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Preface 

About 30 years ago, Professor Arthur Meyers stated that if we ask the question 
"Can tuberculosis be eradicated?" the answer is probably "Yes." If, on the other 
hand, we ask the question, "Will tuberculosis be eradicated?" the answer will 
probably be "No." This discussion was based on immunological grounds and was 
written at a time when rapid progress in chemotherapy of tuberculosis was on the 
horizon. At about the same time, the famous book Chemotherapy of Tuberculosis, 
edited by Vincent Barry presented a series of excellent progress reports and op
timistic notes on the treatment of this disease. Unfortunately, this optimism was 
misplaced and the questions posed by Meyers have become even more pertinent, 
not only to the prevention or eradication, but to the overall seriousness of the 
disease. The powerful tools available for the control of tuberculosis were not 
properly and consistently utilized, resulting in dismal failure. The story became 
a perfect example, as Frank Ryan puts it, of a major disease which could have 
been conquered or, more aptly, nearly so and how soon potential victory has been 
reversed. 

Careful analysis of the facts has given us some insight into the successes and 
failure in the control of this "curable" disease. Besides the discovery of powerful 
drugs, considerable knowledge on the best possible drug regimens also became 
available following tedious but excellently conducted controlled clinical trials. All 
these contributions made chemotherapy the "magic bullet" in our battle against 
tuberculosis. Indeed, many developed countries benefited from the advances in 
chemotherapy leading to a consistent reduction in the incidence of disease in the 
mid-eighties. Authorities in these countries were excited in the dramatic reduction 
of the prevalence and had even set the year 2000, which was later revised to 2010 
as the date for eradication. Unfortunately, this "over-excitement" resulted in a 
hasty and premature abandonment of the control efforts and failure of the infra
structure, with the tragic consequence of vigorous resurgence of the disease. As 
Sir John Crofton stated, "it is a sad reflection on society's incompetence to make 
proper use of the tools and take control of the situation." Had it not been due to 
our negligence and many pitfalls, we could have pushed tuberculosis as an old 
"forgotten" disease of mankind and all the tuberculosis literature to the "archives"! 
Surprisingly, even the developing and the underdeveloped countries, which never 
had the fortune of witnessing any significant decline in the incidence of tuber
culosis, also became complacent and even grossly negligent in their antituber
culosis programs. These countries may have mistakenly believed that tuberculosis 
is no longer serious, as many sanatoria were closed and the treatment was shifted 
to domiciliary and outpatient settings. The global indifference to this dangerous 
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disease, which has been prevailing for a long time, prompted the International 
Union Against Tuberculosis, now called the International Union Against Tuber
culosis and Lung Disease (IUATLD) to devote major sessions in its global con
ferences on "How to inform the general public that tuberculosis is still not under 
control." This sort of public education is consistently being propagated by the 
World Health Organization (WHO), which is also stressing the need for greater 
governmental support. 

The gravity of this situation is confounded by the fact that most of the new 
cases of tuberculosis are with multiple-drug resistant tubercle bacilli, making the 
available drugs useless. This is mostly due to noncompliance on the part of the 
patients to take the full course of treatment. These "man-made" failures are ag
gravated by another "man-made" disease, the acquired immune deficiency syn
drome (AIDS). The combination of these two dangerous diseases is potentially 
disastrous not only for certain areas of Africa as feared by Grange and Stanford 
but will also affect the whole world if we do not act immediately. It is therefore 
vital that concentrated efforts are urgently made to discover and develop new 
drugs and treatment strategies to attack this disease. For this purpose, it is nec
essary to analyze critically the situation, not necessarily to rejoice at our past 
glories of successful treatment, but more importantly to understand the "how" 
and the "why" of the failures and to suggest realizable plans for the future. 

In this volume, several aspects of chemotherapy are discussed extensively. Such 
a comprehensive discussion which was contained in a treatise on the same subject 
was edited by Vincent Barry more than 30 years ago. At that time, the potential 
of chemotherapy to succeed was evident. The proper use of the powerful drugs 
(excluding rifampin, which was not discovered at that time) and the proper ap
plication of the optimal regimens which were evolved following meticulously 
conducted controlled trials were elaborated. Subsequently, much more progress 
has been achieved, thanks to the discovery of rifampin and its use in short-course 
chemotherapy, which is the mainstay of our present-day approach to the treatment 
of tuberculosis. 

In this volume, the authors have discussed the development of the basic and 
experimental aspects of chemotherapy, our present-day philosophy of treatment 
in the context of developed and developing countries, the lessons that were or 
could have been drawn from the controlled clinical trials, and the reasons for the 
failure of treatment. Management of patients with drug-resistant bacilli and with 
nontuberculous mycobacterial infections and, more importantly, those with HIV 
infection and with AIDS, are dealt with in other chapters. A chapter on the mag
nitude of the global impact of the present-day situation is given to introduce the 
readers to the seriousness of the problem and two chapters on leprosy are included, 
to impress upon the readers that success can be achieved even under difficult 
situations and with a stubborn disease. This volume also contains a review on the 
current approaches to discover newer drugs and strategies. It is sincerely hoped 
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that the diverse topics discussed in this and the companion volume will provoke 
interest and encourage a spirit of enquiry in the reader. 

Finally, the editors are extremely grateful to all the authors, but for them the 
idea of a comprehensive treatise could not have been realized. The editors are 
respectfully and apologetically aware of the enormous demands on their time and 
effort our request should have made to the authors. We do realize how busy they 
are in their own individual professional commitments. To each one of them we 
offer our sincere thanks. We realize that timeliness is an important aspect, and 
however much we and the concerned authors tried, considerable delays have oc
curred. To those authors who have been very kind to submit their manuscripts 
early, we offer our apologies, but we have taken care to see that no discussion or 
topic has become outdated. Overall, we are extremely gratified that these two 
volumes offer an excellent compendium of the available knowledge on this dis
ease. We sincerely hope that the information these books provide will facilitate 
prompt application of these thoughts for a successful crusade against this disease. 
Let us prove that tuberculosis is, indeed, a curable disease. 

Pattisapu R.J. Gangadharam 
P.A. Jenkins 
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Global Aspects of Tuberculosis 

Nils E. Billo 

1. Introduction 

At the beginning of this century, tuberculosis was among the most prominent 
public health problems in industrialized countries, even though the decline in 
tuberculosis mortality started in the nineteenth century (1). At that time, no drugs 
were available to treat patients and everybody was at risk of infection with My
cobacterium tuberculosis and of developing the disease. After the discovery of 
M. tuberculosis by Robert Koch in 1882, researchers all over the world were 
challenged to find a cure for this major killer disease. The search for an effective 
drug was superbly described by F. Ryan in his book Tuberculosis: The Greatest 
Story Never Told (2). It was not until the late 1940s that the discovery of strep
tomycin gave new hope to the community that the possibility of treating tuber
culosis might contribute to a decrease in mortality and morbidity worldwide (3). 

Very soon, it was realized that monotherapy, the use of a single drug to treat 
the disease, causes the emergence of resistant strains. Other drugs such as isoni
azid, p. amino salicylic acid (PAS), and thiacetazone were developed and were 
added to the treatment regimens in order to avoid drug resistance. The introduction 
of rifampicin in the early 1970s provided a potent addition to the repertoire of 
antituberculosis drugs. The British Medical Research Council tested a variety of 
therapeutic regimens in different regions of the world between the late 1950s and 
the 1970s under the leadership of Professor Wallace Fox and Professor Denis 
Mitchison. 

The International Union Against Tuberculosis and Lung Disease (IUATLD), a 
nongovernmental organization based in Paris, devoted most of its activities to 
improving tuberculosis control in the 1970s and 1980s. Under the leadership of 
Dr. Karel Styblo and Dr. Annik Rouillon, new approaches to treat tuberculosis 
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under difficult conditions were developed. Within the Mutual Assistance Pro
grammes, Dr. Styblo was able to show that it is possible to treat tuberculosis 
successfully on a large scale (4). 

In most industrialized countries, tuberculosis has been steadily declining by 
5% or more each year, not only due to the availability of an effective treatment 
regimen but most probably also due to improving social and economic conditions. 
In the light of this decline, many of the efforts undertaken in the past by govern
ments, nongovernmental organizations, patient organizations, and the community 
have been reduced to a minimum; certain governments have become complacent 
even to the extent of dismantling well-established tuberculosis control programs. 
Many antituberculosis associations have shifted their activities toward other lung 
diseases and have even dropped tuberculosis from their association's name. 

Effective tools and drugs are available to combat tuberculosis. The aims of 
tuberculosis control as mentioned in the Tuberculosis Guide for Low Income 
Countries (5) should be as follows: 

• For individual patients: to cure their disease, to preserve or quickly restore their 
work capacity, to allow them to remain within their family, ethnic group, and 
community, and, in this way, to maintain their socioeconomic position 

• For a community: to decrease the risk of tuberculous infection in the community 
and, by this means, to improve the situation of tuberculosis and thus the eco
nomic and social conditions of the community. 

This chapter describes the magnitude of the tuberculosis problem worldwide 
and tries to give some explanations of why we are now facing difficulties in 
reducing morbidity and mortality from tuberculosis. 

2. The Toll of Tuberculosis 

It is very well known that notification of infectious diseases, including tuber
culosis, is very often unreliable. Tuberculosis cases reported at country level and 
data reported to the World Health Organization (WHO) are very often incomplete 
and do not reflect the real tuberculosis situation in a particular country. The mag
nitude of the tuberculosis problem has been estimated by several authors in the 
last two decades (6-9). All these publications represent estimates, but they all 
indicate very clearly that tuberculosis is still one of the major killer diseases 
worldwide. Out of a pool of about 1.7 billion individuals infected with M. tuber
culosis, it is estimated that every year about 8 million new cases of tuberculosis 
occur and up to 3 million individuals die from tuberculosis (Table 1.1) (8). 

In a recent article, Raviglione and co-authors describe the worldwide epidemic 
of tuberculosis (9). Based on their assumptions, we will soon be facing enormous 
problems, especially in Africa, Southeast Asia, and the Western Pacific. Between 
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Table 1.1. The toll of tuberculosis: estimations, WHO 1991 

Population infected 
Region (millions) 

Africa 171 
Americasa 117 
Eastern Mediterranean 52 
Southeast Asiab 426 
Western Pacific 574 
Europe and other 

Industrialized Countriesc 382 

Total 1,722 

aExcluding United States and Canada. 
bExcluding Japan, Australia, and New Zealand. 
cUnited States, Canada, Japan, Australia, and New Zealand. 
Source: Ref. 8. 

New cases Deaths 

1,400,000 660,000 
560,000 220,000 
594,000 160,000 

2,480,000 940,000 
2,560,000 890,000 

410,000 40,000 

8,004,000 2,910,000 

1990 and the year 2000 an estimated 90 million new cases of tuberculosis will 
occur worldwide, about 10% of which will be attributable to the human immu
nodeficiency virus (IDV) infection. Thirty million people will die from tubercu
losis in this decade if tuberculosis programs are not improved, particularly in the 
most affected regions. 

The IDV/AIDS epidemic emerged in the early 1980s and it was recognized at 
the end of this decade that mv would have an important impact on the tuber
culosis situation throughout the world (10). mv infection represents one of the 
main risk factors to develop tuberculosis given infection with M. tuberculosis and 
it has become a reality that those communities infected at the same time with M. 
tuberculosis and with HIV are facing or will face serious problems in tackling 
both diseases, especially in low-income countries (11). 

Even though recent estimations are based on many assumptions, the global toll 
of tuberculosis is enormous; even if the number of new cases and deaths due to 
tuberculosis is overestimated, it can still be stated that this disease is to be con
sidered one of the major infectious diseases caused by a single agent and one of 
the major killers, especially in Southeast Asia, Western Pacific, and in sub-Sa
haran Africa. (See Table 1.2). It is important to improve methods to better estimate 
the magnitude of the tuberculosis problem and to overcome some methodological 
issues related to estimating the trends of tuberculous infection in a community 
(12). 

It is known but not sufficiently emphasized that there are also high incidence 
rates of tuberculosis in deprived areas of large cities in some industrialized coun
tries. It is, therefore, not always appropriate to distinguish between industrialized 
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Table 1.2. Distribution of individuals who have been infected with tuberculosis and HlV 
15-49-year age group, early 1992 

HlV TB HIVffB 
infected infected infected Percent 

Region (thousands) (%) (thousands) of total 

Africaa 6,500 48 3,120 77.8 
Americasb 1,000 30 300 7.5 
Eastern Mediterraneana 50 23 11 0.3 
Southeast Asia and 

Western Pacificc 1,020 40 408 10.2 
Europe" and othersd 1,550 11 170 4.2 

All regions 10,120 34 4,009 100 

aIncludes all countries of WHO region. 
bIncludes all countries of the American Region of WHO, except the United States and 
Canada. 
cIncludes all countries of the Western Pacific Region, except Japan, Australia, and New 
Zealand. 
dUnited States, Canada, Japan, Australia, and New Zealand. 
Source: Ref. 11. 

and low-income countries. The recent reemergence of tuberculosis in industrial
ized countries reminds us of the fact that tuberculosis is a disease which will 
accompany our society for future decades, especially if we dismantle tuberculosis 
control programs based on the assumption that the disease will disappear by itself 
(13). It is important to monitor the tuberculosis situation very carefully in order 
to adapt tuberculosis control strategies. Tuberculosis has been underestimated and 
neglected as a health care problem and it is time to improve our surveillance and 
our commitment in industrialized and low-income countries, and this on a long
term basis (14). Not only the medical profession but, very importantly, politicians 
and policy-makers and those responsible for distribution of financial resources in 
the health sector have to be convinced that it is important to consider investment 
in tuberculosis control a priority. 

3. Mortality 

Tuberculosis is the fifth most common cause of death worldwide, after cardio
vascular diseases (about 12 million deaths annually), acute respiratory infections, 
cancer, and diarrheal diseases (5 million annual deaths for each). Tuberculosis 
kills about 700,000 women every year and this represents more than all perinatal 
causes of death combined (500,000 deaths per year). In developing countries, 
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tuberculosis is responsible for an estimated 7% of all deaths, and among 15-59-
year-oIds, tuberculosis contributes 25% of all causes of death. 

Reliable mortality data are based on death certificates. Such data are available 
in most industrialized countries. However, death certificates are often incomplete 
and mortality rates may be underestimated. Several studies have shown that be
tween 3.5% and 6.5% of all tuberculosis cases were only detected postmortem. 
Mortality has been declining more rapidly than incidence. Several factors such as 
better housing conditions with less crowding and the availability of drugs and 
successful treatment have resulted in a marked decrease of tuberculosis mortality 
with a less impressive decline in tuberculosis morbidity. In Switzerland, as an 
example of an industrialized country with appropriate social and economic con
ditions, tuberculosis mortality has sharply declined since World War II (IS). (See 
Fig. 1.1.) 

Mortality data on tuberculosis in developing countries are not available on a 
routine basis. It is estimated that mortality rates range from 2 per 100,000 in 
industrialized countries, to 25 per 100,000 in the Americas (excluding the United 
States and Canada), 76 per 100,000 in Africa, and 84 per 100,000 in South East 
Asia (16). 
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Figure 1.1 Tuberculosis morbidity and mortality in Switzerland. 
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4. Incidence of Tuberculosis, Impact of "IV 

Incidence data are obtained through notification of tuberculosis cases by phy
sicians and laboratories to the health authorities. As mentioned above, these data 
are very often incomplete and may not give an adequate reflection of the real 
situation. Data from WHO show that estimated incidence rates per 100,000 pop
ulation vary between 23 per 100,000 for industrialized countries and 237 per 
100,000 in Southeast Asia (191 per 100,000 for Africa) (16). It may be noteworthy 
that these rates are much lower than those observed at the beginning of the century 
in Europe. 

Of the 1.7 billion of the world's population estimated to be infected with M. 
tuberculosis, two-thirds of these are found in Asia, where HIV infection is spread
ing at an alarming pace in some of the countries. HIV -related tuberculosis is 
increasingly becoming a problem in countries such as India, Thailand, Brazil, 
Haiti, and others and will probably cause similar devastating effects on families 
and society as it is having now in sub-Saharan Africa. It is important that gov
ernments, nongovernmental agencies, and health care professionals realize that 
tuberculosis and HIV infection must be dealt with in a coordinated way (11). 
Comprehensive prevention programs have to address both diseases at the same 
time and train health care professionals accordingly. 

Incidence rates of tuberculosis are increasing in sub-Saharan Africa, especially 
in large cities, even where there is a good tuberculosis control program in place. 
In Tanzania, a marked increase in cases in the capital, Dar es Salaam, as compared 
with the rest of the country has been observed since the HIV / AIDS epidemic 
started in the 1980s. Incidence rates have reached 213.5 per 100,000 in 1993 
compared to 77.6 per 100,000 in 1985, before the HIV epidemic had begun to 
have an important impact on tuberculosis morbidity and mortality (17). (See Fig. 
1.2.) 

Health care centers are overwhelmed with patients presenting with suspicion 
of tuberculosis and it is very likely that the health care system may collapse, 
unable to deal with so many patients who very often may present with other HIV
related conditions. HIV -positive patients very often present to health care services 
with clinical symptoms suggestive of tuberculosis or other lung diseases. The 
results of the sputum smear examination are often negative or are not done at all. 
It is one of the very important challenges of tuberculosis control now and in the 
future to diagnose each case of tuberculosis according to clear guidelines in order 
to avoid treatment of smear-negative individuals who actually do not have tuber
culosis but another lung disease. Refined, simple, and inexpensive diagnostic tools 
should be developed in the near future to address the diagnostic problems for 
smear-negative patients presenting to health care facilities in all affected areas. 



Global Aspects of Tuberculosis 7 

cases/ 100,000 
250 -

I - Oar es Salaam D Tanzan ia 

200 r 

150 -

100 

50 ~ 

o I !l 1 D ~ 1 J "" r..... 1= r r 

81 82 83 84 85 86 87 88 89 90 91 92 93 

Years 

Figure 1.2 Tuberculosis 1981-1994 in Tanzania, incidence rates/IOO,DOO. 

S. Thberculosis-A Social Disease 

Tuberculosis has been known to be one of the major public health problems in 
low-income countries, especially among the underprivileged population who of
ten live in very unfavorable conditions with little or difficult access to health care 
facilities. The tuberculosis problem has been neglected by governmental and non
governmental agencies until recently. It is sad to remark that only a few organi
zations have constantly reminded the medical community that tuberculosis is, 
indeed, an important public health problem. Only a few donor countries such as 
Norway and Switzerland had a favorable attitude toward fighting tuberculosis in 
the 1980s when others had other priorities. Several tuberculosis outbreaks have 
been described in the United States and elsewhere, and tuberculosis has become 
an issue at the global level again. WHO declared tuberculosis a global emergency 
in 1993 and has been very successful in advocating tuberculosis control measures 
worldwide. 

Why has the scientific community neglected tuberculosis? Responsible gov
ernment officials in ministries of health are still neglecting a disease that is killing 
more individuals than AIDS, malaria, and other tropical diseases combined. Other 
public health problems, such as the occurrence of tuberculosis in population 
groups with little political influence and insufficient financial resources within 
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Ministries of Health are the main reasons for the neglect of the tuberculosis prob
lem. Table 1.3 shows some reasons why tuberculosis is still not a priority in most 
of the countries concerned. 

It is well accepted that we have the tools to cure tuberculosis with existing 
drugs in most cases. In industrialized countries, tuberculosis is found among the 
elderly and in high-risk groups such as the homeless, immigrants, and refugees 
from high-risk countries and among HIV-infected individuals. The epidemiolog
ical situation of tuberculosis in Switzerland shows that most cases occur among 
Swiss people aged 50 and over. Tuberculosis cases among the foreign born, in
cluding migrant workers immigrants from countries with a high risk for tuber
culous infection and refugees, are found predominantly in the age group 20-40 
years old who very often live in less favorable conditions. This situation is typical 
for most of the industrialized countries (Fig. 1.3). 

It is the responsibility of governments to ensure that everybody has access to 
health care and adequate treatment (i.e., directly observed therapy). It has been 
claimed that it is difficult to reach underprivileged patients and to obtain accept
able compliance with treatment. However, it is the responsibility of private and 
public health care structures to provide appropriate services for tuberculosis pa
tients in order to achieve good treatment results and avoid the emergence of 
multidrug resistance. 

Table 1.3. Tuberculosis-reasons for low priority in low-income and industrialized 
countries 

Low-income countries 
Other public health problems prevalent 
Patients have no lobby 
Lack of political commitment 
Lack of leadership among health policy-makers 
Lack of financial resources for antituberculosis drugs 
Inadequate procurement and distribution of antituberculosis drugs 
Health care structures not adequate 
Health care personnel often not well trained 

Industrialized countries 
Patients mostly among older age groups and immigrants with no lobby 
Awareness of tuberculosis among physicians minimal 
Tuberculosis is not a money maker, other lung diseases are more interesting for the 
medical community 
Health care structures deficient in treating "difficult" patients 
Lack of leadership among health policy-makers and medical associations 
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Figure 1.3 Tuberculosis in Switzerland-Swiss and foreigners 1994. 

6. Drug-Resistant Tuberculosis 

The availability of drugs alone does not guarantee a cure for tuberculosis (18). 
It is important to mention that a regimen must first be chosen in a correct com
bination and taken for a sufficient period of time to avoid the emergence of drug 
resistance. In countries where tuberculosis control is well organized, the drug 
regimen to be used is recommended by those responsible for the National Tu
berculosis Control Programme. It usually comprises four drugs in the first 2 
months of the treatment and usually two drugs taken for 4 to 6 or more months 
in the second phase. It is crucial to supervise the intake of each tablet in the first 
phase directly (it may be daily or intermittent) and if possible in the second phase, 
especially if rifampicin-containing drugs are used. In addition to this golden rule 
of directly supervised chemotherapy, it is crucial that drugs are free of charge for 
the patient in order to avoid noncompliance due to financial constraints. In most 
developing countries where the patient is asked to pay for the drugs, there is a 
grave danger that drug intake may be interrupted due to lack of funds. It is also 
important for health authorities to make sure that they are purchasing drugs which 
are of good quality and where bioavailability testing has been shown to be sat
isfactory. Respecting these guidelines will help to keep drug resistance to a min-



10 Nils E. Billa 

imum. Efforts to minimize drug resistance are particularly important in low
income countries where it may be impossible to get funds to treat multidrug
resistant tuberculosis cases. 

Most countries do not know their situation regarding drug resistance and they 
may be unaware that they are producing drug resistance. This may happen in 
countries which start a national tuberculosis program without fulfilling certain 
conditions required to avoid the emergence of treatment failure and multidrug 
resistance (see Chapter 6). Currently, there are initiatives underway to improve 
drug-resistance surveillance throughout the world. A working group of WHO/ 
IUATLD has recently proposed a protocol which is now being used in several 
countries to obtain better results. It is hoped that in the near future, reliable data 
on drug resistance will be available in each country in order to monitor the quality 
of tuberculosis programs. 

7. Factors Contributing to the Quality of Thberculosis Control Programs 

Why do we have unfavorable conditions in many developing countries and a 
worsening situation in some of the industrialized countries? Several factors such 
as poverty, homelessness, HIV infection as mentioned above, drug and alcohol 
abuse, and other social factors have been made responsible for this reappearance 
of tuberculosis. However, the most important factors are inappropriate or nonex
isting tuberculosis programs in developing and industrialized countries and the 
lack of interest by the medical profession. With proper use of the available anti
TB drugs, it is possible to cure most patients and to prevent the emergence of 
chronic cases and multidrug-resistant tuberculosis. Unfortunately, the improper 
application of drug regimens and the lack of drugs due to scarce financial re
sources or due to inadequate drug distribution systems in developing countries 
are a great threat, creating chronic cases and, thus, new infections and disease. 

The IUATLD, a nongovernmental organization with over 100 member asso
ciations, tested new treatment models in the 1980s in several developing countries. 
It was possible to show that tuberculosis control can be organized efficiently and 
effectively if certain conditions are fulfilled. These conditions also apply to in
dustrialized countries: (1) It is crucial to obtain a strong commitment from the 
government to fight against tuberculosis and to allocate adequate funding for 
personnel, infrastructure, and anti-TB drugs; (2) an adequate number of micros
copy centers and other diagnostic facilities must be available; (3) drugs should 
always be available in sufficient quantities to treat all patients; (4) the personnel 
involved in the tuberculosis program should be trained adequately; (5) directly 
observed chemotherapy, especially in the first phase of the treatment, is crucial. 
The IUATLD model was successfully implemented in several low-income coun
tries such as Tanzania, Mozambique, Malawi, Benin, and Nicaragua in the 1980s 
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under very unfavorable conditions (war, famine, high turnover of personnel) re
specting the principles mentioned above. In this way, it was possible to achieve 
high cure ratios of over 80%. The World Health Organization has recognized this 
model as one of the ways to combat tuberculosis worldwide and has integrated it 
in its Global Programme Against Tuberculosis which was established in the early 
1990s. 

The IUATLD model was recently presented in the World Bank's World De
velopment Report 1993 and proper tuberculosis control has been identified as one 
of the most cost-effective health interventions (19). This report has been widely 
distributed and is known in most parts of the world. Policy-makers and politicians 
should be briefed about the possibility of successfully tackling the tuberculosis 
problem. In addition, it has been recognized that proper treatment of tuberculosis, 
especially of sputum smear-positive tuberculosis cases, is the best prevention of 
new cases. However, political commitment and funding for personnel, education, 
and drugs is still lacking in many affected countries. It is apparently difficult for 
health policy-makers and politicians to redirect scarce resources in the health 
sector to tuberculosis control programs, especially when other diseases such as 
AIDS, acute respiratory infections, malaria, and so forth are present and causing 
widespread disease and death. Unfortunately, it is a sad fact that several countries 
who urgently need technical assistance through WHO and nongovernmental agen
cies like IUATLD are unable to obtain funding for these activities. 

What can be done now and in the future to improve the situation and to avoid 
the emergence of muItidrug-resistant tuberculosis cases worldwide, especially in 
low-income countries? As mentioned above, the most important point is a strong 
political will, even in those countries where financial resources are scarce. Gov
ernments and those responsible for tuberculosis programs may change quite fre
quently and it is, therefore, very important to develop a strategy to regularly 
inform health authorities about the importance and the priority of good tubercu
losis control programs. Development agencies from affluent countries should now 
invest heavily in tuberculosis programs for several years to come. Only this as
sistance will help prevent new infections and the disease in the younger popula
tion. In this way, this productive age group will be able to remain so and contribute 
to the improvement of social conditions. If we fail to implement adequate tuber
culosis programs, transmission of infection will continue and the tuberculosis 
problem will not diminish in the near future. If bad programs are implemented, 
it may be even worse; through inadequate treatment procedures, the tuberculosis 
program could be responsible for an increase of chronic and muItidrug-resistant 
cases. It will by no means be possible to invest the millions of dollars that are 
currently being allocated in the United States to improve a situation that got out 
of control in some parts of the United States because tuberculosis control had 
been neglected. A fraction of this money would be sufficient to initiate good 
tuberculosis programs worldwide, with a good chance to treat and cure most of 
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the patients. It should be remembered that a course of treatment in a developing 
country is about US$20-30. 

In order to build or maintain a viable tuberculosis control program and to avoid 
the emergence of drug resistance, it is important to consider the following points. 

Before starting a control program, it should be ensured that personnel and 
financial resources are adequate and are guaranteed by the appropriate health 
authority, if possible with financial commitment from a donor development 
agency for a time period of at least 5 years. It is important that the tuberculosis 
program is managed by an appropriate central unit at the ministry of health level. 
It is the task of this unit to plan, coordinate, train health care workers, and su
pervise staff involved in tuberculosis control on a regular basis. Such a unit should 
be operational not only in low-income countries but definitively also in industri
alized countries. 

A tuberculosis control program will only get off the ground or be sustained if 
there are well-trained collaborators who know how to integrate the tuberculosis 
program within the primary health care system and to convince the diagnostic 
laboratories responsible for sputum smear examination and other laboratory tech
niques to closely collaborate with the clinicians or the health care personnel re
sponsible for treating the patient. 

A system of quality control for sputum smear microscopy should be set up to 
ensure proper diagnostic procedures. A secure supply of all recommended drugs 
used in the tuberculosis control program should be guaranteed to avoid any short
age of drugs. 

Records of diagnostic examinations and of each case of tuberculosis should be 
kept and recorded in the laboratory and tuberculosis register for evaluation, anal
ysis, and reporting. Results of each treatment course should be recorded in such 
a way that they can be used to judge the quality of the program. The following 
categories based on the IUATLD tuberculosis control model should be recorded 
at the end of the treatment course in developing and industrialized countries and 
be evaluated on a regular basis (5): 

• Smear negative: indicates an individual who was smear negative at I month 
prior to the completion of chemotherapy and on at least one previous occasion 
Smear not done: indicates those patients who completed treatment but in whom 
smear examination results are not available on at least two occasions prior to 
the completion of treatment 
Smear positive: designates any patient who remains or becomes again smear 
positive at 5 months or more during chemotherapy 
Died: recorded for patients who die for any reason during the course of their 
chemotherapy 
Defaulted: recorded for any patient who has failed to collect medication for 
more than 2 consecutive months after the date of the last attendance during the 
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course of treatment and who, at the time of evaluation of treatment results (15 
months after close of the quarter in which the patient was entered into the 
tuberculosis register), is still on treatment 

• Transferred out: indicates any patient for whom treatment results are unknown 
and who completed chemotherapy at another center to which the patient had 
been referred to for continued treatment 

Training and supervision should be an integral component of a tuberculosis 
control strategy, regardless of whether the program is integrated in a health care 
system controlled mainly by the ministry of health and the regional authorities, 
or the tuberculosis control measures are applied within the private health care 
sector. In both systems, personnel in the laboratories and the medical personnel 
responsible for treating the patients should be trained and supervised. Training 
and supervision will be particularly difficult in a system where most of the health 
care delivery and tuberculosis treatment is provided by private physicians who 
often have other priorities. It is, therefore, the responsibility of the medical as
sociations to inform their members about the importance of treatment guidelines 
and to ensure that tuberculosis gets enough attention during medical training and 
at lung health conferences. 

All these seemingly obvious points are implemented in well-functioning na
tional tuberculosis control programs following the IUATLDIWHO model. It is 
very important that other countries who wish to improve tuberculosis control 
respect these points. 

8. Conclusion 

Tuberculosis is a disease of the poor and the underprivileged, most of the 
burden of diseased living in low-income countries. In industrialized countries, 
tuberculosis has become a disease of the elderly and of immigrants, the homeless, 
and drug- and alcohol-addicted individuals. It is therefore important to encourage 
young colleagues to become interested in this disease that is affecting public 
health. It is also to be hoped that federal, state, and local governments realize that 
an investment today will be a savings in the future. Nonprofit organizations which 
were very active in the past and especially effective through a very active group 
of volunteers still have a key role to play; they need to discuss ways of increasing 
awareness in the general population, increase efforts to raise funds for tuberculosis 
control, and design innovative programmes to ensure that patients are adequately 
treated. 
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Basic Concepts in the Chemotherapy of 
Tuberculosis 

D.A. Mitchison 

This chapter deals with the broad issue of the efficacy of the drugs used in 
chemotherapy. It starts with a brief history of how the randomized controlled 
clinical trial was used in the development of effective drug treatment, as controlled 
trials provided the most direct evidence of the efficacy of individual drugs and 
also indicated the manner in which they should be used. There follow sections 
dealing with intermittent treatment, the bactericidal activity of drugs, their grading 
according to different criteria of activity, and their action during different phases 
of chemotherapy. The molecular mode of action of drugs is only mentioned when 
knowledge of the mechanism has a direct bearing on the use of the drug in 
treatment. Even though dosage of the drug is determined by the balance between 
antibacterial efficacy and toxicity, little will be said about mechanisms of toxicity. 
Abbreviations for the names of the major antituberculosis drugs will be used as 
follows: isoniazid (H), rifampin (R), streptomycin (S), pyrazinamide (Z), etham
butol (M), p-aminosalicylic acid (P), and thiacetazone (T). 

1. History of the Chemotherapy of Pulmonary Tuberculosis 

This brief history is based mainly on the clinical studies carried out in asso
ciation with the British Medical Research Council. The first modern drugs used 
in the chemotherapy of tuberculosis were thiacetazone (T) and streptomycin (S). 
T was introduced as Conteben by Domagk in 1946 (1,2) but was found to be too 
toxic when initially used in high dosage (3). S, a more potent drug, was isolated 
from Streptomyces griseus (4) and was the subject of the first controlled clinical 
trial in which patients with severe, acute pulmonary tuberculosis were allocated 
at random to treatment with either bed rest plus S or bed rest alone (5). The initial 
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improvement attributed to S was followed by the emergence of S-resistant My
cobacterium tuberculosis. In consequence, the patients treated with or without S 
eventually had similar high mortalities (6). 

1.1. Preventing the Emergence of Drug-Resistant Tubercle Bacilli 

The main aim in developing effective regimens subsequently was to prevent 
the emergence of drug resistance. The first step was the demonstration that adding 
a second drug, p-aminosalicylic acid (P), to S prevented the emergence of S 
resistance (7,8). This was followed by the exploration of regimens of isoniazid 
(H) in combination with P or S (9,10). Then came the first surveys of primary 
drug resistance (11,12), which led to the development of highly effective regimens 
starting with three-drug combinations (for cases in which patients have been in
fected with drug-resistant M. tuberculosis) and continuing with two-drug com
binations (13,14). 

1.2. Domiciliary Treatment 

The next important stage was the demonstration that the efficacy of chemo
therapy was not increased by giving treatment in a sanatorium (15) nor was the 
risk of infecting household contacts decreased (16). However, although this made 
it possible to develop national programs for the control of tuberculosis based on 
domiciliary treatment, there remained the cost of the drugs, a matter of importance 
for low-income developing countries, and the need for improving compliance. An 
important conclusion from this work was that putting patients in hospital for an 
initial period did not improve the regularity of drug-taking, but created problems 
for families and, therefore, encouraged discharge against medical advice, and 
made it more difficult to establish domiciliary supervision on discharge from the 
hospital. 

1.3. Low-Cost Thiacetazone-Isoniazid Regimens 

The cost issue was addressed by the introduction of the low-cost combination 
of thiacetazone and isoniazid following a series of clinical trials in East Africa 
and other countries (Table 2.1). It is evident that the standard combination of 150 
mg T with 300 mg H (TH) daily was similar in efficacy to 109 P with 200 mg 
H (PH) daily (studies 2, 4, and 8 in Table 2.1). Reducing the dose size of T to 
100 mg or of H to 200 mg decreased efficacy substantially (study 2), but an 
increase in the H dosage to 450 mg daily did not improve results (study 5). The 
addition of S initially improved results substantially (studies 3, 6, and 9). Curi
ously, although T was as effective as P in preventing the emergence of H resis
tance, T was much less effective than P in preventing S resistance (study 7). 
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Table 2.1. Studies of daily regimens containing thiacetazone in the treatment of pulmonary 

tuberculosis due to drug-sensitive organisms 

Length of 
treatment Favorable status 

Study Date of No. of (months) at 12 months 
No. Place start Regimen patients Total Hospital (%) Ref. 

Africa 1958 PHa 38 12 6 84 17 
Tl50.H200 43 12 6 79 

2 Africa 1960 PH 72 12 6 85 18 
TH 66 12 6 89 
Tl50.H200 75 12 6 66 
TlOO.H300 65 12 6 54 

3 Africa 1962 TH 190 18 2 79 19 
2STHfI'H 170 18 2 90 

4 Madras 1962 PH 72 12 0 82 20 
6P6.HIH 71 12 0 67 
TH 77 12 0 82 

5 Africa 1963 TH 127 18 o or 2 77 21 
Tl50.H450 124 18 o or 2 68 

6 Africa 1967 TH 147 18 2 88 22 
0.5STHfI'H 161 18 2 90 
ISTHlfH 159 18 2 94 
2STHlfH 162 18 2 96 

7 Rhodesia (Zimbabwe) 1964 TH 58 6 6 74b 23 
SP15 55 6 6 85b 

ST 58 6 6 40b 

8 Hong Kong 1965 PH 77 12 8 82 24 
TH 87 12 8 75 

9 Singapore 1967 TH 78 12 3 65 25 
6STHlfH 94 12 3 100 
6SHIH 114 12 3 99 

apH = a regimen of 109 sodium P and 200 mg H in 2 equal daily doses. Any other number at the 
start of the regimen abbreviation indicates the duration of the initial phase, e.g., 2STHlfH = 2 months 
of STH followed by TH in the continuation phase. TH = a regimen of 150 mg T and 300 mg H 
daily. If other dose sizes were given, they are indicated by numbers after the drug initial, e.g., 
Tl50.H200 = 150 mg T and 200 mg H, daily and SP15 = S 1 g and P 15 g, daily. 
bAssessment at 6 months. 

International studies showed great regional variation in the incidence of side ef
fects to T (26,27). Low-cost regimens containing TH are now widely used in 
developing countries in which patients did not encounter many side effects in 
these studies. However, regimens based on TH are steadily being replaced by 
short -course chemotherapy. 
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1.4. Improved Compliance 

Compliance was improved by the use of fully supervised drug-taking (28), now 
renamed directly observed treatment (DOT), and by the use of intermittent regi
mens with drug doses given less frequently than daily, thus making supervision 
easier for the patient and the medical services. Clinical studies of intermittent 
chemotherapy are reviewed in a later section of this chapter (Section 2.1). The 
greatest improvement was produced by the introduction of short-course chemo
therapy. 

1.5. Short-Course Regimens 

The last stage in the development of modem chemotherapy was the introduction 
of short-course regimens. The stimulus to try these regimens was provided by 
earlier work, mainly in experimental murine tuberculosis, which demonstrated 
the unique sterilizing activity of Z and R. High doses of Z in combination with 
H was the only regimen capable of sterilizing the organs of mice after a 12-week 
treatment period (29,30). Similarly, combinations of H with R (31,32) and with 
Z, given in a dose comparable to the human dose (32), were highly effective in 
sterilizing mouse organs. 

The first large-scale multicenter study of short-course regimens was carried out 
in East Africa (study 1, Table 2.2). The patients received 6 months of SH in 
hospital (to assure regular drug-taking) followed by monthly sputum bacteriology 
during the succeeding 2 years to measure the relapse rate. To the basic SH regimen 
were added rifarnpin (R), Z or T, as a control, in separate regimens, while a fifth 
control 18-month regimen of STHfTH was included. This study showed that the 
addition of R or Z to the basic SH regimen increased the proportion of sputum 
cultures that were negative at 2 months and substantially reduced the relapse rate. 
R was slightly more effective than Z in both assessments. Rand Z were therefore 
established as drugs that sterilized the lesions with particular rapidity and thus 
reduced the duration of treatment necessary to assure a low relapse rate after 
discontinuation of chemotherapy. These results showed that the exceptional ster
ilizing ability of Rand Z in animal experiments was also found in human disease. 
The study led to an accelerated program of clinical studies for the development 
of short-course chemotherapy for pulmonary tuberculosis in several centers 
worldwide. 

