative in the last month of treatment
and on at least one previous occasion during treatment;

— treatment completed: a patient who completed treatment but does not meet the
criteria for cure or failure (or after 2 months or more of treatment if initially
sputum smear-negative);

— treatment failure: a patient who is sputum smear-positive at 5 months or later
during treatment;

— died: a patient who dies for any reason during the course of treatment;
— defaulter: a patient whose treatment was interrupted for 2 months or more;
— transfer out: a patient who has been transferred to another unit and for whom

the treatment outcome is not known.

Treatment success is defined as the sum of the patients who are cured and who have
completed treatment. In countries where culture is current practice, patients can be
classified as cure or failure on the basis of culture results (2).
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3. What is the role of sputum microscopy in
patients attending health facilities?
F. Luelmo1

Sputum microscopy is the most efficient way of identifying sources of tuberculosis
infection. The method is used to diagnose tuberculosis in persons with suspected 
pulmonary disease and to identify sources of infection among persons with cough
attending health facilities for any reason. Sputum microscopy is also used to monitor
the progress of infectious patients during treatment, including confirmation of cure.

Diagnosis
The diagnostic efficiency of sputum smear examination is discussed in “How reliable
is smear microscopy?” (page 14). Smear examination has several operational advan-
tages over culture: the results are available sooner, correlate with infectiousness, and
identify both patients at high risk of death from tuberculosis if untreated and patients
who require more drugs in the initial treatment regimen because of greater bacterial
load.

A proportion of the patients attending health facilities consult a physician because
of symptoms suggestive of tuberculosis. It is the responsibility of the physician to
suspect tuberculosis in these patients and to perform the appropriate diagnostic tests.
In diagnosing infectious pulmonary tuberculosis, smear examination in persons with
persistent cough is the most important test. Chest radiography is useful for differen-
tial diagnosis of pulmonary disease among patients with negative sputum smears. The
timing of the diagnostic procedures will depend on the prevalence of tuberculosis in
the community. In areas with a high prevalence of tuberculosis, smear examination
should be the initial test. For diagnosis of pulmonary disease in areas with a lower
prevalence of tuberculosis, smears and chest radiography may be performed simulta-
neously, a short course of antibiotics nonspecific for tuberculosis may be given, or a
chest radiograph may be used as an auxiliary diagnostic procedure before smears and
culture. In any case, individuals with abnormal chest radiographs should be asked to
submit several sputum samples for smear examination before pulmonary tuberculo-
sis is diagnosed.
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Case detection
Infectious pulmonary tuberculosis is often not detected until a late stage, even 
though the patient may have attended health facilities during the initial stages of the
disease. Physicians frequently do not suspect tuberculosis or do not request smear
examination in patients with cough, particularly if those patients present with non-
respiratory ailments. It is estimated that as many as 5–10% of adults attending out-
patient health facilities in developing countries may have a persistent cough of more
than 2–3 weeks’ duration (1, 2). The proportion of smear-positive pulmonary tuber-
culosis among these individuals depends on the prevalence of tuberculosis in the com-
munity. Systematic identification of adults with persistent cough among outpatients
in general health facilities can detect a large proportion of sources of tuberculosis
infection (3). This reduces treatment delay and identifies infectious patients who are
a risk to the community and to other patients and staff at the health facility. Success-
ful treatment of these patients has a rapid effect on tuberculosis prevalence, mortal-
ity (4), and transmission (1).

In heavily used facilities, paramedical or administrative staff should be largely
responsible for identification of persons with persistent cough and referral for smear
examination. This screening is a public health activity intended only to detect and
cure sources of infection, and is additional to diagnostic activities in persons con-
sulting spontaneously. Because the objective is primarily to benefit the community,
the procedure must be simple, convenient for the individual, and free of charge, and
should not detract from the patient’s original purpose in attending the clinic. It is
important to record the patient’s name and address: if the laboratory detects positive
smears the patient must be found immediately and treatment initiated.

Culture is not a priority test for systematic detection of cases. Persons who are pos-
itive only on culture are less infectious than those who are also positive to microscopy.
Furthermore, culture is more expensive and complex than microscopy, and there is a
relatively long delay until the result is available.

The duration of cough chosen by a country as the threshold for recommending
smear examination depends on the prevalence of smear-positive tuberculosis, the 
frequency of attendance at health facilities by the population, and the laboratory
resources available. If the prevalence of tuberculosis is very low, there is no role for
systematic case detection with smears in adults with cough (low cost-effectiveness 
and high risk of false-positive results). Attendance at health facilities varies among
countries. People in more developed countries consult earlier and more often, and the
duration of cough selected as a basis for screening must be shorter; however, this
increases the proportion of patients with nonspecific cough and the workload of the
laboratory services, and reduces cost-effectiveness. Studies of prevalence of cough
among adults attending outpatient health facilities help determine the optimal dura-
tion of cough at which to recommend sputum examination under routine conditions
(2, 5, 6).
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Case detection in outpatients by microscopic examination of sputum can signifi-
cantly increase the number of sources of infection diagnosed. The number of outpa-
tients investigated, the number of smears for diagnosis, and the number of sources
detected are indicators of the case-detection activity. In Peru, for instance, 210 905
smear examinations were carried out in 1990, leading to the identification of 24 023
cases of smear-positive pulmonary tuberculosis. In 1993, 602 000 smears from 332 000
persons were examined and 35 646 cases were identified. By 1999 the number of
smear-positive cases had decreased to 24 511 despite an increase in the number of
smear examinations to 1 938 201 in 1 085 749 persons (1, 4). The proportion of posi-
tive smears is an indirect indicator of the impact of the programme in reducing the
prevalence of tuberculosis in the community. The rate of smear positivity in persons
with respiratory symptoms in Peru was 18.7% in 1990, 14.3% in 1991, 8.5% in 1993,
and 2.7% in 1999. Similarly, in Chile the smear positivity rate fell from more than
10% to less than 2% in two decades. By 1999, Peru was examining approximately 5%
of the adult population for tuberculosis by smear microscopy every year (1).

Microscopic examination of sputum smears during and at the end 
of treatment
Sputum smear microscopy has a fundamental role in monitoring the response to
treatment of infectious cases of pulmonary tuberculosis. Smear examination should
be performed at the end of the initial phase of treatment; if smears are still positive,
the intensive phase should be extended for an additional month. Smears should be
examined during and at the end of the continuation phase to confirm cure. The con-
version rate at 2–3 months (defined as the proportion of initially smear-positive
patients with negative smears out of the total who started treatment) is a good oper-
ational indicator. It shows the capacity of the programme to maintain patients on
treatment, obtain smear samples, and eliminate sources of infection, and it is an early
surrogate of the treatment outcome indicator (7). With short-course treatment regi-
mens of high efficacy, smears can be positive at 2–3 months because of dead bacilli
in patients with negative cultures. Thus, treatment failure based on positive smear
examination is not considered until the fifth month or later (see “How can the
progress of treatment be monitored?”, page 250). Negative smears during and at the
end of treatment are required to declare a patient cured of tuberculosis.

References
1. Tuberculosis en el Peru 1999. [Peru National TB control programme 1999.] Lima, Ministry of

Health, 2000.

2. Baily GV et al. Potential yield of pulmonary tuberculosis cases by direct microscopy of

sputum in a district of South India. Bulletin of the World Health Organization, 1967,

37:875–892.

3. Banerji D, Anderson S. A sociological study of awareness of symptoms among persons with

pulmonary tuberculosis. Bulletin of the World Health Organization, 1963, 29:665–683.

CASE DETECTION

9



4. Suarez PG et al. The dynamics of tuberculosis in response to 10 years of intensive control

efforts in Peru. Journal of Infectious Diseases, 2001, 184:473–478.

5. Larbaoui D et al. The efficiency of methods of diagnosing pulmonary tuberculosis: an 

investigation in a chest clinic in Algiers. Tubercle, 1970, 51:403–411.

6. Grinspun M, Rojas L. Comparison between radiological and bacteriological finding in 

tuberculosis. Revista Medica de Chile, 1973, 101:797–805.

7. An expanded DOTS framework for effective tuberculosis control. Geneva, World Health 

Organization, 2000 (document WHO/CDS/TB/2002.297).

TOMAN’S TUBERCULOSIS

10



4. How many bacilli are present in a 
sputum specimen found positive by 
smear microscopy?
K. Toman1

If a smear is properly prepared, the number of bacilli it contains will correlate with
the concentration of bacilli in the sputum. This numerical relationship, which has
been investigated by many authors (1–4), may be illustrated by the following example.

The amount of sputum on a slide for smear preparation is about 0.01 ml. This is
spread over an area of 200 mm2 (10 ¥ 20 mm). Since the area of an oil-immersion field
seen in the microscope is about 0.02 mm2, 10 000 such fields would need to be screened
in order to examine the entire smear at a magnification of 1000¥, i.e. 100¥ for the oil-
immersion objective lens and 10¥ for the eyepiece. (The size of a field in fluorescence
microscopy is about 15 times as large with an objective of 25¥ and an eyepiece of
10¥.) By examining one length (20 mm) of a smear, some 100–120 microscopic fields
are screened, representing about 1% of the smear. The above calculations are for a
smear that is 10 ¥ 20 mm; in actual practice smears of 20 ¥ 30 mm are generally used.

Thus, if a sputum specimen contains about 5000 bacilli per ml, the entire smear
(if prepared as described) will contain about 50 bacilli. If these 50 bacilli were evenly
distributed over the 10 000 fields of the smear, there would be one bacillus in 200
fields. If 100 fields were examined the chance of finding this bacillus would be 50%.
To find at least three acid-fast bacilli (AFB), about 600 fields would have to be
screened. If 300 fields were examined, the chance of finding three bacilli would also
be 50% (5–7).

Furthermore, to find one acid-fast bacillus in every 10 fields (or 10 in 100 fields)
would require 1000 such bacilli to be present in the smear (10 000 fields) or 100 000
(105) per ml of sputum (Table 1). To find one acid-fast bacillus per field on the average
would require 106 bacilli per ml of sputum (Table 1). Thus, a specimen that is con-
sistently found to be positive would have to contain at least 100 000 AFB per ml.

These estimates are based on the assumption that the bacilli are evenly dispersed
throughout the specimen, i.e. that each portion of material taken from the specimen
will contain the same number of AFB spread evenly over the entire smear. However,
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it is known that bacilli are not evenly dispersed in a specimen, but are frequently found
in clumps. Thus, when several samples are taken from a sputum specimen, the number
of bacilli will vary from one sample to another. Nevertheless, when special culture
techniques were used to compare the number of bacilli in large numbers of samples
taken from different sputum specimens, certain important observations were made.
In particular, the number of colonies cultured from samples taken from the same 
specimen varied only within certain limits, not at random (see “How reliable is smear
microscopy?”, page 14). Likewise, variations in colony counts among samples from
different specimens did not occur randomly, but were due to differing concentrations
of AFB in the specimens. Thus, in spite of considerable sampling variation, the
number of bacilli in the smear corresponds fairly closely to the concentration of bacilli
in the sputum (4). Below a certain concentration of bacilli in a sputum specimen, the
probability that AFB will be transferred from the specimen to the smear and found
by microscopy approaches zero. Although it has been estimated that, with optimal
laboratory conditions, a positive smear can be obtained with only 100–1000 organ-
isms per ml (8), a more practical estimate is about 10 000 organisms. While a single
smear of sputum has a reported sensitivity of only 22–43%, the detection rate goes
up considerably when multiple specimens are examined; for example, when 2–3
smears are examined over 2 days, about 50–70% of patients with active pulmonary
tuberculosis will have positive smears (9).
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Table 1
Estimated numbers of acid-fast bacilli in sputum specimens and probable numbers
of bacilli in smears (estimated minimum values)

No. of oil-immersion fields No. of bacilli per smear No. of bacilli per ml of 
per bacillus specimen

100 100 10 000
10 1 000 100 000

1 10 000 1 000 000
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5. How reliable is smear microscopy?
K. Toman1

To assess the reliability of smear microscopy quantitatively, answers are needed to the
following questions:

1. What is the probability of finding acid-fast bacilli (AFB) in smears prepared from
specimens containing few, some, or many bacilli?

2. What is the probability of reporting a (false-)positive result for smears from spec-
imens without tubercle bacilli?

3. What is the frequency of agreement between microscopists or laboratories report-
ing the results for smears prepared from the same specimens?

Table 1 under “How many bacilli are present in a sputum specimen found positive by
smear microscopy?” (page 11) supplies part of the answer to the first question. The
figures in that table are derived from experimental findings and have been extra-
polated on the assumption that bacilli are evenly distributed throughout specimens.
Since the bacillary content varies from one sample to another, however, such mea-
surements must be performed on a large number of specimens, taking the results of
culture as a yardstick (1). In several studies (2, 3), the bacillary counts of smears were
compared with the number of colonies grown on cultures prepared from the same
specimen.

In a cooperative study by eight laboratories, it was confirmed that colony counts
for samples taken from the same specimen varied from one sample to the next,
although these variations were minimal.2 The disparity of colony counts between
samples from different specimens was due mainly to the variation in the concentra-
tion of bacilli in these specimens. It was concluded, therefore, that there is a positive
correlation between the concentration of culturable bacilli in the specimens, the
number of AFB in the corresponding smears, and the probability of their being iden-
tified by microscopy. The results (Table 2) show that the chance of finding AFB in a
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smear increases with the concentration of bacilli in the specimen. By plotting the data,
a smooth curve is obtained, showing that the 50% probability of finding AFB in the
smear occurs at a concentration of about 6000 bacilli per ml. Similar values were
reported in earlier studies (2, 3).

In order to crosscheck these findings, David et al. tried to determine the probabil-
ity of not finding any AFB in the smear for various concentrations of bacilli estimated
from viability counts.2 They examined 431 specimens in three independent experi-
ments. The concentrations of bacilli ranged from 1500 to 300 000 per ml.

Each microscopist was to examine smears from all specimens obtained from a
group of selected patients. Uniformity in the technical procedures of smear prepara-
tion and examination in the participating laboratories was ensured by a standard pro-
tocol. The investigation was designed in such a way that no microscopist could know
the results obtained by any other microscopist or the origin of the specimens, or have
access to any other information that might result in bias. The proportions of smears
reported as negative are shown in Table 3.

Table 3 shows that the probability of not finding AFB in smears decreases steadily
as the concentration of bacilli in the specimen increases. When the concentra-
tion exceeds 100 000 organisms per ml, the probability of a negative smear result
approaches zero. This confirms earlier findings that smears that were consistently pos-
itive, at any examination, had been prepared as a rule from specimens containing
105–106 AFB or more per ml.

However, the use of culture colony counts for the calculation of the bacillary content
of sputum has limitations, and it is technically difficult to obtain accurate results with
this method. Large numbers of samples need to be examined and a special technique
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Table 2
Number of acid-fast bacilli observed in smears, concentrations of culturable
bacilli in sputum specimens, and probability of positive resultsa

No. of bacilli observed Estimated concentration Probability of a positive
of bacilli per ml of specimen result

0 in 100 or more fieldsb <1000 <10%
1–2 in 300 fields 5000–10 000 50%
1–9 in 100 fields about 30 000 80%
1–9 in 10 fields about 50 000 90%
1–9 per field about 100 000 96.2%
10 or more per field about 500 000 99.95%

a Source: reference 1.
b Approximately 0.01 ml of homogenized sputum was placed on the slide and spread over an area of about

200 mm2. The area of a microscope field under oil immersion and at a magnification of 1000¥ is 0.02 mm2.
Thus, a smear would contain about 10 000 such fields (see “How many bacilli are present in a sputum
specimen found positive by smear microscopy?”, page 11).



must be used in order to minimize the technical error occurring when specimens
contain a large proportion of bacilli in aggregates. (It is impossible to tell whether a
colony on a culture medium has grown from a single bacillus or from a clump of
bacilli.) On the other hand, AFB that can be seen under the microscope may not always
be able to grow on culture, e.g. because they are dead or nonviable (see “What are the
main causes of false-positive and false-negative sputum smears?”, page 23). The inves-
tigators therefore chose a method that does not depend on culture results.

Since the aim was to measure the reliability (reproducibility of results) of the smear
microscopy method, the reports of several proficient microscopists who examined
smears from the same specimen were compared. Irrespective of whether a report was
right or wrong, the frequency of agreement or disagreement between the micro-
scopists was measured. The smears were read strictly independently, according to a
protocol. The experiment was arranged as follows.

Four microscopists read 54 specimens. Four smears (one per microscopist) were pre-
pared from each specimen and examined independently. The four results obtained for
each specimen were recorded using the scores: negative, scanty (1–9 bacilli in 100
microscopic fields), or positive (1+, 2+, or 3+). The results for each specimen were com-
pared separately, the result of one microscopist being compared with the results of the
other three microscopists in all possible permutations. Thus, 12 results were obtained
for each specimen. By this means, it was possible to construct a correlation table (Table
4) showing the frequency of agreement and disagreement between the four micro-
scopists. The total number of comparisons was 648, of which four were not reported.

TOMAN’S TUBERCULOSIS

16

Table 3
Frequency (probability) of negative results for smears from specimens containing
varying concentrations of bacilli estimated by culture (colony counts) a

Estimated concentration Experiment no. Mean (%)
of bacilli per ml of specimen 1 2 3

negative results (%)

1 500 – 85 92 88.5
3 000 84 83 77 81.3

15 000 25 28 6 19.6
30 000 16 30 6 17.3

150 000 0 0 5 1.6
300 000 0 0 0 0.0

No. of smears studied 42 100 289 –

a Reproduced with minor editorial changes from David HL et al. Sensitivity and specificity of acid-fast
microscopy. Atlanta, GA, United States Department of Health, Education and Welfare, Centers for Disease
Control (unpublished document prepared for the WHO Expert Committee on Tuberculosis, Geneva, 1973).



Table 4 shows that the highest frequency of agreement was on the extreme scores, i.e.
negative and 3+ (all identical results are found on the diagonal line). Furthermore, it
may be seen from Table 4 that, when one microscopist reported the result as negative or
scanty, in only 22 of 309 instances (7%) did other microscopists report a positive result
(1+, 2+, or 3+). In other words, there was agreement between the microscopists in 287
of 309 cases (93%). Likewise, when one microscopist reported a positive result, the prob-
ability of agreement with the other microscopists was 311 out of 335 (93%).

The lowest frequency of agreement was on results reported as scanty (see Table 4):
when one microscopist reported such a result there was an 88% probability (36 out
of 41 instances) that other microscopists would disagree. In 24 out of 41 instances
(59%) the result reported by other microscopists was negative. This is in accordance
with the findings of another investigation, in which sputum specimens from patients
with chest symptoms were negative on culture in 3 out of 4 cases when only 1–2 AFB
had been seen on the smear (HG ten Dam, 1976, unpublished observations). The def-
inition of scanty used in this classic study was the finding of 1–2 AFB in a smear; such
smears should be repeated.

Regarding the grading of positive results, the data show that agreement declined
steeply below the score 3+ (Table 5). According to Table 5, agreement on the scores
1+ and 2+ was quite low: 25% and 34% (see data on the diagonal). Thus the differ-
entiation between score 1+ and score 2+ appears to be rather illusory.

The above-mentioned experiment showed the high reliability (reproducibility) of
results. By independent examination of smears prepared from the same specimens,
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Table 4
Frequency of agreement or disagreement between four microscopistsa

Report Reports of all other microscopistsb Total no. of
of one observations
microscopist

Negative Scanty 1+ 2+ 3+

Negative 233 25 8 2 0 268
309

Scantyc 24 5 1 7 4 41
1+ 8 2 11 18 4 43
2+ 2 8 16 39 50 115 335
3+ 0 4 4 49 120 177

Total 267 44 40 115 178 644

311 333

a Source: David HL et al. Sensitivity and specificity of acid-fast microscopy. Atlanta, GA, United States
Department of Health, Education and Welfare, Centers for Disease Control (unpublished document pre-
pared for the WHO Expert Committee on Tuberculosis, Geneva, 1973).

b The figures in the box are the readings reported by any microscopist as positive, i.e. 1+, 2+ or 3+.
c Defined as 1–9 bacilli in 100 microscopic fields.

} }
}

}



the frequency of agreement between equally proficient microscopists may reach 
93%. However, these results were achieved under experimental conditions and with
experienced laboratory technicians. The question that arises is, “How does smear
microscopy work under field conditions, particularly in peripheral health centres of
developing countries?” This question is answered below.

Smear microscopy under field conditions in developing countries
In peripheral health centres, sputum collection, the preparation and staining of
smears, and their examination by microscopy are usually performed under subopti-
mal conditions – often by microscopists with limited experience. This applies to most
of the peripheral health centres in rural areas, which are attended by the majority of
patients complaining of chest symptoms. As a rule, such patients are offered a sputum
examination for diagnosis. The standard of case detection in developing countries
therefore depends, in addition to operational factors, largely on the technical perfor-
mance of smear microscopy.

In order to assess the qualitative performance of sputum examination in rural
health institutions, several studies were carried out by the National Tuberculosis Insti-
tute, Bangalore, India (4, 5). In a South Indian district where a district tuberculosis
programme had been implemented about 6 months before the investigation, the per-
formance of nine randomly selected health centres was analysed. The microscopists
at these centres were non-specialized health workers who had been trained for 2–4
weeks in the collection and examination of sputum according to a manual that they
had been given. They had received on-the-job training from an experienced labora-
tory technician, who was also a member of the tuberculosis control team (6, 7). The
team was responsible for the implementation and supervision of the programme in
the entire district (population 1.5 million).

Method of assessment
In each of the nine centres, one sputum sample was collected from every patient com-
plaining of persistent cough and a smear was prepared and examined immediately
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Table 5
Frequency of agreement or disagreement between four microscopists on the score
of positive results (data from Table 4 presented in percentages)

All other microscopists Total (%)

Negative Scanty 1+ 2+ 3+

Report of one 1+ 19 5 25 42 9 100
microscopist 2+ 2 7 14 34 43 100

3+ 0 2 2 28 68 100



(spot sample). The slide was then sent, together with the specimen, to the laboratory
at the National Tuberculosis Institute, where it was re-examined. The specimen was
used to prepare a fresh (duplicate) smear, as well as for culture. The results obtained
at the peripheral health centre were then compared with those of the reference labo-
ratory, i.e. the results of:

— re-examination of the smear made at the peripheral centre;
— examination of the duplicate smear; and
— culture examination.

The results – in terms of under- or over-reading – were analysed and tabulated 
for each health centre separately. The result of culture was taken as the yardstick. Of
1681 specimens, 228 (13.6%) were found to be culture-positive and 1453 (86.4%)
culture-negative.

Over-reading of culture-negative specimens
In order to estimate the extent of over-reading by the peripheral health centres, the
culture-negative specimens were taken as the standard and were compared with 
the results of the corresponding smears reported by the peripheral centres and by the
reference laboratory (Table 6).

There were 1453 specimens negative by culture, of which 2.6% were reported by
the health centre as positive. The same smears were re-examined at the reference lab-
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Table 6
Over-reading of smears (prepared from culture-negative specimens) read at the
peripheral health centre and at the reference laboratory a

Centre Total no. of Read as smear-positive at:
culture-negative

specimens
peripheral health centre reference laboratory

A 306 5 4
B 233 8 1
C 159 7 7
D 156 2 2
E 108 12 2
F 111 3 1
G 100 1 1
H 84 0 1
I 196 0 0

Total 1453 (100%) 38 (2.6%) 19 (1.3%)

a Source: reference 5.



oratory, which reported 1.3% as positive. Thus over-reading was, on average, higher
at the peripheral health centres than at the reference laboratory. However, a more
detailed analysis shows that this difference was attributable mainly to one centre (E).
When this centre was excluded from the analysis, the proportion of over-reading fell
to 1.9%. The proportion of over-reading by duplicate smear examination was 1.2%,
compared with 1.3% by re-examination (5).

Under-reading of culture-positive specimens
In order to estimate the extent of under-reading at the peripheral health centres,
the culture-positive specimens were taken as the standard and were compared with
the results of the corresponding smears reported by the peripheral centres and by the
reference laboratory (Table 7).

There were 228 specimens positive by culture, of which 87 (38.2%) and 67 (29.4%),
respectively, were reported by the peripheral health centres and by the reference lab-
oratory as smear-positive. Thus, under-reading at the peripheral health centre was
worse than at the reference laboratory (38.% and 29.4%, respectively). This difference
was caused mainly by the poor performance of two centres (D and H). When these
two centres were excluded from the analysis, the degree of under-reading at the
peripheral centres and at the reference laboratory was practically the same: 23% and
26%, respectively.

The authors of the study concluded (5) that over-reading by the microscopists of
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Table 7
Under-reading of smears (prepared from culture-positive specimens) read at the
peripheral health centres and at the reference laboratory a

Centre Total no. of Read as smear-positive at:
culture-positive

specimens
peripheral health centre reference laboratory

A 101 27 26
B 21 7 8
C 23 7 5
D 22 19 9
E 15 6 6
F 16 5 4
G 15 7 5
H 10 8 3
I 5 1 1

Total 228 (100%) 87 (38.2%) 67 (29.4%)

a Source: reference 5.



the peripheral health centres was a problem in only one of the nine centres. Addi-
tional training, supervision, or other corrective action would rectify the deficiency
observed. This also applies to under-reading in two of the centres, where corrective
training and proper supervision were needed. Comparison of the results with those
obtained in other tuberculosis laboratories in India (8, 9) revealed a similar range of
over- and under-reading when culture results were taken as the basis.

The authors also concluded that non-specialized staff of general health institutions
are capable of carrying out satisfactory smear microscopy. Taking into consideration
the short period of training usually received, it may be expected that, with continu-
ous supervision and corrective retraining, the performance of such microscopists
could be maintained at a satisfactory level (see “What are the main causes of false-
positive and false-negative sputum smears?”, page 23).

In a similar study reported from Algeria (10), the results of re-examination of
smears prepared and read by non-specialized staff at a peripheral health centre and
re-read at a central laboratory were comparable. Thus, double reading of 104 smears
yielded 95% identical results. Of 86 smears classified as negative by the central labo-
ratory, 2 were read as positive by the peripheral health centre, and of 18 smears read
as positive at the central laboratory, 3 were judged to be negative at the peripheral
health centre. The authors recommended the use of direct smear microscopy at
peripheral health centres under the supervision of a central laboratory. Further-
more, they pointed out that it makes little sense to strive for more refined diagnostic
techniques or greater precision as long as the health services remain unable to 
provide adequate treatment for every case diagnosed – the principal purpose of case
detection.

Both field studies have indicated that smear microscopy performed by non-
specialized health workers may be reliable. Training can be given, even on the job, by
qualified technicians. To achieve a satisfactory level of proficiency, however, retrain-
ing of those whose performance is below standard must be ensured. Re-examination
of smears and examination of duplicate smears prepared from the same specimens
are valuable techniques for the supervision and technical assessment of smear
microscopy in peripheral health centres. At a later stage, when culture facilities are
introduced, culture should be used primarily to assess diagnosis by direct smear exam-
ination and then, if possible, for clinical diagnosis and evaluation of treatment.
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6. What are the main causes of 
false-positive and false-negative 
sputum smears?
K. Toman1

False-positive results
Acid-fast particles other than tubercle bacilli

Occasionally, a sputum specimen or smear may contain particles other than Mycobac-
terium tuberculosis that are acid-fast, i.e. retain their red stain (carbol fuchsin) when
treated by the Ziehl–Neelsen method and resist decolorization with acid–alcohol.
These red particles sometimes resemble tubercle bacilli. They include certain food 
particles (e.g. waxes, oils), precipitates, other microorganisms, inorganic materials,
and artefacts (1–6).

Food particles. To eliminate food particles, the patient should rinse the mouth with
clean water (without using toothpaste or disinfectant) before producing the sputum
specimen. It is better if the specimen is produced before breakfast.

Precipitated stains. Although precipitated stains are quite easy to differentiate from
acid-fast bacilli, they may hamper reading or occasionally mislead an inexperienced
microscopist. They can be removed by filtration of staining solutions. However, it is
safer to use freshly prepared solutions, filled into carefully cleaned bottles, rather than
stale staining solutions.

Environmental acid-fast bacilli. Acid-fast bacilli occur naturally in soil and water,
and may occasionally contaminate a specimen or smear during processing. This can
be avoided by using distilled water from scrupulously clean containers.

Non-tuberculous mycobacteria and Nocardia species. These occasionally occur in
sputum specimens. When they cause pulmonary disease, they may be present in large
numbers.

Spores of Bacillus subtilis. They are very rare, mostly of ovoid shape, and larger than
tubercle bacilli.

Yeasts. Yeasts may stain slightly red. After heat fixation, they may break into groups
of large granules.

Fibres and pollens. Fibres, including those of wool, cotton, filter paper, and 
bamboo, usually occur singly, most often in only one microscopic field. The 
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pollen of certain pine trees is seen as short, coccoid rods occurring rarely in 
specimens.

Scratches on the slide. Scratches may sometimes retain the red stain and confuse
inexperienced microscopists. They are usually seen in parallel rows, are generally
longer than AFB, and are undulated. They can be identified easily because they are
found in a deeper layer on the slide, below the smear, and disappear when the micro-
scopist focuses on the cells (e.g. leukocytes) in the smear.

Contamination through the transfer of bacilli from one smear to another

Acid-fast bacilli may be transferred accidentally from a positive slide to a negative one
when several slides are treated simultaneously in staining or decolorization tanks. This
can be avoided by processing each slide separately, e.g. on a rack. Contamination may
also occur when the wire loop used for making the smear is not correctly flamed. Con-
tamination from this source can be avoided by using disposable wooden sticks for
making smears.

Acid-fast bacilli may also be transferred accidentally when the glass rod or dropper
used for placing immersion oil on the slide touches the surface of a positive slide and
rubs off some of the material onto the next slide. This can also happen if the oil-
immersion lens touches the slide or when blotting paper is used for drying several
stained smears consecutively. For these reasons, the oil dropper should not touch 
the smear – the oil should be allowed to drip freely onto the slide – and the oil-
immersion objective should never touch the surface of the slide. Before a new smear
is examined, the oil should be wiped off the lens with special lens-cleaning paper or
a piece of clean cotton tissue. Blotting paper should not be used at all, or for no more
than one slide. Slides should never be used more than once for the detection of AFB.

False-negative results
False-negative results (1–6) may be due to deficiencies in the preparation, staining, or
examination of the smear. Proper collection of the specimen and subsequent selec-
tion of sputum particles are essential to the preparation of a smear and should receive
special attention. Poor quality of the sputum sample is the most common reason for
a negative sputum smear in a patient with smear-positive tuberculosis. The most
common reasons for false-negative results are described below.

Improper sputum collection

Patients are sometimes not told clearly enough what constitutes a proper sputum
specimen and how to produce one. It must be made clear that saliva and nasopha-
ryngeal discharge are unsuitable for examination. Patients should be encouraged to
stand and be given time to produce bronchial sputum from “deep in the chest”. They
should be asked to take several deep breaths, coughing as hard and as deeply as they
can. If repeated attempts fail, tickling of the inner surface of the epiglottis or trachea
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with a swab may provoke a vigorous cough with sputum. Other techniques to stim-
ulate the production of sputum, such as aerosol induction, administration of beta-
agonists, gastric aspiration, and bronchoscopy, may be required in some patients.
Inhalation of a warmed solution of hypertonic (3%) saline administered by nebulizer
has been shown to induce production of sufficient material for analysis (7). Speci-
mens produced in the early morning are more likely to be AFB-positive than those
produced later in the day. If an early-morning sputum specimen is required, patients
should be given a container and instructed to place in it the very first sputum pro-
duced in the morning, before breakfast.

Improper storage of sputum specimens and stained smears

Stained smears may lose their staining as a result of exposure of the specimen to direct
sunlight, radiation (e.g. ultraviolet light), excessive heat, or long periods (more than
a week) of storage in hot and humid conditions (8). However, even after a month of
storage in tropical climates, specimens have nearly the same rate of smear positivity;
all submitted samples should therefore be examined.

Fluorochrome-stained smears lose their fluorescence with storage.

Failure to select suitable sputum particles for smear preparation

Tubercle bacilli are most likely to be found in small roundish masses (“lentils”) 
of greenish-grey or yellowish matter of a thick, creamy consistency. (Such masses
usually consist of dead caseous tissue discharged from a cavity in the lung.) If the
sputum is not treated by a special concentration procedure involving centrifuga-
tion, these masses have to be carefully separated from the rest of the sputum and 
transferred to a slide. They can be seen more easily in the sputum against a dark 
background.

Improper preparation of smears or staining of slides

False-negative results may also be obtained when:

— too little material has been spread on the slide, so that the smear is too thin;
— the smear is too thick, so that sufficient light cannot pass through it;
— the slide was overheated during fixing of the smear;
— the smear has not been sufficiently fixed and parts of the material have been

washed off;
— the staining with carbol fuchsin was too short or was overdone by boiling; or
— the counterstaining was too intense, so that the AFB have been obscured.

Improper examination of the smear

If the microscopic examination of the smear is performed erratically or too briefly,
too few fields may be examined. False-negative results may also be obtained if the
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examiner is unable to distinguish the red-stained AFB because of colour blindness or
other visual problems.

Other reasons for false results
Administrative errors

False results may occasionally be obtained because of administrative errors. Such
errors may include:

— misidentification of patients, misspelling of names, or confusion of names or of
code numbers on specimens and slides;

— mistakes in labelling containers (e.g. writing the identification on the lid instead
of the side of the container); and

— falsification of recording or reporting.

Reading errors

Reader or observer error occurs in practically all diagnostic clinical and laboratory
work. The nature of this phenomenon, often referred to as the “human factor”, is to
a large extent unknown. Nevertheless, under certain conditions, it is measurable. The
degree and frequency of errors – over-reading as well as under-reading – vary from
one person to another and also in the same individual at different times.

Inter-individual reader variation in smear microscopy has been repeatedly studied
and its frequency has been found to be relatively low compared with, for instance,
that associated with the reading of chest radiographs (see “How reliable is smear
microscopy?”, page 14, and “How reliable is chest radiography?”, page 51). Several
studies have been carried out to compare the results of different readers who inde-
pendently examined smears prepared from the same specimens. When the readers
were asked whether the smear was positive for acid-fast bacilli, the frequency of agree-
ment was 93%. Such a high level of agreement has never been observed among readers
of chest radiographs, even in response to such basic questions as: “Is the lung radi-
ograph normal?” and “Is there a cavity present?” (see “How reliable is chest radiogra-
phy?”, page 51).

Many reader errors would be avoided if microscopists were properly trained and
strongly advised to report what they actually see (rather than what they think they are
expected to see). Diagnostic bias in favour of sickness – or, in treated patients, in
favour of cure – is a known reason for reading error. However, discrepancies in the
results of smear microscopy are due far more often to deficiencies in sputum collec-
tion and smear preparation than to reader errors.
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7. What are the main consequences of 
false-positive and false-negative 
sputum smears?
T. Frieden1

False-positive smears
The main consequences of false-positive sputum smears are (1–3):

False-(over-)diagnosis of tuberculosis

As a result:

● Patients and their contacts are started on tuberculosis treatment unnecessarily, with
possible complications. Drug interactions can also cause problems if patients and
their contacts are receiving other medications.

● Delay in a correct diagnosis. Once a positive result is obtained, the patient is started
on tuberculosis drugs; further investigations for other diagnoses are generally not
conducted. As the response to treatment in tuberculosis is slow, many clinicians
wait 1–2 months or more before considering an alternative diagnosis. This delay
in establishing the correct diagnosis may lead to increased morbidity and mortal-
ity from the actual non-tuberculous condition.

● Emotional stress. Many patients suffer emotional stress as a consequence of the diag-
nosis. In many societies, the diagnosis of tuberculosis still carries significant stigma.

● Medications will be wasted. A false-positive sputum test will result in unnecessary
administration of antituberculosis drugs.

● Financial loss. Free treatment is not available everywhere for all patients. A false-
positive diagnosis may therefore be associated with an unnecessary financial
burden on the patient.

● Patients and the community may lose confidence in the tuberculosis control pro-
gramme. Health workers should tell patients and the community that patients must
continue to take medicines for 6 months, failing which they may become severely
ill or even die. However, if a smear was falsely positive and a patient does not in
fact have tuberculosis, that patient may discontinue treatment after only a few
weeks and feel completely healthy. This may reduce the likelihood that patients who

28

1 Medical Officer, Stop TB, WHO Regional Office for South-East Asia, New Delhi, India.



actually have tuberculosis will present for care promptly and take medicines as pre-
scribed. The confidence of the community is important for effective programme
implementation.

● Unnecessary evaluation and treatment of children if contact examination is 
undertaken.

False information about the progress or outcome of treatment

As a result:

● Treatment may be continued for longer than necessary, in the case of false-positive
follow-up examinations.

● Patients may be incorrectly considered to have failed to respond to treatment and be
given re-treatment regimens unnecessarily.

False-negative smears
The main consequences of false-negative sputum smear results are (1–3):

● Patients with tuberculosis may not be treated, resulting in suffering, spread of tuber-
culosis and death. If tuberculosis is not diagnosed and treated, it may become more
severe and lead to destruction of the lung parenchyma, with extensive fibrosis. The
resulting loss of lung function will be greater than if treatment had been initiated
at an earlier stage. The disease may also spread to other people in the community.

● Patients, physicians and the community may lose confidence in the programme.
● Treatment of infectious patients may be inadequate (Category III instead of Cate-

gory I, see “What are the diagnostic categories and what is the rationale for these
categories?”, page 128) and of insufficient duration (in the case of smears taken at
the end of the intensive phase). This may result in an increased risk of drug resis-
tance, inadequate treatment, relapse, and spread of tuberculosis. When clinical sus-
picion of tuberculosis is high, empirical treatment may be started but with fewer
drugs than required because the patient is considered to be smear-negative. This
may lead to treatment failure and possibly to emergence of drug resistance.

● Unnecessary investigations. False-negative sputum smears may lead to lengthy and
unwarranted investigations for other conditions.

● Financial loss. Delay in the diagnosis of tuberculosis may result in expensive tests
being done in the search for other possible conditions.

Laboratory staff must be adequately trained, supported, and supervised so that the
preparation, staining, and reading of sputum smears for acid-fast bacilli are carried
out correctly and consistently. Quality control of smears is essential (4). Accuracy of
results is of particular importance where diagnosis of pulmonary tuberculosis is based
mainly on sputum smear examination.
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8. What are the advantages and
disadvantages of fluorescence
microscopy?
K. Toman1

Fluorescence microscopy for the detection of acid-fast bacilli was introduced in the
1930s. At first, the microscopes had many technical shortcomings: they were difficult
to handle and had to be used in dark rooms. Because of these difficulties, fluorescence
microscopy was not widely accepted. The microscopes have since been substantially
improved, and examination of sputum smears by fluorescence microscopy has
become a well-established method in some high-volume laboratories.

The main advantage of fluorescence microscopy is that it uses a low-power (25¥)
objective. The field seen is thus many times larger than that seen in conventional
bright-field microscopy through an oil-immersion objective: in fluorescence
microscopy the field is about 0.34 mm2, whereas that seen with an oil-immersion
objective is only about 0.02 mm2. Fluorescence microscopy allows the same area of a
smear to be scanned in a much shorter time than can be achieved by conventional
microscopy after staining with the Ziehl–Neelsen technique. A microscopist can prop-
erly examine at least 100 smears per day by fluorescence microscopy compared with
only 30–40 Ziehl-Neelsen-stained smears (1–3).

Since about 15 times as many fields can be scanned by fluorescence microscopy as
by conventional microscopy in the same period, there is a higher probability of finding
AFB, particularly if a smear contains only a few bacilli. This was confirmed by a large
comparative study, which showed that fluorescence microscopy carried out for 1
minute gave more true-positive – and no more false-positive – findings than conven-
tional microscopy for 4 minutes, as judged by culture results (1).

The two techniques have been compared in a number of studies. In one investiga-
tion, 175 sputum specimens were examined in parallel (David et al., 1975, unpublished
data). Duplicate smears were prepared from each specimen and examined indepen-
dently by conventional microscopy and by fluorescence microscopy. The results
obtained with each technique were recorded for every pair of smears separately and
used to construct a correlation table (Table 8). Results that were identical are plotted
on the diagonal. If the differences in grading of positive smears were disregarded, 157
of the 175 pairs of smears gave identical results, i.e. there was 90% agreement.

31

1 Deceased.



In another study comparing both techniques with the culture method (3), 1383
sputum specimens were collected, a pair of smears and one culture being made from
each. The smears were examined independently, one by conventional Ziehl–Neelsen
microscopy and the other by fluorescence microscopy (Table 9). The main purpose
of the study was to assess the efficacy of each technique compared with culture.
Another aim was to see whether fluorescence microscopy yielded false-positive results
and, if so, how many. This information was essential because it had been suggested
that sputum might often contain naturally fluorescent particles that could be con-
fused with AFB (4).

For convenience of comparison, the data from Table 9 are been presented in two
separate forms in Table 10. Comparison of the positive yield of fluorescence and
Ziehl–Neelsen microscopy with that of culture showed a very slight advantage in
favour of fluorescence microscopy. Of the 655 specimens that were positive by culture,
441 (67.7%) were positive by fluorescence microscopy and 433 (66.1%) by conven-
tional microscopy.

There was practically no difference between the two methods as regards false-
positive results. Of the 456 specimens positive by fluorescence microscopy, 15 (3.3%)
were not confirmed by culture, compared with 14 (3.1%) of 447 specimens positive
by conventional microscopy. In other words, 97% of the positive yield of either tech-
nique was unequivocally confirmed by culture. Thus, the fears about low specificity
of the fluorescence technique seem to have been unwarranted (5). The examinations
were carried out by regular laboratory personnel with experience in fluorescence
microscopy. The results may thus be regarded as a standard performance for reason-
ably competent technicians. More recent studies confirm the similar results of using
both methods in field conditions. Nevertheless, care must be taken to avoid a small
number of inorganic acid-fast objects being mistaken for a scanty positive smear. With
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Correlation between bright-field microscopy
(Ziehl–Neelsen technique) and fluorescence
microscopy

Fluorescence microscopy Total
0 or scanty Positive

0 or scanty 10 12 116

Positive 6 53 59

Total 110 65 175Zi
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Ziehl–Neelsen Total
microscopy

+ -

+ 433 222 655

Culture

- 14 714 728

Total 447 936 1383

Fluorescence Total
microscopy

+ -

+ 441 214 655

Culture

- 15 713 728

Total 456 927 1383
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Table 10
Comparison of fluorescence microscopy with culture and Ziehl–Neelsen
microscopy with culture

Table 9
Results of examining 1383 sputum specimens by fluorescence microscopy (FL) and
Ziehl–Neelsen microscopy (ZN) and by culturea

Category Smear results Specimens

FL ZN No. %

1 Smear +
+ + 405

Culture +
+ - 36 33.9
- + 28

2 Smear +
+ + 11

Culture -
+ - 4 1.2
- + 3

3 Smear - - - 186 13.4
Culture +

4 Smear - - - 681

51.5Culture -

Contaminated - - 29
cultures

Total 1383 100.0

a Source: reference 3.

}
}

}



regard to possible scanty false-positive results by fluorescence microscopy, the adage,
“All that glistens is not AFB” should be remembered.

The disadvantages of fluorescence microscopy are the relatively high costs of a
microscopy unit and of its maintenance. Nevertheless, in central or other large 
laboratories where the workload exceeds that of three technicians working with three
conventional microscopes (e.g. more than 100–150 slides/day), it may be cheaper to
use one fluorescence microscope instead. That calculation applies to places where the
salaries of technicians are low, e.g. in developing countries (6). In countries where
salaries are higher, fluorescence microscopy is generally less expensive than conven-
tional microscopy even at lower volumes, because it requires fewer costly personnel
(7, 8).

A further disadvantage of fluorescence microscopy is that the handling and main-
tenance of the optical equipment require advanced technical skill. The fluorescence
microscope is also less robust than conventional instruments. Component parts,
particularly bulbs, have to be replaced from time to time, and may be expensive and
difficult to procure; repairs are occasionally necessary. In addition, a continuous
supply of standard electrical power with minimal voltage fluctuations is needed. These
requirements are often difficult to meet in developing countries. It should be noted
that reference laboratories that adopt fluorescence microscopy must continue to use
light microscopy for quality control and for training of field staff.
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9. What is the role of mycobacterial culture
in diagnosis and case definition?1

A. van Deun2

Role of mycobacterial culture in the diagnosis of tuberculosis
The probability of finding acid-fast bacilli (AFB) in sputum specimens by smear
microscopy is directly related to the concentration of bacilli in the sputum (see 
“How many bacilli are present in a sputum specimen found positive by smear
microscopy?”, page 11, and “How reliable is smear microscopy?”, page 14). At con-
centrations below 1000 organisms per ml, the chance of observing bacilli in a smear
becomes less than 10%. In comparison, mycobacterial culture can detect far lower
numbers of AFB, the detection limit being around 100 organisms per ml. Moreover,
culture makes it possible to identify the mycobacterial species on the basis of
biochemical and other properties. Smear microscopy cannot reliably differentiate
between the various pathogenic and non-pathogenic mycobacteria, which are all acid-
fast and morphologically alike. It therefore seems that, for the diagnosis of tubercu-
losis, both the sensitivity and the specificity of culture methods are far better than
those of smear microscopy.

In practice, however, the diagnostic effectiveness of any method will also be influ-
enced by its sensitivity to technical deficiencies and by the circumstances in which it
is used. In the case of AFB smear microscopy, technical errors almost never affect the
extremely high specificity (see also “How reliable is smear microscopy?”, page 14).
Because of its higher sensitivity, Mycobacterium tuberculosis culture is more suscepti-
ble to reduced specificity as a result of contamination: various manipulations may
result in transfer of bacteria from positive to negative samples. To investigate the mag-
nitude of this problem in the East African collaborating laboratories of the British
Medical Research Council, positive sputum specimens marked with a rifampicin-
monoresistant strain were mixed with negative samples. This exceptional strain could
later be traced back to nearly 1% of the negative specimens (1). Even at a true posi-
tivity rate of about 25% within these series, this meant that 1.6–4.7% of culture 
isolates in fact constituted false-positives. More recently, using DNA fingerprinting
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techniques, similar percentages of cross-contamination have been found repeatedly 
in routine laboratories in countries where the prevalence of tuberculosis is low (2,
3).

In countries with a high prevalence of tuberculosis, the specificity of smear
microscopy may thus be superior to that of culture. This may be true even for the
diagnosis of tuberculosis (4), since AFB demonstrated in direct sputum smears would
then almost invariably represent M. tuberculosis, even in areas with a high burden of
HIV (5). By contrast, in countries with a low prevalence of tuberculosis, culture (or
alternative techniques of species identification) will often be indispensable to the 
differentiation of tuberculosis from other mycobacterial diseases.

Furthermore, health services in high-prevalence countries are often inaccessible
because of geographical, financial, or cultural factors, and patients frequently present
at an advanced, cavitary stage of the disease. The concentration of bacilli in the
sputum is determined largely by the type of tuberculous lesion from which the bacilli
originate. Thus, a cavity about 2 cm in diameter (opening into a bronchus) may
contain some 100 million tubercle bacilli, whereas a non-cavitated nodular lesion of
the same size may contain only 100–1000 bacilli (6). Sputum from patients with tuber-
culous lung cavities that contain softened necrotic particles with enormous numbers
of bacilli will almost invariably be found positive by direct smear microscopy. In con-
trast, sputum from patients with nodular, encapsulated lesions discharging only small
amounts of bacilli will usually be negative by smear microscopy. This pathology-
related aspect of susceptibility was clearly shown in a study by Kim et al. (7) that com-
pared radiographic severity and extent of culture-positive disease with microscopy
results in concentrated sputa (Figure 1).

With this background, it is also easy to understand that the difference in sensitiv-
ity between culture and microscopic detection will be greater in active case-detection
or in surveys. Substantially more cases will then be encountered with less severe or
even subclinical disease, and a smaller proportion of cases will have reached a cavi-
tary stage with high numbers of bacilli. This was illustrated by a comparison of the
yield from microscopy versus culture in different surveys and studies conducted by
the National Tuberculosis Institute in Bangalore, India. While microscopy could detect
only 40–50% of culture-positive cases found in the surveys, its yield rose to about 85%
in persons self-reporting with chest symptoms (8).

Provided that careful techniques are used, the diagnostic yield from smear
microscopy can still be high in the context of HIV (9, 10) (see also “How does the
diagnosis of tuberculosis in persons infected with HIV differ from diagnosis in
persons not infected with HIV?”, page 80). The relative sensitivity of culture and
microscopy is illustrated by Table 11 below from a publication by Urbanczik (11).
Since then, even higher rates (more than 80%) have been reported from high-
prevalence areas, including those with a serious HIV burden (5, 10).

It thus appears that the yield of microscopy compared with culture is highly 
variable in practice. Some of the observed variation can be explained by differences

TOMAN’S TUBERCULOSIS

36



CASE DETECTION

37

Total cohort (n=977)

Far advanced,
cavitary (n=520)

Moderately advanced,
cavitary (n=131)

Far advanced,
noncavitary (n=88)

Moderately advanced,
noncavitary (n=157)

Minimal disease (n=81)

0 10 20 30 40 50 60 70 80 90 100
Percent

35%

45%

64%

68%

92%

75%

Figure 1
Percentage of smear-positive cases out of all culture-positive pulmonary
tuberculosis patients by severity of disease on chest radiography a

a Source: reference 7.

Table 11
Percentage smear-positive out of all culture-positive
pulmonary tuberculosisa

Country/area Year Percentage smear-
and culture-positive

USA 1976 62
USA 1975 22
USA 1976 43
Africa/Europe 1980 53 (Ziehl-Neelsen)
Asia/USA 1980 63 (fluorescence)
USA 1975 24
United Kingdom 1992 53
Germany (no date) 54
USA 1977 50
USA 1980 25
Germany (no date) 37

a Modified from reference 11.



between populations (high- versus low-prevalence countries, early or late case pre-
sentation) and details of the techniques used (e.g. fluorescence microscopy, concen-
tration techniques). Some, however, must be due to deficiencies in the execution of
the tests.

Despite the higher sensitivity of culture, use of the technique may not be particu-
larly rewarding for the examination of persons presenting spontaneously with chest
symptoms. In high-prevalence countries, with or without HIV being present, and
given correct use of both methods, the gain by culture over microscopy is estimated
to be about 25% (12). In low-prevalence countries, this gain will be greater, possibly
doubling the proportion of patients with positive bacteriological findings. Moreover,
culture has the added advantage of allowing identification of the mycobacterial
species, which is not possible with microscopy.

Thus, from the bacteriological point of view, two main categories of patient may
be distinguished: one much more infectious, discharging large numbers of tubercle
bacilli in almost every sputum specimen and easily detectable by microscopy, and the
other much less infectious, discharging smaller numbers of bacilli, usually not found
except by culture. As mentioned earlier, patients in the latter category may discharge
bacilli only intermittently (see “What is the additional yield from repeated sputum
examinations by smear microscopy and culture?”, page 46). Obviously, these two cat-
egories also differ significantly in clinical and epidemiological respects.

Sputum status and clinical prognosis
The prognosis for patients with pulmonary lesions discharging small numbers of
bacilli, demonstrable only by culture, is generally more favourable prognosis than that
for smear-positive patients. In southern India, where an epidemiological survey had
been repeated at intervals, the fate of newly discovered cases was analysed (13, 14). Of
patients who had been smear-negative (two specimens) but positive by culture at the
time of detection of their disease, more than half were classified as cured (i.e. nega-
tive by both smear and culture) within 18 months and about two-thirds within 3 years.
Moreover, the excess death rate was about one-third of that for smear-positive cases.
Thus, even under the living conditions of a very poor rural population, and without
treatment, the prognosis for smear-negative, culture-positive patients was relatively
favourable.

Though smear-negative cases were known to have a lower mortality, they were
thought to be at an early stage of the disease and it was assumed that they would dete-
riorate further and become smear-positive later on. To prevent this, it was often con-
sidered important to detect patients “early”, i.e. at a stage where the extent of the
disease is minimal and the lesion(s) are likely to contain a small number of bacilli
demonstrable only by culture. It has also been assumed that these patients rarely 
have symptoms and thus may be detected best by indiscriminate mass radiography.
Surprisingly, this hypothesis has not withstood the test of time.
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In a carefully conducted longitudinal study (see “How does pulmonary tuberculo-
sis develop and how can it be detected at an early stage?”, page 66), the population of
a district in the then Czechoslovakia underwent radiological and bacteriological
examinations at intervals of 2–3 years (15). Coverage of the eligible population was
almost complete (95%). With each round, appreciable numbers of new patients were
detected who had small radiographic lesions and were positive by culture but nega-
tive by smear microscopy (specimens collected on 3 consecutive days). All these
patients were immediately put on treatment, which was successful. According to the
hypothesis, these patients were prevented from deteriorating and developing
advanced, smear-positive tuberculosis. It was therefore expected that the frequency of
new smear-positive cases would decline rapidly as a result. However, the intensive case
detection and treatment measures had surprisingly little effect: despite extensive
efforts, at and between examination rounds, a large proportion of newly detected cases
were already at an advanced stage and were smear-positive.

These and other studies have thus shown that the development of new smear-
positive tuberculosis does not necessarily go through an early, smear-negative stage
(see “How does pulmonary tuberculosis develop and how can it be detected at an early
stage?”, page 66). The prognosis for patients with smear-negative but culture-positive
lesions has proved to be far better than was previously assumed, with most such
lesions either healing or remaining unchanged. Only a few patients deteriorate, and
thus only a few smear-positive cases would be prevented by the use of additional, more
sensitive detection methods such as mycobacterial culture.

Sputum status and infectivity
From the epidemiological point of view, as well, the difference between these two types
of case is striking. Patients who are definitely negative by smear are substantially less
infectious than are smear-positive patients. This is not surprising, in view of the enor-
mous difference in the numbers of bacilli discharged by the two categories of patient.
The risk of exposure to smear-positive sources of infection is aggravated because such
persons usually cough more frequently and violently (16). For household contacts of
smear-negative, culture-positive patients, for instance, the excess risk of becoming
infected is only a small fraction of that for household contacts of smear-positive
patients. Excess risk is the risk in addition to the basic risk of exposure to the imme-
diate, extra-domiciliary, neighbourhood. The basic risk is naturally higher in crowded
or slum conditions than the average risk for the total population – often wrongly used
for comparison. Moreover, the risk for household contacts of contracting the disease
from culture-positive, smear-negative patients is only about 10–20% of that for con-
tacts of smear-positive patients (17, 18) (see “What is the role of case detection by
periodic mass radiographic examination in tuberculosis control?”, page 72). These
findings have been confirmed by DNA fingerprinting studies on the relatedness of
strains of M. tuberculosis isolated in San Francisco, USA, from 1991 to 1996: only 17%

CASE DETECTION

39



of the disease transmission could be attributed to smear-negative, culture-positive
index patients (19).

The detection of patients with lesions that harbour and discharge small numbers
of bacilli thus seems to have a relatively low priority in tuberculosis control. If iden-
tification of such patients is attempted in a tuberculosis programme, it should never
be at the expense of the top priority of case detection, i.e. the identification of sources
of infection. Taking into account all the rates mentioned so far, it is certain that more
than 90% of the sources of infection in high-prevalence countries can be detected by
well-executed smear microscopy.

There are other reasons why mycobacterial culture is less used in tuberculosis diag-
nosis. In high-prevalence countries, culture facilities are scarce and difficult to set up
because of financial and technical constraints. Mycobacterial culture using conven-
tional media (egg-based, i.e. Löwenstein–Jensen medium, or agar-based, i.e. Middle-
brook medium) is 5–10 times more costly per sample than smear microscopy. The
necessary equipment is more difficult to obtain and trained personnel more difficult
to find. Even in centres where such culture facilities are available, the method is used
mainly for confirmation of diagnosis in cases already being treated for tuberculosis.
This is because most cultures become positive about 3 weeks after inoculation, so that
the results of conventional mycobacterial culture are available only after a delay of at
least a month. Clinicians will not wait for the results, particularly since a small pro-
portion of cases yield negative cultures and are diagnosed only on radiography. Radi-
ographic diagnosis as part of a systematic diagnostic algorithm will thus be
automatically preferred to culture (see “What are the relative merits of chest radiog-
raphy and sputum examination (smear microscopy and culture) in case detection
among new outpatients with prolonged chest symptoms?”, page 61). Using modern
liquid media and more sensitive growth detection systems, positive culture results can
be available earlier – within 1–2 weeks. However, the commercial systems needed for
this are costly to install and operate, and demand a high level of technical expertise.
Moreover, diagnostic evaluation based on a standard algorithm will generally result
in treatment being initiated at least as quickly, and much more cheaply, than culture
based on these systems.

For all these reasons, the role of mycobacterial culture in the diagnosis of tuber-
culosis becomes more important only with declining prevalence of the disease. As
prevalence falls, clinicians will be less likely to suspect, and less expert in recognizing,
the disease, so that even a late culture result will be useful. Cases will present with less
severe disease, with consequently lower proportions of smear-positive tuberculosis.
Other less pathogenic mycobacteria will become relatively more frequent etiological
agents, making species identification of the various AFB essential. Finally, a decline of
tuberculosis will generally be accompanied by economic improvement, making instal-
lation of equipment and optimal use of culture more feasible.

As long as tuberculosis remains highly prevalent, the role of mycobacterial culture
will be secondary to that of careful smear microscopy and radiographic/clinical 
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diagnosis. If available, culture should be used for extrapulmonary tuberculosis easily
accessible to sampling, e.g. glandular tuberculosis. In HIV-positive patients particu-
larly, this would greatly reduce diagnostic and treatment error. Culture also remains
essential for susceptibility testing for the surveillance of drug resistance.

Role of mycobacterial culture in tuberculosis case classification
Mycobacterial culture is useful for definitive confirmation of tuberculosis. However,
under programme conditions, the role of culture can be largely taken over by
microscopy. The longitudinal surveys in southern India (15), which provided insight
into differential survival, were also analysed in this respect. Culture and smear
microscopy had been done for all persons considered probably to be suffering from
active tuberculosis on radiographic screening, with follow-up of the evolution in the
absence of treatment. Provided that a threshold for positivity of more than three AFB
per smear was respected, only 10% of smear-positive cases failed to yield growth 
of M. tuberculosis in culture. By contrast, almost two out of every three radiological
cases could not be confirmed by culture, nor was there other evidence of progressive
tuberculosis. Later studies (20) have confirmed the reliability of smear microscopy 
as a proxy for culture in the classification of tuberculosis cases, with only 3–6% of
smear-positives having negative cultures. Many of these apparent false-positives of
microscopy may be due to treatment, since rechecking of slides can often confirm the
presence of (non-viable) AFB.

The definitions of “sputum smear-positive” and “sputum smear-negative 
pulmonary tuberculosis case” take into account the limited sensitivity of smear
microscopy. At the same time they emphasize the primary importance of smear-
positive pulmonary tuberculosis cases for control of the disease.

Culture might be more relevant for the definition of cure, failure, and relapse.
Several studies, for example that by Al-Moamary and colleagues (21), have docu-
mented the delayed conversion of smear from positive to negative compared with
culture (Figure 2).

In the sputum of some patients, non-viable bacteria remain microscopically visible
even after 5 months or more of treatment. In a study by Rieder (22), only 2 out of 8
cases that were smear-positive at 5 months or later needed re-treatment. Culture
allows a more accurate classification of such cases, but it is not a practical solution in
most areas: for programme purposes, failure is defined as the presence of bacilli after
5 months or more of treatment. Another cause of sputum smear-positive, culture-
negative results is laboratory error.

On the other hand, without culture, some patients in whom treatment fails will 
go unrecognized, especially if microscopy is not performed well. These patients 
may present as early “relapse”. Microscopy-based classification of both failure and
relapse is thus less reliable. However, with the scarcity and complexity of facilities 
and the delay in culture results, the definitions of cure, failure, and relapse are 
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based primarily on smear examination, with culture as an option where this is 
available.
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Figure 2
Conversion in smear and culture of initially smear-positive pulmonary tuberculosis
patients a
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10. What is the probability of obtaining a
negative culture from a sputum specimen
found positive by smear microscopy?
K. Toman1

In a study of the efficacy of bacteriological measures under the conditions of the 
Singapore tuberculosis control programme (1), 1162 new patients with clinical and
radiological signs suggesting tuberculosis were examined as follows.