Tables 2.2, 2.3, and 2.4 summarize these studies in East and Central Africa, 
Hong Kong, Singapore, and Madras, India. The effectiveness of the regimens in 
all of these studies was assessed by the relapse rate usually determined during a 
2-year follow-up after the end of chemotherapy, and also by the proportion of 
negative sputum cultures at 2 months, which is well correlated with the relapse 
rate (see Section 3.2). 
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Table 2.2. Short-course chemotherapy studies in East and Central Africa; Results in 
patients with pulmonary tuberculosis due to drug-sensitive organisms 

Sputum 
Patients culture Relapse rate 
assessed negative in 2-yr 

Study Date of Duration for at 2 m follow-up 
No. start Regimen (months) relapse (%) (%) Ref. 

1970 SHR 6 152 69 3 33-36 
SHZ 6 153 66 8 
SHT 6 104 42 22 
SH 6 112 49 29 
2STHffH 18 133 56 4 

2 1972 SHR 6 171 70 2 37,38 
HR 6 164 64 7 
2SHRZlTH 6 179 83 7 
2SHRZJS2H2Z," 6 159 80 4 

3 1974 2SHRZJTH 6 75 } { 13 39,40 
2SHRZffH 87 

8 81 0 

ISHRZJTH 6 79 } 67 { 18 
ISHRZJTH 8 58 7 

ISHRZJS2H2Z2 6 75 } 68 { 9 
ISHRZJS2H2Z2 8 88 2 

2SHRfI'H 82 } 75 { 18 
2SHRfI'H 6 77 6 

4 1976 2SHRZlHRZ 4 104 

1 1 
16 41,42 

2SHRZIHR 4 104 
85 

11 
2SHRZlHZ 4 98 32 
2SHRZIH 4 105 30 
2HRZIH 4 100 79 40 

5 1978 2SHRZlHR 6 166 

1 1 
3 43,44 

2SHRZJHZ 6 164 
84 

8 
2SHRZIH 6 156 10 
2SHRZIH 8 123 3 

6 1978 2SHRZffH 6 105 } { 3 45 
94 

2SHRZIH 6 100 11 

aS2H2Z, indicate streptomycin, isoniazid and pyrazinamide given twice a week (see legend for Table 
2.5) 
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Table 2.3. Short-course chemotherapy studies in Hong Kong (HK) and Singapore (Sing); 

results in patients with pulmonary tuberculosis due to drug-sensitive organisms 

Sputum Relapse rate 

Patients culture 
(%) 

Place assessed negative 
follow-up 

Study (date of Duration for at2 m for 

No. start) Regimen (months) relapse (%) 2 yr 5 yr Ref. 

HK SHZ 6 60 } { 18 46,47 
1972 SHZ 9 65 77 5 

S3H3Z3 6 68 } { 24 

S3H3Z3 9 65 70 6 

S2H2Z2 6 39 } { 21 

S2H2Z2 9 49 72 6 

2 HK SHR 6 143 88 6 48,49 
1974 2SHRZlS2H2Z, 6 87 } { 7 

2SHRZlS 2H2Z, 8 87 95 3 

2SHRMlS2H2M2 6 84 } { 23 

2SHRMlS2H2M2 8 84 81 10 

4S3H3R3Z/S2H2Z2 6 71 } { 6 

4S3H3R3Z/S2H2Z, 8 83 94 1" 

3 HK HRZM 6 163 94 I" 4 50--52 

1977 H3R3S3Z3M3 6 152 88 16 4 

H3R3S3Z3 6 151 90 16 

H3R3S3M3 6 166 76 8" 10 

H3R3Z,M3 6 160 90 2" 4 

4 HK S3H3R3Z,-ZZ 6 220 } { 3 53 
1979 S3H3R3Z3-Z, 6 205 91 5 

S3H3R3Z3-Z6 6 208 3 

H3R3Z3-Z6 6 199 88 6 

5 Sing 2SHRZlHRZ 4 } l 1 
11 13 54--56 

1973 2SHRZIHRZ 6 165 0 1 

2SHRZIHR 4 

} 
98 8 14 

2SHRZlHR 6 165 2 3 

6 Sing 2SHRZlH3R3 6 97 99 2 57-59 

1978 ISHRZIH3R3 6 94 85 2 

2HRZ1H3R3 6 109 90 3 
7 Sing 2SHRZ(C)1H3R,c 6 46 } { 76 

1983 2SHRZ(S)1H3R3 6 47 98 0· 

ISHRZ(C)1H3R3 6 42 } { SO 
1 SHRZ(S)1H3R3 6 46 92 2" 

2HRZ(C)1H3R3 6 40 } { 86 

2HRZ(S)1H3R3 6 44 97 2" 

aZ2 = Z for first 2 months; Z. = Z for first 4 months; Z6 = Z for 6 months. 

" = follow-up for 18 months. 
"C = combined preparation of HRZ; S = H, Rand Z as separate preparations. 
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1.6. Low-Cost Regimens with an Initial Intensive Phase and a TH 
Continuation 

A major issue in the multicenter African studies was to economize on the use 
of R, then a very expensive drug, by using it only in an initial intensive phase. 
The first point was the demonstration that the sterilizing activities of Rand Z 
were additive. Adding Z to SHR increased the sterilizing activity of the initial 
phase as shown by (i) the increase in negative sputum cultures at 2 months from 
70% in the SHR regimen of study 2 of Table 2.2 to 80% and 82% in the two 
regimens starting with SHRZ; (ii) similar differences in the proportions of 2-
month negative cultures in the SHR and SHRZ regimens in study 3 of Table 2.2 
and in study 2 of table 2.3; and (iii) the lower relapse rates in the 2SHRZffH 

Table 2.4. Short-course chemotherapy studies at the Tuberculosis Research Centre, 
Madras; results in patients with pulmonary tuberculosis due to drug-sensitive organisms 

Study 
No. 

2 

3 

Regimen 

2SHRZlS2H2Z2 
2SHRZIS2H2Z2 

2SHZlS2H2Z, 
SHRZ, prednisolone 
SHZ, prednisolone 

SHRZ, no prednisolone 
SHZ, no prednisolone 

SHRZ 
3SHRZIS2H2Z2 

3SHZlS2H2Z, 

2S3H3R3Z/S2H2R2 
2S2H3R3Z/S,H,R, 

2S3H3R3Z31R2H2 
2S3H3R3Z31R,H, 
2S3H3R3Z/S2H2 

2S2H2R2Z,IS2H2R2 
2S2H2R2ZJS,H,R, 

2S2H2R2z,!R2H2 
2S2H2R2z,!R,H, 
2S2H2R2Z/S2H2 

aFollow-up for 18 months. 
bFollow-up for 4.5 years. 

Duration 
(months) 

5 
7 

7 

3 
5 

5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

Sputum 
Patients culture 
assessed 

for 
relapse 

129 } 
132 

129 
132 
129 

129 
140 

200 } 
187 

199 

!!! } 
101 
116 
151 

108} 117 
102 
109 
155 

negative 
at 2 m 

(%) 

92 

72 
92 
75 

93 
74 

91 

74 

89 

86 

Relapse rate (%) 

follow-up for 

2yr 5yr 

{ ~ 
4 

~ } 
~ } 

{ 2~ 
13 

7 
4 

7 

7 

6 

{ n2~ n6~ 

Ref. 

61,62 

63 

64 
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regimens than in the corresponding 2SHRffH regimens in study 3 of Table 2.2. 
Correspondingly, the addition of R to an SHZ initial phase in study I of Table 
2.4 increased the proportion of negative 2-month cultures from 72% to 92% and 
decreased the relapse rate from 7% to 4%. Similar results were obtained in study 
2, Table 2.4. The second point was whether the addition of S or ethambutol (M) 
to HRZ increased the sterilizing activity. Although nonsignificant differences in 
2-month culture results and in relapse rates (studies 2 and 4, Table 2.2) suggested 
that S might have low sterilizing action, larger, later studies (studies 3, 4, and 7 
of Table 2.3) failed to confirm any significant differences in relapse rates by the 
addition of S. The addition of M in the initial phase to an SRH regimen did not 
increase the proportion of 2-month negative cultures (study 2, Table 2.3), whereas 
replacement of Z by M decreased the 2-month negative cultures and increased 
the relapse rate (studies 2 and 3, Table 2.3). These findings showed that neither 
S nor M have appreciable sterilizing activity. They have been included in the 
initial phase and sometimes in the continuation phase as well because of their 
value in the treatment of infections due to initially resistant tubercle bacilli. Thus, 
standard initial treatment starts with the most actively sterilizing drug combination 
known-HRZ-to which may be added S or M when epidemiological evidence 
suggests that initially resistant tubercle bacilli are prevalent. 

The third issue in the development of low-cost "African" regimens was the 
nature of the continuation phase of chemotherapy. TH was the first choice for 
self-administered regimens because of its low cost and because it had already 
been used widely in the STHITH regimen. An alternative of twice-weekly SHZ 
was also explored as potentially useful as a fully supervised regimen. Studies 2, 
3, and 6 of Table 2.2 showed that the TH continuation given for 6 months after 
an initial phase lasting 2 months gave a very low relapse rate (0% in study 3); 
but higher rates were found after an initial phase lasting only 1 month. In studies 
2 and 3, the twice-weekly SHZ continuation always gave slightly lower relapse 
rates than TH. The reason for this is unclear because twice-weekly SHZ is slightly 
less effective than daily SHZ (study 1, Table 2.3), Z should not be effective as a 
sterilizing drug in the continuation phase (discussed below), and, as we have seen, 
S has little, if any, sterilizing activity. In countries with a high prevalence of HIV 
infections, there is a need to replace TH in the continuation phase (when the 
country can afford the change) because of the high level of serious Stevens
Johnson reactions to T encountered in mv -positive patients (60). 

1.7. High-Cost Short-Course Regimens 

Although isoniazid, rifampin, pyrazinamide, and usually a fourth drug were 
always included in the crucial initial phase, the choice of drugs for the continu
ation phase was greatly influenced by their cost. After an initial exploration of 
regimens with Z but without R (study 1, Table 2.3), the role of Rand Z in the 
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continuation phase was explored in several studies (studies 4 and 5, Table 2.2; 
study 5, Table 2.3). The addition of Z in the continuation phase to either H or to 
HR did not decrease the relapse rate. On the other hand, when R was added to H 
or to HZ, the relapse rate was reduced substantially. The failure of Z to act as a 
sterilizing drug was confirmed in the later study in Hong Kong (study 4, Table 
2.3) when no difference was found in relapse rates whether Z was given for 2 
months initially, for 4 months, or for the whole 6 months. Whereas Z had no 
sterilizing activity in the continuation phase, it seemed effective in preventing 
failure in patients with initial H resistance; thus, failure occurred in 25% of 57 
patients with initial S or H resistance given H alone in the continuation phase but 
in only 1 of 36 similar patients given HZ (65). 

Regimens were just as effective when drugs were given three times per week 
as when they were given daily, whether intermittent dosage was given throughout 
treatment (studies 2 and 3, Table 2.3) or in the continuation phase only (compare 
studies 5-7, Table 2.3). The results of study 3 of Table 2.4 suggest a slightly less 
good result when the initial SHRZ combination was given twice weekly rather 
than thrice weekly. These studies established modem 6-month regimens which 
have very low relapse rates, whether drugs are given daily or three times weekly. 
Further studies in Hong Kong showed that similar low 5-year relapse rates of 1-
4% were obtained when patients with smear-negative pulmonary disease were 
treated for a total of 4 months (66). The bacterial content of the sputum had 
unexpectedly little influence on the duration of therapy, because treatment periods 
of 3 and 2 months were followed by appreciably higher relapse rates (67). 

A point of interest for immunotherapy was the failure of prednisolone, given 
at the start of treatment, to influence the 2-month conversion rate or the relapse 
rate (study 1, Table 2.4). 

2. Intermittent Chemotherapy 

2.1. Clinical Studies 

Studies in which systematic appraisals were made of the efficacy and toxicity 
of drugs given at increasingly wide intervals are listed in Table 2.5. 

Studies 1-5 (Table 2.5) show that although twice-weekly SH was more effective 
than lOPH, once-weekly SH was less effective, particularly in rapid in activators 
of H, due to a deficiency in the activity of H. Improved results were not obtained 
by adding once-weekly Z but did occur when the once-weekly regimen was 
started with an initial 1 month of daily SH, although not to the level obtained 
with twice-weekly treatment in rapid inactivators. Study 6 showed that twice
weekly PH was as good as daily PH. Study 7 suggested, on small numbers of 
patients, that twice-weekly TH was inferior to daily TH, as the proportions with 
a favorable status (80% and 92%) were lower than after similar regimens with 
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Table 2.5. Studies of intermittent regimens lasting at least 12 months; results in patients 
with pulmonary tuberculosis due to drug-sensitive organisms 

Favorable 
status at Patients with 

Study Place No. of 12 months (%) H-resistant 
No. (date of start) Regimen patients Slow Rapid All strains (%) Ref. 

Madras lOPHa 71 85 6 68 
1961 S2H2 79 94 

2 Madras S2H2 123 92 91 90 8 69 
1963 SIHI 117 82 60 72 19 

3 Madras S2H2 104 97 91 94 5 69 
1964 SIHI 79 76 56 68 22 

lSHlSIHI 106 95 76 88 9 
SIHIZI 105 87 53 74 16 

4 Madras lSHlSIHI 176 93 72 85 70 
1966 lSPHISIPIHI 170 95 76 87 

Hl3mg/kg 178 83 
Hl7mg/kg 168 89 

5 Prague 3SPHIPH 165 98 71 
1967 3SPHlS2H2 233 97 

6 Madras 0.5SPHIPH 83 87 10 72 
1968 0.5SPHlP2H2 90 88 10 

7 Africa ISTH!f2H2 25 80 80 80 22 73 
1972 2STH!f2H2 24 94 88 92 9 

8 Singapore 0.5SRHlR9002H2 107 100 74 
1973 0.5SRHlR6002H2 110 100 

0.5SRHlR900]H] 112 100 98 97 3 
0.5SRHlR600IHI 102 100 95 93 7 

9 Prague 3SPHlS2H2 119 99b 97b 98b 75 
1970 1.5SPHlS2H2 109 l00b 97b 99b 

3SPHISIHI 130 100" 81 b 94b 

10 Madras 0.5MHS1M7H7 107 95 98 96 5 76 
1971 0.5MHS1M2H2 101 92 83 88 8 

0.5MHSIMIH2 107 95 91 93 6 
0.5MHSIMIHI 109 91 57 75 11 

apH = a regimen of 10 g sodium P and 200 mg H in two equal daily doses. Any number 
at the start of the regimen abbreviation indicates the duration of the initial phase, e.g., 
3SPHIPH = 3 months of SPH followed by PH in the continuation phase. Subscript num-
bers indicate the number of doses per week, i.e., 1 = once weekly; 3 = three times 
weekly; no number or 7 = daily. Unusual or important dose sizes are indicated by numbers 
after the drug letter, e.g., H13 mg/kg = dose of 13 mg/kg H and R900 = dose of 900 
mgR. 
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daily TH in the continuation phase (94% and 96%) in study 6 of Table 2.1. Study 
8 (Table 2.5) compared with studies 2-4 showed that once-weekly RH performed 
better than SH, especially when the higher 900 mg dose of R was given. Study 
9 repeated the demonstration that twice-weekly SH was effective in both slow 
and rapid inactivators, whereas once-weekly SH was less effective in rapid in
activators, even when preceded by 3 months of daily SPH. This study led to the 
determination of the inactivator status at the start of treatment; the rapid inacti
vators were then treated with twice-weekly SH, whereas the slow inactivators 
were given once-weekly SH. Study 10 explored intermittent dosage with etham
butol (M), the best results being obtained with daily administration of M and H 
or with once-weekly M (at a high dose) plus twice-weekly H. 

2.2. Effects of Pulses of Drugs 

Doses of antituberculosis drugs are usually given to patients at daily intervals 
or even less frequently in intermittent regimens. Because most of them have half
lives in humans of 5 h or less (Table 2.6), it is perhaps surprising that, where 
studied, the same total size of dose was at least as effective and usually more 
effective when given in one daily dose than when divided into two or more doses 
daily. How is it that drugs are active even when their blood concentrations may 

Table 2.6. Serum concentrations and minimal inhibitory concentrations of antituberculosis 
drugs 

Protein 
Dose Peak Half-life binding MICa 

Drug (mg) (mg/L) (h) (%) (mg/L) 

Isoniazid (slowb ) 300 5 3 0 0.1 
(rapidb) 4 1.3 

Rifampin 600 12 3 85 0.3 
Pyrazinamide 2000 40 8 0 20 
Streptomycin 750 40 3-5 35 2 
Ethambutol 1200 3 3 0 1.5 
PAS (Na) 12000 250 70 0.5 
Thiacetazone 150 2 12 0.4 
Ethionamide 500 3 2 0.6 
Ofloxacin 800 11 6 23 1.0 

Note: The dose size and peak serum concentration are appropriate for a 60-kg subject. 
- = uncertain 
"minimal inhibitory concentration (MIC) in liquid medium with serum but without Tween 
80. 
b Acetylator status. 
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be below the minimal inhibitory concentration (MIC) for much of the day or even 
for several days? These issues have been examined in studies in which serial 
counts of colony-forming units (CPU) were done on cultures of M. tuberculosis 
that were exposed to drugs for various periods after which the drugs were re
moved, usually by filtration through a membrane filter, and the bacteria were then 
resuspended in fresh culture medium (77). After a pulsed exposure to all of the 
bactericidal antituberculosis drugs, there was a lag period before growth recovered 
to its prepulse level (Table 2.7). These bacteriopausal effects differed according 
to the drug studied. 

ISONIAZID 

Single pulses of 1 ,uglrnl H lasting over 6 h were followed by lag periods that 
reached a maximum of about 7 days (Table 2.7). The lag following five successive 
small pulses at daily intervals was also longer than a single long pulse with the 
same concentration and total duration, suggesting that the immediate biochemical 
effect was slowly cumulative (81). Furthermore, bactericidal action was evident 
in several experiments in vitro only after exposure had continued for 24 h. These 
findings indicate an immediate cumulative but reversible biochemical change that 
inhibits growth but does not kill, perhaps due to depletion of nicotinamide adenine 
dinucleotide (NAD) (83) or formation of isonicotinic acid (84). This is followed 
by a lethal step such as the inhibition of mycolic acid synthesis (85). 

As we have seen, intermittent chemotherapy with H is highly effective in slow 
and rapid inactivators when doses are given twice weekly, but when given once 
weekly, the H component fails in rapid inactivators in whose sputum drug-sen
sitive tubercle bacilli persist unduly long. A comparable situation was found in 
experimental tuberculosis of the guinea pig, whose metabolism of H resembles 

Table 2.7. Lag periods after pulsed exposures to antituberculosis drugs 

Lag period (days) 

Concentration after exposure for 

of drug 24 h or more 
Drug (mgIL) 6h (maximal) Ref. 

Isoniazid I 0 6-9 77 
Rifampicin 0.2 2-3 2-3 78 
Pyrazinamide 50 5-9 (pH dependent) 79 
Streptomycin 5 8-10 8-10 77 
Ethambutol 10 0 4-5 80 
Ethionamide 5 0 10 77 
Thiacetazone 10 0 0 77 
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that of human rapid inactivators; the effect of doses of H given at 8-day intervals 
was substantially less than with doses given at intervals of 1,2, or 4 days (77,87). 
These findings suggest that when H is given at intervals of up to twice weekly, 
the bacilli are constantly under its influence. However, when the interval is 7 days 
and the weekly pulse of drug is small, as in rapid inactivators, the bacilli can 
escape from its influence and start to multiply again. Nevertheless, they remain 
under its influence if there is a larger weekly pulse, as in slow inactivators. 

RIFAMPIN 

Rifampin differs from H in being bactericidal during even short exposure pe
riods (Table 2.7). Furthermore, it also differs in having a shorter lag period after 
a pulse of drug, whether the exposure period is only 6 h or is 24 h or more. Thus, 
the onset of the effects of a pulse is rapid, as is the recovery from it. If a culture 
is exposed to successive pulses, the bactericidal effect is small if doses are given 
at daily intervals, but if they are more widely spaced and the bacilli have time to 
recover, the effect is much greater (86). Any escape from the influence of H leads 
to diminished efficacy, but, with R, just such an escape promotes greater bacte
ricidal activity. Although the mechanism is different, R is as good a drug as H 
for intermittent use both in experimental tuberculosis of the guinea pig (78) and 
in pulmonary tuberculosis (study 3, Table 2.4; study 8, Table 2.5). 

THIACETAZONE 

Thiacetazone differs from other antituberculosis drugs in being entirely bac
teriostatic. Bacilli recover immediately with no lag period after a pulsed exposure 
(Table 2.7). These characteristics indicate low efficacy during intermittent dosage, 
as has been found in experimental guinea pig tuberculosis (77) and is a suggestive 
finding in pulmonary tuberculosis (study 7, Table 2.5). Furthermore, the absence 
of a lag period after an exposure suggests that irregularity in drug-taking would 
lead to a failure of treatment more often with regimens containing T than with 
other regimens. 

OTHER DRUGS 

Less is known about the effects of pulsed exposures to other drugs. In the guinea 
pig, the effectiveness of M increased as the interval between doses was spaced 
out, provided that the total dose given was the same (by increasing the size of the 
individual dose proportionately to the interval between doses). This conclusion 
agrees with the results of study 10 of Table 2.5. On the other hand, similar guinea 
pig experiments suggested that streptomycin would not be particularly effective 
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and ethionamide would be less effective when given intermittently (77). Fairly 
short-pulsed exposures to pyrazinamide can inhibit bacterial growth (79). 

2.3. Interpretation of Drug Blood Levels 

We may wish to relate measures of drug concentrations in serial specimens of 
blood (usually plasma) to the efficacy or toxicity of the drug. Studies of this sort 
on H have been particularly informative because genetic polymorphism divides 
the patients into distinct groups of slow and rapid inactivators of the drug (88). 
In most parts of the world, about 60% are slow in activators and 40% rapid in
activators, although in populations of Mongolian descent (Chinese, Japanese, and 
Eskimos), there is a much higher proportion of rapid inactivators (89). Peak 
plasma concentrations are only slightly lower in rapid inactivators than in slow 
inactivators, but rapid in activators have much shorter half-lives (Table 2.6) and, 
therefore, much smaller areas under the curve (AUC, "exposure" to the drug 
pulse). The pharmacokinetic differences make it possible to separate relationships 
to peak concentrations and exposures (90). The principal toxic effect of high 
dosage with H is peripheral neuropathy due to excretion of vitamin B6 in com
bination with H in the urine and possibly by inhibition of pyridoxal kinase by 
high H concentrations (91,92). 

In a series of studies at the Tuberculosis Chemotherapy Centre, Madras (93-
96) in which patients getting a B6-deficient diet were treated with H alone, often 
at high dosage, an excellent relationship was found between the incidence of 
peripheral neuropathy and the exposure, as seen in Table 2.8, part A. Such a 
relationship would be expected if H depletes body B6• On the other hand, in daily 
treatment, the proportion of patients with a favorable bacteriologic response at 
the end of 1 year of treatment was closely related to the peak concentration (Table 
2.8, part B), probably because high peaks coming at regular, frequent intervals 
prevented the emergence of mutant bacilli with low degrees of resistance (90,97). 
Finally, in once-weekly intermittent therapy, the proportion of patients with a 
favorable response was related to the exposure since keeping the organisms under 
the influence of H (its first cumulative effect) would be more successful following 
a large rather than a small pulse (31,32,90). 

No similar analysis has been possible with other drugs mainly because the peak 
concentration and the exposure cannot be dissociated by the equivalent of rapid 
and slow inactivators, so that both are likely to be related to toxicity and efficacy. 
Furthermore, in the case of H, the associations that have been found seem due to 
the ability of the bacilli to store the effects of a pulse of exposure. The effects of 
other drugs, for instance, R, are probably not stored in the same way. 

3. Bactericidal Activity of Drugs 

3.1. Early Bactericidal Activity 

Information on the action of antituberculosis drugs during the early stages of 
chemotherapy of pulmonary tuberculosis has been obtained from studies first 
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reported in 1980 (98). In these studies, newly diagnosed, previously untreated 
patients with smear-positive disease were treated with single drugs or with drug 
combinations. Sputum was collected pretreatment and at intervals of 1 or 2 days 
thereafter, and their content of viable tubercle bacilli was estimated from counts 
of colony-forming units (CFU) on plates of selective oleic acid-albumin-agar 
medium seeded with dithiothreitol digests of the sputum. 

In study 1 of (Table 2.9), which was continued for 14 days of treatment, sta
tistically significant differences were found in the rate of fall of the CFU counts 
between different drugs and drug doses during the first 2 days but not in the 
following 12 days. In consequence, treatment was only given for the first 2 days 
in subsequent studies. A summary of values of the early bactericidal activity 
(EBA) obtained in the first four studies are set out in Table 2.9. Pyrazinamide, 
despite its sterilizing activity in animal and human disease, had very low EBAs, 
although viable counts during the entire 14 days of treatment in study 1 showed 
slow bactericidal activity which, unlike the findings with other drugs, did not slow 

Table 2.9. Early bactericidal activity of drugs in pulmonary tuberculosis 

Early bactericidal activity 
(fall in CFU/ml sputum/day, 

no. of patients in parentheses) 
in study 

2 3 4 
Nairobi Hong Kong S. Africa S. Africa 

Drug Dose (Ref. 98) (Ref. 99) (Ref. 82) (Ref. 100) 

Nil 0.02 (4) 0.06 (8) -0.02 (13) 
Z 2g 0.02 (9) 0.004 (10) 
T 150 mg 0.04 (9) 
S 1 g 0.07 (8) 
R 6 mg/kg (300 mg) 0.16 (10) 0.15 (10) 

10 mg/kg 0.19 (8) 
12 mglkg (600 mg) 0.29 (11) 0.20 (10) 

RBU" 600mg 0.05 (10) 0.08 (10) 
M 25 mglkg 0.31 (8) 0.25 (9) 
P 15 g 0.26 (4) 
H 300mg 0.72 (4) 0.43 (14) 0.50 (11) 

2-drug combinations 
H (with Z, R, s, M) 0.61 (16) 

3-drug combinations 
H (with SZ, RM, SR, RZ) 0.54 (12) 0.56 (9) 
Variation in EBA 

between patients: 
Standard deviation 0.19 0.38 0.079 0.13 
Degrees of freedom 60 84 67 28 

"RBU = rifabutin. 
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down during the period (98). Thiacetazone also had a very low EBA, as would 
be expected from a purely bacteriostatic drug, although even if bacilli in cavity 
walls were not killed, they would not be replaced so that an EBA slightly above 
the nil value would be expected. Then, there are three drugs, R, M, and P, all with 
moderate EBAs of 0.2-0.3. Finally, H had the highest EBA, usually of about 0.5, 
which was not appreciably altered when it was given in two-drug or three-drug 
combinations. 

What bacteriological process does the EBA measure? As it is measured only 
during the first 2 days, or thereabouts, of chemotherapy, one must assume that 
the EBA measures bactericidal activity against the most rapidly growing bacilli 
in cavity walls. The bacilli in sputum come from cavities. Furthermore, the slow
down in bactericidal activity during chemotherapy is usually thought to be due 
to initial killing of actively growing bacilli followed by slower killing of bacilli 
that metabolize less rapidly. A further important point is that bacilli in the lining 
of cavities are almost always outside macrophages (102), so that the EBA mea
sures activity against extracellular bacilli. Because drug resistance is likely to 
originate early in chemotherapy when bacterial populations of actively growing 
bacilli are large, the ability of a drug to prevent the emergence of resistance to a 
companion drug (for instance, H) should be related to the EBA. 

Unfortunately, the single value of the EBA given by the usual dose of a drug 
gives little information about the activity of that drug during chemotherapy, as 
there is little direct correlation between the activity of a drug and the degree of 
its bactericidal activity. However, much more information is available if several 
dose sizes of a drug graded from the usual size downward are studied. In Figure 
2.IA, the activities of Rand rifabutin (RBU) are compared with each rifamycin 
given in doses graded at twofold intervals (82). The availability of the results with 
graded doses makes it possible to compare drug potencies with reasonable ac
curacy using straight lines relating EBA to log dose, which are parallel for R and 
RBU. The potency (wtlwt) of R was 2.73 times the potency of RBU with confi
dence limits of 1.96 and 3.78. Another way oflooking at the results is to measure 
the "therapeutic margin," that is to say, the reduction in the size of the dose from 
its usual size to the size that results in an EBA of nearly O. The therapeutic margin 
for R is 4 because a fourfold reduction in dose from the usual 600 mg to 150 mg 
decreased the EBA to nearly O. The corresponding therapeutic margin for RBU 
is 2 if one assumes that the usual dose is 600 mg. Another example of the ther
apeutic margin is seen in Figure 2.IB, where curves are plotted relating dose size 
to EBA for H as well as for R (101). H in a usual dose of 300 mg has a therapeutic 
margin of about 16-32 compared to the margin of 4 for R, probably because of 
the considerable binding of R but not of H in plasma (Table 2.6). A high thera
peutic margin suggests that a drug would continue to be active if the dose were 
reduced. This is likely to be true for H, where high doses are given because they 
are active against mutant bacilli with low degrees of resistance (97). A drug with 
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Figure 2.1. Relationship between dose size of drug and early bactericidal activity (EBA). 
(A) Comparison of the potencies of rifampin (R) and rifabutin (RBU). Observed means 
joined by dotted lines. Solid fitted regression lines. (Reproduced with permission from the 
Journal of Antimicrobial Chemotherapy.) (B) Comparison ofEBAs of isoniazid (H), which 
has a high therapeutic margin, and rifampin (R), which has a lower therapeutic margin. 
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a high margin would also continue to be active even in lesions where it penetrates 
poorly and would retain effectiveness during periods when lesional levels were 
not bacteriostatic. A low margin suggests that even a small reduction in dose size 
would lead to lower efficacy, as has been shown for a small reduction in R dosage 
from 600 mg to only 450 mg in a clinical trial (103). Note that no assumptions 
about the therapeutic margin can be made without testing a range of dose sizes, 
as one would then not know the slope of the curve relating EBA to dose size. A 
drug with low bactericidal activity but a high therapeutic margin might well have 
a rather flat curve relating EBA to dose size and, therefore, a low EBA at its usual 
dose size, whereas a highly bactericidal drug with a small therapeutic margin 
could have a much steeper EBA-dose size curve with a larger EBA at its usual 
dose size. Determinations of the EBA for graded drug doses have only been made 
for a few drugs thus far, so that we know little about therapeutic margins or the 
slope of the EBA-dose curve. 

A further point about the comparison of rifabutin and R illustrated in Fig. 2.1A 
is the apparent low potency of rifabutin. A dose of 600 mg rifabutin has an EBA 
corresponding to a little below that of 300 mg R, whereas the EBA of 300 mg 
rifabutin is so low as to suggest inactivity at this dosage. However, several clinical 
studies have been carried out comparing 2-month bacteriology and relapse rates 
in short-course regimens in which rifabutin is substituted for R (100,104,105). 
These studies indicate that rifabutin in a dose of 300 mg is as good a sterilizing 
drug as 600 mg R. The most likely explanation for this apparent discrepancy is 
that the EBA measures bactericidal activity against extracellular bacilli, whereas 
persisting bacilli that are killed by sterilizing drugs lie inside cells (82,99). Ri
fabutin produces very low plasma concentrations and may, therefore, be relatively 
ineffective against extracellular organisms in cavity walls, whereas it penetrates 
into macrophages better than R and would therefore be effective if persisters are 
intracellular (99). 

3.2. Sterilizing Activity 

The sterilizing activity of a drug is measured by its ability to kill the bacilli 
that persist for long periods during the last months of chemotherapy. A good 
sterilizing drug reduces the relapse rate after chemotherapy has stopped and al
lows its duration to be shortened. The introduction of the two good sterilizing 
drugs Rand Z made it possible to shorten regimens from at least 12 months to 6 
months. Although the main observable effect of a sterilizing drug is to kill per
sisting bacilli, studies in the mouse indicate that R appears to have a delayed 
action, in that adding it to an SH regimen from the start of treatment has little 
effect on the early organ CFU counts (at, say, 1 month) but reduces the counts 
substantially in later months (106,107). Furthermore, as we have seen, Z is only 
active as a sterilizing drug during the first 2 months of treatment of pulmonary 
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disease. These findings led to the hypothesis, illustrated in Figure 2.2, that the 
bulk of the initial bacterial population was growing rapidly and was therefore 
killed rapidly, mainly by H because it has the largest EBA. However, smaller 
subpopulations were growing so slowly that they were not killed rapidly by H. 
The growth of one of these sUbpopulations was slowed by a very acid microen
vironment, which, however, was sufficiently acid for Z to be lethal (79). The acid 
microenvironment might result from acute inflammation; once this subsides, Z 
would be inactive, perhaps accounting for its failure to sterilize after the first 2 
months (108). Another subpopulation was only metabolizing in spurts which 
lasted insufficiently long for H to be lethal but long enough for R to kill (109). 
It is the killing of these Z-specific and R-specific subpopulations that resulted in 
effective sterilizing activity. 

The manner in which Z acts in chemotherapy is still uncertain. In vitro, it is 
only active when the bacillary environment is markedly acidic. Furthermore, as 
there is an excellent correlation between sensitivity to Z and the presence of 
bacterial pyrazinamidase (which converts Z to pyrazinoic acid), the activity of Z 
is thought to be due to pyrazinoic acid rather than Z itself (110). That the con-
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Figure 2.2. Action of drugs on special parts of the bacterial population: (A) rapidly grow
ing bacteria killed mainly by isoniazid (H); (B) bacilli only metabolizing in spurts killed 
mainly by rifampin (R); (C) bacilli inhibited by an acid environment killed mainly by 
pyrazinamide (Z); (D) dormant bacilli. 
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version to pyrazinoic acid occurs at the surface of the bacterial cell or within it 
is indicated by the much higher MICs of pyrazinoic acid than of Z in vitro 
(111,112). Z is bacteriostatic, but not bactericidal, against tubercle bacilli growing 
within macrophages (113,114). However, recent evidence suggests that the pH 
within the macrophage phagosome containing tubercle bacilli is not acid, so that 
inhibition of growth might be due to accumulation of pyrazinoic acid within the 
phagosome trapped by the action of proton pumps in the phagosome membrane 
(115). It has been easier to demonstrate bactericidal activity of Z in vitro than in 
the macrophage, but the rate of kill is usually slow (79,111). A more rapid rate 
of kill has been found at pH 4.8, after exposure to Z for several weeks (116), but 
at this pH, the growth of the bacilli is almost completely inhibited in Z-free 
medium. Thus, in explaining the slow but steady bactericidal activity of Z during 
at least the first 14 days of chemotherapy, one has to assume that it acts not on 
intracellular bacilli (because these are uncommon in cavity walls and because no 
one has shown bactericidal action against intracellular organisms) but on extra
cellular bacilli in an environment that is so acidic as to virtually stop growth; 
because caseous lesions have a neutral pH, the origin of the acidity can only be 
acute inflammation (108). Activity of Z only during the first 2 months of therapy 
might be due to resolution of acute inflammation and an increase in local pH. 

The sterilizing activity of a drug during the chemotherapy of pulmonary tu
berculosis can be measured in two ways. The ultimate measure is the ability of 
the drug, when added to a regimen, to decrease the relapse rate after the end of 
chemotherapy. A secondary measure is the proportion of sputum cultures that are 
negative at 2 months. As set out in Table 2.10, there is an excellent correlation 
between 2-month sputum culture and the eventual relapse rate in eight studies in 
which the sterilizing activity of R and Z have been assessed. Table 2.10 also 
shows that differences among the regimens were smaller in I-month sputum cul
tures and, of course, also in 3-month cultures, almost all of which were negative. 
The greater discriminative ability of the 2-month cultures reflects the delayed 
effect of R in the mouse, referred to above (106), in which differences due to the 
addition of R to the SH regimen were small at 1 month and increased thereafter. 
Presumably at 1 month, the results of culture are dominated by killing of the more 
actively growing initial subpopulation (A in Fig. 2.2), whereas at 2 months, the 
residual bacteria are mainly persisters in the R-specific and Z-specific subpopu
lations (B and C, Fig. 2.2) and are, therefore, particularly sensitive to the addition 
of R or Z to the regimen. This analysis suggests that measurement of culture 
positivity at about 2 months, when persisters dominate, is likely to be a more 
sensitive indicator of sterilizing activity than the broader measure of time to spu
tum conversion which does not concentrate on the late killing of persisters. How
ever, no data are available to make comparisons between the two methods. The 
2-month culture positivity rate provides an estimate of the sterilizing activity of 
a drug long before the eventual relapse rate is known. Furthermore, it avoids 
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Table 2.10. Culture results at 1, 2, and 3 months after the start of chemotherapy related 

to the subsequent relapse rate 

Percent patients 

No. of Culture negative 

Study patients at month Relapse after 
No. Regimen at 2 months 2 3 chemotherapy Ref. 

6SH 154 19 49 81 29 34, 35 
Africa 6SHZ 150 27 66 91 II 

6SHR 148 27 69 94 2 

X'[2) 3.1 15.3 14.7 
2 6SHR 169 34 70 95 37, 38 
Africa 6HR 173 23 64 96 

2SHRZ/4TH 
or SHZ2 347 35 82 

X'[2) 7.9 20.3 
3 2SHRITH 194 34 75 91 13 39,40 
Africa 2SHRZITH 179 40 87 93 6 

X'[1) 1.6 7.0 0.2 
4 2SHRZl4HR 146 38 77 97 117,118 

UK 2EHRZl4HR 141 35 77 99 1.6 
2EHRZl7HR 157 29 64 88 

p NS <0.01 <0.0001 
5 6SHRM3 153 51 76 8 51,52 
Hong Kong 6SHRZ3 145 50 90 1 

6, all with RZ 607 53 90 1.4 

X'[1)" 0.1 21.8 
6 2SHz/SHZ2 129 38 72 86 6.2b 61,62 
Madras 2SHRZlSHZ2 261 50 92 96 2.3 

p 0.05 <0.0001 0.001 
7 2SHRZlSHZ2 167 67 95 99 7 48,49 
Hong Kong 2SHRMlSHM2 171 50 81 97 23 

X'[IJ 9.5 13.8 1.7 

8 3SHRZ { 20 63 
Madras 3SHRZ/2SHZ2 457 37 91 96 4 

3SHz/2SHZ2 236 19 74 93 13 

X'[I) 22.6 34.0 NS 

a6SHRM3 compared to all four regimens with RZ. 
bData for the 2SHz/5SHZ2 and 2SHRz/5SHZ2 regimens only. 
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problems caused by the loss of patients to follow-up that often greatly reduces 
. the patient populations available for analysis of a clinical trial. 