Two sputum specimens were collected from each patient – one on each of two con-
secutive days – in the presence of a trained supervisor. All specimens were examined
independently by direct smear microscopy in one laboratory and by culture in another
laboratory (one smear and one culture per specimen). Of the 1162 patients, 500 had
a positive smear from one or both specimens, as shown below.

Number of new patients smear-postitive for 
acid-fast bacilli

Yield from first specimen 428
Additional yield from second specimen 72

Total 500

The results of two culture examinations of the sputum of these smear-positive
patients are given in Table 12. In 17 of 500 patients, i.e. less than 4%, the positive
smear results were not confirmed by two culture examinations. Assuming that the
contaminated cultures were all negative, the proportion of unconfirmed results would
amount to 6% at the most. A further analysis (not tabulated) showed that, of the 115
patients found positive in only one of two smears, 101 (almost 90%) were confirmed
by culture to be excreting tubercle bacilli.

The authors concluded from these results that, when tubercle bacilli were identi-
fied by smear examination, culture examination of two specimens confirmed the
smear result in all but a very small proportion of cases; hence, culture confirmation
of a positive result based on two smear examinations did not appear to be necessary.
This is particularly true in populations with a high prevalence of tuberculosis, where
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patients seek medical attention only because of haemoptysis or prolonged chest symp-
toms such as a productive cough.

A negative culture result with a specimen containing tubercle bacilli may be due
to various causes. In patients receiving treatment, the organisms may have lost their
ability to grow on culture media and be practically dead. Patients being treated with
a rifampicin-containing regimen often become culture-negative by about the third
week of treatment, although they may still be sputum smear-positive: bacilli are dead
or non-viable. In patients who have not had treatment, sputum specimens may have
been exposed to sunlight or heat, stored too long, dried out, or contaminated. Exces-
sive decontamination procedures before inoculation, over-heating during centrifuga-
tion, inadequate culture media, and deficient incubation may also result in a negative
culture. In a few instances, positive smears may be caused by non-tuberculous
mycobacteria.

The probability of obtaining a positive culture in patients with both sputum spec-
imens smear-negative is a quite different problem, dealt with under the heading “What
is the role of mycobacterial culture in diagnosis and case definition?” (page 35).
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Table 12
Results of culture examinations on two consecutive
sputum specimens from 500 new patients smear-
positive for acid-fast bacilli

No. of patients %

Total examined 500 100
Confirmed by first culture 399 80
Confirmed by second culture 73 14

(additional)
Contaminated (both cultures) 11 2
Not confirmed by either culture 17 4



11. What is the additional yield from
repeated sputum examinations by 
smear microscopy and culture?
A. Harries1

Studies were carried out at the National Tuberculosis Institute of India (1, 2) to deter-
mine the additional case yield when eight sputum specimens from each individual
with suspected pulmonary tuberculosis were examined by both smear microscopy and
culture (see also “What are the relative merits of chest radiography and sputum exam-
ination (smear microscopy and culture) in case detection among new outpatients with
prolonged chest symptoms?”, page 61).

For each of 194 individuals who had abnormal radiographic lung shadows and
complained of prolonged chest symptoms suggestive of tuberculosis, eight successive
sputum specimens (four collected on the spot and four produced overnight and 
collected by a home visitor) were examined concurrently by smear microscopy
(Ziehl–Neelsen method) and culture. The number of specimens thus examined was
1552; each was examined independently, the laboratory technician having no knowl-
edge of the persons examined or of previous results. Tubercle bacilli were found in
the sputum of 75 patients (Table 13).

Table 14 shows the yield of new cases resulting from examination of the first and
subsequent specimens, in chronological order. In successive examinations – whether
by smear microscopy or by culture – most new positive results are clearly obtained
from the first and second specimens. The upper half of the table shows that 45 (85%)
of all smear-positive patients were already positive by examination of the first two
specimens; for the smear-positive cases confirmed by culture, 41 (89%) were positive
on the basis of the first two examinations. Thus, a second culture increased culture
sensitivity from 63% to 84%. Accordingly, the optimal number of cultures is two, or
at the most three.

Another important finding of this investigation (Table 14) was that the first 
two smears detected about the same number of new cases (45) as the first culture
examination (43). It may therefore be concluded that, in new, untreated patients with
prolonged chest symptoms and abnormal lung radiograph shadows, two consecu-
tive smear examinations (e.g. of on-the-spot and overnight sputum) are practically
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Table 13
Results of concurrent examinations of eight sputum
specimens by smear microscopy and culture
(For each of 194 patients, four specimens were
collected on the spot and four in the early morning.)

Specimens examined 1552
Patients examined 194
Patients negative (all smears and cultures) 119
Patients positive:

at least one smear and one culture 46
at least one culture (all smears negative) 22 75
at least one smear (all cultures negative) 7a

a Two of these patients had smears with three or fewer acid-fast bacilli.

}

Table 14
Yield in cases from concurrent smear (S) and culture (C) examinations of eight
consecutive sputum specimens from each of 194 persons with lung radiographic
shadows and prolonged chest symptoms suggesting tuberculosis

Bacteriological No. of Number of cases according to serial number of
category cases specimen yielding first positive result

I II III IV V VI VII VIII

S+ 46 34 7 1 1 – – 1 2
C+

41 (89%)

Smear- S+
positive C- 7 2 2 – – – 1 1 1

Total 53 36 9 1 1 – 1 2 3

45 (85%)

C+ 46 34 7 1 1 – – 1 2
S+

Culture- C+
positive S- 22 9 7 1 1 1 1 2 –

Total 68 43 14 2 2 1 1 3 2

}
}



equivalent to one culture examination. This inference concords with the results of
other studies, such as that undertaken in new patients attending the Tuberculosis
Research Centre, Chennai, India (formerly the Tuberculosis Chemotherapy Centre,
Madras) (3), and another study on bacteriological case-detection procedures in
patients attending health services in Singapore (4). In the latter study, covering 1162
new patients with radiographic signs and chest symptoms suggestive of tuberculosis,
culture of the first sputum specimen revealed 535 cases, whereas two consecutive
smears detected 500 cases (see “What is the probability of obtaining a negative culture
from a sputum specimen found positive by smear microscopy?”, page 44).

All the above-mentioned findings confirm Mitchison’s observations (5) that: “. . .
smear examination, especially of several specimens from each patient, is almost as effi-
cient as culture examinations in clinics in developing countries.” This may apply also
to other high-prevalence situations or to preselected groups of patients who have been
prompted by symptoms (such as prolonged cough, purulent sputum, and haemopt-
ysis) to attend a health centre (6).

Another significant observation in the study was that the 46 patients who were
found positive by smear and culture were discharging tubercle bacilli practically every
day (of a total of 368 specimens from these 46 patients, 347 (94%) were culture-
positive). In contrast, out of 176 specimens from patients negative by smear
microscopy and positive only by culture, only 62 (35.2%) were positive on culture.
This latter category of patients therefore discharges bacilli only about every third day
or in only every third specimen (see Table 11 in “What is the role of mycobacterial
culture in diagnosis and case definition?”, page 35). This confirms that patients posi-
tive only by culture and negative by smear microscopy have significantly less epi-
demiological impact than those who are positive by smear (and culture).

A similar study was carried out at the same institute in connection with an epi-
demiological survey of a district of southern India (2). Eight consecutive sputum spec-
imens were collected from each of 1652 persons with an abnormal chest radiograph
and examined as in the study previously reported. The results were comparable. In
86.7% of those positive by smear microscopy and culture, the first smear was posi-
tive, with the second smear adding another 10% of positive results. In those who were
positive only by culture, the first specimen yielded only 32% of positive results, and
the second yielded 18%. It was also observed in this study that patients discharging
large numbers of bacilli provided positive specimens almost every time, whereas those
who were culture-positive but smear-negative frequently produced specimens con-
taining no bacilli (see “What is the role of mycobacterial culture in diagnosis and case
definition?”, page 35).

In areas of sub-Saharan Africa with a high prevalence of HIV, evidence suggests
that two sputum smears could also serve as the basis for evaluation of chronic cough.
In the United Republic of Tanzania (7), the routine results of direct examination of
sputum smears for acid-fast bacilli from 61 580 patients with suspected tuberculosis
were analysed. The average proportion of smear-positive cases found was 18.9%.
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Among patients in whom a complete set of three sputum smears was examined, the
incremental yield of smear-positive cases was 83.4% with the first specimen, 12.2%
with the second specimen, and 4.4% with the third specimen. In a study in Malawi
(8) of 280 persons with chronic cough, weight loss, and no improvement after a course
of antibiotics, 71 patients were sputum smear-positive. Among patients with smear-
positive tuberculosis, the diagnosis was made from the first specimen in 83% of cases,
from the second specimen in 13%, and from the third specimen in 4%.

In one district in Malawi, two- and three-smear strategies were compared for 
6 months (9). In both, 16% of patients with suspected tuberculosis were smear-
positive. The clinical pattern of tuberculosis, especially with regard to smear-positive
pulmonary tuberculosis cases, was similar with the different strategies. The strategies
with two and three sputa were compared in an area of rural Africa with high HIV
prevalence (10), with fluorescence microscopy and confirmation of the positive
smears with Ziehl-Neelsen staining. Of the cases detected with three smears, 97%
would have been detected with the first two.

Three smears are preferable. The vast majority of patients with positive smears will
have two or three positive smears, whereas in patients with a single positive smear the
result may be a false-positive because of mislabelling or technical error (see “What are
the main causes of false-positive and false-negative sputum smears?”, page 23). Even
in otherwise well-functioning microbiology laboratories, 1–4% of positive cultures
may be false-positives (11, 12). This supports use of the algorithm recommended by
WHO, in which further evaluation is required if patients have only a single positive
smear. In addition, three smears cause no greater inconvenience to the patient than
two if they are done in 2 days (spot – early morning – spot). However, in areas where
human and financial resources are significantly limited, a two-sputum smear strategy
has been successfully employed.
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12. How reliable is chest radiography?1

R. Koppaka2 & N. Bock 3

The introduction of radiography as a diagnostic tool was a landmark in our knowl-
edge of the natural history of tuberculosis and its diagnosis. It is therefore no wonder
that the enthusiasm with which radiography was received and applied sometimes
caused the method to be overrated. It is still widely believed that pulmonary tuber-
culosis can be diagnosed by chest radiography alone. However, practical experience
and many studies have shown that no radiographic pattern is diagnostic of tubercu-
losis. Many diseases of the lung show a similar radiographic appearance and can easily
mimic tuberculosis. Similarly, the lesions of pulmonary tuberculosis can take almost
any form on a radiographic picture (1).

Chest radiography can help to localize abnormalities in the lung, but further exam-
ination is required in order to establish the tuberculous etiology of an abnormality,
and only bacteriology can provide proof.

Observer error
Many widely used clinical tests and laboratory procedures that are regarded as precise
and objective are in fact subject to varying degrees of observer error. Examples of such
tests include blood-pressure measurement, electrocardiography, manual blood cell
counts, endoscopies, visual colorimetric tests, and chest radiography. The usefulness
of chest radiography is determined largely by the reader’s ability to detect abnormal
opacities and interpret them correctly. This implies not missing or under-reading 
radiographic opacities and, conversely, not over-reading normal opacities as abnor-
malities. This ability may vary not only from one reader to another (inter-observer
variation), but also between viewings of the same film by a single reader (intra-
observer variation).

Observer error in interpretation of chest radiographs was studied several decades ago
when antituberculosis campaigns were started in many developed countries. Most of
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the early studies were designed or conducted by Yerushalmy, a biostatistician, to explore
the efficacy of various radiographic and photofluorographic techniques and equipment.

Over- and under-reading
One trial, designed to examine the effects of the size of film on the results of chest
radiography, suggested that this variable was far less important than the degree of
observer variation (2). Each of five experts missed (under-read) approximately 25%
of the “positive” films in each series (Table 15). When the same films were read again
after about 3 months, the experts changed their mind in about one-fifth of the cases
they had previously classified as “positive” (an intra-individual inconsistency of 20%).

Additional studies confirmed that 26–43% of films might be under-read (3, 7, 8).
A Danish group (5, 9) consisting of three experienced readers examined 5000 un-
selected small films independently (Table 15). On average, under-reading occurred in
32% of cases and over-reading in 2%. These observations were later confirmed in the
United Kingdom (10).

In a large study in the USA (4, 6) on the usefulness of periodic chest radiograph
screening, photofluorograms were taken of each of 15 000 first-year university 
students (Table 15). The films were read by a panel of 50 readers composed of equal
numbers of radiologists and chest specialists. According to a randomization scheme,
each reader provided 3000 readings, thus ensuring 10 independent readings of each
film. Students whose films were interpreted as positive by one or more readers were
examined by bacteriology, tuberculin test, and tomography, and followed for the 
duration of their stay at the university. Ultimately, 249 films were classified as 
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Table 15
Observer error: under-reading and over-reading of radiographs (mostly unselected
survey radiographs)

Study (reference) Under-reading (%) Over-reading (%)

1. Five expert readers (2 ) 25 –
2. Readers with varying experience (3 ) 27 1.7
3. Mass radiography (4 ) 32 1.7
4. Danish Tuberculosis Index, mass 32 1.6

radiography (5 )
5. Reader panel (mass radiography of 15 000

students, 10 readings per film) (6 )
(a) all 50 readers 39 1.2
(b) the five “best” readers selected from a

panel of radiologists and chest specialists
Group A 21 0.5
Group B 26 0.3



“definitely positive” by a small group of umpire readers who had access to all the nec-
essary information. The level of under-reading by the whole panel of 50 readers was,
on average, 39% of the 249 “definitely positive” films. Conversely, 1.2% (156) of the
films were over-read. When only the results of the 10 “best” readers (five radiologists
and five chest specialists) were considered, the rates of under-reading and over-
reading were appreciably lower, but still unsatisfactorily high (Table 15).

Influence of experience on chest radiograph reading results
The Research Institute of Tuberculosis, Tokyo, examined the extent of over-
reading and under-reading by 192 physicians participating in the Japanese National
Tuberculosis Case-finding Programme (11). Special attention was paid to the effect of
experience in radiograph reading on the degree of reader variation (Table 16).

Radiographs from 50 persons whose health status was well known to the Institute
were selected for independent reading; 25 of them had confirmed tuberculosis or
other chest diseases, 5 had healed tuberculosis lesions, and 20 no abnormalities. The
chosen readers’ experience of reading films varied from less than 1 year to more than
10 years, and they read from 1000 to 20 000 or more films annually (Table 16). They
were asked only to decide whether or not further examination was indicated. Failure
to request further examination of a person with an abnormality was recorded as
under-reading and request for further examination of a person with a normal radio-
graph was considered as over-reading.
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Table 16
Observer error: under-reading and over-reading of chest radiographsa,b

Experience Number of Under-reading Over-reading
readers (%) (%)

(a) 1–4 yearsc 37 28.0 18.0
5–9 years 37 19.2 19.0
>10 years 88 17.6 17.0
or

(b) 1–500 films annually 43 22.4 17.5
5 000–20 000 films 48 24.0 18.0
annually
>20 000 films 41 15.2 15.5
annually

Average of all readers 21.8 19.5

a Using a 70 mm mirror reflex camera
b Source: reference 11.
c Results from physicians who had practised reading for less than 1 year or had read fewer than 1000 films

annually were excluded from analyses.



The average rate of under-reading was 21.8%, and that of over-reading 19.5%. The
rates of under-reading among readers who had more than 10 years’ experience or who
had been reading more than 20 000 films a year were lower about 6–8% than those
among the other readers. However, there was not a single reader who did not make
at least two misreadings. The investigators estimated that, in the mass radiographic
examinations carried out in Japan, probably about one-fifth of cases with active tuber-
culosis were being missed.

Disagreement between readings of chest radiographs for follow-up
Disagreement among observers occurs not only when radiographs are read for the
purposes of case detection and diagnosis, but also when serial films of cases already
diagnosed are compared for follow-up. In one study (6), two films (measuring 35.6 ¥
43.0 cm) taken from each patient at five different times (9000 pairs of films in all)
were read. Readers were asked to report whether the second film showed evidence of
improvement or deterioration, or no change. The results (Table 17) differed little
whether the films were read by two groups composed of three radiologists and three
chest specialists respectively, or by two expert readers only. The level of disagreement
between readers was 27–30%, and in 19–24% of cases individual readers were likely
to disagree with their own earlier reading.

IUAT international study on chest radiography classification
The International Union Against Tuberculosis (IUAT) organized one of the most
important comparative studies of the reading and interpretation of chest films. The
main goal of the study was to develop a uniform nomenclature and interpretation of
radiographic findings that could serve as a basis for an international classification of
chest radiographs (12, 13).

A sample of 1100 films was chosen from among several hundred thousand taken
during one of the mass radiography surveys of the adult population of Norway. The
sample included 200 films from patients with infectious tuberculosis, 400 from
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Table 17
Disagreement between readings of chest films of 900 patientsa

Readers Inter-individual Intra-individual
disagreement (%) disagreement (%)

(a) Two groups of experts
(Three radiologists and three chest specialists)
Group A 29 19
Group B 27 24

(b) Two expert readers (reading the same material) 30 21

a Source: reference 6.



patients with previously active tuberculosis, 100 from persons with minimal findings
not requiring referral or follow-up, 300 from persons without abnormal findings, and
100 from patients with verified non-tuberculous lung disease. The films were mounted
together in seven film rolls, and 10 copies of each roll were made.

Films were read by 90 experienced physicians (radiologists and chest physicians),
80 of whom were from nine countries where mass radiographic examinations had
been carried out for many years: Czechoslovakia, Denmark, Finland, France, Norway,
Sweden, the United Kingdom, the United States of America, and Yugoslavia.1 The
remaining 10 readers were selected from WHO project staff.

The study was designed primarily to measure the extent of agreement or disagree-
ment between readers, not the observer error resulting in under-reading or over-
reading (14). A set of questions, prepared in advance, was answered by each reader
independently. Most of the questions required a “yes” or “no” answer, e.g. “Is there an
abnormality in the lung?”; “Is there a cavity present?”; “Does the patient need clini-
cal attention?”.

The material was evaluated according to a special statistical procedure (15) by
which a series of values was obtained for each question. These values were used to
construct a curve that characterized the level of disagreement between readers for a
given question (Figure 3). The extent of disagreement was expressed as an index with
a value from 0 to 100-0 meaning no disagreement and 100 meaning complete dis-
agreement. The nearer the curve is to the zero point of the two axes, the lower the dis-
agreement; the flatter the curve, or the farther it is removed from the axes, the higher
the disagreement. The method showed that there was less disagreement on question
1 than on question 3.

Comparison of reader disagreement in chest radiography 
and smear microscopy
A similar study was undertaken by IUAT to measure the extent of disagreement
between microscopists reading sputum smears for acid-fast bacilli (J. Nyboe, unpub-
lished data, 1971). A series of 250 sputum smears from patients were examined inde-
pendently in 10 laboratories by experienced laboratory technicians. Figure 4 illustrates
the curves of disagreement for three criteria of positivity. The extent of disagreement
was lowest (index 10) when the criterion for a positive result was the demonstration
of at least eight AFB; it was only slightly higher (index 12) when three AFB were
required as the minimum. The extent of disagreement was highest (index 18) between
readers when one AFB was accepted as sufficient evidence of positivity. However, even
the highest level of disagreement between microscopists was substantially lower than
the lowest level of disagreement between readers of chest radiographs.

Curve 1 in Figure 4 illustrates the lowest level of disagreement recorded (index 28)
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between radiograph readers, i.e. in reply to the question: “Is a cavity present?”. Dis-
agreement on the question: “Is the smear positive for acid-fast bacilli?” was substan-
tially lower, whatever the limit chosen – even a single AFB. The investigators concluded
that there was consistently better agreement among sputum smear readers, no matter
what criterion was used for a positive smear, than among radiograph readers (see also
“How reliable is smear microscopy?”, page 14).

Levels of disagreement on the interpretation of chest radiographs 
and conclusions
Indices of disagreement on several other questions are listed in Table 18. The ques-
tions were selected with a view to using them for a classification of radiographic find-
ings. They include questions with the lowest and highest levels of disagreement.
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Figure 3
Disagreement between readers in the IUAT study on radiography classificationa

The index of disagreement was based on the following questions:
1. Is there any abnormality in respiratory organs?
2. Is there any abnormality in lymph nodes?
3. Is there any calcification in lymph nodes?

The index is calculated as the sum of percentages of discordant answers at the
point on the curve where they are equal. i.e. where the curve is intersected by the
oblique line starting from the zero corner.

a Source: reference 14.
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Figure 4
Examples of curves of disagreement in radiographic and sputum-smear
examinations
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Table 18
IUAT international study on radiographic
classification: indices of disagreement on various
questionsa

Question Index of
disagreement

Abnormality in lymph nodes? 60
Abnormality in lung, probably tuberculous? 45
Calcification in lung? 42
Non-calcified abnormality, probably 37

tuberculous?
Is the film abnormal? 34
Need for medical action? 31
Cavity present? 28

a Source: reference 14.



The level of disagreement on the question about the presence of any pulmonary
abnormality was quite unexpected, as was the poor agreement on the question about
calcification. The discrepancies regarding abnormalities of the lymph nodes, includ-
ing calcifications (one of the most frequently described radiographic findings), were
particularly striking. The highest level of agreement – or rather the least disagreement
– was seen in response to the question about cavities. This information has to be seen
in the context of medical action. Thus 5% of patients with smear-positive tuberculo-
sis were reported as having a normal radiograph, 17% as having some (probably non-
tuberculous) abnormality, and 24% as not requiring clinical action for a tuberculous
lesion. If treatment had been restricted to patients in whom 50% or more of the readers
judged cavitation to be present, only one-third of those with positive sputum smears
would have received treatment. On the other hand, among those who were regarded
by 50% or more readers as probably tuberculous and in need of treatment, about four
or five times as many bacteriologically negative persons as sputum-positive patients
would have received treatment (a disproportion similar to that frequently observed in
clinics where diagnosis is made merely on radiographic grounds) (16).

Co-morbidity with HIV infection and tuberculosis further diminishes the reliabil-
ity of chest radiography for the diagnosis of pulmonary tuberculosis. As noted above,
extensive inter- and intra-observer variation in chest film interpretation was docu-
mented among highly trained and experienced radiologists and chest physicians in
the decades before HIV-associated tuberculosis. Since the emergence of HIV/AIDS,
clinical studies have consistently documented the atypical radiographic pattern seen
in patients with both pulmonary tuberculosis and HIV. Hilar or mediastinal adenopa-
thy, middle or lower lung field infiltrates, and absence of pulmonary infiltrates and
cavities are common in such patients (17), as are normal and minimally abnormal
chest radiographs (18).

In Malawi, where HIV infection is present in up to 75% of patients with tubercu-
losis, two hypothetical diagnostic strategies were compared in 402 adults seeking care
for symptoms of pulmonary tuberculosis (19). In one strategy, the first diagnostic step
would have been chest radiograph, followed by sputum smear examination in patients
whose chest films were consistent with tuberculosis. Of 172 patients whose chest films
were read as not consistent with tuberculosis, 13 (8%) had AFB smear-positive tuber-
culosis and 53 (31%) either AFB smear- or culture-positive disease. All these cases
would have been missed with this screening strategy. Conversely, of 230 patients with
chest films consistent with tuberculosis, who would have been treated for “smear-
negative” tuberculosis, 27% had smear- and culture-negative sputum.

In the second strategy, the patients would have first been evaluated with sputum
smears, followed by chest radiograph in those who had negative sputum smears. Of
291 patients with negative sputum smears, 159 (55%) had chest radiographs not con-
sistent with tuberculosis and would not have been diagnosed, although 40 (25%) were
actually culture-positive. This strategy would therefore have resulted in fewer patients,
and none of those with smear-positive tuberculosis would have been missed. However,
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chest radiograph as the diagnostic second step for patients with negative smears was
not sensitive. Conversely, of the 132 patients with negative smears who had chest 
radiographs consistent with tuberculosis and who would have been treated with this
strategy, 47% had smear- and culture-negative sputum tests.

In summary, the experience of many decades of detailed data collection and analy-
sis indicate that chest radiography for diagnosis or follow-up of pulmonary tubercu-
losis cases, with or without HIV co-infection, is unreliable (19, 20).
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13. What are the relative merits of chest
radiography and sputum examination
(smear microscopy and culture) in case
detection among new outpatients with
prolonged chest symptoms?1

A. Harries 2

This question was one of several investigated in a comprehensive socio-
epidemiological study of 2229 randomly selected new outpatients, undertaken by the
National Tuberculosis Institute, Bangalore, India (1, 2). The outpatients, who presented
with chest symptoms (cough for 2 weeks or more, chest pain and fever for 4 weeks or
more, or haemoptysis), were examined radiographically and bacteriologically.A sputum
specimen was collected on the spot from each patient and examined by direct smear
microscopy and culture. Smear examination was carried out with the Ziehl–Neelsen
method while the patient waited. Culture was performed on two slopes of
Löwenstein–Jensen medium. All positive cultures were then tested in vitro for identifi-
cation of the organism and drug susceptibility. Experienced technicians at the research
laboratories of the National Tuberculosis Institute did the bacteriological work.

Table 19 shows that 227 of the 2229 patients were classified by radiography as tuber-
culous (and thus in need of treatment), but that 81 of these were not confirmed as
tuberculous by bacteriological examination. Among the remaining 2002 patients 
classified as normal or as having a disease other than tuberculosis, there were 31 in
whom tubercle bacilli were found by sputum culture and/or smear microscopy.

Because sputum culture is regarded as the most reliable diagnostic method, a cor-
relation was made between the results of radiography and culture. The data given in
Table 20 are identical to those in Table 19, except that the two groups of radiograph-
ically normal and non-tuberculous persons were pooled. Taking the results of culture
as the criterion of correct diagnosis, 20 (12%) of 162 culture-positive patients would
have been missed because they had been misclassified by radiography as normal or
non-tuberculous. On the other hand, among the 227 patients classified radiographi-
cally as tuberculous, 85 (37%) were not confirmed as such by culture.

The results of direct smear microscopy and culture were also correlated. As Table
21 shows, 32 (20%) of the 162 culture-positive patients would have been missed by
direct smear microscopy of a single spot specimen, while 15 (10%) of the 145 smear-
positive patients proved to be negative by culture.
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Taking the results of sputum culture as the criterion for correct diagnosis, the find-
ings of the study may be summarized as follows: among 162 tuberculosis patients in
whom the diagnosis was verified by culture, 32 (20%) would have been missed by
smear microscopy and 20 (12%) by radiography.

Among 145 patients positive by smear, 130 (90%) were confirmed by culture. The
remainder (10%) gave an apparently false-positive result, because of either a reading
error or the presence of artefacts, or because the bacilli seen under the microscope
had lost their ability to grow on culture. There are many possible reasons for the latter
occurrence. In patients under treatment, the bacilli may have been killed or seriously
harmed by effective treatment. In untreated patients, the capacity of tubercle bacilli
to grow on cultures may have been impaired, e.g. by exposure of the specimen to heat
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Table 19
Results of radiographic examination compared with those of sputum smear
microscopy (S) and sputum culture (C) in outpatients with clinical signs
suggestive of tuberculosisa

Classification by No. of Result of sputum examination
radiography patients

S+ S- S+ S-
C+ C+ C- C-

Tuberculosis 227 122 20 4 81
Other abnormal shadows 304 8 4 1 291

(non-tuberculous)
Normal 1698 – 8 10 1680

Total 2229 130 32 15 2052

a Source: reference 2.

Table 20
Correlation of the yield of radiographic examination
and sputum culture in patients with clinical signs
suggestive of tuberculosis

Radiography Culture

Positive Negative Total

Positive 142 85 227
Negative 20 1982 2002

Total 162 2067 2229



or sunlight, long storage, excessive decontamination procedures, or an overheated 
centrifuge or incubator. However, patients whose first spot specimen is indisputably
positive by smear microscopy but negative by culture have a fairly high chance of being
positive by both examinations in subsequent specimens (see “What is the additional
yield from repeated sputum examinations by smear microscopy and culture?”, page
46). Therefore, if persons with signs and symptoms suggestive of tuberculosis are
treated on the basis of properly performed and clearly positive smear microscopy, not
confirmed by culture, there is little likelihood of serious over-treatment.

On the other hand, of the 227 patients classified by radiography as “tuberculous
and in need of treatment”, a sizeable proportion (37%) did not have tuberculosis con-
firmed by culture. The patients in this study had been examined because they had
symptoms. This proportion is likely to be much higher in populations examined by
indiscriminate mass radiography, i.e. irrespective of the presence of symptoms. Several
studies have indeed shown that persons with chest radiographic shadows of unknown
origin, who have no history of previous tuberculosis and in whom tubercle bacilli
cannot be demonstrated by smear microscopy and/or culture, particularly when
repeated, are in fact rarely true cases of tuberculosis. Follow-up studies (3–6) have
demonstrated that, although there is a greater likelihood of such persons becoming
culture-positive than those with a normal radiograph, only a small proportion
(0.4–4.8%) actually did so within the first year of observation. The risk declined in
subsequent years.

Treating persons with chest film shadows of unknown origin as a matter of routine
would therefore be to treat many, or even most, of them unnecessarily or wrongly.

In areas with a high prevalence of HIV, it is also inappropriate to screen persons
suspected of having tuberculosis with chest radiography. In a study of 402 suspected
tuberculosis cases in Malawi (7), 230 patients had chest films thought to be typical of
tuberculosis. Sputum smears were positive in 43% of these patients and sputum cul-
tures were positive in 71%. On the other hand, in 172 patients with a normal chest
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Table 21
Correlation of the yields of two cultures and of direct
smear microscopy of a single spot specimen in
patients with clinical signs suggestive of tuberculosis

Smear Culture

Positive Negative Total

Positive 130 15 145
Negative 32 2052 2084

Total 162 2067 2229



film or with an abnormal chest film not typical of tuberculosis, 13 (8%) were sputum
smear-positive and 49 (28%) were culture-positive. Screening by chest radiography,
followed by sputum smears in those with chest films typical of tuberculosis, was more
costly and less sensitive than screening by sputum smears and performing chest radi-
ography only in those with negative results on sputum smear examination.

Some technical and operational aspects of chest radiography, 
sputum culture and smear microscopy
Screening by radiography alone, even in areas of sub-Saharan Africa with high HIV
prevalence, will result in a high rate of over-diagnosis. Moreover, the operational short-
comings of radiography in developing countries are considerable. X-ray units are expen-
sive and their operation requires specially trained technicians. There are frequent
prolonged interruptions due to the breakdown of equipment, lack of spare parts and
repair facilities, scarcity of films, or unreliability of the electricity supply. Another oper-
ational disadvantage is that the results of radiographic examination are commonly avail-
able only after 2–3 days, and sometimes later. A sizeable proportion of patients do not
return to the centre for their results, and efforts to retrieve them are often unsuccessful.

As a diagnostic method, sputum culture is known to be more sensitive than smear
microscopy. It differentiates tubercle bacilli from other microorganisms and therefore
provides definite identification of the bacilli. The technical superiority of culture over
smear microscopy is largely due to quantitative factors. Whereas the amount of
sputum on a smear is 0.01 ml (see “How many bacilli are present in a sputum speci-
men found positive by smear microscopy?”, page 11), the size of an inoculum for
culture is usually 0.1 ml, i.e. about 10 times as much. Moreover, usually only about
1% of the smear (100 oil-immersion fields) is examined by bright-field microscopy,
whereas in the culture test-tube the whole yield of colonies may be seen practically at
a glance. Although a large proportion of organisms are destroyed by decontamination
procedures, the quantitative differences are still so large that the probability of finding
bacilli by culture is higher than by direct smear microscopy. This is an obvious advan-
tage in cases where a specimen contains only small amounts of acid-fast bacilli (see
“How reliable is smear microscopy?”, page 14).

Unfortunately, culture has a number of disadvantages, mainly of an operational
nature. The method requires specially trained and skilled personnel, of whom there
is a shortage in most developing countries. There is also a need for special facilities
and equipment, a permanent supply of water and electricity, and reliable thermo-
regulation of the hot room. In hot and humid climates particularly, air-conditioning
facilities and special air filters are needed to prevent airborne contamination of cul-
tures. Properly ventilated inoculation cabinets and other safety measures must be pro-
vided. For all these reasons, culture methods are practicable in only a few laboratories
in developing countries.

One of the greatest shortcomings of sputum culture is the long interval before
results become available: 4–6 weeks or more with solid media. In developing coun-
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tries, this delay leads to many patients being “lost”. They may never return to the health
centre and often cannot be traced. Thus the benefits of culture are often outweighed
by the losses occasioned by the long wait for results, and the higher sensitivity is largely
counterbalanced by operational disadvantages of culture.

Direct smear examination certainly has a number of technical shortcomings, but
its operational advantages are obvious. It is relatively easy to perform, much less
expensive than radiography or culture, and does not require highly specialized per-
sonnel. The fact that the diagnosis of tuberculosis in persons discharging large
amounts of bacilli may be established and treatment started on the same day is
without doubt the greatest operational advantage of smear microscopy. It reduces to
a minimum “losses” of patients due to long waiting periods, and it is also the only
diagnostic method practicable almost everywhere. For these reasons, case detection
and diagnosis in high-prevalence countries will have to rely on this method for some
time to come.
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14. How does pulmonary tuberculosis
develop and how can it be detected at
an early stage?
K. Toman1

On clinical and epidemiological grounds, emphasis has rightly always been laid on
early diagnosis of tuberculosis. However, this has led to a certain confusion. Early or
incipient tuberculosis has frequently been considered to be synonymous with minimal
tuberculous disease. Likewise, advanced tuberculosis has usually been regarded as syn-
onymous with old or chronic tuberculosis. Yet the terms “early”, “incipient”, “chronic”,
and “old” are strictly and exclusively concerned with time, while “minimal”, “moder-
ate”, and “advanced” indicate merely the extent of the disease, i.e. the volume of lung
tissue involved. Terms such as “early” and “minimal” have by no means a constant
relationship, nor are they necessarily linked. In fact, a lesion of a few months’ dura-
tion may be minimal or far advanced, and the extent of a lesion gives surprisingly
little indication of its duration.

The age of a fresh lesion can be estimated only when radiographic evidence of a
previously normal lung is available. A few longitudinal radiographic surveys demon-
strate the history of early tuberculosis.

In one such survey in a population of about 100 000 in Kolín, Czechoslovakia,2

persons aged 14 years and older were screened repeatedly.1 The study (1, 2) lasted 12
years, during which each member of the eligible population was X-rayed five times,
at 2- or 3-year intervals. Between radiographic rounds, the search for cases was con-
tinued by the local health services, which patients attended because of symptoms or
for regular check-up. Each film was carefully filed and could therefore always be com-
pared with the most recent film. Thus, it was possible to determine the period within
which a new lesion had developed. The films were read independently by two readers
and an umpire reader (Table 22).

In 165 persons in whom tuberculosis had been newly detected and whose previ-
ous radiographs had been normal, the time between the last normal chest radiograph
and the first abnormal one was measured. Patients were grouped into three categories:
those who were sputum smear-positive as well as culture-positive, those who were
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smear-negative but culture-positive, and those in whom the diagnosis had first been
made at autopsy and verified by bacteriological examination (1, 2).

Table 22 shows that, within 12 months, 28 bacteriologically positive cases had
developed. Surprisingly, a significant proportion of these already had advanced tuber-
culosis with positive sputum by direct smear microscopy. Even more striking was the
finding that six cases had developed so fast that they were found only at autopsy –
less than 12 months after the last normal chest radiograph. (In some of these cases,
tuberculosis had been identified by the pathologist as the leading cause of death.)
During the second part of the Kolín study (1965–1972), 10 previously unknown cases
of new tuberculosis were first diagnosed at autopsy – some of them shortly after a
normal radiograph. These 10 cases constituted one-quarter of all deaths from tuber-
culosis during that period – and that in spite of systematic and intensive screening of
the entire population. The actual number might well have been even higher, because
only one-quarter of all persons who died in the study area (mainly those who died in
hospital) were subjected to necropsy (2).

The data presented in Table 22 might perhaps be biased, since the interval between
radiographic rounds was never less than 2 years and was usually 3 years. In this regard,
very instructive data are available from Japan, where mass radiography of the popu-
lation has been carried out at yearly intervals (3). Similar data are also available from
an epidemiological study (4) in Niigata Prefecture, Japan (population 2 350 000).

As discussed elsewhere (see “What is the role of case detection by periodic mass
radiographic examination in tuberculosis control?”, page 72), more than half of the
cases positive by direct smear microscopy had developed tuberculosis within 12
months of the last normal radiograph. Since only one-fifth of the new cases had been
detected by mass radiographic surveys, the majority (72%) were found by the health
services, where patients attended mainly because of symptoms. The same applied to
new patients who were positive by culture only (4).
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Table 22
Interval between last normal chest radiograph and diagnosis of pulmonary
tuberculosisa

Interval Number of Cumulative No. of Cumulative Number
(months) smear+, % smear-, % diagnosed at

culture+ culture+ autopsy

£12 8 16 14 14 6
<24 18 52 39 53 7
<36 16 84 31 86 1
≥37 8 100 14 100 3

Total 50 98 17

a Source: references 1, 2.



The conclusions to be drawn from the findings of the above-mentioned studies are
the following:

● A large proportion of new cases, starting in a normal lung, developed within
months.

● Even cases already so advanced that they were discharging large numbers of bacilli
demonstrable by microscopy, and were probably cavitary, developed rapidly.

● A case of advanced smear-positive tuberculosis, when seen for the first time, is not
necessarily old or chronic: it may well be as recent as a case with minimal lesions
that is positive by culture only.

● Both types of disease – advanced, smear-positive tuberculosis and minimal, only
culture-positive tuberculosis – developed within the same time. Thus it is likely the
smear-positive cases developed so fast that they did not pass through a perceptible
minimal phase. Rapid development of disease should not be confused with so-
called “galloping consumption”. This form of fulminant tuberculosis, running an
exceptionally rapid course, has been described in the older literature and observed
occasionally in individuals who are under extraordinary stress and physical 
vulnerable.

Every experienced clinician knows that, after a few days of sometimes vague or
uncharacteristic complaints (and an initially normal chest radiograph), tuberculous
pleuritis with an effusion of as much as 1 litre can appear suddenly; or that some-
times an extensive pneumonic lesion may develop in an initially normal lung within
a few days and cavitation may take place within a week (5).

In a study in the USA of 1000 patients with early tuberculosis (6, 7), the authors
concluded that:

● Sudden symptomatic onset of pulmonary tuberculosis is not less frequent than
insidious onset.

● The extent of the lesion does not bear a direct relation to the duration of the disease
(of all patients reaching an advanced stage of the disease, the majority do so within
the first 6 months).

● Cavitation is not a late occurrence: its frequency is nearly the same at all temporal
stages of the disease.

Another investigation determined the intervals at which persons at special risk (e.g.
contacts) should be re-examined to discover all cases at the earliest possible stage (5).
Such persons were usually examined at yearly intervals; however, one series conducted
examinations every 6 months and another did so at shorter intervals. In none of these
series were all cases diagnosed with minimal lesions. Even with examinations at 4-
monthly intervals, 21% of patients were found to be in the moderately advanced stage
and a smaller proportion even at the far-advanced stage of the disease. The conclu-
sion was that a 6-monthly interval between examinations is too long to prevent the
occurrence of advanced, severe cases.
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However, even in the most affluent countries, screening the adult population by
indiscriminate radiography at intervals shorter than 12 months has not been found
practicable. Moreover, as data from Japan have shown, even if more frequent exami-
nation were feasible, a large proportion of cases of bacteriologically verified disease
would be found at an advanced, smear-positive stage. It is obvious that mass radiog-
raphy will fail to detect the majority of cases soon after the onset of disease.

Incipient tuberculosis and symptoms
It is sometimes asserted that screening of a population by mass radiography is essen-
tial because about half of all new patients have no symptoms (2). The literature on
this issue is extensive. It is well known that the taking of case histories is arbitrary and
unreliable, and the fact that many new patients are found by mass screening of appar-
ently healthy individuals does not necessarily mean that these people have no symp-
toms. Likewise, when a new patient is asked about the presence of symptoms and gives
a negative answer, this should not be taken as objective evidence of the absence of
symptoms.

Few of the prospective studies reported so far have been designed in such a way as
to eliminate bias, at least to a large extent. Some were designed by sociologists and
carried out by specially trained personnel using a standardized interviewing technique
according to a protocol. In one series of studies, persons were examined and inter-
viewed in parallel without knowing the results of their examinations (8–13). In socio-
epidemiological studies of a poor rural population in India in the early 1960s, it was
found that 95% of patients who were positive by direct smear microscopy were aware
of one or more symptoms suggesting tuberculosis. About 70% complained of cough
as the leading symptom, while the rest gave greater importance to other complaints
(8, 14). About two-thirds had symptoms of only 1–3 months’ duration (9, 10). This
was surprising in a population believed to be unaware of symptoms.

In another prospective study on case detection in a population of about 6 million,
some 1600 smear-positive patients were interviewed about symptoms (11). The study
was carried out in parallel to the Kolín study (see Table 22) as one of the projects of
the Tuberculosis Surveillance Research Unit, and the two study populations were 
of similar composition. The results were strikingly similar to those of the above-
mentioned studies: 73% of patients complained of cough, ranking it first or second
in importance as a symptom. The remaining 20% complained of fever or an influenza-
like illness, and only 7% denied having any subjective symptoms. The duration of
symptoms was also similar, with 62% having had symptoms for less than 3 months
and 83% for up to 6 months.

It thus seems that symptoms are present in more than 90% of patients with sputum
positive by direct smear microscopy, and that these symptoms are apparent in the early
phase of the disease.

The question may arise as to whether the development of less serious disease – with
sputum negative by smear and positive by culture only – is asymptomatic. In the
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socio-epidemiological study carried out in India (8), 54% of the smear-negative,
culture-positive patients had one or more symptoms suggesting tuberculosis. In the
longitudinal survey carried out in Kolín during the period 1961–1964 (1), 91 (51%)
of 180 new patients positive only by culture had symptoms. In the Niigata study (4),
63 (57%) of 109 persons positive only by culture had symptoms that, in four-fifths of
cases, had lasted less than 3 months.

Since more than 90% of infectious patients develop perceptible symptoms within
a few weeks of the onset of tuberculosis, early detection is possible – not by tradi-
tional mass radiography, but also by sputum examination of symptomatic persons.
Mass radiography would detect most of these cases only 1–3 years after the onset of
the disease (14), by which time most of the harm had already been done to the com-
munity (see “What is the role of case detection by periodic mass radiographic exam-
ination in tuberculosis control?”, page 72).

The WHO Expert Committee on Tuberculosis emphasized the importance of case
detection among patients with symptoms at its eighth and ninth meetings (13, 15).
The Committee also stressed the need to increase the awareness of symptoms sug-
gestive of tuberculosis in the community and among all health workers. Patients with
cough of several weeks’ duration should have their sputum examined by microscopy
as the first priority for case detection. If found to be sputum-positive, these patients
are the first priority for treatment.

The search for patients positive only by culture is of secondary epidemiological
importance. Patients without symptoms are not an urgent public health concern.
Their prognosis is likely to be favourable and their infectiousness, if any, is slight.
Indeed, it has been proved that there is practically no transmission of infection if
patients do not have cough (16).
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15. What is the role of case detection by
periodic mass radiographic examination
in tuberculosis control?1

H. Rieder 2

Case detection means the early detection of individuals discharging and transmitting
tubercle bacilli. But case detection is not an end in itself: it is carried out in order to
treat the sources of infection so as to alleviate their suffering and to render them 
non-infectious.

The capacity of excretors of tubercle bacilli to infect others varies considerably.
Bacteriological and epidemiological studies have revealed fundamental differences 
in the degree of infectiousness of different categories of patients with pulmonary
tuberculosis.

A comprehensive study was made of the bacterial content of pulmonary lesions in
patients who had never been given treatment (1). The investigators found that the
number of tubercle bacilli in the various types of lesions varied substantially. In an
encapsulated, solid nodule, 2 cm in diameter, having no communication with the
bronchi, the number of bacilli ranged from about one hundred (102) to not more than
a few thousand (104). In contrast, a cavitary lesion of the same extent might contain
about 10 million to a billion bacilli (107–109), i.e. 100 000 times as many as in non-
cavitary lesions. Such enormous quantities of tubercle bacilli discharged with the
sputum can invariably be demonstrated by simple smear microscopy, while the small
numbers coming from non-cavitary lesions are often demonstrable only by culture or
amplification techniques.

This may explain why patients with non-cavitary tuberculosis, negative sputum
smears, and positive sputum cultures have a comparatively favourable clinical prog-
nosis. They are more likely to undergo spontaneous healing than patients with cavi-
tary lesions discharging large numbers of tubercle bacilli demonstrable by direct
microscopy. By the same token, patients with different bacteriological sputum status
– discharging small or large quantities of tubercle bacilli – do not have the same 
epidemiological relevance.

Several experimental (2) and epidemiological (3–5) studies have examined the 
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relationship between the frequency of infection and the bacteriological status of the
source of infection. Figure 5 summarizes the major findings from three epidemiolog-
ical studies. In each of the studies, children under the age of 15 years who were con-
tacts of tuberculosis cases were tested with tuberculin and grouped according to the
source case to which they had been exposed.

The absolute differences between the studies are not important (they were done at
different times in different settings and probably used different definitions of contact).
What matters is that all the studies clearly demonstrate that smear-positive cases are
the major sources of infection: the highest prevalence of tuberculous infection was
consistently found among children who had been exposed to sputum smear-positive
tuberculosis cases.

From the study in British Columbia and Saskatchewan (5), the proportion of
infections attributable to sputum smear-positive cases could be estimated as shown
in Figure 6. In this setting, more than 90% of all infections were attributable to 
smear-positive source cases. Similarly, a recent study from San Francisco, USA, using
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Figure 5
Risk of infecting contacts according to the bacteriological status of the pulmonary
TB source
(S+/C+ indicates contacts of smear- and culture-positive cases, S-/C+ contacts
smear-negative and culture-positive case, and S-/C- contacts of smear and
culture-negative source cases.)
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molecular epidemiological techniques, showed that more than 80% of all transmis-
sion was attributable to smear-positive cases (6).

Once the category of sputum smear-positive patients had been shown to be the
most significant epidemiologically, the questions that arose were: “How are infectious
patients currently being discovered?” and “What is the contribution of mass radiog-
raphy to the detection of this high priority group?”

Detection of sputum smear-positive tuberculosis cases: 
results of mass radiography
Table 23 summarizes the results of WHO-assisted investigations, mainly carried out
in cooperation with the Tuberculosis Surveillance Research Unit (7). In all the coun-
tries participating in this investigation, mass radiography for tuberculosis case detec-
tion had been a routine procedure for about 20 years.

As Table 23 shows, mass radiography made a surprisingly small contribution to the
detection of smear-positive cases. The majority of cases were discovered by other
means, mostly through people seeking medical help on their own initiative because
of symptoms.

Another important observation from the study projects, particularly in the Nether-
lands and in the Kolín study, carried out in areas with populations of about 100 000,
was that the proportion of smear-positive cases among those with newly detected
tuberculosis had changed little despite intensive mass radiography carried out at 2–3-
year intervals. Thus, in the Netherlands, although the annual incidence rates of tuber-
culosis were steadily decreasing, the proportion of smear-positive cases remained
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Figure 6
Proportion of transmission attributable to smear-positive and to culture-only-
positive pulmonary tuberculosis in British Columbia and Saskatchewan a
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unchanged during the observation period (1951–1967). Of every 100 new patients
discharging tubercle bacilli, 46 were smear-positive, despite 17 years of mass radiog-
raphy at 3-year intervals (7).

An equally puzzling observation emerged from the Kolín study (Table 24). The pro-
portion of new smear-positive cases was not substantially influenced by repeated
surveys with 95% coverage of the eligible population aged 14 years and above (8).
Three-quarters of these new cases developed in persons who had had a normal chest
radiograph at the previous survey. The possibility that these advanced cases had devel-
oped from pre-existing, but overlooked, lesions could safely be ruled out. Two readers
and one referee assessed each radiograph independently, and a WHO expert also exam-
ined a random sample of the films. For each new case in which there was an abnormal
finding, all the previous films were carefully scrutinized to ascertain whether any 
radiographic lung shadow had existed before but had been missed or misinterpreted.
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Table 23
Mode of detection of sputum-positive tuberculosis casesa

Project Study No. of Mode of detection
period smear-

Mass Symptoms Other
positive

radiography (%) (%)
cases

(%)

Saskatchewan 1960–1969 265 12 66 22
Ontario 1967–1968 632 15 66 19
Kolín 1965–1972 132 23 54 23
Netherlands 1951–1967 9301 25 39 36

a Source: references 8, 9.

Table 24
Smear-positive cases detected in Kolín district, Czechoslovakia,a 1965–1972 b

Method of 1965 1966 1967 1968 1969 1970 1971 1972 Total
detection

Symptoms 16 6 7 9 8 7 8 10 71
Mass

radiography – 14 – – 11 1 – 4 30
Other 6 4 2 5 3 3 4 4 31

Total 22 24 9 14 22 11 12 18 132

a Country name valid at the time of the study.
b Source: reference 9.



All cases of tuberculosis and all individuals with abnormal chest radiographs dis-
covered in any of the surveys were either treated or closely followed up. It was there-
fore expected that new cases discovered in subsequent surveys would be mainly in
persons with previously normal radiographs. Thus they would be found at a very early
stage – at worst when the sputum was positive by culture only. Yet, year after year, a
considerable proportion of the newly diagnosed cases already had advanced smear-
positive tuberculosis. Since in the majority of cases (about 75%) no detectable lung
lesion had existed at the previous examination, the only possible conclusion was that
most of the new cases with smear-positive tuberculosis must have developed rapidly.
This conclusion was tested and confirmed (8–10); see Figure 7.

Figure 7 shows that more than 50% of the newly discovered, smear-positive cases
developed in less than 1 year. The cases positive by culture (usually with minimal lung
lesions) developed within the same time. It looks as if new tuberculous lesions develop
either slowly or quickly, right from the beginning. For reasons not yet fully known,
tubercle bacilli grow very slowly in certain lesions and thus are present only in small
numbers, but multiply rapidly in other lesions, reaching enormous counts within a
few weeks. It would therefore be wrong to regard all patients with cavitary, smear-
positive tuberculosis as old or chronic cases due to delayed diagnosis, because of the
patient’s or doctor’s negligence. As Figure 7 shows, smear-positive tuberculosis of the
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Figure 7
Interval between the last normal radiograph and the development of tuberculosis
in persons of differing bacteriological status (Niigata, Japan) a

Each bar represents all cases with the bacteriological status indicated at the time
of detection.
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lung can be as old or as recent as a small lung lesion positive only by culture, since at
least half of such cases developed in less than 1 year in apparently healthy persons
with normal radiographs.

Data from the Kolín study also showed that about four-fifths of new patients who
had normal chest radiographs at the previous mass radiography developed the disease
within 3 years. Thus it appears that mass radiography, carried out at intervals of 3
years, may to a large extent fail to detect cases sufficiently soon after the onset of
disease. Even intervals of 6 months may be too long, as a Swedish study has shown
(11). Progress from onset of symptoms to sputum smear-positive tuberculosis was
very rapid in a large proportion of patients (Figure 8).

Conclusions
It has been proved that the early detection of all cases with smear-positive pulmonary
tuberculosis – the most dangerous sources of infection – by means of periodic mass
radiography is impractical, even when such radiography is repeated at short intervals
(12). The great majority of sputum smear-positive cases develop in a shorter time than
the shortest practical interval between two mass radiography survey rounds. More-
over, 90% of patients with rapidly progressive pulmonary tuberculosis have objective
symptoms, such as cough, fever, loss of weight, sputum, and haemoptysis (13). These
symptoms develop rather soon after the onset of the disease, prompting the patient
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Figure 8
Cumulative percentage of sputum smear-positivity after onset of symptoms among
patients who were ultimately smear-positive, Sweden 1910–1911 and 1934 a
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to seek medical advice. Most smear-positive tuberculosis cases are therefore not
detected in periodic case-detection campaigns but rather by regular health services
that patients can consult whenever they feel ill.

For these reasons, mass radiography is not a recommended case-detection method.
Additional obstacles to the effective operation of periodic mass radiography are the
lack of good roads, the high breakdown rate of vehicles and X-ray machinery, and the
high cost and scarcity of spare parts and repair facilities.

In its ninth report (14), the WHO Expert Committee on Tuberculosis noted that
“mass miniature radiography is a very expensive screening procedure for tuberculo-
sis, even when the prevalence is high. Other disadvantages of mass radiography are as
follows:

1. It contributes only a small proportion of the total number of cases found.
2. It has no significant effect on the occurrence of subsequent smear-positive cases,

as they usually develop so rapidly that they arise between the rounds of mass radi-
ography examinations (thus it follows that case-detection and treatment facilities
should be constantly available for an indefinite period to come).

3. It requires the services of highly qualified technicians and medical staff who could
be better used in other health service activities.

4. The apparatus or the vehicles used to transport it are often out of service because
of mechanical breakdown for months on end, especially where spare parts are in
short supply.

The Committee concluded that the policy of indiscriminate tuberculosis case-finding
by mobile mass radiography should now be abandoned.”
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16. How does the diagnosis of tuberculosis
in persons infected with HIV differ 
from diagnosis in persons not infected
with HIV?
A. Harries1

Pulmonary tuberculosis is the most common manifestation of tuberculosis in adults
infected with HIV. Tuberculosis occurs at various stages of HIV infection, with the
clinical pattern correlating with the patient’s immune status. In the early stages of HIV
infection, when immunity is only partially compromised, the features are more typical
of tuberculosis, commonly with upper lobe cavitation, and the disease resembles that
seen in the pre-HIV era. As immune deficiency advances, HIV-infected patients
present with atypical pulmonary disease resembling primary tuberculosis or extra-
pulmonary and disseminated disease, commonly with hilar adenopathy and lower
lobe infection (1).

Diagnosis of pulmonary tuberculosis
Clinical features in pulmonary tuberculosis are generally similar in HIV-infected

and HIV-negative patients. However, cough is reported less frequently by HIV-
infected patients, probably because there is less cavitation, inflammation, and endo-
bronchial irritation as a result of a reduction in cell-mediated immunity (2). Similarly,
haemoptysis, which results from caseous necrosis of the bronchial arteries, is less
common in HIV- infected patients.

Tuberculin skin tests have limited value for individual adult diagnosis, although
they are useful for measuring the prevalence of tuberculous infection in a commu-
nity. In the presence of active tuberculosis, the tuberculin skin test may be negative.
For example, one study of HIV-positive pulmonary tuberculosis patients in Zaire
found cutaneous anergy in 8% of those with a CD4-lymphocyte count >500/ml and
54% in those with a CD4-lymphocyte count <200/ml (3).

Sputum smear microscopy remains the cornerstone of tuberculosis diagnosis, even
in areas of high HIV prevalence. Systematic studies in sub-Saharan Africa have shown
that most HIV-infected pulmonary tuberculosis patients are sputum smear-positive,
although the proportion of patients with smear-negative, suspected pulmonary tuber-
culosis is greater in HIV-infected than in HIV-negative tuberculosis patients (1, 4).

80

1 Technical Adviser, Malawi National Tuberculosis Control Programme, Lilongwe, Malawi.



HIV-infected, smear-positive patients also tend to excrete significantly fewer organ-
isms in sputum than HIV-negative patients, which can lead to acid-fast bacilli being
missed if insufficient high-power fields are examined by microscopy.

Chest radiography is needed for persons who are suspected of having tuberculo-
sis, are sputum smear-negative, and do not respond to a course of broad-spectrum
antibiotics. Bronchitis and pneumonia with Streptococcus pneumoniae, Haemophilus
influenzae, and other common pathogens are frequent in HIV-infected persons. No
radiographic pattern is diagnostic of tuberculosis, although the classical hallmarks of
the disease are cavitation, apical distribution, pulmonary fibrosis, shrinkage, and cal-
cification. HIV-infected patients with relatively well-preserved immune function will
often show these typical features; as immunosuppression worsens, however, chest
radiographs more often show atypical features such as pulmonary infiltrates affecting
the lower lobes and intrathoracic lymphadenopathy. Sometimes the chest radiograph
is normal (1, 4): in one study in the United States of America, 21% of smear- and/or
culture-positive tuberculosis patients with a CD4-lymphocyte count <200/ml had
normal chest radiographs (5).

Diseases other than tuberculosis can cause both the classical and atypical chest 
radiographic features. If sputum smears are negative, other conditions have to be 
considered in the differential diagnosis.

Important HIV-related pulmonary diseases that may be confused with pulmonary
tuberculosis include bacterial pneumonia, Pneumocystis carinii pneumonia, Kaposi
sarcoma, fungal infections, and nocardiosis.

Extrapulmonary tuberculosis
The main manifestations of extrapulmonary tuberculosis in HIV- infected patients
are lymphadenopathy, pleural effusion, pericardial effusion, and miliary tuberculosis
(1, 4). The definitive diagnosis of extrapulmonary tuberculosis is often difficult
because of the scarcity of diagnostic facilities: in the United Republic of Tanzania, only
18% of patients with extrapulmonary tuberculosis had laboratory confirmation of the
diagnosis (6).
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Figure 9
Radiographic findings in tuberculosis patients with HIV infection
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Presentation of extrapulmonary tuberculosis in HIV-infected patients is generally
no different from that in HIV-negative patients. However, HIV-related tuberculosis
lymphadenopathy can occasionally be acute and resemble an acute pyogenic bacter-
ial infection. Diagnosis can be made using simple techniques such as needle aspira-
tion, inspection of lymph nodes biopsies for macroscopic caseation, and examination
of direct smears from the cut surface. In tuberculous meningitis, the cerebrospinal
fluid may be completely normal in HIV-infected patients. Disseminated tuberculosis
may be extremely difficult to diagnose. In Côte d’Ivoire, for example, the condition
was found in 44% of patients with HIV wasting syndrome who came to autopsy; the
diagnosis had not been made ante mortem (7). Bacteraemia with Mycobacterium
tuberculosis may not be uncommon, and may be accompanied by cough and abnor-
mal chest radiographs in less than half of cases (8–10). Pericardial tuberculosis is not
rare and may be diagnosed presumptively from the characteristic balloon-shaped
appearance of the cardiac shadow on chest radiography.

Diagnosis in childhood tuberculosis

As in adults, pulmonary tuberculosis is the most common manifestation of tubercu-
losis in HIV-positive children. The diagnosis of pulmonary tuberculosis in children
under 4 years old has always been difficult, and HIV infection further compounds this
diagnostic challenge. There is a high incidence of cutaneous anergy in HIV-positive
children with tuberculosis, and most cases are diagnosed according to nonspecific
clinical and radiographic criteria. Because it is often difficult to distinguish HIV-
related pulmonary disease from pulmonary tuberculosis, childhood pulmonary
tuberculosis is probably over-diagnosed in many areas.

Implications of diagnostic difficulties

The advent of HIV has made the diagnosis of tuberculosis more difficult, and false
diagnoses of tuberculosis probably occur frequently among patients affected by other
HIV-related illnesses. Although little has been done to solve or even delineate this
important problem, these false-positive diagnoses generally account for only a small
proportion of all forms of tuberculosis notified, and thus do not negate the huge
increases observed in tuberculosis notifications in HIV-endemic areas. Sputum smear
remains the cornerstone of diagnosis, identifying infectious patients so that trans-
mission can be stopped.
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17. What is the role of tuberculin skin
testing in the diagnosis of tuberculosis?
D. Menzies1

The tuberculin skin test seems attractive because it involves low technology, is inex-
pensive, and is relatively easy to administer and read. However, its interpretation
remains a subject of controversy and misunderstanding, some of which arises from
widely discrepant findings reported in different studies. This wide variation in results
does not reflect variation in sensitivity or precision of the test. Rather, the differences
reflect considerable variation in the prevalence of true-positive and true-negative 
as well as in the occurrence of false-positive and false-negative results in different 
populations.

For the diagnosis of tuberculosis infection, the tuberculin test is practically the only
tool currently available. Its usefulness depends on the clinical situation and popula-
tion, as well as on the availability of resources to manage tuberculin reactors. The
tuberculin test is useful for identifying individuals at high risk of disease, such as those
with HIV infection or close contacts of infectious tuberculosis patients, who would
benefit from treatment of latent tuberculosis infection (see “What is the role of treat-
ment of latent tuberculosis infection in a tuberculosis control programme?”, page
220).