4. Grading the Efficacy of Drugs 

Concepts of what constitutes a good antituberculosis drug were first expressed 
during the early development period when the main aim was preventing the emer
gence of drug resistance. A good drug prevented the growth of tubercle bacilli 
throughout the lesions of a patient at all times during therapy, whether or not 
bacteriostatic concentrations were present at the time. A less than good perfor
mance was expected if some growth occurred because (i) the therapeutic margin 
was so low (usually because drug dosage was limited by toxicity) that drug pen
etration might not be adequate in some lesions, or (ii) the potency of the drug 
was greatly influenced by pH, such that it was less active under acid conditions 
(S and other aminoglycosides) or only active in very acid conditions (Z), or (iii) 
there was little or no bacteriopausal effect after a pulse so that growth might occur 
between doses, particularly if there was some irregularity in drug-taking (T). The 
performance of a drug could be gauged by giving it in a two-drug combination 
with another drug, usually H, and measuring the proportion of patients who de
veloped strains resistant to the second drug. Table 2.11 lists gradings of the main 
antituberculosis drugs according to their types of activity. The performance of 
drugs according to these mechanisms is far more important as a cause of failure 
of chemotherapy than the proportion of mutants resistant to the drug concerned 
in "wild," sensitive bacillary populations. If bacterial multiplication occurs during 
chemotherapy, mutants will eventually grow out (later on in treatment if there 

Table 2.11. Grading of antituberculosis drugs according to type of activity 

Prevention of 
drug-resistance Early bactericidal activity 

Sterilizing activity, 
No. of Failure No. of Mean negative 2-month Relapse 

Drug patients (%) Grade patients EBA Grade culture (%) (%) Grade 

Isoniazid 0 7 29 0.50 7 49 29 2 
Rifampin 183h1 0.5 6 8 0.19 4 73 3 5 
Streptomycin 180b2 1 5 8 0.09 3 1 ? 
Ethambutol 105h3 4 4 17 0.28 6 0 
PAS 461 104 14 3 4 0.26 5 
Thiacetazone 665h' 18 2 9 0.04 2 0 
Pyrazinamide 219 I 19 O.oI 1 64 8 4 
Nil 108b6 50 0 25 O.oI 0 0 

aNot known. 
bReferences: (I) 37; (2) 34; (3) 76; (4) 15, 17,20,24,119, and 120; (5) 18-22, and 24; (6) 120. 
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were fewer of them initially), provided, of course, that the original bacterial pop
ulation was large enough to contain resistant mutants at all. 

The three columns under the heading "Prevention of drug resistance" give 
results obtained in clinical studies in which the drug was given with H. The 
proportion of patients whose treatment failed with the emergence of H resistance 
is listed. H itself must be considered the best drug with a grading of 7 because 
when it is given in these two-drug combinations, persisting sputum positivity is 
always accompanied by H resistance but not invariably by resistance to any part
ner drug. The grading of Z as the least effective drug is based on the report of 
early Veterans Administration studies comparing treatment with ZH and PH 
(121), which concludes that Z at a 3-g daily dose is no better than P. An assessment 
of the emergence of H resistance using modem criteria of H resistance indicates 
that there were significantly more patients with H resistance during the first 4 
months of treatment with ZH than with PH. The proportion of failures when the 
second drug is "nil" is based on the results of treatment with H alone in a 200-
mg daily dose shown in Table 2.4. 

The next three columns in Table 2.11 show values of the EBA obtained by 
taking weighted means of the estimates in Table 2.9, the weights being the num
bers of patients. The values fall roughly into three groups. H has the highest EBA. 
It is followed by M, P, and R, but it should be noted that the estimate for P is 
based on only four patients and is therefore very uncertain. Sand T have lower 
EBAs still; Z has the lowest of all, although it should be noted that Z has a steady 
slow bactericidal action throughout the first 14 days, unlike other drugs (98,108). 
These gradings show some but by no means a close relationship to the gradings 
for the prevention of drug resistance. As noted earlier, single values of the EBA 
are of relatively little value in grading the activity of a drug. The therapeutic 
margin obtained from estimates of the EBA with graded doses of the drug may 
prove a better guide. 

The last three columns of Table 2.11 grade the same drugs according to their 
sterilizing activities, as shown by their effect on the proportion of negative cultures 
at 2 months and the eventual relapse rate after the end of chemotherapy. Rand Z 
are the most active sterilizing drugs, R being slightly superior to Z. H is also 
capable of sterilizing lesions, but much more slowly. Adding on the other drugs 
listed has not altered either the 2-month bacteriology or the relapse rates in clinical 
studies, although there is no evidence on the sterilizing activity of P. There are 
striking differences between the gradings of the drugs for their sterilizing activity 
and their gradings for prevention of resistance or for their EBA. R moves from 
the best grade for sterilizing to an only moderate EBA. Z also moves from very 
effective sterilization to a very poor performance in preventing resistance or in 
EBA. M has no sterilizing activity but is moderately good at preventing resistance 
and has quite a high EBA. 
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5. Drug Action During Chemotherapy and the Construction of Regimens 

5.1. Penetration of Drugs into Lesions 

One of the oldest questions to be asked about chemotherapy concerns the pen
etration of drugs into tuberculous lesions, particularly those with extensive fibrous 
walls and those containing large volumes of fluid, pus, or caseous material. The 
first issue is that where there are large volumes into which the drug must diffuse, 
the peak (Cmax) concentration will tend to be a little lower than in serum and will 
also tend to occur later. This smoothing of the concentration-time curve is often 
less evident than might be imagined and is only likely to influence the activity of 
the drug when Cmax values are close to the MIC, as for instance with ethambutol 
(M). The second issue concerns the extent to which the drug is bound by plasma 
protein. From Table 2.6, it is evident that among the major five drugs (H, R, Z, 
S, and M), 85% of Rand 35% of S are bound, whereas there is no binding of H, 
Z, or M. If we examine the influence of binding on the activity and lesional 
concentrations of R, the drug with the highest proportion bound, we find that (i) 
concentrations after a 600-mg dose are much lower in pulmonary lesions, where 
the mean concentration in 21 specimens of caseum was 2.3 mg/L (range 0.3-6.2 
mg/L) (122) and in the cerebrospinal fluid (CSF), where the mean peak concen
tration was 0.78 mg/L (123), than in serum and (ii) there is evidence that the 
dosage of rifampin is marginal, as shown by the decrease in efficacy found when 
the dose size was reduced from 600 to 450 mg daily (103) and also by the small 
therapeutic margin shown in EBA studies (Fig 2.1). The probable explanation for 
these findings is that the bound fraction (85%) of R does not diffuse into the CSF 
and only penetrates partially into other lesions. In any case, any claim that R does 
not penetrate adequately into particular types of lesions can only be justified if 
the concentrations found are lower than those already measured in lesions (122), 
particularly in pulmonary disease, in which we know R to be effective. The in
fluence of plasma protein binding should be smaller for S. Evidence that lesional 
concentrations are adequate has been obtained in pulmonary lesions (124) and 
also in spinal tuberculosis where lesions may contain large collections of pus 
(125). In short, there is little evidence that drugs fail to produce adequate con
centrations in a wide variety of lesions, except perhaps when the dosage of the 
drug is known to be marginal or the sequestered lesion very large. 

5.2. Phases of Chemotherapy 

The rate at which tubercle bacilli are killed in the lesions, reflected by the 
content of viable bacilli in the sputum, is very rapid during the first few days of 
conventional H-containing chemotherapy, when there is more than a lO-fold fall 
in CFU sputum counts during the first 2 days. The rate of kill then slows pro-
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gressively until it takes months to kill the last surviving bacilli. Because a log 
phase culture is killed exponentially by exposure to a drug in vitro, without any 
slowing of the rate of kill, we have to assume that there is great initial hetero
geneity in the growth rate of bacilli in lesions, as shown in Fig. 2.2. We can now 
visualize three phases in chemotherapy: 

I. The first 2 days during which actively growing bacilli are killed, mainly by H. 
During this phase, the rate of kill (the EBA) is closely related to the bactericidal 
activity against log phase bacilli of the drugs being given. 

2. The next period of 4-6 weeks during which bacilli that initially grew more 
slowly are being killed. The rate of killing is determined mainly by the phys
iologic state of the bacilli and less by the bactericidal activity of the drug. 
Hence, the fall in sputum counts is not influenced by the drug (except perhaps 
that it should be bactericidal and not just bacteriostatic) or its dose size. 

3. The period from about 6 weeks to the end of chemotherapy, during which 
bacilli that grew well or fairly well initially have been killed and the survivors 
are populations of persisters that were growing very slowly or intermittently 
at the start of treatment. 

The rate of kill is now determined by the sterilizing activity of the drugs. We have 
seen that the two drugs with high sterilizing activity have special properties that 
allow them to kill slowly metabolizing bacteria effectively: R because it starts to 
kill very rapidly and is, therefore, effective against bacilli that metabolize in 
spurts, and Z because it is only bactericidal when bacilli are highly inhibited in 
growth by acidity. If we are examining new drugs for their sterilizing activity, it 
would seem sensible to see whether they could kill semidormant or, indeed, com
pletely dormant organisms with similar or greater activity than R or Z. A further 
point of interest is that the great majority of the bacilli that must be killed by 
drugs are extracellular in cavity walls during the first two phases of chemotherapy 
but may well be intracellular during the third phase of sterilization. If this is so, 
and we need evidence additional to the findings with rifabutin, then the capacity 
to penetrate macrophages could be important in defining the role for a particular 
drug. Thus, rifabutin, which produces low plasma concentrations but is good at 
cellular penetration, might be an inadequate drug in the early stages of chemo
therapy but a good drug later on, so that chemotherapy could be optimal if it 
started with R in the early phases but finished with rifabutin. Again, a penicillin 
given with a penicillinase inhibitor (amoxicillin + clavulanic acid or ampicillin 
+ sulbactam) is unlikely to penetrate cells well but might still be of value in 
preventing the emergence of resistance to a second drug during the early phases 
of treatment. 

5.3. Rationale of Chemotherapy Regimens 

In constructing regimens of chemotherapy, it is desirable to (i) make the du
ration of treatment as short as possible, (ii) make the regimen effective in the 
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presence of current levels of initial drug resistance, and (iii) keep drug costs 
sufficiently low to be affordable. Furthermore, the regimen must meet the require
ment of the domiciliary treatment service for full supervision of drug-taking and 
might, therefore, use an intermittent frequency of drug dosage. A short duration 
of treatment, currently 6 months, is obtained by including R throughout and Z 
during the initial 2 months. Omission of Z from the initial phase increased the 
total duration necessary to obtain a low relapse rate from 6 months to 9 months 
(117,126). Replacement of RH in the continuation phase by TH increased the 
total duration from 6 months to 8 months (39,40). It seems that giving R thrice 
weekly in the initial phase or twice weekly in the continuation phase does not 
reduce the sterilizing activity of the regimen (50,51). That Rand Z are responsible 
for most of the sterilizing activity in a multidrug regimen is shown by the simi
larity in 2-month culture results and only slightly higher relapse rates in patients 
with initial resistance to H or to S and H as compared to those with initially 
sensitive organisms (65). 

The need for treatment to be effective when strains are initially drug resistant 
is met by the inclusion of drugs additional to Rand Z. H is always added because 
of its high therapeutic margin, low toxicity, and low cost, even though it does not 
have high sterilizing ability. The HRZ combination in the initial phase may be 
adequate if drug resistant strains are infrequently encountered, for instance, if less 
than 3% of strains from previously untreated patients are resistant to H. If resistant 
strains are found more often, for instance, in 3-10% of untreated patients, a fourth 
drug, usually M but sometimes S, is added. Patients with initial resistance to H 
or S or SH respond well to such a four-drug regimen, although much less good 
results are obtained when there is initial resistance to R, which is often accom
panied by resistance to other drugs (65). 

The cost of short-course regimens is considerably greater than the older STHI 
TH regimen. Regimens of the "African" type with Rand Z in the initial phase 
but TH in the continuation phase are effective and only require a 2-month pro
longation of treatment. However, when HIV infection is common, an alternative 
to T is necessary. If drug-taking can be supervised, intermittent RH is effective 
and fairly cheap, but it might be necessary to give M in place of T, despite its 
high cost. 
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Experimental Chemotherapy of Mycobacterial 
Diseases 

jacques Grosset and Baohong ji 

1. Introduction 

Experimental chemotherapy of tuberculois provides the opportunity to assess, 
in vivo, the antimicrobial activity of a newly developed drug in comparison with 
that of existing drugs, its antagonistic, additional, or synergistic activity when it 
is given in combination with other drugs, its ability to prevent the selection of 
mutants resistant to the other drugs, and, finally, its ability to sterilize the lesions 
of the experimentally infected animals. However, to obtain reliable information, 
experimental chemotherapy should be performed in an adequate model. Because 
of its exquisite susceptibility to Mycobacterium tuberculosis infection, the guinea 
pig has been long been the animal of choice for detecting the presence of a tiny 
number of tubercle bacilli in a clinical specimen. It has also been used in exper
iments to assess the airborne transmission of tuberculosis and the impact of che
motherapy on the transmission (1), the comparative virulence of different strains 
of M. tuberculosis (2), the protective value of M. bovis Bacille-Calmette-Guerin 
(BeG) against a subsequent challenge with M. tuberculosis (3), and the compar
ative antituberculosis activity of several drugs and drug combinations given daily 
or intermittently (4,5). In spite of its numerous advantages, the guinea pig has 
not been used extensively as an animal model for the experimental chemotherapy 
of tuberculosis because its size makes it difficult to be used in large numbers, its 
metabolism is different from that of humans, and, finally, it has a high sensitivity 
to intercurrent infections. 

Other species such as dog, rat, rabbit (6), or monkey (7) have been or still are 
being used. The first two are basic models for toxicologic investigations, and the 
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third has been used extensively by Lurie for studying the mechanism of immunity 
in tuberculosis, the nature and relative efficacy of acquired and native resistance 
to tuberculosis (8). However, all four species, because of their size, costs (supply 
and maintenance), and ethical reasons at least for dog and monkey, are not rou
tinely used for experimental chemotherapy of mycobacterial disease. The model 
of choice is the mouse (9-13) because of its ease of handling in terms of size, 
supply, maintenance, robustness, and reproducibility, although the mouse is far 
from being as sensitive as the guinea pig and the monkey to M. tuberculosis. In 
addition, the course of the disease that follows the experimental infection with 
M. tuberculosis or other Mycobacterium species is different from that of the dis
ease in humans. For example, the caseation process is always limited in mice and 
does not result in cavity formation with large bacillary population as in humans. 
But if used with care, the mouse model is able to provide results that can be 
extrapolated to man. 

The present chapter deals with the experimental chemotherapy of, first, tuber
culosis and, second, the infection with M. avium-intracellulare (MAC). Because 
of the limited experience of the authors, the experimental chemotherapy of my
cobacterial diseases due to M. kansas ii, M. marinum, M. xenopi, or M. ulcerans 
will not be covered in this chapter, although they are of real importance. 

2. Experimental Chemotherapy of Thberculosis in Mice 

Experimental chemotherapy of tuberculosis is considered under three main 
factors, i.e. the experimental mouse, the tubercle bacillus and the antimicrobial 
activity of the drug(s) to be evaluated. A reliable and reproducible experiment of 
which the results may be extrapolated to man requires a careful balance of each 
of these factors, whose respective importance is given in the following sections. 
Finally, the importance of measures ensuring the biological safety in the experi
mental tuberculosis laboratory should be remembered. 

2.1. Basic Requirements 

THE EXPERIMENTAL MOUSE 

Among the different strains of mice that have been proposed for the experi
mental chemotherapy of tuberculosis, the most frequently used is the common 
laboratory outbred "Swiss" mouse. Because the aim of experimental chemother
apy is to obtain results that can be extrapolated to human beings, there is no 
absolute need to use an inbred mouse strain, for example, Balb C, C57 BI/6, or 
C3H, although the individual variations would be smaller. The differences in the 
immune status among outbred Swiss mice exist also among humans, and a drug 
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or a drug regimen that is active against the mycobacteria in the "Swiss" mouse 
is likely to be active in humans despite the natural differences in response among 
individuals. However, to compensate for individual variations, a sufficient number 
of "Swiss" mice should be used in experimental chemotherapy. This does not 
mean that inbred mice should be used in the experimental chemotherapy of tu
berculosis. On the contrary, inbred mice are of great interest for comparing the 
antituberculosis activities of several drugs. By reducing variation between indi
vidual mice, fewer animals need be used. In addition, inbred mice are needed for 
assessing the role of the immune background in the results of chemotherapy (14). 

Finally, to test the role of immunodeficiency in the response of M. tuberculosis 
to chemotherapy and the consistency of the results, immunodeficient mice such 
as athymic nude mice can be used (15). The difficulty with these mice is that they 
should be kept in completely sterile conditions in negative-pressure isolators. 

For chemotherapy studies, mice are usually infected by the intravenous route 
with a standard amount of tubercle bacilli and the efficacy of a single drug or a 
drug combination is monitored by the survival/mortality rate, the evolution of 
body weight, the extent of gross lesions, and the enumerations of the colony
forming units (CFU) in the organs (spleen, lungs, liver) before, during, and after 
the course of treatment (16). Usually the CFU counts are performed in spleens 
(17,18), or lungs (19), or both (20,21). When results of spleen and lung cultures 
are compared (21), the overall results are similar. Therefore, either organ is ap
propriate for the assessment of bactericidal activity and, to simplify, there is no 
need to enumerate the CFU in both organs. In order to have reproducible results, 
mice should preferably be infected with 0.5 ml of the bacillary suspension when 
they are still young, 4 weeks old. For long-term experiments, it is preferable to 
use only female mice because males are frequently fighting and sometimes killing 
each other. 

THE TUBERCLE BACILLUS 

The strain of tubercle bacilli to be used should be well characterized, with 
standard virulence and drug susceptibility. The H37Rv strain of M. tuberculosis, 
whose virulence is maintained through regular passages in the mouse, is the strain 
of choice. Before infection, the strain is subcultured in Tween-80-containing me
dia such as Dubos Tween Albumin or Middlebrook 7H9 broths (22) in order to 
disperse the bacilli as much as possible and have a well-calibrated inoculum. After 
intravenous infection with 0.1 mg wet weight (about 5 X 106 CFU) of M. tuber
culosis H37Rv per mouse, up to 90% of mice die from overwhelming tuberculosis 
infection, with more than 108 CFU in the spleen or lung, within the first month 
after infection provided no active drug is administered (Table 3.1). When the 
inoculum is small (i.e., 104 CFU or less), mice are able to contain and control the 
infection after an initial multiplication of the organisms. The disease that follows 
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Table 3.1 Survival rate of 4-week old Swiss mice by 4 weeks after intravenous infection 
with 0.1 mg of M. tuberculosis H37Rv in five different experiments" 

Exp. I Exp. 2 Exp. 3 Exp. 4 Exp.5 

2/30 5/30 0/30 12/30 4/30 

"Source: references (Truffot-Pemot et a!., 1991; Ji et a!., 1991 [18 and 27]) 
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Figure 3.1. Enumeration of CFU (lOglO) in spleens (A) and lungs (B) of untreated mice 
after intravenous infection with 3.5 X 103 CFU of M. tuberculosis. Each point represents 
the mean of five mice; the error bars represent the standard deviations. 

such limited infection remains chronic (23) and nonfatal, and, as shown in Figure 
3.1, the bacilli population in both organs remains about 106 CFU or are only 
slowly increasing (15). To the contrary, athymic nude mice that are deprived of 
activated T lymphocytes cannot control the infection and die rapidly of over
whelming tuberculosis (Fig. 3.1). 

To obtain a still more limited popUlation of M. tuberculosis, mice can be vac
cinated with M. bovis BCG and a month later, be infected with a small number, 
about 5 X 103, of virulent M. tuberculosis. In that case (24), the population of 
M. tuberculosis in the spleen increases by 2 logs during the first 2 weeks after 
infection, then remained stable about 105 CFU (Fig. 3.2). 

DRUG ADMINISTRATION AND DOSAGE 

Except for aminoglycosides, which are given subcutaneously in the upper part 
of the mouse back, all drugs are given orally with an esophageal cannula (gavage) 
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Figure 3.2. Enumeration of CFU in the spleens of M. bovis BCG-vaccinated and M. tu
berculosis-infected mice (mean and SD from lO mice at each point). BCG vaccination: 
intravenous inoculation of 2.74 loglo CFU; M. tuberculosis infection: intravenous inocu
lation of 3.38 logiO CFU. 

at a volume of 0.2--0.3 ml per mouse according to their body weight, either daily 
(very often six times a week) or intermittently, depending on the objective of the 
experiment. For oral administration, the drugs are usually dissolved or suspended, 
and then diluted to the requested concentration in 0.05% agar-containing sterile 
distilled water. The drug solutions are prepared weekly and stored at 4°C. 

The properties of absorption, distribution, metabolism, and excretion of a given 
drug in an experimental animal are almost always different from those in man. 
Therefore, extrapolating the activity of a drug from animal to man requires taking 
into consideration the pharmacokinetic differences of the drug between the spe
cies. 

In general, effective dosages of drugs in the laboratory animal are larger than 
those in man. Drug dosages active in man are often too small to be active in the 
animal. Although there are important exceptions to the rule, it appears that the 
smaller the size of animal species, the larger the dosage required for activity. One 
possible reason for this is that drug metabolism correlates better with body surface 
area than body weight (25); and as shown in Table 3.2, the ratio between body 
surface area and body weight decreases sharply with increasing body weight. The 
usual dosages (mg per kg body weight) of a drug that provide an equally potent 
effect among different species are shown in Table 3.3. From this table, it appears 
that for most drugs, the equipotent dosage is 12 times larger in the mouse than 
in man. As a result, for a drug given to the mouse at a dosage equipotent to that 
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in man, usually the peak serum level (emax) is much higher and is achieved earlier 
(Tma.), but the half-life of disappearance of the drug from the blood (TII2 ) is shorter 
in the mouse than in man. Actually, at equipotent drug dosages, what should be 
similar in the mouse and in man is the area, in units of drug concentration X 

time, under a curve (AVC) representing the concentration of the drug in the 
plasma or serum at different intervals after administration. At the least, a rough 
estimate of AVC will assist one to choose the relevant dosages for a valid as
sessment of the antimicrobial activity of a drug in the mouse. The data obtained 
from studies of the three main antituberculosis drugs (isoniazid, rifampin, and 
pyrazinamide), and the new fluoroquinolones are given as examples of the im
portance of taking into account the pharmacokinetics differences of drugs in man 
and in the mouse. 

Comparative data on the main pharmacokinetics parameters of isoniazid, rifam
pin, and pyrazinamide in the mouse and in man are given in Table 3.4. From that 
table, it can be seen that the commonly used dosages give AVCs more favorable 
in the mouse than in man for rifampin, as favorable in the mouse as in the slow 

Table 3.2 Comparison of body weight and body surface area for several species 

Ratio of surface 
Mean body Range of body area (cm2) 
weight (g) surface area on body 

Species (range) (cm2) weight (g) 

Mouse 22 (18-25) 65-70 2.9-3.1 
Rat 250 (200-350) 350--400 1.4-1.6 
Rabbit 2,500 (1,800-2,600) 1,600-1,900 0.6-0.7 
Dog 12,000 (10,000-15,000) 5,600-6,500 0.4-0.5 
Man 66,000 (64,000-75,000) 16,000-18,000 0.2-0.3 

Table 3.3 Usual equivalent dosages in mg per kg body weight for equipotent doses in 
several species 

Dosage (mglkg) Species 
Species ratioa 

Mouse 50 100 200 400 800 1600 12 
Rat 25 50 100 200 400 800 6 
Rabbit 12.5 25 50 100 200 400 3 
Dog 7.5 15 30 60 120 240 1.8 
Man 4--4.2 8-8.5 17 34 67 133 1.0 

(15-20) (30-35) (65-70) (130-135) 

aRatio between dosage in experimental species and equipotent dosage in man. 
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Table 3.4 Major phannacokinetics parameters of isoniazid, rifampin, and pyrazinamide 
in mice and humans after administration of a single oral dose 

Test Drug Cm", Tm", tl/2 AVe 
species dosage (mg/kg) (Ltg/ml) (h) (h) (mg· hIliter) 

Isoniazid 
Mouse 25 mg/kg 28.20 ± 3.8 0.25 ± 0 1.7 ± 0.17 52.2 ± 2.2 
Man" 6.2 ± 6 mg/kg 

Rapid acetylators 5.4 ± 20 l.l ± 0.5 1.54 ± 0.31 19.9 ± 6.1 
Solid acetylators 7.1 ± 1.9 l.l ± 0.6 3.68 ± 0.59 48.2 ± 1.5 

Rifampin 
Mouse IOmg/kg 10.58 ± 0.28 1.33 ± 0.58 7.61 ± 1.32 139.7 ± 10.7 
Man" 10-15 mg/kg 14.91 2.84 2.46 ll7.93 

Pyrazinamide 
Mouse 150 mg/kg 146.1 ± 13.0 0.42 ± 0.2 1.05 ± 0.14 303.8 ± 17.9 
Man' 27 ± 4 mg/kg 38.7 ± 5.9 I±O 9.6 ± 1.8 520 ± 101 

Note: Cm,,' peak level of drug in plasma; Tm", time to peak level of drug in plasma; Till' half-life of 
elimination; AVe, area under the serum concentration-time curve. 
"Data from Kim YG, Shin JG, Shin SG, Jang D, Kim S, Lee JS, Han JS, eha YN (1993) Decreased 
acetylation of isoniazid in chronic renal failure. elin Pharmacol Therapeut 54:612-620. 
"Data from Kenny MT, Strates B (1981) Metabolism and pharmacokinetics of the antibiotic rifampin. 
Drug Metab Rev 12:159-218. 
'Data from Lacroix e, Phan Hoang T, Nouveau J, Guyonnaud e, Laine G, Duwoos H, Lafont 0 
(1989) Pharmacokinetics of pyrazinamide and its metabolites in healthy subjects. Eur J Clin Phar
macol 36:395-400. 

Table 3.5 Comparative major pharmacokinetic parameters in mice and humans after 
administration of a single dose of sparfloxacin 

Test species Cmax Tmax tl/2 AUCo , 

and dosage (ug/ml) (h) (h) (mg h/L) 

Mice 
5 mg/kg 0.25 0.3 5.0 0.74 
50 mg/kg 2.80 0.75 5.0 15.18 
100 mg/kg 8.54 0.75 5.5 47.94 
Humans 

200 mg 0.70 4 20.8 18.75 
400 mg 1.18 5 18.2 32.73 

Note: emax ' peak level of drug in plasma; Tm", time to peak level of drug in plasma; t'/2' 

tenninal half-life; AUCo_x, area under the plasma concentration-time curve from time zero 
infinity. 
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acetylator man for isoniazid, and less favorable in the mouse than in man for 
pyrazinamide. 

Norftoxacin, ciproftoxacin, peftoxacin, oftoxacin, and sparftoxacin are the five 
major quinolones commercially available at present. Among them, ciproftoxacin 
is not completely absorbed from the gastrointestinal tract and, therefore, gives 
lower Cmax levels than norftoxacin, peftoxacin, and oftoxacin after oral adminis
tration (26). Peftoxacin and oftoxacin are better absorbed, have much longer half
lives, and are more active against M. tuberculosis in the mouse and in man. The 
AVe (48 mg h/L) in mice treated with oftoxacin 150 mg/kg once daily is close 
to the AVe of 48.1 mg h/L in man treated with multiple doses of oftoxacin 400 
mg every 12 h, i.e., 13 mg/kg (16,18). Thus, equipotent dosages of oftoxacin are 
about 12 times higher in mice than in humans. Similar conclusions can be drawn 
from the comparison of AVe in mice and human after administration of a single 
dose of sparftoxacin, the most recently developed ftuoroquinolone. As shown in 
Table 3.5, 50 mg/kg of sparftoxacin in the mouse is equipotent to 200 mg daily 
in man, i.e., 4 mg/kg (21). 

In conclusion, of the antituberculosis drugs, only rifampin shows similar Cmax 

in mice and in humans after administration of the same dosage, 10 mg/kg, and 
its TI/2 in mice is slightly longer than in humans (19,27). This unique characteristic 
explains why the rule that equipotent dosages are on average 12 times higher in 
mice than in humans is not always applicable, and main pharmacokinetic param
eters of a new antituberculosis drug should be established before assessing the 
activity of that drug in the mouse. 

SAFETY IN THE EXPERIMENTAL LABORATORY 

Experiments with highly virulent tubercle bacilli require appropriate safety 
practices for the control of biological hazards, including applying all biosafety 
level 3 measures in the laboratory as well as in the animal room for protecting 
against infection by the inhalation route. As recently emphasized for the experi
mental tuberculosis laboratory (28), "only those who have mastered basic safe 
practices" should perform the intravenous injection of M. tuberculosis, mainte
nance, treatment, and autopsy of the infected mice, and the eFU counts of the 
infected organs. 

2.2. Experimental Activity of a Single Drug 

The first steps in evaluating the activity of a drug against M. tuberculosis in 
the mouse are to determine whether the drug is active or not; then, if the response 
is positive, to measure its minimal effective dose (MED) in terms of survival rate 
and of prevention of organ lesions; and finally, to determine whether the activity 
is of the bacteriostatic or bactericidal type. 



Experimental Chemotherapy of Mycobacterial Diseases 59 

DETERMINATION OF THE MINIMAL EFFECTIVE DOSAGE 

When the tested dosages of the drug have been decided, the simplest and quick
est way to test the activity against M. tuberculosis in the mouse is to perform an 
experiment of preventive therapy, aiming to determine whether or not the drug is 
able to prevent the death of infected mice. For that purpose, a series of mice are 
each infected with 0.1 mg (about 5 X 106 CPU) of M. tuberculosis H37Rv strain 
by the intravenous route and treated daily for 4 weeks with various drug dosages, 
the treatment beginning the following day after infection. At the end of 4 weeks, 
all surviving mice are sacrificed and autopsied. Two control groups of mice should 
be used: (i) a negative control group of untreated mice of which a great majority 
will die by the 28th day after infection, with numerous gross lung lesions and 
significant splenomegaly and (ii) a positive control group of mice treated with 25 
mg/kg isoniazid (INH) daily that should be all alive and without any organ lesions 
by the 28th day after infection. To facilitate the statistical analysis, ideally each 
group should consist of 30 animals. The activity of the tested drug can be mea
sured by several parameters: increase of body weight during treatment; mortality 
rate during treatment or survival rate at the end of treatment; and gross lung lesions 
and spleen enlargement of the surviving mice that are all sacrificed 28 days after 
infection. The minimal effective dosage (MED) is defined as the smallest dosage 
of drug that significantly increases the survival rate and also reduces the devel
opment of organ lesions among the treated mice. 

As an example, Table 3.6 gives the survival rates of mice by 28 days after 
intravenous infection with 0.1 mg M. tuberculosis and treated once daily for 28 
days with oftoxacin (18). The great majority of infected but untreated mice (neg
ative controls) died, whereas all of those treated as positive controls with 25 mg/ 
kg isoniazid (INH) survived. Mice treated with 50 or 100 mg/kg oftoxacin be-

Table 3.6 Number of surviving mice treated with ofloxacin at different dosages in two 
different experiments (30 animals per group) 

Treatment group 

Negative control 
INH 25 mg/kg 
Ofloxacin 50 mg/kg 
Ofloxacin 100 mg/kg 
Ofloxacin 150 mg/kg 
Ofloxacin 300 mg/kg 

aAll with slight or marked lung lesions. 
bTwenty-four with no lung lesions. 

No. of surviving at 28 days in 

Exp. 1 

2 
30 

3 
7 

23" 

Exp. 2 

5 
30 

28" 
30" 
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Figure 3.3. Lung lesions in mice at 28 days after infection with M. tuberculosis. 

haved like negative controls. The majority of mice treated with 150 mg/kg sur
vived, but all of the survivors had lung lesions. All 30 mice treated with 300 mgt 
kg survived and only 6 of them had numerous lung lesions. Thus, in terms of 
survival rate, the MED of ofloxacin against M. tuberculosis in mice was 150 mgt 
kg; in terms of prevention of organ lesions, the MED was 300 mg/kg. 

In another experiment (29), the activity of sparfloxacin given at different dos
ages was assessed comparative to that of ofloxacin. As an example, Fig. 3.3 
illustrates the lung lesions in mice that survived 28 days after intravenous infection 
with 0.1 mg M. tuberculosis. As measured by the ability of preventing lung le
sions, sparfloxacin (SPFX) 12.5 mg/kg appeared more active than 200 mg/kg 
ofloxacin (OFLO), SPFX 50 mg/kg appeared more active than OFLO 300 mg/kg 
and SPFX 75 mg/kg as active as INH 25 mg/kg. 

MEASURING THE BACTERICIDAL AND THE STERILIZING ACTIVITIES 

By definition, a drug given at a dose that reduced the mortality and the devel
opment of organ lesions in treated mice was able to reduce or even to prevent the 
multiplication of M. tuberculosis in the infected host and has at least some bac
teriostatic activity. But the precise measurement of the antimicrobial activity relies 
only on the evolution of CFU counts in the organs of mice before, during, and 
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after drug administration. That measurement should be made in well-defined con
ditions. If it is attempted in infected mice having much more than 106 CFU of M. 
tuberculosis in their lung or spleen, drug-resistant mutants will be present at the 
start of treatment (30) and selected during treatment. As a consequence, there will 
be interference between the decrease in the number of drug-susceptible CFU and 
the concurrent increase in the number of drug-resistant CFU, and the CFU counts 
might not provide a precise measurement of the antimicrobial activity of the tested 
drug. Of course, one can prevent that by performing total CFU counts and drug
resistant CFU counts on plain culture medium and drug-containing medium, re
spectively. An example of this is given in Figure 3.4, that shows the fate of INH
susceptible and INH-resistant organisms in the lungs of mice treated with isoni
azid alone, the treatment being started when the lungs contained nearly 107 CFU 
of M. tuberculosis (31). 

The easiest method is to begin treatment when mice have a bacillary population 
not larger than 106 CFU in their organs. In that case, no drug-resistant mutants 
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Figure 3.4. Selection of isoniazid-resistant mutants in the lungs of mice treated daily with 
50 mg/kg INH. 
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will be present and possibly selected during treatment, and performing only the 
CFU counts on plain culture medium will, in fact, measure the fate of drug
susceptible CFU during treatment. In practice, there are two possibilities: either 
mice are infected with 0.1 mg wet weight M. tuberculosis (S X 106 CFU) and 
started with the tested drug from the day after infection, or mice are infected with 
0.0001 mg M. tuberculosis (S X 103 CFU) and treated 14 days later when the 
bacillary population in their lung and spleen has reached 105-106 CFU. The cru
cial point is that, in both cases, the drug administration should be initiated when 
the bacillary population in lung and spleen is not larger than 106 CFU. 

Treatment Without Delay after Infection with a Large Inoculum. The tech
nique to be followed is similar to that used for determining the MED, except that 
the CFU in the organs, lungs, and spleen, are enumerated at the beginning of 
treatment, which is the following day after infection with 0.1 mg (S X 106 CFU) 
of M. tuberculosis, and at different intervals during treatment. The decrease in the 
CFU counts during treatment measures the bactericidal activity of the tested drug. 
For example, it has been used for assessing the activity of levofioxacin (LVFX), 
a levogyre isomer of ofioxacin (OFLO), against M. tuberculosis in the mouse 
compared to that of the parent compound ofioxacin and the new fiuoroquinolone 
sparfioxacin (SPFX). As shown in Figure 3.S, by the 30th day after intravenous 
infection with 1.74 X 106 M. tuberculosis CFU, the great majority of untreated 
controls have died, as well as mice treated with SO mg/kg LVFX. About 70% of 
those treated with OFLO ISO mg/kg survived, whereas all or almost all other 
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Figure 3.5. Survival rates of mice within 30 days after infection intravenously with 1.74 
X 106 CFU of M. tuberculosis H37Rv. At the time (D!) the treatments were begun, there 
were 30 mice in the control group and 20 mice in each treated group. 
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Figure 3.6. Enumerations of CFU in the spleens of mice. Mice were inoculated intrave
nously with 1.74 X 106 CFU of M. tuberculosis H37Rv, and treatments were begun the 
following day after inoculation. Drugs were administered by gavage six times weekly for 
4 weeks. Each point represents the mean number of CFU for 3-20 mice. Error bar rep
resents the standard deviation of the control mice. 

treated mice survived. The CFU counts in the spleen of mice performed the day 
after infection and after 4 weeks in the spleen of those surviving provided a 
comparative appraisal of the antimicrobial activity of the drugs (Fig. 3.6). As 
expected, LVFX 150 mg/kg given 6 days a week had an activity similar to that 
of OFLO 300 mg/kg, and LVX 300 mg/kg, perhaps equipotent to 800 mg daily 
in man (32,33), was as bactericidal as SPFX 100 mg/kg and more bactericidal 
than INH 25 mg/kg. Therefore, levoftoxacin is potentially a "first-line" drug for 
the treatment of multidrug-resistant tuberculosis. 

Delayed Treatment After Infection with a Small Inoculum. Mice are infected 
by the intravenous route with 5 X 103 M. tuberculosis and treatment begins 14 
days later when the CFU counts are stable or slowly increasing in the lungs and 
spleen after an initial rapid increase. At that stage, the size of the bacillary pop
ulation in the organs is between 105 and 106 CFU, thus insufficient to contain 
drug-resistant mutants, and the activity of an antituberculous drug given alone 
can be easily assessed without interference by the selection of resistant mutants. 
For example, in a recent experiment (21), the bactericidal activity of 50 and 100 
mg/kg daily sparftoxacin has been assessed in comparison to that of oftoxacin 
and major drugs, isoniazid, rifampicin, and pyrazinamide. As illustrated in Table 
3.7, after 8 weeks of treatment, sparftoxacin 100 mg/kg was as bactericidal as 
rifampin 10 mg/kg, whereas sparftoxacin 50 mg/kg was as bactericidal as iso-



64 Jacques Grosset and Baohong Ji 

Table 3.7. Number of CFU of M. tuberculosis in the spleens of mice treated with single 
drugs 

Treatrnent* 

Untreated control 
INH 25 mg/kg 
RMP 10 mg/kg 
PZA 150 mg/kg 
OFLO 300 mg/kg 
SPFX 50 mg/kg 
SPFX 100 mg/kg 

Mean no. of CPU (lOglO) ± S.D. at the following 
times (weeks) during treatment"·b 

o (week 2) 2 (week 4) 4 (week 6) 8 (week 10) 

6.33 ± 0.18 5.70 ± 0.34 6.03 ± 0.33 6.13 ± 0.46 
4.57 ± 0.28 4.11 ± 0.21 3.47 ± 0.29 
5.29 ± 0.17 4.12 ± 0.36 2.42 ± 0.55 
5.20 ± 0.31 4.43 ± 0.36 4.17 ± 0.70 
5.70 ± 0.26 5.38 ± 0.22 5.31 ± 0.53 
5.35 ± 0.25 5.14 ± 0.21 3.65 = 0.54 
5.15 ± 0.20 4.25 ± 0.13 2.90 ± 0.58 

aMice were treated from 14 days (week 2) after inoculation with M. tuberculosis. Drugs 
were administered by gavage six times weekly. 
bThe results at each point represent the mean number of CFU in the spleens of 9-10 mice. 
The numbers in parentheses are weeks after inoculation. 
S.D. = Standard deviation of the mean. 

niazid 25 mg/kg. Ofioxacin 300 mg/kg and even pyrazinamide have a limited 
bactericidal activity. It is important to notice that during the initial 2 weeks of 
treatment, isoniazid was the most bactericidal of all antituberculosis drugs, and 
during the initial 8 weeks of treatment, none of the major existing antituberculosis 
drugs alone was able to kill 4 10gIO M. tuberculosis. 

Delayed Treatment in M. bovis BCG-Vaccinated Mice SuperinJected with a 
Small Inoculum oj M. tuberculosis. In order to mimic the limited size and dor
mant status of tubercle bacilli supposedly present in subjects with latent tuber
culosis infection, mice are first vaccinated with M. bovis BCG, then 1 month later 
superinfected with 5 X 103 M. tuberculosis. Because of the presence of protective 
immunity, the growth of M. tuberculosis is rapidly stopped and a chronic disease 
takes place with a rather stable and limited bacillary popUlation, the size of which 
is around 105 CFU in the spleen and lung. Such a model has been used to test 
the sterilizing activity of single drugs or drug combinations for preventive therapy 
of tuberculosis (24). It was demonstrated that the combination rifampin-pyrazin
amide given for 2 months was as active as rifampin alone given for 3 months and 
more active than isoniazid alone given for 6 months, as evidenced by the rate of 
spleen cultures conversion to negatively at the end of treatment and the re-growth 
of M. tuberculosis during the follow-up after stopping treatment (Fig. 3.7). 

The same system has been used to compare the activities of three rifamycin 
derivatives, rifampin, rifabutin, and rifapentine, in the preventive therapy of tu
berculosis (27). The drugs were given at a dosage of 10 mg/kg either daily or 
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Figure 3.7. Proportion of mice with spleen culture-positive at the end of treatment (solid 
lines) for 2 months with RMP + PZA (open triangles) or RMP + PZA + INH (open 
squares), for 3 months with RMP alone (open circles), or for 6 months with INH alone 
(closed squares), and after a 6-month period of[ollow-up without treatment (dashed lines). 

intermittently. The bactericidal activities of rifabutin given daily for 6 weeks or 
rifapentine given twice weekly for 12 weeks were comparable to that of rifampin 
given daily for 12 weeks. As the bactericidal activity of rifapentine given once 
weekly for 12 weeks was comparable to that of rifampin given daily for 6 weeks, 
rifapentine appeared suitable for the fully supervised once-weekly preventive ther
apy of tuberculosis. In another experiment (15), it was demonstrated that the 
bactericidal activity of once-weekly rifapentine was significantly increased by the 
addition of once-weekly isoniazid 75 mg/kg, suggesting that the combination of 
rifapentine plus isoniazid once weekly might become the combination of choice 
for fully supervised preventive therapy of tuberculosis or even for the curative 
therapy of active tuberculosis, especially during the secondary phase (continuation 
phase) of treatment after the initial 2-month intensive phase of daily treatment. 

Antimicrobial Activity of Drug(s) in the Late Phase of Treatment. The major 
objective of chemotherapy for tuberculosis in humans is to reduce the bacillary 
population in the lesions to such a limited size that no relapse would occur after 
stopping drug administration by remultiplication of the few bacilli called "per
sisters" (34) that have survived the treatment with active drugs. The ability of a 
given drug to eliminate persisters, in other words to sterilize the lesions, is there
fore of crucial importance for the success of treatment. 
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The sterilizing activity of a given drug can be best measured during the con
tinuation phase of chemotherapy when only a few hundreds or thousands CFU 
remained in the organs of mice after the initial, usually 2-month, intensive phase 
of therapy. At that stage, single drugs can be given without risk of selecting drug
resistant mutants and their respective ability to sterilize the lesions can be easily 
measured. As assessed by the rate of mice that became culture negative at the end 
of treatment (21), rifampin was the most sterilizing drug, followed closely by a 
new f1uoroquinolone, sparfloxacin, and isoniazid, whereas pyrazinamide at that 
stage only displayed a bacteriostatic activity (Fig. 3.8). Using the same model, it 
was also possible to study whether or not the animals will remain culture negative 
after stopping administration of a particular drug or drug combination. As em
phasized by McCune et al. (35,36), all mice that had become culture negative did 
not get rid of viable M. tuberculosis completely. A number of them converted 
their infection to a latent state characterized by negative cultures of spleen and 
lungs at the end of drug administration, but followed by positive cultures some 
time after stopping treatment. The drugs or drug combinations that can best ensure 
the eradication of the latent M. tuberculosis (i.e., the true sterilization of the mouse 
tissues) are those able to prevent relapses after chemotherapy. 

In this respect, rifampin is the key sterilizing drug. Mice treated with the com
bination isoniazid-rifampin are all culture negative by the sixth month of treat
ment, although 50% of them become culture positive again after a follow-up of 
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Figure 3.8. Spleen (A) and lung (B) cultures during the continuation phase of chemo
therapy. Mice were inoculated intravenously with 0.1 mg of M. tuberculosis H37Rv and 
were initially treated with INH-RMP-PZA for 8 weeks. Then the mice were randomly 
allocated to an untreated control group (e) or were treated with INH (25 mg/kg) (A), 
RMP (10 mg/kg) (0), PZA (150 mg/kg) (.), or SPFX (5100 mg/kg) (D) six times a 
week for 16 weeks. Each point represents the mean number of CPU for 10 mice. Error 
bars represent standard deviations. 
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6 months without treatment. If the treatment with rifampin is continued up to 9 
months, all mice remain culture negative in spite of a follow-up of 6 months 
without treatment, a result that cannot be obtained by other regimens without 
rifampin (37). 

An elegant mouse model to test the sterilizing properties of antituberculous 
drugs would be the model developed by McCune et al. at Cornell University (36): 
Mice infected intravenously with 0.1 mg M. tuberculosis and treated for 100 days 
with daily dosage equivalent to 18-20 mg/kg INH and 3500 mg/kg PZA given 
in the diet were all culture negative at the end of treatment, but a percentage of 
them relapsed with spleen and lungs culture positive after a few months without 
treatment. Using that model, it is possible to determine whether or not a drug 
given at the end of the first 100 days of treatment with INH + PZA is able to 
prevent relapses; in other words, whether or not the drug has a sterilizing activity. 

2.3. The Mouse Model for Testing the Experimental Activity of Drug 
Combination 

The main lesion of pulmonary tuberculosis in humans is the tuberculosis cavity 
that contains a large population of about 108 actively multiplying tubercle bacilli 
and drug-resistant mutants in a proportion of 10- 6 to 10-7 (30). These mutants 
are selected by monotherapy (38), but their selection is prevented by combined 
therapy (39). An experimental model aiming at reproducing the bacteriologic 
condition of human pulmonary tuberculosis should also provide a large population 
of actively multiplying tubercle bacilli with drug-resistant mutants. Such a model 
is obtained in mice infected by the intravenous route with 0.1 mg wet weight M. 
tuberculosis (i.e., about 5 X 106 CPU) and kept without treatment for 14 days. 
During the first 14 days following infection, the bacilli actively multiply to reach 
107-108 in the lung and spleen, and the infection would be fatal by the 21th-28th 
day if the mice were not treated effectively. As already illustrated by Figure 3.4, 
monotherapy begun by the 14th day after infection selects resistant mutants. Com
bined drug therapy with at least two active drugs prevents the selection of drug
resistant mutants, and the CFU counts in the lung and spleen decrease progres
sively as a function of the bactericidal activity of the drug combination. If the 
drug combination has a sterilizing activity and treatment is continued for enough 
duration, the lungs and spleen eventually become culture negative, and the mice 
are considered to be cured. Thus, in the continuation phase of chemotherapy also, 
the fate of M. tuberculosis in the tissues of the infected host has numerous points 
of similarity in mice and human beings, and the information derived from the 
chemotherapy of experimental murine tuberculosis is highly suggestive of what 
can be expected from the treatment with the same drug combination in humans. 

Because it is not possible to analyze in detail the results of all experiments that 



68 Jacques Grosset and Baohong Ji 

had been performed during the last 50 years and because chemotherapy for tu
berculosis has considerably improved since the introduction of streptomycin in 
1944 (40), para-aminosalicylic acid in 1946 (41) isoniazid in 1952 (42,43), and 
rifampin in 1965 (44), the present section is subdivided in three parts: the activity 
of standard chemotherapy with isoniazid and streptomycin; the short-course che
motherapy with rifampin and pyrazinamide; and the issues that experimental che
motherapy might address in the near future. 

STANDARD CHEMOTHERAPY FOR TUBERCULOSIS 

In mice infected with 0.1 mg M. tuberculosis and treated 14 days later when 
the lung and spleen contain more than 107 CFU, daily treatment with either 200 
mg/kg streptomycin alone or 25 mg/kg isoniazid alone resulted in the selection 
of drug-resistant mutants (12,31). When similarly infected mice were treated daily 
with the combination of both drugs given at the same dosages as in monotherapy, 
the selection of drug-resistant mutants was prevented and drug-susceptible organ
isms were progressively killed (12): By the 3rd month of treatment, 1000 CFU 
were isolated from the lung, by the 6th month only 100 CFU, and none at all or 
very few CFU by the 12th month (Fig. 3.9). Thus, the combination isoniazid
streptomycin was able to cure mice as it was able to cure infected humans patients. 

However, the results of chemotherapy of experimental tuberculosis in mice with 
the combination isoniazid and streptomycin were suggesting that the combination 
was far from optimal for the treatment of tuberculosis. First, even though isoniazid 
and streptomycin were given daily up to 15 or even 18 months, as many as 35% 
of the animals remained culture positive with a few colonies of drug-susceptible 
organisms (45). In addition, after a follow-up of 3-6 months without treatment, 
75% of all treated mice became culture positive again, indicating that the steril
izing activity of the combination is limited. Similar findings were observed in 
humans, and a certain proportion, at least 10%, of patients treated daily with the 
combination isoniazid, streptomycin, and para-aminosalicylic acid had relapsed 
despite prolonged therapy (46). 

Second, even though isoniazid and streptomycin were administered daily at a 
high dose, 25 mg/kg and 200 mglkg, respectively, the combination was never able 
to prevent the selection of isoniazid-resistant mutants in 100% of the treated mice: 
On average, that selection occurred in 10% of the mice (12). 

Third, when the daily dose of isoniazid was reduced from 25 mg/kg to 5 mg! 
kg or when streptomycin was not given daily but every other day, the decline in 
the CFU counts was slowed down and the selection of drug-resistant mutants, to 
isoniazid or to streptomycin, was favored in mice (12,47) as in humans (48). 
However, when streptomycin was stopped after 3 months of daily combined ad
ministration with isoniazid, and the treatment was continued with isoniazid alone 
up to 12 months, the antimicrobial activity remained similar to that of the com-



(II 
C) 
c 
.2 

.E 
:::J 
'ti 
0 ... 
C) 

0 
...J 

Experimental Chemotherapy of Mycobacterial Diseases 69 

8 

6 -- INH 25 + SM daily 

-r- INH 25 daily + SM 3f7 

~ INH 5 + SM, daily 

4 

2 

O+---~-T--~--~~--~--~~~~--'---r-~~~--~~ 

o 5 10 1 5 
Months 

Figure 3.9. Median CFU counts in the lungs of mice treated with isoniazid (INH) and 
streptomycin (SM). SM given daily or three times weekly (7) at a daily dose of 200 mg/ 
kg; INH given daily either at 25 mg/kg or 5 mg/kg. 

bination isoniazid plus streptomycin, in terms of reduction of the CFU counts, of 
the proportion of mice with isoniazid resistant strains, and of the number of 
colonies persisting at the end of treatment (47,49). Such findings confirmed that 
streptomycin has no sterilizing activity, and combined therapy is not required 
when the size of the bacillary population is limited. 

SHORT -COURSE CHEMOTHERAPY 

In 1956, McCune et al. (36) were able to render the organs of mice culture 
negative after 3 months of daily treatment with the combination isoniazid (18-
20 mg/kg) and high-dosage pyrazinamide (3000 mg/kg), both drugs being ad-
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ministered in the mouse diet. Such a result had never been achieved before with 
any of the then existing drug regimens. However, after 3 months of follow-up 
without treatment, one-third of the animals relapsed with fully drug-susceptible 
organisms, indicating that tubercle bacilli were still persisting in a latent state 
among culture-negative animals. The importance of these findings for the future 
short-course chemotherapy became apparent only later, when rifampin was avail
able. 

In 1967, Grumbach and Rist (50) were also able to render mice culture negative 
after a treatment for 4 months with the daily combination of 25 mg/kg isoniazid 
and 25 mg/kg rifampin. Mice treated with isoniazid 25 mg/kg alone or rifampin 
25 mg/kg alone remained culture positive, and drug-resistant organisms were 
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Figure 3.10. CFU counts in the lungs of mice treated with isoniazid alone, rifampin alone, 
or the combination isoniazid plus rifampin. R = drug-resistant mutants. 
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selected (Fig. 3.10). The results of treatment with the combination isoniazid
rifampin were so good and obtained with so realistic drug dosages, that they had 
ushered numerous clinical trials and animal experiments, which had eventually 
led to the development of modem short-course chemotherapy. 

Short-Course Chemotherapy with RiJampin-Containing Regimens. First, the 
very potent activity of rifampin given alone or in combination with isoniazid has 
been confirmed by numerous workers (51-53). Then, activities of rifampin in 
combination with drugs other than isoniazid were investigated. As shown in Table 
3.8, with the exception of isoniazid, none of the drugs given in combination with 
rifampin was capable of rendering culture negative all infected and treated mice 
within 6 months of treatment; for instance, no more than 75% of mice were culture 
negative after 6 months of daily treatment with the combination ethionamide 25 
mg/kg plus rifampin, or ethambutol 100 mglkg plus rifampin (54,55). All of the 
remaining 25% that were still culture positive had organisms resistant to rifampin. 
Therefore, at the tested dosages, ethambutol and ethionamide contributed little to 
the effectiveness of rifampin in the mouse and were not capable of preventing 
completely the selection of rifampin-resistant mutants. The additive effect of 
streptomycin to the combination isoniazid-rifampin was also limited: Strepto
mycin contributed only to speeding up the reduction of bacterial counts during 
the first month of treatment but did not change the final results (54). 

To facilitate the supervision of treatment and reduce its costs, intermittent (e.g., 
once, twice, or three times weekly) drug administration has been tested. Rifampin 
is not a drug very suitable for intermittent use for the following two reasons. First, 
its bactericidal activity is reduced by intermittent administration. As shown in 

Table 3.8. Short-course chemotherapy of experimental murine tuberculosis; percentage of 
lung and spleen culture negative after 6 months of daily treatment with various regimens 

Drug regimen" (mglkg) 

INH 25 alone 
INH 25 + SM 200 

RMP 25 alone 
RMP 25 + INH 25 
RMP 25 + ETHIO 25 
RMP 25 + EMB 100 

RMP 25 + INH 25 + SM 

% Cultures negative 
at 6 months 

()b 

10 (79% after 18 months) 

50-90b 

100 
75* 
75* 

100 

"INH = isoniazid; SM = streptomycin; RMP = rifampin; ETHIO = ethionamide; EMB 
= ethambutol. 
bAll positive cultures yielded organisms resistant to the main drug used. 
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Figure 3.11. (A) Comparative bactericidal activity of 10 mg/kg rifampin (R) given at 
different intervals in mice infected intravenously with 1.3 X 103 M. tuberculosis CFU and 
treated 14 days later. Each point represents the mean number ofCFU of 10 mice. Rl, 2, 
3, 6: once, twice, three times, and six times, respectively, weekly administration of R. *p 
< .05. (B) Comparative bactericidal activity of 10 mg/kg rifampin and 50 mg/kg isoniazid 
given twice a week either alone or in combination. Mice were infected intravenously with 
2.4 X 103 M. tuberculosis CFUs and treated 14 days later. Each point represents the mean 
number of CFUs of 10 mice. R = rifampin; H = isoniazid. 
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Figure 3.11A, the reduction of the M. tuberculosis CFU counts resulting from 8 
weeks of treatment with rifampin 10 mg/kg was more than 410g lO CFU when the 
drug was given six times weeky, only 2 loglo when the drug was given three times 
weekly (p < .05), and almost nil when the drug was given twice weekly (56). It 
is, therefore, not surprising that in mice treated twice weekly, the killing activity 
of the combination isoniazid 50 mg/kg and rifampin 10 mg/kg was similar to that 
of isoniazid alone (Fig. 3.11B), and, in addition, only a limited percentage of 
mice became culture negative by the sixth month of treatment (54). Second, the 
reduced activity of rifampin given intermittently can be compensated by an in
crease in the dosage of rifampin in the mouse (54) and in the guinea pigs (4). 
But, in man, the intermittent administration of rifampin at dosages higher than 
10 mg/kg is prohibited because of the risk of serious side effects. 

An amazing property of rifampin is its apparently delayed activity when given 
for only a short initial period of time. That property was well demonstrated in a 
mouse experiment (54,57). Two randomized groups of mice were infected with 
5 X 106 M. tuberculosis and treated 14 days later for 3 months with the combi
nation isoniazid plus streptomycin daily. The first group of mice received only 
the two drugs and the second group received a supplement of daily rifampin 
during the first month. At the end of that month of treatment, both groups of 
mice, regardless of whether they had received rifampin, had almost a similar 
number of CFU in their lungs. But after 2 additional months during which both 
groups received the same treatment-isoniazid plus streptomycin-the mean 
number of CFU was far lower in those animals that had received rifampin than 
in those that had not. Similar observation was made in guinea pigs (5). As pointed 
out by Mitchison (58), the most likely explanation of these findings is that rifam
pin was specifically acting against the non mUltiplying bacillary subpopulation, 
which otherwise escaped the killing of isoniazid and streptomycin and persisted 
in the tissues. 

The sterilizing activity of rifampin was also demonstrated by numerous exper
iments to determine the relapse rate after treatment with rifampin for different 
lengths of time (19). Table 3.9 gives a summary of the experiments, performed 
since 1969, on relapse rates after treatment with various lengths of isoniazid plus 
rifampin-containing regimens and with isoniazid plus streptomycin-containing 
regimens. After 6 months' treatment with isoniazid plus rifampin, the relapse rate 
is 20%, a fairly high rate but quite low in comparison with the relapse rate of 
75% after an I8-month treatment with the combination isoniazid plus strepto
mycin. Therefore, the results of mouse experiments had suggested, as early as 
1969, that isoniazid plus rifampin for 6 months might be more effective than the 
standard regimen of isoniazid plus streptomycin for 18 months, which was once 
regarded as very effective. Further experiments in mice (37,59) were performed 
to determine the necessary length of treatment resulting in no relapses at all. It 
appears that no relapse occurs after 9 months of treatment with the two-drug 
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Table 3.9. Percentage of mice culture positive on completion of treatment with isoniazid 
(INH) plus streptomycin (SM) or INH plus rifampin (RMP) and after follow-up without 
treatment 

Duration of 
Percentage of mice culture positivea 

Drug regimen chemotherapy On completion After a follow-up of 

(mg/kg) (months) of treatment 3 months 6 months 

INH (25 + SM 200) 6 100 100 
INH (25 + SM 200) 18 35 75 
INH (25 + RMP 25) 6 0 20 
INH (25 + RMP 25) 9 0 0 
INH (25 + RMP 25) 6 
Followed by INH alone +3 0 20 

Note: Mice infected intravenously with 5 X 106 M. tuberculosis CPU and treatment started 
14 days later. 
aLungs. 

Table 3.10. Reactivation of experimental tuberculosis in mice by daily cortisone 
administration after completion of treatment 

Treatment Duration of 
administration of 

Drug Duration 20 mg/kg cortisone % Relapses 

INH + PZA 3 months 0 75 
1 month 100 

INH + PZA 6 months 0 20 
INH + RMP 6 months 0 20 

1 month 30 
INH + RMP 9 months 0 0 

2 months 60 
INH + RMP 12 months 0 0 

2 months 60 

regimen isoniazid plus rifampin, with the condition that rifampin be given 
throughout the whole period of treatment. If rifampin is withdrawn after the sixth 
month and the treatment continued with isoniazid alone for an additional 3 
months, the relapse rate is 20%. Thus, giving INH alone between the sixth and 
the ninth month does not improve the results achieved by 6 months of treatment 
with the two-drug regimen isoniazid plus rifampin. The results underline the ster
ilizing activity of rifampin and, comparatively, the poor sterilizing activity of 
isoniazid. 
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As early as in 1956, McCune et al. (36) questioned whether all negative cultures 
after effective long-duration chemotherapy really represent sterilization or only a 
latent state of infection. From experiments in mice, as shown in Table 3.10, it 
appears that in spite of 1 year of chemotherapy with isoniazid plus rifampin, it is 
possible to induce a relapse rate of 60% by giving 2 months of high-dosage 
cortisone after the end of treatment (59). Thus, in the mouse, very effective che
motherapy is more likely to achieve a latent state of infection than to achieve a 
real sterilization. Whatever the theoretical implications of these findings may 
have, they mean that cure of tuberculosis in the immunocompetent host does not 
necessarily require a real sterilization, in the mouse at any rate. 

Short-Course Chemotherapy with Pyrazinamide-Containing Regimens. As al
ready emphasized (36), pyrazinamide given at a daily dose of 3000 mglkg in 
combination with 18-20 mglkg isoniazid exhibited a powerful sterilizing activity. 
Even when given at a dosage comparable to that given in humans, pyrazinamide 
appeared as a sterilizing drug. For example, after 2 months of treatment with 
either isoniazid + streptomycin or isoniazid + streptomycin + pyrazinamide 
150 mglkg daily (Table 3.11), the results of organ cultures were exactly the same 
whether mice had received or not pyrazinamide; but after 6 months of treatment, 
the cultures from mice having received pyrazinamide yielded only one or two 
colonies, whereas those from mice not having received pyrazinamide yielded 100 
times more colonies; after 9 and 12 months, the CUlture-positive rate among the 
animals having received pyrazinamide was only 10% and 0%, respectively, but 
was 80% and 70%, respectively, among the animals not having received pyrazin
amide (19). 

Table 3.11. Percentage of CUlture-positive mice (lung and/or spleen) on treatment with 
either isoniazid (INH) plus streptomycin (SM) or INH + SM + pyrazinamide (PZA) 

Months 
of treatment 

% Mice culture positive on treatment with 

o 
2 
6 
9 

12 

INH + SM 

100 
100 
100 
80 
70 

INH + SM + PZA 

100 
100 
90a 
1()b 
o 

Note: Mice were infected with 5 X 1()6 M. tuberculosis CFU and treatment was started 
14 days later with INH 25 mg/kg, SM 200 mg/kg, and pyrazinamide 150 mg/kg. Each 
point corresponds to 10 mice. 
aOnly one or two colonies in lung and/or spleen cultures. 
bOne mouse with only one colony in spleen culture. 
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Short-Course Chemotherapy with Rifampin and Pyrazinamide-Containing 
Regimens. Because of their common sterilizing activity against M. tuberculosis, 
rifampin and pyrazinamide drugs are now combined with isoniazid in the short
course (6-month) chemotherapy of tuberculosis. The additive effect of combining 
rifampin and pyrazinamide was easily demonstrated in the mouse (60). Mice 
infected intravenously with 3.7 X 106 CFU of M. tuberculosis were treated 14 
days later for 6 months with either 25 mg/kg isoniazid plus 10 mg/kg rifampin 
or isoniazid plus rifampin plus an initial 2-month supplement of 150 mgikg pyr
azinamide, all drugs being given daily. At the end of treatment, mice were kept 
without treatment for an additional 6-month period and then killed to determine 
the organ CUlture-positive rates. As shown in Table 3.12, 10% of those that re
ceived the initial supplement of pyrazinamide were organ (spleen and/or lung) 
culture positive versus 36% of those that did not! 

As in humans, the additive effect of pyrazinamide was not demonstrated when 
the drug was given only during the continuation phase of chemotherapy. In an 
experiment (60), mice were infected intravenously with 1.1 X 106 M. tubercu
losis, and the treatment began 14 days later when the mean number of CFU was 
1.1 X 107 and 6.8 X 101 in the spleens and lungs, respectively. All mice were 
treated daily with isoniazid 25 mgikg plus rifampin 10 mg/kg for the first 3 
months. Then, they were subdivided into three groups and treated daily for 3 
additional months with either rifampin alone, or rifampin plus isoniazid, or rifam
pin plus isoniazid plus pyrazinamide. As measured by the culture-positive rate of 
lungs and spleens on completion of treatment and after 6 months of follow-up 
without treatment, the sterilizing activity of the three drug regimens did not differ 
significantly, suggesting that neither pyrazinamide nor isoniazid contributed dur
ing the continuation phase to the overall sterilizing activity of the treatment (Table 
3.13). 

Table 3.12. Experimental activity of pyrazinamide (PZA) in combination with isoniazid 
(INH) and rifampin (RMP) during the initial phase of chemotherapy 

Drug regimena 

for 6 months 

INH + RMP 
INH + RMP + PZA during initial 2 months 

After 6-month follow-up without 
treatment 

Total mice 

52 
47 

Culture positive 

No. % 

19 
5 

36.5 
10.7 

Note: Mice were infected intravenously with 3.7 X 106 M. tuberculosis CFU. At the start 
of treatment and 14 days later, there were 1 X 107 and 4.5 X 107 CFU in spleens and 
lungs, respectively. 
aINH: 25 mglkg; RMP: 10 mg/kg; PZA: 150 mg/kg. 
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Table 3.13. Activity of pyrazinamide and isoniazid in combination with rifampin during 
the continuation phase of chemotherapy 

No. of mice culture positive 
Drug regimen" 

On completion after 6-month 
Initial 3 month last 3-month of treatment follow-up (%) 

RMP + INH RMP 1/IOb 35/53 (66) 
RMP + INH RMP + INH 1/10' 31/52 (60) 
RMP + INH RMP + INH + PZA OlIO 32/55 (58) 

Note: Mice were infected intravenously with 1.1 X 106 M. tuberculosis CPU. At the start 
of treatment and 14 days later, there were 1.1 X 107 and 6.8 X 107 CPU in spleens and 
lungs, respectively. After 3 months treatment with RMP + INH, there were II CPU in 
the spleen and 140 in lungs. 
aINH: 25 mg/kg; RMP: 10 mg/kg; PZA: 150 mg/kg. 
bOne mouse with 34 CPU in lung culture and 1 CPU in spleen culture. 
'One mouse with 1 CPU in lung culture. 

Although pyrazinamide enhances the sterilizing activity of the combination 
isoniazid-rifampin in mice as well as in humans, the response of tubercle bacilli 
in mice to the combination of the major drugs isoniazid, rifampin, and pyrazin
amide might not be totally similar to the response in humans. Actually, in two 
experiments (17,24), it was demonstrated that the daily combination rifampin + 
pyrazinamide was more bactericidal in terms of culture-negative rate on comple
tion of the 6-month treatment, and more sterilizing, in terms of prevention of 
relapses after stopping chemotherapy, than the combination isoniazid + rifampin 
+ pyrazinamide. Such results suggested the existence of some antagonism be
tween isoniazid and the combination rifampin + pyrazinamide. 

The nature of antagonism between isoniazid and the combination rifampin + 
pyrazinamide in mice could be pharmacological, microbiological, or both. Phar
macokinetic analysis demonstrated a negative interaction between isoniazid and 
rifampin because concomitant treatment with isoniazid significantly reduced the 
emax of RMP from 14 to 8 ,ug/ml and the AVe of RMP from 160 to 97 mg hIL. 
The findings in mice are possibly limited to that species because rifampin is given 
at the same dosage in mice and in humans, whereas the two other drugs, isoniazid 
and pyrazinamide, are given at a significantly higher dosage in mice than in man. 

THE ISSUES TO BE ADDRESSED BY EXPERIMENTAL CHEMOTHERAPY IN THE 

NEAR FUTURE 

Among all important issues in research for the therapy of tuberculosis in the 
1990s, at least three might be addressed by experimental chemotherapy: (i) the 
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improvement of short-course chemotherapy; (ii) the development of drug regi
mens that are active against multidrug (isoniazid plus rifampin)-resistant tuber
culosis; and (iii) the preventive and curative treatment of tuberculosis in HIV
infected subjects. 

Improvement of Short-Course Chemotherapy. In comparison with the 18-
month duration of standard chemotherapy of tuberculosis with isoniazid plus 
streptomycin and para-aminosalicylic acid (PAS), the 6-month duration of short
course chemotherapy with the three-drug combination, isoniazid, rifampin, and 
pyrazinamide, is a dramatic progress. However, from the viewpoint of patients 
and health care staff, the so-called short-course chemotherapy is still a treatment 
of long duration. Further shortening of the chemotherapy for tuberculosis could, 
in theory, be obtained from a better use of existing antituberculosis drugs or by 
supplementing the present drug combinations with new antimicrobial drugs or 
immunodulators. As none of the multiple combinations of the presently available 
drugs has demonstrated a better activity than the daily administration of all three 
drugs, an additional shortening of therapy is more likely to result from adding a 
new drug to the main three drugs than from a new combination of those already 
existing drugs. Among the newly developed antituberculosis drugs, ftuoroquino
lones are, at present, the most promising. Although one of the most recent and 
most active ftuoroquinolones against M. tuberculosis, sparftoxacin (29), failed to 
enhance the bactericidal activities of the three main drug combination during the 
initial phase of experimental chemotherapy (21), its role remains to be tested in 
the continuation phase at different dosages and rhythms of administration. 

Until now, no immunomodulator has proved to be effective in combination 
with chemotherapy. However it is conceivable that an improvement of the immune 
response of the infected host could speed up the clearing of viable M. tuberculosis 
during chemotherapy and prevent relapses after stopping chemotherapy. After 
having been infected with M. tuberculosis and treated with the same drug regimen, 
strains of mice with different genetic background relapse at a different frequency 
after stopping treatment, suggesting that the immune response is playing a role 
in the cure of tuberculosis. If the immune response of the host could be improved 
by the use of immunomodulators in the initial or the continuation phase of che
motherapy, one might expect the results of chemotherapy to be improved. 

Chemotherapy for Multidrug-Resistant Tuberculosis. Mycobacterium tuber
culosis isolates that are resistant to multiple drugs, including rifampin and iso
niazid, have become a serious problem in many parts of the world (62-63). At 
present, only a limited number of alternative drug regimens are available, none 
of them is very effective, and the mortality from multidrug-resistant tuberculosis 
is high (61,63). Therefore, effective new antituberculosis drugs with bactericidal 
mechanisms different from those of the presently available drugs are urgently 
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needed to treat multidrug-resistant tuberculosis as well as to improve the anti
bacterial activity of chemotherapy against fully drug-susceptible organisms. In 
this respect, all new antimicrobial drugs with antituberculosis activity should be 
tested in combination with the "reserve" drugs to which multidrug-resistant M. 
tuberculosis are most likely to be still susceptible, such as cycloserin, ethambutol, 
kanamycin, and amikacin, as well as the "first-line" drug, pyrazinamide, to which 
the multidrug-resistant strains remain sometimes susceptible. 

As an example, the antituberculosis activity of sparftoxacin has been tested in 
combination with "reserve" drugs in the initial phase of chemotherapy. The com
bination of sparftoxacin with kanamycin and pyrazinamide was less actively bac
tericidal than the combination of sparftoxacin with streptomycin and pyrazin
amide but was as bactericidal as the combination of isoniazid, rifampin, and 
pyrazinamide (21). 

A technical point concerning the assessment of new drugs for the treatment of 
multidrug-resistant tuberculosis should be emphasized. We do not recommend 
testing their activity directly against multidrug-resistant strains of M. tuberculosis 
in the mouse for the following two reasons: (i) because of their usually high 
resistance to isoniazid, multidrug-resistant strains are potentially of less virulence 
for the guinea pig (64) and the mouse, and, consequently, the disease that follows 
the infection may be difficult to standardize; (ii) it is preferable to avoid the 
biohazards related to the manipulation of multidrug-resistant strains of M. tuber
culosis. Actually, the most simple and suitable mouse model for testing new drugs 
or drug combination active against multidrug-resistant strains is the mouse in
fected with the highly virulent, fully drug-susceptible M. tuberculosis H37Rv 
strain and not treated with isoniazid and rifampin! 

Chemotherapy of Tuberculosis in HN-Infected Subjects. Subjects coinfected 
with M. tuberculosis and the human immunodeficiency virus (HIV) are at much 
higher risk of developing clinically active tuberculosis than HIV -negative subjects 
infected with M. tuberculosis (65-67). For this reason, preventive therapy of tu
berculosis in HIV -positive subjects has often been advocated. The efficacy of such 
therapy can be tested in the mouse model on the condition that the mouse is 
suffering from some immunodeficiency. Because of their lack of cell-mediated 
immunity, athymic nude mice (15) have been used for that purpose despite the 
fact that they can mimic the most severe immunodeficient status of patients with 
advanced acquired immunodeficiency that occurs during the natural course of 
HIV infection. In these mice, the response to treatment with some drug regimens 
(e.g., rifampin plus pyrazinamide daily or rifapentine alone given every 2 weeks) 
was less favorable than in normal mice. With other regimens, (e.g., isoniazid 
alone), the response was at least as favorable as in normal mice. Therefore, the 
immunologic status of the host might interfere with the response of tuberculosis 
infection to chemotherapy. In addition, after stopping therapy, virtually all treated 
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nude mice relapsed, suggesting that preventive therapy for tuberculosis may have 
to be given on a lifelong basis to immunodeficient persons. 

Until now, no long-term experiment of tuberculosis curative therapy has been 
undertaken in immunodeficient mice, although it would be of great interest from 
the public health point of view to determine the optimal length of time during 
which the optimal drug combination should be given to prevent relapse after 
stopping treatment in the immunodeficient host. 

3. Experimental Chemotherapy of Disseminated Mycobacterium avium
Complex Infection in Mice 

Only recently, the disseminated M. avium-complex (MAC) infection has be
come an important subject for chemotherapy research due to the epidemic of 
AIDS, because MAC infection is the most common disseminated bacterial infec
tion in patients during the later stage of AIDS. For experimental chemotherapy 
research of MAC infection, because of its easiness of handling, especially when 
relatively large sample size is needed, the mouse is the animal of choice; in fact, 
very few other species of animal have been selected for this purpose (68). 

3.1. Factors That Interfere with the Results of Experimental Chemotherapy 
of MAC Infection 

As already described earlier in the section two on tuberculosis, results of ex
perimental chemotherapy of MAC infection are also mediated by three factors: 
the immunological status of the host, the strains of MAC, and the antimicrobial 
activities of the drug to be tested. 

THE MOUSE 

To establish the experimental infection of MAC infection, different kinds of 
mice have been used: immunocompetent (normal) mice (69-73), thymectomized 
and CD4 T-cell-deficient C57BII6 (T X CD4 -) mice (74), C57BII6J bgifbgi 

(beige) (75-77), and congenital athymic (nude) mice (69,73). 
The MAC may multiply in normal mice (69-73), and the available results 

indicate that their responses to chemotherapy (70-73) are basically in agreement 
with those obtained from other mouse models, including the beige mouse model 
(77). However, unlike the disseminated MAC infection in patients with AIDS, 
the multiplication of MAC in normal mice is self-limited, the CFU (loglO) per 
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organ rarely reach 108 even 6 months after intravenous inoculation with 1.5 X 

101 CFU per mouse (72), and only results in a chronic and nonfatal infection (69-
72). Susceptibility to the infection of MAC varied among the strains of mice; 
based on CFU counts, the C57BII6 and BALB/c mice are more susceptible than 
other strains (69,78). 

T X CD4 - mice are C57BII6 mice that had been thymectomized at 4 weeks 
of age, followed 1 week later by intravenous infusion with monoclonal antibody 
to selectively deplete CD4 + T cells (74). In terms of CFU counts, it was found 
that both beige and T X CD4 - mice were more susceptible to the MAC infection 
than were immunocompetent C57BII6 mice (74). However, T X CD4 - mice were 
less susceptible to MAC infection in the lungs than were beige mice (74), and it 
seems rather demanding to organize a moderate-scale experiment using T X 

CD4 - mice because the manipulations to remove the thymus and to deplete CD4 + 

T cells are laborious. 
The nude mouse is susceptible to MAC infection (69,73), but, to our knowl

edge, its susceptibility to MAC has not been properly compared with that of the 
beige mouse. Therefore, whether or not the nude mouse has a role in experimental 
chemotherapy research of MAC infection remains unclear. The major disadvan
tage in using nude mice, as compared with other mouse models, is the difficulties 
in handling because they must be kept in a specific pathogen free (SPF) condition. 
The interest in using nude mice for experiments of MAC infection might be 
revived in the future if it turns out that the infection of the beige mouse model 
cannot satisfy all experimental purposes. 

To date, the beige mouse is the most widely used animal model for experiments 
of MAC infection. It is more susceptible to MAC than is immunocompetent 
mouse (73,74,78), probably in relation to its deficiency in natural killer cells (79). 
After intravenous inoculation, MAC multiply more or less progressively in beige 
mice and result to a fatal infection in a significant proportion of animals. Another 
important feature of the beige mouse is that it can be kept in conventional con
ditions. 

THE STRAIN OF MAC 

It is well known that the virulence varied among the strains of MAC. For 
example, the following are claimed to be virulent strains by different investigators: 
M. avium 724 and M. intracellulare D673 (69), M. intracellulare 578-1 (75,78), 
and MAC strain 101 (9). However, in a study involving three strains of MAC 
(101, Lpr, and MOl), the mortality rate of untreated control mice did not differ 
significantly among animals inoculated with different strains but was correlated 
with the inoculum size and the duration of the experiment (77). Unlike the H37Rv 
strain for M. tuberculosis, there is no standard strain of MAC for animal experi
ment; nevertheless, to date, strain 101 is widely used in most laboratories. 
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In most laboratories, only transparent colonies are used for animal inoculation 
because they are known to be associated with higher virulence to experimental 
animals (80-82) and resistance to most antimicrobial agents and chemicals 
(83,84). 

THE DRUGS 

Different classes of antimicrobials, including almost all the antituberculosis 
drugs, have been tested for their activities against MAC in mice, especially in the 
beige mouse model (77,85-92). However, apart from clarithromycin, the list of 
drugs that show bactericidal effects against MAC in beige mice is rather short 
(77). The activities of individual drugs will be discussed in later sections. 

3.2. Assessing the Efficacies of Antimicrobial Agents Against MAC in the 
Beige Mouse Model 

BASIC METHODS 

Mice. In general, 6-IO-week-old beige mice, with body weights 18-20 g, are 
inoculated. We use female mice only, as in the experiments of M. tuberculosis or 
M. leprae; some investigators also use male beige mice, caged separately from 
the females. The number of mice required in the experiment depends on the 
number of groups and number of mice per group, and the latter depends on the 
number of sacrifices for each group. Whenever possible, at least eight mice are 
sacrificed at each time point per group. When calculating the required number of 
mice, the mortality of mice during the course of the experiment should always 
be taken into account. The mortality rates depend on the duration of experiment, 
and varies among the groups (77). The mortality rate in untreated controls and 
mice treated with effective regimen is estimated respectively to be 20-30% and 
10% in a 4-week experiment, and increased to 50% and 15%, respectively, if the 
experiment lasts for 12-16 weeks; for those mice treated with regimens whose 
efficacy remains to be identified, their mortality should be estimated as that of 
untreated control mice. 