However, the test is not useful for the diagnosis of tuberculosis disease, and will
often be misleading because of false-negative and false-positive results. At the time of
diagnosis, the tuberculin test is falsely negative in 10–47% of patients with active
disease (1–4). The likelihood of false-negative reactions increases with the extent of
disease and the age of the individual. Interestingly, this tuberculin anergy appears to
be temporary; more than 95% of patients tested after 1 month or more of treatment
will have a positive test result (5). In the presence of co-infection with HIV, a far higher
proportion of patients with active disease will have a false-negative test result. This is
related to the degree of immunosuppression: a false-negative tuberculin test will be
seen in 30% of patients with a CD4 T-lymphocyte cell count of >500/ml, compared
with close to 100% of patients with a CD4 T-lymphocyte cell count of <200/ml (6, 7).

Tuberculin testing is a nonspecific measure of prior mycobacterial sensitization. It
may be positive in individuals who have had prior BCG vaccination – although, if
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BCG is given in infancy, a reaction of more than 10 mm is rare after the age of 5 years
(8). In persons vaccinated at an older age, such as in primary school, 15–25% will
remain positive for as long as 20–25 years (8–10). A false-positive test also commonly
results from cross-reacting sensitivity to non-tuberculous mycobacterial antigens (11),
which are very common in tropical and subtropical climates (5, 12, 13).

The most important limitation of the tuberculin test for diagnosis of disease is its
inability to distinguish latent, or dormant, infection from infection associated with
active disease. If a test is used to investigate patients with respiratory symptoms, a pos-
itive result only marginally increases the probability that the patient has tuberculosis.
This is because, even among patients with a positive test resulting from true tubercu-
losis infection, the vast majority will not have active tuberculosis disease at the time
of assessment.

In screening situations, the tuberculin test is even less useful for detecting disease.
In situations of high prevalence of tuberculosis, such as in developing countries, a
negative test may be misleading.

Does the size of reaction help in distinguishing infection from disease?
Large tuberculin reactions are always more impressive to patients and health care
providers alike. It is a common misconception that larger tuberculin reactions are
more likely to indicate active disease. As Figure 10 shows, this is not the case. It is true
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Figure 10
Pattern of tuberculin reactions in patients with active and inactive tuberculosis, in
contacts of active cases, and in normal individuals a
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that the likelihood of disease will vary depending on whether the tuberculin test is
more or less than 5 mm. However, beyond 5 mm, the size of the reaction does not dis-
tinguish in any way between those with active tuberculosis disease, inactive tubercu-
losis (abnormal chest radiograph), recent infection (close contacts), or remote
infection. Therefore, beyond a certain threshold, size does not matter in the interpre-
tation of a tuberculin reaction (1).
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18. What is the current and potential role of
diagnostic tests other than sputum
microscopy and culture?
D. Menzies1

The sputum smear examination for acid-fast bacilli (AFB) is a low-cost, highly spe-
cific means of identifying the infectious sources of spread of tuberculosis. However,
it has limitations in that it is relatively labour-intensive. If there is a lack of training,
motivation, time, or supervision of laboratory technicians, performance of the AFB
smear under programme conditions may be far below its potential. In Africa, where
tuberculosis caseloads in some countries have increased 2–4-fold, as many as one 
in four patients diagnosed as having smear-negative tuberculosis actually have 
positive smears (1). Furthermore, the AFB smear requires two visits to the health 
facility by the patient, and will not, even when optimally performed, identify patients
with small numbers of bacilli in their sputum that are positive by culture only (see
“What is the role of mycobacterial culture in diagnosis and case definition?”, page 35).
Although these patients contribute only a small proportion of transmission and 
of mortality due to tuberculosis, their diagnosis and management may absorb a 
significant proportion of the effort of the clinical and public health staff responsible
for tuberculosis control. A rapid, low-cost test that is simpler to perform than the 
AFB smears and/or that can identify smear-negative and extrapulmonary tuber-
culosis is therefore desirable. Chemical tests used to suggest a diagnosis of extra-
pulmonary tuberculosis (e.g. adenosine deaminase, tuberculostearic acid) are not 
considered here.

Immunological tests
The tuberculin skin test

The tuberculin skin test has been in clinical use for more than 90 years (see “What is
the role of tuberculin skin testing in the diagnosis of tuberculosis?”, page 84). However,
it does not distinguish between tuberculosis infection and disease, and some patients
with tuberculosis disease initially have negative tuberculin tests. The test therefore has
little role in the diagnosis of tuberculosis disease in adults.
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Serology

The term “serology” refers here to the measurement of humoral (antibody – most
commonly IgG) response to Mycobacterium tuberculosis through blood tests. Robert
Koch introduced the first serological test in 1898, yet after more than a century of
development, no currently available serological test offers adequate sensitivity and
specificity. This is most probably because the primary immune response to M. tuber-
culosis is cell-mediated, not humoral (2). Recent evidence suggests that the humoral
response to M. tuberculosis is heterogeneous (3, 4). In one study of 59 patients with
active tuberculosis, 52 (88%) had detectable antibody response to at least one of 10
mycobacterial antigens, but less than 50% responded to any single antigen (4).

Earlier serological tests used crude extracts such as tuberculin skin test material
and had poor sensitivity and specificity (2). More recent tests, using highly purified
antigens, have better sensitivity and specificity (2). The major advantage of these tests
is that results are available within an hour and, because they involve simple technol-
ogy, minimal equipment and little training are needed. In recent years, many manu-
facturers have marketed serological tests (5); these are readily available and relatively
inexpensive (about US$ 1 per test), which makes them attractive in resource-poor
countries, where they may be aggressively marketed. However, the major disadvan-
tages remain their poor sensitivity and specificity (5, 6). Sensitivity is highest in
patients with smear-positive disease (3, 7, 8), but is much lower in children (9),
patients with extrapulmonary disease (8, 10), HIV-infected individuals (11), and
smear-negative cases (8, 10), i.e. the patients in whom another rapid test would be
helpful because the AFB smear is insensitive. Specificity appears best in healthy vol-
unteers in non-endemic countries (3, 7). It is much lower in appropriate test popu-
lations, such as close contacts of active cases, patients in whom active tuberculosis is
suspected, and populations from endemic areas (6). Serological tests cannot reliably
distinguish active tuberculosis from infection with M. tuberculosis. At present (2003),
therefore, serological tests have no role in the diagnosis of tuberculosis.

Assays of cell-mediated immunity

In the past decade, molecular biological advances have spawned the development of
tests to estimate cell-mediated immunity against M. tuberculosis. Circulating lym-
phocytes are extracted from samples of venous blood and exposed to purified anti-
gens of M. tuberculosis; 6–24 hours later, the production of cytokines (inflammatory
mediators, most commonly interferon gamma (12)) is measured.

The major theoretical advantage of this technique is that it measures the primary
immune response of humans to tuberculosis. On the other hand, 20–47% of patients
with extensive disease may be anergic at the time of diagnosis (13–16). Although tem-
porary – resolving after a month or more of treatment (17) – this phenomenon could
diminish the sensitivity and usefulness of this type of test, particularly in high-
prevalence settings. A further disadvantage is that this is a highly complex test,
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currently performed in only a few technically advanced research laboratories in indus-
trialized countries. Further research to simplify and automate the technique, followed
by validation work to estimate sensitivity, specificity, and predictive values, would be
required before this test could be available for clinical use.

Amplification tests
Amplification tests, developed for many different microorganisms including M. tuber-
culosis, represent another application of molecular biological research to clinical prac-
tice. Highly specific nucleic acid probes (primers) recognize and attach to specific
segments of the target DNA. The microorganism’s DNA and the primer are replicated
over many cycles so that the DNA is copied over and over – or “amplified”. Once
amplification is complete, a DNA probe is added that binds only with the amplified
DNA from the microorganism, producing a colorimetric reaction that can be 
measured (18).

The major advantages of this technique are that: results can be available in several
hours (although some amplification tests take several days (19)); specificity can be
98–100% (20); sensitivity of these tests is greater than 95% in sputum that is AFB
smear-positive, although only 50–60% in smear-negative, culture-positive specimens
(21–23). Recently developed amplification tests may have better sensitivity in smear-
negative specimens, while retaining the same high degree of specificity (19, 20, 24).

The major disadvantages are cost, complexity, and lower specificity (higher pro-
portion of false-positives) under field conditions (25, 26). “In-house” tests may be
cheaper but they take longer, are more difficult to perform (19), and require more
highly trained technicians. Highly automated systems are available but initial capital
costs and recurrent cost per test are both high, exceeding US$ 15 per test. High costs
and/or complexity currently make these tests inappropriate for application in 
high-prevalence, resource-poor settings. However, a test that costs as much as 
US$ 6 may be cost-effective in such settings because patients with active disease are
detected earlier and treatment is avoided in patients who are clinically suspect yet 
do not actually have active tuberculosis. The promise of amplification tests has 
often been limited by a high proportion of false-positive results obtained under pro-
gramme conditions. Lack of sensitivity for sputum-negative patients and inability
both to quantify mycobacteria and to distinguish viable from non-viable bacilli also
limit the incremental benefits of this test, beyond the information provided by the
AFB smear.

Summary
The AFB smear is inexpensive and highly specific, but it is labour-intensive and does
not detect patients with smear-negative and extrapulmonary tuberculosis. Newer
immunodiagnostic tests are the focus of active research, as they offer the promise of
rapid and accurate diagnosis using equipment, materials, and personnel appropriate
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for a resource-limited setting. At present, however, no serological test is available that
can be recommended for routine clinical use, and tests of cell-mediated immune
response to M. tuberculosis antigens are applicable only in research settings. Amplifi-
cation tests are promising because they have good sensitivity and potential for good
specificity and can be applied directly to clinical specimens such as sputum. At the
moment, the high cost of equipment and materials and low specificity under field
conditions make them inappropriate for resource-poor settings. None of the newer
tests allows quantification of M. tuberculosis in sputum. Thus, even if a new, low-cost,
simple method were to become available, the AFB smear might still be required to
identify and monitor the most contagious and seriously ill patients.
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19. How can public and private sectors
cooperate to detect, treat, and monitor
tuberculosis cases?
T. Frieden1

Accountability is a fundamental principle of tuberculosis control. In each geograph-
ical area, one individual (the District or Municipal Tuberculosis Control Officer) is
responsible for the prompt detection, effective treatment, and systematic monitoring
of tuberculosis cases. Poor treatment practices in any part of the health sector will
increase the risk of drug resistance, spread of tuberculosis, and death. The tuberculo-
sis officer must therefore be responsible for every tuberculosis patient in the jurisdic-
tion, and not only for patients in the public health system.

In many countries, public health care institutions provide a decreasing proportion
of health care services (1). Other providers include charitable organizations and health
care services for government employees, insured workers, prisoners, and armed forces
personnel and their families. In many countries, a significant proportion of patients
with tuberculosis first consult private health care providers (2). These providers
include licensed and unlicensed doctors and, in a large number of countries, trained
and untrained pharmacists who sell tuberculosis drugs without prescription. Patients’
use of these providers may reflect dissatisfaction with services offered by the public
health care system. Unfortunately, care by private providers often results in delayed
diagnosis, partial and non-standard treatment, drug resistance, spread of infection,
and unnecessary expenditure by the patient.

There is no one perfect means to achieve coordination between public and private
sectors in all countries. Effective programmes employ several, or all, of the approaches
outlined below, but, whatever the approach, effective governmental services are a 
prerequisite for success.

Competition
To some extent, competition is a factor in nearly all tuberculosis control programmes:
“Well-organized outpatient chemotherapy, especially if provided free of charge, will
attract symptomatic cases from far and wide” (3). This approach can be effective if
governmental services are free, convenient, patient-friendly, and reliably curative, and
are widely recognized as such.
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Exclusion
Another approach is to exclude the private sector. All developed and some develop-
ing countries ban over-the-counter sales of anti-tuberculosis drugs, and in some coun-
tries these drugs are available only through the public sector. Only a few countries,
however, control the medications that doctors can prescribe. Tuberculosis control pro-
grammes should try to prevent over-the-counter sales of anti-tuberculosis drugs, but
any more ambitious form of exclusion requires political, cultural and social accep-
tance, as well as reliable tuberculosis control services within the public sector. These
conditions exist in relatively few areas.

Contracting
The public sector can contract tuberculosis control services to private groups. The
government does not have to provide all care; clinical services can be delegated to
other health service providers. However, it remains the government’s responsibility 
to ensure that effective clinical services are reliably available to patients. Clear expec-
tations and clearly defined roles are essential for successful contracting.

Engagement
Some programmes actively engage the private sector in tuberculosis care. In many
countries, public health programmes and professional groups, such as national chest
societies, collaborate to establish standards of care that apply to both public and
private sectors, and to revise medical school curricula to reflect these consensus 
standards. The New York City tuberculosis control programme illustrates this
approach. In New York City, all doctors, including those in training, receive 
compact reference guides on diagnosis and treatment of tuberculosis, including 
information on where and how to refer tuberculosis patients. Standards of care for
diagnosis and treatment are also disseminated widely through conferences, lectures,
grand rounds, and circulars. High-quality laboratory services are provided to private
patients free of charge; private laboratories and hospitals transport specimens to the
Department of Health laboratory for testing. The Department of Health strongly
encourages referral of patients to its chest clinics and urges doctors not to initiate
treatment unless they can ensure its completion. The Department also provides obser-
vation of treatment by public health workers as a service to patients of private doctors,
as long as the private doctors prescribe standard treatment regimens. Moreover, the
Department provides free medications to patients of private doctors, provided that
these medications are given in standard regimens and by direct observation. A
“hotline” for physicians provides clinical consultation as well as patient-specific 
information.

There is often a long tradition of mutual disrespect between medical school
providers and the public health system. This antagonism can be overcome only by
sustained, concerted and technically sound efforts.
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Reporting
Reporting, or notification, has been critical for effective tuberculosis control in many
areas (4). Public health agencies that conduct active surveillance of laboratories,
preferably with the authority to revoke laboratory licences for poor performance 
or failure to report cases, can greatly increase the reporting of smear-positive (and
culture-positive) tuberculosis cases. The names of bacteriologically confirmed
patients can be entered into a register and their treatment can be monitored. It is then
possible to evaluate the outcome in every patient with bacteriologically confirmed
tuberculosis from every institution in a reporting area. The approach taken should be
supportive and collegial, and the process should create minimal disturbance for the
laboratory. Laboratories can be sent regular updates about tuberculosis and about
recent developments in the field. Laboratory directors can be involved in discussions
about how to improve coordination, possibly through an advisory group represent-
ing directors of major laboratories. This approach can greatly increase detection rates,
particularly when combined with efforts to educate doctors about the importance of
acid-fast bacilli smears in diagnosis and with assured laboratory quality. It also focuses
public health attention on bacteriologically positive cases, which account for most
tuberculosis transmission and mortality. The system greatly facilitates surveillance,
because there are many fewer laboratories than there are individual physicians.

As a minimum, public health programmes should maintain a list of all large
providers of care, and should attempt to involve them in standardized diagnosis, treat-
ment, and monitoring of tuberculosis. Tuberculosis control programmes relying on
the public sector have been highly successful (5–9). As the level of government effec-
tiveness increases, private facilities can be more effectively monitored, care standard-
ized, and reporting ensured. Provided that private providers adhere to policies for care
and reporting, public agencies can usefully support these providers. Thus, the role of
the public sector should be not only to provide care but also to ensure high-quality
care in all sectors – that is, to be accountable for all, or nearly all, patients in the area.
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20. What were the main landmarks in the
development of tuberculosis treatment?
K. Toman1

99

1. The discovery, in 1940, of the bacteriostatic effect of sulfonamides in guinea-pigs
infected with tubercle bacilli. For the first time, it was demonstrated that a
chemotherapeutic agent – a derivative of dapsone, known as promin (glucosul-
fone sodium) – was capable of stopping the progress of otherwise fatal tuber-
culosis in guinea-pigs (1). However, the effect of dapsone and other sulfone
derivatives on tuberculosis in humans was disappointing, although these com-
pounds were found to be effective in the treatment of leprosy, and dapsone
remains a basic antileprosy drug (2).

2. In 1944, streptomycin – an antibiotic newly isolated by Waksman from the soil
organism Streptomyces griseus – showed a striking therapeutic effect on experi-
mental tuberculosis in guinea-pigs. Soon afterwards, it was used for the first time
in human patients (3, 4) (see “What is the therapeutic effect and what is the 
toxicity of antituberculosis drugs?”, page 110).

3. In 1949, it was discovered that p-aminosalicylic acid (PAS) prevented the emer-
gence of drug resistance if given in combination with streptomycin. Since then,
the administration of two or more drugs in combination has been recognized to
be essential for adequate tuberculosis treatment.

4. The discovery, in 1952, of the antituberculosis activity of isoniazid – a chemical
compound synthesized 40 years earlier. Since its introduction, isoniazid has been
an important component of all primary drug regimens because it is highly effec-
tive, of relatively low toxicity, and inexpensive.

5. The startling results, in 1956, of trials in Madras (now Chennai) demonstrating that
ambulatory, domiciliary treatment was highly effective without increasing the risk of
infection for family contacts (see “What were the main findings of the Madras study
comparing home and sanatorium treatment?”, page 173). These findings prompted
a radical departure from the traditional sanatorium treatment and opened new
prospects for nationwide treatment programmes in developing countries.
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6. The consistent finding that a substantial proportion of patients do not take med-
ications as prescribed, even with extensive health education (5, 6). This finding,
together with the risk of emergence and spread of drug-resistant tuberculosis,
eventually led to the recognition of direct observation of tuberculosis treatment
as the standard of care (7–9).

7. The demonstration, in 1964, that intermittent regimens can be as effective as daily
regimens, thereby offering the advantage of convenient, directly observed treat-
ment (see “What is intermittent treatment and what is the scientific basis for 
intermittency?”, page 130, and “What are the advantages of direct observation of
treatment?”, page 183).

8. The discovery in the late 1960s of rifampicin as perhaps the most effective med-
ication for tuberculosis (10). Rifampicin is a broad-spectrum antibiotic used 
predominantly for the treatment of tuberculosis. Use of rifampicin led to the
emergence of modern and effective short-course regimens.

9. Monumental work done by the British Medical Research Council and partners
around the world led to the development of standard short-course chemothera-
peutic regimens (11, 12). The studies established a number of key points that pro-
vided the framework for the development of modern treatment. These points
include the following:

● Regimens of 6 and 8 months’ duration are extremely effective in achieving a
high cure rate with a low relapse rate.

● Rifampicin-containing regimens allow effective short-course treatment even of
patients with smear-positive cavitary disease.

● For 6- and 8-month regimens, both rifampicin and pyrazinamide are neces-
sary, but pyrazinamide is required only for the initial phase of treatment (13).

● Relapses with short-course treatment generally occur within the first year and
relapses that occur following multidrug therapy are usually caused by organ-
isms that retain their original susceptibility.

● Multiple drugs can be given with minimal toxicity.

10. Studies in the 1980s that evaluated regimens with a treatment duration of less
than 6 months demonstrated high relapse rates (11–40%) in patients with sputum
smear-positive pulmonary tuberculosis (14).

11. Standardized and simplified regimens using fully intermittent, directly 
observed 6-month treatment (15, 16) have been shown to be effective on a mass
basis.
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21. How does tuberculosis treatment work?
K. Toman1

Before the discovery of antituberculosis drugs, tuberculosis treatment consisted of
attempts to strengthen the patient’s resistance to the disease. This included altering
local and general host factors through traditional measures such as the avoidance of
physical and mental strain, prolonged bedrest, a rich diet, artificial pneumothorax,
and thoracoplasty.

Nowadays, host factors (see “What is the role of host factors in the pathogenesis,
prevention, and treatment of tuberculosis?”, page 106) are considered to be less rele-
vant for cure, and the action of drugs on the tubercle bacillus has assumed over-
whelming importance. In other words, treatment is strictly antimicrobial.

The goal of tuberculosis treatment is to ensure relapse-free cure while preventing
the emergence of drug resistance. The effect of treatment should therefore be judged
not by the anatomical healing of lesions but by their sterilization, or at least by the
elimination of bacilli from the sputum. Mycobacterium tuberculosis is a slow-growing
aerobic organism that can remain dormant for a prolonged period. Consequently,
prolonged treatment with multiple drugs is required to ensure relapse-free cure and
to prevent the emergence of resistance. The effect of treatment is determined mainly
by bacteriological, environmental (anatomical and biochemical), and pharmacologi-
cal factors.

Bacteriological factors
The numerical factor

The number of tubercle bacilli varies widely with the type of lesion. According to data
on lung specimens resected from untreated patients (1), the number of bacilli in a
medium-sized cavity communicating with the bronchi is about 108 (100 million),
whereas, in an encapsulated nodular lesion of the same size with no bronchial com-
munication, the number can be as low as 102 (100). (The numbers are also rather low
in extrapulmonary lesions of the skin, lymph glands, meninges, and bones.) The larger
the bacterial population, the higher is the probability that resistant mutant strains are
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present even before treatment is started (see “How does drug resistance develop?”, page
193, and “How many drug-resistant tubercle bacilli can be found in the sputum of
patients who have never received treatment for tuberculosis?”, page 203). This fact
must be borne in mind when choosing the regimen.

The metabolic factor

Drugs kill organisms that metabolize actively and multiply continuously, but in each
bacterial population there are bacilli with a very low metabolic rate. Some are inhib-
ited owing to a low pH; others are dormant most of the time and grow – if at all –
only during short periods. These organisms remain unaffected by most drugs; only
rifampicin or pyrazinamide may attack them effectively under certain conditions.
They survive even in the presence of such potent drugs as isoniazid and streptomycin
and despite their susceptibility to these drugs. These organisms are also called “per-
sisters”. This phenomenon explains to some extent why not all bacilli are killed during
treatment, and why drug-susceptible bacilli are coughed up for some time thereafter.
Relapse with drug-susceptible organisms after the end of treatment or endogenous
reactivation may be due to bacilli that have persisted for a long time in a dormant
state in residual lesions.

Environmental factors
The anatomical factor

The type of tissue harbouring tubercle bacilli may affect drug action because 
not all drugs are able to penetrate into all tissues and cells or permeate biological
membranes, including the normal blood–brain barrier. Isoniazid, rifampicin, and
pyrazinamide readily cross biological membranes, whereas streptomycin fails to enter
many cells and is much less effective against intracellular than extracellular bacilli 
(2, 3). In humans, bacilli – particularly those in cavitary lesions – are mostly extra-
cellular (4).

Biochemical factors

Environmental pH and partial oxygen pressure (pO2) are important biochemical
factors that influence the antimicrobial effect of a drug. At a neutral pH, as in cavity
walls, all the bactericidal antituberculosis drugs are highly effective; streptomycin,
however, is at its most active in a slightly alkaline (extracellular) environment, whereas
pyrazinamide acts largely in an acidic medium such as that found inside cells. Little
is known about the factors causing dormancy in bacilli, but it is suggested that
dormant organisms survive within cells or in necrotic areas of old encapsulated lesions
that do not communicate with a bronchus. There the pH is usually on the acidic side
and the pO2 is decreased. That the pO2 is an important factor is shown by the small
numbers of bacilli found in closed extrapulmonary lesions.
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Pharmacological factors
Dosage

Drugs must be given in doses large enough to produce an inhibitory concentration at
the sites where bacilli are found, but it is not necessary to keep this concentration at
a constant level. In fact, studies on the role of dosage and serum levels of isoniazid
(4) showed that it was the peak level that was important for the response to the drug.
Thus, 400 mg of isoniazid given once daily was therapeutically superior to the same
dose divided into two parts and administered at 12-hour intervals (4).

Combinations of drugs

Regimens should contain a combination of three or more drugs, particularly in 
the initial phase of treatment (see “What is the purpose of the initial intensive 
phase of two-phase treatment?”, page 122). In patients whose lesions contain large
numbers of bacilli, the regimen should include at least two drugs to which the 
bacilli are susceptible, otherwise treatment failure due to the emergence of drug 
resistance is the likely consequence (see “How does drug resistance develop?”, page
193, and “Why does treatment fail and what can be done to avoid poor treatment
outcome?”, page 185). In the early days of treatment, patients were given one drug; if
that failed, further drugs were successively substituted or added, one at a time, with
the result that these people eventually became chronic patients with organisms resis-
tant to all the drugs they had received. Thus, treatment of tuberculosis disease should
never be attempted with a single drug, nor should a single drug be added to a failing
regimen.

The “lag period” factor

In vitro experiments have shown that, when tubercle bacilli are exposed to a drug for
a short time (6–24 hours) and, after careful removal of the drug, are transferred to a
drug-free medium, the surviving bacilli start to grow again after an interval of several
days. This interval is called the “lag period”, and varies with the type and concentra-
tion of the drug and with the length of exposure. (Regarding the lag period after
pulsed exposure to various drugs, see “What is intermittent treatment and what is the
scientific basis for intermittency?”, page 130). All tuberculosis drugs have been tested
for their ability to produce a lag period, in order to determine whether they are suit-
able for intermittent regimens. However, certain drugs are incapable of inducing this
phenomenon, and the bacilli start to grow again immediately after removal of the
drug. Such drugs seem to have only a bacteriostatic effect and are not suitable for
intermittent use.
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22. What is the role of host factors in the
pathogenesis, prevention, and treatment
of tuberculosis?
M. Iademarco1 & M. Reichler 2

There is a constant, lifelong interplay between the environment, health status, and
genetics. For tuberculosis, important host factors in this dynamic process include age,
nutritional status, emotional and physical stress, concurrent disease, social circum-
stances, access to health care, and possibly host genotype (including sex).

In the pre-chemotherapy era, treatment of tuberculosis was necessarily directed
toward strengthening the host’s resistance (1, 2). Special diets and rest were believed
to improve the patient’s immune response. By imposing strict bed-rest and using col-
lapse techniques such as artificial pneumothorax, pneumoperitoneum, thoracoplasty,
and plombage, clinicians attempted to restrict disease progression and promote
healing. With the advent of chemotherapy, these methods have mostly become 
forgotten history. In addition, many scientific advances have extended our under-
standing of the biological principles governing the human immune response to 
tuberculosis.

An individual’s health status may be the most important single determinant of risk
of progression to tuberculosis disease. Table 25 shows the incidence of disease in
persons with a positive tuberculin test followed prospectively. Table 26 shows the rel-
ative risk of developing disease among persons with selected clinical conditions. Adult
males are at an increased risk of developing tuberculosis, which may reflect a combi-
nation of biological and social causes (3). Stress and nutrition may also be important
influences on the clinical course of the disease (4, 5).

Physical and chemical properties of the upper and lower respiratory tree form the
first line of defence against inhaled mycobacteria. If these fail and the mycobacteria
reach the alveoli, macrophages are the next line of defence. If the macrophages fail to
kill the mycobacteria, the bacilli multiply intracellularly. The ensuing infection may
result in dissemination of viable organisms via the bloodstream, which results in the
recruitment of lymphocytes, repeated antigen presentation, the elaboration of lym-
phokines, and subsequent tubercle formation. Although an antibody response is seen
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Table 25
Incidence of tuberculosis disease in persons with a positive tuberculin test, by
selected risk factors a

Risk factor Tuberculosis cases/1000
person-years

Recent tuberculosis infection
infection <1 year past 12.9
infection 1–7 years past 1.6

Tuberculosis infection >2 years past 0.7
HIV infection 35.0–162
Injection drug use

HIV-seropositive 76.0
HIV-seronegative or unknown 10.0

Silicosis 68
Radiographic findings consistent with old tuberculosis 2.0–13.6
Weight deviation from standard

underweight by 15% or more 2.6
underweight by 10–14% 2.0
underweight by 5–9% 2.2
within 5% of standard 1.1
overweight by 5% or more 0.7

a Source: reference 8, reprinted with permission.

Table 26
Relative riska of developing active tuberculosis, by
selected clinical conditions b

Medical condition Relative risk

Solid organ transplantation: 
renal 37

Silicosis 30
Jejunoileal bypass 27–63
Solid organ transplantation: 

cardiac 20–74
Carcinoma of head or neck 16
Chronic renal failure/haemodialysis 10.0–25.3
Gastrectomy 2–5
Diabetes mellitus 2.0–4.1

a Relative to control population; independent of known exposure to
tuberculosis and tuberculin test status.

b Source: reference 8, reprinted with permission.



in tuberculosis (6), the T-lymphocyte-mediated response is probably the most impor-
tant immunological determinant of the patient’s ability to resist progression from
tuberculosis infection to disease (7).

Two acquired immune processes act to contain tuberculosis infection. In the first,
macrophages that have been activated by lymphokines kill intracellular organisms. In
the second, cytolytic T-cells destroy macrophages infected with Mycobacterium tuber-
culosis. This latter mechanism is a delayed-type hypersensitivity reaction and is also
responsible for the host response to the intradermal injection of a purified protein
derivative of M. tuberculosis in an infected person. The balance between organism
growth and host response over time dictates whether the infection progresses to 
clinical illness (9).

HIV infection has demonstrated the critical role played by host defences in pre-
venting progression from tuberculosis infection to tuberculosis disease. The suscepti-
bility of HIV-infected patients to tuberculosis and the clinical presentation of the
disease closely follows their immune status. Early in the course of HIV infection,
patients tend to have cavity formation and positive sputum smears, related in large
part to the effort of their own immune systems to contain the infection, which results
in destruction of lung parenchyma and pooling of large numbers of bacilli in the 
cavities thus created. As HIV infection progresses and CD4 cells are depleted, the 
host immune response becomes less effective, cavity formation and hence sputum
smear positivity are less common, and disseminated forms of tuberculosis are more
common. HIV infection increases both the risk and the pace of progression from
tuberculosis infection to disease; among hospitalized AIDS patients, the median incu-
bation time from exposure to smear-positive tuberculosis and development of tuber-
culosis disease was found to be 12 weeks (10).

Epidemiological evidence suggests that there may be a genetic component to the
host immune response to tuberculosis. A 1978 study among monozygotic and dizy-
gotic twins provided the first strong evidence that susceptibility to tuberculosis may
be inherited (11). A number of candidate susceptibility genes have been recently iden-
tified. These include the genes coding for natural-resistance-associated protein-1,
interferon-gamma receptor, vitamin D receptor, and human leukocyte antigen (HLA)
DQB1 (11–16). HLA genotype has also been associated with an increased risk of pro-
gression to severe tuberculosis disease and with failure to respond to antituberculosis
treatment (14).

These observations regarding the host immune response provide the foundation
for renewed efforts to develop innovative approaches to tuberculosis diagnosis, treat-
ment, and eventually, vaccination.
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23. What is the therapeutic effect and what
is the toxicity of antituberculosis drugs?1

T. Frieden2 & M. Espinal 3

It is difficult to determine and measure the efficacy or toxicity of a particular drug,
since antituberculosis drugs are almost invariably administered in combination 
regimens of several drugs. However, if two or more drugs are taken simultaneously,
synergistic as well as antagonistic interactions may occur between the drugs and 
the host, generally making it impossible to say what is due to what. Although valu-
able knowledge has been gained from experimental work, there is still no suitable in
vitro or animal model from which information can be unequivocally applied to
humans.

Isoniazid
Isoniazid is the hydrazide of isonicotinic acid – a chemical compound first synthe-
sized in Prague in 1912. However, its effectiveness in treating tuberculosis was 
demonstrated only in 1952. Since then, it has ranked among the most powerful anti-
tuberculosis agents. Isoniazid is effective only against the tubercle bacillus, not against
other bacteria. It penetrates rapidly into all tissues and lesions, and its activity is not
influenced by the pH of the environment. Because of its potency, infrequent toxicity,
small bulk, and low cost, isoniazid is widely used in the treatment of tuberculosis. It
is also used in preventive treatment to reduce the risk of progression from tubercu-
losis infection to disease (see “What is the role of treatment of latent tuberculosis
infection in a tuberculosis control programme?”, page 220).

Isoniazid is administered orally, the dosage for daily regimens being 5 (range 4–6)
mg/kg, i.e. usually 300 mg. In thrice-weekly regimens the dosage is 10 (8–12) mg/kg,
i.e. about 450–600 mg given in a single dose for patients weighing 40–60 kg, and in
twice weekly regimens the dose is 15 (13–17) mg/kg. The drug should not be given in
divided doses: it has been shown that a high peak concentration in the serum is more
important than a continuously inhibitory level (1).
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The time during which an adequate isoniazid level is maintained in the tissues and
body fluids depends also on the rate of inactivation of the drug. It is metabolized
mainly by acetylation, at a rate that varies from one individual to another but is con-
sistent in the same individual. The rate of inactivation is determined mainly by genetic
factors, and patients can generally be divided into two groups: slow and rapid inacti-
vators (acetylators) of isoniazid.

Adverse reactions

The most common toxic manifestation of isoniazid treatment is peripheral neuropa-
thy. Tuberculosis patients infected with HIV are at higher risk of peripheral neu-
ropathy. The earliest symptom is paraesthesia, followed by pricking pain and burning
sensation in the feet and later in the hands. If untreated, the symptoms worsen and
cause distress to the patient. The frequency of neuropathy increases with the dose.
The condition is more common in slow inactivators, patients with diabetes or
uraemia, malnourished patients, and daily users of alcohol.

Isoniazid neurotoxicity can be prevented by pyridoxine (vitamin B6) in rather small
doses (10 mg/day). Pyridoxine also has a therapeutic effect on isoniazid-induced neu-
rotoxicity, but high doses – though effective – may reduce the bactericidal activity of
isoniazid (2). Some patients complain of light-headedness, lethargy, and fatigue, par-
ticularly with the higher intermittent doses. These effects generally subside with time
and reassurance.

Isoniazid can also give rise to hepatotoxicity, most frequently in adults above 35
years of age, particularly when other potentially hepatotoxic agents are administered.
Isoniazid-induced hepatotoxicity is reversible if the drug is stopped early. However, it
can be fatal (3, 4). Infrequently, toxic psychosis and generalized epileptic convulsions
may occur in both slow and rapid inactivators.

Isoniazid increases the serum concentrations of phenytoin and carbamazepine. Its
absorption is impaired by antacids containing aluminium hydroxide.

Rifampicin
Rifampicin, a semisynthetic antibiotic first synthesized in 1965, is highly active against
tubercle bacilli. In vitro and in vivo studies have demonstrated the exceptional bacte-
ricidal effect of rifampicin and its suitability for intermittent use (5–7). Since non-
toxic oral doses produce a serum concentration about 100 times as high as levels that
inhibit growth of Mycobacterium tuberculosis, rifampicin raised hopes from the outset
that it would reduce the duration of treatment (8). In wild strains of the bacillus, the
proportion of rifampicin-resistant mutants (1 : 108) was found to be substantially
lower than that of isoniazid-resistant mutants (1 : 106).

Rifampicin is a key component of modern tuberculosis treatment and is the single
most important drug in short-course treatment. It is given orally and the usual dose
is 10 (range 8–12) mg/kg (maximum 600 mg), three or two times weekly. It 
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should preferably be given at least 30 minutes before the patient eats, since absorp-
tion is reduced when the drug is taken with food.

Adverse reactions

Rifampicin is well tolerated by most patients at the currently recommended dosages.
Unlike other drugs, rifampicin produces some adverse reactions more frequently with
intermittent than with daily regimens. Moreover, the risk of adverse effects increases
with the interval between doses: thus toxicity is high if treatment is taken only once
a week.

With currently recommended regimens, reactions are uncommon and generally
minor. Rarely, serious hepatotoxicity, generally with a cholestatic pattern, may occur.
Rifampicin causes orange-red discoloration of body secretions such as urine, faeces,
tears, and sweat, and may result in permanent discoloration of soft contact lenses.

Reactions most frequently observed with intermittent regimens are as follows:

● A cutaneous syndrome consisting of flushing and/or pruritus, with or without rash,
involving particularly the face and scalp, often with redness and watering of the eyes.

● An abdominal syndrome consisting of pain and nausea, sometimes accompanied
by vomiting or, less commonly, diarrhoea.

● A “flu” syndrome consisting of attacks of fever, chills, malaise, headache, and bone
pains.

● A respiratory syndrome (uncommon) characterized by shortness of breath, rarely
associated with collapse and shock.

● Purpura and other rare reactions, such as acute haemolytic anaemia, shock, and
renal damage with or without impaired kidney function or failure.

● Elevated serum levels of transaminase (quite common but transient, even when
treatment is continued), and hepatotoxicity.

The first four of these syndromes typically begin 2–3 hours after the single, morning
dose of rifampicin. Many patients exhibit more than one syndrome simultaneously.
Cutaneous syndromes usually start during the first month, and gastrointestinal symp-
toms are spread over the first 6 months. The “flu” syndrome, observed only with inter-
mittent regimens, generally begins in the third to fifth month of treatment (5).

Management of adverse reactions to rifampicin (9–11)

About half of the patients who experience adverse reactions require no major modi-
fication of their regimens. The cutaneous syndrome is often self-limiting and requires
symptomatic treatment only. It is rarely necessary to change the regimen, unless other
adverse effects, such as generalized hypersensitivity reactions, occur simultaneously.
The abdominal syndrome requires only symptomatic treatment provided that it
occurs alone. If the patient has been taking the drug on an empty stomach – as is rec-
ommended – reactions can usually be stopped by giving the drug during a small meal.
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The “flu” syndrome, which is usually mild, requires no change of treatment; it is
probably of an immunological nature. If it persists, a change to daily administration
may be necessary.

Caution is required in patients with the respiratory syndrome, because shock may
develop, with a sudden fall in the systolic blood pressure and anuria. Such cases require
immediate hospital care. If shock is followed by renal failure (rare), rifampicin must
be stopped and never given again. This also applies if haemolytic anaemia develops.

In summary, adverse reactions to rifampicin – when not self-limiting – can usually
be controlled by reducing either the dosage or the interval between doses, e.g. from
three times weekly to daily. These measures generally stop the episodes or render them
so minor or infrequent that they are no longer of concern (see “What are the most
common adverse drug events to first-line antituberculosis drugs, and what is the 
procedure for reintroduction of drugs?”, page 152).

If purpura occurs, rifampicin is stopped and not given again, even in a small test
dose. The platelet count then returns to normal within a few days.

Asymptomatic rises in serum transaminase levels are common in patients receiv-
ing rifampicin and generally resolve spontaneously. Rarely, patients develop overt
hepatitis. When a patient develops treatment-induced hepatotoxicity, all potentially
hepatotoxic drugs should be stopped until clinical and biochemical hepatitis resolves.
Non-hepatotoxic drugs, including streptomycin, ethambutol, and fluoroquinolones
(except ciprofloxacin, which is excreted by the liver) can be used if necessary. After
hepatitis resolves, the antituberculosis drugs can be reintroduced in a phased manner.

Rifampicin accelerates the hepatic cytochrome p450 pathway and reduces the
serum levels of many drugs, including antifungal agents, corticosteroids, warfarin, and
oral hypoglycaemic agents. Rifampicin also reduces the levels of protease inhibitors
and non-nucleoside reverse transcriptase inhibitors used to treat HIV (12). This inter-
action may lead to rapid development of resistance in HIV strains to the protease
inhibitors. Rifampicin reduces the effectiveness of oral contraceptives (13) and
patients should be advised to use non-hormonal contraception during, and for one
month after, treatment with rifampicin-containing regimens.

Newer rifamycin derivatives related to rifampicin have been developed. Rifabutin
has similar activity against Mycobacterium tuberculosis, but it has a longer half-life than
rifampicin and less effect on the pharmacokinetics of some antiretroviral drugs (14).

Rifapentene is a rifamycin derivative with a long half-life and has similar activity
against M. tuberculosis (15). Studies are under way to evaluate its effectiveness.
Mycobacterial strains that are resistant to rifampicin are usually, but not always, resis-
tant to rifabutin and rifapentene.

Pyrazinamide
Pyrazinamide has been shown to have a sterilizing effect inside macrophages where
organisms grow slowly because of the acid pH of the environment. Thus, pyrazi-
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namide is able to kill tubercle bacilli that cannot otherwise be attacked effectively by
other currently available drugs.

Because it reduces the required duration of treatment, pyrazinamide is an integral
component of short-course treatment. It is given orally, and the usual daily dose is 25
(range 20–30) mg/kg. In intermittent regimens, the dosage is 35 (30–40) mg/kg three
times a week or 50 (40–60) mg/kg twice weekly.

Adverse reactions

At currently recommended doses, pyrazinamide rarely causes serious toxicity, but
hepatotoxicity can occur at high dosages. Joint pain is a common adverse effect, occur-
ring more commonly with daily than with intermittent pyrazinamide-containing 
regimens. Arthralgia can be successfully managed with acetylsalicylic acid or other
analgesic, anti-inflammatory agents, and does not require withdrawal of the drug.
Classic gout is rarely seen; if it develops it can be treated with colchicine. Serum con-
centrations of uric acid are often elevated in patients receiving pyrazinamide; asymp-
tomatic increase in serum uric acid does not require any treatment.

Severe hepatotoxicity has been observed when regimens containing rifampicin and
pyrazinamide are used (16).

Hypersensitivity, including fever, rash, and other cutaneous reactions, may occa-
sionally occur.

Ethambutol
Ethambutol is a synthetic compound unrelated to other antituberculosis drugs.
It is effective against M. tuberculosis and some other mycobacteria, e.g. M.
kansasii, but it is ineffective against other bacteria or fungi. Ethambutol is mainly 
bacteriostatic.

Ethambutol is given orally and the usual dose is 15 (range 15–20) mg/kg daily, 30
(25–35) mg/kg three times weekly, and 45 (40–50) mg/kg twice weekly.

Adverse reactions

Ethambutol may produce retrobulbar neuritis, characterized by impairment of vision,
with a reduction in visual acuity, red–green blindness, blurring, central scotomas, and
peripheral field defects. Ocular toxicity seems to be dose-dependent and occurs only
rarely if no more than 15 mg/kg is given daily (17, 18). Patients receiving ethambutol
should be warned that an ocular examination should be undertaken if visual symp-
toms occur. Vision usually returns to normal within a few weeks if the drug is stopped,
but the optic nerve may be permanently damaged if ethambutol is continued. Etham-
butol should generally not be given to young children who cannot reliably report or
be tested for impaired visual acuity.

Because it degrades rapidly in tropical climates, ethambutol must be manufactured
and stored in such a way as to prevent absorption of moisture.
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Streptomycin
Isolated by Waksman from a soil organism in 1943, streptomycin is now used in the
form of streptomycin sulfate and is dispensed as a dry powder in vials. It is adminis-
tered by intramuscular injection. The usual dose is 0.75–1 g (12–18 mg/kg), daily, two
or three times a week, given in a single injection. In older patients and patients weigh-
ing less than 35 kg, a dose of 0.5 g is equally effective and less toxic.

The serum concentration of streptomycin reaches maximum 1 hour after admin-
istration, and remains above inhibitory levels for many hours.

Streptomycin does not penetrate cell walls or normal biological membranes, such
as the meninges or the pleura, unless inflammatory changes have taken place (see also
“How does tuberculosis treatment work?”, page 102). The drug is excreted almost
entirely via the kidneys and, in patients with impaired renal function, may therefore
accumulate and cause increased toxicity.

Adverse reactions

Apart from hypersensitivity reactions such as fever and rash (see also “What are the
most common adverse drug events to first-line antituberculosis drugs, and what is the
procedure for reintroduction of drugs?”, page 152), the main toxic effect of strepto-
mycin is vestibular damage and potential ototoxicity. The risk increases with dose and
age (over 40 years). Toxicity is manifested as vertigo and ataxia, tinnitus, and loss of
hearing. The simplest way of demonstrating ataxia is to ask the patient to walk along
a straight line with closed eyes. If the patient walks more unsteadily than with open
eyes, ataxia is present. If a patient complains of dizziness and the drug is stopped or
the dosage reduced, the dizziness may disappear. If treatment continues, vestibular
damage and hearing loss may worsen and may become permanent; this risk is par-
ticularly high in patients with impaired renal function. Renal damage may also occur,
particularly in patients with pre-existing renal disease, although it is often fully
reversible if streptomycin is discontinued promptly.

Transient and minor adverse effects, such as circumoral numbness and tingling,
may occur soon after injection.

Streptomycin is contraindicated in pregnant women because of the risk of impair-
ing development of the eighth cranial nerve of the fetus. Streptomycin also potenti-
ates neuromuscular blocking agents used during anaesthesia and should be avoided
in patients with myasthenia gravis.

As with all injecting procedures, sterile needles should be used and subsequently
disposed of safely.

Thioacetazone
The efficacy and toxicity of thioacetazone are discussed in detail elsewhere (see “What
are the merits of thioacetazone as a companion drug to isoniazid, and what is the effi-
cacy of the regimen of isoniazid plus thioacetazone?”, page 159). Thioacetazone is
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given orally at the usual dose of 2.5 mg/kg daily; it is not effective when given inter-
mittently. Thioacetazone administered as a single dose of 150 mg has about the same
toxicity as PAS. Its adverse effects include rash, jaundice, and reversible bone-marrow
suppression. Cutaneous reactions appear to be more serious than with other drugs,
and exfoliative dermatitis or Stevens–Johnson syndrome may occur if the drug is not
stopped. Most of the serious adverse reactions have been observed within the first 4–6
weeks of treatment.

Thioacetazone was investigated in a large, controlled, double-blind, toxicity trial
(see “What are the merits of thioacetazone as a companion drug to isoniazid, and what
is the efficacy of the regimen of isoniazid plus thioacetazone?”, page 159). It was poorly
tolerated by the Chinese population of Singapore and Hong Kong Special Adminis-
trative Region of China, but was well tolerated in East African countries.

In HIV-positive individuals, the risk of major, potentially fatal cutaneous reactions
caused by thioacetazone is unacceptably high (19). Thioacetazone should therefore
never be used in patients who may be HIV-positive or in areas where HIV infection
is common.

Reserve drugs (20 )

Reserve drugs include aminoglycosides (kanamycin, amikacin), polypeptides (capre-
omycin), thioamides (ethionamide and protionamide), fluoroquinolones (e.g.
ofloxacin and ciprofloxacin), cycloserine, and PAS (20). They can be classified as
follows (21, 22):

— drugs with bactericidal activity: aminoglycosides, capreomycin, and thioamides
— drugs with low bactericidal activity: fluoroquinolones
— drugs with bacteriostatic effect: cycloserine and PAS.

Kanamycin and amikacin
Kanamycin and amikacin are bactericidal agents of the aminoglycoside class; their 
efficacy and adverse reactions are similar to those of streptomycin. The usual dose is
0.75–1 g (12–18 mg/kg) in a single injection.

Adverse reactions

Intramuscular administration of these drugs is much more painful than streptomycin
or capreomycin. Local measures (warm soaks, massage) provide some relief. Cross-
resistance between kanamycin and amikacin appears to be complete. Vertigo, ototox-
icity, and deafness may occur. Nephrotoxicity may also occur but is reversible. In
patients with impaired renal function, the daily dose should be reduced and/or the
intervals between doses increased to avoid accumulation of these drugs. In addition,
the renal function of such patients should be monitored regularly during use of the
drugs. Amikacin and kanamycin should not be used in pregnant women except as a
last resort.
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Capreomycin
Capreomycin is a bactericidal agent of the polypeptide class and is obtained from
Streptomyces capreolus. Its bactericidal effect is valuable in patients with bacilli resis-
tant to streptomycin, kanamycin, and amikacin: there is no cross-resistance with the
aminoglycosides. The usual dose is 0.75–1 g (12–18 mg/kg) in a single injection.

Adverse reactions

Adverse effects are similar to those of streptomycin, namely mainly tinnitus and
vertigo, but possibly with a lesser risk of deafness. Kidney damage may occur.
Hypokalaemia, hypocalcaemia, and hypomagnesaemia have also been reported.
Eosinophilia and rash are not uncommon and generalized cutaneous reactions and
hepatitis may occur rarely. There may be pain and swelling at injection sites if the
drug is not given by deep intramuscular injection. Capreomycin should if possible be
avoided in patients with impaired hearing or renal function. Serum urea and elec-
trolytes should be monitored during treatment. This drug should also not be used in
pregnant women except as a last resort.

Ethionamide (or protionamide)
Ethionamide and protionamide are bactericidal agents from the thioamide class.
Although ethionamide is chemically related to isoniazid and pyrazinamide (all are
derivatives of isonicotinic acid), there is little cross-resistance among these drugs. The
chemical structure of ethionamide resembles that of thioacetazone, with which there
is frequent and partial cross-resistance (bacilli resistant to thioacetazone are often sus-
ceptible to thioamides, but the reverse is seldom the case). Before the rifampicin era,
ethionamide (or protionamide) was a basic component of the re-treatment regimen
for tuberculosis patients with bacilli resistant to isoniazid and streptomycin. The
maximum optimum daily dosage of ethionamide is 15–20 mg/kg, i.e. 0.5–1 g daily
depending upon body weight and patient tolerance. For patients who are receiving
directly observed treatment and are unable to tolerate a single dose, a daily dose of
750 mg can be administered as 500 mg under direct observation and 250 mg self-
administered later in the day.

Adverse reactions

Ethionamide is one of the most unpleasant of all antituberculosis drugs for patients
to take. The principal adverse effects are gastrointestinal – anorexia, salivation, nausea,
metallic taste, abdominal pain, and diarrhoea. The drug can cause hypothyroidism,
especially when given in combination with PAS, as well as hypoglycaemia in diabetic
patients which, although rare, can be dangerous. Some adverse effects result from the
action of the drug on the central nervous system, and are difficult to control. Hepati-
tis has also been reported. Patients with diabetes, liver disease, alcoholism, or psychi-
atric illness should be very carefully monitored if given this drug. An important factor
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that can influence tolerance of ethionamide is patients’ determination not to give up
treatment, but that requires strong support and persuasion by clinical and nursing
staff, as well as sound organization. Effective organization is essential in order to
provide convenient therapeutic and social services to patients under re-treatment,
many of whom may have serious social problems. Ethionamide may be teratogenic
and should not be used in pregnancy.

Other rare adverse effects include gynaecomastia, menstrual disturbance, impo-
tence, acne, headache, and peripheral neuropathy.

Fluoroquinolones
Both ofloxacin and ciprofloxacin have a bactericidal effect in vitro against M. tuber-
culosis; newer fluoroquinolones may be more active. Although these drugs have not
been studied extensively in controlled clinical trials, evidence suggests that ofloxacin
and ciprofloxacin have roughly the same therapeutic efficacy. There is no cross-
resistance with other antituberculosis agents, but there is complete cross-resistance
between ofloxacin and ciprofloxacin (and between the other fluoroquinolones such
as levofloxacin, which is the L-isomer – active moiety – of ofloxacin). The usual daily
dose of ofloxacin is 7.5–15 mg/kg (maximum 800 mg); ciprofloxacin has been used at
a daily dose of 1000–1500 mg. Levofloxacin is more active and less toxic, but is cur-
rently more expensive. Fluoroquinolones, when used together with other antituber-
culosis drugs, are moderately effective for the treatment of multidrug-resistant
tuberculosis (23, 24). They are also useful if standard tuberculosis drugs are not 
tolerated, as in patients with severe liver disease.

Adverse reactions

Adverse reactions are uncommon but consist of gastrointestinal disturbance
(anorexia, nausea, vomiting) or central nervous system symptoms (such as dizziness,
headache, mood changes, and rarely, convulsions). A caffeine-like effect is not uncom-
mon. Very rarely, spontaneous rupture of the Achilles tendon may occur. These drugs
should not be used in pregnant women or growing children because they may impair
growth and cause damage to growing cartilage. Because of drug interaction, patients
taking fluoroquinolones should avoid antacids, iron, zinc, sucralfate, and didanosine
(DDI).

Cycloserine (or terizidone)
Cycloserine, a structural analogue of the amino acid -alanine, has a relatively weak
antituberculosis effect. Terizidone is a combination of two molecules of cycloserine.
Cycloserine is used only in reserve regimens. It is given orally in doses of 0.5–1 g daily,
divided into two or three doses, although a dose of 1 g per day is rarely tolerated.
Cross-resistance to any of the other antituberculosis drugs has not been reported;
however, drug susceptibility testing of cycloserine may be unreliable. Cycloserine was

TOMAN’S TUBERCULOSIS

118



valuable in preventing resistance to ethionamide in the re-treatment regimens
(ethionamide, cycloserine, and pyrazinamide or kanamycin) that were used before the
rifampicin era. Nowadays, its value lies primarily in preventing resistance to other
reserve drugs.

Adverse reactions

The main toxic effects concern the central nervous system. Cycloserine may cause
headaches, confusion, depression, seizures, and changes of behaviour, and may some-
times even provoke suicide. Very rarely there may be a generalized hypersensitivity
reaction or hepatitis. Monitoring for central nervous system reactions is therefore
essential when cycloserine is prescribed. To prevent minor adverse reactions such as
insomnia, administration of small doses of a tranquillizer is sometimes recom-
mended, and pyridoxine may reduce central nervous system effects. Health care
workers in charge of treatment of inpatients, as well as the families of outpatients,
should be warned to report immediately any undue depression or personality change.
Cycloserine (and terizidone) should be avoided in patients with a history of epilepsy,
mental illness, or alcoholism, and should be used very cautiously in patients with renal
failure. Cycloserine and terizidone must be stored carefully.

p-Aminosalicylic acid
p-Aminosalicylic acid (PAS) was designed by Lehmann and first used in 1944. The
usual dose for adults is 10–12 g orally per day in two or three doses; lower doses, e.g.
6–8 g, may be effective (25). As PAS is rapidly excreted, it must be administered in
high doses, several times a day, in order to maintain the required high blood levels. It
is bacteriostatic and prevents the emergence of isoniazid-resistant organisms when
used in combination with isoniazid. This drug is now being used in reserve regimens
to treat multidrug-resistant tuberculosis.

PAS is supplied in the form of tablets, powder, or granules, but some preparations
do not keep well in tropical conditions. Other disadvantages are the large size of the
sachets, the large number of tablets to be taken, and the unpleasant taste. Potassium
salts and enteric-coated preparations may be better tolerated, although they are cur-
rently more expensive.

Adverse reactions

Apart from hypersensitivity reactions, such as fever, rash, and pruritus, the 
main adverse effects of PAS are gastrointestinal. Anorexia, nausea, vomiting, and
abdominal discomfort are more common than diarrhoea. The side-effects may be 
lessened by administering the drug after food or with milk. The reported frequency
varies with the country and the observer. However, patients can often be persuaded
to put up with adverse effects, and in only 1–2% of cases is it necessary to stop the
drug.

TREATMENT

119



Gastrointestinal disturbances can be reduced by taking PAS with or immediately
after food. Hepatitis and jaundice are rare complications, in which case the drug must
be stopped. Hypothyroidism may occur with long-term administration, but reverses
when the drug is stopped. Hypokalaemia may occur. The sodium salt form of PAS
can result in sodium overload and this form of the drug should be used with caution
in patients for whom restricted sodium intake is indicated. In the old tablet prepara-
tion of PAS, an excipient (bentonite) impaired the absorption of rifampicin. The new
preparation, however, in the form of granules, does not interfere with rifampicin
absorption, may be slightly better tolerated, and can be given twice (as opposed to
three or four times) a day without loss of efficacy.
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24. What is the purpose of the initial
intensive phase of two-phase treatment?
K. Toman1

There is ample experimental and clinical evidence that the initial administration of
more than one drug, particularly a three- or four-drug regimen, greatly improves the
efficacy of treatment. Early work by Mitchison (1), Canetti (2), and others in the 1960s
showed that at least two drugs given concurrently were required for the treatment of
active tuberculosis; field trials had shown that monotherapy led to high treatment
failure and relapse rates. This led to the concept that multidrug treatment would be
required to eradicate the tubercle bacilli in patients with active disease.

The notion that an intensive phase of treatment with multiple drugs, followed by
a continuation phase with fewer drugs, could be implemented and have a successful
outcome gained acceptance. However, not every combination of two or three drugs
will have this effect. At least two bactericidal drugs, such as isoniazid and streptomycin
or isoniazid and rifampicin, are required in the initial phase. Pyrazinamide given in
the initial intensive phase allows a reduction in treatment duration from 9 to 6
months. Ethambutol is of benefit when initial drug resistance may be present or if the
burden of organisms is high (see “How effective is tuberculosis treatment and what
are the needs for the future?”, page 253).

The multiplication of susceptible organisms stops during the first days of effective
treatment (1, 2), and the total number of bacilli in the sputum decreases rapidly, espe-
cially within the first 2 weeks (3). The experimental findings from laboratory and con-
trolled studies are summarized below.

● It is crucial for the outcome of treatment, especially in patients harbouring large
bacterial populations, to put a rapid stop to bacterial multiplication and ensure
that drug-susceptible bacilli are killed as soon as possible (“early kill”), for the 
following reasons:

— To prevent early deterioration and death in the first weeks of treatment.
— If the bacterial population is rapidly reduced from, say, 108 (a number com-

monly found in lung cavities) to 103, there is little probability that new resistant
mutants will appear, even after seven generations of uninhibited multiplication.
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Thus the emergence of new resistant mutants can be minimized or stopped by
an initial phase of intensive treatment.

— There is good in vitro evidence that, the more rapid the antibacterial effect, the
less likely is the emergence of persisters (4). The risk of relapse is thus reduced.

● Appropriate multidrug combinations always contain two drugs capable of destroy-
ing single-drug-resistant mutants that pre-exist in wild strains. Thus a three- or
four-drug regimen will safely prevent these organisms from multiplying. Such mul-
tiplication may be particularly dangerous in the early treatment phase because an
appreciable number of drug-resistant mutants may be present at the start of treat-
ment. In one million tubercle bacilli (of a wild strain), about 10–50 isoniazid-
resistant mutants and about 1–5 streptomycin-resistant mutants may be found.
Thus, in a population of 108 (a number commonly found in lung cavities), some
5000 isoniazid-resistant and several hundred streptomycin-resistant mutants could
be present at the outset (see “How many drug-resistant tubercle bacilli can be found
in the sputum of patients who have never received treatment for tuberculosis?”,
page 203). If these are allowed to multiply, resistance to two drugs can develop
rapidly (5).

● In patients with initial resistance to a single drug (except rifampicin) the chances
of a favourable response to treatment are almost unimpaired if an initial period of
treatment with three or four drugs is provided (see “What are the possible conse-
quences of inaccurate drug-susceptibility testing?”, page 213). Patients who will
benefit from a fourth drug and an intensive initial phase are mainly those who
harbour large numbers of tubercle bacilli, i.e. those who are usually positive by
direct smear microscopy.
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25. What are the current recommendations
for standard regimens?
A. Harries1

The aims of treatment regimens are to: cure the patient, prevent death from active
disease or its late effects, prevent the emergence and spread of drug-resistant organ-
isms, minimize relapse, and protect the community from continued transmission of
infection.

All treatment regimens have two phases – an initial intensive phase and a contin-
uation phase (1, 2).

Initial intensive phase
The initial intensive phase of treatment is designed to kill actively growing and semi-
dormant bacilli. This means a shorter duration of infectiousness, usually with rapid
smear conversion (80–90%) after 2–3 months of treatment. The initial phase of
rifampicin-containing regimens should always be directly observed in order to ensure
adherence. That phase usually involves between three and five drugs. If initial 
resistance rates are high, use of a three-drug regimen carries the risk of selecting 
drug-resistant mutants, especially in patients with high bacillary loads, i.e. with smear-
positive pulmonary tuberculosis. Use of a four-drug regimen reduces the risk both of
drug resistance developing and of failures and relapses. If a patient defaults on treat-
ment after the initial intensive phase, relapse is less likely.

Continuation phase
The continuation phase eliminates most residual bacilli and reduces failures and
relapses. At the start of the continuation phase, numbers of bacilli are low and there
is less chance of selecting drug-resistant mutants: fewer drugs are therefore needed.