Inoculation of Mice. To prepare the inoculum, we normally collect 300-400 
colonies, predominantly smooth and transparent, of MAC from 10% oleic acid
albumin-dextrose-<:atalase (OADC)-enriched 7HIl agar medium and subculture 
them in 100-120 ml of Dubos broth at 37°C for 7 days. The turbidity of the 
resulting suspension is adjusted with normal saline to match that of a standard 
suspension of M. bovis BCG (1 mg/ml), and the suspension is further diluted five
fold for inoculation (77). The inoculum contains about 107 CFU/ml, as determined 
by plating five appropriate dilutions on 10% OADC-enriched agar medium. Each 
mouse is inoculated with 0.5 rnl of MAC suspension via the tail vein. 
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Chemotherapy. Either the next day (Dl) or 14 days (DI4) after inoculation, 
10 mice are sacrificed for establishing the baseline (pre-treatment) values of 
spleen weights and organ CFU counts. The remaining mice are allocated ran
domly to an untreated control group and various numbers of treated groups, and 
treatments are begun on the same day. In general, the drugs are administered six 
times weekly through an esophageal cannula, except that aminoglycosides are 
injected subcutaneously. The duration of treatment varied from 4 to 16 weeks 
(77 ,93,94), depending on the objectives of the experiment: If the purpose is only 
to determine the drug activity, 4 weeks of treatment is enough; whereas if the 
purpose is related to the selection of drug resistant mutants, treatment should be 
given for at least 12 weeks (93,94). To date, virtually no experiment was devoted 
to evaluate the sterilization effect of the treatment; with the currently available 
drugs (77), probably no sterilization will be observed, even though the duration 
of treatment was continued for 24 weeks. To avoid or reduce the carryover effects 
of the drugs on the number of CFU, treated mice are sacrificed 48-72 h after 
administration of the last dose of treatment. 
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Figure 3.12. Scattergram of spleen CFU (IoglO) against spleen weight (mg) of 150 mice. 
After inoculation with 106 70 CFU of MAC strain 101 per mouse, treatment was begun on 
Dl at a frequency of six times weekly and continued for 4 weeks. All mice were sacrificed 
48 h after the last dose of treatment. 
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Assessment of the Results. Mortality, spleen weights, and the number of CFU 
in the organs (spleens, lungs, and livers) are applied as parameters for assessing 
the severity of infection and the effectiveness of treatment. As shown in Figure 
3.l2, there is a linear correlation between the spleen weights and the spleen CFU 
counts; in other words, the greater the spleen weight, the higher the CFU count. 
The bactericidal effect of the treatment is defined as a significant decrease in the 
mean number of CFU in the treated group from the pretreatment value. For the 
experiments related to the selection of drug-resistant mutants, the CFU of drug
resistant mutants in the organs are also determined. 

MAJOR FEATURES OF DISSEMINATED MAC INFECTION IN UNTREATED 

CONTROL MICE 

Two weeks after inoculation, deaths begin to occur in untreated control mice, 
then their frequency gradually increases. As mentioned already, the mortality was 
about 10-30% by the end of 4 weeks, and more than 50% by the end of 14 weeks 
(77 ,94). The mortality data indicate that the nature of disseminated MAC infection 
in beige mice was chronic rather than acute, as was originally thought (75). From 
an experimental chemotherapy point of view, such a mortality rate is annoying 
because it is not high enough to easily make a distinction between an active 
treatment and an inactive one and it interferes significantly with the enumeration 
of CFU, by far the most important parameter in assessing the in vivo activity of 
the antimicrobial treatment. 

The splenomegaly is observed the day after inoculation; the mean spleen weight 
increases tremendously during the initial 14 days, becoming about six to eight 
times greater than the normal value, slightly increases, and reaches the peak at 
16 weeks (Fig. 3.13). 

The CFU counts progressively increase in the spleens and lungs, often reach 
1010 per spleen or lung at 16 weeks after inoculation, and do not increase further 
afterward (Fig. 3.14). The mean number of CFU increases by more than two 
orders of magnitude between D 1 and 4 weeks and by two to three orders of 
magnitude between 4 and 16 weeks, suggesting that the multiplication of MAC 
is more rapid during the early stage of infection, slowing down after, perhaps as 
the result of an immune response. 

DETERMINATION OF THE ANTI-MAC ACTIVITY OF A SINGLE DRUG 

The anti-MAC activities of 4-week monotherapy with clarithromycin (CLARI), 
rifampicin (RMP) , rifabutin (RBT), amikacin (AMIKA), ethambutol (EMB), 
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Figure 3.13. Mean spleen weights in various groups of beige mice. Treatments began 4 
weeks after inoculation with M. avium strain IOJ and continued up to the end of the 20th 
week. All drugs were given by gavage, except AMIKA was administered by injection, six 
times weekly at the following dosages: CLARI 200 mg/kg, AMIKA 100 mg/kg, RBT 10 
mg/kg, and EMB 125 mg/kg. 
Columns: I-noninfected D I; 2--control D I; 3--control 2 weeks; 4-noninfected 4 
weeks; 5--control 4 weeks; 6-control II weeks; 7--control 16 weeks; 8-noninfected 
20 weeks; 9--control 20 weeks. Columns 10-16 are results from treated mice sacrificed 
at the end of the 20th week: IO-CLARI alone; II-CLARI + (AMIKA 2 weeks); 12-
CLARI + (AMIKA 4 weeks); 13-CLARI + (AMIKA 8 weeks); 14-CLARI + RBT; 
15-CLARI + EMB; J6-CLARI + EMB + RBT. 

sparfloxacin (SPFX), and clofazimine (CLO) were compared in beige mice. These 
compounds represent almost all the classes of antimicrobials with potential activ
ity against MAC, and their activities were compared in a single experiment. The 
mean spleen weights and the, mean number of CFU in the spleens and lungs of 
each group of mice are presented in Table 3.14. 

The results indicate that CLARI was active, as shown by the significantly lower 
spleen weights and the number of CFU in the organs of all three treated groups 
(50, 100, and 200 mg/kg) compared with those of untreated control mice sacri
ficed simultaneously (p < .01). The activity of CLARI was dose related because 
the spleen weights and CFU counts decreased progressively when the dosages of 
CLARI increased. At a daily dose of 50 mg/kg, CLARI displayed only a bacte
riostatic effect, whereas at a dose of 200 mg/kg, it was bactericidal, and 4 weeks 
of treatment reduced the number of CFU by 1 loglO unit from the pretreatment 
values. Because CLARI at a dosage 200 mg/kg displayed similar bactericidal 
activity against all three strains of MAC tested in our laboratory, because the same 
dosage of CLARI was active against all four other strains of MAC tested by other 
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investigators (96), and because all AIDS patients with disseminated MAC infec
tion responded favorably to treatment with CLARI (30,31), it is reasonable to 
assume that if a drug was truely active against MAC, it should be expected to be 
active, as in the case of CLARI, against the majority of the MAC strains in beige 
mice as well as in patients with disseminated MAC infection. 

Both RMP and RBT were inactive. AMIKA and EMB displayed modest de
grees of bactericidal activity that were similar to that of CLARI at 100 mg/kg. 
SPFX showed a dose-related bacteriostatic effect, and the activity of SPFX 100 
mg/kg was similar to that of CLARI 50 mg/kg. CLO displayed a very weak 
bacteriostatic effect that was similar to or weaker than that of SPFX 50 mg/kg. 
Although it was observed that the cultures were either negative or showed very 
low CFU counts in the organs from mice that had been treated with longer du
ration of CLO-containing regimens (77,85,86), it is concluded that the negative 
cultures or low CFU counts were due to the carryover of CLO in the medium 
(77). 

DETERMINATION OF THE ANTI-MAC ACTIVITY OF COMBINED THERAPY 

The activities of various multidrug regimens that did not include CLO were 
compared in beige mice. After 4 weeks of treatment, both the spleen weights and 
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Figure 3.14. Number of CFU of total organisms and of CLARI-resistant mutants in spleens 
of untreated control and treated groups in which resistant mutants were isolated. Each 
mouse was inoculated intravenously with 106.70 CPU of MAC strain 10 I. Treatment began 
at 4 weeks and continued up to 20 weeks. All drugs were given by gavage six times weekly 
at the following dosages (mg/kg): CLARI 200, RBT 10, and EMB 125. Solid lines rep
resent the curves of total organisms; dotted lines represent the curves of CLARI-resistant 
mutants. 
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Table 3.14. Mean spleen weights and organ CFU counts in control groups and mice treated 
with various antimicrobials for four weeks" 

Group Spleen weight CPU (log",) per organh 

[daily dose (mg/kg)] (mg) Spleen Lung 

Noninfected, D 1 80 ± 12 NDc ND 
Infected and untreated 111± 16 5.39 ± 0.29 4.12 ± 0.23 

(control), DI 
Control, D 14 649 ± 188 7.04 ± 0.33 5.42 ± 0.87 
CLARI 200 D 14 137 ± 40 4.00 ± 0.52 2.75 ± 0.43 
Noninfected, D28 75 ± 18 ND ND 
Control, D28 740 ± 230 7.57 ± 0.59 6.46 ± 0.62 
CLARI (50) 340 ± 115 5.52 ± 0.51 3.78 ± 0.69 
CLARI (100) 275 ± 102 5.17 ± 0.27 3.09 ± 0.89 
CLARI (200) 137 ± 60 4.00 ± 0.54 2.48 ± 0.57 
RBT (10) 748 ± 294 7.63 ± 0.37 6.15 ± 0.23 
RMP (10) 782 ± 179 7.62 ± 0.24 6.51 ± 0.53 
AMlKA (100) 221 ± 56 5.17 ± 0.17 2.15 ± 0.63 
EMB (125) 294 ± 61 5.27 ± 0.43 3.33 ± 0.37 
EMB (125) + RBT (10) 375 ± 97 5.53 ± 0.50 3.53 ± 0.48 
SPFX (50) 472 ± 137 6.50 ± 0.42 4.89 ± 0.30 
SPFX (100) 411 ± 189 5.89 ± 0.48 3.71 ± 0.43 
CLO (20) 553 ± 102 6.52 ± 0.22 5.88 ± 0.25 

aTreatment was begun on Dl and was continued to D28. Mice were sacrificed 48 h after 
the last dose of treatment. Each figure represents the mean of 10 mice. 
hThe CPU was enumerated on 10% OADC-enriched 7Hll agar medium. 
'Not determined. 

Table 3.15. Mean spleen weights and organ CPU in control groups and mice treated with 
various multidrug regimens 4 weeks" 

Mean Mean CFU (lOglO)h per 
spleen 

Group weight (mg) Spleen Liver Lung 

Control (before treatment) 519 ± 86 7.93 ± 0.55 7.91 ± 0.55 6.33 ± 0.33 
Control (end of treatment) 960 ± 166 8.75 ± 0.52 8.93 ± 0.37 8.63 ± 0.28 
CLARI alone 736 ± 134 7.34 ± 0.90 7.42 ± 0.50 6.70 ± 0.37 
CLARI + EMB + RPT 536 ± Il2 6.58 ± 0.71 6.90 ± 0.25 5.14 ± 0.37 
CLARI + EMB + RMP 556 ± 89 6.73 ± 0.57 6.96 ± 0.71 05.24 ± 0.19 
CLARI + EMB + RBT 463 ± 102 6.87 ± 0.45 7.20 ± 0.46 5.01 ± 0.53 
CLARI + EMB + SPFX 717 ± 192 7.14 ± 0.22 7.17 ± 0.23 5.49 ± 0.33 

aMice were sacrificed 48 h after administration of the last dose of treatment. Each value represents 
the mean of 7-10 mice. 
hThe CFU were enumerated on 5% DADC-enriched Mueller-Hinton agar medium. 
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the CFU counts of the treated groups were significantly smaller than those for 
the corresponding control mice (Table 3.15), indicating that all the treatments 
were active. The activity of the combination CLARI-EMB-SPFX did not differ 
significantly from or was only slightly better than that of CLARI alone; the ac
tivities of the three combinations consisting of CLARI + EMB, + RMP, or RBT, 
or RPT were virtually the same and were slightly greater than that of CLARI 
alone. Therefore, the combination of EMB with either SPFX, RMP, RBT, or RPT 
did not or only marginally increased the activity of CLARI, indicating that the in 
vitro synergistic effects of the triple-drug combinations containing both CLARI 
and EMB (95) were not confirmed in beige mice. 

In other experiments, the activities of 16 weeks of treatment with various 
CLARI-containing multidrug regimens were compared with CLARI alone. Treat
ments began 4 weeks after inoculation with MAC strain 101 and were continued 
up to the end of the 20th week. As expected, by the end of treatment, the mean 
number of CFU in every treated group was significantly smaller (p < .01) than 
the pretreatment values (Table 3.16); thus, all the regimens studied displayed a 
certain degree of bactericidal activity against the MAC strain. Among the groups 
treated with CLARI-containing combined regimens, only those treated with 16 
weeks of CLARI plus an initial 4 weeks of AMIKA, CLARI-AMIKA (4 weeks), 
or 16 weeks of CLARI plus an initial 8 weeks of AMIKA, CLARI-AMIKA (8 
weeks), yielded mean CFU counts in both the spleens and lungs less than those 

Table 3.16. Mean CFU counts in the spleens and lungs of beige mice 

Time after Mean CFU (I0glO) per 

inoculation Group 11 Spleen Lung 

D1 Control 10 5.39 ± 0.29 4.12 ± 0.23 
2 weeks Control 10 7.04 ± 0.33 5.42 ± 0.87 
4 weeks Control 10 7.57 ± 0.59 6.46 ± 0.62 
11 weeks Control 10 8.71 ± 1.05 8.42 ± 0.63 
16 weeks ControL 10 10.09 ± 0.62 9.60 ± 0.40 
20 weeks ControL 22 10.01 ± 0.75 9.76 ± 0.70 

20 weeks CLARI aLone 8 4.92 ± 0.48 4.55 ± 0.58 
CLARI + (AMIKA 2 weeks) 10 4.21 ± 1.08 [0.105]" 3.59 ± 1.12 [0.0441 
CLARI + (AMIKA 4 weeks) LO 3.43 ± 0.55 [<0.01] 3.38 ± 0.75 [<0.0 I] 
CLARI + (AMIKA 8 weeks) 9 2.59 ± 0.67 [<0.01] 3.26 ± 0.42 [<0.011 
CLARI+RBT 10 4.69 ± 0.47 [0.311] 4.15 ± 1.05 [0.3561 
CLARI+ EMB 9 4.43 ± 0.77 [0.141] 3.64 ± 1.05 [0.047] 
CLARI + EMB + RBT 9 4.50 ± 0.40 [0.07] 3.42 ± 0.87 [<0.0 I J 

"VaLue in brackets are p-values in comparison with the counts from mice treated with CLARI alone. 
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among the mice treated with CLARI alone. In addition, among the groups treated 
with CLARI plus various durations of AMIKA, the mean number of CFU were 
inversely related to the duration of initial treatment with AMIKA. These results 
indicate that among the regimens tested, only the combination CLARI-AMIKA 
(4 weeks) and CLARI-AMIKA (8 weeks) displayed significantly greater bacte
ricidal activity in both spleens and lungs than CLARI alone; in other words, even 
CLARI in combination with an initial 4 weeks of AMIKA made a difference in 
the bactericidal activity of CLARI. 

In separate experiments, the spleen weights and CFU counts in mice treated 
with 4 weeks of EMB-RBT did not differ significantly from those of mice treated 
with EMB alone (Table 3.14); even though the treatment continued for 12 weeks, 
the combination merely displayed a bacteriostatic effect (77). Therefore, the com
bination EMB-RBT did not show a synergistic effect in the beige mouse model. 

SELECTION OF DRUG-RESISTANT MUTANTS AND PREVENTING THE SELECTION 

BY EFFECTIVE MULTIDRUG THERAPY 

Although CLARI is by far the most important antimicrobial agent for the treat
ment of disseminated MAC infection in AIDS patients, CLARI-resistance devel
oped rapid in patients (97,98). To reproduce, experimentally, the emergence of 
drug-resistance during treatment of MAC infection, we have successfully selected 
the CLARI-resistant mutants and also prevented the selection by effective mul
tidrug regimens in beige mice (77,93,94). The CLARI-resistant mutants are de
fined as those who multiplied on 10% OADC-enriched agar (7Hl1 or Mueller
Hinton) medium containing CLARI at concentration four times of the MIC. 

Our repeated experiments demonstrated that the frequency or the proportion of 
CLARI-resistant mutants in an untreated bacterial population (i.e., the ratio be
tween the number of CFU of CLARI-resistant organisms and the total CFU) is 
basically constant, about 1 per 108 (77,93,94). To increase the opportunity in 
selecting the CLARI-resistant mutants, treatments should begin when the CFU 
was far greater than 107 per spleen, normally 4 weeks after intravenous inoculation 
with 106-107 CFU/mouse (77,93). 

In untreated control mice, a small number of CLARI-resistant mutants began 
to be isolated from some of the spleens at the end of 6 weeks (77) and were 
isolated from the great majority of spleens around 10 weeks when the total CPU 
was greater than 108 per spleen (77 ,94). Although the number of resistant mutants 
was slightly increased afterward, the proportion of resistant mutants remained 
constant (Fig. 3.14). Preliminary results indicate that the mutants resistant to drugs 
other than CLARI may also be isolated from untreated control mice when the 
bacterial population has reached a certain size. 

In mice treated with CLARI 200 mg/kg alone daily, in spite of a significant 
decrease of the total CFU in the spleens, a small number of CLARI-resistant 
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mutants were isolated from majority of the spleens after 4 weeks of treatment 
and were isolated from virtually all CLARI-treated mice after 8 weeks of treat
ment (95). Besides the progressively increase of the number of resistant mutants, 
the proportion of resistant mutants also increased significantly, which may be as 
high as 1 per 101 to 1 per 102 at the end of 12-16 weeks of treatment, indicating 
that the mutants were selected during the course of monotherapy with CLARI. It 
seems mutants resistant to other drugs are also likely to be selected by a similar 
mechanism, as long as the monotherapy displays enough bactericidal effect. 

CLARI-resistant mutants were also isolated from mice treated with 12 weeks 
of MINOCYCLINE (CLARI-MINO) (10), or 16 weeks of CLARI-EMB, 
CLARI-RBT, or CLARI-EMB-RBT (94) (Fig. 3.14). The CFU counts and the 
proportion of CLARI-resistant mutants isolated from these groups did not differ 
significantly from those of mice treated with CLARI alone, indicating that MINO, 
EMB, and RBT given alone or in combination could not prevent the selection of 
mutants resistant to CLARI. The activities of 12-16 weeks of treatment with 
MINO, EMB, RBT, or EMB-RBT were so weak that they were unable to contain 
the multiplication of the tiny number of CLARI-resistant mutants, estimated to 
be less than 10094 CFU per spleen at the beginning of treatment (77 ,94). 

However, no CLARI-resistant mutants were isolated from mice that had been 
treated with 12 weeks of CLARI-AMIKA (77). We further demonstrated that 
multiplication of CLARI-resistant mutants was significantly reduced in mice 
treated with 16 weeks of CLARI plus an initial 2 weeks of AMIKA [CLARI
AMIKA (2 weeks)], and their selection was prevented by treatment with CLARI
AMIKA (4 weeks) or CLARI-AMIKA (8 weeks) (94), suggesting that 2 weeks 
of AMIKA killed the majority of CLARI-resistant mutants and 4-8 weeks of 
AMIKA completely killed the mutants. This is the first demonstration that a 
companion drug has successfully reduced or prevented the selection of CLARI
resistant mutants. However, because the concentration of MAC in AIDS patients 
with disseminated MAC infection may be hundred times greater than that in beige 
mice at the time when the treatment was begun (94), the number of CLARI
resistant mutants in AIDS patients might be more than two orders of magnitude 
greater than that in the beige mice. Therefore, with respect to the optimal duration 
of treatment with AMIKA, one should be extremely cautious in extrapolating the 
results from beige mice to AIDS patients. 

In summary, only c1arithromycin, azithromycin (90,92), and amikacin dis
played in the beige mouse model definite bactericidal activities against MAC; 
ethambutol showed marginal bactericidal effect; sparftoxacin and c10fazimine dis
played weak bacteriostatic activities; and rifamycin derivatives (rifampicin, rifa
butine, rifapentine, and possibly others) were virtually inactive. The in vitro syn
ergistic effects against MAC which have frequently been observed in various 
ethambutol-containing combined regimens have not been confirmed in beige 
mice. Clarithromycin-resistant mutants of MAC have been selected in beige mice 
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during the course of monotherapy with clarithromycin. Among the combined 
regimens, only treatment with clarithromycin combined with amikacin could pre
vent the selection of clarithromycin-resistant mutants. Because the bactericidal 
activity of clarithromycin, azithromycin, and amikacin are modest to moderate, 
it is unlikely that combinations of these drugs would be capable of sterilizing the 
disseminated MAC infection in AIDS patients. Therefore, additional drugs, es
pecially with bactericidal mechanisms entirely different from those of available 
agents, are needed; and the most realistic and economic approach is to continue 
the screening of anti-MAC activities among antimicrobial agents that display 
potent activities against gram-positive microorganisms. 
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Controlled Clinical Trials in Tuberculosis: 
Lessons to Be Drawn 

s. Radhakrishna 

Any drug combination has to be assessed ultimately in humans, irrespective of 
how successful it is in the test tube or in experimental animals. In other words, 
it must be subjected to a clinical trial of some sort. Only rarely does the investi
gator have in his possession a wonder drug such as a penicillin or an insulin, the 
efficacy of which is so obvious that it needs little rigorous investigation. More 
often than not, he is in the position of having to determine whether a new drug 
or regimen is indeed better (i.e., has greater efficacy or produces fewer side ef
fects) than the standard, and the magnitude of the expected difference is not 
dramatically large. It is such situations that the randomized controlled trial (RCT) 
is designed to meet. One of the earliest, and still perhaps the most lucid, expo
sitions of the controlled clinical trial was made by Bradford Hill (1). The ingre
dients of a good clinical trial include the following: a detailed description of the 
treatment regimen (drugs, dosage, rhythm, duration); a clear statement of the 
objectives (e.g., efficacy, toxicity, acceptability), together with the order of pri
orities; precise specification of the type of patients to be admitted (i.e., eligibility 
criteria, contraindications); the use of concurrent controls obtained by a process 
of random allocation; explicitly described procedures for ensuring similarity in 
the subsequent management of patients in the different treatment groups; and 
objective evaluation of the outcome measures, supported by tests of statistical 
significance. 

Over the years, RCT has been widely used to investigate treatment regimens 
in both communicable and noncommunicable diseases. Also, the underlying prin
ciples and methodology have been employed to answer important questions per
taining to operational aspects of disease control programs and to evaluate the 
relative merits of different program policies. In the field of tuberculosis, the tool 
has been very extensively employed, leading not only to better treatment regimens 
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in both developed and developing countries but also resulting in great advances 
in the principles of treatment of the disease (2). In the process, several valuable 
lessons have been drawn and these will now be highlighted, * mainly with ex
amples from pulmonary tuberculosis with drug-susceptible organisms. 

1. Tuberculosis Can Be Treated with Drugs 

In the prechemotherapy era, tuberculosis used to be treated by providing pa
tients with bed rest, nutritious food, and a salubrious environment, and by em
ploying some procedures such as artificial pneumothorax or pneumoperitoneum. 
The discovery of streptomycin in 1944, para-aminosalicylic acid (PAS) in 1946, 
and isoniazid in 1952 changed the scenario and, through the medium of the con
trolled clinical trial, it was firmly established that tuberculosis can be successfully 
treated with drugs. The first trial was conducted in the United Kingdom by the 
British Medical Research Council (MRC) in 1947, and it evaluated the efficacy 
of streptomycin (2 g per day, given in four injections at 6-h intervals) for 4 months 
in patients under bed rest; an untreated group of patients (obtained by a process 
of random allocation of all eligible cases) on bed rest only constituted the control, 
a practice that was justified with the argument that streptomycin was the only 
drug available at the time and was in short supply. The study report (3) stated in 
the preamble that "the natural course of pulmonary tuberculosis is in fact so 
variable and unpredictable that evidence of improvement or cure following the 
use of a new drug in a few cases cannot be accepted as proof of the effect of that 
drug" This was a profoundly true statement, considering the fact that several 
unjustified and erroneous claims had been made on the basis of empirical (un
controlled) evaluation of treatment modalities (e.g., gold treatment, blood-letting). 

The main findings of the MRC Trial (3) are summarized in Table 4.1. By 6 
months, only 7% of the streptomycin patients had died as compared with 27% of 
the control patients; these proportions increased to 22% and 46%, respectively, 
by the end of the year, but the gulf between the two series persisted and was 
statistically highly significant (p = .01). Moreover, among the survivors, 55% of 
the streptomycin patients as compared with only 11 % of the control patients 
showed considerable x-ray progress (p < .001). Finally, culture negativity oc
curred significantly more often in the treated patients, the proportions being 19% 
and 2% in the two series at 3 months and 15% and 4% at 6 months. Thus, the 
trial, the first controlled trial of its kind to be reported, provided a very clear-cut 

*The notations employed in the tables and text in this chapter are S for Streptomycin, P for para
aminosalicylic acid (PAS), H for isoniazid, M for matrix isoniazid (slow-release preparation), T for 
thioacetazone, R for rifampicin, Z for pyrazinamide, and E for ethambutol. The number entered before 
the drug(s) indicates the duration in months, and the subscript below the drug indicates the number 
of days in a week for which it is prescribed, if it is other than 7 (i.e., daily). 
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Table 4.1. First controlled trial of the efficacy of drug therapy in tuberculosis 

Streptomycin 
(4 months) Control Difference 

Death by 6 months 7% of 55 27% of 52 20% 
Among survivors 

Considerable X-ray progress 55% of 51 11% of 38 44% 
Any x-ray deterioration 22% of 51 47% of 38 25% 

Culture negative 
At 3 months 19% of 54 2% of 50 17% 
At 6 months 15% of 54 4% of 50 11% 

Death by 12 months 22% of 55 46% of 52 24% 

Source: Ref. 3. 

answer in the affirmative regarding the early efficacy of streptomycin in the treat
ment of tuberculosis and became a trendsetter for similar controlled trials in the 
future. A valuable lesson had been learned, not only regarding the efficacy of an 
antituberculosis drug but also about the scope and utility of the controlled clinical 
trial approach. 

2. Addition of a Second Drug Enhances the Efficacy of Monotherapy 

Although streptomycin prevented a large proportion of the deaths (over 70%) 
in the first 6 months and substantially enhanced the proportion of patients who 
showed considerable x-ray progress (Table 4.1), the results were not as satisfac
tory in terms of culture negativity, with only 15-20% of the patients having neg
ative cultures by 3-6 months. The major reason for this was the early development 
of resistance to streptomycin; thus, 85% of the cultures tested showed strepto
mycin resistance in vitro (3). The addition of a second antituberculosis drug, PAS, 
improved the efficacy substantially, as was demonstrated in a controlled clinical 
trial in the United Kingdom (4), which also showed that the PAS was largely 
successful in preventing the emergence of resistance to streptomycin (Table 4.2). 
In a similar manner, controlled clinical trials in Madras (5) and East Africa (6) 
proved beyond doubt that the addition of PAS led to a substantial enhancement 
of the efficacy of monotherapy with isoniazid (Table 4.2) and that isoniazid re
sistance emerged much less frequently with combined chemotherapy. That two 
drugs are better than one was also confirmed by the outcome of controlled trials 
in the United Kingdom and the United States (7,8) that assessed the impact of 
administering streptomycin with isoniazid (Table 4.3). The main advantage of 
using concurrent controls and randomization was that not only was the conclusion 
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Table 4.2. Addition of second drug (PAS) enhances efficacy of monotherapy 

PS S 
Progress (3 months) (3 months) Difference Ref. 

Culture negativity 33% of 46 19% of 48 14% 4 
X-ray improvement at 3 months 75% of 53 70% of 54 5% 
X-ray improvement at 6 months 87% of 53 74% of 54 13% 
Streptomycin resistance by 3 months 6% of33 57% of 47 51% 

PH H 
Progress (1 year) (1 year) 

Moderate or more x-ray improvement 85% of 86 62% of 86 23% 5 
Culture negativity 90% of 82 51% of 84 39% 
Favorable response 86% of 86 44% of 86 42% 
Isoniazid resistance at 3 months 9% of 22 75% of 48 66% 

PH H 
Progress (1 year) (1 year) 

Moderate or more x-ray improvement 82% of 34 63% of38 19% 6 
Culture negativity 84% of 31 57% of30 27% 
Cavitation less or disappeared 100% of 29 89% of28 11% 
Favorable response 81% of 31 36% of 36 45% 
Isoniazid resistance at 3 months 27% of 15 83% of 30 56% 

Table 4.3. Addition of second drug (streptomycin) enhances efficacy of monotherapy 

SH daily H daily 
Progress (3 months) (3 months) Difference Ref. 

Moderate or considerable 
x-ray improvement 38% of 142 22% of 120 16% 7 

Culture negativity 67% of 117 37% of 101 30% 
H resistance 13% of 23 62% of 53 49% 

S2H7 H7 
Progress (40 weeks) (40 weeks) 

Moderate or marked x-ray 
improvement 59% of 195 51% of 205 8% 8 

Culture negativity 79% of 195 65% of 205 14% 

S = streptomycin 
H = Isoniazid 
S2H7 = Streptomycin twice a week and isoniazid given daily, seven days a week 
H7 = Isoniazid given daily, seven days a week. 
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unbiased but also insight was gained regarding the mechanism by which two drugs 
proved to be more efficacious than single drugs in controlling the disease. 

3.1 A Third Drug in the Initial Intensive Phase Chemotherapy Can 
Enhance Efficacy 

The addition of a third drug (streptomycin) in the initial intensive phase (Table 
4.4) enhanced the efficacy oftwo-drug regimens containing isoniazid and a weak 
second drug such as PAS or thioacetazone (9-11). However, in the case of a two
drug regimen containing two strong bactericidal drugs such as isoniazid and strep-

Table 4.4. A third drug in the initial intensive phase can enhance efficacy 

Duration of Favorable 
Treatment third drug response Difference Ref. 

PH(12) 84% of 81 9 
SPH(12) 6 weeks 97% of 70 13% 
PH(8) 80% of 217 10 
SPH(8) 6 weeks 88% of 241 8% 
TH(12) 79% of 181 II 
STH(12) 2 months 90% of 162 11% 

Table 4.5. Duration of streptomycin in the initial intensive phase 

TH for 18 months with the following 
duration of streptomycin supplement 

o weeks 2 weeks 4 weeks 8 weeks 

Moderate or more x-ray 
improvement at 12 months 89% (136)" 90% (153) 91%(152) 90% (153) 

Cavitation disappeared by 12 
months 55% (122) 62% (141) 59% (145) 55% (137) 

Culture negative at 6 months 85% (144) 90% (156) 95% (151) 97% (154) 
Culture negative at 12 months 88% (145) 89% (158) 93% (153) 96% (159) 
Favorable response at 12 

monthsb 88% (147) 90% (161) 94% (159) 96% (162) 
Favorable response at 18 monthsc 87% (146) 87% (157) 93% (156) 96% (156) 

Source: Ref. 12. 
"Numbers in parentheses are the denominators on which the percentages are based. 
bBased on sputum culture results at 10, 11, and 12 months. 
cBased on sputum culture results at 15, 16, 17, and 18 months. 
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tomycin, the addition of a weak third drug such as PAS, even when given for the 
entire duration of treatment, did not prove to be beneficial (10); a corollary from 
this finding was that three drugs are not always better than two (which may be 
contrary to intuitive thinking), a conclusion that would not be readily accepted if 
it had not been ensured that all other things were equal, through the instrument 
of a randomized controlled trial. 

Having demonstrated that a 2-month streptomycin supplement enhanced the 
efficacy of thioacetazone plus isoniazid (11), it was pertinent to inquire what the 
optimal duration should be for the streptomycin supplement. This was a question 
that could be answered only through a randomized controlled trial, such as the 
one conducted by the East African and British Medical Research Councils (12), 
the main findings of which are summarized in Table 4.5. There was an increasing 
trend in the response with an increasing duration of the streptomycin supplement 
from 2 weeks to 4 weeks to 8 weeks-for instance, the proportions of patients 
who were culture negative at 6 months were 85%, 90%, 95%, and 97% for strep
tomycin supplements of 0, 2, 4, and 8 weeks, respectively, a significant trend (p 
< .001). A similar trend was seen in the proportions classified as having a fa
vorable response at the end of treatment, these being 88%, 90%, 94%, and 96%, 
respectively (p < .01). At 18 months, however, there appeared to be no impact 
from a 2-week supplement, and 8 weeks appeared to be optimal. 

4. Isoniazid in a Single Dose Is Better Than in Two Divided Doses 

In a concurrent comparison of a standard double-drug regimen of isoniazid 
plus PAS and three regimens of isoniazid alone (5), a special comparison of 
interest was between isoniazid 400 mg in a single daily dose and isoniazid in the 
same daily dosage but in two divided doses of 200 mg. The findings are sum
marized in Table 4.6 and clearly demonstrate that the single daily dose regimen 
was superior. This was a surprising finding at the time, especially because phar-

Table 4.6. Comparison of isoniazid in one or two daily doses 

Isoniazid 400 mg daily for 12 months 

Single dose Two doses 
At one year (400 mg) (200 mg X 2) Difference 

Considerable x-ray improvement 55% of 64 36% of 66 19% 
Cavitation disappeared or less 87% of 63 72% of 61 15% 
Culture negative 76% of 62 59% of 64 17% 
Favorable response 73% of 64 58% of 66 15% 

Source: Ref. 5. 
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macological studies showed that the duration for which a minimal inhibitory 
concentration of isoniazid (0.2 /lglml) was maintained in rapid inactivators of 
isoniazid was markedly less for the single-dose regimen (12-18 h) than for the 
divided-dose regimen, namely 24-26 h (13). From this finding was born the idea 
that intermittent high doses of drugs would probably be as effective as conven
tional daily doses. This led to investigations of an intermittent regimen, which 
had the potential advantage that it could be administered on a fully supervised 
basis, thereby tiding over the knotty problem of noncompliance and the associated 
possibility of concealed irregularity in drug intake. 

5. Supervised Intermittent Chemotherapy Is as Effective as Self
administered Daily Chemotherapy 

The path-breaking classic investigation on this subject was reported from Ma
dras as a preliminary communication in 1963, and a fuller report appeared in 
1964 (14). In a randomized controlled trial of a fully supervised twice-weekly 
regimen of streptomycin plus high-dosage isoniazid and a conventional self-ad
ministered daily regimen of PAS plus isoniazid, a favorable response at 1 year 
was observed in 94% of the former and 85% ofthe latter (Table 4.7). Furthermore, 
over a 4-year period of follow-up, the proportions of patients who had a relapse 
requiring treatment were 5% and 10%, respectively (15), proving that the good 
results obtained initially with the twice-weekly regimen were maintained over a 
long period of follow-up. 

Other randomized controlled trials followed (Table 4.7), which established the 
similarity of efficacies of twice-weekly streptomycin plus isoniazid and daily 

Table 4.7. Supervised intermittent chemotherapy is equally effective 

Favorable 
Treatment regimen No. of response 

(12 months) patients at one year Ref. 

PH 66 56 85% 14 

S2H2 72 68 94% 

STH (1 month)/TH 136 127 93% 16 
STH (1 month)/S2H 2 99 87 88% 

SPH (2 weeks)IPH 83 72 87% 17 
SPH (2 weeks)1P2H2 90 79 88% 

RH 39 36 92% 18 

R2H2 41 36 88% 
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thioacetazone plus isoniazid (16), twice-weekly and daily regimens of PAS plus 
isoniazid (17), and twice-weekly and daily regimens of rifampicin plus isoniazid 
(18). The net result of all these controlled trials was that the concept of fully 
supervised intermittent chemotherapy was established beyond all doubt. An im
portant conclusion had been drawn and a major gain obtained in the management 
of tuberculosis patients. 

The encouraging findings led to ambitious investigations of fully supervised 
once-weekly regimens, as they would be easier to organize under field conditions. 
Whereas once-weekly regimens from the very beginning proved to be unsatisfac
tory (Table 4.8), a regimen of streptomycin plus isoniazid daily for 4 weeks, 
followed by streptomycin plus high-dosage isoniazid once a week for the rest of 
the year yielded satisfactory results in general, and especially excellent results in 
slow inactivators of isoniazid (19). A fallout of this study was the recognition of 
the fact that the rate of inactivation of isoniazid is an important prognostic factor 
in once-weekly chemotherapy, unlike daily therapy. Subsequent controlled trials 
showed that the concomitant administration of PAS (20) or the use of matrix 
isoniazid [i.e., a slow-release preparation of isoniazid (21)] in the continuation 
phase (5-52 weeks) could not compensate for the inadequacy of the regimen in 
rapid inactivators of isoniazid, from which it followed that the universal appli
cation of once-weekly regimens to all patients was not a practicable proposition. 

Table 4.8. Once-weekly regimens are not satisfactory in rapid inactivators of isoniazid 

Favorable Favorable response, 
response by isoniazid 

Total at I year inactivation status" 

Regimen patients Slow Rapid Difference Ref 

S2H2 96 91 95% 97% 91% 6% 19 
S,H, 77 51 66% 76% 56% 20% 
S,H,Z, 101 76 75% 87% 53% 34% 
SHlS,H, 101 89 88% 95% 76% 19% 

SHlS,H, 176 149 85% 93% 72% 21% 20 
SPHlS,P,H, 170 148 87% 95% 76% 19% 

SHlS,H, 81 74 91% 98% 82% 16% 21 
SHlS,M, 87 78 90% 98% 83% 15% 

Note: All regimens were of 12 months' duration. The initial intensive phase was 4 weeks 
and the continuation phase was 48 weeks for the fourth regimen in the first study (19) and 
for all regimens in the second and third studies (20,21). 
"Determined by estimating the serum isoniazid concentration at 4'/2 h after an intramuscular 
test dose of isoniazid 3 mg/kg body weight. 
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This was a valuable lesson, for it indicated that the interval between successive 
doses could not be stretched to more than 3-4 days in routine clinical practice. 