Standard tuberculosis treatment regimens
Treatment regimens recommended by WHO (1) are shown in Table 27. Standard
codes are used for tuberculosis treatment regimens: each tuberculosis drug is repre-
sented by a standard abbreviation and each regimen has two phases. The number
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before a phase is the duration of that phase in months. A subscript number (e.g. 3)
after a letter or letters in parentheses is the number of doses of that drug or drugs per
week. If there is no subscript number, treatment with that drug is on a daily basis.
The use of parentheses indicates that the drugs are formulated in fixed-dose combi-
nation; this formulation is recommended whenever possible. An alternative drug (or
drugs) appears as a letter (or letters) in square brackets.
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Table 27
Recommended treatment regimens for different diagnostic categoriesa

Diagnostic Tuberculosis patients Tuberculosis treatmentb

category
Initial phase Continuation phase

(daily or 3 times (daily or 3 times
per weekc) per weekc)

I New smear-positive cases; new smear- 2 HRZEd 4 HR or
negative pulmonary TB with extensive 6 HE daily
parenchymal involvement; severe
concomitant HIV disease or severe
forms of extrapulmonary TB

II Previously treated sputum smear- 2 HRZES / 1 HRZE 5 HRE
positive PTB:
– relapse
– treatment after interruption
– treatment failuree

III New smear-negative pulmonary TB 2 HRZEg 4 HR or
(other than in Category I) and less 6 HE daily
severe forms of extrapulmonary TBf

IV Chronic and MDR-TB cases (still Specially designed standardized or
sputum-positive after supervised individualized regimens are suggested
retreatment) for this diagnostic category.

a Source: reference 1.
b H = isoniazid, R = rifampicin, Z = pyrazinamide, E = ethambutol, S = streptomycin. The number before the

letters indicates the number of months of treatment.
c Direct observation of treatment intake is required for the initial phase in smear-positive cases, and always

in treatment that includes rifampicin.
d Streptomycin may be used instead of ethambutol. In meningitis, ethambutol should always be replaced

by streptomycin.
e Whenever possible, drug sensitivity is recommended before category II treatment is prescribed in failure

cases. In patients with proven MDR-TB, it is recommended that Category IV regimens are used.
f Contacts of patients with culture proven MDR-TB should be considered for early culture and sensitivity

testing.
g Ethambutol in the initial phase may be omitted for patients with non-cavitary, smear-negative pulmonary

TB who are known to be HIV-negative, patients who are known to be infected with fully drug-suscepti-
ble bacilli, and young children with primary TB.



Examples
● 2(HRZE)/6(HE)

The initial phase is 2HRZE. The duration of the phase is 2 months. Drug treat-
ment is daily (there is no subscript number after the letters) with isoniazid (H),
rifampicin (R), pyrazinamide (Z), and ethambutol (E) in a fixed-dose combina-
tion. The continuation phase is 6HE. The duration of the phase is 6 months.
Drug treatment is daily with isoniazid (H) and ethambutol (E) in a fixed-dose 
combination.

● 2(HRZ)3E3/4(HR)3

In the initial phase treatment is three times a week (as indicated by the subscript
number after the letters) with isoniazid (H), rifampicin (R) and pyrazinamide (Z)
in a fixed-dose combination, plus ethambutol (E). The duration of the phase is 2
months. In the continuation phase treatment is three times a week (subscript
number after the letters) with isoniazid (H) and rifampicin (R) in a fixed dose-
combination. The duration of the phase is 4 months.

New cases of tuberculosis
Treatment regimens consist of an initial (intensive) phase lasting 2 months and a con-
tinuation phase usually lasting 4–6 months. During the initial phase, usually involv-
ing four drugs, there is rapid killing of tubercle bacilli and infectious patients become
non-infectious within a few weeks. Symptoms improve, and many patients become
asymptomatic after 4–8 weeks; most patients with sputum smear-positive pulmonary
tuberculosis become smear-negative within 2 months. Pyrazinamide is given during
the initial phase and has its maximum sterilizing effect within this time. No further
benefit is obtained from continuing pyrazinamide for longer in patients with drug-
susceptible bacilli, and the drug is therefore not used in the continuation phase. In
the continuation phase, two drugs are generally used.

Patients with smear-negative pulmonary tuberculosis or extrapulmonary tubercu-
losis harbour fewer bacilli in their lesions, so there is less chance of selecting drug-
resistant mutants. Short-course treatment regimens with three drugs during the initial
phase and two in the continuation phase are of proven efficacy and are recommended
by WHO.

Some countries still use a 12-month regimen, particularly in patients with smear-
negative pulmonary or extrapulmonary tuberculosis (2) (isoniazid and thioacetazone,
supplemented with streptomycin and ethambutol for 2 months in the initial phase).
A 12-month period of treatment is required because the regimen contains neither of
the drugs (rifampicin and pyrazinamide) that sterilize the tuberculous lesions. The
regimen therefore relies on semi-dormant bacilli becoming metabolically active
during the treatment period and susceptible to the killing effects of isoniazid. Under
routine conditions in nearly all countries the cure rates with this regimen are low, and
WHO therefore does not recommend it. In addition, thioacetazone has serious 
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toxicity, particularly in patients infected with HIV, and should be replaced by etham-
butol. However, this type of regimen may need to be used while the DOTS strategy
package is being expanded to cover an entire country or area.

Re-treatment cases
Previously treated tuberculosis patients are more likely than new patients to harbour
and excrete bacilli resistant to at least isoniazid. The re-treatment regimen consists of
five drugs initially, with at least three in the continuation phase. In the initial phase
the patient should receive at least two drugs that are still effective to reduce the risk
of selecting further resistant bacilli.

WHO-recommended treatment regimens
WHO-recommended treatment regimens are shown in Table 27. There are several
possible regimens, depending on a country’s budget, health coverage by primary
health care facilities, capacity for direct observation, and qualifications of staff at
peripheral health level. For each patient, the regimen recommended depends on the
patient treatment category (see “What are the diagnostic categories and what is the
rationale for these categories?”, page 128).
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26. What are the diagnostic categories 
and what is the rationale for 
these categories?
A. Harries1

There are four different diagnostic categories of treatment (see “What are the current
recommendations for standard regimens?”, page 124). Patients are categorized accord-
ing to priority for treatment, with priorities being based on cure of the patient, pre-
vention of death, prevention of drug resistance, and reduction of transmission in the
community. The highest priority is given to patients with new smear-positive pul-
monary tuberculosis and other serious forms of the disease. If 100% of new smear-
positive tuberculosis cases were detected and cured, the prevalence of tuberculosis
would fall very rapidly (see “Can tuberculosis be controlled?”, page 301).

Category I
Includes patients with:

● New smear-positive pulmonary tuberculosis, because they are highly infectious and
at high risk of death without treatment, and because treatment failure means risk
of the spread of drug-resistant organisms to the community. Cure of a high pro-
portion of new smear-positive patients would have the greatest impact on the
control of tuberculosis.

● New patients with severe forms of extrapulmonary tuberculosis such as miliary
disease, pericardial disease, meningitis, and spinal disease with spinal cord involve-
ment. Although not infectious, these patients are at high risk of death unless treated
with effective drug combinations.

● New patients with severe and extensive smear-negative pulmonary tuberculosis;
patients with concomitant HIV diseases are at particularly high risk of death.

Category II
Includes patients previously treated for tuberculosis who have developed smear-
positive pulmonary tuberculosis; includes patients with relapse, treatment failures,
and patients who previously defaulted from treatment. These patients are given 
multidrug regimens because they are highly infectious and are more likely to have
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drug-resistant organisms that can spread to the community unless they are effectively
treated. The entire course of treatment in such patients should be directly observed;
patients who were treated previously are at much higher risk of default. For many
patients, this represents their last real chance for cure.

Category III
Includes patients with smear-negative pulmonary tuberculosis and less serious forms
of extrapulmonary tuberculosis such as pleural effusion and lymphadenopathy. These
patients are much less infectious than those with smear-positive pulmonary tubercu-
losis, and there is less risk of development of drug resistance or of death. However,
cases of HIV-infected smear-negative pulmonary tuberculosis may be at greater risk
of death compared with HIV-infected smear-positive pulmonary tuberculosis cases
because the former are more immunocompromised. HIV-infected patients may also
be more prone to acquiring drug-resistant disease. Moreover, smear-negative patients
may contribute to the spread of tuberculosis in the community. For these reasons, and
because the HIV status in most tuberculosis cases is unknown, WHO now recom-
mends that these patients receive the same regimen at Category I, with four initial
drugs.

Category IV
Category IV is comprised of smear-positive pulmonary tuberculosis cases who have
completed a fully supervised re-treatment regimen, and those who have multidrug-
resistant tuberculosis (with resistance to isoniazid and rifampicin documented in a
competent laboratory). Treatment of such patients is lengthy, costly, difficult for both
patients and staff, and often unsuccessful. Highest priority must always be given to
prevention of such cases by effective, directly observed primary treatment regimens.
Where resources and expertise permit, treatment of such individual cases is some-
times attempted on humanitarian grounds (see “What reserve regimens are available
and what is their place in tuberculosis control programmes?”, page 215). In settings
where multidrug-resistant tuberculosis is common and many patients are im-
munocompromised, Category IV treatment may be necessary for rapid control of
multidrug-resistant tuberculosis.
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27. What is intermittent treatment and what
is the scientific basis for intermittency?1

T. Frieden2

Intermittent regimens are those in which the individual drugs are given at intervals
of more than one day, e.g. three times a week.

Originally it was believed that anti-tuberculosis drugs needed to be given every day
to maintain drug concentrations continuously at inhibitory levels. However, in vitro
studies and animal experiments have demonstrated that certain drugs are also effec-
tive when the drug concentration drops temporarily below that level, and indeed even
after the drug has disappeared completely from the lesion (1) or the medium (2).

In vitro experiments have demonstrated that, after a culture of Mycobacterium
tuberculosis is exposed to certain drugs for some time, it takes several days (the “lag
period”) before new growth occurs. Table 28 shows the lag period for growth of M.
tuberculosis after exposure to different drugs for varying times.

There was no lag after exposure to thioacetazone for 24 hours or even 96 hours.
Immediately the thioacetazone was removed from the culture medium, growth started
again, suggesting that this drug is unsuitable for intermittent treatment; this was con-
firmed by animal experiments.

For each bactericidal drug there was a maximum lag period (last column) that
seems to indicate the practical limit beyond which the interval between two doses
should not be extended. Animal studies (4) have shown conclusively that the longer
the chosen interval between doses, the higher the doses need to be for most of the
drugs, with the exception of rifampicin. Thus, for high doses of isoniazid, a 3-day
interval proved to be the optimum; extension of the interval to 8 days gave signifi-
cantly worse results.

A series of experiments in an animal model (3) demonstrated that intermittent
dosing actually increased the efficacy of treatment with isoniazid, rifampicin, and
pyrazinamide (Figure 11).
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Table 28
Lag in growth of Mycobacterium tuberculosis after
temporary exposure to drugs a

Drug Concentration Lag (days) after 
(mg/litre) exposure for:

6 hours 24 hours

Isoniazid 1 0 6–9
Rifampicin 0.2 2–3 2–3
Pyrazinamide 50 5–40b 40b

Ethambutol 10 0 4–5
Streptomycin 5 8–10 8–10
Ethionamide 5 0 10
Cycloserine 100 0 4–8
Thioacetazone 10 0 0

a Source: reference 2 and 3.
b Depending on the pH of the medium.

Figure 11
Mean root indices of disease related to interval between doses in guinea-pigs
treated with isoniazid, ethambutol, or rifampicin a
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a Source: reference 3, reprinted with permission.

Standard intermittent regimens
Although experimental findings cannot be mechanically transferred to humans, these
results were promising enough to be explored in clinical studies. The first such ran-
domized controlled clinical trial was undertaken at the Tuberculosis Research Centre,
Chennai, India (5).



A standard oral regimen of isoniazid plus PAS twice daily was compared with a
twice-weekly regimen of 1 g of streptomycin given by intramuscular injection plus 14
mg/kg body weight of isoniazid, given orally in a single dose. The oral regimen was
dispensed for self-administration. For the intermittent regimens, patients attended the
clinic twice a week at intervals of 3–4 days. Treatment was fully supervised, i.e. each
patient first took isoniazid tablets in the presence of the staff (who verified that the
tablets had actually been swallowed), and then received the injection of streptomycin.
The results at 12 months are shown in Table 29.

The intermittent regimen was highly successful and perhaps slightly more effective
than the daily regimen. The potency of intermittent treatment is all the more strik-
ing as most of the patients admitted to the study had extensive, bilateral cavitary
disease with sputum heavily positive by direct smear. This feature was common to all
the studies in Chennai (formerly Madras) in which the patients had severe disease.
The relapse rates in a 2-year period were 8% for the twice-weekly regimen and 12%
for the daily regimen; after 4 years, they were 12% and 15% respectively. In 4 out of
5 patients who relapsed on the intermittent regimen, the bacilli were susceptible to
both isoniazid and streptomycin. This suggests that, had there been an intensive phase
at the start of treatment, the susceptible bacilli would probably have been eliminated.

In another study, also undertaken in outpatients in Chennai, the possibility of
increasing the interval between doses to one week was investigated. Four intermittent
regimens were studied concurrently but, for the sake of simplicity, only two are
described here.

The twice-weekly streptomycin plus isoniazid (S2H2) regimen was compared with
streptomycin plus isoniazid given once weekly (S1H1). The dosage was the same for both
regimens: 1.0 g or 0.75 g of streptomycin plus 15 mg/kg of isoniazid.The effect of a lower
dose (0.75 g) of streptomycin was studied because it seemed likely this would be suffi-
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Table 29
Results of 12 months’ twice-weekly streptomycin/isoniazid (SH) treatment
compared with those of daily p-aminosalicyclic acid and isoniazid (PH) a

Status of disease SH, twice weeklyb PH, dailyc

No. of patients % No. of patients %

Bacteriologically quiescent 68 94 56 85
Bacteriologically active 2 2 9 14
(Death from tuberculosis) 2 3 1 2

Total patients 72 100 66 100

a Source: reference 5.
b SH: streptomycin 1 g intramuscular + isoniazid 14 mg/kg body weight.
c PH: sodium PAS 10 g + isoniazid 200 mg daily, divided into two equal doses.



cient and better tolerated, particularly by debilitated or elderly patients, than the usual
dose of 1 g. The results of 12 months of treatment are summarized in Table 30.

The twice-weekly regimen again proved to be highly successful; the once-weekly
regimen was considerably less effective. Nevertheless, it was impressive that, despite
severe disease, 71% of patients on the once-weekly regimen achieved bacteriological
quiescence (6).

The reasons for the inferiority of the once-weekly regimen were examined, and the
findings were both interesting and important. In this analysis, patients were grouped
according to the rate of inactivation of isoniazid and the dosage of streptomycin. Table
31 shows that the efficacy of the twice-weekly regimen was influenced neither by the
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Table 30
Comparison of results of 12 months’ treatment with streptomycin (S) and isoniazid
(H) twice and once weekly a

Status of disease S2H2
b twice weeklyc S1H1

b once weeklyc

No. of patients % No. of patients %

Bacteriologically quiescent 107 91 82 71
Bacteriologically active 9 8 30 26
(Death from tuberculosis) 1 1 3 3
Total patients 117 100 115 100

a Source: reference 6.
b The subscript after the letter refers to the number of doses per week.
c SH: streptomycin 0.75–1 g intramuscular + isoniazid 15 mg/kg body weight.

Table 31
Streptomycin plus isoniazid twice weekly (S2H2) compared with once weekly
(S1H1) according to the rate of isoniazid inactivation and the dose of streptomycin a

Regimen Patients with quiescent disease 
at 1 year (%)

Isoniazid Streptomycin 
inactivation rate dosage

slow rapid 1 g 0.75 g

S2H2 (twice weekly) 91 91 91 92
S1H1 (once weekly) 82 60 76 62

a Source: reference 6.



inactivation rate of isoniazid nor by a 25% reduction in the streptomycin dosage. In
contrast, the once-weekly regimen was clearly affected by the rate of isoniazid inacti-
vation and, to a lesser extent, also by the reduction in the streptomycin dosage. The
twice-weekly regimen was thus shown to be robust and effective, even without an
initial intensive phase.

The isoniazid inactivation rate also influenced the response to other once-weekly
regimens investigated concurrently. With currently available medications, intermit-
tency reaches its practical limit of effectiveness when the interval between doses is
extended to one week.

The following conclusions may be drawn from the experience gained with inter-
mittent treatment without rifampicin.

● Twice-weekly regimens containing isoniazid in high dosage (14–15 mg/kg) and
streptomycin (0.75–1 g) are highly effective, whether given from the outset or after
an initial intensive phase of treatment. Their efficacy in slow and rapid inactiva-
tors of isoniazid is similar. These regimens can be highly effective in patients with
extensive disease and in populations with a high frequency of rapid inactivators.

● A once-weekly regimen of isoniazid (15 mg/kg) and streptomycin (1 g), after 4
weeks’ initial daily therapy with isoniazid and streptomycin, approached the effi-
cacy of the twice-weekly regimen; however, unlike the latter, it was substantially
inferior in rapid inactivators and therefore cannot be recommended.

Short-course intermittent regimens
The development of rifampicin and pyrazinamide prompted studies of intermit-
tent short-course regimens. At first, investigators studied regimens with a daily inten-
sive phase followed by an intermittent continuation phase. The risk of relapse is 
the key indicator of the effectiveness of a regimen. Many regimens achieve nearly 100%
cure; relapse should be less than 5%. A series of studies has demonstrated that inter-
mittent treatment following a daily intensive phase – which may be as short as two
weeks – is highly effective, provided that treatment observation is ensured (Table 32).

Fully intermittent treatment has also been found to be highly effective (Table 33).
The fully oral regimen of 2 months of isoniazid, rifampicin, pyrazinamide, and etham-
butol, followed by 4 months of isoniazid and rifampicin, has been studied in daily,
partially intermittent, and fully intermittent regimens. Fully intermittent regimens,
which make treatment observation more convenient and feasible for health workers
and patients, achieve high levels of treatment success with low relapse rates (16). Such
regimens have now been widely used, with good results. A twice-weekly, 6-month,
rifampicin-containing regimen following 2 weeks of daily treatment has also been
shown to be highly effective (17). However, a single missed dose will result in once-
weekly treatment, which is less effective and potentially more toxic because of
immunologically mediated adverse effects. Adverse reactions to rifampicin are more
frequent in once-weekly treatment.
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The World Health Organization Collaborating Centre for Tuberculosis
Chemotherapy, Prague, reported excellent results (99–100% efficacy) in a study of
which an important feature was the flexibility of the treatment organization(25, 26).
Each patient could choose to receive treatment at the most convenient place, such as
a chest clinic, physician’s office, factory dispensary, health centre, or a hospital on the
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Table 32
Studies using partially intermittent short-course treatment

Country or Year of Regimena No. of patients Relapse in Reference
area study assessed 2-year number

for relapse follow-up (%)

Madrasb, 1974 2HRZS/3H2Z2S2 129 5c 7
India 2HRZS/5H2Z2S2 132 0c

1974 2HRZS/4H2Z2S2 87 7 8
Hong Kongd 2HRZS/6H2Z2S2 87 3
Madras 1977 3HRZS/2H2Z2S2 187 4 8
Singapore 1978 2HRZS/4H3R3 97 1 10

1HRZS/5H3R3 94 1
2HRZ/4H3R3 109 1

Poland 1982 2SHRZ/4H2R2 85 0 11
Singaporee 1983 2(HRZS)/4H3R3 46 7 12

2HRZS/4H3R3 47 0
1(HRZS)/5H3R3 42 5
1HRZS/5H3R3 46 2
2(HRZ)/4H3R3 40 8
2HRZ/4H3R3 44 2

Poland 1984 2HRZ/4H2R2 116 4 13
2HRZS/4H2R2 56 2

Zaire 1989 2HRZE/4H2R2 119 (HIV-infected) 9 14
2HRZE/9H2R2 121 (HIV-infected) 2
2HRZE/4H2R2 180 (HIV-uninfected) 5

United 1993 0.5HRZE/ 293 (HIV-infected) 0 15
Statesf 1.5H3R3Z3E3/4H2R2

0.5HRZE/ 50 (HIV-infected) 1
1.5H3R3Z3E3/7H2R2

a H = isoniazid, R = rifampicin, Z = pyrazinamide, E = ethambutol, S = streptomycin. The number before the letters
refers to the number of months of treatment. The subscript after the letters refers to the number of doses per
week.

b Now Chennai.
c 18 months follow-up.
d Now Hong Kong Special Administrative Region of China.
e The drug letters between parentheses indicate a fixed-dose combination; letters with no parentheses indicate

single drugs.
f Half of the patients also received levofloxacin during the intensive phase.



way to work. If necessary, an outreach worker could visit the patient’s home. The area
was partly rural and had adequate transport facilities.

The success of the study was due largely to the excellent cooperation of the patients,
which was achieved by adapting treatment services to their convenience. This was
greatly facilitated by the intermittent treatment regimen. Although the treatment of
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Table 33
Studies using fully intermittent short-course treatment

Country or Year of Regimena No. of patients Relapse in Reference
area study assessed for 2-year number

relapse follow-up (%)

Hong Kongb 1974 4H3R3Z3S3/2H2Z2S2 71 6 8
4H3R3Z3S3/4H2Z2S2 83 1

South Africa 1975 6H2R2Z2S2 279 6 18
Hong Kongb 1977 6H3R3Z3E3S3 152 1 19

6H3R3Z3S3 151 1
6H3R3E3S3 166 8
6H3R3Z3E3 160 2

Hong Kongb 1979 2H3R3Z3S3/4H3R3S3 220 3 20
2H3R3Z3S3/ 205 5

2H3R3Z3S3/2H3R3S3

2H3R3Z3S3/4H3R3Z3S3 208 3
2H3R3Z3/4H3R3Z3 199 6

Madrasc, India 1980 2H3R3Z3S3/4H2R2S2 111 2 21
2H3R3Z3S3/4H1R1S1 111 5
2H3R3Z3S3/4R2H2 101 3
2H3R3Z3S3/4R1H1 116 2
2H3R3Z3S3/4H2S2 151 3
2H2R2Z2S2/4H2R2S2 108 3
2H2R2Z2S2/4H1R1S1 117 4
2H2R2Z2S2/4R2H2 102 6
2H2R2Z2S2/4R1H1 109 7
2H2R2Z2S2/4H2S2 155 10

Canary Islandsd 1990 2H2R2Z2(E2)/4H2R2 80 3 22
Madrasc, India 1990 2H3R3Z3E3/4H2R2 273 6 23
Haiti 1990 2H3R3Z3E3/4H3R3 129 (HIV-infected) 5 16

2H3R3Z3E3/4H3R3 211 (HIV-uninfected) 2
China 1991 2H3R3Z3S3/4H3R3 300 3 24

a H = isoniazid, R = rifampicin, Z = pyrazinamide, E = ethambutol, S = streptomycin. The number before the letters
refers to the number of months of treatment. The subscript after the letters refers to the number of doses per
week.

b Now Hong Kong Special Administrative Region of China.
c Now Chennai.
d Ethambutol given only to patients with prior history of default.



tuberculosis in the former Czechoslovakia was almost entirely the responsibility of a
rather extensive network of specialized inpatient and outpatient tuberculosis services,
the participation of non-specialized health services was of great importance. More-
over, the study demonstrated how general health services can become increasingly
involved in the management of tuberculosis patients, and are capable of taking over
this responsibility from the specialized services.
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28. What is the dosage of drugs in daily and
intermittent regimens?
H. Rieder1

Table 34 shows the current dosage of anti-tuberculosis drugs as indicated by WHO
(1), based on mg/kg body weight. However, WHO (2) and IUATLD (3) do not rec-
ommend the use of twice-weekly intermittent treatment because missing one of the
doses results in insufficient treatment and a higher risk of toxicity.

In practice, however, it has proved useful to use dosages based on weight ranges 
to facilitate the prescription of drugs in terms of number of tablets. The weight of
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Table 34
Dosages for anti-tuberculosis drugs in mg/kg body weight a

Drug Daily dosage, mg/kg (range)

Daily treatment Treatment three times Treatment twice a
a week weekb

Isoniazid 5 10 15
(4–6) (8–12) (13–17)

Rifampicin 10 10 10
(8–12) (8–12) (8–12)

Pyrazinamide 25 35 50
(20–30) (30–40) (40–60)

Streptomycin 15 15 15
(12–18) (12–18) (12–18)

Ethambutol 15 30 45
(13–17) (25–35) (40–50)

Thioacetazone 2.5 NA NA
(2–3)

a Source: references 1, 2.
b Not recommended by WHO and IUATLD because missing a dose results in insufficient treatment and

higher risk of toxicity.



tuberculosis patients differs in different countries as shown in Figure 12. Weight
ranges – shown by the vertical dotted lines – as recommended by the IUATLD (2) may
thus need adaptation by countries to ensure that the largest possible proportion of
patients receive the correct dosage.

Alternatively, a single dosage appropriate for most patients can be used, as in the
India Revised Tuberculosis Programme (4). Children and patients with very low body
weight receive individually adjusted dosages, and patients with high body weight are
given extra pills. This permits the use of prepacked treatment boxes, which facilitates
drug management.
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Figure 12
Distribution of body weight among sputum smear-positive patients in Kenya,
Nepal, and Senegal a
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29. What is the evidence for tuberculosis
drug dosage recommendations?
H. Rieder 1

Each drug is needed in the minimum concentration that can inhibit growth of
Mycobacterium tuberculosis. This concentration is called the minimum inhibitory 
concentration (MIC) of the drug and is determined in vitro by testing numerous 
wild strains to determine the MIC at which the growth of most of these is inhibited.
Because it is an in vitro system, the technique affects the result. Thus, MIC values
differ when determined on egg-based, broth, or agar media.

The highest dosage that does not lead too frequently to toxic reactions is deter-
mined in vivo. If the maximum concentration that can be achieved in serum without
causing toxic reactions is lower than the MIC in vitro, the drug cannot be used. If the
maximum serum concentration that can be achieved is far above the MIC, the ther-
apeutic margin is large; if it is only slightly above the MIC, that margin is narrow.

A third important element – in addition to the MIC and the maximum serum con-
centration – is the length of time during which the serum level of the drug remains
above the MIC. This is determined by the half-life of the drug. The serum level of
each drug needs to remain above the MIC for a certain minimum time in order to
exert its action on M. tuberculosis. This minimum time varies from one drug to the
next.

More important than the MIC is the minimum bactericidal concentration (MBC)
– the concentration at which the organism is killed by the drug. The MBC is always
higher than the MIC and the MBC-to-MIC ratio is different for different drugs.

The maximum tolerable dosage of a drug, and thus the maximum serum concen-
tration, is determined in clinical practice; the actual therapeutic effect of the drug is
established in controlled clinical trials. The challenge is to determine the lowest dosage
(to reduce the frequency of toxic reactions) that results in a serum concentration
above the MIC (or better the MBC).

For example, a trial in East Africa studied whether increasing the dosage of isoni-
azid from 300 mg to 450 mg in combination with thioacetazone improved the efficacy
of the regimen (1). It did not. Moreover, although isoniazid-attributable toxicity did
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not differ for the two dosages in this study, information obtained elsewhere indicates
that isoniazid toxicity increases with increasing dosages. The optimum daily dosage
of isoniazid was determined to be 300 mg. The optimum dosage of streptomycin was
also determined (2): for long-term treatment, 0.75 g of streptomycin proved to be as
effective as 1.0 g. The lower dosage was equally potent in preventing emergence of
resistance to isoniazid and ensuring sputum conversion, but caused vestibular damage
less frequently. This type of evaluation – finding a balance between toxicity and
maximum therapeutic range – has been done for all anti-tuberculosis drugs and forms
the rational basis for the current dosage recommendations.

A summary of the relation between MIC and the maximum serum concentration
for the six essential anti-tuberculosis drugs shows that the therapeutic range is large
for isoniazid and rifampicin, and smaller for the others (Figure 13) (3–8).
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Figure 13
Minimum inhibitory concentrations (MICs) and maximum serum concentration of
isoniazid (H), rifampicin (R), pyrazinamide (Z), ethambutol (E), streptomycin (S),
and thioacetazone (T) a

Circles indicate the maximum serum concentration in vivo, lines the range of the
MICs determined in vitro in different studies.
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30. What is the optimum duration 
of treatment?1

T. Santha2

Short-course regimens achieve smear and culture conversion within 2–3 months in
most patients. Many regimens achieve a favourable response, as defined by culture
negativity at the end of treatment, of 97–100%. The challenge, however, has been to
identify practical regimens that have low (<5%) relapse rates.

Sputum-positive pulmonary tuberculosis
Several studies have shown that a 6-month regimen containing rifampicin through-
out and pyrazinamide in the intensive phase is highly effective in the treatment of
sputum-positive tuberculosis (Table 35).

These regimens are nearly 100% effective at the end of treatment in patients with
initially drug-susceptible organisms; the relapse rate over a 2-year follow-up period
was 0–7%.

East African studies have shown that, if rifampicin is given only in the intensive
phase, the regimen should be implemented for 8 months (Table 36): 6-month regi-
mens with a continuation phase that does not contain rifampicin have a relapse rate
of 7–18%, whereas 8-month regimens have relapse rates of 0–7%. A similar relapse
rate (5%) has been reported with daily isoniazid and ethambutol for 6 months in the
continuation phase (12).

In the initial studies, drugs were given daily throughout or at least during the initial
intensive phase at least. Studies conducted at the Tuberculosis Research Centre,
Madras (now Chennai), and in Hong Kong (now Hong Kong SAR) (3) have shown
that fully intermittent regimens are equally effective, with near 100% efficacy at the
end of treatment, followed by a relapse rate of 2–7%, and that the reduction in adverse
reactions is significant (Table 37).

As indicated from the studies summarized here, treatment of newly diagnosed
smear-positive patients should be daily or intermittent for 6–8 months; treatment for
8 months is required if rifampicin is not used in the continuation phase of treatment
(5). The intensive phase should last for at least 2 months.
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Smear-negative pulmonary tuberculosis
The optimum duration of treatment for smear-negative patients was investigated in
a study in Hong Kong. Patients with five smears negative for acid-fast bacilli and X-
rays suggestive of tuberculosis were treated for 2 or 4 months with an HRZS regimen
(Table 38). Relapse rates were higher with 2–3 months of treatment and the study
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Table 35
Duration of treatment for sputum-positive pulmonary tuberculosis with rifampicin
in the continuation phase

Country or Year of Regimena Duration of No. of Relapse Reference
area study treatment patients rate up to 2

(months) assessed years (%)

Africa 1972 2HRZS/4H2Z2S2 6 159 4 1, 2
1978 2HRZS/4HR 6 166 3 3, 4

Hong Kongb 1974 2HRZS/4H2Z2S2 6 87 7 5, 6
Singapore 1973 2HRZS/4HRZ 6 78 0 7–9

2HRZS/4HR 6 80 2
1978 2HRZS/4H3R3 6 97 1 10, 11

2HRZ/4H3R3 6 109 1

a H = isoniazid, R = rifampicin, Z = pyrazinamide, S = streptomycin. The number before the letters refers
to the number of months of treatment; the subscript after the letters refers to the number of doses per
week.

b Now Hong Kong Special Administrative Region of China (Hong Kong SAR).

Table 36
Duration of treatment for smear-positive pulmonary tuberculosis when rifampicin
is not used in the continuation phase a

Country Year of Regimenb Duration of No. of Relapse Reference
or area study treatment patients rate up to 2

(months) assessed years (%)

Africa 1972 2HRZS/4HT 6 179 7 1, 2
1974 2HRZS/4HT 6 75 13 13, 14

2HRZS/6HT 8 81 0
1HRZS/5HT 6 79 18
1HRZS/7HT 8 58 7

Madrasc, 1997 2HRZE/6HE 8 305 5 12
India

a Source: reference 12.
b H = isoniazid, R = rifampicin, Z = pyrazinamide, S = streptomycin. The number before the letters refers

to the number of months of treatment.
c Now Chennai.
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Table 37
Intermittent short-course chemotherapy a

Country Year of Regimenb Duration of No. of Relapse rate Reference
or area study treatment patients after

(months) assessed 2 years (%)

Hong 1974 4H3R3Z3S3/2H2Z2S2 6 71 6 5, 6
Kongc 2H3R3Z3S3/4H3R3S3 6 220 3

Madras,d 1980 2H3R3Z3S3/4H2R2S2 6 111 2 15, 16
India 2H3R3Z3S3/4R2H2 6 101 3

2H2R2Z2S2/4H2R2S2 6 108 3
2H2R2Z2S2/4R2H2 6 102 6

1995 2H3R3Z3E3/4H2R2 6 519 7

a Source: reference 3.
b H = isoniazid, R = rifampicin, Z = pyrazinamide, S = streptomycin. The number before the letters refers

to the number of months of treatment; the subscript after the letters refers to the number of doses per
week.

c Now Hong Kong SAR.
d Now Chennai.

Table 38
Duration of treatment for initially smear-negative pulmonary tuberculosisin Hong
Kong a,b

Year of Initial Regimenc Duration of No. of Relapse rate Reference
study culture treatment patients after

status (months) assessed 2 years (%)

1976 Negative No treatment – 176 40 17–19
2HRZS 2 165 4
3HRZS 3 162 2
3PHS/H2S2 12 160 0

Positive 2HRZS 2 72 15
3HRZS 3 69 9
2PHS/H2S2 12 68 0

1978 Negative 3HRZS 3 364 1 20
3H3R3Z3S3 3 345 1
4H3R3Z3S3 4 325 1

Positive 4HRZS 4 157 3
4H3R3Z3S3 4 136 3
6H3R3Z3S3 6 166 4

a Source: references 18–20.
b Now Hong Kong SAR.
c H = isoniazid, P = protionamide, R = rifampicin, Z = pyrazinamide, S = streptomycin. The number before

the letters refers to the number of months of treatment; the subscript after the letters refers to the number
of doses per week.



concluded that smear-negative patients require at least 4 months of treatment.
However, for consistency and a margin of safety, WHO recommends 6-month regi-
mens for smear-negative pulmonary tuberculosis.

Results of further shortening the duration of treatment
Two groups of investigators in France and India, in search of a shorter duration of
treatment for pulmonary tuberculosis, tried daily regimens of 3 months’ duration (90
doses of HRZS) (Table 39). A regimen of HRZS given daily for 3 months in India
achieved almost 100% culture conversion at 3 months, but 20% of patients had 
bacteriologically confirmed relapse (23). When fewer doses were given over a longer
period – three times weekly for 2 months (27 doses) followed by twice weekly for 4
months (36 doses), making a total of 63 doses in 6 months – relapse rates were 4–6%.
Thus, it is the period over which the drugs are given that is important, rather than
the number of doses (15, 16).

Similarly, 4-month regimens studied in Singapore also had high relapse rates
(8–16%) (7–9). Two 5-month regimens (2HRZS/3HZS and 3HRZS/2H2Z2S2) tried in
Madras were effective and had low relapse rates (4–5%). However, this is the only
study that investigated 5-month regimens and acceptable results were achieved only
by using streptomycin for the entire 5 months of treatment.

Thus, there is at present no practical regimen of less than 6 months’ duration that
has given acceptable results in smear-positive tuberculosis.
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Table 39
Shorter duration of treatment for smear-positive pulmonary tuberculosis

Country Year of Regimena Duration of No. of Relapse rate Reference
or area study treatment patients after

(months) assessed 2 years (%)

Singapore 1973 2HRZS/2HRZ 4 79 11 7–9
2HRZS/2HR 4 77 8

Africa 1976 2HRZS/2HRZ 4 104 16 21, 22
2HRZS/2HR 4 104 11

Madras,b 1977 3HRZS 3 200 20 23, 24
India 1974 2HRZS/3H2Z2S2 5 129 25, 26

1977 3HRZS/2H2Z2S2 5 187 4 23

a H = isoniazid, R = rifampicin, Z = pyrazinamide, S = streptomycin. The number before the letters refers
to the number of months of treatment; the subscript after the letters refers to the number of doses per
week.

b Now Chennai.



What is the optimum duration of standard, non-rifampicin-containing
treatment?
There are situations in which rifampicin is either unavailable or rifampicin and pyraz-
inamide cannot be given to a patient. Before rifampicin and pyrazinamide became
available, patients were treated for prolonged periods. For patients with initially
sputum smear-positive tuberculosis, practically all effective regimens achieve bacteri-
ological quiescence within 6 months of the start of treatment. However, relapse occurs
in about a quarter of patients treated with streptomycin, isoniazid, and thioacetazone
daily for 6 months (Table 40).

On the other hand, there is satisfactory evidence that more than 18 months of good
treatment produces little, if any, additional benefit in terms of treatment success or
prevention of relapse (6).

In studies in East Africa, addition of an initial supplement of streptomycin to the
basic regimen of thioacetazone plus isoniazid daily for 8 weeks yielded a success rate
of 96%; emergence of resistance was rare among patients who failed treatment. Two
weeks of initial intensive treatment resulted in a failure rate of 10%, all with organ-
isms resistant to isoniazid. Bacteriological response in patients who received an initial
streptomycin supplement for 4 weeks was only slightly (2%) less favourable than in
patients given the supplement for 8 weeks (Table 41).

The investigators concluded that it was desirable to supplement the daily thioac-
etazone–isoniazid regimen with streptomycin, preferably for the first 8 weeks of treat-
ment; if this could not be achieved, the aim should be to give the streptomycin
supplement for the first 4 weeks.

Other studies, in Madras and Singapore, showed that adding 2 weeks of initial
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Table 40
Duration of treatment when rifampicin is not used

Country Year of Regimena Duration of No. of Relapse rate Reference
or area study treatment patients after 

(months) assessed 2 years (%)

East Africa 1970 6HTS 6 104 22 27, 28
6HS 6 112 29
2HTS/16HT 18 133 3 28

Madras,b 1962 12HT 12 72 19 29
India 12HP 12 454 17

12EHE 12 107 16
12H2S 12 199 9

a H = isoniazid, P = protionamide, R = rifampicin, Z = pyrazinamide, S = streptomycin. The number before
the letters refers to the number of months of treatment; the subscript after the letters refers to the number
of doses per week.

b Now Chennai.



intensive phase did not add any further benefit to the overall results of the regimens
(31, 32). A study in Czechoslovakia (33) investigated the role of three drugs during
the intensive phase in a fully intermittent regimen and found there was no advantage
in extending the phase to 13 weeks (98% and 99%, respectively). Thus the optimum
duration of intensive phase in a conventional long-term treatment is 8 weeks.
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Table 41
Response to treatment with streptomycin plus isoniazid and thioacetazone (STH)
daily for 2, 4, or 8 weeks, followed by isoniazid plus thioacetazone in the
continuation phase: assessment at 1 year a

Country Duration of No. of Percentage of patients showing: Reference
or area initial phase patients favourable isoniazid

(STH) treated bacteriological response resistance

East 8 weeks 162 96 3 30
Africa 4 weeks 159 94 5

2 weeks 161 90 10
Noneb 147 88 10

a Source: reference 1.
b Thioacetazone plus isoniazid, without initial supplement.
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31. What are the most common adverse drug
events to first-line tuberculosis drugs,
and what is the procedure for
reintroduction of drugs?
A. Harries1

Isoniazid (1–3 )
Adverse effects
● Skin rash.
● Sleepiness and lethargy.
● Peripheral neuropathy (paraesthesia, numbness and limb pain).
● Hepatitis.

Rare adverse effects
● Convulsions, pellagra, arthralgia, anaemia, lupoid reactions.

Management
● For skin reactions – see below.
● For lethargy – reassurance.
● For peripheral neuropathy – this may be prevented by giving vitamin B6 (pyri-

doxine), 10 mg daily, or vitamin B complex. For established peripheral neuropathy,
pyridoxine should be given at a larger dose of 50–75 mg daily.

● For hepatitis – see below.

Rifampicin
Adverse effects
● Gastrointestinal reactions (abdominal pain, nausea, vomiting).
● Hepatitis.
● Generalized cutaneous reactions.
● Thrombocytopenic purpura.
● On intermittent dosage, “flu syndrome”.
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Rare adverse effects
● Osteomalacia, pseudomembranous colitis, pseudoadrenal crisis, acute renal failure,

shock, haemolytic anaemia.

Rifampicin may cause gastrointestinal symptoms such as anorexia, nausea, abdomi-
nal pain, and vomiting. These symptoms occur soon after administration and can last
several hours. In contrast, the “flu syndrome” consists of fever, chills, malaise,
headache, and bone pains.

Rifampicin is a powerful enzyme inducer and may therefore reduce serum con-
centrations of other drugs that the patient is taking. This is of particular importance
in women taking oral contraceptives. Patients should be warned that rifampicin
colours all body secretions (urine, tears, semen, and sweat) red or orange.

Management
● For gastrointestinal reactions, the patient should be reassured. If gastrointestinal

intolerance is severe enough to risk interruption of treatment, suspension of
rifampicin for 3 or 4 doses, use of medications that provide symptomatic relief (e.g.
metoclopramide to counteract vomiting), or, as a last resort, giving rifampicin with
small amounts of food may allow continued use of the drug in almost all patients
(1). Although concomitant ingestion of food reduces absorption of rifampicin
slightly, this is far preferable to complete discontinuation of rifampicin.

● For hepatitis and skin reactions – see below.
● For adverse effects such thrombocytopenic purpura, shock, acute renal failure, or

haemolytic anaemia the drug must be immediately withdrawn and never used
again.

● For the “flu syndrome”, changing from intermittent to daily rifampicin adminis-
tration can stop the reaction.

Pyrazinamide
Adverse effects
● Arthralgia.
● Hepatitis.

Rare adverse effects

● Gastrointestinal reactions, cutaneous reactions, sideroblastic anaemia.

Pyrazinamide may cause arthralgia by inhibiting renal tubular excretion of uric acid,
and high concentrations of uric acid can lead to gout. Severe hepatotoxicity has been
observed when regimens containing rifampicin and pyrazinamide are used for latent
tuberculosis infection.
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Management
● For joint involvement, simple treatment with analgesics usually minimizes symp-

toms. Indomethacin may be used for more severe joint involvement. If frank gout
occurs, treatment with colchicine is required. Arthralgia is much less common 
with thrice-weekly treatment. Asymptomatic elevation of serum uric acid levels is
expected and does not require either a change in medication or administration of
other medications.

● For hepatitis – see below.

Ethambutol
Adverse effects
● The main adverse effect is retrobulbar neuritis.

Rare adverse effects
● Generalized cutaneous reactions, arthralgia, peripheral neuropathy, and – very

rarely – hepatitis.

Note: Ethambutol may produce impairment of vision – red–green colour blindness,
blurring, and decrease in visual acuity. However, the toxicity is dose dependent and
occurs rarely when 15 mg/kg body weight is given daily or 25 mg/kg body weight is
given three times a week.

Management
● It is good practice to carry out a basic examination of visual acuity before starting

treatment with ethambutol. All patients should be warned that an ocular exami-
nation should be undertaken if visual symptoms occur. Impaired vision usually
returns to normal within a few weeks of stopping the drug. Some programmes
conduct monthly tests for red–green colour blindness (e.g. Ishihara tests), although
the utility of this has not been demonstrated.

Streptomycin
Minor adverse effects
● Pain, rash, induration at injection site.
● Numbness around the mouth and tingling soon after the injection.

Major adverse effects
● Cutaneous hypersensitivity.
● Vestibular and auditory nerve damage to the patient and, in a pregnant woman,

also to the fetus.
● Renal damage.
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Management
● For minor adverse effects the patient can be reassured.
● For cutaneous hypersensitivity – see below.
● For vestibular, auditory, and renal damage, the risk increases with dose and age.

The dose should not exceed 15–20 mg/kg and should be reduced in patients aged
45 years or more. Damage to the vestibular and auditory system usually occurs in
the first 2 months and is manifested by ringing in the ears, giddiness, ataxia, and/or
deafness. The condition is reversible if the drug dosage is reduced or the drug is
stopped. Intermittent dosages (e.g. three times a week) are less likely to cause
serious toxicity.

Thioacetazone
Common adverse effects
● Skin rash, sometimes with mucosal involvement.

Rare adverse effects
● Acute hepatic failure, agranulocytosis. Exfoliative dermatitis, which may be fatal, is

more common in HIV-infected individuals.

Management
● If a rash or other sign of hypersensitivity develops, all treatment should be with-

drawn and thioacetazone should not be used again. It can be replaced by ethamb-
utol after the symptoms disappear. Because of the much higher frequency of
toxicity in HIV-infected individuals, thioacetazone should not be used in patients
suspected of being infected with HIV or in areas with high prevalence of HIV infec-
tion (see “What are the merits of thioacetazone as a companion drug to isoniazid,
and what is the efficacy of the regimen of isoniazid plus thioacetazone?”, page 159).
For management of cutaneous sensitivity see below.

Cutaneous and generalized hypersensitivity reactions to TB drugs
Skin reactions

Itching with no rash or with a mild rash

If the patient (not receiving thiacetazone, see above) complains of itching without a
rash or itching with a mild rash, symptomatic treatment with antihistamines may be
tried and tuberculosis treatment continued. However, the patient must be monitored
with each subsequent dose of antituberculosis drugs.

Itching with a moderate/severe rash

If a moderate or severe rash develops, all treatment should be stopped.
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Management of severe rash

If the rash is severe, or if there is evidence of mucosal involvement, hypotension, or
severe illness, corticosteroid treatment should be instituted. Oral prednisolone, 40–
60 mg, should be given daily until there is a response; the dose should then be reduced
gradually in the following days according to the patient’s response. Tuberculosis treat-
ment should be withheld until the reaction has completely subsided.

Reintroduction of antituberculosis drugs

Once the reaction has subsided, drugs can be reintroduced according to the schedule
below.

Day Drug, dose

1 Isoniazid 50 mg
2 Isoniazid 300 mg
3 Rifampicin–isoniazid (RH) (half tablet)
4 Rifampicin–isoniazid (RH) (one tablet)
5 Rifampicin–isoniazid (RH) (full dose)
6 Day 5 regimen + pyrazinamide (half tablet)
7 Day 5 regimen + pyrazinamide (one tablet)
8 Day 5 regimen + pyrazinamide (full dose)
9 Day 8 regimen + ethambutol (half tablet)

10 Day 8 regimen + ethambutol (one tablet)
11 Day 8 regimen + ethambutol (full dose)
12 Full dose of Rifampicin–isoniazid + pyrazinamide + ethambutol

Isoniazid and rifampicin are the least likely to cause a reaction and should be rein-
troduced first. The drugs at the bottom of the table are more likely to cause a reac-
tion. If the initial cutaneous reaction was severe, smaller initial challenge doses should
be given. If the patient is restarted on an adequate tuberculosis treatment regimen
(e.g. isoniazid, rifampicin, and pyrazinamide), re-challenging with the implicated
drug (e.g. streptomycin) is not advisable.

Drug-induced hepatitis

Features that indicate the need to stop medication

Transient, asymptomatic increases in serum liver transaminases occur during the early
weeks of treatment. There is no need to interrupt or change treatment unless there is
anorexia, malaise, vomiting, or clinically evident jaundice. Clinical features of concern
include protracted vomiting, mental changes, and signs of bleeding – all of which
suggest impending acute liver failure and require immediate discontinuation of anti-
tuberculosis medications.
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Management of jaundice and other severe features

If jaundice or any of the clinical features suggestive of acute liver failure develop, all
drugs must be stopped until the jaundice or hepatic symptoms have resolved and the
liver enzymes have returned to baseline levels. If liver enzymes cannot be measured,
it is advisable to wait 2 weeks after the jaundice has disappeared before starting tuber-
culosis treatment. Other causes of hepatitis must be sought.

Reintroduction of antituberculosis drugs

Once hepatitis has resolved, the same drug regimen can be reintroduced, either grad-
ually or all at once. However, if hepatitis has been life-threatening and was not of
viral origin, it is probably safer to use the regimen of streptomycin, isoniazid, and
ethambutol.

Symptom-based approach to the management of drug reactions
Minor adverse effects not requiring stoppage of treatment
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Symptoms Drug Management

Abdominal pain, Related to rifampicin Reassure the patient
nausea

Burning of the feet Related to isoniazid Continue isoniazid, and give pyridoxine 50–75 mg
peripheral daily; large doses of pyridoxine may interfere 
neuropathy with the action of isoniazid

Drowsiness Related to isoniazid Reassure patient
Gastrointestinal Any oral medication Reassure patient; give drugs with less water; 

upset give drugs over a longer period of time (e.g. 
20 minutes); give drugs with a small amount 
of food; If these measures fail, provide 
antiemetic if appropriate

Joint pains Related to Continue pyrazinamide; use aspirin or non-
pyrazinamide steroidal anti-inflammatory drug; use 

intermittent directly observed treatment, 
if possible

Red urine Related to rifampicin Reassure the patient
Women on Rifampicin may Alternative method of contraception should be

rifampicin reduce the provided
effectiveness of
oral contraceptive
pills



Major adverse effects requiring stoppage of treatment
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Symptoms Drug Management

Loss of hearing Related to Auroscopy to rule out wax.
streptomycin Stop streptomycin if no other explanation;

use ethambutol instead
Dizziness If true vertigo and Stop streptomycin. If just dizziness with no

nystagmus, related nystagmus, try dose reduction for one week; 
to streptomycin if there is no improvement stop streptomycin 

and use ethambutol instead
Generalized May be due to Stop all medication; use different combination 

reactions rifampicin, of drugs
including shock, pyrazinamide,
purpura and/or

streptomycin
Jaundice May be due to Stop all antituberculosis drugs until jaundice

drug-induced resolves and liver enzymes revert to baseline
hepatitis levels (see text)

Moderate–severe Related to all Stop tuberculosis drugs (see text)
skin rash tuberculosis drugs

Visual impairment Related to Visual examination. Stop ethambutol
ethambutol

Vomiting/confusion Suspect drug- Urgent liver enzyme tests. If liver enzymes tests
induced hepatitis unavailable, stop tuberculosis drugs and 

observe
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32. What are the merits of thioacetazone as
a companion drug to isoniazid, and what
is the efficacy of the regimen of isoniazid
plus thioacetazone?1

H. Rieder 2

Thioacetazone is one of the oldest known antituberculosis drugs. When it was intro-
duced in the late 1940s, there was good evidence of its efficacy, but the relatively high
dosages used in those days meant that adverse effects and toxicity were frequent. Thus,
with the advent of isoniazid a few years later, thioacetazone was quickly forgotten.

In the early 1960s, thioacetazone was reinvestigated as a companion drug to isoni-
azid. The intention was to find an alternative to p-aminosalicylic acid (PAS) that
would prevent the development of resistance to isoniazid equally well and be less 
bulky (as well as less expensive). Many pilot studies were conducted to establish the
optimum dosage of both drugs. The result was the introduction of a regimen con-
taining 150 mg of thioacetazone and 300 mg of isoniazid, given in one dose daily,
which proved to be as effective as the PAS–isoniazid combination.

Thioacetazone plus isoniazid with an initial supplement of streptomycin
Several trials investigated the influence of a three-drug initial phase on the thioaceta-
zone–isoniazid regimen. An initial supplement of streptomycin improved the results,
with 4 and 8 weeks of streptomycin giving almost the same results.

In many low-income countries, thioacetazone-containing regimens have been used
widely because they offer the following advantages:

● They are convenient for patients because only one tablet a day is required.
● They are the least expensive efficacious treatment regimen.
● The tablets have a long shelf life. Thioacetazone is stable even in tropical climates.

Effectiveness of thioacetazone with isoniazid in routine practice
The results obtained in a trial in Kenya were compared with those in a group of
patients treated by the routine tuberculosis service (1) and provided valuable infor-
mation. Both groups received the same regimen, i.e. three drugs (300 mg of isoniazid,
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150 mg of thioacetazone, and 1 g of streptomycin) daily for 2 months, followed by two
drugs (150 mg of thioacetazone plus 300 mg of isoniazid, in a single tablet) daily for
10 months. Bacteriological quiescence was achieved in 96% of patients in the Kenyan
study at 12 months, compared with only 76% in the “routine” group (1). Analysis of
the records showed clearly that the results were dependent upon the regularity and
duration of treatment after the initial intensive phase. Patients who took treatment
irregularly or stopped their treatment early did poorly; those who took treatment reg-
ularly and continued for the full year did well. There was considerably more irregu-
larity in the group of routinely treated patients than in the trial group. Irregularity of
treatment in the continuation phase may nullify the benefits of an initial intensive
phase. As long as a high level of regularity cannot be ensured, even first-rate regimens
will produce inadequate results.

Thioacetazone plus isoniazid in the continuation phase following
rifampicin-containing intensive phase
A regimen consisting of 2 months of isoniazid, rifampicin, pyrazinamide and strep-
tomycin, followed by 6 months of thioacetazone plus isoniazid (2HRZS/6HT) was
investigated in East Africa (2). Results are summarized in Table 42.

This became the main treatment regimen for sputum smear-positive patients
without a history of prior treatment in many national tuberculosis programmes with
limited resources. Its advantages are:

● It is the least expensive short-course regimen, with high efficacy in patients with
fully susceptible organisms.

● Directly observed treatment can be organized during the intensive phase, with a
self-administered continuation phase. The probability of selecting rifampicin-
resistant mutants is low, even in the presence of initial isoniazid resistance.

● In a patient for whom the above regimen fails, the possibility of cure with a re-
treatment regimen based solely on first-line drugs is preserved, as the patient will
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Table 42
Treatment outcome in patients treated with
2HRZS/6HT a

Outcome Pretreatment strain  
susceptibility to isoniazid

Susceptible Resistant

Treatment failure 0/81 1/8
Relapse 0/81 1/7

a Source: reference 2.



always receive at least two drugs (rifampicin and ethambutol) to which the organ-
ism is likely to be susceptible.

Thioacetazone and HIV infection
Cutaneous reactions are among the most important adverse side-effects of thioaceta-
zone. A cutaneous reaction may present first as itching; this may be followed by a rash
that may then quickly develop further into toxic epidermal necrolysis, with a case-
fatality of 20–30%. An elegant study in Kenya demonstrated the causal relationship
between adverse cutaneous reactions, thioacetazone, and HIV infection (3). The asso-
ciation is so strong and the harmful effects so serious that there is universal agree-
ment that patients known or suspected to have HIV infection should never be given
thioacetazone. Furthermore, patients receiving thioacetazone who develop any form
of cutaneous reaction should be promptly taken off the drug and never receive it
again.

Because tuberculosis patients in most settings where HIV and tuberculosis are
common are not routinely offered HIV testing, and their HIV status is therefore
unknown, thioacetazone should not be used in areas where prevalence of HIV infec-
tion is high.

The closest alternative regimen uses ethambutol and isoniazid in the continuation
phase, for the same duration; it is well tolerated and has a similar high efficacy (4).
Its drawback, in addition to the higher cost and the shorter shelf-life of ethambutol,
is that, for patients with true treatment failure, the standard WHO-recommended 
re-treatment regimen may be less effective because ethambutol resistance may have
emerged. This may increase the risk of rifampicin resistance, particularly in patients
with HIV infection (5).
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33. How does management of
extrapulmonary tuberculosis differ from
that of pulmonary tuberculosis?
R. Balasubramanian,1 R. Rajeswari 1 & T. Santha1

Challenges in diagnosis
The treatment of extrapulmonary tuberculosis differs from that of pulmonary tuber-
culosis in several ways. This is largely because of the difficulty of diagnosis, which
often leads to empirical treatment without pathological or bacteriological confirma-
tion. However, diagnosis made only on clinical grounds leads to over-diagnosis and
unnecessary treatment of a large number of patients (1). In developing countries, the
problems of diagnosis are compounded by a lack of diagnostic resources. Tuberculo-
sis may not be considered at all in the differential diagnosis, resulting in delay or depri-
vation of treatment (2). Extrapulmonary forms of tuberculosis occur in all age groups,
adding to diagnostic and treatment difficulties.

Treatment and management of extrapulmonary tuberculosis
Extrapulmonary tuberculosis is usually paucibacillary, and any treatment regimen
effective in pulmonary tuberculosis is likely to be effective in the treatment of
extrapulmonary tuberculosis as well. For the purposes of treatment, extrapulmonary
tuberculosis can be classified into severe and non-severe forms. Severe forms include
meningeal tuberculosis, spinal tuberculosis, neuro-tuberculosis, abdominal tubercu-
losis, bilateral pleural effusion, pericardial effusion, and bone and joint tuberculosis
involving more than one site. Extrapulmonary tuberculosis of other sites is classified
as non-severe.

There are few reports of the use of short-course chemotherapy in the treatment of
extrapulmonary tuberculosis (3). The difficulty of defining a clear-cut “end-point” for
assessing the efficacy of treatment of extrapulmonary tuberculosis has led to varying
durations of treatment, and there have been relatively few controlled clinical trials (4).
The principles involved in the diagnosis and management of extrapulmonary tuber-
culosis have therefore evolved mainly from experience gained in randomized con-
trolled clinical trials on pulmonary tuberculosis. However, studies on extrapulmonary
tuberculosis (tuberculosis of the spine, tuberculous lymphadenitis, abdominal tuber-
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culosis, and brain tuberculoma) have clearly established the efficacy of short-course
treatment (6–9 months) in both children and adults (5), with the overall favourable
response varying from 87% to 99% (Table 43). Intermittent regimens have been
shown to be as effective as daily regimens.

For the severe forms, it is preferable to treat with four drugs in the initial intensive
phase and, if required, the total duration of treatment can be extended to 9 months,
especially in tuberculous meningitis and neuro-tuberculosis. Steroids should be given
in case of tuberculous meningitis with neurological impairment, massive pleural 
effusion, or tuberculous pericarditis. Lymph nodes can enlarge, persist, and become
superinfected with bacteria in the course of tuberculosis treatment. Generally, no
modification or prolongation of the tuberculosis treatment regimen is indicated.

Even though treatment gives good results in most forms of extrapulmonary tuber-
culosis, there are a few exceptions, such as meningitis and spinal tuberculosis (Pott’s
disease), in which the outcome depends on early diagnosis. In tuberculous meningi-
tis, even with short-course treatment the outcome is related to the stage of the disease
at the time treatment is started; only a minority of patients with severe disease recover
completely (11). Predictors of poor outcome are younger age and advanced stage; neu-
rological sequelae are directly related to the stage of the disease and the duration of
symptoms before admission. Similarly, in patients with spinal tuberculosis, the time
taken for neurological recovery is not related to the type of treatment regimen but
appears to be influenced by factors such as initial motor power, presence or absence
of bed sore, and duration of kyphosis (11).

The long-term efficacy of short-course treatment regimens of 6–12 months’ dura-
tion in various forms of extrapulmonary tuberculosis has been studied (5). Patients
were followed up systematically for 5–10 years. Relapse rates during long-term follow-
up were less than 4% in all studies reviewed, demonstrating the adequacy of short-
course treatment regimens for extrapulmonary tuberculosis.

Role of surgery
The introduction of short-course treatment for extrapulmonary tuberculosis has
made surgery less important. It may be required for diagnosis (biopsy) and manage-
ment of complications such as tuberculosis empyema and chronic constriction or
destroyed kidney or lung with recurrent infections. The roles of surgery and drug
treatment in the management of patients with tuberculosis of the spine were investi-
gated in trials by the British Medical Research Council (12). It was concluded that
operative procedures were generally unnecessary; ambulatory short-course treatment
regimens were highly effective, and surgery was indicated only in patients aged less
than 15 years and having an initial angle of kyphosis more than 30° (13). When
surgery is indicated, anterior and posterior fusion are recommended to reduce kypho-
sis and improve function of the spine (14).
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34. How does treatment of tuberculosis
differ in patients with pregnancy, liver
disease, or renal disease?
A. Harries1

Treatment in pregnant women (1, 2 )
The four basic antituberculosis drugs – isoniazid, rifampicin, pyrazinamide, and
ethambutol – are not teratogenic and are safe to use in pregnant women. Strepto-
mycin and other aminoglycosides are potentially ototoxic to the fetus, and therefore
should not be used in pregnancy: ethambutol can be used instead. p-Aminosalicylic
acid has been used safely.

Ethionamide and protionamide are teratogenic and can induce premature labour,
and should not be used in pregnancy. Fluoroquinolones are teratogenic in laboratory
animals.

Active tuberculosis in pregnancy must be treated because the disease will do more
harm than the drugs. It is important that pregnant women understand that success-
ful treatment of tuberculosis with one of the recommended standard regimens is
important for a successful outcome of the pregnancy.

Treatment in a breastfeeding woman and her baby
A woman who is breastfeeding and has tuberculosis should receive a full course of
tuberculosis treatment. All the antituberculosis drugs are compatible with breast-
feeding, and a woman taking them can safely continue to breastfeed her baby. The
mother and baby should stay together and the baby should continue to breastfeed in
the usual way. However, the concentrations of the drugs in breast milk are insufficient
to prevent or treat tuberculosis in infants.

In children, tuberculosis is most severe in those under the age of 6 years and, in
particular, in those aged 3 years and under. A child who is in close contact with people
who have tuberculosis should be brought to a health unit to be evaluated for symp-
toms of the disease. Children who have no symptoms should receive preventive treat-
ment for latent tuberculosis infection regardless of whether they have been vaccinated
with BCG. Preventive treatment consists of administration of isoniazid (5 mg/kg body
weight) daily for 6–9 months.
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If a tuberculin skin test is available, it should be administered after 3 months:

● If the induration from the tuberculin test is less than 6 mm in diameter, preventive
treatment should be stopped and the child should be vaccinated with BCG (if this
has not been done previously).

● If the induration is 6 mm or more in diameter, preventive treatment with isoniazid
should continue for another 3–6 months.

Treatment in patients with liver disorders (1–4 )
Patients with the following conditions can receive the usual short-course treatment
regimens:

Established chronic liver disease

Isoniazid plus rifampicin plus one or two non-hepatotoxic drugs such as streptomycin
and ethambutol can be used for a total treatment duration of 8 months. If there is
concern about the extent of liver damage, e.g. the patient has ascites with evidence of
portal hypertension, an alternative regimen is streptomycin plus isoniazid plus etham-
butol in the initial phase, followed by isoniazid and ethambutol in the continuation
phase, for a total treatment duration of 12 months. Patients with established chronic
liver disease should not receive pyrazinamide. Recommended regimens are therefore
2HRES/6HE, 2HRE/6HE, or 2HSE/10HE.

Acute hepatitis

It is uncommon for a patient to contract tuberculosis and acute viral hepatitis at the
same time. However, it is not uncommon for patients to develop acute viral hepatitis
during the course of tuberculosis treatment; in many settings, it is a common cause
of jaundice during treatment (5). In some cases, it is possible to defer tuberculosis
treatment until the hepatitis has resolved; in others it may be necessary to continue
to treat tuberculosis. In the latter case, a combination of streptomycin and ethambu-
tol for a maximum of 3 months is the safest option until the hepatitis has resolved.
The patient can then receive the continuation phase of treatment with isoniazid and
rifampicin for 6 months (6HR). In cases of extensive tuberculosis, a fluoroquinolone
such as ofloxacin can be considered in conjunction with streptomycin and ethambu-
tol as an interim non-hepatotoxic regimen, that is generally well tolerated.

Treatment of patients with renal failure (3, 4 )
Isoniazid, rifampicin, and pyrazinamide can be given in normal dosage to patients
with renal failure because these drugs are either almost entirely eliminated by biliary
excretion or are metabolized into non-toxic compounds. In severe renal failure,
patients receiving isoniazid should also receive pyridoxine to prevent peripheral neu-
ropathy; pyrazinamide can compound the hyperuricaemia that occurs in renal failure.
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Ethionamide and protionamide are also excreted almost entirely by non-renal routes,
and can be given in the normal dosage in renal failure.

Streptomycin and ethambutol are excreted by the kidney. In the presence of renal
failure, doses of both drugs must be reduced. Where facilities are available to monitor
renal function, dosage can be adjusted appropriately. Thioacetazone is excreted par-
tially in urine, but the margin between therapeutic and toxic dose is so narrow that
patients with renal failure should not receive this drug. The safest regimen for patients
with renal failure is 2HRZ/4HR.
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35. How does treatment of tuberculosis
differ in persons infected with HIV?
A. Harries1

Treatment categories and treatment regimens
In general, tuberculosis treatment is the same for HIV-infected as for HIV-negative
tuberculosis patients, with the exception of the use of thioacetazone. Thioacetazone
is associated with a high risk of severe, and sometimes fatal, skin reactions in HIV-
infected individuals (1). Ethambutol should therefore be used instead of thioaceta-
zone in patients known or suspected to have HIV infection (see “What are the merits
of thioacetazone as a companion drug to isoniazid, and what is the efficacy of the
regimen of isoniazid plus thioacetazone?”, page 159).

Some countries may not have the resources to substitute ethambutol for thioac-
etazone. Where the use of thioacetazone cannot be avoided, it is essential to warn
patients about the risk of severe skin reactions. Patients must be advised to stop
thioacetazone immediately if a skin reaction occurs and report to the nearest health
facility.

Streptomycin remains a useful drug provided that adequate sterilization and safe
disposal of syringes and needles can be ensured. Some countries with a high preva-
lence of HIV infection may not be able to ensure adequate sterilization of syringes
and needles and should therefore not use streptomycin.

Response of tuberculosis patients infected with HIV to 
tuberculosis treatment
Response in patients who complete treatment

Patients who complete treatment show the same clinical, radiographic, and micro-
biological response to short-course treatment whether they are HIV-infected or 
HIV-negative (2, 3).

Case-fatality

HIV-infected patients have a much higher mortality during and after tuberculosis
treatment compared with HIV-negative patients (2, 3). In sub-Saharan Africa, approx-
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imately 30% of HIV-positive, smear-positive tuberculosis patients die within 12
months of starting treatment, and about 25% of those who complete treatment die
during the following 12 months. In the pre-HIV era, smear-negative pulmonary
tuberculosis was a disease with a good treatment outcome. Evidence is slowly accu-
mulating that in some areas HIV-infected, smear-negative pulmonary tuberculosis
patients may have a worse prognosis than HIV-positive patients with smear-positive
pulmonary tuberculosis. The larger number of deaths in HIV-infected tuberculosis
patients during and after treatment is due partly to tuberculosis itself but largely to
other HIV-related problems.

Case-fatality is lower in HIV-infected tuberculosis patients treated with short-
course regimens than in those treated with standard 12-month regimens that do not
include rifampicin (4, 5). This is partly because short-course treatment is more effec-
tive, but may also be related to the fact that rifampicin has broad-spectrum antibac-
terial activity as well as antituberculosis activity. Rifampicin may thus reduce deaths
due to HIV-related bacterial infections during tuberculosis treatment. Adjunctive
treatments given with antituberculosis drugs may reduce case-fatality rates.

There is evidence that direct observation of treatment is even more important for
HIV-infected tuberculosis patients. In a multivariate analysis, Alpert et al. (6) found
that self-administration of treatment was associated with higher case-fatality rates
among HIV-infected tuberculosis patients, even when all other factors were controlled
for. Similarly, Alwood et al. (7) found a case-fatality rate of 15% in HIV-infected tuber-
culosis patients treated with direct observation of treatment, compared with 43% in
patients who received similar treatment regimens under self-administration.

Relapse
The tuberculosis relapse rate is low in HIV-infected tuberculosis patients who com-
plete a full rifampicin-containing short-course treatment regimen. Extending the
duration of the treatment regimen from 6 to 12 months in such patients further
reduces the frequency of relapse (8). However, this difference is marginal and, given
the expense, toxicity, and difficulty of longer treatment, most programmes treat HIV-
infected patients for 6, or at most 9, months. The relapse rate is higher in HIV-infected
than in HIV-negative tuberculosis patients treated with the standard regimen or a
short-course regimen that uses ethambutol and isoniazid during the continuation
phase (9–11).

TB treatment and antiretroviral therapy
Antiretroviral (ARV) drugs are increasingly available to persons living with
HIV/AIDS, many of whom also have latent tuberculosis infection or active tuberculo-
sis disease. Effectively given, ARVs lead to a gradual increase in host immunity, which
in principle should reduce the risk of progression from latent tuberculosis infection
to active tuberculosis disease. Paradoxically, ARVs can sometimes lead to the devel-
opment of active TB in HIV-positive persons with latent infection, this development
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being part of the immune reconstitution syndrome. Of the currently licensed ARV
drugs, most protease inhibitors and non-nucleoside reverse transncriptase inhibitors
interact with rifampicin and therefore should not be taken with rifampicin-based reg-
imens, although they may be able to be given safely with rifabutin (12–15).

THe optimal ARV regimens for use with anti-TB treatment and the best time to
start ARV therapy in patients with TB have still to be worked out. Among patients on
treatment for tuberculosis who are begun on ARVs, there can be paradoxical wors-
ening of symptoms, presumably related to improved inflammatory response (16–17).

It is likely that ARV therapy will reduce HIV-related morbidity and mortality
during and after anti-TB treatment, and may also reduce the risk of recurrent TB in
HIV-positive persons who have successfully completed anti-TB treatment.
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36. What were the main findings of the
Madras study comparing home and
sanatorium treatment?
K. Toman1

Objectives of the trial
The study was designed to assess the relative merits of home and sanatorium treat-
ment. It focused on the effect of physical activity, diet, and accommodation on the
outcome of treatment in terms of radiographic and bacteriological response. Of par-
ticular interest was the problem of infectivity of patients treated at home, i.e. the 
frequency of disease in close family contacts.

Study design
Persons living in Madras (now Chennai), up to about 8 km from the Tuberculosis
Chemotherapy Centre (now the Tuberculosis Research Centre), who were more than
12 years of age, had a sputum smear and/or culture positive for tubercle bacilli, and
had received no previous tuberculosis treatment (or for not longer than 2 weeks), were
eligible. Most patients had far-advanced cavitary disease. Those with tuberculosis
resistant to isoniazid or p-aminosalicylic acid (PAS), or with serious concomitant
disease such as leprosy or diabetes, or in need of emergency medical action, or known
to be pregnant were excluded. Almost all the patients lived in the poorest section of
Madras.

Drug regimen

Every patient received isoniazid and PAS (sodium salt), the standard treatment at the
time of the trial in the late 1950s.

Home regimen

Patients allocated to home treatment were asked to take their drugs at home and were
expected to attend the Centre once a week to collect a week’s supply of drugs. In addi-
tion, each patient was visited by a health visitor and on certain occasions a “surprise”
pill count was done, and a specimen of urine was collected to test whether the patient

1 Deceased.
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was taking the medicine as prescribed. Patients’ families received a free supply of milk
powder monthly.

Sanatorium treatment

Patients allocated to treatment in a sanatorium were admitted to the main sanato-
rium in Madras, which was well staffed and had complete diagnostic and nursing 
facilities. Every patient was seen weekly by the medical staff of the centre, by a health
visitor, and by a social worker.

Physical activity

Patients admitted to the sanatorium remained in bed (with bed-pan facilities) for 3–4
months. After that period they were allowed to be up for 2, and later for 4, hours daily.
After 6 months, those considered to be sufficiently fit were permitted to go home once
a month, but had to return the same evening.

Patients allocated to home treatment were advised to take rest and to return grad-
ually to their previous physical activity or work only when medically fit. However,
most of them were ambulatory much of the time. Female patients generally had to
continue their usual work at home, and many male patients returned to work well
before they could be considered fit; some refused to stop work at all. Those who had
no regular jobs often went for long walks.

At least once a week the home patients had to travel to the Centre – a distance of
up to 8 km each way – usually on foot because they were poor.

Most male patients were craftsmen, unskilled labourers, domestic servants, or street
vendors, and they usually had to work very long hours in tropical conditions.

Diet

The patients in the sanatorium received a rich diet in terms of calories, fats, proteins
(including animal proteins), minerals, and vitamins (1). The diet of home patients
was inferior: for example, only 8% of them had a daily intake of 30 g or more animal
protein, whereas all sanatorium patients had at least that much. The difference in the
diet is magnified by the fact that the home patients had much less rest and soon
resumed their previous activities.

Accommodation

Whereas sanatorium patients were treated in clean, well-ventilated wards, most 
home patients lived in overcrowded conditions with a floor space of less than 4.5 m2

per person.

Allocation of treatment

Allocation was based on random numbers. For every patient eligible for the study, a
sealed envelope was opened, and the random number on a slip of paper inside it was
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decoded by the Centre’s statistical unit (see “What are the principles and requirements
of a controlled clinical trial?”, page 285).

Neither the Centre’s staff (medical and non-medical) nor anyone else had prior
knowledge of the treatment that any patient was to receive.

Despite the randomization, by chance the patients treated at home – especially
females – were at a certain disadvantage with respect to the severity of the disease, i.e.
they had greater cavitation, lung involvement, and bacterial content of sputum.

Results and conclusions
Clinical response

There were three deaths from tuberculosis – two were patients treated in the sanato-
rium and one had been treated at home. (One death not due to tuberculosis, the result
of electrocution at work, occurred in a home patient.)

The sanatorium patients gained more weight than those treated at home.

Radiological response

Radiological progress in terms of reduced cavity size or cavity closure was similar in
both groups. When patients with corresponding pretreatment lesions were compared,
progress in the two series showed even greater similarity.

Bacteriological response

There was rapid bacteriological progress in both groups (Table 44, Figure 14). Sputum
positivity declined at almost the same rate in home and sanatorium patients. At 4
months, about 90% had achieved sputum conversion, i.e. multiple specimens exam-
ined monthly were negative on culture. Although some individual changes occurred

Table 44
Sputum conversion (all cultures negative) at 2-month
intervals, in home and sanatorium patientsa

Months Percentage of home Percentage of
patients sanatorium patients

2 45 49
4 89 93
6 91 96
8 89 95

10 92 95
12 90 92

a Source: reference 2.
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later, the high level of sputum conversion was maintained until the end of 12 months
of treatment.

Quiescence of disease and relapses

The assessment of quiescence of the disease was based on very stringent criteria, i.e.
7–9 cultures examined during the last 3 months had all to be negative. In 75 (92%)
of 81 sanatorium patients and 71 (86%) of 82 home patients, the disease was classi-
fied as quiescent (Table 45) (2).

The frequency of bacteriological relapse was studied in 126 patients whose disease
was quiescent at the end of one year of treatment (3). Thus, 69 sanatorium patients
and 57 home patients were followed up for up to 5 years (Table 46). During that obser-
vation period, 11 relapses occurred: 7 (10%) in the sanatorium patients and 4 (7%)
in the home patients. The small differences observed at one year (see preceding para-
graph) were clearly levelling out. Of the 11 patients who relapsed, eight did so in the
first year of follow-up.

Figure 14
Sputum conversion in patients treated at home or in a sanatorium (multiple
culture-negative specimens)
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Risk to family contacts

The close family contacts of the patients admitted to the study were carefully followed
for 5 years. The main study of the attack rate (4, 5) was undertaken in families whose
only infectious member was the index case. In this way a comparison could be made
between the “sanatorium” family contacts (whose infectious index was isolated for a
year in sanatorium) and the “home” contacts (who remained exposed to their index
cases, living in the same household throughout the treatment). In addition, both
contact groups were equally exposed to the risks of the general urban environment of
Madras.

All contacts who had radiographic lesions suggesting tuberculosis were excluded;
the rest were subdivided into tuberculin non-reactors and reactors (0–4 mm and 
≥5 mm induration, respectively, to 5 TU of tuberculin given intradermally).

Table 46
Relapses in 126 patients with quiescent disease after
1 year of treatment in a sanatorium or at home and
followed up for a further 4 years a

Status Home Sanatorium Total

Quiescent 57 69 126
Relapsed

in 2nd year 2 6 8
in 3rd–5th year 2 1 3

Total relapsed 4 7 11
% relapsed 7 10 9

a Source: reference 3.

Table 45
Quiescence of disease at 1 year in patients treated at
home or in sanatorium a

Place of treatment No. of patients Quiescence at 1 year

No. %

Home 82 71 86
Sanatorium 81 75 92

a Source: reference 2.
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As Table 47 shows, the frequency of disease in the non-reactor group was almost
equal in the home contacts and in the sanatorium contacts. (Among the reactors –a
less homogeneous group than the non-reactors– the frequency of disease was higher
in the sanatorium contacts.)

Another important finding was that most of the contacts who developed disease
during the first year of observation did so within the first 3 months, irrespective of
whether the index case was treated at home or in a sanatorium. This was a strong 
indication that these contacts were probably already infected with Mycobacterium
tuberculosis when first examined, i.e. it is very likely that they had already been infected
before the index case was discovered and treated.

Cooperation of the patients

In spite of a very active welfare service for the patients and their families, 12 of the
sanatorium patients discharged themselves from treatment, four being readmitted
later. Only one of the patients treated at home was lost through self-discharge.

With regard to the regularity of drug intake, sanatorium patients occasionally, or
during certain periods, also failed to ingest the prescribed medicines. This may be
because sanatorium supervision was not always sufficient to ensure that every patient
actually took every dose.

Social problems

A careful social record was kept for each family. Major problems arose in eight fam-
ilies of home patients and in 20 families of sanatorium patients. The difficulties were
usually more serious in the latter and often resulted in disruption of the family.

Table 47
Frequency of tuberculosis in family contacts of patients treated at home or in a
sanatoriuma

Initial Contact No. of Cases occurring in Total cases 
tuberculin group persons observation year in 5-year 
status at risk period

1 2 3 4 5 No. %

Non-reactors Home 86 7 0 1 1 0 9 10.5
Sanatorium 87 7 1 2 0 0 10 11.5

Reactors Home 159 5 4 4 1 1 15 9.4
Sanatorium 177 13 4 7 2 2 28 15.8

a Source: reference 5.
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Summary
In a controlled clinical trial, the effect of treatment was compared in two groups of
patients – one group treated under good conditions in a sanatorium, the other under
poor conditions at home.

The results in the sanatorium patients, despite good accommodation, nursing care,
rich diet, and prolonged bed rest, were not superior to those in patients treated in
overcrowded homes, who had a poor diet, much less rest, and often very long working
hours. Radiographic changes, such as the reduction of cavity size and cavity closure,
were very similar in both groups, particularly when patients with similar pretreatment
lesions were compared. The proportion and speed of sputum conversion to negativ-
ity were similar in the two groups. After about 4 months, around 90% of the home
and sanatorium patients produced multiple specimens that were all negative by
culture, and this level was maintained throughout the remainder of the treatment year.

Results for quiescence of the disease at 1 year and relapses in the subsequent 4 years
showed few, if any, differences between home and sanatorium patients. Thus, sanato-
rium treatment did not increase the likelihood of cure or reduce the likelihood of
relapse. This study used conventional treatment; short-course treatment makes ambu-
latory management of tuberculosis patients particularly practical.

The risk to close family contacts was studied for 5 years. There was no difference
in the incidence of disease between the contacts of patients treated at home and those
of sanatorium patients, and exposure to the index case under effective treatment
appeared to present no major risk to contacts. Thus domiciliary treatment did not
entail any special danger that might have been prevented by sanatorium treatment.

The study indicated that the major risk to contacts lay in exposure to the infectious
index case before diagnosis and the start of treatment. At that point, all the harm the
index case could do to family contacts had already been done, so that subsequent iso-
lation in a sanatorium was of little benefit.

The disadvantage of sanatorium treatment is the sacrifice it demands from patients:
it is difficult to keep a patient in the sanatorium, separated from family for a long time
and maintaining sanatorium discipline. A further social disadvantage is the disrup-
tive effect on family life. Indeed, in this study, 12 patients discharged themselves from
treatment (though four were later readmitted), compared with one self-discharge
from treatment among home patients.

In addition, the study showed that treatment in a sanatorium is no safeguard
against irregularity of drug taking unless the patient is seen to swallow every dose.

This study brought about the dramatic switch from institutional to ambulatory
treatment as a general policy (see “What were the main landmarks in the develop-
ment of tuberculosis treatment?”, page 99, and “When should tuberculosis patients 
be hospitalised, and how infectious are tuberculosis patients while on treatment?”,
page 274).
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37. How frequently do patients stop taking
treatment prematurely?
J. Sbarbaro1

The failure to take medications as prescribed is a universal and perplexing phenom-
enon that must always be taken into consideration in any efforts to treat patients or
control disease in a community. The powerful and negative impact on public health
programmes of deeply ingrained cultural and personal beliefs has been clearly demon-
strated in the failure of patients to complete prophylaxis programmes for leprosy, filar-
iasis, and rheumatic fever (1). Many studies have shown that one out of every three
patients will prematurely stop taking their medication (2). Similar default rates have
been documented among patients being treated for tuberculosis (1, 3–5). Unfortu-
nately this behaviour is not limited to the ambulatory patient or to the home setting
–measurements of drug serum levels and urine metabolites have repeatedly shown
that even patients being treated in a hospital will hide and throw away medication
delivered to them at the bedside (3).

Medication default rates as high as 65% have been documented for a broad spec-
trum of disease conditions, from hypertension and diabetes to arthritis, asthma, and
congestive heart failure. These latter diseases confirm that even the presence of serious
symptoms does not ensure patient adherence to a medication regimen. The disap-
pearance of symptoms, however, leads to a further increase in the rate of medication
default. Severity of illness, duration of illness, functional impairment, and the number
of concurrent diseases do not influence compliance with medical recommendations.

Numerous efforts to pinpoint markers or characteristics that could distinguish
compliant from non-compliant patients have been unsuccessful. Studies have found
that age, sex, ethnicity, racial origin, socioeconomic status, educational level, marital
status, cultural background, and religious belief are of no help in identifying who is
or will be compliant with treatment. Unannounced home visits and pill counts have
established that regular attendance at clinic does not ensure that patients are actually
taking their medication. Intense educational efforts and even reliance on close family
members, such as mothers, to ensure the ingestion of medication have proved equally
ineffectual.

1 Professor of Medicine and Preventive Medicine, University of Colorado Health Sciences Center, Denver,
CO, USA.
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Nevertheless, many health workers remain convinced that they can distinguish the
reliable from the unreliable patient, especially if they have known the patient over a
long period of time. Again and again, however, studies have demonstrated that even
these professionals are unable to predict their patients’ compliance any better than by
chance variation (3).

Not unexpectedly, even good adherence to treatment deteriorates over the weeks
and months. The expense of treatment, in terms of both time and money, is a further
deterrent to patient compliance. Complicated regimens are associated with even
higher default rates.

Treatment interruption can be reduced by a well functioning tuberculosis pro-
gramme (6) that reduces the barriers to treatment compliance (see “Why does treat-
ment fail and what can be done to avoid poor treatment outcome?”, page 185).
Preventing irregularity is the main reason to adopt direct observation of treatment,
one of the key elements of the DOTS strategy.
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38. What are the advantages of direct
observation of treatment?1

J. Sbarbaro2

Even when innovative efforts to improve tuberculosis control services result in
increased patient satisfaction and willingness to cooperate, non-adherence to med-
ication recommendations continues to be a serious problem. Effective treatment of
tuberculosis requires multiple drugs to be taken over a prolonged period by patients
whose symptoms rapidly disappear, resulting in a renewed sense of well-being –
factors that contribute to patient non-adherence to treatment. Tuberculosis control
programmes that are committed to the health of their patients must therefore address
and overcome this universal trait of non-adherence throughout the full course of
treatment.

The main advantage of directly observed treatment is that treatment is carried out
entirely under programme supervision. Only when a second person directly observes
a patient swallowing the given medication can there be certainty that the patient is
actually receiving the prescribed treatment regimen. No concealed irregularity can
occur, as it can in self-administered regimens. The treatment observer ensures that
medicines are taken at the correct intervals and in the correct dosages – and with that
certainty come benefits both for the patient and for the community. Perhaps the most
immediately apparent is the high cure rate associated with assured completion of
treatment. Equally important is the dramatic reduction in the development of drug
resistance, because direct observation eliminates the patient’s ability to intentionally
or unintentionally discontinue one or more drugs, with the subsequent emergence of
drug-resistant organisms (see “How does drug resistance develop?”, page 193). More-
over, because there is close and continuing contact between the patient and the health
worker, adverse effects and treatment complications can be quickly identified and
addressed, especially during the critical initial phase of treatment. In addition, the fre-
quency of contact with the treatment provider reduces the time between treatment
interruption and action to retrieve the patient, from more than a month in self-
administered treatment to just a day in directly observed treatment. Confirmed 

1 Based on the chapter in the previous edition by K Toman.
2 Professor of Medicine and Preventive Medicine, University of Colorado Health Sciences Center, Denver,

CO, USA.
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adherence to treatment further reduces the spread of infection in the community and
thereby the burden of disease and development of new cases of tuberculosis.

Multiple analyses have demonstrated that the higher personnel and programme
expenditures associated with directly observed treatment are more than offset by the
savings in the costs of re-treatment, the costs of treating drug resistance and the costs
associated with the treatment of the new cases of tuberculosis (many with drug resis-
tance) which arise if treatment is not directly observed (1–3). Patients who are reluc-
tant to continue treatment are immediately identified, allowing the community to
develop alternative plans for their care. It is essential that health workers ensure that
each patient actually ingests the drugs provided. The patient should therefore be given
a glass of water or tea to help swallowing. It is also good practice to talk to the patient
for several minutes after the medicines have been taken; this strengthens the bond
between patient and provider and also ensures that the tablets have actually been swal-
lowed. Directly observed treatment means that every dose is administered under direct
observation, and convenience to the patient is essential for success.

References
1. Weis SE et al. The effect of directly observed therapy on the rates of drug resistance and

relapse in tuberculosis. New England Journal of Medicine, 1994, 330:1179–1184.

2. Frieden TR et al. Tuberculosis in New York City – turning the tide. New England Journal of

Medicine, 1995, 333:229–233.

3. Moore RD et al. Cost-effectiveness of directly observed versus self-administered therapy for

tuberculosis. American Journal of Respiratory and Critical Care Medicine, 1996, 154:

1013–1019.



185

39. Why does treatment fail and what can be
done to avoid poor treatment outcome?1

F. Luelmo2

Tuberculosis patients have an excellent chance of being cured, especially if they have
not received antituberculosis drugs in the past and are not infected with HIV. Short-
course treatment regimens can achieve more than 95% cure in previously untreated
patients. In practice, however, this success rate is rarely achieved. The main reasons
for failure are premature cessation of treatment (default) and irregularity in taking
drugs, prescription of inadequate regimens, drug resistance, delay in starting treat-
ment, death from AIDS, and drug toxicity.

Early interruption of treatment and irregularity of drug intake
By far the most important causes of poor treatment outcome are early interruption
of treatment and irregularity of drug intake. These are most commonly the result of:

— poor access to health facilities (geographical, economic, limited or inconvenient
hours, unfriendly service providers) and the resulting loss of income for the
patient;

— irregular supply of drugs, leading to monotherapy and loss of confidence in the
health facility;

— poor patient orientation regarding the duration of treatment; and
— the inevitable tendency of patients to forget drug intake and to stop treatment

when they are feeling better (see “How frequently do patients stop taking treat-
ment prematurely?”, page 181).

A variable proportion of patients have associated problems such as alcohol and drug
dependence, which interfere with treatment adherence and require special strategies
adapted to each patient (1).

Inadequate regimens
Inadequate regimens, which are more commonly prescribed in private clinical prac-
tice (2), increase the risk of treatment failure and relapse. Only treatment regimens

1 Based on the chapter in the previous edition by K Toman.
2 Consultant, Tuberculosis control programmes, Geneva, Switzerland.



TOMAN’S TUBERCULOSIS

186

that have proved successful in controlled clinical trials and are appropriate to the oper-
ational conditions – in terms of the combination of drugs, dosage, periodicity and
length of application – should be used (3).

Drug resistance
In most settings, drug resistance is not the most important cause of treatment failure.
For example, even in a poorly performing programme with a 10% rate of primary
multidrug resistance, inability to cure patients most commonly arose from default
among patients without multidrug-resistant tuberculosis (4). In settings that have
recently improved the management of tuberculosis, drug resistance can be an impor-
tant cause of failure and death, particularly when the strains are resistant to the two
main bactericidal drugs isoniazid and rifampicin (multidrug-resistant strains). Drug
resistance develops as a result of inadequate or irregular regimens and is a conse-
quence of poorly organized programmes (see “What are the causes of drug-resistant
tuberculosis?”, page 207). Multidrug resistant strains can be transmitted in the com-
munity or in closed environments and replace susceptible strains, making first-line
regimens inadequate for achieving high cure rates.

Diagnostic delay
Delay in diagnosis and initiation of treatment increases the severity of disease and the
risk of death. Delays are usually due to poor access to health care and barriers to care
(such as wage loss, costs of consultation, diagnostic tests and treatment, and the need
for multiple visits by the patient), lack of information on or of recognition of symp-
toms, lack of awareness of availability of services, and delayed diagnostic response of
the health system (laboratory results, medical decision, etc.).

AIDS
Infection with HIV increases the probability of patients dying during treatment, often
from causes other than tuberculosis (see “How does treatment of tuberculosis differ
in persons infected with HIV?”, page 169). Prognosis depends on the degree of
immunosuppression. Associated diseases in patients with AIDS, as well as antiretro-
viral treatment, may complicate tuberculosis treatment, and the deterioration and
poor prognosis associated with HIV infection may reduce the patient’s motivation to
continue tuberculosis treatment, leading to irregularity and default. Good coordina-
tion between the providers of tuberculosis care and HIV/AIDS care is required to
address tuberculosis as one of a number of HIV-related diseases that complicate the
course of HIV infection.

Drug toxicity
Drug toxicity can result in treatment failure and sometimes death if adequate care is
not provided promptly. Changes in treatment necessitated by toxicity can prolong the
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duration of treatment, especially in older patients. An episode of hepatitis or hyper-
sensitivity can also complicate management of tuberculosis.

Preventing poor outcomes of treatment
Unsuccessful treatment may be reduced by:

● Decentralization of treatment to local health facilities and to the community,
through health staff or trained and supervised community volunteers, as close to
the patient’s home or workplace as possible and at convenient times. The patient
should be given the opportunity to choose who will directly observe treatment, and
where. It is the responsibility of the health system to facilitate the patients’ access
to treatment; to educate patients regarding the duration of treatment and what to
do should they change address; also to ensure that patients are found rapidly and
brought back to the health facility if they do not attend for treatment. A system
must be maintained to transfer patients from diagnostic to treatment facilities,
from hospitals to outpatient care, and from one geographical area to another, and
to monitor their arrival and the outcome of treatment.

● Regular supply of good-quality drugs, free of charge to the patient, with sufficient
reserve stocks. Packages containing the drugs for the entire treatment of a partic-
ular patient prevent use of drugs for other patients in case of stock-out, which
would result in interruption of treatment.

● Direct observation of drug intake to ensure that the patient takes all the drugs, to
increase contact between patients and the health system, and to reduce the time
from treatment interruption to recovery actions (see “What are the advantages of
direct observation of treatment?”, page 183).

● Use of adequate standard regimens, including by private sector providers. Treat-
ment regimens should start with four drugs in new patients (or three drugs in
smear-negative pulmonary and non-severe extrapulmonary tuberculosis) and 
with at least five drugs in previously treated patients. Governments should choose
national standardized treatment regimens based on efficacy data and operational
experience, and ensure that they are used by both public and private providers, and
that the regimens are followed and achieve the expected outcomes (see “How can
the emergence of drug resistance be prevented?”, page 209).

● Use of fixed-dose combinations, which ensure that the patient takes “all or none”
of the drugs, facilitates prescription and improves patient acceptance.

● Reduction of diagnostic delay through community information regarding symp-
toms, improved access to care, efficient procedures for collection and reporting of
smear results, and case detection among patients with respiratory symptoms who
attend health facilities for any reason.

● Prevention of HIV infection, and early diagnosis and adequate management of
HIV-infected tuberculosis patients (5).
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Thus, the key to treatment success is to be found in the organization of the delivery
and adequate administration of treatment (6). Even the best available regimen will
have a low success rate if treatment services are not focused on facilitating patient
access to care and ensuring regular drug intake.
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40. What are the advantages and
disadvantages of fixed-dose
combinations of antituberculosis drugs?
K. Laserson1 & M. Iademaco2

An essential element of effective tuberculosis control is a reliable supply of good-
quality drugs provided to patients free of charge. Fixed-dose combinations (FDCs),
incorporating two or more antituberculosis drugs into one tablet in fixed proportions,
have been used since the late 1980s and are registered in more than 40 countries (1).
Combinations of isoniazid and thioacetazone have long been used, and a combina-
tion of isoniazid and ethambutol is also commonly used. For short-course treatment,
the two most common FDC preparations are isoniazid, rifampicin, and pyrazinamide,
used in the intensive phase of treatment, and isoniazid and rifampicin, often used in
the continuation phase. A four-drug FDC containing isoniazid, rifampicin, pyrazi-
namide, and ethambutol is being used increasingly (2); the WHO Model List of
Essential Drugs includes FDCs in specific formulations.

Potential advantages of FDCs include the following (2–4):

● Drug resistance may be less likely to emerge since multiple drugs are incorporated
into the FDC (5–7). The use of FDCs prevents treatment of tuberculosis with a
single drug (monotherapy). Further, if treatment is interrupted (through default
or because of inadequate drug supply), all drugs will be stopped, which should
prevent resistant organisms being selected.

● The use of FDCs involves fewer products and will result in more accurate 
prescribing practices by clinicians. This might be especially helpful for clin-
icians less familiar with national tuberculosis treatment guidelines. Moreover,
because the amount of each drug in an FDC is invariable, there may be fewer dosage
errors.

● Procurement, management, and distribution of drugs are simplified by the use of
FDCs. Fewer tablets need to be ordered and managed, and distribution and storage
at the local level may be easier. Thus, the use of FDCs may result in increased 
efficiency.

1 Epidemiologist, Division of Tuberculosis Elimination, National Center for HIV, STD and TB Prevention,
Centers for Disease Control and Prevention, Atlanta, GA, USA.

2 Associate Director for Science, Division of Tuberculosis Elimination, National Center for HIV, STD and
TB Prevention, Centers for Disease Control and Prevention, Atlanta, GA, USA.
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● A treatment regimen using FDCs is simpler for the patient (fewer tablets), and may
result in increased adherence to treatment (8, 9).

● Rifampicin is often used to treat other infections and is sold without prescription
in many countries. The use of rifampicin in FDCs may reduce inappropriate 
use of the drug for other infections, thus preserving its effectiveness for treating
tuberculosis.

Nevertheless, the use of FDCs guarantees neither that a patient will ingest the correct
number of tablets, nor that a patient will complete treatment. Effective case man-
agement is still essential, including directly observed treatment within the DOTS 
strategy (2, 3).

Potential disadvantages of FDCs include (2–4):

● Bioavailability (the amount of an ingested drug absorbed into the blood) of
rifampicin may decrease when it is combined with other drugs in the FDC (10–13).
Use of FDCs, particularly in three- and four-drug combinations, could therefore
result in lower plasma levels of rifampicin, with consequent treatment failures,
relapses, and/or emergence of rifampicin-resistant strains of Mycobacterium tuber-
culosis (14). However, if FDCs are produced according to good manufacturing prac-
tices (GMP), they will be equivalent to administration of the constituent drugs 
as single-drug preparations (15–17). Only FDCs for which bioavailability studies
have been undertaken in human subjects should be used (7, 18). Demonstrated
bioavailability should be a requirement for national registration (17, 19). However,
although there may be proven bioavailability during the approval or tender process,
there is often no systematic mechanism to ensure that all subsequent batches of
FDCs also have adequate bioavailability. The regulatory structure required to 
adequately monitor GMP and ensure bioavailability standards for FDCs (either
imported or domestically manufactured) is inadequate in most countries of the
world (20). In addition, few laboratories in the world have been officially certified
to perform bioavailability testing (21).

● The optimal operational efficiency from using FDCs may not be achieved because
the doses required for treatment are not the same for all patients. Adjustments for
weight are often necessary: the WHO-recommended dosage forms for FDCs allow
for easy adjustment of dosage by weight. Adverse effects may also necessitate
changes in the dosage. Hence, any tuberculosis control programme using FDCs
must also supply single drugs to be used by tuberculosis specialists in particular
circumstances.

● There are a number of different formulations of FDCs, involving different drug
combinations and different dosages; confusion and incorrect dosing may arise if a
country uses more than one FDC formulation. The formulations recommended by
WHO and IUATLD should be the only ones used in a country. The national tuber-
culosis programme should attempt to have the registration of other formulations
withdrawn by the national drug regulatory authority.
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● There is a theoretical risk that the availability of three- and four-drug FDCs over
the counter, as may happen in many countries, would result in more widespread
inappropriate use of tuberculosis drugs. In some areas, FDCs have been promoted
as an alternative to effective tuberculosis control, potentially with adverse effects
for the programme. Taking fewer than the recommended number of FDC tablets
may expose bacilli to sub-inhibitory concentration of multiple drugs. In a study
that compared patients treated with self-administered FDC with patients given
single-drug preparations under direct observation, relapse rates were higher in the
group using self-administered FDC (22).

● When three- or four-drug FDCs are used in the intensive phase of treatment, a 
different two-drug FDC is used in the continuation phase. Patient and physician
confusion and error may occur.

● Small local manufacturers may not be able to produce FDCs, particularly four-drug
FDCs, which may reduce competition and raise prices unless there is international
procurement of drugs. A country that uses FDCs will need to provide additional
training in drug procurement, treatment recommendations, and patient and
provider education (3).

Although there are potential advantages to using FDCs, the benefits may be difficult
to demonstrate given existing operational, programmatic and regulatory constraints.
FDCs are likely to become more widely used, particularly in countries that import
antituberculosis drugs, which suggests that measuring their impact is imperative. Each
country must carefully weigh the advantages, disadvantages, and appropriate role of
FDCs within its programme.
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41. How does drug resistance develop?
K. Toman1

Thanks to clinical and laboratory observations and to comprehensive experimental
studies, much is known about how drug resistance develops, its clinical and epidemi-
ological significance, and how it can be prevented or controlled.

The phenomenon of resistance was detected soon after the introduction of strep-
tomycin for the treatment of human tuberculosis. When the drug was given alone, a
striking improvement in the patient’s symptoms was observed at first, together with
a rapid decrease in the number of bacilli in the sputum. Usually, the number of bacilli
soon rose again and the patient’s condition deteriorated. Bacilli isolated from the
sputum of patients who had received streptomycin alone for a few months were drug-
resistant, i.e. the bacilli, instead of being killed, continued to grow in vitro in the 
presence of high concentrations of the drug.

A simple experiment soon provided an explanation (1). Sputum from patients who
had never received any streptomycin was inoculated on media containing various con-
centrations of the drug. In many of the cultures, a few colonies appeared in media
containing an inhibitory concentration of streptomycin (5–10 mg/ml). It was obvious
that some of the bacilli present in the bacterial population must have been resistant
to streptomycin, although they had never been in contact with the drug before. It was
also observed that, the larger a bacterial population, the higher was the probability
that resistant cells (mutants) were present.

Furthermore, it was noticed that, during the treatment of patients with strepto-
mycin alone, the proportion of resistant bacilli rapidly increased. After 12 weeks 
of treatment, the number of colonies in media containing 100 or 1000 mg/ml of
streptomycin approached the number of colonies in the control media without 
streptomycin.

This experience showed that large bacterial populations contain a minute propor-
tion of organisms that are barely susceptible, if at all, to a particular drug, even before
administration of that drug. The susceptible bacteria are killed by the drug, the few
resistant organisms survive and multiply, and their non-susceptible descendants,

1 Deceased.
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generation by generation, replace the susceptible organisms. Clinically relevant drug
resistance is thus the result of a selective process.

In a patient infected with an initially isoniazid-resistant strain, treatment with iso-
niazid and rifampicin alone during the intensive phase may allow the selective growth
of the few organisms that have or that may develop resistance to rifampicin. Thus,
treatment with a single effective drug alone may cause a patient’s strain to become
increasingly drug-resistant, as illustrated Figure 15.

Figure 15
Treatment that is effectively monotherapy in a patient whose isolate was initially
resistant to isoniazid (H) and susceptible to rifampicin (R)
Inappropriate treatment with only two drugs (H and R) led to the development of
resistance to rifampicin, followed by clinical deterioration. Inappropriate addition of
a single drug (pyrazinamide, Z) to a failing regimen led to the emergence of
resistance to pyrazinamide.

Clinical
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Clinical
deterioration

Single added
drug

H

R

Z
resistant to isoniazid (H)
susceptible to rifampicin (R)
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treatment with streptomycin. Proceedings of the Staff Meetings of the Mayo Clinic, 1947,

22:465–473.
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42. Why are special precautions needed to
protect rifampicin?
A. Vernon1

Rifampicin must be protected because it is the key sterilizing drug in short-course
treatment of tuberculosis (1). With rifampicin, treatment for drug-susceptible disease
can be completed in 6–9 months, depending on companion drugs, with combined
rates of failure and relapse of less than 5%. Without rifampicin, treatment must gen-
erally be given for at least 12 months to achieve low rates of failure and relapse. Resis-
tance to rifampicin results in a substantial increase in the rate of failure and relapse
when standard three- or four-drug regimens are used (2). In trials by the British
Medical Research Council, initial resistance to rifampicin was associated with a failure
rate of 45% during treatment; moreover, half of the remaining patients relapsed,
giving an overall rate of unfavourable treatment outcome of 72% (3). This is in strik-
ing contrast to the experience of patients with initial resistance to isoniazid and/or
streptomycin as shown in table 48.

When there is rifampicin resistance, the minimum required duration of tubercu-
losis treatment with a feasible regimen is 12–15 months. If resistance to isoniazid is
also present (i.e. multidrug resistance), the duration of treatment necessary is likely
to be at least 18–24 months.

Resistance to any tuberculosis drug (including rifampicin) is predictable if the drug
is used alone. This was first described with streptomycin in 1947 as the “fall and rise”
phenomenon (see “What is the ‘fall and rise’ phenomenon and the ‘sequential regimen’
mechanism?”, page 200). Such resistance can develop after relatively brief periods of
single-drug treatment, especially in patients with large numbers of actively replicat-
ing bacilli (e.g. in patients with extensive active disease or with severe immunosup-
pression such as that caused by AIDS). Similar resistance would be expected if only
one drug in a regimen were effective (because of pre-existing resistance to the other
agents in the regimen). Development of resistance due to the addition of a single drug
to a failing regimen has also been well described (4).

Most rifamycin resistance involves mutations in critical domains of the rpoB gene
in Mycobacterium tuberculosis (5). Resistance to all rifamycins is mediated by this

1 Epidemiologist, Division of Tuberculosis Elimination, National Center for HIV, STD and TB Prevention,
Centers for Disease Control and Prevention, Atlanta, GA, USA.
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common mechanism and, to date, it appears that resistance to any rifamycin implies
resistance to all members of the class.

Isolated use of one drug is most common when that drug is freely available and
can thus be prescribed by inexperienced practitioners or used in self-medication 
by patients. Rifampicin resistance has also rarely occurred in AIDS patients taking
rifabutin as prophylaxis against Mycobacterium avium intracellulare (6). These prob-
lems can be prevented by:

— restricting availability of rifampicin and related drugs (rifabutin, rifapentine) to
tuberculosis control programmes (as is done in some developing countries with
well-functioning programmes) or to licensed or experienced practitioners (as is
done in many developed and some developing countries); and/or

— making rifampicin available exclusively as a fixed-drug combination in products
that include isoniazid, so that the rifampicin component cannot be adminis-
tered alone (see “What are the advantages and disadvantages of fixed-dose com-
binations of tuberculosis drugs?”, page 189) (7).

The consequences of restriction of rifamycins are minimal, because rifampicin and
related drugs have few other indications for which they are the preferred drugs.
Rifampicin is occasionally indicated for the treatment of some deep-seated staphylo-
coccal infections, and in prevention of meningococcal disease. Rifabutin is a useful
secondary drug for the prevention and treatment of AIDS-related disseminated
Mycobacterium avium intracellulare infections. Rifamycins should remain available for
these other indications.
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Response of patients with initial resistance to rifampicin, with initial resistance to
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Initial resistance Failures during treatment Relapses after treatment

assessed failed assessed relapses

Rifampicinb 11 5 (55%) 6 3 (50%)
Isoniazid and/or 246 5 (2%) 360 24 (7%)

streptomycin
No resistance 1361 0 (0%) 2322 94 (4%)

a Source: reference 3.
b One patient resistant to R alone, one to HR, and seven to HRS.
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43. What are the different types of drug
resistance?1

M. Espinal 2

Primary resistance is due to infection with a resistant strain, originating from a patient
who has acquired resistance as a result of inadequate treatment. Thus the patient with
primary resistance to a drug has never taken this drug in the past, but the original
source of infection must have done so. Acquired resistance occurs when a patient is
exposed to a single drug through failure of the programme to ensure adherence to
treatment, or because of selective drug intake, irregular drug supply, poor drug quality,
inappropriate prescription, or, rarely, erratic absorption of medications. The growth
of bacilli susceptible to that drug is suppressed, but multiplication of resistant organ-
isms continues.

In surveys of the frequency of primary resistance, as well as in clinical practice, it
is difficult to determine whether resistance is primary, since the patients themselves
may not know, or may deny, that they have had previous treatment for tuberculosis.
It is therefore better to use the expression “drug resistance among new tuberculosis
cases”. This is defined as the presence of resistant strains of Mycobacterium tuberculo-
sis in patients who have never received tuberculosis drugs or have received them for
less than 1 month.

The term “acquired drug resistance” implies that the patient initially had a drug-
susceptible organism that developed resistance during the course of treatment. In
practice, in most areas of the world where tuberculosis is common, reliable pretreat-
ment drug susceptibility results are not available. Further, epidemiological evidence
suggests that, in some contexts, most previously treated patients with drug resistance
initially had primary drug resistance (1). Thus, unless pretreatment drug susceptibil-
ity testing results are available, drug resistance in previously treated patients should
simply be described as such, i.e. “drug resistance in previously treated patients”.

A “natural” drug-resistant strain is a wild strain that is resistant to a particular drug
without ever having been in contact with it: neither the patient with naturally resis-
tant bacilli nor the source of infection has received treatment with that drug in the

1 Based on the chapter in the previous edition by K. Toman.
2 Medical Officer, Communicable Diseases, World Health Organization, Geneva, Switzerland.
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past. This type of drug resistance is of little practical importance. Wild strains rarely
possess sufficient natural resistance to affect the response to standard treatment. An
exception is thioacetazone, to which natural resistance may be common in some 
areas (2). Natural resistance to pyrazinamide is also a characteristic of Mycobacterium
bovis (3).
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44. What is the “fall and rise” 
phenomenon and the “sequential
regimen” mechanism?1

M. Espinal 2

Figure 16 illustrates, for isoniazid, the “fall and rise” phenomenon frequently observed
in patients who are inadequately treated (1, 2).

The first pair of columns represents a bacterial population before the start of treat-
ment. The patient’s sputum is positive by direct smear and the total number of bacilli
is 100 million (108) or more, as is common in medium-sized cavities. A small pro-
portion (perhaps several hundred bacilli) are mutants resistant to, say, isoniazid at
concentrations usually found in cavities (see “How does drug resistance develop?,”
page 193, and “How many drug-resistant tubercle bacilli can be found in the sputum
of patients who have never received treatment for tuberculosis?”, page 203).

After the start of treatment, the total number of bacilli decreases rapidly (second
pair of columns). However, it is the drug-susceptible part of the population (white
bars) that diminishes, whereas the resistant part (black bars) remains practically unaf-
fected. In the second month (third pair of columns), the total number of bacilli has
decreased further at the expense of the susceptible organisms.

In the subsequent period (fourth pair of columns), the total number of bacilli
remains about the same; however, the structure of the population has changed fun-
damentally because the resistant mutants have gained the upper hand.

During the next period, the resistant bacilli, now with a biological advantage,
rapidly outgrow the remaining drug-susceptible bacilli (fifth pair of columns). After
about the fourth month (sixth pair of columns), the mutant organisms have com-
pletely replaced the susceptible organisms: the strain has become fully resistant,
and the total number of bacilli is approaching the original number (seventh pair of
columns).

Thus the sputum, containing enormous numbers of bacilli, was smear-positive at
the beginning. After the start of treatment, the bacillary content of the sputum
decreased markedly until it was close to the borderline of demonstrability by direct
microscopy – marked in the figure by a horizontal line between 104 and 105. (To find
about 10 acid-fast bacilli in about 100 oil-immersion fields, the number of bacilli per

1 Based on the chapter in the previous edition by K. Toman.
2 Medical Officer, Communicable Diseases, World Health Organization, Geneva, Switzerland.
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millilitre of sputum must be around 50 000, i.e. between 104 and 105. See Table 2 in
the section “How reliable is smear microscopy?”, page 14.) Thereafter, the bacillary
content dropped further: the sputum became negative by smear microscopy and pos-
itive only by culture – the “fall”. After a certain time, the bacillary content increased
again, the sputum again being positive by direct smear – the “rise”. What occurs, in
fact, is the “fall” of the susceptible bacilli and the “rise” of the resistant mutants of the
strain.

The “fall and rise” phenomenon is prevented by the use of appropriate multidrug
regimens in the treatment of tuberculosis. Treatment regimens consisting of four
drugs during the initial phase and two during the continuation phase reduce the risk
of selecting resistant bacilli. The main principle of multidrug regimens is that mutants
resistant to drug A (e.g. rifampicin) are killed by drug B (e.g. isoniazid) and mutants
resistant to drug B (isoniazid) are killed by drug A (rifampicin) (3).

The emergence of multidrug resistance as a result of several sequences of inap-
propriate treatment has been recently called the “sequential regimen” mechanism (4).
It is postulated that resistance may arise because of treatment irregularity, without
monotherapy. Selection of resistant mutants could take place after different regimens
have been administered, during which several cycles of killing and regrowth of

Figure 16
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resistant organisms occur. Resistance could arise first to one of the drugs in the com-
bination, followed by the development of resistance to the other drugs, to produce a
multidrug-resistant strain.
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45. How many drug-resistant tubercle bacilli
can be found in the sputum of patients
who have never received treatment 
for tuberculosis?1

A. Pablos-Mendez 2

Genetic mutations that confer drug resistance occur spontaneously, and isolated resis-
tant bacilli are present in wild strains, i.e. in normal bacterial populations that have
never been exposed to tuberculosis drugs. This phenomenon was demonstrated soon
after the discovery of streptomycin (1) and was later found to occur with other tuber-
culosis drugs (2–5) (see “How does drug resistance develop?”, page 193).

The demonstration of pre-existing resistant mutants is relatively easy. A wild strain
of Mycobacterium tuberculosis is inoculated on media containing concentrations of,
say, isoniazid, ranging from 0 to 5 mg/ml of medium. Abundant growth develops after
about 14 days on the medium containing no isoniazid or as little as 0.05 mg/ml. The
tubes containing higher concentrations of the drug remain clear initially, but some
growth of colonies appears after about 3 weeks. Over the next few weeks the number
of these colonies increases and can reach several hundred, depending on the drug con-
centration. Each colony, as a rule, originates from one resistant bacillus pre-existing
in the original (wild) strain.

The frequency of drug-resistant mutants in a wild strain depends on the origin of
the strain, the type and concentration of drug, and, to a large extent, the total number
of bacilli. As shown in Table 49, the probability that mutants are present decreases
substantially as the bacterial population diminishes. Thus, for example, in a popu-
lation of one million (106) tubercle bacilli, the number of mutants resistant to 
0.05 mg/ml isoniazid ranges from 20 000 to 40 000; in a population of 100 (102), the
number of resistant organisms is proportionally smaller (only 0–4 at the same drug
concentration). This quantitative or numerical dependence is a factor of great prac-
tical importance.

Thus, drug-resistant mutants will be present before treatment starts, especially in
lesions that harbour large numbers of tubercle bacilli, e.g. in the pulmonary cavities
of untreated patients. The number of bacilli commonly found inside cavities (about
2.5 cm in diameter) is of the order of 100 million (108). As a rule of thumb, the average
frequency of resistant mutants is ~1 in 106 to isoniazid and ~1 in 108 to rifampin.

1 Based on the chapter in the previous edition by K. Toman.
2 Associate Director, The Rockefeller Foundation, New York, NY, USA.
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Doubly resistant mutants, expected in ~1 in 1014 bacilli, are extremely unlikely. The
number of bacilli resistant to any drug is much lower during latency, in patients
without cavitary lesions, and after the intensive phase of treatment.

Table 50 shows the estimated number of resistant mutants in two bacterial popu-
lations: one containing 100 million (108) and the other 100 000 (105) bacilli growing

Table 49
Average numbers of mutants resistant to various drugs found in wild bacterial
populations of varying size – based on the number of colonies after 28 days and
observations made on more than 50 wild strains of human tubercle bacilli in
Löwenstein–Jensen medium containing drugsa

Drug concentration Number of bacilli in bacterial population exposed to the drugb

(mg/ml)

108 106 104 102

Isoniazid
0.05 – 20 000–40 000 0–400 0–4
0.1 4 000 0–200 0–2 0
0.2 500 0–40 0 0
1.0 330 0–10 0 0
5.0 – 0–10 0 0

Rifampicin
5 ~20 000 – – ~2

10 ~750 – – 0
20 0–1 – – 0
40 0 – – 0
80 0 – – 0

Ethambutol
1.0 – 0–15 000 – –
1.5 – 0–120 – –
2.0 – 0–2 – –
3.0 – 0 – –

Pyrazinamide
10.0 – 0–1 000 000 0–10 000 0–100
50.0 – 0–30 000 0–300 0–3

Streptomycin
1.0 – 1000–200 000 10–2 000 0–20
4.0 – 0–100 0–1 0

10.0 – 0–10 0 0
100.0 – 0–1 0 0

a Source: references 4–7.
b Studies with rifampicin require a much higher number of bacilli given the lesser frequency of sponta-

neous resistance.



TREATMENT

205

at drug concentrations such as are attained in cavities. The numbers in Table 50
acquire greater practical importance when applied to actual situations. For example,
a patient with cavitary tuberculosis heavily positive by smear microscopy might be
treated with isoniazid alone. As Table 50 shows, the number of isoniazid-resistant
mutants present at the outset of treatment would be substantial. At an intra-cavitary
isoniazid concentration as high as 1 mg/ml, there might be about 300 resistant organ-
isms; at a concentration of 0.2 mg/ml, the number of resistant mutants might be of the
order of 500, and at a very low concentration of 0.1 mg/ml, they might number 4000.

Thus, in large intra-cavitary populations there are appreciable numbers of drug-
resistant bacilli that are capable of multiplying and that will not be affected by a single
drug, e.g. isoniazid. This finding accounts for the frequent failures observed with
monotherapy of patients with large numbers of bacilli in their sputum (see “What is
the ‘fall and rise’ phenomenon and the ‘sequential regimen’ mechanism?”, page 200;
“Why does treatment fail and what can be done to avoid poor treatment outcome?”,
page 185).

However, when the patient is treated with two active drugs, e.g. isoniazid and strep-
tomycin, the situation is quite different (see the lower part of Table 50). Mutants resis-
tant to one drug are, as a rule, susceptible to the other, and vice versa. Only mutants

Table 50
Estimated numbers of resistant mutants in populations of 108 and 105 TB bacillia

Regimen Intra-cavitary drug No. of resistant bacilli 
concentration (mg/ml) in a population of:

Isoniazid Streptomycin 108 105

Isoniazid alone 1.0 – 330 0
0.2 – 500 0
0.1 – 4 000 4

Streptomycin alone – 20 40 0
– 4 4 000 4
– 2 >500 000 >500

Isoniazid plus 1.0 20 0 0
streptomycin 1.0 4 0 0

1.0 2 >1.6 0
0.2 20 0 0
0.2 4 0 0
0.2 2 >2.5 0
0.1 20 0 0
0.1 4 0 0
0.1 2 >20 0

a Source: reference 4.
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resistant to both drugs simultaneously are a cause for concern. As can be seen in the
lower part of the table, such doubly resistant mutants are present, if at all, only when
the drug concentration is exceptionally low. Fortunately, such situations are rare.

Another important finding was that, when the bacterial population diminishes
from, say, 108 to 105, as usually happens after the start of effective treatment (see the
final column of Table 50), there is little likelihood that any mutants resistant to only
one drug are present and virtually no likelihood of the presence of doubly resistant
mutants.

These findings indicated that treatment with two or more effective drugs would
most probably destroy any existing resistant mutants. Proper drug treatment, partic-
ularly with an initial intensive phase, could so markedly reduce the total bacterial pop-
ulation that the risk of the emergence of new resistant mutants would become
minimal. Thus, after an initial intensive phase, treatment could continue less aggres-
sively, e.g. switching from four drugs to two drugs. This hypothesis was supported by
experimental evidence in murine tuberculosis and has became the basis of the two-
phase treatment regimens in use today.
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46. What are the causes of drug-resistant
tuberculosis?
M. Espinal 1 & T. Frieden2

Drug-resistant tuberculosis is a man-made problem. Human error is the principal
factor associated with the generation of drug-resistant strains of Mycobacterium tuber-
culosis (1, 2). Resistance to tuberculosis drugs is the result of spontaneous, indepen-
dent, chromosomal mutations; treatment regimens involving several drugs therefore
prevent drug resistance (3). The development of drug resistance is almost always 
a consequence of inadequate drug therapy, which may in turn be due to physician 
error (health provider-related factors), lack of drug availability (management-
related factors), or failure of the tuberculosis control programme to address patient
adherence (4–7).

The most common cause of drug-resistant tuberculosis is undoubtedly the lack of
a properly organized system to ensure effective treatment (i.e. national tuberculosis
programmes), and particularly the lack of effectively implemented directly observed
treatment. In addition, errors that can select resistant bacilli are the prescription of
inadequate treatment (8, 9) and the addition of one extra drug in the case of a failing
regimen, effectively resulting in monotherapy. Management errors include the lack of
availability of a standardized therapeutic regimen; difficulty experienced by poor
patients in obtaining all the drugs that they need; shortages of tuberculosis drugs; and
use of drugs (or drug combinations) of unproven bioavailability.

A basic principle of tuberculosis control is that the health system, not the patient,
is responsible and accountable for ensuring complete treatment of all patients who
start treatment. The ethical and pragmatic argument for this position is that tuber-
culosis control in general – and prevention of drug-resistant tuberculosis particularly
– is a public good. This public good benefits not only individuals (by curing their
disease), but also the community at large, by preventing cases of tuberculosis and pre-
venting the emergence of drug resistance. Thus, tuberculosis programmes must accept
that adherence to self-administered medication is unpredictable, and that treatment
observation accessible and acceptable to the patient and accountable to the health
system must be provided to ensure cure (see “What are the advantages of direct obser-

1 Medical Officer, Communicable Diseases, World Health Organization, Geneva, Switzerland.
2 Medical officer, Stop TB Unit, WHO Regional Office for South-East Asia, New Delhi, India.
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vation of treatment?”, page 183). Put simply, if patients develop drug resistance
because of incorrect ingestion of medication, this is the legal and ethical fault and
responsibility of the treatment system for failing to organize treatment, including
direct observation, effectively. A high rate of drug resistance is thus correctly seen as
a symptom of poor programme performance in the past.

Once patients acquire resistance to a single drug, they become increasingly likely
to acquire further resistance from poor treatment. Thus, strains of tubercle bacilli
become sequentially resistant to other agents and may develop multidrug resistance
(i.e. resistance to at least isoniazid and rifampicin).

The best way to prevent drug resistance is to ensure the provision of effective reg-
imens of directly observed short-course treatment with first-line drugs for all newly
diagnosed tuberculosis cases. This should be implemented within the framework of
a well-structured tuberculosis control programme.
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47. How can the emergence of drug
resistance be prevented?
T. Frieden1

Drug resistance can be prevented by the use of appropriate treatment regimens, and
by ensuring that these regimens are taken correctly.

An appropriate regimen always includes at least two drugs to which the patient’s
organism is susceptible. Several additional considerations must be taken into account.
Pyrazinamide is relatively ineffective in preventing the emergence of drug resistance
to companion drugs (1). Thus, treatment with a regimen of isoniazid and pyrazi-
namide may lead to the emergence of isoniazid-resistant (and, subsequently, pyrazi-
namide-resistant) organisms, even if the isolate was initially susceptible to both
isoniazid and pyrazinamide. During the initial phase of treatment, when the bacter-
ial load is high and organisms are multiplying rapidly, use of multiple drugs to which
the patient’s organism is susceptible is particularly important. In the continuation
phase of treatment, emergence of resistance is much less likely. Because of the essen-
tial role of rifampicin in the treatment of individual cases and control of disease in
the community (see “Why are special precautions needed to protect rifampicin?”, page
195), appropriate regimens that minimize the risk of acquisition of resistance, par-
ticularly to rifampicin, should always be used.

Choice of an appropriate regimen should be made by national authorities based
on international recommendations, scientific evidence from controlled clinical trials,
and knowledge of the drug susceptibility pattern of the community in which treat-
ment regimens are being organized.