6. Short-Course Chemotherapy of 6 Months' Duration Is as Effective as 
Standard-Duration Chemotherapy 

A major practical problem with the application of standard-duration regimens 
is ensuring regularity in self-administration of drugs for long periods of time (12-
18 months). Fully supervised intermittent chemotherapy, although effective, can
not always be organized, especially in rural settings. There was, therefore, a need 
for evolving shorter-duration regimens, which would not only lead to a favorable 
bacteriological status at the end of treatment but also maintain the satisfactory 
state after the discontinuation of treatment. Four short-course regimens of 6 
months' duration were compared with a standard I8-month regimen in a large 
randomized controlled trial in East Africa (22), and the valuable lessons drawn 
from this classic study have altered management practices tremendously. The 
basic short-course regimen was 6 months of daily streptomycin plus isoniazid; 
the addition of rifampicin, pyrazinamide, or thioacetazone to this regimen con
stituted the other three short-course regimens. The most valuable lesson learned 
from this trial was that a short-course regimen of 6 months of streptomycin plus 
rifampicin plus isoniazid was as highly effective as the standard I8-month regi
men (Table 4.9). Other important conclusions were that when pyrazinamide was 
substituted for rifampicin, the regimen was less effective (p = .06), although still 
satisfactory. Thioacetazone as the third drug was, however, ineffective, and 6 
months of streptomycin plus isoniazid was very inadequate, the relapse rate over 
a I-year follow-up period being as high as 27%. Such clear-cut conclusions could 
not have been drawn in the absence of a well-designed controlled trial. In a 
collaborative United States Public Health Service (USPHS) trial (23), a 6-month 
regimen of rifampicin plus isoniazid had a relapse rate of 9.2% during an obser
vation phase of 21 months, which reduced to 1.6% in patients who had a 9-

Table 4.9. Short-course chemotherapy for 6 months is as effective as conventional 
standard chemotherapy 

Assessed Relapse during 
Regimen Total Success for relapse 7-18 months 

6SHR 176 100% 156 4 3% 
6SHZ 180 100% 166 13 8% 
2STHJ16TH 170 98% 139 3 2% 
6SHT 154 100% 102 22 22% 
6SH 180 99% 114 31 27% 

Source: Ref. 2. 
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Table 4.10. Rifampicin or pyrazinamide is not necessary throughout the treatment period 

Assessed Relapse during 
Regimen Total Success for relapse 7-30 months 

6SHR 181 100% 171 4 2% 
6HR 183 99% 164 12 7% 
2SHRZ/4TH 191 100% 179 13 7% 
2SHRZl4S2H27 +2 179 99% 159 7 4% 

Source: Ref. 24. 

month continuation phase with isoniazid and ethambutol (p < .001). A valuable 
lesson from these two trials was that two-drug regimens for 6 months would be 
inadequate, and even a three-drug regimen would be satisfactory only if it in
cluded rifampicin. 

A subsequent trial from East Africa (24) confirmed that the three-drug regimen 
of streptomycin, isoniazid, and rifampicin was highly effective (Table 4.10), and 
that a two-drug regimen (by omitting streptomycin) had a higher relapse rate (p 
= .06). It also suggested that it was not necessary that rifampicin or pyrazinamide 
be prescribed for the entire 6-month period, because 2 months of streptomycin, 
isoniazid, rifampicin, and pyrazinamide followed by 4 months of thioacetazone 
plus isoniazid had a relapse rate of 7%. Another valuable inference from this trial 
was that the initial phase of chemotherapy was particularly important, as both 
regimens with a four-drug initial intensive phase were reasonably satisfactory. 

Further probes on the duration and number of drugs in the initial intensive 
phase, as well as the drugs, the rhythm, and duration of the continuation phase, 
were taken up in another well-designed controlled trial (25). This study was 
planned to investigate whether shortening the initial intensive phase (with four 
drugs) from 2 months to 1 month would affect the efficacy ofthe 6-month regimen 
assessed in an earlier trial (24), whether pyrazinamide was really necessary in the 
initial phase, whether continuation chemotherapy with twice-weekly streptomycin 
plus isoniazid plus pyrazinamide would be more effective than standard thioac
etazone plus isoniazid, and whether extending the total duration of chemotherapy 
to 8 months (from 6 months) would appreciably lower the relapse rates with each 
of the regimens. That so many important questions could be investigated in one 
study is a tribute to the versatility of the controlled clinical trial approach, com
bined with an efficient experimental design. The findings (Table 4.11) showed 
that the 2SHRZ/6TH regimen was highly effective with a relapse rate of 0%, the 
95% confidence limits being 0% to 4%. The factorial design of the trial also led 
to the conclusion that 8 months of treatment was better than 6 months to contain 
relapse (p < .001), a conclusion that was similar to that reached from a trial in 
Hong Kong (26). These findings suggested that the sterilizing role of short-course 
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Table 4.1l. Short-course regimens with initial intensive phase of one or two months 

Initial 6-Month regimen 

intensive Continuation Relapse during 
phase phase Total 7-30 months 

2SHRZ 4 (6) TH 75 10 13% 
ISHRZ 5 (7) TH 79 14 18% 
ISHRZ 5 (7a) S2H2Z2 75 7 9% 
2SHR 4 (6) TH 82 15 18% 

a Five months of S2H2Z2 followed by 2 months of TH. 
Source: Ref. 25. 
S = Streptomycin 
H = Isoniazid 
R = Rifampin 
Z = Pyrazinamide 
T = Thiacetazone 

8-Month regimen 

Relapse during 
Total 9-30 months 

81 0 0% 
58 4 7% 
88 2 2% 
77 5 6% 

S2H2Zz = Streptomycin, Isoniazid, Pyrazinamide given twice a week. 

chemotherapy was not only a function of the drugs in the regimen but also a 
function of the total duration of chemotherapy in regimens with a relatively weak 
continuation phase. Shortening the initial intensive phase to 1 month carried a 
therapeutic penalty, but this could be overcome by strengthening the regimen in 
the continuation phase (from TH to S2H2Z2) [see footnote on page 99]; and finally, 
pyrazinamide did seem to have an important role in the initial intensive phase. 

Most of the successful short-course regimens studied consisted of daily che
motherapy for at least a part of the total duration of treatment, and their success 
was probably dependent on regular drug intake, which was sometimes ensured 
by hospitalization. Fully supervised drug administration is an attractive alternative 
but is not easy to organize on a daily outpatient basis. However, if the short-course 
regimen is intermittent throughout, total supervision on an outpatient basis could 
be feasible. Several such 6-month regimens were investigated by the Tuberculosis 
Research Centre in Madras (27); the initial intensive phase consisted of 2 months 
of thrice-weekly or twice-weekly streptomycin, rifampicin, isoniazid, and pyra
zinamide and this was followed by 4 months of twice-weekly chemotherapy 
(SRH, RH, SH) or once-weekly chemotherapy (SRH, RH). The relapse rates over 
a 5-year period were similar for the 10 regimens, the overall mean being 7.7% 
and the 95% confidence interval being 6.0% to 9.4% (Table 4.12). The controlled 
trial approach, supported by good experimental design, resulted in 10 effective 
regimens, the most attractive among them probably being 2S2H2R2Z/4RIHI that 
had a relapse rate of 8% over a 5-year period (i.e., in 54 months after stopping 
treatment). All the 10 regimens studied had a streptomycin component, which 
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Table 4.12. Fully supervised intermittent short-course regimens for 6 months are effective 

Initial intensive Continuation phase Total patients Relapse during 
phase (2 months) (4 months) assessed 7-60 months 

2S3R3H3Z3 4R2R2H2 90 6 7% 
4R2H2 94 7 7% 

4S,R,H, 99 6 6% 
4R,H, 96 5 5% 
4S2H2 89 7 8% 

2S2R2H2Z2 4S2R2H2 89 7 8% 
4R2H2 90 8 9% 

4S,R,H, 103 7 7% 
4R,H, 92 7 8% 
4S2H2 95 12 13% 

Total 937 72 7.7% 

Source: Ref. 27. 

Table 4.13. Fully supervised oral intermittent chemotherapy for 6 months is effective 

Relapse during 
Rhythm Drugs Total 7-18 months 

Daily 6ZHRE 161 0.6% 

Thrice weekly 6ZHRE 164 4 2.4% 

1 
1.5% 

Thrice weekly 6SZHRE 150 I 0.7% of 
Thrice weekly 6SZHR 150 2 1.3% 464 
Thrice weekly 6SHRE 160 12 7.5% 

Source: Ref. 28. 

meant that facilities for giving injections had to be available. In situations where 
this is not feasible, fully supervised oral intermittent regimens would be the ob
vious solution. A randomized controlled trial in Hong Kong (28) showed that 
fully supervised oral chemotherapy for 6 months with thrice-weekly regimens 
containing pyrazinamide was effective (regimens 2--4 in Table 4.13), the pooled 
relapse rate being 1.5% (95% confidence limits 0.4% to 2.6%) compared with 
0.6% (95% confidence limits 0.0% to 1.8%) with a 6-month daily regimen of 
pyrazinamide, isoniazid, rifampicin, and ethambutol. 
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7. Duration of Short-Course Chemotherapy in Smear-Positive Patients 
Cannot Be Less Than 5 Months 

The gratifying finding that short-course chemotherapy for 6 months was as 
effective as conventional duration chemotherapy raised hopes of developing reg
imens that would have even shorter duration, i.e., 3 or 4 months. A trial undertaken 
in South India by the Tuberculosis Research Centre in Madras and the National 
Tuberculosis Institute in Bangalore (29) showed that a 3-month daily regimen 
with streptomycin, rifampicin, isoniazid, and pyrazinamide had an unacceptably 
high relapse rate of 20% by 24 months (i.e., 21 months of follow-up), but this 
could be lowered to 4% if chemotherapy was given for 2 more months, on a 
twice-weekly basis, with streptomycin, isoniazid, and pyrazinamide (Table 4.14). 
This trial also showed that rifampicin in the initial intensive phase was absolutely 
essential, for the nonrifampicin regimen had a substantially higher relapse rate of 
13%. 

Table 4.14. Less than 5 Months of short-course chemotherapy is inadequate in smear-
positive patients 

Regimen Total Relapse Ref. 

3SRHZ 200 39 20% 29" 
3SRHZ/2S2H2Z2 187 8 4% 
3SHZl2S2H2Z2 199 25 13% 

1 
30b 

SRHZlRHZ 104 17 16% 13% 
SRHZIRH 104 11 11% of 
SRHZIHZ 98 31 32% 208 

SRHZIHZ 98 31 32% 

1 
34% 

SRHZIH 105 32 30% of 
RHZIH 100 40 40% 303 

2SRHZl2RHZ 79 9 11% 31 ' 
2SRHZl4RHZ 78 0 0% 

2SRHZl3S2H2Z2 129 7 5% 32<1 
2SRHZl5S2H2Z2 132 0 0% 
2SHZl5S2H2Z2 269 7 3% 

"Relapse was assessed up to 24 months. 
bInitial intensive phase for 8 weeks followed by continuation phase for 9 weeks, making 
a total of 4 months; period of follow-up was 24 months after cessation of chemotherapy. 
'Relapse was assessed up to 30 months. 
"Relapse was assessed up to 24 months. 
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Five short-course regimens, each of 4 months' duration, were investigated in 
East Africa (30). Over a 2-year period of follow-up, all had disappointingly high 
relapse rates (Table 4.14), although the rate was substantially less in the regimens 
that contained rifampicin throughout (13% of 208) than in the others (34% of 
303). The 4-month regimen with rifampicin had a high relapse rate in the study 
in Singapore also (11 % of 79), which was reduced to 0% by extension of the 
continuation phase to 4 months (i.e., total duration ofthe regimen being 6 months) 
(31). 

Finally, over a 2-year period of follow-up, a 5-month regimen consisting of 
daily streptomycin, rifampicin, isoniazid, and pyrazinamide for 2 months fol
lowed by 3 months of twice-weekly streptomycin plus isoniazid plus pyrazin
amide had a relapse rate of 5% in Madras (Table 4.14), which was reduced to 0% 
by extending the continuation phase by 2 months (i.e., total duration of treatment 
being 7 months) (32). A 5-year report showed that the corresponding relapse rates 
were 7.1 % and 4.0%, respectively (33); this trial also showed that the omission 
of rifampicin in the initial intensive phase increased the relapse rate over the 5-
year period to 6.7%. 

The net result of all these controlled trials was a clear-cut conclusion that the 
duration of chemotherapy for patients with smear-positive tuberculosis could not 
be reduced to less than 5 months. 

8. Role of Maintenance Chemotherapy in the Prevention of Relapse 

Although conventional regimens of I-year duration produced very satisfactory 
results in patients with drug-susceptible organisms, it was important to know the 
extent to which the bacteriological quiescence attained was stable and whether 
further chemotherapy could reduce the likelihood of relapse. The role of main
tenance chemotherapy with isoniazid in low dosage (200 mg) was therefore in
vestigated, with concurrent placebo controls, in randomized trials (34,35). These 
established that isoniazid in a daily dosage of 200 mg in the second year was 
wholly adequate in patients with no residual cavitation at 1 year but was only 
50% effective in those with residual cavitation (Table 4.15). A further trial (36) 
showed that increasing the daily dosage to 400 mg conferred no further benefit 
in the latter; also shown was that in patients with no residual cavitation, a shorter 
duration of isoniazid, even with a higher dose (300 mg), was not sufficient, the 
prophylactic efficacy being only 60%. (36). These were valuable lessons, but they 
had not completely answered the management problem, especially in patients with 
residual cavitation. Moreover, daily isoniazid would need to be self-administered 
by the patient, a practice fraught with the danger of noncompliance. Fully super
vised once-weekly chemotherapy is an attractive alternative and was, therefore, 
investigated in a subsequent controlled trial (37). A 6-month regimen of once
weekly streptomycin plus high-dosage isoniazid was demonstrated to be as ef
fective as daily isoniazid for 12 months in patients with no residual cavitation at 
1 year, the relapse rates up to 5 years being 2% of 98 and 1 % of 90, respectively; 
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Table 4.15 Role of maintenance chemotherapy with daily isoniazid in the second year 

First study" Second study' 

Cavitation Relapse 

status at Treatment in Treatment in requiring 
I year second year Total Relapse' second year Total treatment' 

Cavitated Placebo 41 6 14.6% Placebo 58 13.8% 
Isoniazid 200 mg for Isoniazid 400 mg for 

12 months 55 4 7.3% 12 months 63 4 6.3% 

Noncavitated Placebo 107 17 15.9% Placebo 118 14 11.9% 

Isoniazid 200 mg for Isoniazid 300 mg for 
12 months 103 1.0% 6 months 127 6 4.75 

"Data from Refs. 34 and 35. 
''Data from Ref. 36. 
'In second, third, fourth, and fifth years. 

it was highly effective in patients with residual cavitation also if administered 
throughout the second year, the relapse rates being 3% of 87 as compared to 21 % 
of 94 in patients who received placebo in the second year (37). The controlled 
clinical trial approach had thus provided invaluable information on the role of 
maintenance chemotherapy. 

9. Domiciliary Treatment Is as Effective as Sanatorinm Treatment 

Although enough evidence was available about the high degree of effectiveness 
of chemotherapy in the mid-1950s, the general consensus at the time was that 
admission of the infectious patient to sanatorium was essential, because it would 
ensure that the patient had a balanced diet, adequate rest, and regular drug inges
tion and the family contacts would not be further exposed to infection. However, 
the number of available sanatorium beds was woefully inadequate in most de
veloping countries where tuberculosis was a major problem. Domiciliary che
motherapy seemed to be the obvious solution, but before it could be implemented 
as a policy, it was important to verify whether the immediate results of domiciliary 
outpatient treatment would be highly satisfactory, whether subsequent relapse 
rates would be acceptably low, and whether there would be any additional risk to 
the close family contacts from treating the infectious patient at home. A random
ized controlled trial in South India (38), referred to as the "Madras Experiment," 
compared home treatment (i.e., outpatient treatment) with sanatorium treatment 
in about 200 patients, all of whom were prescribed a standard daily regimen of 
isoniazid plus PAS for 1 year. The radiographic and bacteriological progress of 
the patients in the two series are summarized in Table 4.16. In view of the un
usually large differences between the two series (despite random allocation) in 
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Table 4.16. Comparison of Home Treatment and Sanatorium Treatment 

Observed percentage Adjusted percentagea 

Progress in Home Sanit. Home Sanit. 
0-12 months (a) (b) alb (c) (d) c/d 

Considerable or more x-ray 
improvement 41% 52% 79% 44% 49% 90% 

Cavitation disappeared 37% 54% 68% 43% 48% 89% 
Culture negative (at 12 

months) 87% 94% 93% 90% 94% 96% 
Favorable response at the end 

of treatment 84% 92% 91% 86% 92% 94% 

Total patients 82 81 82 81 

"Percentage adjusted statistically for unusually large differences between the home and the 
sanatorium series in the extent of cavitation and lung disease involvement at the start of 
treatment. 
Source: Ref. 38. 

the initial condition of the patients (the home patients were worse off in terms of 
the extent of cavitation and the number of lung zones involved in disease), the 
observed results were adjusted statistically and the results are also tabulated in 
the right-hand section of Table 4.16. These indicate that the response to home 
treatment was only slightly less good than the results of sanatorium treatment. 
Further, among males in the two series who were in very similar pretreatment 
condition, the results were virtually identical (38). 

Over a 4-year period of follow-up, the relapse rate was 7% in 57 home patients 
and 10% in 69 sanatorium patients (34). Over the 5-year period, 5% of the 91 
allocated home patients and 6% of the 94 allocated sanatorium patients had died 
of tuberculosis; 4% in each series had bacteriologically active disease at 5 years 
and 90% and 89%, respectively, had bacteriologically quiescent disease (34). 

In initially uninfected (tuberculin negative) contacts, the attack rate of tuber
culosis over a 5-year period was 10.5% of 86 if the infectious patient was treated 
at home and 11.5% of 87 if he/she was segregated (and treated) in a sanatorium, 
a finding which indicated that the contacts of home patients were at no greater 
risk of acquiring tuberculosis than the contacts of patients isolated in a sanatorium 
(39). 

Other noteworthy findings of this policy study were that diet was not important, 
either for the attainment of bacteriological quiescence (40) or its maintenance 
over a 4-year period of follow-up (41), and that strenuous physical activity and 
overcrowded living conditions for home patients and the stress of returning to an 
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unfavorable home environment in the case of sanatorium patients had no bearing 
on the likelihood of bacteriological relapse (41). 

The net effect of the innumerable valuable lessons learned from this controlled 
investigation was that domiciliary outpatient chemotherapy became the sheet an
chor for the tuberculosis program in several developing countries. This probably 
is the most beneficial outcome from the controlled trial approach, from the point 
of view of global containment of tuberculosis. 

10. Policy of Home Visits to Outpatients to Promote Compliance 

Failure of outpatients to collect drugs and consume them, especially after the 
disappearance of symptoms, is a chronic problem in domiciliary chemotherapy, 
and different techniques are empirically employed to monitor and promote com
pliance. One such method, employed in East Africa, was to make two surprise 
home visits per month for 18 months to check on drug regularity, motivate the 
patient to be compliant, and remind him of the date of his next clinic attendance. 
The findings, as quoted from Ref. 2, are that the proportion of defaulters was 
17% at 12 months, 20% at 18 months, and 35% at 36 months. These figures were 
not appreciably lower than the corresponding proportions of 22%, 24%, and 38%, 
respectively, in patients who received no such home visits, indicating that there 
was no great merit in organizing a prophylactic home visiting program. The pro
portion of patients with quiescent disease at the different time points also con
firmed this conclusion (2). Two reasons can be advanced for these findings which 
go against the grain of intuition. One is that it was possible to organize the surprise 
home visits on only 71 % of the occasions, and of these, the patient was actually 
seen in 69% of the visits (i.e., in an overall proportion of only 49% of the total 
intended number of occasions) (42). The other is that some patients who were 
visited may have been compliant in any case and not in need of any motivating 
home visits. The lesson from this policy study was that the limited resources 
available should be targeted to retrieving defaulters. 

11. Policy for Managing Default in Outpatients 

In many countries, a recommended procedure for retrieving defaulters is to post 
a reminder letter on the fourth day after the missed appointment and follow this 
up, if necessary, with a home visit by a health visitor or social worker 7 days 
later. The effectiveness of the policy was investigated in South India, and as there 
were reasons to believe that this policy may not be highly effective on account 
of high illiteracy rates, it was compared with a more intensive policy that consisted 
of a personalized home visit (on the fourth day), followed, if necessary, by three 
more home visits (43). A randomized controlled clinical trial approach was em-
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Table 4.17. Two policies of default management in outpatients 

Retrieved after first 
defaulter action (all 
episodes) 

Mean number of defaults 
All 6 collections in first 6 

months 
Mean number of 

collections in 12 months 
12 collections in 15 months 

Routine policya 

56% of 193 

3.7 
41% of75 

8.6 

52% of 67 

aFor details of routine and intensive policies, see text. 
Source: Ref. 43. 

Intensive policy 

65% of 132 

2.9 
68% of 75 

9.8 

69% of 71 

ployed, and the findings are summarized in Table 4.17. It can be seen that retrieval 
after the first defaulter action was about 10% better with the intensive policy 
(home visit) than the routine policy (letter-posting), also that the mean number 
of defaults was reduced by over 20%, from 3.7 to 2.9. Further, in terms of drug 
collections, 68% of the intensive-policy patients as compared with only 41 % of 
the routine-policy patients collected all drug supplies in the first 6 months (p < 
.01), and the mean numbers of drug collections in the year were 9.8 and 8.6, 
respectively (p = .03). Finally, 12 collections in a period of 15 months (satisfac
tory completion of the regimen under program conditions) were made by 69% of 
the intensive-policy patients and 52% of the routine-policy patients (p = .07). 
The important lesson from this policy study was that speedy personalized contact 
with the defaulting patient would be more effective than impersonal letters in the 
post. 

12. Policy of Prescribing Vitamins or Antihistamines as Prophylactics 

Thioacetazone, an inexpensive drug, was found to be a useful companion drug 
to isoniazid in several studies, but there was some apprehension regarding the 
incidence of side effects, which led to the routine prescription of prophylactics 
in the form of vitamins and antihistamines in some parts of Asia. The efficacy of 
such supplements is difficult to determine in routine clinical practice because 
some of the side effects may resolve on their own, whereas others may well be 
coincidental. The use of randomized concurrent controls and the double-blind 
technique is the most satisfactory method of evaluating the supplements, and this 
was exactly what Miller et al. did in an international cooperative investigation 
(44), the findings of which are summarized in Table 4.18. Over a 12-week period, 
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Table 4.18. No benefit from vitamin and antihistamine supplements 

Major departures 
Total Patients with from prescribed 

Regimen Group patients side effects" chemotherapy 

TH Additives" 584 217 37.2% 55 9.4% 
No additives 581 223 38.4% 55 9.5% 

STH Additives 707 357 50.5% 146 20.7% 
No additives 689 345 50.1% 131 19.0% 

SH Additives 696 221 31.8% 43 6.2% 
No additives 711 216 30.4% 43 6.0% 

"Vitamins plus antihistamine for 12 weeks. 
bGastric, cutaneous, vestibular, neurological, hematological, and miscellaneous. 
Source: Ref. 44. 

the additives failed to reduce the overall incidence of side effects, as did the 
frequency of major departures from the prescribed regimen. Nor was there any 
evidence that the more serious side effects, i.e. rashes, jaundice, and agranulo
cytosis, were reduced by the additives. Consequently, and in view of the high cost 
of introducing the supplements and other operational problems, the authors con
cluded that the use of prophylactic supplements could not be recommended. 

Studies in Madras had shown that a vitamin B complex preparation, which 
provided a daily dosage of 60 mg of aneurine hydrochloride, 30 mg of riboflavine, 
300 mg of nicotinamide, 6 mg of pyridoxine, 18 mg of panthenol, and 6 j.1g of 
cyanocobalamin, was effective in the treatment of peripheral neuropathy due to 
isoniazid (45). Because the incidence of peripheral neuropathy was over 50% in 
slow inactivators of isoniazid who received isoniazid 15 mg/kg body weight (45), 
a natural question was whether it would be beneficial to have a policy of routinely 
prescribing B complex (as a prophylactic) to all patients. However, such a policy 
would have greatly added to the cost of treatment and would not have been 
affordable in several developing countries. A controlled clinical trial was therefore 
undertaken to verify whether it was the pyridoxine in the B complex that was 
responsible for the protective effect (46). This study showed that peripheral neu
ropathy developed in 6 of 16 slow inactivators of isoniazid and 1 of 8 rapid 
inactivators who received B complex without the pyridoxine 6-mg component, as 
compared to none of 24 patients (14 slow, 10 rapid) who received B complex 
with the pyridoxine and none of 26 patients (18 slow, 8 rapid) who received only 
6 mg of pyridoxine. Thus, by means of a randomized controlled trial and good 
experimental design, pyridoxine 6 mg was identified as the effective agent in the 
B-complex preparation that prevented isoniazid-induced peripheral neuropathy 
and was routinely incorporated in the isoniazid tablets in all subsequent trials. 
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13. Policy Study of the Role of Pretreatment Drug Susceptibility Tests in 
the Choice of Treatment Regimens 

To commence treatment with a triple-drug regimen of streptomycin plus PAS 
plus isoniazid in all bacteriologically confirmed cases and review the chemother
apeutic regimen when the results of drug susceptibility tests become available 
was standard clinical practice in the days of conventional daily regimens. Al
though this policy might be very beneficial at the level of the individual patient, 
it is not easy to administer on a community basis, for the facilities and expertise 
required and work load involved in collecting and testing the specimens can be 
stupendous. Whether the benefit at the community level would be sufficiently large 
to warrant the extra infrastructure and work load could be an important question 
in several developing countries. It was so in Hong Kong in the early 1970s, for 
the levels of initial drug resistance were high, i.e., about 30%. A novel study, 
using the controlled clinical trial approach, was therefore undertaken in which 
three management policies were compared (47). For patients allocated to Policy 
A, streptomycin plus PAS plus isoniazid was given daily for 3 or 6 months at 
random, followed by isoniazid plus PAS for the rest of the year, without reference 
to the outcome of the pretreatment drug susceptibility results. Policy B consisted 
of treating with daily streptomycin, PAS, and isoniazid until the results of indirect 
susceptibility tests became available (by 6--7 weeks usually, but not exceeding 13 
weeks); ethionamide was substituted for the period of triple chemotherapy if 
pretreatment resistance to anyone of the three standard drugs was found, and 
three reserve drugs followed by two reserve drugs were given in cases where 
resistance to two or all three standard drugs was noted. If sensitive, treatment was 
the same as in Policy A. Patients allocated to Policy C had a rapid slide culture 
susceptibility test before the start of treatment; those with sensitive organisms 
were prescribed standard chemotherapy (SPHlPH) and others were managed as 
in Policy B. The outcome of these management policies is summarized in Table 
4.19. A favorable status was noted in 89% of Policy A patients, 92% of Policy 
B patients, and 94% of Policy C patients; the differences are small and nonsig
nificant. Further, when allowance was made statistically for differences between 
the three series in the proportions of initially drug-resistant patients (33% for A, 
25% for B, 33% for C), the difference became even smaller, the adjusted (stan
dardized) proportions being 90% for Policy A, 91 % for Policy B, and 93% for 
Policy C patients. Thus, this study based on the principles of controlled clinical 
trial approach came to the rather unexpected conclusion that the benefit from 
organizing mass chemotherapy programs on the basis of pretreatment sensitivity 
tests is, at most, very small. 

14. Policy Study of Treatment of Smear-Negative Thberculosis 

In most countries, the numbers of patients who are treated for smear-negative 
(but radiologically active) tuberculosis far exceed the numbers that are treated for 
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Table 4.19. Policy study of the role of pretreatment drug susceptibility tests 

Policy A" Policy B Policy C 

Favorable Favorable Favorable 
Pretreatment Total response Total response Total response 
susceptibility patients at 1 year patients at 1 year patients at I year 

Susceptible to all drugs 125 122 98% 144 133 92% 125 119 95% 
Resistant to 1 or more drugs 62 45 73% 48 43 90% 62 56 90% 
Total 187 167 89% 192 176 92% 187 175 94% 
Favourable response (standardized by 

direct metbod) 90% 91% 93% 

apolicy A: Treatment not dependent on pretreatment drug-susceptibility tests; policy B: Treatment 
based on results of indirect drug-susceptibility tests; policy C: Treatment based on rapid slide culture 
tests. 
Source: Ref. 47. 

smear-positive tuberculosis, and this is often a great drain on the limited resources 
available. Study of policies of treatment for the former are of considerable value, 
both to public health administrators and program managers. The controlled trial 
approach has been employed with benefit to deal with this problem in Hong Kong 
(48) where Chinese patients with radiologically active pulmonary tuberculosis but 
at least five sputum smears negative were randomly allocated to selective che
motherapy (i.e., chemotherapy with 3SPHl9S2H2 started only if culture became 
positive or radiographic or clinical deterioration occurred during follow-up), or 
to streptomycin plus isoniazid plus rifampicin plus pyrazinamide daily for 2 
months or for 3 months, or to a standard 12-month control regimen of daily 
streptomycin plus PAS plus isoniazid for 3 months followed by twice-weekly 
isoniazid plus streptomycin for 9 months. Among patients with at least one posi
tive culture on admission, neither the 2-month nor the 3-month short-course reg
imen was satisfactory, as the failure rates were 32% and 13%, respectively, over 
a 5-year period of follow-up, as compared to only 5% with the conventional daily 
regimen (Table 4.20). In patients with all negative cultures on admission, the 
corresponding rates were 11 %, 7%, and 2%, respectively. Finally, in the selective 
chemotherapy series, 57% of the patients had to have chemotherapy started during 
the 5-year period because their disease was confirmed to be active. Such a high 
proportion justified the routine policy in Hong Kong of treating all patients in 
whom active pulmonary tuberculosis was diagnosed clinically and radiographi
cally by experienced physicians, even if as many as five sputum smears were 
negative. The findings in the other three series clearly demonstrated the inade
quacy of short-course regimens of 2 or 3 months' duration, even if four potent 
drugs are employed. In a subsequent controlled trial (49), all patients were pre
scribed streptomycin, isoniazid, rifampicin, and pyrazinamide, either on a daily 
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Table 4.20. First policy study of treatment of smear-negative tuberculosis: findings at 5 
years 

(a) All cultures negative on admission 
Total Confirmed Bacteriologically 

patients active disease confirmed 
Treatment policy assessed or relapse 

Selective chemotherapY" 173 99 57% 71 41% 
2SHRZ 161 17 11% 10 6% 
3SHRZ 161 11 7% 5 3% 
3SPHl9S2H2 160 3 2% 1% 

(b) At least one positive culture on admission 
Total Failure (on C) Bacteriologically 

patients or relapse confirmed 
assessed (after A or B) 

(A) 2SHRZ 71 23 32% 16 23% 
(B) 3SHRZ 68 9 13% 7 10% 
(C) 3SPHl9S2H2 75 4 5% 1 1% 

a Antituberculosis chemotherapy was started only if culture became positive or radiographic 
or clinic deterioration occurred during follow-up. 
Source: Ref. 48. 

Table 4.21. Second policy study of treatment of smear-negative tuberculosis; findings at 
5 years 

Treatment 

Total 
patients 
assessed 

(a) All cultures negative on admission 
3SHRZ 364 
3S3H3R3Z3 345 
4S3H3R3Z3 325 

Relapse after 
end of treatment 

21 5.8% 
27 7.8% 
12 3.7% 

(b) At least one positive culture on admission 
4SHRZ 157 4 2.5% 
4S3H3R3Z3 136 3 2.2% 
6S3H3R3Z3 166 8 4.8% 

Source: Ref. 49. 

Bacteriologically 
confirmed 

10 2.7% 
10 2.9% 
4 1.2% 

4 2.5% 
1 0.7% 
3 1.8% 
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basis or a thrice-weekly basis; the duration of the daily regimen was 3 months 
for culture-negative patients and 4 months for culture-positive patients, and the 
duration of the intermittent regimen was 3 or 4 months for the former and 4 or 6 
months for the latter (Table 4.21). This study showed that whereas 3-month reg
imens were inadequate even in culture-negative patients, a 4-month regimen con
sisting of streptomycin, isoniazid, rifampicin, and pyrazinamide (daily or thrice 
a week) was satisfactory in both culture-negative and cUlture-positive patients; 
consequently, it was recommended that the country could embark on a routine 
policy of 4 months of treatment for all smear-negative patients, irrespective of 
their initial culture status. 

15. Management Policy for Patients with Thberculosis of Doubtful Activity 

The management of patients with tuberculosis of doubtful activity (e.g., as
sessed on mass miniature radiography) had posed a problem-whether patients 
should be kept on observation and the activity reassessed by serial radiographs at 
periodic intervals or whether they should be treated with antituberculosis drugs 
to prevent possible breakdown. A controlled clinical trial was undertaken by the 
Tuberculosis Society of Scotland (50) in which such patients were randomly 
allocated to at least 6 months of daily isoniazid plus PAS or to no treatment. 
Although there was some evidence that those prescribed isoniazid plus PAS re
sponded better (Table 4.22), the differences were relatively small. Moreover, the 
advice tendered to patients to take prophylactic drugs was not always accepted; 
for instance, six of the seven patients in the treatment group who deteriorated 
failed to take their chemotherapy as requested. In view of these findings, a policy 
decision was taken not to routinely recommend chemotherapy for all doubtfully 
active cases. 

Table 4.22. Pulmonary tuberculosis of doubtful activity 

Radiographic deterioration 
Radiographic or bacteriological 

deterioration 
Any radiographic improvement 
Moderate or more radiographic 

improvement 
Patients in analysis 

aBased on modified life-table calculations 
Source: Ref. 50. 

Cumulative probability at 2 yearsa 

Control group PH group 

12.% 

17.8% 
18.3% 

8.2% 
95 

8.1% 

8.5% 
30.6% 

18.0% 
94 
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16. General Discussion 

The studies described in the preceding pages have clearly portrayed the scope 
of the controlled clinical trial and documented some of the valuable lessons that 
have been learned by scientists and program managers in the field of tuberculosis. 
Nevertheless, some may wonder what the dangers are in not strictly adhering to 
the principles of controlled clinical trial methodology. These will now be dis
cussed. 

16.1. Importance oj Controls and Scopejor Erroneous Conclusions in Their 
Absence 

EFFICACY OF GOLD TREATMENT 

Numerous clinical reports had been published and exaggerated claims were 
made for gold treatment in tuberculosis. However, most of the trials lacked meth
odological rigor and were, therefore, not really conclusive. To provide a clear 
verdict, a controlled clinical trial (perhaps the first of its kind) was undertaken in 
1931 by Amberson and his colleagues (51). On the basis of clinical, x-ray, and 
laboratory findings, the authors identified 24 cases, matched them into 12 pairs, 
and allocated one member of each pair "by the flip of a coin" to Sanocrysin 
(containing 37.4% gold) injections at intervals of 4 days, for a total dosage of 
3.1-6.1 g; the other member of the pair received distilled-water injections at the 
same intervals. The treatment administered was known only to the nurse-in-charge 
and two physicians, not to the patient. At the end of treatment, 6 Sanocrysin and 
7 control patients showed improvement, 0 and 3 showed no change, 1 and 1 
became slightly worse, and 4 and 0 became much worse; one patient (Sanocrysin) 
died of parenchymatous degeneration of the liver which the authors interpreted 
as gold poisoning, and one (control) had to be transferred to another hospital for 
surgical treatment. Thus, there was no benefit from Sanocrysin, and in view of 
possible harm, the authors came to a firm conclusion that its use was not justified. 

UTILITY OF STEROIDS 

Steroids are prescribed as adjuvants to chemotherapy in the expectation that 
their immunosuppressive effect on the host might lead to multiplication of dor
mant bacilli, thereby rendering them susceptible to the bactericidal effect of an
tituberculosis drugs. Although the results of studies with conventional daily reg
imens were equivocal, interest in steroids resurfaced with the advent of 
short -course chemotherapy, consisting of three or four powerful drugs in the initial 
intensive phase. A randomized controlled trial in Madras (32) examined the value 
of the concomitant administration of steroids in the first 2 months, with three 
short-course regimens that included streptomycin, pyrazinamide, and isoniazid 
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(and, in about half the patients, rifampicin). Although all patients responded well 
and sputum conversion was speedy and this could easily have been attributed to 
the steroids, the presence of a randomized concurrent control group of patients 
who did not receive any steroids showed that there was no real benefit, leading 
the authors to conclude that steroids have little place in short-course chemother
apy, especially under program conditions in developing countries. 

DURATION OF TREATMENT 

Suppose a group of patients has been treated for, say, 3 years, and very few or 
no relapses are observed over the next 2 years. A tempting inference could be 
that all patients need to be treated for 3 years. (Recommendations for very pro
longed treatment have been made in the literature, on the basis of such evidence). 
However, whether the third year of treatment is really necessary can be really 
decided only if the relapse rate is known in patients who had only 2 years (or 
less) of treatment. In trials undertaken by the Tuberculosis Chemotherapy Centre 
in Madras, 1 of 77 bacteriologically quiescent patients who received maintenance 
therapy with isoniazid in the third year had a bacteriological relapse by 5 years 
(34,35); however, in the same trial, no relapse was observed in a parallel group 
of 74 patients who had only 2 years of treatment, demonstrating that the third 
year of treatment was unnecessary. 

INCIDENCE OF SIDE EFFECTS TO DRUGS 

Giddiness, a known side effect of streptomycin, was reported by 35% of 78 
patients who received a regimen of isoniazid plus streptomycin (14). A likely 
inference, albeit hasty, could be that one in three patients exhibit streptomycin 
toxicity. In a concurrent control group of 70 patients on isoniazid plus PAS in the 
same trial, 11 % complained of giddiness. The difference between the two pro
portions (24%, i.e., one in four) is a better estimate of the toxicity due to strep
tomycin if one notes that giddiness is not usually associated with PAS. Similarly, 
in an international study of side effects due to thioacetazone (52), 21.4% of the 
patients on a regimen of streptomycin, thioacetazone, and isoniazid had at least 
one side effect, 6.5% had an interruption of treatment, and 3.4% had treatment 
stopped. In a concurrent control group of patients treated with streptomycin plus 
isoniazid, the corresponding proportions were 7.8%, 1.6%, and 0.9%, respec
tively. Better estimates for incidence of side effects due to thioacetazone, treatment 
interruption, and treatment termination are obtained by subtracting the latter pro
portions from the former, yielding figures of 13.6% for side effects, 4.9% for 
treatment interruption, and 2.5% for treatment termination. 
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EFFECTIVENESS OF DOMICILIARY CHEMOTHERAPY AT THE COMMUNITY 

LEVEL 

To study the effectiveness of a domiciliary chemotherapy program in the control 
of tuberculosis, a study was undertaken in 12 towns in South India (53), which 
were randomly divided into 2 comparable groups of 6 towns, after taking into 
account the findings of a baseline random sample survey. In one group, designated 
as "treatment towns," intensive case-finding was undertaken by two x-ray surveys 
followed by bacteriological investigations where appropriate, and all bacillary 
cases detected were offered treatment with isoniazid alone or with isoniazid plus 
PAS. A population survey was undertaken after 2Y2 years and yet another after 4 
more years. The mean prevalence of bacillary tuberculosis (age-standardized) was 
6.81 per 1000 initially (survey I) and decreased to 5.01 in survey II and 4.83 in 
survey III; the decreases were highly significant statistically (p < .01). These 
findings would normally be interpreted as evidence of effectiveness of the treat
ment control program. However, this interpretation was radically altered when 
the findings in the six control towns (where no efforts were made by the research 
team to diagnose or treat tuberculosis) were also taken into account; in these 
towns, the baseline random sample survey and only the second population survey 
had been undertaken. Table 4.23 shows that the prevalence decreased in four 
treatment towns and five control towns, and increased in two and one, respectively. 
Also, the mean decrease of 1.1 per 1000 in the 6 treatment towns was slightly 
less than the corresponding decrease of 1.5 in the 6 control towns. It was rightly 
concluded that the treatment program per se had made no impact on the prevalence 
of bacillary tuberculosis in the community, and the authors then proceeded to 
discuss the reasons for this rather surprising finding. 