Optimal regimens maximize chances of cure while minimizing complexity, toxic-
ity, cost and risk of development of additional drug resistance. However, even an
optimal regimen will have no value unless it is used correctly. An “ideal” regimen is
of little use – and may be counterproductive – if it is not widely accepted and applied.
Widespread use of appropriate standard regimens will greatly reduce the risk of drug
resistance. For this purpose, many countries involve professional organizations (e.g.
thoracic societies) and public health authorities in reaching a consensus on standard
regimens that are recommended for all patients.

1 Medical officer, Stop TB Unit, WHO Regional Office for South-East Asia, New Delhi, India.
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Correct use of a regimen means that the drugs are taken in the right dosages, at
the right times, and for the right duration. High dosages increase toxicity without a
commensurate increase in efficacy; low dosages may reduce efficacy and allow emer-
gence of resistance. First-line drugs should be taken as a single dose. Splitting first-
line drugs into several doses per day lowers the peak drug concentration and therefore
reduces efficacy and may increase the risk of emergence of drug resistance (2, 3).

Fixed-dose combinations of tuberculosis drugs may prevent the emergence of drug
resistance by ensuring that a single drug can never be taken in isolation (see “What
are the advantages and disadvantages of fixed-dose combinations of antituberculosis
drugs?”, page 189). However, taking fewer than the recommended number of tablets
of a fixed-dose combination drug may expose a patient’s organisms to sub-inhibitory
concentrations of multiple medications. In addition, there are potential problems with
the bioavailability of fixed-dose combinations. Use of fixed-dose combinations has
not been proved to reduce the risk of drug resistance.

The only means of ensuring the prevention of drug resistance is the use of direct
observation of an appropriate treatment regimen. Properly implemented, direct
observation ensures that drugs are taken at the right dosage, at the right intervals, and
for the required duration. (See “What are the advantages of direct observation of
treatment?”, page 183.)

Areas that have implemented directly observed, standardized treatment regimens
have prevented the development of drug resistance, even in the context of high rates
of HIV infection (4–6).
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48. How reliable are drug susceptibility
tests?1

M. Espinal 2

It is difficult to perform susceptibility testing accurately even when skilled personnel
are available and laboratory facilities are of a high standard. In countries where skilled
manpower and adequate facilities for such tests are scarce, accuracy is even more 
difficult to achieve.

Much has been learned about the reliability of drug susceptibility testing in the past
decade. An international initiative led by WHO and the IUATLD has improved our
knowledge of the performance of international and national reference laboratories,
including many in resource-limited countries (1, 2). This initiative, known as the
Supranational Reference Laboratory Network, was established to improve the quality
of susceptibility testing of national reference laboratories and to validate data obtained
in surveys carried out within the WHO/IUATLD Global Project on Drug Resistance
Surveillance.

Five rounds of proficiency testing were carried out annually between 1994 and 1998
as part of this initiative. A coordinating laboratory sent reference strains of Mycobac-
terium tuberculosis to all participating supranational laboratories. The laboratories
were asked to test the susceptibility pattern of the reference strains using their habit-
ual methods and classify the cultures as resistant or susceptible. The results were 
compared with a “gold standard” that was derived from the judicial results (i.e. the
majority). The strains were also redistributed by some supranational laboratories to
several national reference laboratories (sub-networks) around the world.

Overall cumulative sensitivity for drug resistance was 95%, specificity 95%, and
reproducibility 96% (3). In 1998, overall sensitivity for resistance to isoniazid and
rifampicin was 100% and overall specificity was 99% and 100%, respectively. However,
three supranational laboratories and some national reference laboratories produced
results that were below the standard (lower specificity), suggesting that misclassi-
fication of susceptible strains as resistant is still an issue of concern, even in highly
qualified laboratories and in the context of carefully performed proficiency testing.
(Proficiency testing overestimates laboratory accuracy when compared with routine

1 Based on the chapter in the previous edition by K. Toman.
2 Medical Officer, Communicable Diseases, World Health Organization, Geneva, Switzerland.
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practice, since laboratories generally give special attention to panels of samples
analysed for proficiency testing.)

While the improvement of susceptibility testing has been remarkable, it is impor-
tant to highlight that the WHO/IUATLD initiative applies to surveillance and not to
clinical practice. Surveys are carried out every 3–5 years. Information for clinical
action on the basis of susceptibility tests in resource-limited settings is still very scarce.
Additional limitations are the difficulty and unreliability of testing susceptibility to
reserve drugs. Furthermore, there is usually only one national reference laboratory in
each resource-limited country. It is clear that only on very limited occasions would
these laboratories be able to cope with susceptibility testing for clinical purposes.
Finally, it is worth keeping in mind that clinical action based on unreliable suscepti-
bility testing can be harmful to the patient (see “What are the possible consequences
of inaccurate drug-susceptibility testing?”, page 213). Thus, is often wise to limit the
use of susceptibility testing to patients who fail standard short-course treatment under
directly observed treatment, as the risk of drug resistance is higher in these patients.

Newer culture techniques using liquid media give more rapid results, but may
increase the risk of cross-contamination of cultures in the laboratory and are gener-
ally expensive. In the future, it is possible that molecular or rapid growth-based 
techniques will be able to identify patients with rifampicin resistance – those whom
standardized regimens would be unlikely to cure. At present, however, such techniques
identify less than 80% of rifampicin-resistant isolates and are costly and unproven.
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49. What are the possible consequences of
inaccurate drug-susceptibility testing?1

M. Espinal 2

The possible consequences of inaccurate susceptibility testing include:

— misclassification of strains;
— unnecessary changes of treatment;
— use of reserve drugs; leading to:

more toxicity
less chance of cure
more difficult management
the need for hospitalization
more laboratory work
more staff needed
higher costs.

Resistant strains may be misclassified as susceptible, and vice versa. If susceptible
strains are reported as resistant, regimens may be changed unnecessarily and reserve
drugs, if available, may be introduced. However, such drugs are usually more toxic,
less effective, and more costly than the drugs used for primary treatment (1). In a
review of 14 studies that included sputum cultures of more than 100 patients, false-
positive cultures were identified in 13 (93%) of them (2). False-positive cultures 
may occur because of contamination of clinical devices, clerical errors, and labora-
tory cross-contamination. Of the 236 patients with false-positive cultures reported in
sufficient detail, 158 (67%) were treated, some of whom experienced toxicity from
treatment, as well as unnecessary hospitalization, tests, and contact investigations.
Clearly, laboratory mistakes are not rare but they are infrequently recognized by lab-
oratory and clinical personnel.

The management of ambulatory patients receiving reserve drugs may be difficult.
Such patients often have to be hospitalized for a long time, which is many times more
expensive than domiciliary treatment and risks the spread of tuberculosis in hospital.
More staff will be needed, in particular for the additional laboratory work required

1 Based on the chapter in the previous edition by K. Toman.
2 Medical Officer, Communicable Diseases, World Health Organization, Geneva, Switzerland.
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(repeated tests of kidney and liver function, blood examinations, and close bacterio-
logical follow-up), and this will add to the cost of hospital treatment. Thus, there may
be a heavy drain on resources allocated to therapeutic services, merely as a conse-
quence of inaccurate susceptibility tests.

It cannot be emphasized too often that, whatever the stage of development of a
country’s laboratory services, no laboratory should embark on drug susceptibility
testing and re-treatment with reserve drugs as long as there are deficiencies in case
detection and primary treatment. In such cases, resources should be used to improve
the treatment, with standard treatment, of persons in whom tuberculosis has been
newly diagnosed. That is still the most effective way of avoiding the development of
drug resistance – a man-made problem.

References
1. Fox W. General considerations on the choice and control of chemotherapy in pulmonary

tuberculosis. Bulletin of the International Union Against Tuberculosis, 1972, 47:51–71.

2. Burman WJ, Reves RR. Review of false-positive cultures for Mycobacterium tuberculosis and

recommendations for avoiding unnecessary treatment. Clinical Infectious Diseases, 2000,

31:1390–1395.



215

50. What reserve regimens are available and
what is their place in tuberculosis
control programmes?1

M. Espinal 2

Reserve regimens are used for patients with multidrug-resistant tuberculosis (see
“How does drug resistance develop?”, page 193). Since such resistance is the result of
inadequate treatment, the need for re-treatment with reserve regimens is avoidable.
Before the various reserve regimens are reviewed, some principles of the management
of re-treatment will be discussed. Without an organizational framework such as the
one suggested in the DOTS strategy (See “What is DOTS?”, page 241), and without
knowledge of the operational requirements of treatment with reserve regimens, there
is little chance of success. This has been shown even in high-resource settings where
lack of an effective organizational framework allowed a rapid increase in both tuber-
culosis and drug resistance (1).

The provision of reserve regimens may prove to be an intolerable drain on
resources, particularly in countries with limited financial resources, health facilities,
and staff, in which annual government expenditure on health may be less than US$
1 per head. It would be irrational for any country to divert resources to re-treatment
with reserve regimens as long as a large proportion of new infectious cases remain
untreated or ineffectively treated and short-course treatment with first-line drugs has
not reached its full therapeutic potential (2). A large requirement for reserve drugs
reflects inadequately managed short-course treatment. The vicious cycle shown in
Figure 17 can occur all too easily.

Management of re-treatment
The treatment of patients whose organisms are resistant to the standard drugs or who
do not tolerate those drugs presents many difficulties. These difficulties are caused by
the drugs themselves and, to a great extent, by the attitudes of the health staff.

With few exceptions, reserve drugs are not highly effective. They often produce
toxic reactions that are not only unpleasant but also sometimes dangerous. This may
necessitate reducing the dosage, with the result that efficacy is reduced. Moreover,

1 Based on the chapter in the previous edition by K. Toman.
2 Medical Officer, Communicable Diseases, World Health Organization, Geneva, Switzerland.
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reserve drugs are expensive and several are unstable in tropical climates. Intermittent
dosing is generally not possible, and several reserve drugs may have to be taken several
times a day, further complicating their administration.

A significant proportion of patients with drug-resistant disease belong to groups
whose cooperation is not easy to achieve, including those who are alcohol- or drug-
dependent, prisoners, and homeless people. Special efforts are needed to persuade
such patients to complete the long and arduous treatment regimen. Many authorities
therefore recommend that treatment with reserve drugs should be started in hospital
to facilitate close observation for toxic effects and the supervision of regularity. Only
after tolerance of the drug regimen has been ascertained, and a patient’s cooperation
has been secured, is ambulatory treatment given. However, patients often dislike hos-
pital discipline and not infrequently discharge themselves from the hospital. Consid-
erable efforts are then required to persuade a patient not to stop the treatment, which,
with all its discomforts, is usually the only means of preventing the patient’s death. If
the health staff are convinced of this, they can sometimes induce a patient to coop-
erate, but this will mean that every dose of pills must be swallowed under the direct
observation of a dedicated health worker.

Because of the highly specialized biochemical and microbiological follow-up exam-
inations needed, it is evident that the organization of re-treatment with reserve drugs
demands special measures. These are a heavy drain on skilled staff time, hospital beds,
and financial resources. Data on the cost of treating a patient with multidrug-resis-
tant tuberculosis in a resource-poor setting are scarce, but the full cost of treating such
a patient in the United States of America has been estimated at up to US$ 100 000 (3).
Encouraging evidence is emerging on the use of reserve regimens under carefully
selected programme conditions (4). In resource-poor settings, it may be possible to
greatly limit the use of hospitalization; this has many advantages both for the patient
and for the health care system. WHO and several partners are testing a new strategy
for managing cases of multidrug-resistant tuberculosis in low- and middle-income

Figure 17
Cycle of treatment programme failure
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countries, using reserve drugs within the DOTS strategy and maximizing ambulatory
treatment. The aim is to assess the feasibility and cost-effectiveness of using such drugs
under the overall supervision of national tuberculosis programmes (5). This initiative
is not appropriate for settings where effective tuberculosis control, i.e. DOTS, is not
in place.

Re-treatment regimens for patients with organisms resistant to the
standard drugs
Certain principles must be followed in designing a reserve regimen. The drugs should
not have been used before: in many cases, prescribing a drug that has been used before
offers no advantage. The initial regimen should include at least three drugs to which
the bacilli are likely to be fully susceptible. Drugs should not be kept in reserve: the
most likely effective regimen should be prescribed. If drug susceptibility testing is not
available and resources are limited, standard re-treatment regimens with reserve drugs
can be used (6). It is important to take into account the regimens the patient has
received previously, whether they were fully administered under direct observation,
and for how long. Even if susceptibility testing is unavailable, every effort should be
made to obtain an accurate susceptibility testing profile of patients failing a standard
regimen with first-line drugs, particularly if the treatment was actually given under
direct observation.

If susceptibility results are not available, at least three drugs never before used for
the patient, such as an aminoglycoside, ethionamide, and ofloxacin, should be used,
as well as an injectable antibiotic such as capreomycin, amikacin, or kanamycin. Any
reserve regimen should be given daily and directly observed. Bacteriological results
(smear and, if possible, culture) should also be monitored. Pyrazinamide and etham-
butol could be added as the fourth and fifth drugs of choice (even if used previously,
because of the low probability of resistance). Another option is to replace ethambu-
tol by cycloserine (or p-aminosalicylic acid). An intensive phase of 3–6 months should
be followed by a continuation phase of 15–18 months with two or three of the most
active and best-tolerated drugs.

If susceptibility test results are available, designing a regimen will depend on a
number of factors, such as the drugs to which the strain of Mycobacterium tuberculo-
sis is resistant. WHO recommends 3–4 oral drugs plus 1 injectable drug to which the
isolate is susceptible for 3–6 months, and then at least 3 effective oral drugs for 15–18
more months. Examples of potentially useful reserve regimens are given in Table 51;
all are daily regimens (6). There is some evidence that a longer duration of amino-
glycoside treatment is associated with a higher success rate (7).

Dosages and adverse effects of reserve drugs are discussed elsewhere (see 
“What is the therapeutic effect and what is the toxicity of antituberculosis drugs?”,
page 110).

The response of patients with multidrug-resistant strains to second-line drugs is
variable. A 56% cure rate that increased to 85% after the addition of surgery was
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reported in patients with chronic disease (8). It appears that multidrug-resistant
tuberculosis patients without a history of prior treatment respond better to treatment
than similar patients who have been treated previously. Indeed, several series of
patients without previous treatment courses reported cure rates of 75–96% (9–11).
These series, however, are from high-income countries or have been obtained with
extensive clinical, laboratory, and programme support, and used tailored treatment
regimens. Data at programmatic level are needed from resource-limited countries
(12). The challenge for many resource-limited settings would be the countrywide
implementation of tailored regimens with reserve regimens.
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Summary of reserve regimensa

Initial phase Continuation phase

Drugsb Rhythm and Drugs Rhythm and
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a Source: reference 5.
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51. What is the role of treatment of latent
tuberculosis infection in a tuberculosis
control programme?
M.E. Villarino1

WHO recommends (1, 2) that tuberculosis programmes provide treatment for latent
tuberculosis infection (LTBI) – also called preventive treatment – for:

● Children under 5 years of age who are household contacts of smear-positive
patients
Infants and young children with latent Mycobacterium tuberculosis infection are at
high risk of rapidly developing disease. Infants 2 years of age or younger are at par-
ticularly high risk of developing life-threatening tuberculous meningitis or miliary
tuberculosis (3).

● Persons infected with both HIV and M. tuberculosis
The annual risk among HIV infected, tuberculin-positive persons of developing
tuberculosis (estimated to be 6–16%) is much higher than that of HIV-uninfected,
tuberculin-positive persons, whose lifetime risk of developing tuberculosis is esti-
mated to be no greater than 10%. When tuberculosis develops in an HIV-infected
person, the course of immunosuppression in that person is accelerated; the treat-
ment outcome depends both on the person’s degree of immunosuppression and on
the use of appropriate tuberculosis treatment given under direct observation (4).

For persons in either of these high-risk categories, LTBI treatment can potentially
reduce the risk of developing active tuberculosis, increase life expectancy, and reduce
overall medical costs. However, this intervention strategy may not substantially reduce
tuberculosis morbidity in the larger communities in which these persons reside (see
“What is the epidemiological impact of treatment of latent tuberculosis infection?”,
page 226). LTBI treatment programmes are costly, difficult to implement on a large
scale, and carry a risk of drug toxicity. In addition, unless active tuberculosis is ruled
out, patients with unrecognized active disease who are treated for LTBI may be harmed
because they may develop drug resistance as a result of exposure to a drug regimen
that is inadequate for treatment of tuberculosis.

1 Chief, Diagnostic and Therapeutic Studies Section, Research and Evaluation Branch, Division of Tuber-
culosis Elimination, National Center for HIV, STD and TB Prevention, Centers for Disease Control and
Prevention, Atlanta, GA, USA.
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Before a decision is made to incorporate LTBI treatment into a tuberculosis control
programme, the following factors must be considered since they limit its application
and effectiveness:

— hepatotoxicity (increases with age; is potentiated by other drugs, especially
alcohol; is very rare in young children);

— non-adherence (a major factor in limiting effectiveness);
— drug resistance (LTBI regimens may be ineffective for drug-resistant infections);
— operational problems in implementation (need for tuberculin skin testing, for

voluntary HIV counselling and testing programmes, etc.);
— the difficulty and cost of excluding tuberculosis and the risk of creating drug

resistance if such exclusion is not effective; and
— the costs per se.

In many industrialized countries where incidence of tuberculosis has fallen to record
low levels, it is believed that most new cases of tuberculosis disease occur in persons
who were infected in the remote past, contained their infection, and then subsequently
developed tuberculosis. Although efficient detection and treatment of persons with
active tuberculosis remain the highest priority activities for all tuberculosis control
programmes, these measures alone will not prevent the new cases that arise from the
pool of individuals infected a long time ago. In low-prevalence countries, therefore,
the treatment of persons with LTBI who are at high risk of developing active disease
is an important component of tuberculosis control.

A regimen of isoniazid for 6–12 months has been the mainstay of treatment for
LTBI for more than 30 years. However, the acceptability of isoniazid for LTBI has been
limited by the poor patient adherence that results from the relatively long duration of
treatment required, and by concerns about toxicity. Consequently, there has been
interest in the development of shorter regimens as alternatives to isoniazid for the
treatment of LTBI. In recent years, several studies of “short-course” treatment of LTBI
have been undertaken in persons infected with HIV (5).

The identification of persons with LTBI is a prerequisite for a treatment pro-
gramme, and guidelines for administering and interpreting the tuberculin skin test
are therefore required. The tuberculin test is indicated only for persons at highest risk
of tuberculosis and is discouraged for those at low risk. Persons at increased risk of
tuberculosis include those who have had recent infection with M. tuberculosis and
those who have clinical conditions associated with an increased risk of progression
from LTBI to active tuberculosis (5). Except in community surveys of risk of infec-
tion, the tuberculin test should be given only to persons who, if found to be tuber-
culin-positive, would receive treatment for LTBI. Thus, except in some community
surveys, a decision to administer a tuberculin test is a decision to treat if LTBI is found,
irrespective of the age of the person tested.

Many clinical guidelines use a rating system to grade the strength of the recom-
mendation (A, B, or C) and the quality of evidence supporting the recommendation
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(I, II, or III), as shown in Table 52. Four regimens are recommended for the treatment
of adults with LTBI. For children, the only recommended treatment continues to be
a 6–12-month regimen with isoniazid alone.

Prospective, randomized trials in HIV-negative persons indicate that preventive
treatment with isoniazid for 12 months is more effective than 6 months’ treatment.
However, a daily isoniazid regimen for 9 months is recommended in many countries
– in subgroup analyses of several trials, the maximum beneficial effect of isoniazid
was achieved by 9 months’ treatment, with minimal additional benefit gained by
extending treatment to 12 months (6). When compared with placebo, both 6-month
and 12-month regimens are effective in HIV-positive patients; however, these regi-
mens have not been compared with each other in randomized trials. Although a 9-
month regimen of isoniazid is preferred for the treatment of LTBI, a 6-month regimen
also provides substantial protection and has been shown to be superior to placebo in
both HIV-negative and HIV-positive persons. In some situations, treatment for 6
months rather than 9 months may provide a more favourable outcome from the
standpoint of cost-effectiveness; based on local conditions, tuberculosis programmes
or providers may opt for a 6-month rather than a 9-month course of isoniazid. Both
the 9- and 6-month isoniazid regimens may be given intermittently (i.e. twice weekly).

A 2-month daily regimen of rifampicin and pyrazinamide is recommended on the
basis of the results of a prospective randomized trial of LTBI treatment in HIV-
infected persons. The trial showed the 2-month regimen to be similar in safety and
efficacy to a 12-month regimen of isoniazid (7). However, severe hepatotoxicity has
been observed when regimens containing rifampicin and pyrazinamide have been
used for LTBI (8). Twice-weekly rifampicin and pyrazinamide for 2 or 3 months may

Table 52
Rating system for grading the strength of the treatment recommendation

Drugs Duration Interval Ratinga (evidenceb)

HIV- HIV+

Isoniazid 9 months Daily A (II) A (II)
Twice weekly B (II) B (II)

Isoniazid 6 months Daily B (I) C (I)
Twice weekly B (II) C (I)

Rifampicin + pyrazinamide 2 months Daily B (II) A (I)
2–3 months Twice weekly C (II) C (I)

Rifampicin 4 months Daily B (II) B (III)

a A: preferred, B: acceptable alternative, C: offered when A and B cannot be given.
b I: randomized clinical trial data, II: data from clinical trials that are not randomized or were conducted in

other populations, III: expert opinion.



TREATMENT

223

be considered when alternative regimens cannot be given. This intermittent regimen
should be administered as directly observed treatment. Some experts recommend that
the 2-month regimen of daily rifampicin and pyrazinamide also be given under direct
observation, which can consist of five observed and two self-administered doses each
week. When rifampicin cannot be used (e.g. in HIV-infected persons receiving pro-
tease inhibitors), rifabutin may be substituted (9). Rifampicin given daily for 4 months
is recommended on the basis of the efficacy of such a regimen in a prospective ran-
domized trial of tuberculin-positive persons with silicosis and a non-randomized trial
in persons exposed to isoniazid-resistant tuberculosis (10, 11). This option may be
especially useful for patients who cannot tolerate isoniazid or pyrazinamide.

Before treatment of LTBI is started, active tuberculosis must be ruled out by clin-
ical history, physical examination, chest X-ray, and, when indicated, bacteriological
studies. The WHO-recommended protocol for evaluation and treatment of childhood
contacts of active tuberculosis is summarized in Table 53 (12).

In high-prevalence countries that implement a policy of LTBI treatment for con-

Table 53
Management of children exposed to an adult with infectious (smear-positive)
tuberculosis

If: And: Then:

The child has A physician A full course of tuberculosis treatment should be 
symptoms of determines that the given
tuberculosis child has

tuberculosis

The child does A tuberculin test is The child should receive treatment for LTBI
not have not available
symptoms of
tuberculosis A tuberculin test is The child should receive 3 months of treatment for

available LTBI and a tuberculin test should then be done

If: Then:

The child’s Continue treatment of LTBI
induration to the for a full course (i.e. 6–12
tuberculin test is months of 5 mg/kg of
positive isoniazid)

The child’s Stop the preventive treatment
induration to the and give BCG vaccination (if
tuberculin test is there has been no previous
negative vaccination)
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tacts of smear-positive patients, a chest X-ray should be done to rule out active tuber-
culosis before the start of treatment in at least all HIV-infected persons. All HIV-
infected persons who have cough, fever, or other symptoms compatible with
tuberculosis should be subjected to careful evaluation, including bacteriological
studies, before LTBI treatment is started. Children who have symptoms that are poten-
tially compatible with tuberculosis (e.g. fever, cough, failure to thrive) must also
undergo an X-ray before the start of treatment. Ideally, this should apply to all chil-
dren but, if X-ray is unavailable, LTBI treatment may be given unless a child is symp-
tomatic. For pregnant, HIV-negative women, isoniazid given daily or twice weekly for
9 or 6 months is the recommended regimen for LTBI. A chest X-ray to evaluate the
possibility of active tuberculosis should be undertaken in pregnant women (with
appropriate shielding precautions) when required, even during the first trimester of
pregnancy. For women at risk of progression from LTBI to disease, especially those
who are HIV-infected or who have probably been recently infected with M. tubercu-
losis, start of treatment should not be delayed on the basis of pregnancy alone, even
during the first trimester. When the risk for active tuberculosis is lower, some experts
recommend waiting until after delivery to start treatment for LTBI.

Baseline laboratory testing is not routinely indicated for all patients at the start of
LTBI treatment. Patients whose initial evaluation suggests a liver disorder should have
baseline liver function tests of serum AST (SGOT) or ALT (SGPT) and of bilirubin.
Baseline testing is also indicated for patients with HIV infection, women who are 
pregnant or in the immediate postpartum period (i.e. within 3 months of delivery),
persons with a history of or risk factors for chronic liver disease, and persons who
consume alcohol regularly. It is not routinely indicated in older persons. Active hepati-
tis and severe liver disease are relative contraindications to treatment. Routine labo-
ratory monitoring during treatment of LTBI is indicated for persons whose baseline
liver enzymes are abnormal and for others with a risk of hepatic disease. Patients
should be educated about the adverse effects associated with LTBI treatment and
advised to stop treatment and promptly seek medical evaluation if these occur.
They should be questioned about adverse effects and monitored for development of
jaundice.

The significance of LTBI treatment in countries where tuberculosis incidence is
high and growing, and where M. tuberculosis continues to be transmitted at high rates,
has been questioned. Certainly, an LTBI treatment programme should not be a 
priority in the overall tuberculosis control strategy in such contexts. The primary
strategy for controlling tuberculosis is to minimize the risk of transmission by early
identification and complete treatment of patients who have active infectious tuber-
culosis. Selective LTBI treatment programmes may be feasible and affordable for some
middle-income countries, but are always a lower priority than programmes of suc-
cessful management of tuberculosis cases. In low-income countries with high tuber-
culosis prevalence, LTBI treatment programmes would have at most a secondary role
in tuberculosis control. The use of LTBI treatment as a tuberculosis prevention strat-
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egy should be reserved for persons or groups with the highest risk of developing active
tuberculosis. In countries experiencing an epidemic of HIV, treatment of LTBI can
provide important benefits for the individual. Although such a strategy could theo-
retically reduce the incidence of tuberculosis and blunt the impact of HIV on tuber-
culosis epidemiology if widely applied, this would be difficult, if not impossible, to
achieve under programme conditions. Even – or especially – in such settings, prompt
identification and rapid, complete treatment of patients with smear-positive tuber-
culosis is the highest priority.
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52. What is the epidemiological 
impact of treatment of latent 
tuberculosis infection?
Z. Taylor1

Treatment of latent tuberculosis infection (LTBI) is an important component of
tuberculosis control in the USA, but is rarely used outside North America other than
for treatment of contacts of infectious cases. Until recently, isoniazid daily or twice
weekly for 6–12 months was the only commonly recommended treatment regimen
(1). This was based on the results of randomized, placebo-controlled trials that estab-
lished the efficacy of isoniazid in preventing tuberculosis in persons with latent infec-
tion (2, 3). The average reduction in the development of active tuberculosis observed
in these trials was 60% (2). In persons who took more than 80% of their prescribed
medication for 12 months, the effectiveness of isoniazid approached 90% (2). Isoni-
azid taken for 6 months was effective, but treatment for 12 months was even more
effective (3). More recent recommendations include a 2-month regimen of daily
rifampicin and pyrazinamide and a 4-month regimen of rifampicin, as an alternative
to 6–9 months of daily or twice-weekly isoniazid (4). The recommendations were
based on controlled clinical trials that found equivalent protection using these regi-
mens compared with isoniazid regimens (4).

Most of the reported clinical trials of LTBI treatment involved high-risk popula-
tions such as recent contacts, persons in high-risk congregate settings, persons with
HIV infection, or persons with untreated, inactive tuberculosis (2, 3, 5, 6). The epi-
demiological impact of these treatment trials depended not only on the effectiveness
of treatment, but also on the contribution of the treated groups to the incidence of
tuberculosis in their communities. Three clinical trials, conducted in Greenland,
Alaska, and Tunisia, attempted to measure the impact of LTBI treatment on the inci-
dence of tuberculosis in a population. The trial in Greenland in 1956 involved 76 vil-
lages and 8081 participants (7). In each village, all eligible adults were given either
isoniazid or placebo, with everyone in any given village receiving the same medica-
tion. Medication was administered twice weekly for two 13-week periods, with an
intervening 13-week break. The trial in Alaska began in 1957 and involved 30 com-
munities and 6064 participants (8). In this trial, households were randomized to
receive either isoniazid or placebo. Finally, the Tunisian trial, which started in 1958,

1 Centers for Disease Control and Prevention, Atlanta, GA, USA.
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was conducted in a poor suburb of Tunis (2). Blocks of houses were randomized to
receive either isoniazid or placebo; a total of 15 910 persons participated in the trial.
The results of these trials are summarized in Table 54.

There is an obvious variation in the results of these trials, with a substantial effect
in Alaska, a much smaller effect in Greenland, and the smallest effect in the Tunisian
community study The trials in Alaska and Greenland took place in small, isolated vil-
lages with populations that supported the interventions. In addition, effective tuber-
culosis control programmes were in place in both locations. In Greenland, 400–
600 mg isoniazid was given twice weekly on consecutive days for 13 weeks, followed
by 13 weeks without treatment, and then a further 13 weeks of twice-weekly isoni-
azid. This is not a standard dosage schedule and is possibly sub-optimal, which may
explain the reduced effectiveness observed in this study. In the Tunisian study, there
was evidence that adherence to medication was low in the study population.

In the Alaskan communities, after completion of the trial, persons who were on
placebo during the trial were offered and treated with isoniazid for 12 months.
Although this was not a controlled trial, the investigators observed lower rates of active
tuberculosis in persons who took more than 40% of the prescribed isoniazid com-
pared with persons who took no isoniazid or took less than 40% of the prescribed
doses (83% reduction in tuberculosis observed) (9). Since much of the morbidity
occurred in persons with untreated, inactive tuberculosis, the authors estimated that
by treating only that portion of the population, 40% of the tuberculosis in the com-
munity could be prevented.

In conclusion, the epidemiological impact of the treatment of LTBI may be a
31–59% reduction in active tuberculosis in a community where an effective tubercu-

Table 54
Results of community trials of preventive treatment with isoniazid, 1956–1958 a

Trial/treatment group No. of Case rate per 1000 % reduction
participants person-years

Greenland villagers
Placebo 3907 13.8
Isoniazid 4147 9.8 31b

Alaskan villagers
Placebo 3017 7.7
Isoniazid 3047 3.2 59b

Tunisian community
Placebo 8141 3.1
Isoniazid 7769 2.3 26c

a Source: references 2, 7, 8.
b P < 0.0001 by chi square statistic.
c Statistically insignificant.
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losis control programme is in place and where the majority of active tuberculosis
results from reactivation of latent infection. Theoretically, the reduction could be as
much as 80–90% if all cases of active tuberculosis were the result of reactivation of
latent infection, all persons with latent infection could be identified, and all persons
with latent infection completed treatment. In practice, this combination of circum-
stances is rarely if ever to be found. Even in a low-incidence, resource-rich country
like the USA, a significant proportion of active tuberculosis cases result from recent
transmission of infection (10, 11) and completion of treatment for LTBI is often less
than 50% (12, 13). The epidemiological impact of the treatment of LTBI is therefore
likely to be more modest than the effect estimated by the studies in Alaska and 
Greenland. Further, the human and financial resources required to identify and treat
persons with LTBI on a mass basis exceed the capacity of most tuberculosis control
programmes. For well-funded, effective tuberculosis control programmes, treatment
of LTBI in contacts, prisoners, persons with both HIV and LTBI, and other high-risk
populations may be a viable option. The epidemiological impact will depend on the
contribution of the risk group to tuberculosis incidence in the population, the pro-
portion of the group identified treated, and the proportion of persons who complete
treatment.
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53. What is the health, social, and economic
burden of tuberculosis?
I. Smith1
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The consequences of tuberculosis on society are immense. Worldwide, one person out
of three is infected with tuberculosis – that is, 2 billion people in total. Global esti-
mates of the burden of tuberculosis-related disease and death for 1997 indicated 
that 8 million people developed active tuberculosis every year and nearly 2 million
died (1).

Tuberculosis accounts for 2.5% of the global burden of disease (2) and is the 
commonest cause of death in young women, killing more women than all causes of
maternal mortality combined. As illustrated in Figure 18, tuberculosis currently holds
seventh place in the global ranking of causes of death, and, unless intensive efforts 
are made, is likely to maintain that position through to 2020, despite a substantial
projected decline in disease burden from other infectious diseases (3).

Infection with HIV increases the risk of tuberculosis disease (4). Countries with a
high prevalence of HIV, particularly those in sub-Saharan Africa, have witnessed a
sharp increase in tuberculosis, with reported incidence rates increasing two- to four-
fold in the 1990s (5).

Drug resistance is an increasing problem in many countries, arising as a result 
of poor treatment organization. Poorly conceptualized control programmes, irreg-
ular drug supplies, and uncontrolled use of tuberculosis drugs in the private sector
lead to drug resistance, which can be prevented with effective use of DOTS. WHO 
and the IUATLD carried out a global survey of drug resistance from 1994 to 1997 
in 35 countries (6, 7). Overall, among people with newly diagnosed tuberculosis,
there was resistance to at least one drug in 9.9% of cases, and multidrug resistance
(resistance to at least isoniazid and rifampicin) in 1.4%. A report on the second 
round of global surveillance, published in 2000, revealed a similar picture (any 
drug resistance in 10.7% of new cases, multidrug resistance in 1%). These reports
confirm that the strongest risk factor for drug resistance is previous tuberculosis treat-
ment; 23.3% of such cases had resistance to at least one drug, and 9.3% had mul-
tidrug-resistant tuberculosis (8). Drug resistance reduces the efficacy of the standard

1 Medical Officer, Stop TB Department, World Health Organization, Geneva, Switzerland.



treatment regimens recommended by WHO, with failure rates 15 times higher in
patients with multidrug-resistant tuberculosis than in those with drug-susceptible
disease (9).

Tuberculosis hinders socioeconomic development: 75% of people with tuberculo-
sis are in the economically productive age group of 15–54 years (10). Ninety-five per
cent of all cases and 99% of deaths occur in developing countries, with the greatest
burden in sub-Saharan Africa and south-east Asia. Twenty-three countries together
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Figure 18
Change in rank order for the 15 leading causes of death, world, 1990–2020 a
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account for more than 80% of all cases of tuberculosis. Household costs of tubercu-
losis are substantial (Table 55).

Although the “direct” costs of diagnosis and treatment are significant for poor 
families, the greatest economic loss occurs as a result of “indirect” costs, such as loss
of employment, travel to health facilities, sale of assets to pay for treatment-related
costs, funeral expenses, and particularly lost productivity from illness and premature
death. A study from Uganda found that 95% of subsistence farmers with tuberculo-
sis reported a loss in production, and 80% of wage-earners had stopped work (14). A
review of studies investigating the economic impact of tuberculosis showed that, on
average, 3–4 months of work time are lost if an adult has tuberculosis, resulting in the
loss of 20–30% of annual household income, and an average of 15 years of income is
lost if the patient dies from the disease (15).

The relation between tuberculosis and poverty is complex, as the disease impover-
ishes those who suffer from it, and the epidemic is exacerbated by socioeconomic
decline. Poverty results in crowded housing with increased risk of transmission and in
poor nutrition with increased risk of breakdown from infection to tuberculosis disease.
The break-up of the Soviet Union in the early 1990s and the subsequent economic
decline and collapse of health and social support structures have led to a rapid rise in
tuberculosis, with rates increasing by 7% per year in the Russian Federation, Ukraine
and other countries of the former Soviet Union (5). In Cuba over a 3-year period, eco-
nomic and nutritional hardship resulted in a striking increase (24% per annum) in the
tuberculosis notification rate (16). A strengthened programme allowed a renewed
trend in transmission reduction, resulting in a renewed reduction in incidence.

Negative social consequences, such as stigma, are a particular problem for women
in some societies, restricting options for marriage and employment and even leading
to divorce. A study in India indicated that 15% of women with tuberculosis (equiva-
lent to 100 000 women per year nationally) faced rejection by their families (12).
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Table 55
Estimated household costs of tuberculosis

Cost to patient Bangladesh India South Africa Uganda
(11) (12) (13) (14)

Direct costs (US$) 130 41 99 68
Lost work 57% NA NA 91%
Time loss 14 months 3 months 4 months 10 months
Lost income (US$) 115 89 272 161
Indirect cost as percentage of 15 14 NA NA

annual household income
Total cost as percentage of 31 20 NA NA

annual household income
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The negative impact carries over to the next generation, as the coping mechanisms
of poor families adversely affect their children. The same study from India found that
8% of rural and 13% of urban children (equivalent to 300 000 nationally) were taken
out of school when a parent (usually the father) developed tuberculosis. Other long-
term consequences include indebtedness; the Indian study showed that more than
two-thirds of households went into debt to cover the costs of tuberculosis; the average
family debt was US$ 59, equivalent to 12% of the annual household income. Con-
tinued spread of tuberculosis infection condemns the next generation to the avoid-
able risk of tuberculous illness and death.
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54. What are the global targets for
tuberculosis control, and what is the
basis of these targets?
I. Smith1

The global targets for tuberculosis control are to cure 85% of the sputum smear-
positive cases detected, and to detect 70% of the estimated new sputum smear-posi-
tive cases (1). These targets were originally adopted by WHO in 1991. It became clear
that the global targets would not be achieved by 2000 as intended, and the target date
was put back to 2005 by the World Health Assembly in May 2000.

The numerator for the case detection target is the number of new cases of sputum
smear-positive tuberculosis registered in one year, and the denominator is the number
of new sputum smear-positive cases estimated to have arisen in the same population
over the same period. As the case detection target relies on an estimate for the inci-
dence of tuberculosis, it is difficult to measure accurately in most settings, especially
in the context of an epidemic of HIV infection.

The numerator for the cure rate target is the number of patients in a one-year
cohort of new cases of smear-positive tuberculosis fulfilling the WHO/IUATLD defi-
nition for cure, and the denominator is the number of patients originally registered
for treatment in that cohort.

Progress in implementing effective tuberculosis control based on the DOTS strat-
egy has been slow; by 1999, only 40% of estimated new infectious cases were reported
to WHO (23% in DOTS programmes, and 17% in non-DOTS programmes) (2). Cure
rates for patients registered in DOTS programmes in 1998 were much higher than
those in non-DOTS programmes – 73% vs 16%. The addition of patients complet-
ing treatment without a smear result to confirm cure gave a “treatment success” rate
of 84% in DOTS programmes – close to the global target.

Adoption of the targets is based on two principles – impact and feasibility. First,
epidemiological modelling has demonstrated that achieving the targets will result in
a significant decline in the tuberculosis epidemic, reducing incidence by about 50%
in 8–12 years, in the absence of HIV. A 1991 report by Styblo & Bumgarner showed
the effect of differing rates of case detection and cure on the prevalence of tubercu-
losis, and predicted that cure rates in excess of 75% would lead to a substantial reduc-
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tion in prevalence over time. Increasing case detection without improving cure rates
will actually worsen the epidemic (3). This work was influential in defining the targets,
and has been confirmed by more recent studies, which suggest that countries achiev-
ing the global targets would then see a fall in incidence of 8–12% per year (cases
reduced by 50% in as little as 6–9 years) and an even faster reduction in mortality of
9–13% per year (50% reduction in 5 years or less) (4).

These theoretical figures fit past and current experience. Tuberculosis declined
rapidly in much of Europe over the last century, but the fall in incidence of infection
accelerated from 4–5% to 12–13% per year following the introduction of effective
treatment (5). This has been recently confirmed by data from Peru, which suggest that
the decline in incidence has reached nearly 8% per year, double the rate before DOTS
was introduced (2, 6).

Second, achieving these targets is feasible. Early studies of the sociology and epi-
demiology of tuberculosis in India revealed that 70% of people with smear-positive
tuberculosis had symptoms and sought health care, confirming the feasibility of
achieving the target by case detection in health facilities (7). Additional experience in
IUATLD-supported national tuberculosis programmes of Benin, Malawi, United
Republic of Tanzania, and Viet Nam in the late 1980s showed that cure rates exceed-
ing 80% could be achieved and sustained, demonstrating the feasibility of the cure
rate target (8). A survey in the United Republic of Tanzania suggested that 70% detec-
tion of new infectious cases could be achieved under programme conditions. By 2000,
seven countries had achieved the global targets, and 43 had reported treatment success
rates in excess of 70% with estimated case detection rates of over 50% (2).

Significant challenges face the world if the targets are to be met as planned. The
tuberculosis epidemic in sub-Saharan Africa is increasing by 10% per year, driven 
primarily by the HIV pandemic (2). The high death rate in people with HIV-related
tuberculosis prevents many affected countries from achieving the global cure rate
targets. In addition, neither of the targets for case detection or cure takes HIV into
account; effective tuberculosis control services cannot at present prevent an increase
in tuberculosis in the context of a significant HIV epidemic (see “Can tuberculosis be
controlled?”, page 301).

A second obstacle to achieving the global targets is inadequate case detection and
notification. Although 43% of the global population lived in areas covered by DOTS
programmes in 1999, only 23% of people with infectious tuberculosis were treated
with DOTS (2). Contributing factors are the limited primary health care infrastruc-
ture in many countries, the widespread availability of diagnosis and treatment in the
private sector in some countries, particularly those of southern Asia that are home to
one-third of people with tuberculosis, and the fact that the private sector in develop-
ing countries generally does not report diagnosed cases.

Achievement of the global targets depends on the ability of countries to accelerate
coverage of the population with DOTS whilst sustaining high cure rates, the effec-
tiveness of strategies to address HIV-related tuberculosis, and the ability of tubercu-
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losis programmes to increase case detection through provision of effective services,
social mobilization, and involvement of the private sector.
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55. What is DOTS?
I. Smith1

DOTS is the internationally recommended strategy to ensure cure of tuberculosis (1).
It is based on five key principles (see Table 56) that are common to disease control
strategies, relying on early diagnosis and cure of infectious cases to stop spread of
tuberculosis.

The treatment of infectious cases as a strategy for preventing transmission and
thereby controlling tuberculosis was highlighted by Crofton in the early 1960s (3), less
than 20 years after the first effective drugs were discovered and only 10 years after 
randomized controlled trials had demonstrated that combined treatment regimens
can cure patients and prevent the emergence of drug resistance (4).

The package of interventions that eventually became known as the DOTS strategy
was first formulated in national tuberculosis programmes supported by the IUATLD
under the leadership of Dr Karel Styblo. Initially in the United Republic of Tanzania,
and then later in several other countries of Africa and Latin America, Styblo devel-
oped the technical and managerial principles of effective tuberculosis control based
on the management unit of the district. The district has the staff and resources to
organize diagnostic and treatment services, maintain supplies and monitor pro-
gramme performance for a population of 100 000–150 000. Styblo showed that short-
course treatment was essential to reach adequate cure rates on a programme basis,
verified the necessity of directly observed treatment, and developed the principles of
recording, reporting, and drug management that are also integral to DOTS.

WHO began to promote this strategy in 1991 (5), and in 1994 produced a Frame-
work for Effective Tuberculosis Control (6) that clearly described the main compo-
nents of what was later to be known as the DOTS strategy. The Framework was revised
and expanded in 2002 (7).

The term “directly observed therapy” had been in use for several years before it was
modified to “directly observed treatment, short-course” by WHO in 1995, and used
to designate a comprehensive strategy to control tuberculosis (8). Although “DOTS”
appears to emphasize the direct observation component of the strategy, all aspects are
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essential, and DOTS is no longer an acronym but the “brand name” of the WHO-
recommended strategy for TB control.

Government commitment is an essential component of DOTS, and WHO has
emphasized advocacy and social mobilization as means of achieving this commit-
ment. Sufficient funds and administrative support to hire staff, purchase essential
items (drugs, microscopes, reagents, printed materials, etc.), and contract for services
are necessary for the programme to operate.

The rationale for diagnosis primarily by microscopy among patients in health 
facilities has been reviewed in detail in the first section of this book.

Direct observation of treatment in which “a trained and supervised person observes
the patient swallowing the tablets” is fundamental to the DOTS strategy to ensure
adherence to treatment (2). Early WHO documents emphasized the importance of
direct observation by health workers (9). Later, experience gained in DOTS pro-
grammes around the world demonstrated that trained lay people were at least as effec-
tive in observing treatment; these have included community health volunteers in
Bangladesh (10), storekeepers in South Africa (11), religious leaders, lay health
workers, and community volunteers. Some recent studies have questioned the neces-
sity of direct observation of treatment (12) or proposed reducing the frequency of
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Table 56
Principles and components of DOTS a

Key principle Component of DOTS 

Organized and sustained Government commitment to ensuring sustained,
intervention comprehensive tuberculosis control activities

Accurate and early Case detection by sputum smear microscopy among
identification of infectious symptomatic patients self-reporting to health services
cases

Effective and patient- Standardized short-course treatment using regimens of 6–8
friendly treatment months, for at least all confirmed smear-positive cases.

Effective case management includes directly observed
treatment during the intensive phase for all new smear-
positive cases, the continuation phase of rifampicin-
containing regimens, and the whole re-treatment regimen

Effective drug management A regular, uninterrupted supply of all essential
antituberculosis drugs

Outcome-based monitoring A standardized recording and reporting system that allows
assessment of case detection and treatment results for 
each patient and of the tuberculosis control programme’s 
overall performance

a Source: reference 2.



observation to once a week (13). However, the benefits for health workers and patients
of reducing the frequency of observation may be offset by the potential for increas-
ing rates of drug resistance arising from hidden non-adherence. To be effective, a treat-
ment observer must be accessible and acceptable to the patient, and trained by and
accountable to the health service.

The requirement of an uninterrupted supply of tuberculosis drugs is clear. In addi-
tion, the quality of drugs should be ensured, particularly if they are provided in fixed-
dose combinations, which are more susceptible to problems in manufacture (see
“What are the advantages and disadvantages of fixed-dose combinations of antitu-
berculosis drugs?”, page 189).

The reporting system in DOTS, which allows simple and robust monitoring of
patient progress and programme performance, is described in “Why is a recording
and reporting system needed, and what system is recommended?” (page 270). DOTS
records can be easily checked for internal consistency and for consistency between
records, and can also be externally verified by reviewing sputum slides, interviewing
patients and health workers, and monitoring consumption of drugs and supplies.
Operational research designed to continuously analyse and improve the programme
is another aspect of systematic monitoring and evaluation.

Modifications to the DOTS strategy have been proposed – for example, to address
specific problems such as HIV-related tuberculosis and multidrug-resistant tubercu-
losis. These modifications to the basic strategy are usually known as DOTS Plus (14).
Additional elements that have been proposed for low-incidence countries (Table 57)
include active case detection in selected high-risk groups, routine drug susceptibility
testing, and expanded use of treatment for latent tuberculosis infection.

Status of DOTS expansion
WHO receives reports on DOTS implementation from national tuberculosis pro-
grammes and has published annual global reports on tuberculosis control since 1997.
The 2003 report provides information on case detection during 2001 and treatment
outcomes for patients registered in 2000. The seven published reports show that the
number of countries implementing DOTS has increased from 70 in 1995 to 155 in
2003, with 7.1 million patients reported as treated in DOTS programmes between
1995 and 2000.

By the end of 2002, 61% of the global population had access to DOTS, but only 
32% of people estimated to have newly developed sputum smear-positive tuberculo-
sis were registered in DOTS programmes (15).

Constraints to rapid DOTS expansion include financial shortages, human resource
problems, inadequate health care infrastructure, lack of secure supply of good-quality
antituberculosis drugs, and gaps in public information about the danger of tubercu-
losis (16). In order to address these concerns, WHO, jointly with high-burden coun-
tries, has developed a Global DOTS Expansion Plan, which describes the actions and
resources needed to rapidly expand DOTS to reach the global tuberculosis control
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Table 57
DOTS in low-incidence countries a

The required components of Additional elements of tuberculosis control for low-
the DOTS policy package incidence countries

Government commitment to Government commitment to tuberculosis control, with the
sustained tuberculosis control aim of elimination:

• legal framework including laws on mandatory 
notification, cohort analysis of treatment results, and
drug policy;

• tuberculosis control policy based on consensus by
national authorities and leading organizations;

• maintenance of an efficient network for tuberculosis
control by ensuring technical leadership at national
level and trained human resources at lower levels. 

Sputum smear microscopy to In the general population, case detection among
detect infectious cases symptomatic patients.
among people with symptoms Risk-group management (e.g. active case detection in
of pulmonary tuberculosis high-risk groups).
attending health care Diagnosis confirmed by culture.
facilities Drug susceptibility testing, especially in groups at high 

risk of drug resistance.
Outbreak management (e.g. source and contact tracing).

Standardized short-course Directly observed treatment for more than the initial 2
chemotherapy for all months for high-risk groups and where cure rates are 
tuberculosis cases, with low.
directly observed treatment Specialized treatment for multidrug-resistant tuberculosis.
for at least the initial 2 Preventive treatment for newly infected persons and for
months among infectious some high-risk groups, e.g. HIV-infected individuals.
cases

Regular, uninterrupted supply of Regulations on drug use; reserve drugs for drug-resistant
antituberculosis drugs tuberculosis available only in highly qualified centres
(preferably quality-controlled
fixed-dose combination drugs)

Evaluation and supervision: use Surveillance based on a uniform reporting system.
of sputum smear microscopy Culture and sputum smear examination to assess
for evaluation of patient treatment outcome.
progress towards cure Drug resistance surveillance.

Quality assurance of tuberculosis control data (e.g.
auditing system).

a Source: reference 1.



targets (17). Successful implementation of this plan will require increased investment
of human and financial resources, as well as new strategies and additional resources
to address global and local challenges to tuberculosis control, particularly HIV-related
tuberculosis.
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56. Is DOTS cost-effective?
I. Smith1

The relative value of different interventions can be assessed by comparing inputs and
outputs. For health interventions, this is usually achieved by combining elements of
cost and impact. Assessments of cost-effectiveness are useful for prioritizing different
disease-specific interventions, for assessing the relative value of different interven-
tions for the same condition, and as a tool for resource mobilization to promote 
investment.

Costs are directly comparable, as they are generally measured in the same way.
However, the impact of one intervention is not always directly comparable with that
of another. For example, disability prevented by polio immunization is not directly
comparable with deaths averted by DOTS. Some form of standardization of impact
is therefore needed for the comparison of interventions.

The most widely used analysis of relative efficiency of health care interventions is
cost-effectiveness, in which the impact of an intervention is converted to a common
health benefit, such as years of potential life saved. However, this indicator may under-
estimate the value of interventions for diseases that are not life-threatening but that
cause considerable disability, such as leprosy. The concept of the disability-adjusted
life year (DALY) was therefore developed, as an indicator that incorporates measures
of disability and death (1). The cost-effectiveness of an intervention can then be mea-
sured in terms of the cost of preventing the loss of one disability-adjusted year of life.

The health service costs of tuberculosis control can be divided into four categories
(Figure 19):

— fixed costs of general health services;
— fixed costs of tuberculosis control services – the costs of adding a tuberculosis

programme to the general health services, which do not change with increasing
numbers of patients, for example, staff salaries;

— marginal costs of tuberculosis control services – the costs associated with each
additional new patient diagnosed and treated, for example, costs of drugs;

— incremental costs – this measure combines the fixed and marginal costs of tuber-
culosis control services.
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Evidence that DOTS is cost effective compared with other health care
interventions
In 1993, the World Bank published Investing in Health, comparing the cost-
effectiveness of different primary health care interventions. The report estimated that
effective tuberculosis control cost US$ 20–57 per death averted and US$ 1–3 per 
DALY saved. Thus, tuberculosis chemotherapy was found to be one of the most cost-
effective of all health interventions, along with measles vaccination and vitamin A sup-
plementation (1). Since publication of this report, costs of antituberculosis drugs have
fallen considerably; a basic course of treatment now costs as little as US$ 10 compared
with US $40–60 in the early 1990s (3), further increasing the cost-effectiveness of
DOTS. However, cost-effectiveness has not been comprehensively reassessed in the
context of HIV; by reducing the post-cure survival time of tuberculosis patients, HIV
infection is likely also to reduce the cost-effectiveness of DOTS somewhat.

Evidence that DOTS is cost-effective compared with other tuberculosis
control strategies
Other strategies for tuberculosis control are BCG vaccination, preventive treatment,
and active case detection in the community. Although these strategies are appealing
in theory, in practice they are relatively ineffective in controlling tuberculosis com-
pared with DOTS.

BCG vaccination of infants is recommended in high-prevalence countries to
prevent serious forms of tuberculosis in children, such as meningitis and miliary
tuberculosis. The World Bank estimated that BCG costs US$ 7 per DALY saved, but
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Figure 19
Theoretical framework for costing a tuberculosis control servicea

Cost

Incremental
cost of a
tuberculosis
service

Marginal cost of a
tuberculosis service

Fixed cost of a
tuberculosis service

Fixed cost of the
general health service

Number of patients

a Source: reference 2.



the intervention is cost-effective only if the annual risk of tuberculosis infection is
high (i.e. more than 1% per year) (4). However BCG vaccination, since it primarily
prevents noninfectious forms of tuberculosis, has little or no impact on tuberculosis
transmission.

The World Bank study did not estimate the cost per DALY of preventive treatment,
but concluded that selective screening and treatment in high-risk populations (e.g.
household contacts of infectious patients and people with HIV infection) was 
“suspected to be reasonable”, and cautioned that “mass prophylaxis has high cost 
with limited effectiveness” (4).

On a theoretical basis, active case detection in the community may be effective.
However, as discussed in “What is the role of case detection by periodic mass radi-
ographic examination in tuberculosis control?” (page 72), such a strategy has severe
practical limitations. It would detect prevalent cases primarily, which can be rapidly
controlled with DOTS in any case (see “Can tuberculosis be controlled?”, page 301).
Moreover, patients identified through surveys of this nature tend to be unlikely to
complete a full course of treatment.

Evidence that DOTS is cost-effective compared with other tuberculosis
treatment strategies
Two early studies comparing the cost-effectiveness of different strategies for provid-
ing tuberculosis treatment came from experience in countries of Africa – one from
Botswana (5), and one each from Malawi, Mozambique and the United Republic of
Tanzania (6). Each study compared short-course treatment with “long-course” regi-
mens based on streptomycin, isoniazid, and thioacetazone, and also compared fully
ambulatory regimens with inpatient care during the intensive phase. Although 
the drug costs for short-course treatment were more than three times higher than
those for standard treatment, improved cure rates made short-course treatment the
more cost-effective option, particularly if treatment was provided on an outpatient
basis. Further studies have substantiated this finding, and a review of eight cost-
effectiveness studies published between 1982 and 1992 showed that the cost per
outcome for ambulatory short-course treatment was 19–41% that of long-course
treatment with two-month hospitalization (2).

The cost savings for countries as they implement DOTS can be substantial. An 
economic analysis of DOTS in India conducted by WHO in 1996 estimated that an
additional investment of US$ 200 million per year would yield an annual return 
of US$ 750 million through reduced prevalence of disease, deaths averted, and release
of hospital beds (7).

However, the economic benefits of DOTS are even greater for communities than
for governments. In many developing countries, the direct costs of tuberculosis diag-
nostic and treatment services for government health services are considerably lower
than the direct and indirect costs for households. A study in Uganda was one of the
first to demonstrate this, revealing that, out of a total cost of US$ 324, the patient con-
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tributed US$ 229 in direct and indirect costs (8). Of these patient costs, lost income
equivalent to 3–4 months of work time usually forms the greatest proportion (see
“What is the health, social, and economic burden of tuberculosis?”, page 233) (9).

Evidence of the potential economic benefit of DOTS for communities comes from
a study conducted in Thailand, which showed that for every US$ 1 invested by the
government in tuberculosis control, the community gains by US$ 50 over a 20-year
period (10).

The per capita incremental cost of implementation of DOTS may be as low as US$
0.05 in some low-income countries (11), and would rarely be more than US$ 0.20 in
high-prevalence, low-income countries.

In summary, DOTS is a highly cost-effective strategy, producing significant savings
for governments and communities. DOTS is a “good buy” for health planners and
policy-makers. In resource-poor settings, DOTS should be one of the highest priori-
ties for health services, and it offers significant advantages over other tuberculosis
control strategies and methods of treatment.
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57. How can the progress of treatment 
be monitored?1

T. Santha2

The three approaches to monitoring progress of patients during treatment are 
bacteriological, clinical, and radiographic assessment.

Assessment by bacteriology
Bacteriological assessment can be done by smear and culture. Although culture is
more specific, it is time-consuming and costly and there is a delay in getting the results.
Moreover, appropriate facilities are not universally available. Hence the management
of patients is generally based on smear microscopy. Based on smear results, the
response to 12-month treatment regimens that do not contain rifampicin can be pre-
dicted with 90–92% confidence (1). With short-course treatment, the organisms 
are killed rapidly, but dead bacilli may be excreted for some time, with the result 
that smears may be positive in some patients even when they are responding well to
treatment (2).

On monthly sputum examination, one of the four patterns shown in Table 58 could
be observed. It is evident that, if culture results are not available, serial smears alone
clearly show all the different courses. Thus, in monitoring treatment, culture exami-
nations are merely confirmatory. It is exceptional for patients receiving treatment to
be consistently negative on smear yet positive on culture: the patient who is smear-
positive initially either attains culture negativity or reverts to smear positivity.

It is not necessary to examine the sputum every month. WHO and IUATLD rec-
ommend monitoring progress during treatment in smear-positive patients though
sputum smears on three occasions: at two months, during the fifth month, and at the
end of treatment (3, 4). This allows decisions on treatment management to be made
with a minimum of tests.

A laboratory report that states “sputum not obtainable” or “patient does not expec-
torate” by no means implies sputum smear negativity; it is important that such a
report is regarded as unsatisfactory. In patients who do not produce sputum despite
careful instruction, tickling the throat with a laryngeal swab or inducing sputum with
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saline can provoke a clearing cough and sputum suitable for smear examination.
Smear positivity alone, especially if the degree of positivity is declining, need not be
cause for alarm.

Clinical assessment
Clinical assessment of progress is largely subjective. Disappearance of clinical symp-
toms, general well-being, ability to resume normal activities, and weight gain are all
pointers to clinical progress. Persistence or reappearance of symptoms plus weight loss
– i.e. objective clinical deterioration – indicates the need for further investigations 
by sputum microscopy. Erythrocyte sedimentation rate and other tests are unreliable
and unnecessary in monitoring progress. Clinical assessment is often the only means
available for judging progress in extrapulmonary and smear-negative pulmonary
tuberculosis: weight gain is a valuable indicator in such cases.

Assessment by radiography
Serial radiography is still preferred by many physicians. However, several studies have
demonstrated that this can be very misleading for assessing the progress and eventual
outcome of treatment. Patients may show radiographic improvement yet still dis-
charge tubercle bacilli. Bacteriologically quiescent disease may be classified as treat-
ment failure because of residual lesions on the X-ray, including cavitation. Patients
with persisting bacteriological negativity could show radiographic changes that would
be interpreted as deterioration by expert assessors. In a study of 112 patients with 
bacteriologically quiescent disease, followed up by bacteriology and radiography for
4 years, radiographic changes in 35 patients (31%) were classified as deterioration. In
12 patients (11%), an increase in cavitation or appearance of cavitation was recorded.
Clearly, assessment by radiographic changes alone can be very misleading (5).
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Table 58
Interpretation of the results of sputum examination by smear and culture during
tuberculosis treatment

Month Smear Culture Smear Culture Smear Culture Smear Culture

0 ++ +++ ++ +++ ++ +++ ++ +++
1 ++ + ++ + ++ +++ ++ +++
2 0 0 + 0 ++ ++ ++ ++
3 0 0 + 0 0 + ++ ++
4 0 0 0 0 0 + ++ +++
5 0 0 0 0 ++ + +++ +++
6 0 0 0 0 ++ ++ +++ +++

Response Favourable Favourable Fall and rise Failure



Summary
Microscopic examination of the sputum smear is a reliable and inexpensive method
for assessing the results of treatment in initially smear-positive patients. Radiographic
and clinical evaluations are unsatisfactory for assessing progress. Smear microscopy
is also a valuable guide to progress and outcome: Examination of smear-positive
patients at 2 months, 5 months, and at the end of treatment will give a good indica-
tion of the success of treatment in large-scale treatment programmes. Follow-up
smears provide reliable information about patient progress and programme perfor-
mance. However, the individual patient benefits from bacteriological assessment only
if, in the event of treatment failure, another course of treatment with an effective
regimen can be provided.
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58. How effective is tuberculosis treatment
and what are the needs for the future?1

T. Santha2

The introduction of effective antituberculosis drugs brought about a revolution in the
management of tuberculosis. From the era of bedrest, good food, and fresh air in a
sanatorium – the best that the pre-chemotherapy era had to offer to a selected few –
tuberculosis can now be treated effectively in the patient’s home, without interfering
with normal life or work (see “What were the main findings of the Madras study com-
paring home and sanatorium treatment?”, page 173). Currently recommended regi-
mens can achieve 90–95% relapse-free cure rates, not only in controlled clinical trials
but also under programme conditions.

In previously untreated patients who take treatment regularly and completely the
following results can be achieved:

● Standard treatment for 18 months, with three initial drugs for 2 months but
without rifampicin, has a potential cure rate of 96% and a relapse rate of less than
3%. However, it has generally not been possible to implement this regimen on a
mass basis (see “What is the optimum duration of treatment?”, page 144).

● Short-course chemotherapy of 6–8 months’ duration, including rifampicin at least
in the intensive phase, can achieve cure rates of 97–99% and a relapse rate of less
than 6% (see “What is the optimum duration of treatment?”, page 144).

● Patients who have relapsed can achieve more than 80–90% cure if treated for 8–9
months with five drugs, including rifampicin, during the intensive phase and three
drugs in the continuation phase, since more than 80% of the relapses occur with
drug-susceptible organisms (1).

● In patients who had incomplete prior treatment, response will depend upon 
the drugs and dosages given during the prior treatment and the duration of treat-
ment since these factors influence subsequent drug susceptibility (2). In well-
performing programmes, 70–80% of these patients are cured (3).

● Smear-positive patients who have failed a directly observed short-course treatment
or re-treatment regimen have a low probability of cure with regimens that include
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only first-line drugs, as the probability of resistance to several of the drugs is high.
Treatment of these patients with reserve drugs for a long period (18–24 months)
can achieve relapse-free cure in two-thirds of them at best (see “What reserve reg-
imens are available and what is their place in tuberculosis control programmes?”,
p. 215).

On the whole, the efficacy of current treatment regimens is high: a patient who
adheres to treatment has a greater than 98% chance of cure, generally with only one
course of treatment. Most patients who default or relapse can be cured with a re-
treatment regimen. Thus, there is little potential for new drugs to increase cure rates.
However, new drugs could promote tuberculosis control by reducing the duration or
frequency of treatment.

Lack of treatment success in practice is most often due to failure to ensure correct
treatment, rather than to failure of correctly applied treatment (see “Why does treat-
ment fail and what can be done to avoid poor treatment outcome?”, page 185, and
“How frequently do patients stop taking treatment prematurely?”, page 181). In poorly
organized programmes, more than 30% of patients default. Treatment irregularity is
common, particularly if drug intake is not observed and if drug supply is not regular,
free of charge, and easily accessible to the patient. Death during treatment (all causes)
may be high because of HIV infection or delayed diagnosis.

Much can be gained by improving operational aspects of tuberculosis control pro-
grammes (see “What is DOTS?”, page 241). However, development of new drugs could
substantially facilitate programme implementation. A longer period between inter-
mittent doses (see “What is intermittent treatment and what is the scientific basis for
intermittency?”, page 130) would reduce the frequency of patient visits and facilitate
observation of drug intake – but two or three highly effective drugs with the same
efficacy and half-life are required. More effective drugs, in addition to isoniazid and
rifampicin, could shorten the initial intensive phase, overcome drug resistance, and
reduce the risk of death during the initial weeks of treatment.

The principal problem remaining today is that available drugs have little or no
action on quiescent bacilli (see “How does tuberculosis treatment work?”, page 102).
The purpose of the second phase of treatment is to eliminate bacilli that reproduce
slowly or occasionally, much like the effect of preventive treatment in persons infected
with Mycobacterium tuberculosis who do not have disease. A drug capable of acting
on latent tubercle bacilli, or an immunomodulator able to improve the capacity to
destroy those bacilli, would shorten treatment duration. Shorter treatment would
reduce default and increase cure rates and also reduce the work and cost of main-
taining patients on treatment.

These are some of the areas of research now being explored. However, with the
present technology and good programme organization, most tuberculosis patients can
be cured, most sources of tuberculosis infection can be rendered noninfectious in 
a few days or weeks of treatment, and most tuberculosis patients can be cured. If a
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sufficient proportion of the sources of infection in the community are detected and
treated, the prevalence and transmission of tuberculosis, and the resulting mortality,
can be reduced rapidly.
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59. Is primary drug resistance a menace to
the control of tuberculosis?1

M. Espinal 2 & T. Frieden3

In the early days of chemotherapy, regimens were often inadequate, irregularity of
treatment was common, and failure rates were high. As a result, the prevalence of
patients with chronic pulmonary tuberculosis discharging drug-resistant organisms
increased. It was generally feared that these patients would infect the community to
such an extent that primary drug resistance (see “What are the different types of drug
resistance?”, page 198) might become an epidemiological and clinical problem similar
to that of penicillin resistance in staphylococcal disease. Alarming figures of drug resis-
tance in 50% or more of newly attending patients were reported, mainly from devel-
oping countries, where, in fact, most of these patients had (concealed) treatment
failure and thus had acquired – not primary – resistance.

It was not possible to compare the data from different clinical reports or surveys,
mainly because of the considerable differences in laboratory techniques, criteria of
drug resistance, and methods of selecting groups of patients for examination.

The WHO/IUATLD Global Project on Antituberculosis Drug Resistance Surveil-
lance overcame these methodological concerns. Epidemiological surveys were con-
ducted between 1994 and 1999 in more than 72 countries/areas using stringent
methods, including population-based representative sampling, careful differentiation
between new and previously treated cases, standard laboratory methods, and an 
international proficiency testing programme (1). Trends were available from 28 
countries/areas.

Of 65 of the countries/areas surveyed, 11 showed a relatively high prevalence of mul-
tidrug-resistant tuberculosis (see Figure 20). The remaining sites surveyed showed no
signs of a major problem, suggesting that multidrug-resistant tuberculosis is far from
universal. While a high prevalence of streptomycin resistance was documented in many
countries, this finding is of limited significance as the use of streptomycin is being aban-
doned for treatment of new patients by many of these countries (2). A high prevalence
of resistance to isoniazid – but not to rifampicin or ethambutol – was also documented.
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Table 59 gives information on the distribution of resistance among new cases of
tuberculosis.

Information from 28 countries/sites that had conducted two or more comparable
surveys showed no evidence of increasing drug resistance among new cases (i.e.
primary resistance) between 1994 and 1999. As far as trends can be observed, there is
an indication that the levels are fairly stable in most areas.

Systematic surveillance and mathematical models suggest that the number of new
tuberculosis cases found to be drug-resistant, especially multidrug-resistant, will
remain low in most parts of the world (4). This prediction follows from the assump-
tion that multidrug-resistant strains of Mycobacterium tuberculosis have a relatively
low genetic fitness (either less transmissible or less likely to cause infectious tubercu-
losis if transmitted) compared with drug-susceptible strains. Relative fitness is 
measured by dividing the odds of finding a resistant strain in a restriction-fragment
length polymorphism cluster by the odds of finding a susceptible strain in a cluster.
With low relative fitness, multidrug-resistant strains would be, on average, less likely
to persist in self-sustaining transmission cycles, and new multidrug-resistant cases are
generated mainly as the by-product of low cure rates among drug-susceptible or
monoresistant cases.

High default rates can lead to high rates of multidrug-resistant tuberculosis among
new cases as seen, for example, in Estonia, Latvia, and parts of the Russian Federa-
tion. Under these circumstances, the main remedy is to ensure high cure rates for
drug-susceptible or mono-resistant disease. Reserve drugs would be needed to treat
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Figure 20
Countries/areas with the highest prevalence of multidrug-resistant tuberculosis
within the WHO/IUATLD Global Project on Antituberculosis Drug Resistance
Surveillancea
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individual multidrug-resistant tuberculosis cases, but whether they would be needed
to contain an epidemic of multidrug-resistant strains will depend on the relative
fitness of the specific strains, the characteristics of the host population, and environ-
mental factors (e.g. crowding) that influence transmission dynamics. In an extreme
case, a highly fit strain of multidrug-resistant tuberculosis has been reported as having
spread rapidly and extensively among severely immunosuppressed AIDS patients 
hospitalized under conditions of inadequate infection control (5). Similarly, it is 
likely that certain strains of multidrug-resistant tuberculosis could spread widely
among malnourished prisoners housed in overcrowded conditions (6). In such set-
tings, reserve drugs might well be needed to contain an epidemic of multidrug-
resistant tuberculosis. In contrast, it is far from certain that strains of multidrug-
resistant tuberculosis could cause a self-perpetuating community-wide epidemic,
particularly in the absence of significant immunocompromise.

There is now adequate evidence that, with standard treatment, the prognosis for
patients with primary resistance to one drug – provided that it is not rifampicin – is
almost as favourable as that for patients with susceptible organisms (7). Only a very
high level of primary drug resistance in a population can substantially reduce the
overall success rate of standard two-phase treatment including an initial phase of four
drugs daily. There is thus no reason to assume that primary drug resistance is becom-
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Table 59
Resistance to one or more drugs in 58
countries/settings surveyed between 1996 and 1999
among newly diagnosed, previously untreated
patientsa

Strains Median (Minimum,
maximum)

Total examined 474 (41, 12 063)
Total resistant 10.7% (1.7, 36.9)

Resistant to any one drug 7.0% (1.3, 17.9)
Resistant to isoniazid 3.0% (0, 7.9)
Resistant to rifampicin 0.2% (0, 2.0)
Resistant to streptomycin 2.5% (0, 14.5)
Resistant to ethambutol 0.5% (0, 3.0)
Resistant to two drugs 2.5% (0, 11.9)
Resistant to three drugs 0.6% (0, 7.3)
Resistant to four drugs 0.1% (0, 8.5)
Multidrug resistanceb 1.0% (0, 14.1)

a Source: reference 3.
b Resistance to at least isoniazid and rifampicin.



ing a greater danger to the community than the current danger of exposure to infec-
tion with drug-susceptible organisms.
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60. What are the keys to cure?
K. Toman1

How is it that cure rates in many areas are still low, despite the extraordinary potency
of present-day treatment?

Some physicians believe that high success rates can be achieved only in certain out-
standing treatment centres and that success rates will remain low unless more effec-
tive drugs are introduced. This is a rather superficial view. For more than 25 years,
there have been drugs from which nearly 100% effective, inexpensive, non-toxic, and
accessible regimens can be composed. Thus, the key to cure lies not in the introduc-
tion of new and better drugs or regimens but elsewhere (see “Why does treatment fail
and what can be done to avoid poor treatment outcome?”, page 185).

An important technical requirement for successful treatment is the prescription of
adequate regimens, i.e. only those whose efficacy has been established by controlled
trials. A regimen should contain at least two drugs to which the patient’s bacilli are
susceptible. The chosen drug should be given in the same dosage, at the same rhythm
(daily or intermittently), and for the same period as was done in controlled trials.
Deviations from this rule that have no scientific basis and that cannot be clearly 
justified should be regarded as malpractice.

Another technical, almost axiomatic, prerequisite is the regularity of drug intake.
Since the advent of treatment, many changes have taken place. Drug combinations
and dosages have been varied and the rhythm of administration and duration of
treatment have changed, but the need for regularity of drug intake persists. No new
regimen or drug has been able to overcome the necessity of long-term regularity, and
interruption of the regular rhythm of treatment increases the risk of failure. It must
be borne in mind that the main reason for treatment failure is not drug resistance but
the irregularity of drug ingestion.

It is illusory to expect that new drugs will solve the main problem of treatment,
unless a regimen can be found that needs to be administered in one injection or only
for a few days. The success of treatment is determined as much by operational as by
technical factors.
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Even the most effective regimens currently available, irrespective of the drug com-
bination or duration of treatment, may fail if not administered regularly. Thus, today
it is not the lack of knowledge about adequate treatment but its adequate administra-
tion (1) that is the crux of the matter (see “Why does treatment fail and what can be
done to avoid poor treatment outcome?”, page 185). This is one of the problems that
can be solved not by technical or medical means but mainly by organizational mea-
sures. Ensuring regular drug intake is a managerial task par excellence, and it has rightly
been stated that the control of tuberculosis is basically a management problem. Nearly
all attempts to ensure adherence through health education – for example, by thoroughly
instructing patients about the importance of regularity and the poor prognosis in case
of irregularity – have been insufficient to motivate patients to take their drugs regularly
as prescribed (see “How frequently do patients stop taking treatment prematurely?”,
page 181). Verbal motivation of patients is rarely successful unless applied in an ade-
quate organizational framework satisfying certain operational requirements.

Operational requirements
Treatment services must be easily accessible. Patients who feel very ill may be willing
to travel long distances in order to be seen by a reputed physician. However, they can
rarely repeat such travel or stay at the place of treatment for a long time. Treatment
services should therefore be within easy reach and be free of charge (2, 3).

Treatment services should be acceptable to and utilized by the community. Health
staff should be able to communicate with patients in their own language and should
be sympathetic to their complaints and needs. Patients should be helped to handle
the problems causing default. Services must be compatible with local beliefs, tradi-
tions, and habits, and should also be efficient. In short, they should inspire confidence
(see “What is the significance of default (treatment interruption) in the treatment of
tuberculosis?”, page 263).

Drugs should always be available in sufficient quantities. When patients have to be
turned away because drugs are out of stock, the effect on treatment regularity is bound
to be detrimental.

Treatment should be directly observed. This means that each dose should be admin-
istered under the direct observation of a trained, accountable individual. It is partic-
ularly important when rifampicin is included in the regimen, and especially in the
intensive phase of treatment when the bacterial load is highest. However, it is not
always easy to organize such treatment for every patient. In many instances, individ-
ual arrangements for treatment observation will have to be made. Sometimes the
observation of treatment will have to be delegated to other institutions or individu-
als, e.g. to a hospital or health post located close to the patient’s workplace or home.

In summary, treatment must be organized with a view to the patient’s convenience
rather than to the convenience of the treatment service.

At present, the key to cure is to be found in the organization of treatment deliv-
ery. The success rate of even the best available regimen will be low if treatment 
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services are not focused on the cooperation of patients. On the other hand, even a
second-best regimen may be highly successful if treatment is delivered with adequate
organization.
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61. What is the significance of default
(treatment interruption) in the treatment
of tuberculosis?1

N. Bock 2

The most important cause of tuberculosis treatment failure among detected patients
is non-completion of treatment, or default. The most important cause of tuberculo-
sis programme failure is a low rate of treatment completion, as defaulting patients 
continue to transmit tuberculosis in the community, sometimes with acquired 
drug resistance. Treatment success rates of at least 70–85% are necessary to ensure 
a substantial reduction in the incidence of tuberculosis (1). Systematic cohort 
analysis frequently reveals that less than half of patients who start treatment actually
complete it.

Treatment regimens capable of curing almost every tuberculosis patient have been
available for more than 40 years, yet a large proportion of the patients detected 
have not been successfully treated. In a 1964 report of a community-based tuber-
culosis treatment programme in southern India using a regimen of isoniazid plus p-
aminosalicylic acid (PAS), only 64% of 123 patients were culture-negative after 
12 months although the regimen was capable of a 90% cure rate (2). The low level of
success was attributed to failure of the health delivery services to maintain patient
adherence to treatment. By the end of the 12-month period 27% of patients had
refused treatment, 10% had died or moved, and fewer than half of the remainder had
collected at least 80% of their medication.

A comparison of the results of a triple-drug treatment regimen (streptomycin +
thioacetazone + isoniazid) in routine health delivery services versus controlled clini-
cal trials, both in Kenya, indicates the importance of both default in treatment failure
and organization of treatment services in treatment success (3). The triple regimen
achieved culture negativity at 1 year in 96% of patients in controlled clinical trials,
but in only 76% of those in routine health delivery services. The proportion of patients
completing 12 months of continuation-phase treatment in the well-organized clini-
cal trial programmes was 91%, compared with 51% of those receiving routine 
services.
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Treatment interruption is a major challenge in almost all areas. In New York City,
for instance, only 11% of patients who started on treatment as inpatients in one hos-
pital in 1988, before improvement in the tuberculosis control programme, were shown
to have completed treatment (4). Failure to achieve high completion rates was a factor
underlying both the striking increase in tuberculosis in New York City and the emer-
gence of drug resistance in the USA in the late 1980s and early 1990s (4–6). Patient
factors that have been associated with default range from inadequate understanding
of the treatment regimen (7) and fear of discrimination due to the stigma associated
with tuberculosis (8) to financial burden or travel distance to the clinic (9). Health
system factors include unreliable drug supply, inconvenient clinic hours, inadequate
patient education and support by staff, and poor staff motivation (10).

After 1 or 2 months of effective treatment, the patient feels symptom-free. From
that moment it seems pointless to the patient to take medication that may be unpleas-
ant and give rise to minor adverse effects that cause more discomfort than the disease
itself. It is only natural to enjoy the recovery and stop taking medication.

Discontinuation of treatment has also been observed in a number of other con-
ditions that require prolonged drug ingestion, such as cardiovascular diseases,
rheumatic fever, leprosy, epilepsy, diabetes, and malaria prophylaxis. It is also true of
the self-administration of oral contraceptives.

The dictionary definition of default is failure to do something required by duty or
law. When default might cause harm to the individual or community, corrective or
preventive action should be taken. In the case of a tuberculosis patient, irregularity 
or premature cessation of treatment usually has serious consequences not only for the
patient but also for the community as a whole. It is the moral, if not the legal, duty
of the health services to take the necessary precautions. However, since the interrup-
tion or self-termination of treatment is a common feature of human behaviour, these
precautions must be an essential part of the treatment strategy – a built-in element
of treatment organization. Prevention and management of default are integral com-
ponents of treatment and are thus – principally and undeniably – the responsibility
of the doctor or person in charge of treatment. The DOTS strategy shifts the ultimate
responsibility for patient cure from the patient to the health system. Therefore, if treat-
ment failure is due to default, it is unjust to hold the patient primarily responsible.

As long as the organizers of treatment services do not accept this responsibility,
even the most effective drug regimens will fail to produce the high level of therapeu-
tic and epidemiological success of which they are capable.

However, it is easier to identify than to remedy the causes of default. Many health
professionals believe that health education of the sick and of the public is all that 
is needed to ensure compliance with medical instructions. Unfortunately, experience
has shown that such efforts, or even detailed instructions by a doctor, are generally
insufficient to motivate patients to take the prescribed regimen.

There is far more to motivation than informing and instructing people: it is a
matter of human relations and requires an understanding of the patient’s non-medical
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problems, way of life, work, beliefs, wants, fears, and attitudes towards traditional and
modern medicine. Motivation requires a person to speak the patient’s “language” and
bridge intellectual and social distances, remove cultural barriers, and change attitudes
and habits. Positive motivating factors are efficient professional performance, good
working morale, compassion, and staff ’s identification with the community they
serve.

In summary, motivation is a problem of human communication, differing from
one patient to another and one community to another. That is why no uniform and
generally applicable recipe can be given. Failure to communicate with the patient, a
patronizing approach, or disrespectful behaviour will alienate the patient and create
distrust, resulting in the rejection of treatment.

The only means of ensuring that treatment is taken as prescribed is by direct obser-
vation (see “What are the advantages of direct observation of treatment”, page 183).
In an effective programme of direct observation, each patient’s needs and concerns
are addressed and a human bond between the patient and the treatment observer is
established so that the risk of default is minimized.

Among 725 275 smear-positive cases reported to WHO in the 1998 cohort and
receiving standardized short-course treatment in a DOTS programme, the global
default rate was 6% (11). Considering patients who were not evaluated as defaulting,
the default rate among those treated in a DOTS strategy programme was less than
one-quarter of that among those treated in non-DOTS programmes (11% vs 58%).
Thus, the DOTS strategy, if successfully applied, can address the health system 
organizational problems that are factors in default.
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62. How important is follow-up and what is
the frequency of relapse after the
completion of treatment?1

T. Santha2

Relapse is defined as “a patient previously treated for tuberculosis who has been
declared cured or treatment completed, and is diagnosed with bacteriologically pos-
itive (smear or culture) tuberculosis” (1).

Before the advent of treatment, the complete cure of smear-positive pulmonary
tuberculosis was seen only rarely. Pathologists and clinicians maintained that the
disease practically never healed in the strict sense of the term, but could only be
arrested, become stabilized, or rendered inactive. Since bacilli almost always persisted
in the residua of tuberculosis lesions, relapse was common, and that was the reason
for the adoption of a policy of lifelong follow-up of patients who had completed treat-
ment. These patients were kept on a register and examined regularly at intervals of
several months, or at least once a year. That routine, however, placed a steadily increas-
ing burden on the health services, absorbing a substantial proportion of staff time and
financial resources. The dramatic success of treatment called into question the use-
fulness of indefinite follow-up and prompted demands for the reassessment of this
policy. For that purpose, two questions needed to be answered:

● What is the frequency of relapse?
● How is relapse detected?

In a longitudinal survey and analytical studies, it was found that relapse still accounted
for about 15–20% of the annual incidence of newly registered infectious cases (2–4).
Controlled clinical trials in which patients were followed up regularly for 2 years or
more have shown that the frequency of relapse is around 3–7% with standardized
short-course chemotherapy. Similar results were obtained with either a 6-month
regimen using rifampicin throughout the treatment period or 8 months if rifampicin
was given only in the initial intensive phase of treatment. Approximately 80% of the
relapses occur within the first 6 months of stopping treatment (5). More than 80% of
relapses occur with organisms susceptible to the tuberculosis drugs used earlier (6)
and hence their re-treatment does not pose a problem.
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It was also found that the individual risk of relapse among persons with a history
of bacteriologically confirmed tuberculosis varied substantially and was determined
mainly by three factors:

— whether treatment had been received or not (in case treatment was not given,
the patient would be considered to have recurrent tuberculosis, not to have
relapsed);

— whether or not the regimen given was adequate and regularly taken; and
— the time that had elapsed since smear/culture conversion to negative was

achieved.

The highest relapse rate is found in patients who have never received any treatment
(about 5% per annum) and the next highest rate (about 2%) in patients with prior
inadequate treatment (7). After 3–5 years, the risk in both groups diminishes appre-
ciably, to about 1% (7).

The most important finding was the striking effect of adequate treatment on
relapse, which falls to a few per million per annum (8, 9). Although the risk is still
considerably higher than the risk of disease in persons with no history of previous
tuberculosis, it does not warrant lifelong follow-up. Moreover, even with active mon-
itoring, relapses were mostly discovered on account of symptoms rather than during
routine follow-up examination. In a longitudinal survey lasting 12 years, each person
with a history of tuberculosis was examined bacteriologically every 6 months and by
X-ray once a year. Less than half of the relapses were discovered through follow-up
examinations, despite a stringent research discipline.

In patients who have been adequately treated, the risk of relapse is too small to
justify prolonged follow-up (10). Thus, routine follow-up examinations are generally
unnecessary. This conclusion was reached by the Centers for Disease Control of the
Public Health Service in the USA (11), as well as by investigators who followed up
patients treated in Scotland (12). The former stated (11): “Tuberculosis patients who
complete adequate chemotherapy should be considered cured. They have no need for
routine lifetime periodic recall for X-ray examination. Indeed, perpetuating life-time
follow-up of such treated patients diverts clinic personnel and resources from the
crucial task of providing services for those who really need them.”

However, ex-patients should be strongly advised to come for examination without
delay if they develop symptoms suggestive of tuberculosis (10). General practitioners
and physicians who are likely to encounter patients with a history of previous tuber-
culosis should be informed about the possibility of relapse and the need to promptly
evaluate recurrent respiratory symptoms (such as prolonged cough). However, it
should also be understood that, among symptomatic ex-patients, cough is more the
result of irreversible, bacteriologically quiescent lung damage than of recurrence of
active tuberculosis disease (13).
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63. Why is a recording and reporting system
needed, and what system is
recommended?
D. Maher1 & M. Raviglione 2

The recording (patient registration) and reporting system is used to systematically
evaluate patient progress and treatment outcome, as well as overall programme per-
formance, and to identify problems that need to be solved (1, 2). It is a fundamental
principle of effective tuberculosis control that the programme is responsible for mon-
itoring and reporting outcomes of every patient started on treatment, without excep-
tion – “no cheating”. It is common for specialized institutions or individual physicians
to believe sincerely that a high proportion of the patients they place on treatment are
cured, but for systematic evaluation to reveal that only a minority of patients – not
infrequently, a small minority – actually complete treatment (3).

What is the recommended recording system?
The recommended recording system consists of:

— a tuberculosis laboratory register that includes data from all patients who have
had a sputum smear examination;

— patient treatment cards that detail the regular intake of medication and follow-
up sputum examinations; and

— the tuberculosis register, which lists every tuberculosis patient and monitors
individual and collective progress toward cure (1, 4) (some countries register
only tuberculosis patients who start treatment).

Tuberculosis laboratory register

The laboratory technician records patient details in the tuberculosis laboratory regis-
ter with a serial identification number. The results of the sputum examination are
then recorded in the general health facility where the patient is registered for treat-
ment. From tuberculosis laboratory registers and routine clinic records, the propor-
tion of outpatients (attending health facilities for any reason) examined and the
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proportion of patients examined for diagnosis who are found to be smear-positive
can be easily monitored.

Patient treatment card

Each person with a diagnosis of tuberculosis (smear-positive, smear-negative, or
extrapulmonary) has a patient treatment card. This card records basic epidemiologi-
cal data (age, sex, etc.), clinical information (type of patient, category of treatment,
smear result, weight), and the administration of drugs. Each card also gives informa-
tion on the patient’s address and treatment centre; this is useful in case the patient
does not attend scheduled treatment. The health worker uses the patient treatment
card for recording the treatment given and the results of follow-up sputum examina-
tions. During the continuation phase and at the end of treatment, patients submit
sputum samples for microscopy to ensure that they become – and remain – negative
and are thus declared cured of tuberculosis. These results, along with follow-up
patient weight, are also recorded on the treatment card.

Tuberculosis register

The health care worker responsible for supervising each administrative area or insti-
tution uses the tuberculosis register to monitor progress and treatment outcome for
all patients in that district. This provides the district or local health director with
rapid, continuous feedback on programme performance in the district. Each patient’s
address and treatment centre are also recorded, facilitating the tracing of patients who
interrupt treatment.

What is cohort analysis?
Cohort analysis refers to the systematic assessment and reporting of standard out-
comes of treatment. A cohort of tuberculosis patients consists of patients registered
during a certain time period, which is usually a quarter of a year (i.e. 1 January to 31
March, 1 April to 30 June, 1 July to 30 September, and 1 October to 31 December).
Sputum smear-positive pulmonary tuberculosis patients (the infectious cases) form a
separate cohort from sputum smear-negative and extrapulmonary tuberculosis
patients. For smear-positive pulmonary tuberculosis patients, the standard outcomes
of treatment reported are cure, treatment completion, treatment failure, death, treat-
ment interruption (default), and transfer out. In smear-negative pulmonary tubercu-
losis and extrapulmonary tuberculosis patients, cure cannot be assessed systematically
because the outcome indicators depend on the sputum smear examination. For these
patients, therefore, treatment completion, death, default, failure, and transfer out are
recorded in the tuberculosis register. New and previously treated patients form sepa-
rate cohorts.

Cohort analysis is the key management tool for evaluating the effectiveness of
tuberculosis control activities in any area. It enables the identification of problems so
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that the programme can institute appropriate action to improve performance. The
quarterly report on case detection rapidly identified poor-quality diagnosis, so that
diagnostic practices can be promptly improved. The quarterly smear conversion
report and quarterly and annual treatment success rates (percentage of patients who
are cured plus those who complete treatment) provide any middle- or upper-level
manager with timely, concrete indicators of achievements or of problems requiring
action. Examples of problems include low cure rate, high default rate, higher-than-
expected proportion of sputum smear-negative pulmonary tuberculosis or extrapul-
monary tuberculosis, and lower-than-expected case-detection rate.

The recording and reporting system allows for targeted, individualized follow-up
to help patients who are not making satisfactory progress, and for rapid managerial
assessment of the overall performance of each institution, district, region, or country.
The system ensures systematic accountability, and its inherent internal and external
cross-checks make false reporting difficult to perform and easy to detect. For example,
the laboratory number appears on the tuberculosis laboratory register, the patient
treatment card, and the tuberculosis register. These three records are often kept in dif-
ferent health units, which would make false reporting logistically difficult, particularly
as the tuberculosis and laboratory registers may contain hundreds or even thousands
of records.

What is the recommended reporting and monitoring system?
Monitoring of treatment outcomes by cohort analysis takes place about 3 months after
all patients in the cohort should have completed their course of treatment. The tuber-
culosis officer should perform cohort analysis of treatment outcome every quarter
and at the end of every year. Quarterly reports on treatment outcome are forwarded
to the intermediate level (e.g. region). The tuberculosis officer at this intermediate
level verifies that local reports are correct, complete, and consistent, compiles cohort
analysis reports on all patients in the area, and submits the report to the central unit
of the national tuberculosis control programme. The national programme compiles
cohort analysis reports on all tuberculosis patients registered nationally. The World
Health Organization collects and publishes summary, consolidated data annually and,
in some regions, quarterly (5, 6).
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64. When should tuberculosis patients be
hospitalized, and how infectious are
tuberculosis patients while on
treatment?1

E.A. Talbot 2 & C.D. Wells3

For most tuberculosis patients, successful treatment can be given entirely in an out-
patient setting, without significant risk of tuberculosis transmission within the com-
munity. In situations where this is possible, a policy of routine hospital admission for
tuberculosis treatment is unnecessary – and even anachronistic.

There is a solid body of evidence that outpatient treatment is as effective as inpa-
tient treatment, even for patients with extensive disease and living in poor conditions.
In the classic Madras study (see “What were the main findings of the Madras study
comparing home and sanatorium treatment?”, page 173), 163 patients with pul-
monary tuberculosis were randomized to care either in their homes or in a sanato-
rium (1). Conditions in the sanatorium included prolonged bedrest, nutritious diet,
nursing services, and a well-ventilated and clean environment, which had been advo-
cated as conducive to healing tuberculosis. After 1 year of treatment with isoniazid
and p-aminosalicylic acid, compliance and clinical, radiographic, and bacteriological
responses were equivalent in the two groups. A total of 126 patients were followed for
5 years and no difference in the rate of relapse was observed between the home-treated
and sanatorium-treated patients (1).

Following this and other controlled trials in both developed and developing set-
tings (2–4), there has been increased emphasis on outpatient management of tuber-
culosis (5). Nevertheless, hospitalization of tuberculosis patients remains a common
practice in some settings (6, 7), and may even be increasing (8, 9). A reason often cited
for initial hospitalization is concern that the patient is infectious and must therefore
be isolated from family and community. It is currently impossible to determine exactly
when an individual patient becomes non-infectious. However, most patients with
disease due to drug-susceptible organisms become non-infectious within several days
to weeks after treatment is started, and the risk of infection to contacts is therefore
greatly reduced (10). During the 5-year follow-up period of the Madras study, close
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contacts of the tuberculosis patients were observed for skin-test conversion and the
development of tuberculosis (11). The tuberculin-negative contacts of patients treated
at home were no more likely to convert to positive than the contacts of those in the
sanatorium. Moreover, tuberculosis developed no more frequently in contacts of
home-treated patients (10.5%) than in contacts of patients treated in the sanatorium
(11.5%). Most cases of tuberculosis developed within the first 3 months, suggesting
that infection occurred before the start of treatment (11). Additional studies support
this landmark finding (12, 13).

There are national and international guidelines that recommend hospitalization for
tuberculosis patients who cannot be managed on an outpatient basis (10, 14, 15).

Occasionally tuberculosis is diagnosed while a patient is in hospital, whether or not
symptoms of tuberculosis led to the admission; in other words, tuberculosis may be
an incidental finding. The indications for admission to or continued stay in hospital
related to tuberculosis are similar to those for any other disease. These include poten-
tially life-threatening conditions such as miliary/meningeal disease, adult respiratory
distress syndrome, intravascular coagulation, severe haemoptysis, and severe reaction
to drugs. Infectiousness is not now, in itself, an indication for confinement in the hos-
pital, except in rare cases (16). However, while it may be appropriate to return a patient
to home and family, special circumstances – such as army barracks or crowded cor-
rectional facilities – make isolation (in a hospital or elsewhere) advisable until the
patient is asymptomatic and has negative or decreasingly positive acid-fast bacilli
smears (17). Some programmes recommend that, if patients would be discharged to
congregate living situations (e.g. shelter, nursing home, jail, prison, or group home),
and in other selected situations, they remain in hospital until they are smear-negative
(18).

In a few select circumstances, hospitalization or institution-based treatment may
be preferable to outpatient treatment. For example, there are limited data to deter-
mine when patients with isoniazid- and rifampicin-resistant (multidrug-resistant)
tuberculosis become non-infectious after the start of appropriate reserve drug treat-
ment. In a series of multidrug-resistant tuberculosis patients who responded to treat-
ment at the National Jewish Hospital, the interval from start of treatment to the first
of a series of negative cultures ranged from 1 to 8 months (median 2 months) (19).
Contacts of infectious multidrug-resistant tuberculosis patients who become infected
with multidrug-resistant strains and who develop active disease require longer and
more costly treatment, have a lower likelihood of cure, and are at greater risk of death
(20–22). Given that multidrug-resistant tuberculosis patients may be infectious for
longer, hospitalization may have a role in treatment when multidrug-resistant tuber-
culosis patients are likely to have close contacts, particularly young children and
immunocompromised persons.

Good infection control policies and practices must be in place in facilities where
such patients are treated (see “What is nosocomial transmission of tuberculosis and
how can it be prevented?”, page 278). Outbreaks of multidrug-resistant tuberculosis
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can occur in hospitals in both developed and developing countries if good infection
control policies are not practised (2–25). Reported outbreaks, mostly among patients
infected with the human immunodeficiency virus, resulted in high mortality.

The American Thoracic Society (26) has said: “In summary in this era of
chemotherapy, tuberculosis should be treated in whatever setting most appropriately
meets the needs of the patient and the community. Some patients can be entirely
treated at home. Others may require some short period of hospitalization in a general
hospital followed by ambulatory care. Still others may require longer-term care in an
institution mainly because of their other medical and social problems. The fact of
tuberculosis should not be the primary determinant of the local care, nor should it
act as a constraint. Continuity and completion of chemotherapy are the keys to 
recovery wherever the care is provided.”
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65. What is nosocomial transmission 
of tuberculosis and how can it 
be prevented?
P.M. Simone1

Nosocomial transmission of tuberculosis is the spread of Mycobacterium tuberculosis
from a patient with active tuberculosis to other patients or health care workers in a
health care setting. Investigation of large outbreaks of multidrug-resistant tuberculo-
sis in hospitals in the USA in the late 1980s and early 1990s (1–5) found that trans-
mission occurred because of delays in diagnosis and treatment of patients with active
tuberculosis and lack of appropriate infection control measures. In addition, many of
the patients were infected with HIV, and there was a very high mortality rate. HIV-
infected persons who are exposed to and infected with M. tuberculosis may progress
rapidly to active tuberculosis. Delays in the diagnosis and treatment of these secondary
cases facilitated further transmission and contributed to the poor outcomes in these
patients.

Several studies have demonstrated an increased risk of nosocomial transmission of
M. tuberculosis to health care workers in Africa, South America, and Asia (6–12). These
health care workers included nurses, physicians, nursing and medical students, and
laboratory technicians. The risk was greatest among those who had the closest and
longest duration of contact with tuberculosis patients. The studies suggest that the
greatest risk for nosocomial transmission is from the patient whose tuberculosis has
not yet been diagnosed or treated.

Transmission of M. tuberculosis can be prevented or reduced by implementing
certain infection control measures (13). There are three levels of control:

— administrative controls to help reduce exposure of patients and health care
workers to M. tuberculosis;

— environmental controls to reduce the concentration of organisms in the air; and
— personal respiratory protection to help protect workers in certain settings when

the concentration of organisms cannot be sufficiently reduced by administra-
tive and environmental controls.
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Administrative controls are by far the most important; environmental controls and
personal respiratory protection will be ineffective in the absence of good administra-
tive controls.

Administrative controls should receive the highest priority in any tuberculosis
infection control programme. Some basic administrative controls should be imple-
mented in all health care facilities, and additional controls are recommended for
larger, referral-level facilities. The most important administrative control in all set-
tings is having appropriate policies and procedures in place to facilitate early diagno-
sis and treatment. Tuberculosis should be suspected in patients who have symptoms
of, or risk factors for, tuberculosis. When tuberculosis is suspected, a diagnostic eval-
uation should be initiated promptly and the results should be returned in a timely
fashion so that treatment can be initiated. Ensuring that all medications are taken
under direct observation and that treatment is continued and completed after hospi-
tal discharge is essential to prevent disease recurrence and subsequent readmission of
patients with infectious tuberculosis.

Additional administrative controls recommended for all settings include:

— assessing the risk for transmission in different areas of the facility;
— developing an infection control plan;
— training health care workers in tuberculosis, its transmission, and their role in

implementing infection control measures to reduce the risk of transmission;
— educating patients about the importance of covering their mouths when 

coughing;
— collecting sputum in well-ventilated areas;
— prioritizing patients with suspected tuberculosis in outpatient settings to reduce

exposure in waiting areas; and
— reducing exposure in the laboratory.

In addition, the implementation of these interventions should be evaluated 
periodically.

For referral-level facilities, additional measures are recommended. One effective
way to reduce the risk of transmission in these facilities is to promote outpatient man-
agement of tuberculosis patients. Two means of doing this are early discharge and
avoidance of hospitalization altogether. Hospitalization can be avoided by ensuring
prompt and appropriate referral to outpatient tuberculosis care. When hospitaliza-
tion cannot be avoided, infectious tuberculosis patients should be placed in a sepa-
rate ward, area, or (ideally) building of the facility. This can reduce transmission to
other patients in the facility, especially when used in conjunction with administrative
controls for early diagnosis and treatment. In larger facilities, two wards in a separate
building, one for patients with suspected tuberculosis and one for tuberculosis
patients on treatment, would be optimal. True isolation is usually not feasible because
it requires expensive engineering controls. Policies and procedures for enforcing and
discontinuing isolation/separation should be developed and evaluated. Consideration
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should also be given to collecting data on the number of health care workers in the
facility who are diagnosed with tuberculosis and information about risk factors.

Environmental controls are most appropriate for referral-level facilities. They are
used to remove and dilute air contaminated with M. tuberculosis in tuberculosis
patient areas. The simplest and least expensive environmental control is maximizing
natural ventilation through open windows. Obviously, this will not be feasible in some
climates. The direction of airflow can be controlled to prevent contaminated air from
a tuberculosis ward from reaching other parts of the facility, but this requires more
expensive measures such as window fans or exhaust ventilation systems. Ultraviolet
germicidal irradiation can clean the air by killing airborne M. tuberculosis. Lamps are
placed near the ceiling to irradiate the air in the upper part of the room without expos-
ing patients and workers in the rest of the room, but there must be good mixing of
air in the room for this to be effective. High humidity may reduce effectiveness, and
precautions must be taken to ensure safe installation (13).

Respirators are special masks made of material that filters small particles (95% filter
efficiency for particles 0.3 mm in diameter) and fit well. Personal respiratory protec-
tion is a lower priority than administrative or environmental controls. However,
in referral-level facilities, respirators can be used as a supplement to administrative
and environmental controls in certain high-risk settings, such as isolation rooms,
and rooms where bronchoscopy, sputum induction, spirometry, or autopsies are 
performed.

These precautions are particularly important where HIV infection is common.
Without them, tuberculosis can spread rapidly in AIDS wards and similar settings.
HIV-infected health care workers are at risk of tuberculosis, and ideally should not be
exposed to infectious tuberculosis patients.

Implementing a tuberculosis infection control programme with an emphasis on
administrative controls will help to reduce transmission of M. tuberculosis within
health care facilities, protecting not only other patients but also health care workers
who are vital resources in the fight against tuberculosis.
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66. Where is tuberculosis usually spread
and how can spread be reduced?
H. Rieder1

The risk of being exposed to Mycobacterium tuberculosis depends principally on three
factors:

— the number of cases capable of transmitting M. tuberculosis in a community
(principally sputum smear-positive cases);

— the duration of infectiousness of such cases; and
— the number and duration of encounters between a source of infection and 

susceptible individuals.

The risk of becoming infected with M. tuberculosis, after exposure, depends on three
other factors:

— the number of infectious droplet nuclei produced by an infectious case;
— the volume of air in which these droplets are contained; and
— the period over which a susceptible individual inhales air containing such

droplet nuclei.

Spread of M. tuberculosis will therefore be most common in communities and 
population groups in which the prevalence of infectious tuberculosis is high, where
cases remain infectious for a prolonged period of time, and where people interact 
frequently. Transmission is most likely to occur where the concentration of bacilli 
in the air is high and exposure to that air is prolonged. It will be highest where 
there is prolonged direct contact between infectious sources and susceptible 
individuals.

The risk of becoming infected after exposure outdoors differs from that following
indoor exposure. Outdoors, infectious droplet nuclei rapidly disperse in an essentially
infinite volume of air (and are rapidly killed by sunlight); indoors the droplet nuclei
are trapped, particularly if ventilation is poor. Household contacts of an infectious
case are thus at higher risk than community contacts, and among household contacts,
intimate contacts are at highest risk (1).
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M. tuberculosis is thus most likely to be spread whenever the above conditions are
met – in prisons, hospitals, schools, offices, aeroplanes, etc. However, the relevant epi-
demiological question is what settings are of major public health importance. House-
hold contact is certainly the most frequent event: almost always when a new case
emerges, a household member will have been exposed, and often in a closed envi-
ronment (the house, the bedroom, etc.). At the other extreme, infection on an aero-
plane (2) will be a rare event because the likelihood of an incident infectious case on
board is small, duration of exposure is limited, and ventilation on aeroplanes is usually
good (3).

Special populations such as health care workers are more frequently exposed to
infectious cases than the general community, and are often in close and prolonged
contact with cases who have not yet been identified and hence have not yet started
treatment. Health care workers are thus at increased risk of tuberculosis (4). Similarly,
many prisons have a high incidence of tuberculosis. In countries where a substantial
proportion of the population might be sentenced to prison, contact is prolonged, the
environment closed, and diagnosis of infectious cases often delayed, the transmission
risk is high (5).

The means of reducing the spread of tuberculosis can be derived from the above
principles. With existing technology, little can be done on a mass basis directly to
prevent the emergence of incident infectious cases. The duration of infectiousness can
be curtailed, however, by prompt identification and complete treatment of such cases
through an effective network of diagnostic and treatment services. This is the major
intervention for reducing the spread of M. tuberculosis. In special settings known to
carry an increased risk of spread, such as prisons and health care facilities, adminis-
trative and engineering measures to improve ventilation (and thus reduce the con-
centration of infectious droplets) might be done at affordable cost.

The key intervention for reducing spread is the same, regardless of the setting:
tuberculosis cases must be identified as swiftly as possible when they present at health
care facilities with respiratory symptoms; they must be placed on effective treatment;
and treatment with the required frequency and for the required duration must 
be ensured, so that cure is effected. This strategy most efficiently reduces the risk of
exposure and infection in the community, and leads ultimately to a reduction in the
emergence of new infectious cases.
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67. What are the principles and
requirements of a controlled 
clinical trial?1

F. Rehman2

Conscientious physicians treat patients only with methods in which they have confi-
dence. However, different physicians often treat the same disease in different ways. If
patients recover, physicians understandably ascribe the success to their choice of treat-
ment. How subjective and changeable these judgements are can be seen from the large
number of treatment methods that are given prominence, praised by sincere advo-
cates, and eventually consigned to oblivion. It may take a long time for the value of a
certain treatment method to be determined. Gold salts, for example, had been in use
for almost 20 years as a specific treatment for tuberculosis, as recommended in some
200 published papers, before it was recognized that they were useless, if not actually
harmful (1, 2).

In the first half of the 20th century, innumerable therapeutic methods, diets, and
compounds were used in the treatment of tuberculosis – tuberculin, other biological
agents such as bacterial extracts, attenuated mycobacteria, antisera, and antitoxins,
gold salts, cod-liver oil, vitamin C, calcium injections, creosote, salt-free diets, radia-
tion therapy, and various climates (hot and dry, high altitudes, seaside locations) all
had their passionate advocates (3). In addition, a host of therapeutic interventions
were tried – pneumothorax, diaphragmatic paralysis, pneumoperitoneum, oleotho-
rax, pneumonolysis, plombage, cavity drainage, thoracoplasty, and finally resectional
surgery. While this is far from a complete account, it serves as a reminder of the con-
fused of the past.

Determined efforts have been made over the past 50 years to use scientific tech-
niques to evaluate the treatment of tuberculosis. An important advance has been the
development of an assessment method known as the controlled trial. Many controlled
trials have been carried out and have made it possible to establish the efficacy, toxic-
ity, and applicability of currently recommended treatment regimens. However, some
physicians still do not appreciate the value and scope of this method. There are also
some authors who refer to their investigations as controlled trials without observing
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the essential requirements. Therefore, it might be worth recalling the main features of
the method.

The method
In a controlled trial, two or more equivalent groups of patients are formed. One group
– the controls– remains untreated or receives a treatment of known effect, while the
other – experimental – groups receive the treatments to be studied. (It is unethical to
have an untreated group for a disease if effective treatment is available.)

Nowadays, the control group usually receives a standard robust regimen, with
almost 100% efficacy and minimal relapse rates. If a control regimen is not included
in the study, the protocol must specify which regimen – of known effectiveness – will
be used as the control.

By using certain study schemes known as factorial designs, it is possible not only
to measure the effects of the tested regimens, but also to identify the separate contri-
bution of each drug provided that the drugs do not interact (4). See Figure 21.

Using such a design, 10 different comparisons can be made. Each experimental
regimen can be compared with the control regimen. Comparing the experimental 
regimens with one another allows the individual contributory effect of each drug or
factor, as well as the relationships between them, to be studied in terms of bacterio-
logical and radiographic response, adverse effects, emergence of drug resistance, and
relapse rate. The comparisons may also reveal synergistic or antagonistic interactions
between the drugs or factors under study.

Ethical considerations
There are critics who reject controlled trials with generalizations such as: “Conduct-
ing controlled therapeutic trials is experimenting on people and is thus unethical.”
However, such statements disregard the fact that the prescribing of any treatment that
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Figure 21
Example of comparison of treatment regimens in a controlled trial
The new drugs of which the experimental regimens are composed are X, Y, and Z,
the symbol for the control regimen being ABC. Four regimens are constructed from
different combinations of drugs X, Y, and Z.

1. XYZ
2. XY
3. XZ
4. YZ

Experimental regimens Control regimen

ABC



is not supported by quantified evidence of the benefits and risks is effectively exper-
imenting on people. Moreover, it is experimentation with a treatment whose effects
will remain uncertain. Unless the disease treated is known to be fatal, unavoidable bias
may easily result in errors, and it is now widely accepted that it is neither ethical for
the doctor nor safe for the patient to use a new treatment that has not been tested in
a controlled trial.

There must always be an important reason for a trial, such as the need for a treat-
ment of higher efficacy or acceptability, or for reducing the duration of treatment, the
level of toxicity, the relapse rate, or the cost. Furthermore, there must be good justi-
fication for taking risks. The possible risks from the experimental treatment should
be balanced against the risks to the patient and the community if the disease were left
untreated or treated in the usual manner. Doctors participating in the trial should be
given the assurance, laid down in the protocol, that they may withdraw a patient from
the trial or break the code whenever continuation of the treatment might, in their
view, cause serious harm. This must be ensured, even at the risk of nullifying the whole
trial. Thus, the administration of a new treatment with strict observance of the prin-
ciples of the controlled trial safeguards medical ethics and ensures scientific research
of a high standard.

The protocol of a controlled trial
An essential requirement of a controlled trial is that it be planned and conducted
according to a meticulous plan and working programme – the protocol. After the deci-
sion has been made to conduct a controlled trial, the protocol is drafted by a team of
experts including not only physicians, but also representatives of other disciplines
involved in the trial, e.g. a bacteriologist, a statistician, a nurse, a sociologist, a bio-
chemist, an immunologist, and an administrator. The objectives, methods, working
procedures, and schedules, are defined in the protocol, as well as the responsibilities
of the parties involved in the trial. Every individual involved in the trial is strictly
bound to adhere to the protocol, which should be consulted for instruction and guid-
ance throughout the trial. The slightest deviation from the protocol must have the
consent of the coordinating centre, otherwise the whole trial may be seriously
impaired or invalidated. Thus, a protocol needs to be prepared with care, expertise,
and responsibility. An unplanned trial, i.e. a trial without a protocol, is not a con-
trolled trial, and the results of a trial with a deficient protocol are unconvincing, if not
void.

Preliminary test runs
Before a protocol is completed, preliminary (pilot) studies may have to be conducted
to obtain information rapidly, e.g. on the feasibility or operational efficiency of certain
procedures, on unknown effects, or on the acceptability of certain policies. Sometimes
it is useful to have a short test run of the protocol to see whether it contains any flaws.
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All the investigators have the right to ask for amendments before participating in the
trial and should feel that the protocol is their own, for which they will share respon-
sibility and recognition. The final version of the protocol should be agreed upon by
all authorized participants before the trial starts.

In the protocol, instructions and definitions can usually be found under the fol-
lowing headings:

1. Aim of the trial
2. Treatment to be studied (with justifications, ethical considerations, and related

studies)
3. Study population and requirements for admission
4. Allocation to treatment groups
5. Management of treatment
6. Monitoring of progress
7. Recording and reporting
8. Analysis of data, assessment, and interpretation of results

Aim of the trial
The problem must be clearly defined and the objective of the study stated, i.e. what
is to be proved or how the study is intended to solve the problem.

Example

The problem. Six-monthly treatment regimens are too long for many patients to
complete.

The objective. To reduce the duration of treatment to 4 months. The study is to
prove (or disprove) that this is feasible and that the additional resources required
are commensurate with the benefits. The study must be conducted in such a way
as to show the advantages of one regimen over the other in clinical, epidemio-
logical, and economic terms.

Although it is theoretically possible to investigate many problems in a single trial, it
is wise to address only a few.

Most controlled trials in the field of tuberculosis are designed to explore clinical
aspects of treatment, such as duration, efficacy, or the toxicity of various dosages of
drugs, or the efficacy, adverse effects, and relapse rate of various drug combinations
(see “What is intermittent treatment and what is the scientific basis for intermit-
tency?”, page 130). Present knowledge of the treatment of tuberculosis is based almost
entirely on controlled trials. Not only is the controlled trial a device for measuring the
effects of drugs, but it has also been successfully employed to establish the value of
certain policies for treatment and general management of tuberculosis patients. The
best-known example is the classic Madras study (5) comparing home and sanatorium
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treatment (see “What were the main findings of the Madras study comparing home
and sanatorium treatment?”, page 173).

Thus, controlled trials have a wide spectrum of objectives.

Treatments to be studied
The drugs, dosages, and method of administration used in the trial should be
described precisely, so that the treatment can be replicated elsewhere and the results
verified. Both the protocol and the report should therefore make clear: the compound
that is to be used (e.g. streptomycin = streptomycin 1 g/0.75 g sulfate base powder,
diluted with sterile distilled water); the form of preparation (e.g. powder, granules,
tablets, enteric-coated granules); the exact quantity per dose; and details of adminis-
tration (e.g. single dose or divided doses, time of the day, dosage intervals, before or
after food, directly observed or not). The control regimen, whether it is a standard
regimen or not, must be similarly well described. No doubt or ambiguity should be
left on any important point, since that might lead to confusion and potentially
harmful errors.

The significance of the research, previous studies, and ethical considerations should
be analysed and discussed.

Study population
The criteria for admission to a trial should be laid down clearly and should define not
only the types of patients eligible, but also those to be excluded.

Example

Eligible for admission: patients of both sexes, 15 years of age and above, living
within 5 km of the treatment centre, with sputum positive for tubercle bacilli by
microscopy and culture, and with organisms susceptible to isoniazid and
rifampicin.

Not eligible: patients who have been treated for tuberculosis before, weigh less
than 40 kg, have diabetes or jaundice, are pregnant, or are migrants likely to
move out of the area within the next 2 years.

It is useful, for the purpose of assessment, to keep the characteristics (age, sex,
severity of disease, etc.) of patients in the various treatment groups as uniform as 
possible.

The number of patients to be admitted to the trial, based on calculations of
required sample size, is an important question. It will depend largely on the nature
and objective of the trial, the number of treatment groups, the estimated magnitude
of expected differences in results, and the precision required for valid comparison of
the results. A competent statistician should be consulted.
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A controlled trial does not necessarily require vast numbers of patients. In fact, if
strictly comparable groups can be constructed, the statistician may find that groups
of 100 or fewer patients are adequate. Large numbers in themselves are often worse
than useless if the groups are not comparable – and may create false confidence in
potentially invalid results.

However, if large numbers of patients are required, so that the period of intake to
the trial would be very long, or if the numbers are larger than one treatment centre
can cope with, the trial should be decentralized. It is one of the advantages of a con-
trolled trial that it can be conducted simultaneously in a series of centres in one or
more countries or even continents. In this way, the intake period can be substantially
shortened and all patients, though treated in different places, can be handled uni-
formly according to the protocol.

Allocation to treatment groups
The allocation of patients to the various treatment groups is critical for the correct
conduct of a controlled trial, the aim being to ensure statistical comparability of the
groups. Groups must therefore be similar in every respect except treatment: only then
can the differences between results be measured and effects attributable to the various
treatments identified.

Allocation must be strictly randomized. Proper randomization procedures –
designed by competent statisticians, laid down in the protocol, and rigidly followed –
will ensure that group differences in the results obtained will be due only, or proba-
bly, to differences in the regimens studied and not to differences (variations) in the
groups of patients. If the randomization is deficient, the whole trial may be null and
void.

Some randomization procedures still in use leave much to be desired. For instance,
randomization by alternation – allocation of every second or third eligible patient to
a particular regimen, or allocation according to the year of birth (odd or even number)
– is unsatisfactory. The allocated treatment can be easily identified and the investiga-
tor or assessor will be biased, consciously or unconsciously. Moreover, allocation by
alternation invites manipulation. For instance, if several patients happen to be admit-
ted to the trial at one time, the order of admission can be arranged so that certain of
them are allocated to the treatment that is thought preferable by the person in charge.

In many trials the so-called envelope system is used: the investigator is given a
number of serially numbered sealed envelopes, each containing an indication of the
treatment to be given to a patient admitted to the trial. At admission, a serial number
must be assigned to each patient before the corresponding envelope is opened; other-
wise, if several patients are to be allocated at the same time, the envelopes may be
opened first, and treatments could then be allocated according to the investigator’s
prejudice. Correctly implemented, the envelope system works satisfactorily. The code
remains confidential, and can be broken only in case of emergency or for assessment
purposes.
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A satisfactory randomization method that is frequently used involves a secret list
of serial numbers accessible only to a neutral party (usually a statistician) or person
with no vested interests in the trial. Each serial number in the list corresponds to a
certain treatment, the sequential order of the treatments being arranged according to
a table of random sampling numbers. When investigators admit a patient to the trial,
they communicate the patient’s particulars to the neutral party, and are then informed
of the treatment (or coded treatment in double-blinded trials) to be given. Such an
arrangement avoids almost all prejudice.

In summary, randomization is essential to avoid biased selection and to obtain
equivalent groups in terms of smear positivity, extent of disease, age, sex, etc. Correct
random allocation ensures that each person admitted to a study has an equal chance
of being allocated to any of the trial groups. Thus, like can be compared with like.

Ideally, trials are double-blinded, meaning that neither the patient nor the investi-
gator knows which treatment the patient is receiving. This is impractical, for example,
with trials of daily versus intermittent treatment. However, it could be used in a trial
of a vitamin (e.g. pyridoxine) supplement to be given in addition to standard treat-
ment. In this case, a placebo that is physically indistinguishable from the drug to be
prescribed would be given; neither the patients nor the investigators know who is
receiving the drug and who is receiving the placebo.

Management of treatment
After the requested pretreatment examinations have been carried out as prescribed by
the protocol and the necessary forms have been completed, treatment is started and
administered precisely as laid down in the protocol. If a patient has to change, inter-
rupt, or stop treatment, this should be done, whenever possible, with the consent of
the coordinating centre. Complete protocols will include criteria and procedures for
handling most such situations. The centre also decides whether such patients should
be excluded from or kept in the trial for follow-up and assessment. Every exclusion
for any reason – including “lost sight of the patient” and the refusal of treatment or
of important examinations – should be considered carefully, since the results of the
trial may be substantially biased through exclusions from assessment.

Monitoring of progress
A special section of the protocol should be devoted to the various monitoring mea-
sures and their timing. All routine examinations, as well as special examinations
requested only on certain occasions (e.g. in the case of adverse effects), should be
described in detail. The uniformity of all monitoring procedures should be ensured.
It may be useful for examinations requiring specialist skills and accuracy to be per-
formed in a central (reference) laboratory.
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Recording and reporting
The importance of the design of recording forms and of an efficient system for the
routing of information is too often underrated. A form (record or report) should be
as self-explanatory as possible; its use should not require lengthy instructions. Only
questions demanding clear-cut answers, preferably “Yes/No”, should be posed.

Before the design of a form is finalized, it may be necessary to test whether the staff
concerned find it easy to understand and complete. Sometimes it is advisable to
include “trick” questions for cross-checking the correctness of certain recorded data.
However, a record should be used only for the collection of information relevant to
the operation and assessment of the trial.

Clearly, tuberculosis trials involving long periods of observation require the col-
lection and processing of a huge amount of data, which calls for well organized admin-
istrative and clerical procedures.

A continuous check must be kept on the completeness and accuracy of data and
reports, and reminders should be sent out promptly to the reporting centres, if nec-
essary. Large-scale multi-centre trials will require computerized data management; all
data should be entered in duplicate by two different individuals, the two data sets
automatically compared, and all discrepancies investigated and corrected.

Analysis of data and assessment
Before each analysis, whether interim or final, the data should be rechecked for com-
pleteness and correctness. An important interim analysis may include, for example,
periodic tabulation of bacteriological results and adverse effects according to regimen,
duration of treatment, and regularity of drug intake. This provides up-to-date infor-
mation on the merits of experimental regimens and, occasionally, early warning of
the risks involved. If interim analyses are repeated periodically, the final analysis can
usually be produced soon after the final data have been entered, thus speeding up
completion of the final report.

Analysis, tabulation, and interpretation of results should always be done in close
collaboration with the statistician(s). There is generally no disagreement on the factors
to be analysed to establish the efficacy of drugs or regimens. However, the classifica-
tion, and thus the assessment, of response to treatment in bacteriological, radi-
ographic, or clinical terms may easily vary from one centre to another unless clear-cut
criteria have been established in the protocol and applied rigidly. Definitions of terms
such as “quiescence”, “favourable response”, “cavity closure”, “improvement”, “failure”,
“doubtful”, “default”, and “relapse” should therefore be foolproof.

If radiographic assessment is required (though this is of minor importance) and
the extent of lung involvement (size and number of cavities) at various times has to
be compared, the reader(s) should use a uniform nomenclature. Because the inter-
pretation of radiographic findings is unavoidably influenced by individual reading
error, the assessment of chest radiographs should be undertaken by a panel of inde-
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pendent readers, if possible. However, it is difficult to organize multiple readings in
large-scale trials. Therefore, all films are generally read by a single reader who is not
otherwise involved in the trial. Such a solution is usually satisfactory since the prin-
cipal aim is to compare the initial and subsequent radiographic status. In any case,
radiographic assessment must be undertaken without knowledge of the patients’ par-
ticulars or of the treatment that patients have received. Whenever possible, bacterio-
logical and other findings should also be assessed blindly.

The analysis of failures, relapses, and deaths occurring during the entire observa-
tion period is just as important as the study of efficacy and success. In addition, all
patients whose treatment has been changed because of adverse effects, or who have
had major interruptions – even if these seem to have been entirely unrelated to the
treatment – should be studied in detail, irrespective of the outcome. Premature ces-
sation of treatment or self-discharge because of drug toxicity may be a shortcom-
ing of the therapy. Often a relatively high frequency of “drop-outs” or irregularity in
taking a particular regimen may indicate an acceptability problem that requires special
investigation.