16.2. Dangers of Employing Retrospective Controls 

The need for the controls being a concurrent group is not always appreciated. 
Thus, we sometimes have situations (especially in hospitals) where the efficacy 
of a new regimen is determined in patients admitted in one year, and a comparison 
made with the efficacy of the control regimen in patients treated in previous years. 
Such comparisons are unwise, as there are many factors that could vary from one 
point in time to another. For instance, in hospital trials, the disease condition of 
the patients might be different in different years because of changes in hospital 
policy, bed strength, or diagnostic techniques. In outpatient trials, the cooperation 
shown by the patients in attending the clinic to collect drug supplies or self
administering them subsequently may vary from one year to another because of 
various socioeconomic factors. It is also likely that the overall levels of clinic 
supervision and laboratory standards for different tests may vary with time, es-
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Table 4.23. Effectiveness of domiciliary chemotherapy at community level 

Prevalence of smear-positive tuberculosis 

Base-line 
surveya 

(a) 

Treatment towns 
A 4.3 
B 3.2 
C 10.0 
D 10.3 
E 3.2 
F 4.5 

Mean 5.9 

Control towns 
G 11.2 
H 6.0 

1.8 
J 5.6 
K 7.9 
L 1.8 

Mean 5.7 

a20-25% random sample survey in 1959. 
bPopulation survey during 1965-1968. 
Source: Ref. 53. 

(per 1000 adults) 

Resurveyb 
(b) 

4.6 
2.9 
6.4 
6.9 
2.5 
5.4 
4.8 

5.5 
2.1 
1.5 
5.5 
6.7 
3.9 
4.2 

Difference 
(a-b) 

-0.3 
0.3 
3.6 
3.4 
0.7 

-0.9 
1.1 

5.7 
3.9 
0.3 
0.1 
1.2 

-2.1 
1.5 

pecially with changes in personnel. The most satisfactory way out of these prob
lems is the use of concurrent controls. 

16.3. Importance of Random Allocation 

In any controlled clinical trial, the mode of deciding the treatment regimen for 
any individual patient must not only be free of bias but also appear to be free of 
bias. If the choice is left to the clinician, there is a possibility that more ill patients 
may not be admitted to the test treatment (e.g., domiciliary chemotherapy in the 
1950s) and this could result in two groups of patients (e.g., home and sanatorium 
patients) who are not comparable initially; on the other hand, if the clinician 
believes that the test treatment is better, the bias could work in the opposite 
direction. To investigators who believe they are absolutely objective, it would be 
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relevant to recall Sir John Crofton's warning, "Let no investigator say that he is 
unbiased; he is only making it clear that he has no insight." 

Alternation is sometimes employed, but it is, again, a procedure that could lend 
itself to bias. Random allocation (i.e. allocation based on numbers generated by 
a random process) is the ideal method and is now invariably employed in all 
controlled trials. The great advantage of random allocation is that it is highly 
likely to result in the construction of groups which are similar in all characteristics: 
(a) known and measured, (b) known but immeasurable or not measured, and (c) 
the unknown. In trials that are not based on random allocation, similarity by 
characteristics in category (a) can be verified but not those in category (b) or (c); 
thus, doubt will always remain about the interpretation of any differences in re
sponse between the groups. (In the case of known and measured characteristics 
that have prognostic importance, a further precaution could be to stratify the 
patients into two or more groups-noncavitated and cavitated-and undertake the 
allocation from separate series of sealed envelopes, one for each group.) Apart 
from preventing personal bias, random allocation fulfills another important role; 
that is, it provides validity for the tests of statistical significance undertaken on 
the outcome measures. 

16.4. Dangers of Bias in the Management of the Patients After Admission 
to Trial 

Despite random allocation, the findings of a controlled clinical trial can become 
unacceptable if there has been a failure to ensure similarity in the subsequent 
management of the patients in the two series. It requires a great deal of planning 
and effort to ensure similarity during treatment. Thus, it is necessary to set out in 
advance (1) the frequency of examinations during treatment-clinical, radio
graphic, and bacteriological, (2) the nature and frequency of checks on drug 
regularity, (3) procedures for dealing with defaulters, and (4) procedures for the 
recording of symptoms of toxicity. Finally, and most important, the circumstances 
under which a patient may be withdrawn from the study must be specified in 
advance. For instance, the criteria could be serious radiographic or clinical de
terioration in the presence of a positive sputum or major drug toxicity. It must be 
emphasized that all these procedures must be implemented alike for all patients, 
regardless of the treatment regimen. 

In situations where the determination of therapeutic efficacy is the most im
portant aim of a controlled trial and can be done objectively, the physician invar
iably knows the details of the treatment regimen (drugs, dosages, and duration) 
prescribed to any individual patient. As stated above, bias in the management of 
the patients receiving different regimens is usually prevented by careful planning 
and standardization of various procedures. However, if the assessment of toxicity 
is the main aim, knowledge of the treatment prescribed may be undesirable as 



126 S. Radhakrishna 

such assessments are often subjective; for instance, giddiness due to streptomycin 
or neurologic symptoms due to isoniazid. In these circumstances, the only way 
to prevent bias is to withhold from the physician and the individual patient the 
identity of the treatment regimen prescribed to that patient. Such trials are called 
"double-blind" trials and require a great deal of planning and ingenious proce
dures to be really satisfactory. 

16.5. Care to Be Taken at the Evaluation Stage 

Although random allocation can be expected to yield two series which are very 
similar in the initial condition, analyses should nevertheless be undertaken to 
check whether the two series are, in fact, similar. If, by chance, there are any 
unusually large differences, these must be allowed for by statistical procedures 
such as standardization or analysis of covariance. In some trials, appreciable losses 
in follow-up could occur for various reasons, and such patients are then excluded 
from the analyses. In such situations, it should be verified that the reasons for 
exclusion are unrelated to the treatment regimen, that exclusions have occurred 
to similar extent in the two series, and that the baseline characteristics of the 
exclusions are not very different from those of the inclusions. Similarity in sub
sequent management also needs to be verified by direct analyses. Finally, when 
assessing radiographic progress, the assessor should be a person unconnected with 
the day-to-day management of the patients, and the radiographs must be put up 
to him in a random order. Finally, all differences of interest should be assessed 
for their statistical significance. 

17. Concluding Remarks 

The controlled clinical trial approach has made tremendous contributions to 
our understanding of the principles of the chemotherapy of tuberculosis, to the 
evolution of effective, nontoxic, and acceptable treatment regimens, and to the 
formulation of rational policy decisions in tuberculosis programs in several coun
tries. With increasing awareness of its potential and strict conformity to its rig
orous methodology, it is bound to have substantial impact on policy decisions in 
the future. 
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Chemotherapy of Tuberculosis In Developed 
Countries 

Asim K. Dutt and jay B. Mehta 

1. Introduction 

The chemotherapeutic era of tuberculosis began with the discovery of strep
tomycin (SM) in 1944 and its trial in 1945 (1,2). Soon after the introduction of 
isoniazid (INH) in 1952 (3), drug therapy was adopted as an important weapon 
in the treatment of this ancient disease. In the early stages of chemotherapy, it 
became apparent that drug resistance and treatment failure resulted when mono
therapy with SM was used to treat active disease harboring large bacillary pop
ulations (4). The addition of a second drug to the regimen, such as para-amino
salicylic acid (PAS) or INH, prevented the emergence of drug resistance and 
treatment failure (5,6). Soon, the efficacy of chemotherapy was firmly established. 
Provided that the appropriate drug combinations were utilized against susceptible 
pretreatment organisms, tuberculosis could be cured within 18-24 months. 

It very rapidly became clear that treatment of tuberculosis could be summarized 
in one word--<:hemotherapy. Mitchison's statement that host factors, such as type 
of disease and patient's immune response, decrease in importance as the potency 
of chemotherapeutic agents increase has proven to be true with the passage of 
time (7). The bacilli are killed by the drugs and not by the patient. Thus, several 
recognized aspects of therapy, such as prolonged bed rest, surgery, and nutritional 
supplements, soon became irrelevant in curing the disease. 

During the past three decades, the treatment of tuberculosis has undergone a 
revolution with the availability of more powerful bactericidal drugs. The disease 
now can be cured with only 6-9 months of therapy (8). In certain situations, 
treatment might be completed in even less than 6 months (9). 
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Although several effective antituberculosis drugs are currently available, selec
tion of appropriate therapeutic regimens and duration of therapy are revised fre
quently due to changing epidemiology. In developed countries, human immuno
deficiency virus (HIV) infection, deteriorating social conditions, such as 
homelessness, poverty, and drug abuse, and immigration from countries with a 
high prevalence of drug-resistant disease have adversely impacted the outcome 
of disease. Such factors have led to problems with compliance of therapy, resulting 
in the resurgence of drug-resistant disease. Because potent new antituberculosis 
drugs have not been added to the drug armamentarium, frequent reshuffling of 
drug regimens and their durations are made according to existing situations. Ad
ditional tuberculosis control measures are recommended for prevention of drug
resistant disease and its transmission. Directly observed therapy (DOT) is being 
advocated more frequently. Thus, a thorough understanding of the proper use of 
chemotherapeutic agents, including the use of newer drugs and other treatment 
modalities, is essential for achieving favorable outcome and eventual eradication 
of tuberculosis. 

2. Basics of Chemotherapy 

Three aspects of disease must be clearly recognized in planning chemotherapy 
for tuberculosis: (l) tubercle bacilli, (2) tuberculosis lesions, and (3) action of 
antituberculosis drugs. 

2.1. Tubercle Bacilli 

Mycobacterium tuberculosis is an obligate aerobe, which thrives best in phys
iologic pH of 7.4 and a p02 of 100-140 mm of Hg. For this reason, large popu
lations of organisms are found inside cavities where oxygen tension is high and 
the medium is slightly alkaline. Organisms are in active metabolic state and divide 
frequently in this environment (10). In contrast, the populations of bacilli in closed 
caseous lesions or within phagocytes are small and metabolize less actively due 
to reduced oxygen tension and a less favorable pH. 

Unlike other common bacteria, tubercle bacilli divide only every 16-20 h, 
making the infection chronic and indolent. For this reason, initial daily intensive 
drug therapy is necessary in order to kill large bacterial populations. After control 
of the disease is achieved, fewer drugs and less frequent doses for an extended 
period are required to fully eradicate the bacilli from the tissues. The concept of 
two-phase chemotherapy, (1) initial intensive therapy to eliminate large bacillary 
populations followed by (2) less intense therapy for a longer period after the 
popUlation has been substantially reduced (continuation phase), was developed to 
deal with this characteristic of the bacilli (11). 
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Another trait of the bacilli involves the natural occurrence of resistant mutants, 
irrespective of exposure to drugs (12). Even in virgin populations of tubercle 
bacilli, resistant mutants to any single effective drug occur with a frequency of 
10- 5-10 - 6 (13). The frequency of resistant mutants for rifampin (RIF) is 1 in 108, 

whereas it is 1 in 106 for INH and SM. In cavitary disease with positive sputum 
smears, the bacillary population may be on the order of 107-1010; there may be 
103_104 organisms which are resistant to any single effective drug. Fortunately, 
the chance of an organism being resistant to two drugs simultaneously (10- 1°-
10- 12) is virtually negligible. Monotherapy or improperly administered two-drug 
therapy allows selective survival of drug-resistant mutants with emergence of 
drug-resistant disease leading to therapy failure. 

2.2. Tuberculosis Lesions 

Mycobacterium tuberculosis exists in four separate populations in tuberculous 
lesions (Fig. 5.1), and a knowledge of this fact helps when selecting appropriate 
drugs for treatment. Large bacterial populations are present extracellularly in the 
walls of cavitary lesions which actively multiply in a neutral or slightly alkaline 
medium (14). As the cavities and caseous lesions communicate with the bronchi, 

MACROPH AGES 

Slo wly "''''lh p l ), lno 

Po pulat ion IO " -IO~ - a .• 
R""IIO" I ~ "Ionr .. 10 - 10 
PlAt 1It l', INH 

CAVITY 

ACIIV.ly M" '''p IYlnG 
Population 107 - 10. 
R .... l.lanl MloIro ,u 'l IO" '- IO· . 
S M. I HH,R I F , PZA? 

~>, 

'-

DORMANT BACIL LI 

~ .. 
01.1 ' 1'" .. ",1 

I rnmunlly. ? R IF 

0@ 
~ CLOSED LESIONS 

Slo wly "ht lt. p l Yln ljll 

Ftopu l Oll on 10 4 _10 ' 

RU I.tont M,,'anh 10·'aI0·· 
R ' ~. INH 

Figure 5.1. Bacterial populations in tuberculosis lesion. 



134 Asim K. Dutt and jay B. Mehta 

the large actively multiplying bacillary population can be recognized by a positive 
smear in the bronchial secretions. This population contains a significant number 
of resistant mutants to a single drug. Effective chemotherapy is vital in eliminating 
this large population in order to achieve control of the infection without permitting 
the survival of drug-resistant mutants (bactericidal action). Such action is achieved 
by combining potent bactericidal drugs. Second, a smaller population (102-105) 

of bacilli is located in closed caseous lesions where the multiplication is slow or 
intermittent. Third, a similar bacillary population is present inside the acid milieu 
of macrophages. These slowly or intermittently multiplying bacilli are captive and 
are not reflected in the sputum examination. Prolonged chemotherapy (continu
ation phase) is required to ensure elimination (sterilizing action) of these latter 
two bacillary populations. If not eradicated completely, these "persisters" may be 
the cause of relapse by means of late growth. Finally, a few truly dormant bacilli 
occasionally remain even after effective chemotherapy. These are generally elim
inated by the body's immune defenses. 

2.3. Antituberculosis Drugs 

Present chemotherapy for tuberculosis must be based on a combination of 
effective bactericidal drugs (14-16). The most common of these and their re
spective dosages and side effects are outlined in Table 5.1. Bactericidal drugs 
(first-line drugs) of today include INH, RIP, pyrazinamide (PZA), SM, andetham
buto1 (EMB). Due to their potency, minimal side effects, and ease of 
administration, the duration of therapy is shortened. Each bactericidal drug has 
its own mechanism and individual site of action on the bacterial population (Table 
5.1; Fig. 5.1) (10,14). Although RIF has better bioavailability on an empty stom
ach, the time of the medication can be modified to improve compliance. Drugs 
such as cycloserine are better tolerated when taken on a full stomach. Bacterio
static drugs (second-line drugs) have no place in the initial treatment of tuber
culosis. They prevent selection of drug-resistant mutants but have very little effect 
on the bactericidal activity of a drug regimen-an essential element in reducing 
the duration of therapy. With their increased side effects and low potency, bac
teriostatic agents generally are reserved for the treatment of drug-resistant disease 
or when first-line drugs are prohibited due to toxicity. The duration of therapy is 
prolonged with the use of second-line drugs. 

Streptomycin is bactericidal for the large actively mUltiplying extracellular bac
illary popUlation in the slightly alkaline medium of the liquid caseous material 
and in the walls of cavities (17,18). Both INH and RIP are effective against 
actively multiplying large extracellular popUlations, as well as against the smaller 
slowly metabolizing popUlation located in closed caseous lesions and within mac
rophages (14,15,19). Rifampin is particularly successful in eliminating bacilli 
exhibiting minimal intermittent metabolic activity and, thus, has a powerful ster-
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ilizing effect (20). Isoniazid is inferior in this aspect. Pyrazinamide has very little 
effect against extracellular populations but is bactericidal for the intracellular ba
cilli within macrophages in an acidic milieu (21). In clinical application, PZA 
appears to be more effective in the initial phase of chemotherapy, possibly by 
eliminating intracellular bacilli. Isoniazid and RIF are also quite effective against 
intracellular bacilli (17,19). However, SM does not show much activity against 
organisms in the acid medium (17). Ethambutol, when given in doses of 25 mg/ 
kg body weight daily, contributes marginally to the bactericidal drug regimen. A 
combination of INH and RIF is, therefore, bactericidal for all three bactericidal 
populations in a tuberculous lesion (Fig. 5.1). Additionally, the body's immune 
system may playa role in eliminating the few remaining truly dormant persisters 
which might have escaped during therapy. 

The majority of patients with tuberculosis are successfully treated with some 
combination of INH, RIF, PZA, SM, and EMB-standard antituberculosis ther
apy. 

3. Principles of Chemotherapy 

As mentioned earlier, chemotherapy of tuberculosis today is based on the use 
of bactericidal drug combinations. Due to the rapid destruction of bacilli and 
sterilization of lesions, the duration of therapy has been drastically reduced. The 
use of second-line drugs is generally limited to the treatment of drug-resistant 
disease when the duration of therapy is prolonged to I Y2-2 years. 

The principles of modern chemotherapy are shown in Figure 5.2. Isoniazid, 
RIF, SM, EMB, and PZA are individually capable of eliminating actively multi
plying bacilli. A combination of INH and RIP is a powerful bactericidal combi
nation, provided the organisms are susceptible (22). The addition of PZA and 
EMB or SM enhances the efficacy of the regimen and achieves sputum conversion 
to negativity in a shorter period of time (23). When treated adequately, the extra
cellular bacilli are eliminated rapidly through the bactericidal action of these 
drugs. Inadequate therapy would result in treatment failure with persistence of 
positive sputum smears beyond 3 or 4 months of therapy, generally due to de
velopment of drug-resistant organisms. After the initial phase of 1-2 months of 
intensive therapy, INH and RIF are administered daily or twice weekly with or 
without PZA. They kill the slowly multiplying bacilli within macrophages and in 
closed caseous lesions (sterilization). With adequate therapy, the lesions are ster
ilized and any lingering bacilli are eliminated, facilitating a lasting cure of the 
disease. If adequate therapy for appropriate duration is not given, relapse can 
occur after therapy has ended due to late growth of persisters which are generally 
drug-sensitive organisms. 

Thus, a combination of INH and RIF might cure drug-sensitive disease in 9 
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RIFAMPIN 
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PYRAZINAMIDE 
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Figure 5.2. Principles of modem chemotherapy of tuberculosis. 

months (22), whereas initial intensive therapy with a combination of three or four 
bactericidal drugs followed by INH and RIF further reduces the duration of ther
apy to 6 months (23). The two-drug combination of INH and RIF provides in
sufficient protection against the presence of drug-resistant bacilli to one of them; 
however, a combination of three or four bactericidal drugs guards against the 
presence of drug-resistant organisms with a favorable outcome. 

4.1 Assessment of Drug Resistance Before Initiation of Therapy 

Although effective antituberculosis drugs are available to treat drug-resistant 
disease, they carry the added problems of increased side effects, lengthy treatment, 
and high cost. The strategy should therefore be to choose initial drug combinations 
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which cure the disease on the first attempt, thereby precluding any opportunity 
for drug-resistant disease to develop. Physicians should be aware of the prevalence 
of drug-resistant organisms in their particular locales of practice when selecting 
a drug regimen. In the United States, primary resistance rose to 9% within 4 years 
(1982-1986)-mostly to INH (5.3%) and SM (4.9%) (24). Isolation of drug
resistant organisms to other drugs was rare. However, there are specific geographic 
areas where the primary resistance is more common, e.g., southern Texas, where 
primary resistance to one drug was found in 20% of patients and resistance to 
RIF in approximately 10% (25). Similarly, drug resistance, primary or secondary, 
was found to be increasing in a New York institution to at least 31 % to one drug 
and 15% to RIF (26). 

Prior chemotherapy with INH or SM is strong evidence for the presence of 
drug-resistant bacilli (24,27). In one study, the risk of relapse with INH-resistant 
organisms increased by about 4% per each month of prior therapy; even 1 month 
of treatment with INH may cause INH-resistant disease of up to 23% (28,29). In 
one southern California hospital, drug-resistant organisms were found in 71 % of 
patients with cavitary disease and who had received prior treatment (30). The 
prevalence of resistance to INH and/or SM is very high in developing countries
as much as 50% in some regions (31,32). In a Centers for Disease Control (CDC) 
survey (1982-1986), the rate of both primary and acquired drug resistance were 
two times higher among foreign-born persons than persons born in the United 
States (24). Foreign-born persons and those with infection acquired in developing 
countries, (e.g., Asia, Latin American, and Africa) must be suspected of harboring 
drug-resistant organisms. In the United States, foreign-born persons contributed 
to 30% of the total caseload in 1993 (33). Overall, non-U.S.-born individuals 
accounted for 60% of the increase in cases from 1986 through 1992 (33). History 
of previous contact with drug-resistant disease should also increase suspicion of 
drug-resistant bacilli (33-35). 

In developed countries, drug-resistant disease often develops in or is acquired 
by the homeless, drug abusers, and HIV-infected persons. Nardell et al. reported 
over 60% drug-resistant disease among homeless persons diagnosed with tuber
culosis (TB) in a Boston hostel (36). A study of social conditions of TB patients 
in New York (1982-1987) revealed resistant bacilli in 8% of patients living in 
homes, 21 % without homes, and 42% of African Americans without homes. In 
New York City, overall drug-resistant disease has been detected in a high pro
portion of cases-33% to one drug and 19% to INH and RIF. Several microepi
demics of multidrug-resistant tuberculosis (MDR-TB) with mortality rates of 80% 
or more have been reported, mostly affecting HIV-infected persons and members 
of other high-risk groups in hospitals, prisons, and residential facilities (27). 

In patients who harbor drug-resistant bacilli, use of a drug regimen containing 
only two bactericidal agents can result in development of drug-resistance to the 
second drug as well. Recognized clinical situations with risk factors for drug-
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resistant bacilli, particularly to INH, are profiled in Table 5.2. In such situations, 
chemotherapy must be initiated with a combination of at least four bactericidal 
drugs (lNH, RIF, PZA, SM, or EMB) for 6-8 weeks until the susceptibility results 
are known (22). Sometimes, regimens containing five or more drugs may be 
recommended, depending on the prevalence of MDR-TB in a particular geo
graphic region (37). 

With a combination of four bactericidal drugs, at least two will be active against 
all bacterial populations in the lesions, even when they harbor INH-resistant ba
cilli. Rifampin and SM or EMB act against such bacilli in the large extracellular 
bacterial populations, whereas RIF and PZA are effective against the occasional 

Table 5.2. Conditions with increased risk of drug-resistant TB 

1. History of previous treatment with anti-TB drugs including preventive therapy 
2. Patients from areas with high prevalence of initial or primary drug resistance (>4%), 

e.g., urban population in the northeast United States, Florida, California, U.S.-Mexican 
border, etc. 

3. Foreign-born persons from areas with high prevalence of drug resistant TB, e.g., South-
east Asia, Mexico, South America, Africa, etc. 

4. Contacts of persons with drug-resistant disease 
5. Disease in persons who are homeless, drug abusers, and HIV infected 
6. Persons with positive sputum smears and cultures after 3 months of chemotherapy 

SM 

RIF 
INH 
PZA 

• Number of Bacilli 

Extracellular population 
(INH -resistant) 

SM orCAP 

RIF 

INH 
PZA 
Intracellular and 
closed population 
(usually INH susceptable) 

Figure 5.3. Drug actions in the retreatment regimen used in cases of acquired INH resis
tance: A solid line indicates that a drug can reach a population and is effective. A broken 
line indicates that a drug either does not reach a population or is ineffective at the site. 
Thus, two or three drugs will be effective against resistant bacilli in both extracellular and 
intracellular/closed lesion populations. 
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small populations of resistant bacilli found intracellularly or that exist in closed 
caseous lesions (Fig. 5.3) (38). After susceptibility results are known, the therapy 
can be changed accordingly. In a study by Mitchison and Nunn, initial resistance 
to INH or SM did not compromise the results with 6-month, four-drug intensive 
treatment. However, cases with initial RIF resistance responded less successfully 
than did those with resistance to INH (39). 

When resistance is found to two or more drugs, including INH and RIF (MDR
TB), two or more agents to which the organisms are susceptible must replace the 
regimen. The drugs should be administered in full tolerable doses and for a pro
longed period. If EMB is used, the dose should be 25 mg/kg body weight daily, 
or 50 mg/kg body weight twice weekly. For daily therapy, the dose of EMB can 
be reduced to 15 mg/kg after the conversion of sputum bacteriology to negativity 
in a few months. Multidrug-resistant tuberculosis cases often call for second-line 
drugs, which are more toxic and less effective. Some of the more difficult in
stances require newer antituberculosis agents and/or surgery in selected circum
stances. 

5. Chemotherapeutic Regimens and Their Selection 

Tuberculosis is a treatable and curable disease with the same principles of 
treatment for persons of all ages (22). Complete recovery is expected with ap
propriate and timely drug therapy. Although principles of drug therapy remain 
the same, several countries prefer to have a national policy on drug regimens. In 
contrast, U.S. physicians individualize treatment regimens according to the cir
cumstances and needs of each patient. Various drug regimens and durations of 
treatment are shown in Table 5.3. 

5.1. Nine-Month Regimen 

Several studies in the United States, England, and other countries have estab
lished that combinations of two bactericidal drugs (INH and RIF) are highly 
successful in curing tuberculosis (8,40,41). In England and France, a 9-month 
regimen was adopted, consisting of INH and RIF with an initial supplement of 
SM or EMB for 3 months; it was proven highly effective with almost no relapse 
(42). The addition of a third drug (EMB or SM) did not add significantly to the 
bactericidal action of INH and RIF. However, the supplement ensures against 
failure in the event of resistance to INH. The combination of INH 300 mg and 
RIF 600 mg daily by mouth on an empty stomach for 9 months' duration has 
been recommended for all forms of drug-sensitive tuberculosis (8). Based on 
information that appeared in 1975, the authors were the first in the United States 
to adopt a regimen for short-course therapy. This formula, consisting of INH 300 



742 Asim K. Dutt and jay B. Mehta 

Table 5.3. Chemotherapy regimens for treatment of tuberculosis 

9-Month regimen 
INHa 300 mg + RIF 600 mg daily for 9 months 

or 
INH 300 mg + RIP 600 mg daily for I month 
INH 900 mg + RIP 600 mg twice weekly for 8 months 

6-Month regimen 

or 

INH 300 mg + RIP 600 mg + PZA 25-30 mg/kglbody weight daily for 2 months 
followed by INH 300 mg + RIP 600 daily for 4 months 

INH 900 mg + RIP 600 mg twice weekly for 4 months 
For suspected drug resistance: ethambutol 25 mglkg daily or streptomycin 0.5-0.75 g 

(five times/week) initially for 2 months to above regimen or until drug
susceptibility results are known 

aINH, isoniazid; RIF, rifampin; PZA, pyrazinamide. 

mg and RIP 600 mg given daily for 1 month followed by INH 900 mg and RIF 
600 mg twice weekly for another 8 months (43), was successful in more than 
95% of the cases in which we conducted long-term follow-up (44). Emergence 
of drug resistance has not been a problem and toxicity is minimal. Our experience 
has shown the regimen to be effective in patients with tuberculosis and concom
itant conditions such as diabetes, alcoholism, corticosteroid therapy, malignancy, 
and cytotoxic drugs (45). The regimen is also effective against all forms of ex
trapulmonary tuberculosis (46). 

This two-drug, twice weekly, largely intermittent 9-month drug regimen has 
the advantages of very low cost and ease of supervision, when indicated. The 
regimen has few side effects and can be easily supervised by nursing home staff 
or by friends/family of patients living at home. The same applies to pediatric 
tuberculosis (47). Likewise, this regimen is most suitable for elderly patients, 
where drug resistance is rare, because drug resistance is rare in the recrudescent 
disease arising from old infection acquired many years ago when drug resistance 
was uncommon. On the other hand, this regimen is not recommended in areas 
where initial drug resistance to INH is high (>3%) or expected to be so. (Table 
5.2). In such situations, it is mandatory to add additional drugs (PZA and/or EMB) 
until the drug-susceptibility results are known. 

5.2. Six-Month Regimen 

Several studies conducted by the British Medical Research Council in the early 
1960s revealed that intensive daily therapy with INH, RIF, PZA, and SM initially 
for 2 months followed by INH and RIF either daily or twice weekly for 4 months 
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Table 5.4. Regimen options for the initial treatment of TB among children and adults 

Option 1 

INH, RlF, and PZA (if 

initial INH resistance 

is < 4%) daily for 8 

weeks, followed by 

INH and RIF daily or 
twice weekly for 16 

weeks 

Add EMB or SM if 
resistance is > 4% 

Total treatment: 6 

months (at least 3 

months past culture 

conversion) 

Source: Ref. 52. 

TB without mv infection 

Option 2 Option 3 TB with HIV infection 

INH, RlF, PZA, EMB or INH, RlF, PZA, EMB or Options I, 2, or 3 can be 

SM daily for 2 weeks, SM 3 times/week for used for a total of 9 

then 2 times/week for 6 months (by DOT) months and at least 6 

6 weeks (by DOT) months beyond 
and subsequently INH culture conversion 
and RIF twice weekly 
for 16 weeks (by 

DOT) 

Total treatment: 6 

months 

Total treatment: 6 

months 

Total treatment: 6-9 

months 

was highly successful in curing tuberculosis (16). Conversion of the sputum bac
teriology to negativity was faster and relapses were rare after discontinuation of 
therapy. Later, it was demonstrated that results with INH, RIF, and PZA for 2 
months followed by INH and RIF daily or twice weekly for 4 months were not 
improved by adding either SM or EMB in drug-susceptible disease (48). The 
American Thoracic Society and the Centers for Disease Control (CDC) recom
mend an initial 2 months' therapy with INH, RIF, and PZA, followed by INH 
and RIF for 4 months either daily or twice weekly for bacteriologically positive 
disease (8). Supplementation of PZA to INH and RIF guards against the devel
opment of INH-resistant organisms. The impact of INH resistance on the success 
is not documented but appears to be satisfactory. However, initial RIP resistance 
can result in a high rate of failure (39,49). The regimen is successful in reducing 
the duration of therapy and has acceptable side effects (50). Pyrazinamide is 
generally beneficial in the first 2 or 3 months of therapy, after which it is discon
tinued (51). The regimen is a suitable alternative to 9 months of INH and RIF; 
however, the addition of PZA increases the cost of therapy. The Advisory Council 
for the Elimination of Tuberculosis recommends the regimen when the drug re
sistance is less than 4% (Table 5.4) (52). 

5.3. Six-Month Therapy in Suspected Initial Resistance 

When drug resistance is suspected or likely (Table 5.2), therapy must be ini
tiated with four bactericidal drugs consisting of INH 300 mg, RIP 600 mg, PZA 
25-30 mg/kg body weight, and EMB 25 mg/kg body weight or SM 0.5-1 g 
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intramuscularly 5 days a week (Table 5.4) (22,53). The therapy is modified later, 
depending on the results of drug-susceptibility testing, generally available in 6-
8 weeks. If the organisms are found to be susceptible, therapy is completed with 
INH and RIP daily or twice weekly for another 4 months. This regimen is gen
erally successful in cases of INH resistance (16,39). However, therapy may be 
continued with RIP, EMB, and PZA for another 6--7 months. Because persisters 
are normally sensitive to INH, this drug can be continued in the regimen. In RIF
resistant cases, another two or three drugs should be administered for an additional 
12-18 months to avoid relapse. 

6. Treatment of Multidrug-Resistant Tuberculosis 

In geographic areas with a high prevalence of multidrug resistance and HIV 
infection, it may be necessary to initiate therapy with five to seven drugs, including 
second-line agents, until drug-susceptibility results become available (37). This 
is particularly applicable for large urban areas of the United States (e.g., New 
York, New Jersey, Miami, San Francisco, etc.). 

Treatment of MDR-TB, including resistance to INH and RIF, is most often 
unsuccessful even with the best available therapy (53-55). The drugs available 
are second-line agents, which are less potent, more toxic, and require administra
tion for a prolonged period of time. The patient's ability to complete the full 
course of therapy is frequently complicated by side effects and lack of adherence 
to the regimen for the prescribed period. 

There are important principles which must be followed while treating MDR
TB: (1) A single drug must not be added to a failing regimen; (2) two or three 
new drugs to which the patient has not been exposed should replace the existing 
drug regimen until the susceptibility results are known; (3) therapy should be 
prolonged to 24 months or more; (4) the drug regimen should consist of an in
jectable drug which improves compliance and needs to be continued for at least 
4 months after bacteriological conversion; (5) compliance should be ensured by 
DOT; (6) repeat susceptibility testing should be performed if the culture remains 
positive after 3 months of therapy. 

Generally, second-line drugs (ethionamide, cycloserine, PAS, kanamycin, and 
capreomycin) are required to treat MDR-TB; major side effects and dosages of 
these drugs are shown in Table 5.1. Such medications all have considerable side 
effects which need close monitoring. Early minor adjustments in time of admin
istration, dosage, symptomatic treatment of minor symptoms, and reassurance 
from physicians may help in adherence to compliance. New drugs such as fluoro
quinolones (ciprofloxacin, ofloxacin, Levofloxacin) and amikacin have shown 
good in vitro activity against M. tuberculosis. Fluoroquinolones, noted for their 
limited side effects, are used increasingly in treatment, although their effectiveness 
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is not proven by controlled studies. In vitro susceptibility studies indicate that 
levofioxacin has perhaps greater inhibitory and bactericidal activities than other 
quinolone compounds against either extracellular or intracellular tubercle bacilli 
(56). Clofazimine, an antileprosy drug whose efficacy is unproven in the treatment 
of tuberculosis, is sometimes added to the drug regimen. Not available in the 
United States, thiacetazone is a toxic agent sometimes added to the drug arma
mentarium in very difficult situations. In HIV-infected patients, it should not be 
used due to increased toxicity. This drug may be obtained from overseas with 
permission from the U.S. Food and Drug Administration as an investigational 
drug. 

As mentioned previously, the response to therapy is usually slow, sometimes 
weeks before any clinical improvement is observed. Bacteriological monitoring 
of sputum should be regular, at least one specimen per month. Isolation of patients 
should be strictly followed to avoid transmission of drug-resistant infection to 
others. 

In selected patients with MDR-TB, surgery may be indicated occasionally for 
removal of destroyed lung tissue after the administration of drug therapy for a 
few months (37). In one study, a combination of therapy and surgery yielded 
better results than did medical therapy alone (57). 

Preventive therapy for contacts of drug-resistant tuberculosis is important but 
controversial. Although INH prophylaxis is very effective in preventing disease 
among contacts infected with drug-susceptible bacilli (58,59), its role in INH
resistant infection is unknown. Rifampin is suggested for INH-resistant but RIF
susceptible infection (60). Two CDC recommended regimens for MDR-TB con
tacts include (1) PZA and EMB and (2) PZA and ciprofioxacin or ofioxacin for 
12-24 months. Due to the uncertain efficacy of these regimens, strict medical and 
radiological checkups should be performed throughout the duration of therapy 
(61). 

Although the BCG vaccine has been used in developing countries for decades, 
most tuberculosis experts in the United States remain skeptical of its efficacy and 
reliability in preventing pulmonary tuberculosis among the general population. 
Current CDC recommendations for BCG vaccination (62) include newborns in 
developing countries or geographic areas in which risk for tuberculosis is very 
high (:::0: 1 % per year), and health care personnel working in certain locales where 
MDR-TB is prevalent. 

7. Treatment in HIV-infected Persons 

Therapy of drug-susceptible tuberculosis in HIV-infected individuals is uni
formly successful; even those with AIDS respond well to treatment. Relapse rates 
are almost the same in HIV -infected patients as in seronegative patients (63). 
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Currently recommended is the administration of INH, RIF, PZA, and EMB or 
SM for 2 months, followed by INH and RIP daily or twice weekly for a total of 
9 months and for at least 6 months following conversion of sputum culture to 
negative (Table 5.4) (52,64). However, in clinical practice, treatment for 6 months 
appears to be adequate (63). Adverse reactions to antituberculosis drugs occur 
more frequently and mortality is higher in HIV-infected persons than seronegative 
patients. Intermittent, two or three times weekly, therapy may be better tolerated 
and remain effective in HIV-infected patients (Table 5.4) (52). 

Another significant problem is the growing prevalence of MDR-TB among 
HIV -infected persons (65-67). Treatment involves use of many second-line drugs, 
DOT, and intermittent therapy (67,68). The World Health Organization (WHO) 
has reported the success of intermittent DOT in an urban setting (68a) as a prac
tical and effective approach to this problem. This topic is discussed in detail in 
Chapter 8. 

8. Treatment of Extrapulmonary Tuberculosis 

Generally, the bacterial load in extrapulmonary tuberculosis lesions is much 
less than in cavitary pulmonary disease. Treatment regimens for 6-9 months, as 
suggested for pulmonary tuberculosis, are also adequate for extrapulmonary dis
ease (8,46). We treated tuberculosis of various extrapulmonary sites effectively 
with INH and RIF for 9 months (46). A 6-month regimen should be effective in 
extrapulmonary tuberculosis as in the pulmonary disease (8). Tuberculosis of the 
vertebrae (Pott's disease) may require longer therapy, along with debridement and 
removal of necrotic caseous material from the site. Diagnostic approaches and 
treatment of various sites of extrapulmonary tuberculosis are summarized in Table 
5.5. 

9. Treatment of Pediatric Tuberculosis 

More often than not, tuberculosis in children is a manifestation of primary 
infection. The bacterial population is low in primary tuberculosis unless associ
ated with extensive infiltration in the lungs. Preventive therapy with a single drug 
may be sufficient in cases of a positive Mantoux test but with no radiological 
evidence of disease. Many studies have shown that 6-9 months of therapy is 
successful for most forms of tuberculosis in children, including pulmonary dis
ease. Abernathy et al. found that INH (10 mg/kg) and RIF (10--20 mg/kg) daily 
for 1 month followed by INH (20--40 mglkg) and RIF (10--20 mg/kg) twice 
weekly for another 8 months (9 months total) was very effective (47). The duration 
of therapy can be reduced to 6 months with initial use of INH, RIF, and PZA 
(69). The American Academy of Pediatrics recommends 6 months' therapy with 



T
ab

le
 5

.5
. 

D
ia

gn
os

is
 o

f s
us

pe
ct

ed
 tu

be
rc

ul
os

is
. 

A
bb

re
vi

at
io

ns
: 

S 
=

 s
m

ea
r,

 C
 =

 c
ul

tu
re

 f
or

 m
yc

ob
ac

te
ri

a,
 H

 =
 h

is
to

lo
gy

, B
r 

=
 b

ro
nc

hi
al

, B
ro

nc
h 

=
 b

ro
nc

ho
sc

op
y,

 C
S

F
 =

 c
er

eb
ro

sp
in

al
 f

lu
id

, 
B

x 
=

 b
io

ps
y,

 n
eg

 =
 n

eg
at

iv
e,

 G
u 

=
 g

en
it

ou
ri

na
ry

; 
* t

he
ra

py
 s

ta
rt

ed
 i

n 
su

sp
ec

te
d 

ca
se

s,
 a

w
ai

ti
ng

 
cu

lt
ur

al
 r

es
ul

ts
 a

nd
/o

r 
cl

in
ic

al
 r

es
po

ns
e.

 

Tu
be

rc
ul

os
is

 S
us

pe
ct

ed
 

P
ul

m
on

ar
y 

..
 

I 
~ 

E
xt

ra
pu

lm
on

ar
y 

"P
'"L

, 
I 

(S
+

C
) 

If 
no

t a
!a

ila
bk

l: 
+

 
+

 
+

 
i 

+
 

+
 

+ 
l 

In
xd

u3
~~

~P
~~

) 
Di
~~
1I

ii
~~

ed
 

Pl
e1

ur
al

 
pe

ric
1a

rd
ia

l 
pe

rit
Jo

ne
al

 
ly

rn
ph

!a
de

nU
IS

 
B

on
e!