Presentation of the report on the trial
In reporting the results of a trial, it is important to provide an overview of the plan
and conduct of the study. The report should therefore contain the essentials of the
protocol, particularly the criteria for admission, regimens studied, method of ran-
domization, management of patients, and methods of assessing response to treatment.
The total number of patients admitted to the study and allocated to the various treat-
ment groups and reasons for exclusion from the main analysis must be specified. All
measures taken to eliminate bias should be described so that the reader can judge the
validity of the individual decisions.

To show the comparability of the various treatment groups, the report should
include tabulated data on the initial status (such as age, sex, weight, bacteriological
status, drug susceptibility, radiographic extent of the disease, and cavities) of the
patients allotted to the various treatments.

In the evaluation of treatment results, due consideration should be given to the
analysis of variables other than the treatment that might have influenced the response
or the relapse rate. The authors should give good reasons for ascribing certain effects
to the regimens applied and others merely to chance variation.

The report should be presented in such a way that readers can understand what
was done and how, and thereby assess the merits of the trial. Readers should be able
to draw their own conclusions based on scientifically established facts and findings.
That is why the results of well-conducted controlled trials are so convincing and why
they are so often readily and widely accepted.
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Conclusions
The controlled trial method has not met with universal approval. It is often argued
that it is invalid to generalize results because the groups studied are too small, because
people are not alike and individual differences may be so great that generalization
becomes misleading, or because each individual’s response to a drug is variable and
therefore unpredictable.

It is true that age, sex, metabolism, genetic and immunological factors, living con-
ditions, physical and mental stress, and a host of other external factors that determine
the course and outcome of a disease may differ from one individual to another. On
that basis, opponents of the controlled trial conclude that it does not compare like
with like, and that such a comparison is invalid. However, this conclusion disregards
the very principles of the method.

From biostatistics it is well known (6) that variability is an essential characteristic
of living matter and, as such, is natural or normal. However, this variability is within
a certain range that can be defined by statistical techniques. For instance, when a series
of observations is made on a certain variable in a randomized group (sample), it may
be found that the values obtained are grouped with increasing frequency around a
certain value. The characteristics of this distribution may be expressed in measurable
terms, enabling comparisons to be made between one series of observations and
another. The information thus obtained is fully valid for the samples studied. In con-
trolled trials, the results obtained are group results, i.e. results valid for the group as
a whole. It is impossible to predict precisely from those results how a particular indi-
vidual will respond to a treatment previously tested in a certain group, but the
response of a group similar to the trial group can be stated with reasonable certainty.
Only the controlled trial method can neutralize the effects of individual differences
between human beings in their illnesses and responses to treatment. Thus, these dif-
ferences do not invalidate the method but justify it.

On the other hand, it is known that judgements based on personal impressions
may often be deceptive. Clinical experience based on personal impressions can
undoubtedly be valuable, but an assessment – of a therapeutic regimen, say – based
merely on intuitive impressions cannot be accepted without reservation or scepticism.

Many physicians are guided in their daily work by previous clinical impressions of
their own or by school doctrines founded on the impressions of others. Such doc-
trines, particularly when they are perpetuated in textbooks and repeatedly quoted by
reputed teachers, can easily become fixed formulas in the minds of some people – just
as if they were proven facts. Traditional ways of learning and teaching have meant that
authoritarian judgements and statements have come to be respected and adopted
without criticism. Graduates or postgraduates frequently accept them without ascer-
taining whether they have been subjected to scientific test.

The treatment of the sick must be based on the best scientific knowledge available.
The past five decades have shown clearly that the controlled trial is by far the quick-
est way of obtaining conclusive and reliable information on the efficacy and risks of
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a new treatment. The dramatic progress made in the treatment of tuberculosis has
been due largely to the fact that the regimens currently in use have first been tested
by means of controlled clinical trials. These trials have laid the foundation for the
standardization, and hence the worldwide application, of tuberculosis treatment.
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68. What is molecular epidemiology and
what is its role in tuberculosis control?
K. DeReimer1 & P.M. Small 2

What is molecular epidemiology?
Molecular epidemiology combines laboratory-based molecular methods for identify-
ing individual strains of bacteria with conventional epidemiological field methods to
investigate the determinants and distribution of disease (1). DNA fingerprinting of
Mycobacterium tuberculosis, using techniques such as restriction fragment-length
polymorphism (RFLP) analysis, allows investigators to determine the genetic related-
ness of clinical isolates. Patients infected with identical strains may have been infected
from each other or from a common source. In the context of epidemiological data 
it is possible to provide evidence for transmission between persons with active 
tuberculosis.

There are limitations to this technology. It is still not possible to track transmis-
sion between persons when a culture of M. tuberculosis is not available from each indi-
vidual. DNA fingerprinting analysis requires a high degree of sustained quality
control, consistency, and proficiency in laboratory techniques. More importantly, the
hypotheses to be tested, the study design best suited to test the hypotheses, and the
sampling schemes need to be clearly stated and correctly implemented. For example,
only limited information is gained from DNA fingerprinting analysis of a case series
of specimens if complementary epidemiological information is not available.

What is the role of molecular epidemiology in tuberculosis control?
Molecular epidemiological techniques were first used in outbreak investigations of
tuberculosis to confirm suspected epidemiological links and to demonstrate the effec-
tiveness of control measures. In an outbreak investigation of tuberculosis in a facility
for persons infected with HIV, DNA fingerprinting analysis of the strains from dif-
ferent patients supplemented information from patient interviews and an outbreak
curve to unambiguously identify the source case and the chain of transmission. More
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importantly, molecular analysis supported recommendations for, and allowed objec-
tive monitoring of, the impact of specific, targeted public health interventions 
such as screening and early detection of cases, their isolation from other susceptible
contacts, and the use of preventive treatment of infected contacts. Continued sur-
veillance in the facility, after the initial outbreak was identified and control measures
were implemented, demonstrated that the chain of transmission had been interrupted
(2).

Tuberculosis outbreak investigations in recent years have used DNA fingerprinting
techniques to demonstrate new sites and routes of tuberculosis transmission. Molec-
ular epidemiological techniques have demonstrated significant tuberculosis trans-
mission in settings such as commercial bars (3), clandestine bars (4), crack houses (5),
prisons (6–9), and shelters and other sites used by the urban homeless (10, 11). DNA
fingerprinting can also quickly exclude the possibility of an outbreak, thereby avoid-
ing expensive, time-consuming epidemiological investigations and inappropriate
interventions. The importance of treating every infectious case of tuberculosis, even
“difficult”, non-adherent patients, and of implementing rapid, efficient contact-
tracing practices was illustrated by mini-epidemics and incident cases linked to index
cases detected many years earlier (12). These techniques have also been used to
demonstrate tuberculosis transmission in health care settings, such as transmission
between patients, transmission from patient to health care provider, and transmission
from health care providers to patients (13, 14). Tuberculosis transmission by inade-
quately sterilized equipment, such as bronchoscopes, has also been documented (15,
16). The value of this information is that it points to specific public health and ins-
titutional interventions that can be implemented to reduce or stop tuberculosis 
transmission. Effective interventions can reduce the rates of both transmission and
incidence.

Population-based molecular epidemiological studies are difficult, labour-intensive,
and expensive. Nevertheless, they provide otherwise unavailable insight and add new
knowledge of the dynamics of tuberculosis transmission in a community. For
example, a 7-year population-based study of tuberculosis in San Francisco, USA,
showed that a decline in tuberculosis transmission rates was partially attributable to
specific public health interventions that reduced transmission as demonstrated by a
reduced rate of clustering, or shared strains, among the USA-born population (17).
Although foreign-born cases account for more than 65% of the reported tuberculo-
sis cases in San Francisco, this study demonstrates that there is limited transmission
from foreign-born to USA-born persons, and that most of the transmission in the city
is among USA-born persons with risk factors such as HIV infection, substance use,
and homelessness (18). A 5-year, population-based, molecular epidemiological study
in southern Mexico showed that incidence rates, degree of recent transmission as mea-
sured by clustering, and initial drug resistance levels declined in a high-prevalence
area as DOTS was implemented (unpublished observations, García-García M,
Instituto Nacional de Salud Pública, Mexico).
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Molecular epidemiological techniques can be very useful to illustrate laboratory
cross-contamination (19), which may account for 1–4% of positive cultures even in
otherwise well-performing laboratories. In addition, these techniques have revealed
exogenous reinfection (20, 21), and simultaneous infection with more than one strain
of M. tuberculosis (22), phenomena that were thought to occur but were proved only
when DNA fingerprint analysis of isolates of M. tuberculosis became available. At
present, several research sites are trying to determine the amount and role of reinfec-
tion in countries with a high prevalence of tuberculosis. The potential impact of
public health interventions will be defined by the proportion of tuberculosis that
arises from recent infection and reinfection; this can be established by molecular 
epidemiology.

Molecular epidemiological techniques have also demonstrated that transmission
by sputum smear-negative pulmonary tuberculosis cases does occur and can account
for as much as one-fifth of the ongoing transmission in a low-prevalence community
(23). Combined with conventional techniques, such as tuberculin skin testing, mole-
cular epidemiology has pointed to super-infectious and pathogenic strains of tuber-
culosis (24).

How will molecular epidemiology be used in the future?
It is likely that molecular genotyping techniques, such as RFLP analysis, will continue
to be used for investigating laboratory cross-contamination and suspected point-
source outbreaks, and to differentiate relapse from exogenous reinfection (25).
However, if preliminary molecular epidemiological analysis confirms that there are
strain-specific differences in tuberculosis, it is possible that these differences can be
exploited to improve tuberculosis prevention and control efforts, and the role of mol-
ecular epidemiology in tuberculosis control may be greatly expanded. For example,
molecular epidemiological techniques may be used to identify strain-specific differ-
ences in the degree of infectivity and pathogenicity of M. tuberculosis. Comparative
genomic analysis of M. tuberculosis may identify the genetic determinants of bacter-
ial virulence, aerosolization, infectivity, pathogenicity, drug resistance, and other steps
in the pathogenesis of tuberculosis. Molecular epidemiology and functional genomics
may contribute to established approaches for new diagnostic techniques, drugs, and
– eventually – a vaccine.
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69. Can tuberculosis be controlled?1

T. Frieden2

In some quarters there is a firm belief that tuberculosis, like the weather, can be
described but not controlled. Tuberculosis declines if socioeconomic conditions
improve (1, 2). This fact has led some observers to conclude mistakenly that tuber-
culosis can be controlled only if living conditions improve. However, it was predicted
on theoretical grounds (3), and has now been convincingly demonstrated in practice,
that tuberculosis can be controlled in almost any socioeconomic circumstances (4–6).

Five aspects of disease control–disease burden, mortality, prevalence of disease, rate
of infection, and incidence of disease – are considered below, in declining order of
amenability to control.

Disease burden
The burden of tuberculosis disease – including illness, disability, and direct and indi-
rect costs of the illness – can be reduced rapidly through prompt diagnosis and effec-
tive treatment. In addition to the rapid decline in mortality considered below,
duration of disease is drastically reduced by effective treatment. Untreated, patients
remain ill with tuberculosis for an average of at least 2 years. An effective programme
detects most patients within a month of the onset of significant symptoms, and the
application of directly observed short-course treatment generally restores complete
function within 1 or 2 months. The duration of illness can therefore be reduced from
an average of 24 months or more to about 2.5 months – a 90% reduction. If the global
target for case detection is met (see “What are the global targets for tuberculosis
control and what is the basis of these targets?”, page 238), this would result in an overall
reduction in tuberculosis morbidity in the community of about two-thirds, even
without taking into account the decline in incidence considered below.

Mortality
Directly observed treatment of tuberculosis rapidly reduces mortality. This was seen
even in the first days of tuberculosis treatment: treatment with a single drug resulted
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in dramatic, albeit fleeting, reductions in mortality. Current regimens, given under
appropriate management conditions, are nearly 100% curative for patients with 
drug-susceptible organisms; the reduction in mortality is dramatic and sustained.
Untreated, 50–80% of patients with smear-positive tuberculosis will die of their
disease (7). In a poorly implemented tuberculosis programme, as many as 30% of
patients with smear-positive tuberculosis die (8). In contrast, death rates in DOTS
programmes throughout the world are generally less than 5%: of 725 275 new smear-
positive patients treated in DOTS programmes in 1998, only 3.8% were reported to
have died (9).

In countries where baseline data exist, it is possible to make a reasonable estimate
of the reduction in mortality achieved through DOTS implementation. Peru has been
able to implement a highly effective DOTS programme (5), with a striking 80% reduc-
tion in mortality within just 3 years (Figure 22). This has been achieved by reducing
the case-fatality rate among treated patients by prompt diagnosis and effective and
directly observed treatment, and because a greater proportion of patients are treated.
In India, mortality among smear-positive patients in the previous programme was
20–30%, compared with 4% in the DOTS programme – an approximately sevenfold
reduction (8). Considering both smear-positive and smear-negative cases, DOTS
reduces the case-fatality rate by about 18%, even if neither the increased detection
rate nor secondary cases and their mortality are taken into account. By early 2002, the
Indian DOTS programme had treated more than 2 million patients, thereby saving
more than 350 000 lives. In China, national coverage with DOTS would prevent more
than 50 000 deaths per year (10).
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Figure 22
Reduction in deaths from tuberculosis Peru, 1990–1999 a
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Prevalence of disease
Prevalence of tuberculosis can also be reduced rapidly. In a poorly functioning tuber-
culosis control programme, the ratio of incidence to prevalence may be as high as 1 :
3.5 (11). Achievement of the global targets for tuberculosis control, even if only a small
proportion of prevalent cases are treated each year, will result in a rapid reduction in
prevalence. This point is illustrated in a simple model (Figure 23). In this model, there
are 100 new smear-positive cases per 100 000 population at the outset and the ratio
of incidence to prevalence is 1 : 3.5. The model assumes that targets for case detection
(70% of new smear-positive cases) and treatment success (85%) are met, that about
half as many prevalent smear-positive cases as incident smear-positive cases are
treated each year (12), that 85% treatment success is achieved, that the proportion of
patients who fail treatment is as per the global averages in DOTS programmes (9),
and that there is a 5% decrease in incidence per year (see below). As can be seen,
prevalence declines very rapidly, being reduced to less than half of its previous level
within 3 years.

The validity of this theoretical model has been confirmed under programme con-
ditions in both developed and developing countries. In Kolín, in the former Czecho-
slovakia, an intensive surveillance and control programme in a population of 100 000
reduced the prevalence of chronic tuberculosis by more than 33% per year – to less
than one-fourth of its earlier rate in 3 years (13). In New York City, the number of
patients with persistently positive cultures fell by two-thirds in 3 years – more than
30% annually (14, 15). This could be documented because the monitoring system
identifies almost every patient with bacteriologically proven tuberculosis (4). In
Beijing, as documented by community surveys, the prevalence of smear-positive cases
declined by 87% between 1979 and 1990, from 127/100 000 to 16/100 000 – a 17%
annual decrease sustained over 11 years (16).

Rate of infection
The rate at which individuals become infected with Mycobacterium tuberculosis
determines the course of the epidemic in a community. For the long-term control of
tuberculosis, it is therefore essential that infection rates decline. In industrialized
countries, the risk of infection with tuberculosis bacteria declined by approximately
5% or more per year, even before the introduction of chemotherapy. With the intro-
duction of effective treatment, the rate of infection declined by 15% or more per year
(17). In developing countries, in contrast, there is little or no decline in the annual
risk of tuberculosis infection unless effective tuberculosis treatment services are in
place.

Effective diagnosis and treatment of tuberculosis can rapidly reduce the risk of
infection. On theoretical grounds, it should be possible to reduce the risk of infection
even in developing countries by 10% or more per year (3). However, few studies have
attempted to document this in developing countries. Such studies are logistically 
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Figure 23
Dynamics of smear-positive tuberculosis if global targets are met
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difficult and are further complicated by difficulties in the interpretation of tuberculin
tests in the same population over time. One such survey in the Republic of Korea
found an annual reduction in the risk of tuberculosis infection of 8–14%, even though
treatment success did not quite reach 85% (18). At a constant rate of BCG vaccina-
tion, the incidence of tuberculous meningitis in infants is a reflection of the annual
risk of infection. In Beijing, tuberculous meningitis fell from 2.1 to 0.1 per 100 000
between 1986 and 1996, a reduction of 26% per year (16). However, some of this
reduction may have been the result of improved vaccination practices.

Incidence of disease
The incidence of tuberculosis is the combination of:

— recurrent tuberculosis in patients who have had previous episodes of disease;
— rapid progression to tuberculosis disease among individuals infected or rein-

fected within a relatively short period (e.g. 2 years) of infection; and
— reactivation of tuberculosis infection contracted many years previously.

Recent developments in molecular epidemiology, along with conventional epidemio-
logical investigations, have helped to determine the relative proportion of cases arising
from each of these groups – which will vary from population to population, and,
within one population, over time. For example, in a comprehensive study of tuber-
culosis epidemiology in southern India in 1972, only 37% of all smear-positive cases
of tuberculosis arose from individuals who had a normal X-ray at the outset of the
survey. Within 12 years, this fraction had increased to two-thirds, and the proportion
of cases arising from individuals who, at survey outset, had X-rays consistent with
tuberculosis with negative cultures decreased from 33% to 8%. This corresponded
with a reduction in the annual risk of development of tuberculosis among persons
with highly abnormal X-rays from 7.0% per year to 3.2% per year, presumably reflect-
ing the greater likelihood that such patients had received at least some, although
partial, tuberculosis treatment (11). A recent survey in Norway has shown that fewer
than one in five patients developed tuberculosis as the result of recent infection; the
overwhelming majority of cases arose from remote infection or recurrent tuberculo-
sis (19).

The amenability to control of tuberculosis incidence – with or without HIV infec-
tion – depends to a great extent on local epidemiology. At one extreme are situations
in which the vast majority of tuberculosis cases arise from remote infection. Most such
cases will not be prevented with current technologies. Many individuals with remotely
acquired infections will not be candidates for preventive treatment, and, even if pre-
ventive treatment is attempted, its success is far from assured (see “What is the role
of treatment of latent tuberculosis infection in a tuberculosis control programme?”,
page 220). At the other extreme are populations in which as many as half of all tuber-
culosis cases arise from infection or reinfection within the preceding 2 years. In such
a context, the application of effective tuberculosis control measures can result in a
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very rapid decline in tuberculosis cases. In New York City, for example, the incidence
of tuberculosis among persons born in the USA declined by 25% annually over the
5-year period 1992–1996; incident cases of multidrug-resistant tuberculosis, which
were mostly linked to ongoing transmission in health facilities, declined by 34% annu-
ally in the same time period (20). Similarly, an elegant study in San Francisco docu-
mented that more than one-third of cases resulted from recent transmission. With
improved control measures, the overall case rate declined by 7% per year; the rate of
clustered cases declined by 15% per year, while non-clustered cases declined by only
5% per year (21). In New York City, molecular epidemiological studies similarly doc-
umented a 26% annual decline in the estimated incidence of clustered tuberculosis
between 1991 and 1997 (22; and New York City Department of Health, unpublished
data, 1997).

A limited number of representative surveys in developing countries suggest that
the proportion of new cases caused by recent infection may range from 29% to 48%
(23–26). Such cases can be rapidly reduced by effective treatment. In addition, the
proportion of cases arising from reactivation of tuberculosis may decline steadily over
a longer period of time. Thus, on theoretical grounds, it should be possible to control
incidence even in developing countries. This prediction has been borne out by 
experience.

In developing countries where effective treatment practices have not been imple-
mented, the incidence of tuberculosis remains essentially static (11). In contrast, rapid
declines in tuberculosis incidence have been documented in the developing world
when effective tuberculosis control measures are applied. In Beijing, during a period
when the notification rate was believed to be high and constant, a 9% annual decrease
in new smear-positive cases was documented between 1986 and 1996 (16). In Cuba,
with directly observed treatment and efficient treatment organization achieving high
rates of treatment success, the rate of new smear-positive cases decreased by 10%
annually over a 26-year period (6). In Peru, cases of tuberculosis declined by approx-
imately 8% per year (5). An 8–10% annual reduction will cut the number of cases by
half in 7 years. Thus, in the absence of an HIV epidemic, the incidence of tuberculo-
sis can be significantly reduced even in developing countries.

Tuberculosis control in the context of HIV
The HIV epidemic undermines tuberculosis control. In the context of HIV, the tuber-
culosis burden of disease, mortality, prevalence, and, possibly, rate of infection can
still be controlled by an effective tuberculosis control programme. However, this can
be done only with significantly increased effort and with a very low margin for error.

Because of the increased risk of reactivation in patients who are already infected
with the tuberculosis bacteria, as well as the risk of rapid and widespread dissemina-
tion of tuberculosis in HIV-infected populations, the incidence of tuberculosis will
inevitably increase in most areas of the world if the rate of HIV infection in the adult
population is 5% or more. However, an effective tuberculosis control programme can
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blunt the impact of this increase, and can also prevent the related emergence of mul-
tidrug-resistant tuberculosis. Not only is there an increased incidence because of cases
arising from infection acquired many years previously, but each individual tubercu-
losis patient is likely to give rise to an increased number of secondary cases because
of immunosuppression in close contacts. Tuberculosis has increased explosively in
areas of the world where HIV is endemic; these increases have been significantly less
in areas with effective tuberculosis control services (27).

Experience in the United Republic of Tanzania is somewhat encouraging in this
regard. Although the country is in the midst of a substantial epidemic of HIV, sys-
tematic surveys for annual risk of infection over the past 15 years have documented
continued stable or even slightly declining (by 2% annually) rates of tuberculosis
infection (28). This suggests that an effective tuberculosis control programme can, by
means of prompt diagnosis and effective treatment, limit the number of secondary
infections and cases.

Theoretically, preventive treatment for HIV-infected patients who also have tuber-
culosis infection could dramatically reduce the impact of HIV on tuberculosis epi-
demiology. However, since most individuals with HIV infection in developing
countries do not know their infection status, and because of the logistic difficulties of
giving treatment to a large number of patients who have no clinical symptoms (see
“What is the role of treatment of latent tuberculosis infection in a tuberculosis control
programme?”, page 220), the practical applicability of treatment of latent tuberculo-
sis infection may be limited to individual rather than public health interventions.

New York City demonstrated that it is possible to control an outbreak of tubercu-
losis even in the context of HIV, and even in an area where multidrug resistance had
become common (4). This was achieved by ensuring prompt diagnosis, high-quality
laboratory work, standardized treatment regimens, direct observation as the standard
of care, and rigorous cohort reporting with accountability for every case diagnosed.
In addition, the spread of tuberculosis in hospitals was curtailed (see “What is noso-
comial transmission of tuberculosis and how can it be prevented?”, page 278).
However, the prevalence of HIV infection among adults in New York City probably
did not exceed 3%, in contrast to the more than 30% among adults in some coun-
tries of Africa.

Conclusions
Control is a more modest goal than elimination or eradication. Elimination has been
defined arbitrarily as no more than one new case per million population per year, or
a prevalence of tuberculosis infection of below 1% in the general population (29).
This may be achieved in some developed countries even without additional techno-
logical advances within the next 20–50 years. However, migration and continued 
high rates of tuberculosis in many countries may prevent this from occurring 
unless a concerted effort is made to control tuberculosis in all countries. Eradication,
which is applicable to only a small number of disease entities, is defined as the 
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achievement of a status whereby no further cases of a disease occur anywhere and
control measures are unnecessary. Tuberculosis is not currently a candidate for erad-
ication efforts.

Thus, the answer to the question, “Can tuberculosis be controlled?” is “Yes” – if sci-
entific principles are followed, effective clinical and public health management is
ensured, and there are committed and coordinated efforts for control from within and
outside of the health sector. Tuberculosis control is a winnable battle.
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70. Can effective case detection and
treatment prevent and reverse drug
resistance in a community?
M. Raviglione1

The prevalence of multidrug-resistant tuberculosis (MDR-TB) in 35 countries was
surveyed by WHO in 1994–1997. The prevalence of MDR-TB was found to be related
to the quality of tuberculosis control programmes (1). Countries were classified as
having “better” or “poorer” tuberculosis control, with better control being defined as
full coverage with DOTS, or coverage of at least one-third of the national territory, or
a tuberculosis notification rate below 10 per 100 000 population. Any country that had
not adopted DOTS or that had a coverage of less than one-third of its territory was
defined as having poorer tuberculosis control. The analysis revealed that countries
with better control had a lower combined prevalence of MDR-TB than those with
poorer control (1.6% vs 3.9%; P < 0.05). The prevalence of MDR-TB in countries with
better tuberculosis control was also lower among previously treated cases (7.7% vs
17%), while the prevalence of MDR-TB among new cases was similar to that in coun-
tries with poorer control.

In a second assessment, the relationship between programme performance and
prevalence of drug resistance was studied in countries with reliable data on both drug
resistance and treatment outcome (2). The treatment success rate, as the best expres-
sion of the performance of tuberculosis control programmes, should be inversely
related to the prevalence of MDR-TB. Indeed, countries achieving a high rate of treat-
ment success had low primary MDR-TB prevalence, and the relationship was statis-
tically significant (r2 = 0.5, P = 0.003). In some countries where treatment success was
high at the time of the survey, such as Peru and Viet Nam, MDR-TB prevalence was
still moderately high (2–3%). This was probably due to the persistence, after imple-
mentation of DOTS, of MDR-TB created by previously weak programmes.

These observations suggest that proper tuberculosis control, as achieved in effec-
tive DOTS programmes, minimizes the emergence of MDR-TB where it does not yet
exist. African countries such as Benin, Botswana, and Kenya, which started using
rifampicin in their standardized short-course treatment regimens at the time of
implementation of good tuberculosis control practices (1983, 1986, and 1993, respec-
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tively) and have achieved high cure rates, have been successful in minimizing the
emergence and spread of MDR-TB. Similarly, some Latin American countries, such
as Chile, Cuba, and Uruguay, with traditionally excellent control programmes curing
most patients, today have very low levels of MDR-TB. On the other hand, countries
such as Côte d’Ivoire, Dominican Republic, Estonia, Latvia, Russian Federation, and
Thailand, which used rifampicin widely before strengthening their programmes, have
a higher prevalence of MDR-TB. Thus, effective tuberculosis control prevents MDR-
TB. The situation might be different, however, in settings where MDR-TB is already
common.

It is believed by some that adoption of the standard regimens recommended by
WHO and the IUATLD for countrywide use will lead to a slow decline in prevalence
of MDR-TB. In fact, many patients will be cured even though they are infected with
multidrug-resistant strains: some (25–30%) will undergo spontaneous cure as part of
the natural history of the disease, and some will die quickly and thus stop infecting
others. Available data from the USA (3) suggest that specialized and individualized
treatment can cure a relatively high proportion of patients with primary MDR-TB,
thus removing them from the infectious pool. However, the duration of infectious-
ness before sputum conversion or death is also high. Therefore, the assumption that
a large number of MDR-TB patients are either cured or die quickly (and therefore
stop spreading infection) is unwarranted. In the USA, where these assessments were
made, expensive individualized regimens and surgery are more readily available than
in most other countries. In developing countries using standard short-course treat-
ment as part of DOTS, however, a much larger number of patients are affected. It
appears that most cases of tuberculosis resistant to isoniazid or streptomycin alone
can be cured using standard first-line regimens in programme settings. The failure
rate of 6-month treatment in tuberculosis cases resistant to isoniazid has been
reported as only 1%, with a relapse rate of 11% (4). Similarly, very low failure rates,
0–2%, were observed in clinical trials when regimens of at least 6 months were used
to treat patients with strains resistant to either isoniazid or streptomycin (5).

Recent data reported to WHO from national control programmes, as distinct from
controlled trials, show that, in patients with strains resistant to a single drug (not
including rifampicin) who are treated with short-course regimens, cure rates are not
significantly lower than in patients with fully susceptible strains. In Peru, 90%
(1029/1145) of patients with susceptible strains and 87% (105/121) with resistance to
a single drug were cured with first-line drugs (P = 0.27). In the Republic of Korea, the
figures were 85% (1668/1968) and 80% (104/129; p = 0.11), respectively. These data
suggest that standard short-course regimens may cure most cases with monoresis-
tance. Inevitably, however, treatment success rates of rifampicin-resistant and MDR-
TB cases are lower. In Peru and the Republic of Korea, success rates of 58% and 56%
have been documented in MDR-TB cases, which are significantly lower rates in sus-
ceptible cases (P < 0.001 in both countries).

In a multi-centre study involving six areas (Dominican Republic, Hong Kong
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Special Administrative Region of China, Italy, Peru, and Republic of Korea, and the
Ivanovo Oblast in the Russian Federation) average treatment success rate was 52%
among new MDR-TB cases, with an average failure rate of 21%. The death rate was
generally below 10% (6). Thus, some response to standard first-line drugs is indeed
possible, although the failure rate is very high. The question remains of whether
achieving a treatment success rate of about 50% among new MDR-TB cases and a rel-
atively low case-fatality rate, but allowing a high failure rate, is sufficient to eliminate
MDR-TB.

Countrywide trends of MDR-TB prevalence in good DOTS programmes could
provide a direct answer to this question. Few data are currently available from devel-
oping countries, but trend data from the Republic of Korea are illustrative (7–9). The
estimated number of all resistant cases fell slowly from 1965 to 1980, and then more
steeply from 1980–1985 onwards. The number of MDR-TB cases increased between
1975 and 1985, but was lower in 1990 and 1995. The fall in all resistant cases, and in
MDR-TB cases, coincides with a rapid increase in cure rates in the Republic of Korea,
especially between 1980 and 1985. This is not sufficient to prove that first-line treat-
ment given in a good programme can reverse MDR-TB, but these data do suggest that
effective treatment can influence the decline of MDR-TB by preventing the emergence
of new MDR-TB cases.

Drug resistance trends have also been studied in Algeria (10). In the region of
Algiers, from 1965 to 1990, drug resistance decreased from 15% to 5.2% among new
cases and from 81.9% to 21% among re-treatment cases. This decline coincided with
two important policy changes: the introduction of standard regimens in the late 1960s
and of rifampicin-containing treatment in 1980. However, whether the decline would
have occurred regardless of these changes is not known, as there are no data on pre-
vious trends. The trend of MDR-TB over time has been reported among cases eligi-
ble for a re-treatment regimen: there was no change in either numbers or percentages
(11% and 11.5%, respectively) between the periods 1980–1985 and 1986–1990.

Taken together, the experiences from Algeria and the Republic of Korea suggest that
MDR-TB can possibly be reduced, but not eliminated, by the use of properly admin-
istered regimens with first-line drugs. A recent study from Bobo-Dioulasso, Burkina
Faso, shows that introduction of short-course treatment and improved supervision
and treatment observation policies in 1989 resulted in a lower prevalence of drug
resistance, including rifampicin resistance, in a 1992–1994 survey compared with pre-
vious surveys in 1978 and 1986. Unfortunately, no trend data are available for MDR-
TB (11).

Evidence from the New York City experience suggests that MDR-TB can be rapidly
controlled (12). Between 1991–1992 and 1994, following the implementation of
effective control measures, the total number of MDR-TB cases nearly halved (44%
decrease); MDR-TB cases decreased by more than 85% between 1992 and 1997.
Control measures included directly observed treatment, which ensured high comple-
tion rates; infection control interventions in congregate settings such as hospitals, jails,
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and shelters for the homeless; and the adoption of adequate treatment regimens for
cases with both susceptible and MDR strains (treated with reserve drugs in order to
achieve high success rates).

New York City’s experience can be summarized as follows. Well-organized treat-
ment with first-line drugs increased the cure rate among non-MDR cases, “turned off
the tap” and stopped the generation of acquired MDR-TB. This reduced the spread
of MDR-TB strains, contributing to the decline in primary MDR-TB. In addition,
existing MDR-TB cases were cured with reserve drugs (“emptying the pool”). This,
combined with effective hospital infection control, dramatically reduced the spread
of MDR-TB.

Clearly, without reserve agents it will not be possible to achieve a cure rate sub-
stantially above 50% among MDR-TB cases. Unless high cure rates are achieved, it is
unlikely that transmission of MDR-TB will stop rapidly or be eliminated within a few
years.

In conclusion, the information available today on the efficacy of short-course treat-
ment regimens for tuberculosis demonstrates that the emergence of drug resistance
can be minimized by programmes that administer drugs correctly to patients and
achieve cure. However, the treatment regimens recommended as part of DOTS cannot
rapidly reverse MDR-TB if it has already emerged as a significant problem. The crucial
factor for elimination is treatment success: at a high cure rate for both susceptible and
multidrug-resistant cases, the emergence of MDR-TB will be reversed. High cure rates
of susceptible cases ensure that MDR-TB is not created; as a result, “primary” MDR-
TB will also decline. At the same time, an increased cure rate of existing MDR-TB will
eliminate the sources of transmission in the community.
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71. What are the indicators of an effective
tuberculosis control programme?
F. Luelmo1 & T. Frieden2

Indicators can measure process, outcomes, or impact. They measure the essential ele-
ments needed to carry out activities, the extent and quality of those activities, and the
results, and should be limited to markers of the most important elements of the pro-
gramme. Since epidemiological (impact) indicators change slowly and are difficult 
to measure, operational indicators of process and outcomes are often used to assess
effectiveness.

Process indicators
The primary aim of the tuberculosis programme is to detect and cure infectious tuber-
culosis cases in order to reduce transmission, morbidity, and mortality. To achieve
this, a programme requires trained staff and supplies such as antituberculosis drugs
and microscopes in a network of general health facilities and laboratories accessible
to the population. Relevant process indicators of administrative aspects include the
coverage of programme activities (such as proportion of population having access to,
and the proportion of health facilities implementing, the recommended policies for 
diagnosis and treatment), availability of supplies (e.g. frequency of drug stock-outs),
availability of trained staff, frequency of supervision, completeness of reporting, and
quality of interventions (e.g. quality of sputum smear examination, proportion of pul-
monary cases confirmed by positive sputum smears among diagnosed pulmonary
cases, indicating the use of microscopy as a diagnostic tool). Another important 
indicator is the proportion of patients identified as smear-positive in the laboratory
register who are registered and treated as documented in the tuberculosis register.

Outcome indicators
The main outcome indicator of an effective programme is the cure rate – the pro-
portion of patients cured out of those diagnosed, analysed in cohorts of patients. Since
cure can be confirmed only through bacteriology – in most countries sputum
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microscopy – and the priority is the sputum smear-positive sources of infection, the
cure rate is analysed mainly in new smear-positive pulmonary tuberculosis cases.
Some patients complete treatment with clinical improvement but without bacterio-
logical confirmation of cure (completion rate); this should be a small proportion.
A good programme can achieve a cure/completion rate (also called success rate) of
more than 85%, except in HIV-endemic areas. In most such areas, at least 10% of
patients die before completing treatment (generally of causes other than tuberculo-
sis), making an 85% cure rate practically unattainable. The cure/completion rate and
the case detection rate are the main outcome indicators for monitoring programme
effectiveness.

Complementary indicators are the proportion of failures (1–2%, usually the result
of inadequate regimens or drug resistance), of defaulters (a good programme should
have less than 5%), of transfers without information regarding outcome (often influ-
enced by migration), and of death due to any cause (often due to late diagnosis,
HIV/AIDS, or non-tuberculosis causes). The same analysis can be done for re-treat-
ment cases as a group, and independently for relapses, defaulters who are re-treated,
patients who fail initial treatment, and other cases.

Treatment outcome indicators must include the entire cohort of registered cases in
a period, usually 3 months, and can be analysed only after giving time for all the
patients to complete treatment, usually 1 year. An early proxy for the cure/comple-
tion outcome is the proportion of smear-positive cases who have negative smears after
receiving 2–3 months of treatment (sputum smear conversion rate). This indicator
reflects the capacity of the programme to maintain patients on treatment, obtain
follow-up smears, and reduce patients’ bacterial population through treatment.

A second operational priority for the programme is to detect infectious cases for treat-
ment,mainly through sputum smear microscopy in outpatients attending general health
facilities. The main indicators are the number of new infectious cases detected as a per-
centage of expected incident cases (case-detection rate), the percentage of outpatient
suspects examined by sputum smear, and the percentage of these who are smear-posi-
tive. Incidence can be estimated only roughly at country level (on the basis of studies of
prevalence of tuberculosis infection, mortality, and notification) and not at all at district
or local level. The proportion of outpatients examined by smear microscopy and the
trend of notified new smear-positive cases are more useful and practical at district or
health centre level. Additional indicators reflecting case-detection activities are the
number of patients examined for diagnosis and the proportion of contacts of tubercu-
losis cases examined, diagnosed, and placed on treatment.

Impact indicators
The epidemiological impact of an effective programme is measured by the reduction
of mortality, morbidity, and transmission (1). Reduction in tuberculosis mortality can
be monitored through death certification trends over several years. However, these
data may not always be available, or may often be imprecise so that changes are seen
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only after several years. The most evident impact on mortality is the reduction of
deaths in patients under treatment (health facility data).

Reduction in the prevalence of tuberculosis in the community can be detected
directly through periodic population surveys – which are expensive and complex – or
indirectly through a reduction in the prevalence of smear-positive patients attending
health facilities, and through a diminishing trend in notifications if case detection is
maintained at a constant level. Diminished prevalence reduces transmission, which
can be measured through surveys of prevalence of infection in children, repeated every
5 years. Surveys of the prevalence of infection allow the annual risk of tuberculosis
infection and its trend to be estimated.

Reduction in incidence is difficult to measure because operational factors affect
case detection and notification. At a constant level of case detection, the trend of noti-
fication is a proxy for the trend in incidence. The maximum annual reduction in inci-
dence and transmission expected as a result of a good programme is around 12–15%
per year (e.g. Germany, Netherlands, New York City); in developing countries 7–10%
per year is very good (Brazil/ Rio Grande do Sul, Chile, Cuba, Peru) (2–6). Reduction
in transmission results in a more rapid decrease of incidence in children and young
adults and changes the age and sex distribution of cases. Notified incidence of tuber-
culosis and of tuberculous meningitis in children under 5 years of age reflects the
reduction of transmission as well as the protective effect of BCG vaccination; at con-
stant vaccination coverage these are good indicators of the programme impact on
transmission.

Prevalence of drug resistance – particularly multidrug resistance, indicating the
negative impact of poor quality treatment programmes – is a complementary indica-
tor. A high rate of primary multidrug-resistant tuberculosis interferes with achieve-
ment of high cure rates through an increase of failures (drug resistance) and of
case-fatality, besides increasing mortality, prevalence, and transmission.
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72. What are examples of effective
tuberculosis control programmes?
M. Raviglione1 & T. Frieden2

An effective tuberculosis control programme detects at least 70% of new sputum
smear-positive cases and successfully treats at least 85% of cases detected. An effec-
tive programme prevents the creation and spread of drug-resistant forms of tubercu-
losis by ensuring that cases are detected quickly and placed on proper regimens. A
stricter definition of an effective programme, however, should be based on the ulti-
mate capacity of the programme to stop tuberculosis transmission and, as a result, to
reduce incidence progressively until tuberculosis is eliminated as a major public health
problem. This may not be achieved by curing 85% of detected cases if insufficient
cases are detected.

In order to achieve these outcomes, an effective programme ensures guidelines,
training, and resources for good tuberculosis case management and gives priority to
detection and treatment of the sources of infection. Such a programme monitors both
process and impact. Effectiveness is measured indirectly in terms of impact on mor-
tality, morbidity, and transmission; programme quality can be measured directly in
terms of case-fatality, cure, and coverage.

As of early 2002, about 155 countries worldwide had adopted a tuberculosis control
strategy following the WHO recommendations. However, only 102 of them had
achieved full population coverage, thus guaranteeing potential access to all people
living in the country. Only fifteen countries had achieved the global targets by early
2002. An additional 54 countries had a detection rate of at least 50% and a treatment
success rate of at least 70% (1).

Probably one of the best recent examples of a country with an effective tuberculo-
sis control programme is Peru. After implementing a new strategy of tuberculosis
control following WHO recommendations, Peru reached the WHO targets in 1995
and has maintained its performance since then. The estimated case detection rate was
more than 90% in 1999. Of all cases analysed in 1998, 90% were successfully treated.
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More importantly, there is now evidence of a decline in notification of new pulmonary
tuberculosis cases following 2 years of increase immediately after the implementation
of the revised programme in 1991. This decline has averaged 7.5% per year nation-
ally, despite a 10-fold increase in diagnostic effort. Compared with previous trends,
the implication is that some 16% of expected cases and 70% of expected deaths were
averted between 1991 and 1999 (2). This was achieved through decentralization of
diagnostic capacity to well-equipped health centres around the country and effective
case management based on direct observation of treatment. As a result, default rates
have been minimized and more than 90% of cases have been cured.

Health services in Peru have been equipped with the necessary diagnostic tools;
general health staff have been intensively trained and retrained on tuberculosis case
management; an effective supply system has ensured continuous supply of drugs; an
adequate information system has allowed programme performance to be monitored
and corrective action taken; and a general information campaign has brought knowl-
edge and awareness of tuberculosis to all levels of the community. The programme
has been fully supported by the commitment of the government to fight tuberculo-
sis. Local areas monitor standard as well as important locally defined indicators (e.g.
delay in diagnosis, causes of default, proportion of symptomatic patients examined).
A capable management system has been put in place and maintained over the years
at national and regional levels. This is a recipe for effective tuberculosis control in
developing countries.

Similar successful programmes were set up in other Latin American countries such
as Chile, Cuba, and Uruguay, as well as in Morocco and Viet Nam. Other programmes
that have achieved remarkable results in terms of high cure rates are those of Benin,
Cambodia, China, Malawi, Nicaragua, and United Republic of Tanzania (3–10). In
these countries, however, there is no definitive nationwide evidence yet that incidence
has decreased as a result of the tuberculosis control efforts.

One of the best-documented effective programmes in a developing country is the
tuberculosis control programme of Beijing, China (11). This programme has used
direct observation of treatment since 1979, and has documented a substantial and
progressive decline in tuberculosis cases (87% reduction in prevalence from 1979 to
1990), deaths (80% reduction), and chronic cases. Drug resistance has remained
minimal. One interesting aspect of this programme is the systematic, independent 
verification that treatment is being directly observed as per policy.

Effective tuberculosis control is reflected by the very low notification rates (as a
proxy for incidence rates) in many European countries and in the USA (1). In the
USA, a strengthened notification system, the establishment of clear standards of care,
the use of special measures for HIV-infected individuals and recent immigrants, and
infection control measures, especially in congregate settings, have all contributed to
reversing the increasing trend observed between the mid-1980s and 1992 (12). In the
USA, one of the best examples of an effective tuberculosis control programme is that
of New York City. There, the number of tuberculosis cases rose dramatically in the
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1980s until 1992, and began decreasing after the implementation of a revised control
programme. The experience in New York City shows that multidrug-resistant tuber-
culosis can be reduced rapidly even in the context of an HIV epidemic. Within six
years, the programme reduced multidrug-resistant cases by 80% and USA-born tuber-
culosis cases by more than 60%. Control measures included proper short-course reg-
imens and directly observed treatment, which allowed the achievement of high
completion rates; infection control interventions in congregate settings, such as 
hospitals, shelters for the homeless, and correctional institutions; and the adoption 
of adequate treatment regimens for cases with susceptible and multidrug-resistant
strains (13).

An ideal programme not only meets the targets for case detection and cure, but
also ensures patient-friendly services that make patients feel respected and valued,
thereby further increasing the likelihood of high detection and cure rates. Further-
more, an ideal programme demands rigorous accountability from health workers
while also ensuring their input and involvement in improving the programme. Such
a programme also ensures the continuous and accurate analysis of data to allow 
objective evaluation and progressive improvements in performance, creating a self-
sustaining positive feedback loop. Finally, an optimal programme makes efficient use
of resources, generates and documents cost savings, and leverages available human
and financial resources in order to ensure long-term sustainability.
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73. What are the relative priorities for 
a tuberculosis control programme, 
and what activities should not 
be undertaken?
F. Luelmo1 & T. Frieden2

Priority-setting in a tuberculosis control programme is based on programme 
objectives, the effectiveness of interventions, and the resources available. The first 
priority is to identify, cure, and document cure among patients seeking care in 
health facilities. A reasonable target is 85% cure of new sputum smear-positive
patients. Once this is achieved, programmes can expand coverage to detect more cases
and to detect cases earlier. These first priorities aim to directly cut the chain of trans-
mission and reduce mortality. This is achieved by accurate and prompt diagnosis, free
provision of drugs, regular intake of drugs, and systematic monitoring of successive
cohorts of pulmonary smear-positive patients. For this to occur, a programme must
ensure:

● Organization of outpatient treatment for tuberculosis patients (all forms, both new
and re-treatment), including guidelines, training, supplies, registration, sputum
smears, monitoring, and supervision. This includes directly observed treatment
decentralized to peripheral health workers and community volunteers who are 
convenient to the patient.

● Organization of diagnosis, including the laboratory network, publication of guide-
lines, training, quality control, registration, monitoring, and supervision.

● Implementation of case detection in outpatient health facilities, including training
and monitoring. This also includes information to the community regarding free
availability of tuberculosis diagnosis and cure and the need for prompt evaluation
for diagnosis of persons with prolonged cough.

Secondary priorities, which should be incorporated gradually once the basic package
is producing satisfactory results, include:

● Enhanced quality control of drugs.
● Expansion of case detection and treatment to nongovernmental institutions and

private practice.
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● Expansion of the laboratory network for culture and development of susceptibil-
ity testing at the national laboratory. Use of culture for diagnosis in smear-
negative patients suspected of having tuberculosis.

● Formulation and implementation of diagnostic and treatment guidelines for chil-
dren and extrapulmonary cases, associated tuberculosis and HIV/AIDS, tubercu-
losis in prisons, migrants and other special groups.

● Surveillance of case notification, drug resistance, tuberculosis/HIV, meningitis in
children, prevalence of infection, and mortality (if death registration is available).

● Operational research, with emphasis on descriptive epidemiology; risk factors 
for delayed diagnosis, default, treatment failure, and death; monitoring of cost-
effectiveness of interventions and rationalization of care (hospitalization, surgery,
referral system, specialized care, integration with other control activities within
general health care).

Depending on availability of resources and the epidemiological context, the follow-
ing activities may also be undertaken:

● Expanded examination of contacts and high-risk groups for diagnosis and 
preventive treatment (e.g. those living in congregate facilities, high-prevalence
groups, HIV-infected persons, persons with incompletely treated tuberculosis in
the past).

● Expansion of the tuberculosis package of care to drug-resistant cases. This 
activity has a much higher priority in areas with high rates of initial multidrug-
resistant tuberculosis that also have large populations of immunosuppressed
persons, particularly where there are congregate settings (e.g. AIDS wards, prisons,
mines).

Staff and other resources of the tuberculosis programmes and of the health delivery
system should not be used for activities of low yield and little benefit for the 
community.

Some examples of unnecessary, inadequate, or damaging interventions
Case detection
● “Active” case detection through mass miniature radiography in the general popu-

lation (see “What is the role of case detection by periodic mass radiographic exam-
ination in tuberculosis control?”, page 72).

● Screening – with tuberculin, X-ray, or bacteriology – of low-risk populations such
as students, teachers, food handlers, etc.

● Active promotion of services that are not available to the community; for instance,
promotion when there are insufficient or irregular supplies of drugs or the treat-
ment services are poorly organized and are achieving low cure rates.

● Use of mobile units specifically for tuberculosis, isolated from permanent health
facilities or staff able to provide regular treatment until cure.
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● Establishment of tuberculosis diagnostic centres isolated from general health care
– most patients with symptoms consult general facilities, without knowing that
they have tuberculosis.

● Diagnosis on a clinical basis only, or on the basis of radiology alone. Because of
low specificity, many patients without tuberculosis or with healed lesions will be
put on treatment unnecessarily, risking harm and wasting resources.

● Request for smears on different successive days, with multiple visits by the patient
(three smears can be collected in two visits, spot – early morning – spot).

● Centralized diagnosis or confirmation of diagnosis at specialized institutions (e.g.
tuberculosis dispensaries). Most patients with respiratory symptoms first consult
the outpatient departments of general hospitals, primary health centres, and
private physicians.

● Use of complex inappropriate technology, for instance, use of the polymerase chain
reaction in control programmes.

Treatment
● Centralized treatment only at specialized institutions. Although the knowledge of

tuberculosis and of clinical complications is usually better and there may be more
diagnostic resources, central facilities lose a higher proportion of patients because
of greater distance from patients’ homes. Except in some urban settings, these facil-
ities should be used only for referral of difficult cases for diagnosis or management
of complications, and patients should be referred or transferred to an easily acces-
sible treatment point as soon as possible.

● Asking the patient to buy the missing drugs because of irregular drug supply. This
leads to monotherapy and drug resistance, loss of confidence in the service, and
treatment default.

● Prolongation of treatment. Very few patients benefit from longer treatment, and
there is no justification for extending treatment for all. There is no evidence that
longer treatment for meningitis or other forms of tuberculosis is of additional
benefit.

● Addition of costly vitamins, nutritional supplements, minerals, and other medica-
tion, unless there is a specific deficiency. The nutritional status of the patient
improves as a consequence of reduced bacterial load. Nutrition is an important risk
factor for breakdown from tuberculosis infection to disease, but has no impact on
cure when short-course, high-efficacy regimens are used. Food (for the patient and
the family) can, however, be a highly effective incentive to improve treatment
adherence.

● Monthly follow-up with X-rays.
● Use of surgical masks by health personnel. These masks are not useful in prevent-

ing inhalation of bacilli, they alienate staff from patients, and give the staff a false
impression of safety.
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Monitoring (including research)
● Monitoring large numbers of process indicators such as number of patients on

treatment at any point in time. Standard indicators (diagnostic quality, conversion
rate, cure rate, estimated annual detection rate) are revealing and should not be
diluted by less important information.

● Extensive monthly reports. Quarterly reporting is generally sufficient for prompt
and effective monitoring.

● Combining tuberculosis data collection (quarterly reporting) with the general
health information system. On the other hand, quarterly reporting information
should be disseminated to as wide an audience as possible – through the general
health information system and otherwise.

● Use of excessive resources in pilot projects or operational research, making the
tested intervention inapplicable or not sustainable for expansion to the whole
country.
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74. What is the impact of HIV on the
epidemiology of tuberculosis in 
a community?
A. Harries1

HIV infection reduces cell-mediated immunity and is a powerful risk factor for the
development of tuberculosis (1, 2). The impact of HIV on the epidemiology of tuber-
culosis depends on the extent of overlap between the population infected with HIV
and that infected or at risk of becoming infected with Mycobacterium tuberculosis. At
present, about 70% of people in the world co-infected with HIV and M. tuberculosis
live in sub-Saharan Africa (3).

The annual risk of developing active tuberculosis disease in a co-infected person
ranges from 5% to 15%, depending on the degree of immunocompromise (1). There
is also good evidence that HIV infection favours rapid progression from exposure to
M. tuberculosis, through infection, to active tuberculosis. Among severely immuno-
compromised patients hospitalized with the complications of AIDS and exposed to
infectious patients, the median time between exposure and disease was 12 weeks (4).

Impact of HIV
HIV has its greatest impact on tuberculosis in sub-Saharan Africa, although in parts
of India, Myanmar, and Thailand the association between these two infections is
becoming increasingly apparent. There are many aspects to the impact of HIV,
described below.

Tuberculosis case numbers

In the past 10–15 years, tuberculosis case numbers have increased 300–400% in high
HIV-prevalent countries of Africa, mainly because HIV increases the risk of disease
reactivation in people with latent M. tuberculosis (5). Along with the increase in case
numbers, there has been a disproportionate increase in cases with smear-negative pul-
monary tuberculosis and extrapulmonary tuberculosis (1).

Increased case numbers place an immense burden on tuberculosis control efforts:
more staff are needed, particularly tuberculosis programme officers and laboratory
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personnel; there is an increased need for laboratory resources, drugs, sputum con-
tainers, and stationery; where patients are hospitalized for the initial phase of treat-
ment, wards become overcrowded, making consistently good nursing care impossible
and increasing the risk of nosocomial infection.

Hot spots for tuberculosis transmission

Hot spots for transmission, fuelled by concurrent HIV infection, may occur in places
where people are crowded together, such as prisons, refugee camps, mines, health care
institutions, and boarding schools. In such situations, active case detection may some-
times be required to curtail tuberculosis transmission.

Increased case fatality

HIV-positive tuberculosis patients experience HIV-related morbidity during tuber-
culosis treatment. Adverse reactions to antituberculosis drugs, particularly thioaceta-
zone-induced cutaneous reactions, are more frequent, leading to interruptions of
treatment and occasional fatalities (6). It is not surprising that HIV-infected patients
have a much higher mortality during and after tuberculosis treatment compared with
HIV-negative patients. In sub-Saharan Africa, approximately 30% of HIV-infected,
smear-positive tuberculosis patients will die within 12 months of starting treatment,
and about 25% of those who complete treatment will die during the subsequent 12
months (1).

The high death rates in HIV-infected, smear-positive tuberculosis patients mean
that treatment is less cost-effective in terms of years of life saved than previously cal-
culated for HIV-negative patients. In the pre-HIV era, smear-negative pulmonary
tuberculosis was a disease with a good treatment outcome. Evidence is slowly accu-
mulating in sub-Saharan Africa that the prognosis for HIV-infected, smear-negative
pulmonary tuberculosis patients may be worse than that for patients with smear-pos-
itive pulmonary tuberculosis (7).

Recurrence of tuberculosis after completion of treatment

Recurrence rates (defined as return of clinical evidence of active tuberculosis, posi-
tive sputum smears, or positive cultures of M. tuberculosis) are higher in HIV-infected
patients. The use of non-rifampicin-containing regimens and treatment interruptions
as a result of drug reactions are associated with an increased risk of recurrence of
tuberculosis (1). Recurrence includes both true relapse and recurrent disease follow-
ing reinfection. The proportion of tuberculosis recurrence due to disease reactivation
versus reinfection is unknown.

Drug resistance

Outbreaks of multidrug-resistant tuberculosis have been reported from both indus-
trialized and developing countries in patients with HIV infection. HIV itself does not
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cause multidrug-resistant tuberculosis, but it fuels the spread of this dangerous con-
dition by accelerating the progression from infection to disease.

Global targets for tuberculosis control
The overall objective of tuberculosis control is to reduce mortality, morbidity, and
transmission of the disease. At present, the best way to achieve this is to focus on new
cases of smear-positive tuberculosis, curing at least 85% of detected smear-positive
cases, and detecting at least 70% of new infectious cases. HIV makes the targets for
cure and detection rates difficult to reach. Cure rates of 85% in smear-positive tuber-
culosis cases are almost impossible to achieve because of high HIV-related mortality.
The case detection target of 70% is also impossible to verify because a method for
estimating the total number of such cases with certainty (for use in the denominator)
has not yet been found, particularly in the context of a high prevalence of HIV.

Implications
HIV inexorably reveals any weakness in a tuberculosis control programme. Low detec-
tion rates lead to rapid spread of infection and disease from untreated patients. Low
cure rates, if combined with high default rates, may result in the rapid emergence and
spread of drug-resistant strains. And ineffective infection control facilitates rapid and
potentially extensive institutional spread of tuberculosis. Tuberculosis rates will gen-
erally rise for as long as HIV prevalence rises. If the prevalence of HIV in the adult
population reaches 5% in a developing country, current technology cannot contain
the increase in cases. DOTS can, however, prolong the lives of individual patients,
prevent drug resistance, and blunt the increase in cases. Increased cases result from
the increased risk of active tuberculosis in HIV-infected patients, hot spots for tuber-
culosis transmission, and increased recurrence rates. Ultimately, HIV prevalence will
reach a plateau, and it is then likely that tuberculosis case notifications will also
plateau, although at rates several times higher than those seen in the pre-HIV era. The
control of tuberculosis in high HIV-prevalent areas will depend to a large extent on
the control of HIV.
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75. How can tuberculosis control services
be promoted and sustained?
T. Frieden1

Challenges and advantages
Effective tuberculosis control requires sustained political and administrative commit-
ment at national and local levels. An effective tuberculosis control programme must
therefore initiate, build, and sustain this commitment – a challenging task. Most
tuberculosis patients are economically disadvantaged and exert little political influ-
ence. Moreover, the disease tends to alienate patients; tuberculosis patients do not nat-
urally form associations or support groups to lobby for more services and resources.
Finally, tuberculosis control is a long-term struggle that requires continued support.

Approximately 2 billion people alive today are infected with tuberculosis bacteria,
and at least 100 million of them are likely to develop active tuberculosis at some point
in their lives. Thus, even if the spread of tuberculosis could be completely stopped
and an effective vaccine to prevent tuberculosis in uninfected persons were discov-
ered and applied widely, tuberculosis control services would be needed for at least
another 40–50 years.

In addition, the HIV epidemic has drastically increased tuberculosis caseloads, gen-
erally in countries with limited resources. Health services in many developing coun-
tries are undergoing reform, raising new challenges for tuberculosis control. Although
health sector reform can potentially improve efficiency and increase community
involvement, in practice it often translates into user fees, reduced services, and limi-
tations in the ability of specific disease control programmes, such as tuberculosis
control, to function effectively (1).

Despite these substantial challenges, tuberculosis control programmes have several
advantages. First, tuberculosis is a curable disease, and the tuberculosis epidemic is a
winnable battle – in contrast to many other health and social problems. Second, tuber-
culosis control services are highly accountable, and are therefore appealing to many
decision-makers. A tuberculosis control programme can track the exact number of
patients examined, diagnosed, treated, and cured, make a reasonable estimate of the
number of deaths prevented by these activities, and report this information to those
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who fund and support the programme. Third, tuberculosis control is highly cost effec-
tive (see “Is DOTS cost-effective?”, page 246). Fourth, many people living in high-
prevalence areas recognize tuberculosis as an important cause of sickness and death,
and rightly perceive effective tuberculosis control services as a critical indicator of
good governance. Fifth, the DOTS strategy can be implemented successfully in almost
any context, as it relies on relatively simple interventions. Finally and perhaps most
importantly, DOTS is rooted in reliable scientific evidence – including data to support
the diagnostic strategy as summarized in the case detection section of this book; ran-
domized controlled clinical trials demonstrating efficacy of practical, short-course
treatment regimens reviewed in the treatment section; and a recording and reporting
system that allows individual and aggregate evaluation to identify problems rapidly
(see “Why is a recording and reporting system needed, and what system is recom-
mended?”, page 270).

Promoting tuberculosis control services
In general, effective tuberculosis control services are best promoted at national level
by a tuberculosis programme that is adequately staffed and supported. The pro-
gramme’s overall strategy should be to establish sound technical policies, make
maximum efforts to involve and convince key decision-makers of the importance of
implementing these policies, and engage individuals, groups, and communities from
outside the government in promoting effective tuberculosis control. Most pro-
grammes require the authority to hire staff, purchase goods and equipment, and con-
tract for services. These functions can be performed effectively only if there is political
and administrative commitment from within the country or area.

Sustaining tuberculosis control services
Tuberculosis control is a long-term battle. In several countries, initial success in the
control of tuberculosis led to complacency, a subsequent resurgence of cases, and the
emergence and spread of drug resistance (2, 3). The term “U-shaped curve of concern”
has been used to describe the phenomenon of declining interest, commitment, and
support for tuberculosis control, followed by an increase in disease burden resulting
from poor programme performance (4). The most important strategy to preserve
tuberculosis control services is to ensure that they are implemented effectively and
that this success is systematically documented and publicized widely to those who
allocate funds. Effective implementation requires ongoing analysis of programme data
to objectively evaluate and continuously improve services. A key strategy is to iden-
tify and maintain the support of key external constituencies within the country. Public
sector management tends to be driven by constraints rather than tasks (5). To limit
the impact of this inevitable tendency, programmes must seek support from individ-
uals, institutions, and nongovernmental groups. In the case of tuberculosis control,
these include individuals and groups interested in ensuring that effective tuberculo-
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sis control services remain available in the community. Individuals and groups outside
government can therefore play a critical role in promoting and sustaining effective
tuberculosis control services.

Ultimately, the establishment and maintenance of high-quality tuberculosis control
services reflect effective national leadership and service.
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