+ 
jo

in
ts

 
G

U
 s

!y
st

em
 

O
th

e!
r s

ite
s 

I 
S

pu
tu

m
 

+
 

m
U

U
ip

le
 

If 
ne

g 
(S

) 
B

r 
3-

7 
(S

 +
 C

): 
A

sc
iti

c 
flu

id
 

O
pe

n 
bi

op
sy

 
S

yn
ov

ia
l f

iu
id

 
E

ar
ly

-m
or

ni
ng

 
P

us
 o

r 
as

pi
ra

te
 

w
as

hi
ng

 a
nd

 
if 

ne
ga

tiv
e 

(S
) 

Th
or

ac
en

te
si

s 
P

re
fe

ra
bl

y 
(S

 +
 C

) 
(H

. 
S

 +
 C

) 
as

pi
ra

te
 

ur
in

e 
x 

5-
7 

(S
 +

 C
) 

po
st

br
on

ch
 

I 
flu

id
 (

S
 +

 C
) 

op
en

 b
io

ps
y 

I 
.L

 
(S

 +
 C

) 
(S

 +
 C

) 
I 

sp
ut

um
 x

 3
 

, 
an

d 
an

d 
, 

"f
 

t 
I 

, 
(S

 +
 C

) 
B

r w
as

hi
ng

 +
 

N
ee

dl
e 

pl
eu

ra
l 

P
er

ic
ar

di
al

 fl
ui

d 
P

er
ito

ne
os

co
pi

c 
O

cc
as

io
na

lly
 

O
pe

n 
or

 n
ee

dl
e 

, 
T

is
su

e 
bi

op
sy

 

J 

po
st

br
on

ch
 

bi
op

sy
 

(H
. 

S
 +

 C
) 

or
 o

pe
n 

bi
op

sy
 

pu
s 

or
 a

sp
ira

te
 

bi
op

sy
 

T
is

su
e 

bi
op

sy
 

(H
. 

S
 +

 C
) 

If 
ne

g 
(S

) t
ra

ns


B
rb

io
ps

y 
in

 
se

le
ct

ed
 p

at
ie

nt
 

or
 

op
en

 lu
ng

 b
io

ps
y 

In
 fe

w
 (

H
. 

S
 +

 C
) 

t 
Th

er
ap

y"
 

sp
ut

um
 x

 3
 

(H
. 

S
 +

 C
) 

! 
(H

. 
S

 +
 C

) 
(S

 +
 C

) 
(H

. 
S

 +
 C

) 
(g

en
ita

l) 
! 

(S
; 

C
) 

l 
l 

~ 
l 

(H
. 

S 
+

 C
) 

T
ra

ns
-B

r b
io

ps
y 

If 
ne

g.
 r

ep
ea

t 
x 

2 
R

ar
el

y.
 n

ee
dl

e 
T

he
ra

py
" 

T
he

ra
py

· 
T

he
ra

py
· 

T
he

ra
py

· 
(H

. 
S

 +
 C

) 
I 

pe
rlc

ar
di

oc
en

te
si

s 
• 

• 
~
+
~
 

B
io

ps
y 

liv
er

. 
If 

ne
g.

 o
pe

n 
! 

bo
ne

 m
ar

ro
w

. 
bi

op
sy

 in
 fe

w
 

ly
m

ph
 n

od
e.

 e
tc

. 
(H

. S
 +

 C
) 

(H
'rC )

 
l 

S
us

pe
ct

ed
 

m
en

in
gi

tis
 C

S
F 

(S
+

C
) 

+
 

T
he

ra
py

" 

T
he

ra
py

· 

Th
er

ap
y·

 

9 ~ o g:.
. 

("!
) iil "t:
l 

'"<
: o .....
. 
~
 

0
-

("!
) ~
 

t::
 ~
 

iii
· 5·
 

t)
 

("!
) ;§ i g t::
 

:J
 

q- m· -.
. 

-I::
.. 

'-J
 



148 Asim K. Dutt and jay B. Mehta 

INH and RIF supplemented by PZA for 2 months initially (70). Direct observation 
of therapy may be necessary in cases involving difficult social issues where re
liable self-administration of drugs is doubtful. 

10. Smear-Negative Thberculosis 

Positive sputum smears signify a large bacterial population in the lung lesions, 
usually indicating cavitary disease (12). In noncavitary fibrotic lesions and in 
disease from recently acquired infection (primary), however, the smears are often 
negative (71). Narain et al. found that if not treated, 35% of patients with positive 
smears died within 18 months, whereas 15% of smear-negative/culture-negative 
patients expired within the same period, indicating a correlation between severity 
of disease and positive microscopy (72). Thus, smear-negative cases do not re
quire the same intensity and duration of treatment as do smear-positive cases (73). 

The British Medical Research Council in a 5-year study found that intensive 
treatment with SM, INH, RIF, and PZA for 4 months was highly successful, with 
a 2% relapse rate in smear-negative cUlture-positive cases (74). Likewise, a Hong 
Kong study with such patients, found that 4 months of three times weekly treat
ment with SM, INH, RIF, and PZA showed relapse in only 4% of the cases (75) 
and is now routinely used in that country. In smear-positive cases, the addition 
of SM to the regimen of INH, RIF, and PZA offers no benefit (47), and use of 
PZA beyond 2 months has no advantage (74). In the United States, smear-positive 
tuberculosis with susceptible bacilli is currently treated with INH, RIF, and PZA 
for 2 months followed by INH and RIF for another 4 months (76). However, for 
the treatment of smear-negative, culture-positive disease, the 4-month regimen is 
adequate. 

In Arkansas, we have treated smear-negative, culture-positive disease with INH 
and RIF for 6 months, achieving success in over 97% of cases (77). Tuberculous 
pleural effusion is also adequately treated with INH and RIF for 6 months, even 
when associated with smear-negative, culture-positive tuberculosis (78). Because 
the initial resistance to drug(s) is low in Arkansas, additional drugs are not needed 
for therapy. For areas with a high prevalence of drug-resistant organisms, a four
drug bactericidal regimen should be administered until the drug-susceptibility 
results are known. 

Six months' therapy with INH and RIF with initial supplement of PZA for 2 
months has been reported to be effective in smear-negative, culture-negative tu
berculosis and pleural effusion (79). For smear-negative culture-negative disease, 
we found that 4 months' therapy with INH and RIF is sufficient (80). The British 
Medical Research Council recommends that 4 months of daily or three times 
weekly therapy with a four-drug regimen is adequate for smear-negative, culture
negative disease (75). 
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There are many advantages in treating smear-negative cases early. The duration 
of therapy is shorter than that for smear-positive disease. Therapy prevents trans
mission of infection during future bacteriological relapse. In developed countries, 
early treatment achieves better control of tuberculosis. 

11. Chemotherapy in Special Conditions 

11.1. Pregnancy 

Tuberculosis during pregnancy is not an indication for abortion; INH and RIF 
therapy for 9 months is safe. If INH resistance is suspected, EMB should be 
added to the regimen (81). Pyrazinamide is not recommended at present due to 
inadequate data on teratogenicity, but should not be withheld if needed. Strep
tomycin is to be avoided because it may cause high-frequency hearing loss in the 
fetus. This is also the case with kanamycin, capreomycin, and amikacin. Ethion
amide is not recommended because of its teratogenic effects. Due to the negligible 
amount of drug secreted in the milk (82), there is no contraindication for breast
feeding while the mother is receiving antituberculosis treatment, regardless of 
which regimen is followed. Isoniazid prophylaxis in pregnancy may be associated 
with a slightly increased risk of hepatotoxicity. Monitoring for drug side effects 
must be done carefully and on a regular basis (83). 

11.2. Liver Disease 

Alcoholic liver disease does not preclude use of antituberculosis drugs. How
ever, as RIF, INH, PZA, PAS, and ethionamide are potentially hepatotoxic agents, 
regular monitoring for side effects is essential (84). In frank liver failure, initial 
therapy should consist of INH and EMB until the liver function returns to normal. 
At that time, RIF and/or PZA may be added to the drug regimen, if required. 

11.3. Renal Failure 

Isoniazid and RIF are the drugs of choice in patients with renal failure because 
they are excreted by the liver. In renal dialysis patients, the drugs should be 
administered after dialysis (85). The dosage of EMB must be reduced to 8-10 
mg/kg body weight in advanced renal failure. All nephrotoxic drugs, including 
SM, kanamycin, amikacin, and capreomycin, should be avoided unless absolutely 
necessary and levels should be monitored if used in very unusual circumstances. 
Pyrazinamide may be used in reduced dosages of 15-20 mg/kg body weight. 

11.4. Immunodeficiency States 

Patients with immunosuppression due to malnutrition, chronic renal failure, 
hematologic and reticuloendothelial malignancies, diabetes, or immunosuppres-
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sive drugs respond well to 6 or 9 months of therapy. A 6-month regimen should 
consist of INH and RIF, with PZA and EMB for the first 2 months. The latter 
two drugs can be discontinued after 2 months if the susceptibility tests support 
this. Nine months' therapy with INH and RIF in immunosuppressed patients is 
also effective (45). Immunosuppressive therapy should be continued when indi
cated for underlying disease (86,87). 

12. Corticosteroid Therapy 

Steroids are not routinely used in the treatment of tuberculosis. In patients who 
are markedly toxic and severely malnourished, a moderate dose of prednisone, 
20-30 mg/day, may improve general sense of well-being, increase appetite, reduce 
fever, and improve nutrition. The drug is tapered off gradually in 4-8 weeks. 
Severe hypoxemia and respiratory failure in miliary or disseminated tuberculosis 
may be improved by prednisone 40-60 mg/day. Disseminated tuberculosis in 
AIDS patients has been treated successfully with corticosteroids (88). Most au
thorities believe that complicated tuberculous meningitis should be treated with 
prednisone 60-80 mg/day, which is slowly tapered off in 8-12 weeks. Although 
some advocate the use of steroid therapy for all cases of tuberculous pericarditis 
to prevent constrictive pericarditis (89), we do not recommend it routinely. 

12.1. Directly Observed Therapy in Noncompliant Patients 

Persons whose lives are overwhelmed by poverty, homelessness, alcoholism, 
drug abuse, or HIV infection may not take responsibility for completing therapy 
without supervision. Such cases usually result in treatment failure, development 
of drug-resistant disease, and transmission of drug-resistant infection (90,91). 
Directly observed therapy (DOT) is mandatory in such situations. The advantages 
of DOT are clear in one study comparing the successful control of tuberculosis 
in Nicaragua, where resources are limited and DOT is used routinely, to treatment 
failure in New York City, where DOT is less commonly practiced (92). Directly 
observed therapy for tuberculosis leads to significant reduction in the frequency 
of primary drug resistance, acquired drug resistance, and relapse (93). The fact 
that most 6-month regimens may be given intermittently has led to development 
of regimens suitable for DOT. One method, the Denver regimen, consists of daily 
INH, RIF, PZA, EMB, or SM for 2 weeks followed by twice-weekly doses for 6 
weeks, then twice-weekly administration of INH and RIF for another 16 weeks 
(94). A second regimen suitable for DOT involves INH, RIF, PZA, and EMB or 
SM three times a week for 6 months (52,76). These intermittent regimens are far 
less costly in comparison to the astronomical expense incurred in treating a single 
case of MDR-TB and the accompanying transmission of infection to the com-
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munity. Thus, it is very difficult to argue against DOT when compliance is in 
doubt (95). 

Each dose of medication should be observed by a trained health care worker a 
reliable family member or friend. Although some patients may find this impli
cation of mistrust and insulting, DOT is the best method to assure compliance. 
In denying the patient the opportunity to take medications selectively, the risk of 
developing resistant disease is avoided. Should the patient prematurely discon
tinue treatment or develop toxicity to the drug regimen, the physician is promptly 
notified and can then take appropriate medical or legal steps to deal with the 
situation. 

As the duration of therapy necessary for effective treatment steadily diminishes, 
compliance is becoming an ever more important issue. Intermittent regimens in
volving as few as 62 doses over a 6-month period claim the cure rates equal to 
the daily regimens (180 doses). However, when the duration is shortened or the 
total number of doses reduced so drastically, it is essential that compliance be as 
close to perfect as possible. This can be achieved by DOT. Although DOT in
creases the cost of health care delivery, it is well worth the price in the long run. 

To establish DOT in any tuberculosis control program, a core public health 
staff is required. These members commonly include a clerk, a nurse, and a com
munity worker, all trained and supported by an experienced physician. Nongov
ernment organizations (NGOs) can assist such efforts. Volunteer workers for 
NGOs are of particular importance in large cities where patients of various ethnic 
diversity require added socioeconomic support. 

Although routine hospitalization for tuberculosis patients is no longer popular, 
supervised therapy can, nevertheless, improve treatment success in some sections 
of developed countries. This is especially important for patients residing in rural 
areas far removed from treatment facilities, the homeless, alcoholics, and drug 
addicts. Severely ill patients or those with MDR-TB may benefit from hospital
ization during the initial phase. However, routine hospitalization to provide DOT 
may not be justified, particularly in view of the high cost of inpatient care. 

13. Strategy to Improve Compliance 

One of the leading causes of treatment failure and development of drug-resis
tant tuberculosis is lack of compliance. Various methods to improve compliance 
are outlined in Table 5.6. Newer strategy is required to assure compliance. In 
developed nations, the personal cost of noncompliance is high when tuberculosis 
control programs have to compete with other public health programs for state 
funding. To accomplish DOT in a cost-effective manner, some states have estab
lished mobile home communities to house active tuberculosis cases in geograph-
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Table 5.6. Methods to improve patient compliance 

• Convenient time and location of clinic 
• Free transportation to appointments 
• Other incentives (coffee, snacks, babysitting service, etc.) 
• Appointment reminders, follow-up 
• Housing facilities for homeless or difficult cases (mobile home communities, motels, 

hospitals, jails, etc.) 
• Directly observed therapy in the workplace, home, and clinic 
• Assistance from family and friends 
• Patient education 
• Improved communication (foreign-language pamphlets) 

ically contained areas. The amount of staff time needed to administer DOT is 
substantially reduced when noncompliant patients are provided lodging and 
boarding in a convenient location. 

14. Use of Combined Preparations of Antituberculosis Drugs 

Administration of combination preparations of antituberculosis drugs prevents 
the development of drug resistance by avoiding ingestion of a single bactericidal 
drug (96). In the United States, two commercial combinations are available: Ri
famate® and Rifater® from Marion Merrel Dow. Rifamate is a combination cap
sule of INH 150 mg and RIP 300 mg; the recommended dosage is two capsules 
daily. Rifater contains INH 50 mg, RIF 120 mg, and PZA 300 mg in each tablet; 
the recommended dosage is five to six tablets daily. The combination preparations 
provide adequate plasma concentrations. We strongly recommend the use of com
bination preparations as a safeguard against the development of drug resistance, 
particularly for patients who are not on DOT. 

15. Monitoring and Follow-up of Patients 

Bacteriological monitoring is an important aspect in the management of tu
berculosis. We recommend initial smear and culture examination of three to five 
specimens of bronchial secretions (sputum) in addition to drug-susceptibility test
ing. During therapy, at least one specimen of sputum should be submitted every 
2 weeks until conversion to negative occurs. Thereafter, one specimen a month 
is adequate for the duration of therapy. This permits early detection of noncom
pliance and impending failure. After completion of therapy, one specimen every 
three months (X 3) should be cultured, after which the patient is discharged from 
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supervision with the advice to return if symptoms recur. Such an approach enables 
the detection of early relapse. Gradual decline of the bacterial population in the 
sputum indicates a satisfactory response to treatment and suggests compliance of 
therapy. With intensive chemotherapy, bacteriological negativity is expected in 2-
3 months. Persistence of bacilli on microscopy and culture beyond 3 months or 
reversion to positive bacteriology after conversion to negative should arouse sus
picion of failure. Reevaluation of the patient's compliance and repeat drug-sus
ceptibility testing are then indicated for determination of the best retreatment 
regimen with DOT. Frequent chest roentgenograms are not required if the bac
teriology is monitored as suggested. Compliance in taking the medication must 
be evaluated constantly in all patients. This may be accomplished through frequent 
interviews with the patient, by keeping records of attendance for clinic appoint
ments, whether drugs are picked up in a timely manner, surprise pill counting, 
and examination of urine for color and excretion of drug (e.g., Rifampin). When 
noncompliance is suspected, DOT must be utilized. Intermittent, twice or three 
times weekly, administration of drugs facilitates direct supervision. 

Drug side effects should be monitored clinically on a monthly basis after initial 
explanation to the patient about the symptoms to watch for (i.e., nausea, vomiting, 
anorexia, yellow skin or urine, etc.). Collection of blood for baseline studies, 
including complete blood count and renal and hepatic functions, should be done 
initially. Beyond routine baseline biochemical tests, regular biochemical moni
toring leads to more confusion than enlightenment (96a). Transient asymptomatic 
elevation of hepatic enzymes is common during therapy (97,98). Patients are 
advised to discontinue medication when symptomatic and to report for repeat 
blood studies at that time. Elevation of liver enzymes of more than five times the 
base level accompanied by symptoms is very likely due to drug toxicity, and the 
therapy must be discontinued. After the symptoms have subsided and hepatic 
enzymes have returned to baseline, drugs should be reintroduced one at a time, 
starting with half-dosages and monitoring of hepatic enzymes (99). The offending 
drug may be identified in this manner and the therapy changed accordingly. Most 
drugs can be reintroduced without further adverse effects (100). 

During therapy, the health care team must remain in close contact with patients 
so that any suspicious symptoms can be reported quickly. Patients should be told 
to discontinue therapy if symptoms of adverse side effects occur and to report to 
the clinic promptly for assessment. To monitor potential side effects of EMB, 
vision and color studies are performed monthly. Monthly examination of balance 
and possible hearing loss is necessary with use of SM. 

16. Support of Health Department 

Most health departments in developed countries provide facilities for the col
lection of sputum specimens for bacteriological examination. Expert advice is 
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offered in difficult cases and public health nurses are available for monitoring 
patient compliance and side effects. When indicated, nurses also conduct contact 
evaluation including tuberculin testing and chest radiography. In the last few 
years, the "infrastructure" that supported the TB program has become weak, either 
because of the reduced resources or diverting them to the AIDS program. Rees
tablishing the "infrastructure" is crucial to the success of public health programs. 

It is required by law that confirmed cases of tuberculosis be reported to the 
public health department. Delay in such notification can result in tragedy, par
ticularly for children, in whom the disease can progress rapidly from infection to 
death. Close cooperation between clinicians and health department personnel is, 
therefore, vital in the treatment of tuberculosis and prevention of new disease. 
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Treatment of Tuberculosis in Low-Income 
Countries 

Donald A. Enarson and Philip C. Hopewell 

1. Introduction 

Lung diseases, including tuberculosis, account for an estimated 13% of all 
disability-adjusted life years lost as a result of disease; tuberculosis is second only 
to childhood pneumonia as a cause of death due to lung disease and the most 
frequent cause of death from a single infectious agent in the productive years of 
life (ages 15--49 years) (l,2). Nearly all deaths from tuberculosis occur in low
income countries (3). In addition to these effects on mortality, a high proportion 
of all patients with tuberculosis in many industrialized countries (such as Canada, 
Switzerland, the United States, and the Scandinavian countries) were born in low
income countries. Based on the above observations, for both humanitarian and 
strategic reasons, the control of tuberculosis in low-income countries should have 
a high priority for the world as a whole. Control of tuberculosis in industrialized, 
high-income countries cannot be accomplished without effective control programs 
in low-income countries. For this reason, it is essential that tuberculosis control 
be viewed in a global context. 

The control of tuberculosis is accomplished mainly through the early identifi
cation and treatment of patients who are infectious. Effective treatment decreases 
the probability and duration of exposure to the causative organism, Mycobacte
rium tuberculosis. To understand the impact of treatment in reducing the amount 
of tuberculosis in a community requires an understanding of the clinical course 
of the disease in the absence of treatment, of the effectiveness of treatment 
(through standard methods such as the blinded, randomized controlled trial) and, 
finally, of the evaluation of the impact of treatment at the community level. Be-
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cause the evaluation of the effectiveness of treatment is covered elsewhere in this 
book, we will not review them again here. In this chapter, we will discuss the 
treatment of tuberculosis in low-income countries, emphasizing the impact of 
treatment in changing the clinical course of the disease and reducing its impact 
within the community. 

2. The Clinical Course of Tuberculosis Without Treatment 

The mode of transmission of M. tuberculosis has been studied extensively in 
the context of investigations of contacts of patients with active tuberculosis (4-
6). From these studies, we know that the most efficient source of transmission is 
the person with tuberculosis whose lungs contain a sufficient number of organisms 
to be seen by microscopic examination of sputum smears. Virtually all such pa
tients have symptoms of disease and a high proportion of them seek medical 
attention, even under the most stringent socioeconomic conditions (7). It is thus 
possible to identify a large proportion of all highly infectious patients by system
atic examination of persons presenting themselves to the routine health services. 
Patients with tuberculosis who do not have acid-fast organisms detected by mi
croscopic examinations of sputum but who have M. tuberculosis isolated in culture 
are less infectious than sputum-smear-positive patients. Nevertheless, such pa
tients, because they may go undetected for relatively longer periods of time, may 
also be the source of a substantial number of new tuberculous infections. When 
infectious patients are not detected and treated, it has been estimated that, on 
average, 10 individuals who have been in contact with the patient will become 
infected with M. tuberculosis. 

The likelihood of a person who is in contact with an infectious case becoming 
infected varies with the amount of time the infectious patient remains infectious 
and the closeness and duration of the exposure. Prevention of exposure was one 
of the reasons for isolating infectious patients in sanatoria prior to the time when 
specific chemotherapy became available. In addition to the likelihood of trans
mission, another determinant of the epidemiologic impact of an infectious case 
is the number of uninfected individuals who are exposed. The number of exposed 
persons varies with the size of the family and the age of the source case. Younger 
adults with infectious tuberculosis are more likely to have a number of small 
children who are un infected and, therefore, highly susceptible living in the same 
household. For this reason, mother-to-child transmission is likely to play an im
portant role in communities where tuberculosis is common. The probability of 
transmission also varies with the characteristics of the dwelling in which a person 
with infectious tuberculosis lives; small dwellings with little ventilation were 
often the rule in North America and northern Europe in the past century, when 
tuberculosis rates reached enormous levels (8). At the same time that case rates 
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were very high in Europe and North America, tuberculosis was relatively un
known in central Africa (9) and even today, the rates of tuberculosis in Africa, 
although some of the highest in the world, are much lower than those in Europe 
and America 100 years ago. Variations in factors related to the probability and 
extent of exposure to M. tuberculosis may explain variations in the rates of tu
berculosis in different geographic locations and during different periods. 

Information concerning the clinical course of untreated tuberculosis is available 
from a variety of sources, including evaluations of patients prior to the develop
ment of specific chemotherapy (10-12), and, in one instance, since the introduc
tion of chemotherapy, a report in which patients were followed without treatment 
(13). On average, by 18 months following diagnosis, 30% of patients had died; 
by 36 months, a further 10% had died, and by 60 months, a further 9%, making 
a cumulative case fatality rate of 49%. In a certain proportion of cases, the disease 
became quiescent and bacteriologically negative: 28% at 18 months after diag
nosis, 35% at 36 months, and 33% at 60 months. The remaining patients continued 
to have positive sputum smears and to be infectious: 42% at 18 months after 
diagnosis, 25 % at 36 months, and 18 % at 60 months. Thus, even without treatment 
by specific chemotherapy, an important proportion of cases were "cured," al
though, overall, a high proportion of patients died of their disease. The trend in 
proportion of cases remaining infectious progressively declined with time when 
no treatment was given. 

3. The Impact of Chemotherapy 

Chemotherapy rapidly reduces the potential for transmission of M. tuberculosis 
by rendering the patient noninfectious (14). However, a permanent cure requires 
an appropriate combination of medications taken for a sufficient period of time 
(15). The discovery and utilization of specific chemotherapy resulted in dramatic 
improvement in the clinical condition of patients with tuberculosis (16). The case 
fatality ratio fell from nearly 50% to around 10%. This impact is detectable in 
the trends in mortality from tuberculosis in most industrialized countries begin
ning in the mid-1940s (17). 

In many countries of Europe immediately after the introduction of chemother
apy with streptomycin alone in 1947, large numbers of patients survived only to 
become chronically infectious and the total number of patients was actually in
creased rather than reduced. The pioneering work of the British Medical Research 
Council and individuals such as Sir John Crofton and his colleagues in Edinburgh 
(18) demonstrated that multiple-drug chemotherapy was necessary to bring about 
a permanent cure and to prevent the development of resistance to the antimicrobial 
agents used. Those countries that did not promptly adopt multiple-drug therapy 
as standard policy [such as Poland (19)] continued to create large numbers of 
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patients with chronic tuberculosis. It was only the introduction of a new powerful 
medication, isoniazid, that enabled the rapid reduction in the number of these 
chronic patients, with a concomitant reduction in the spread of the disease in the 
community. 

How important are patients who have chronically positive sputum in the trans
mission of tuberculous infection? It has been suggested by a number of investi
gators that patients with chronic tuberculosis are of little importance in the trans
mission of M. tuberculosis. Evidence for this point of view is the observation that 
tubercle bacilli that are drug resistant are less vigorous than those which are fully 
susceptible and, in consequence, it was proposed that they might be less virulent 
(20). Moreover, studies of contacts of patients with chronic tuberculosis indicated 
that, in comparison with contacts of new cases, no additional infections could be 
documented to have taken place, probably because the source patient had already 
infected all contacts likely to become infected by the time of the initial diagnosis 
and that no further infections were therefore likely to occur (21). Others postulated 
that patients with chronic tuberculosis were unlikely to live long, they were aware 
of their disease and were likely to take precautions against spreading it, and, 
finally, they were likely to be confined due to the severity of their condition. 
Although little systematic evidence concerning these points is available, it is clear, 
for example, by reviewing a series of such patients in Poland (19), that they are 
often very active, continue to work and may live for a very long time. 

A modeling exercise to address the question of the contribution of patients with 
chronic tuberculosis to the transmission of M. tuberculosis was undertaken using 
the results of the successive prevalence surveys reported from Taiwan and Korea 
(22). Within the modeling exercise, an estimation of the dynamics of transmission 
of new and of chronic cases was attempted, using certain transmission parameters 
and the "marker" of drug resistance for indicating the transmission from a source 
case who was "chronic" (had previously been treated, but unsuccessfully). From 
this information, a set of equations was developed which modeled transmission 
dynamics and to which the question of what type of case was the more effective 
"transmitter" of infection, the new or the chronic case, was addressed. From the 
equations, it was determined that the likelihood of transmission was greater for 
chronic cases than for new cases. The model was developed on the data from 
Taiwan and then applied to data from Korea; in both analyses, the chronic cases 
appeared to be more important sources of subsequent new cases. The results of 
this modeling exercise, emphasizing the importance of chronic (resistant) cases 
as sources of infection, have been supported by studies of nosocomial transmis
sion of tuberculosis in settings where both tuberculosis and human immunode
ficiency virus (HIV) are present (making transmission of infection and develop
ment of consequent disease much more efficient and therefore much easier to 
study) (23). 
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4. Treatment Programs for Thberculosis in Low-Income Countries 

A standardized approach to the management of tuberculosis was developed by 
the World Health Organization in 1974 (24). This approach emphasized diagnosis 
based on bacteriological examination, standardized multidrug chemotherapy reg
imens, ambulatory care, and integration of diagnostic and treatment services into 
the general health services. These recommendations were derived from a broad
based experience of program implementation in a large number of industrialized 
countries, as well as numerous experiments undertaken with collaborating sci
entific institutions, most notably the National Tuberculosis Institute in Bangalore, 
India, where extensive investigations of the structure of health services and the 
sociological components of tuberculosis had been undertaken (25). 

Utilizing the WHO recommendations, national tuberculosis programs were in
troduced into many low-income countries. Subsequently, evaluations were un
dertaken to determine the impact of these programs on the tuberculosis situation 
in the countries. At the very outset of application of the regimens used so suc
cessfully in industrialized countries to low-income countries, the results of treat
ment were unsatisfactory. Frimodt-Moller (26) reported on the results of preva
lence surveys in India undertaken 7 years apart, beginning with the introduction 
of chemotherapy in 1948. The prevalence survey included radiographic and bac
teriologic examination and tuberculin skin testing. A total of 32,000 persons were 
examined, representing 64% of the total population of the study area over the age 
of 4 years. During this period, the prevalence of tuberculosis actually increased. 
The increase was greatest in women aged 20-30 years of age (in whom the 
prevalence increased by 80%), with a slight decline in children under 10 years of 
age. Frimodt-Moller felt that the explanation of these results was that chemo
therapy had saved the lives of patients who would otherwise have died and that, 
as expected, tuberculosis in adults is usually the result of infection in childhood; 
therefore, the impact of treatment could only be seen in the children who had not 
already been infected prior to the implementation of the treatment program. 

In Peru, an evaluation was undertaken of the treatment results in a cohort of 
2863 consecutive cases of pulmonary tuberculosis whose records were available, 
whose sputum was positive on direct microscopic examination for acid-fast ba
cilli, and who were enrolled in 1980 on treatment with a "standard" regimen of 
12 months of chemotherapy not containing rifampin (27). This evaluation ex
cluded 24% of the cases whose records were not available for evaluation and 5% 
who were treated with "nonstandard" regimens. Of the total whose records were 
available, 9% were transferred to another facility and their eventual results were 
unknown; 4% were known to have died, 7% remained, or became again, smear 
positive 6 months or more after the commencement of treatment, 36% failed to 
return to collect their medications for 2 months or more while on treatment (and 
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judged as having absconded from their treatment), and 36% completed their treat
ment and were, apparently, cured. 

A similar evaluation was undertaken in 1990 in a region of Haiti where the 
same chemotherapy regimens were utilized and the tuberculosis control program 
recommended by the WHO had been implemented throughout the country for a 
number of years (28). Virtually the same results were observed: More patients 
abandoned their treatment before completion (45%) than were cured (35%), even 
after many years of operation of the program. 

In Korea (29) and Taiwan (30), periodic national prevalence surveys of tuber
culosis have been undertaken during the past 30 years, and in China (31) during 
the past 10 years. These surveys have been carefully designed to identify a rep
resentative sample of the entire population. The examinations consisted of chest 
radiographs, bacteriologic examination of sputum samples, and tuberculin skin 
testing. These surveys showed that although case fatality ratios were less than 
would have been expected with no treatment, the rate of cure was not commen
surately increased. Those patients who did not die but were not cured remained 
alive and infectious. It was discovered that more than one-half of all the smear
positive cases had previously been treated for tuberculosis. 

The most immediate effect of chemotherapy for tuberculosis in the programs 
surveyed was to reduce death rates without increasing rates of cure. It is relatively 
easy to save lives with therapy, but much more difficult to ensure that patients 
become noninfectious. In poorly organized programs, treatment has saved lives, 
thereby enabling chronically infectious patients to continue to spread M. tuber
culosis. The impact of various approaches to tuberculosis treatment on the sub
sequent tendency in prevalence of infectious tuberculosis is illustrated in Figure 
6.l. 

The national tuberculosis programs in Korea, China, Taiwan, Peru, and Haiti 
at the time of these evaluations had utilized treatment regimens of at least 12 
months' duration that did not include rifampin. Is it possible that these poor results 
are simply due to the absence of rifampin in treatment? A recent study from south 
India has provided information relative to this question. In an evaluation of the 
results of treatment within a defined population in India, the authors evaluated 
the treatment results of an enrollment cohort of 3357 consecutive patients with 
smear-positive pulmonary tuberculosis enrolled from 1986 to 1988 and evaluated 
36 months later (32). The majority (69%) had been treated with a rifampin-con
taining regimen; 24% were unavailable for evaluation. Of the remaining cases 
available for evaluation, 28% had died and 31 % remained bacteriologically posi
tive. It is clear from this example that a total management package, not just 
powerful treatment regimens, is required (33). 

A more sinister accompaniment to chronic tuberculosis is the increased like
lihood that such patients will carry tubercle bacilli that are resistant to antimy
cobacterial agents. In the surveys from Korea and China, approximately three out 
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Figure 6.1. Impact of various types of treatment on the prevalence of infectious (smear 
positive) cases of tuberculosis. 

of four patients with chronic tuberculosis had resistant organisms. Persons who 
are infected with these resistant organisms, if they subsequently develop tuber
culosis, will also have disease resistant to treatment. Thus, not only will the num
ber of cases be increased by poor treatment but the cases will be dangerous, drug
resistant sources of new infection in the community and will, additionally, be very 
difficult to cure. This eventuality is serious enough in those programs utilizing 
regimens not containing rifampin, resulting in the development of resistance to 
isoniazid or isoniazid and streptomycin. Although this is a serious development, 
such patients might still be cured using a straightforward retreatment regimen. 
Where regimens containing rifampin are used and the treatment results are poor, 
the grave danger of development of resistance to both isoniazid and rifampin 
(multidrug resistance) becomes a reality and the likelihood of cure of such patients 
is markedly decreased (30). 

The cost of treatment of each patient with tuberculosis caused by organisms 
resistant to both isoniazid and rifampin is so high [estimated at approximately 
US$ 100,000 per case (34)), that they essentially become untreatable in most low
income countries. Drug resistance should be viewed as a "toxic side effect" of a 
poor treatment program; patients who never receive treatment are extremely un
likely to have disease due to resistant bacilli and all clinically important drug 
resistance is caused by improper treatment. 
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5. Model Programs for Tuberculosis Control in Low-Income Countries 

The record of tuberculosis control programs in low-income countries has ob
viously not been as positive as those in many industrialized countries. Much of 
the difficulty has been related to the inability to achieve satisfactory treatment 
results in patients with active tuberculosis. This difficulty has recently been over
come by an approach to tuberculosis services developed by the International Un
ion Against Tuberculosis and Lung Disease (IUATLD) in collaboration with the 
health authorities of some developing countries (especially Tanzania, Malawi, 
Mozambique, Benin, and Nicaragua) and with donor partners (notably the gov
ernment of the Kingdom of Norway, the government of Switzerland, the Royal 
Netherlands Anti-Tuberculosis Association, the Norwegian National Health As
sociation, the Norwegian Heart and Lung Fund, the Japan Antituberculosis As
sociation, and the Swiss Antituberculosis Association). 

Within programs in Tanzania, Malawi, Mozambique, Benin, and Nicaragua, 
more than 70,000 cases of tuberculosis are diagnosed and treated each year (more 
than lout of every 10 new cases estimated to occur in sub-Saharan Africa), and 
the majority (more than 75%) are documented to be cured. The introduction of 
such a "model" program is illustrated by the example of Tanzania. The technical 
cooperation began in 1979. At that time, a standardized 12-month treatment reg
imen utilizing thioacetazone and isoniazid in a combined tablet supplemented by 
streptomycin in the initial 2 months of treatment was adopted. A separate and 
more powerful treatment regimen was used for patients who had been treated 
previously for as little as 4 weeks. This regimen used isoniazid, rifampin, pyra
zinamide, and ethambutol for 3 months, given daily and supplemented in the first 
2 months by streptomycin, followed by 5 months of isoniazid, rifampin, and 
ethambutol given three times weekly. 

When the program was first introduced in Tanzania, a cohort evaluation of 
treatment results of untreated smear-positive cases demonstrated the sorts of re
sults already described from Peru and Haiti: 5% died while on treatment; 18% 
remained chronically sputum positive; 33% either abandoned treatment or were 
transferred to another area; and only 44% completed treatment and were presumed 
to be cured. Expansion of the strengthened program throughout the country im
proved the results somewhat by 1982: 52% completed treatment and were doc
umented or presumed cured. Only after an initial treatment regimen containing 
rifampin was introduced did the program achieve satisfactory results: by 1987, 
79% were presumed cured. The trend in treatment results is illustrated in Figure 
6.2. The importance of the use of rifampin in achieving satisfactory results is 
shown in Figure 6.3. The introduction and expansion of a rifampin-containing 
regimen was associated with a progressive increase in the rates of favorable out
come of treatment with results that reached the levels required to have a positive 
epidemiological impact. Similar observations have been made in other programs 
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assisted by the IUATLD: by 1989, of 109,691 cases of smear-positive tuberculosis 
never previously treated (52,840 of whom were treated with rifampin-containing 
regimens), 79% of those on rifampin-containing regimens were cured compared 
with 56% of those on regimens not containing rifampin (35). 

Approximately 60% of all the costs of these successful programs have been 
met by the budgets of the national governments, whereas 40% represented hard 
currency requirements which were difficult to obtain and which were provided 
by donors. The technical implementation was supervised by the IUATLD with 
regular (usually twice yearly) visits to the programs, followed by evaluation and 
written recommendations. In an evaluation conducted by the World Bank, these 
programs were judged to be among the most cost-effective of any health inter
vention in developing countries (36). The cost is equivalent to less than US$ 50 
per case. Since the development and favorable assessment of this "model" pro
gram, at least 29 other developing countries have secured donor partners and are 
implementing programs similar to those developed by the IUATLD and now 
adopted by the World Health Organization in its new Global Program (37). Of 
the donor support given to assist the national tuberculosis programs in 1991, 60% 
was spent on medications and 20% on materials for diagnosis. A significant 
amount, however, was invested in supervision (14%), training (4%), evaluation 
(2%), and transport (1 %). Without these latter investments, it would not have been 
possible to achieve the results described. 

6. Components of Model Programs 

The IUATLD-assisted national tuberculosis programs are based on a rather tight 
set of the basic requirements as follows (33). 

6.1. Political Commitment on the Part of the Government 

As noted above, the major part of the expenditure for national tuberculosis 
programs (NTPs), even with donor support, is borne by the government. The 
World Bank assesses these programs as being so cost-effective that governments 
cannot afford not to invest in them. However, it is impossible, even with large 
donor investments, to implement an effective program without the support of the 
government authorities. 

The most important aspect of governmental support is the development of a 
structure for delivery of the services. The care of the patients must be provided 
by general health personnel within the general health services to which all patients 
come for care. These personnel must be properly trained and supervised in order 
to ensure that the patients are cared for correctly. The training and supervision of 
health personnel in the specific aspects of tuberculosis control must be effected 
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by a supervisory staff at the intermediate level, among whose special skills is a 
clear understanding of the basis and operation of tuberculosis control. In addition, 
a unit specialized in tuberculosis (sometimes also responsible for other specialized 
functions) at the central (national) level of the country must be established to deal 
with the planning, coordination, supply, and training within the program. The 
central unit must consist of a full-time director with support personnel, transport, 
and supplies. It is absolutely essential that the central unit constantly represent 
the interests of tuberculosis patients in central level planning, determining budg
ets, and ensuring that tuberculosis patients are not discriminated against (e.g., 
refused admission to hospitals where necessary). Diagnostic and treatment ser
vices for tuberculosis should be horizontally integrated into general primary 
health care services and carried out by multifunctional providers. However, a 
vertically oriented technical support and supervision program that includes train
ing is essential for effective program operation. 

6.2. A Secure System of Supplies 

Because of the relatively long treatment period, tuberculosis programs are more 
vulnerable than many other programs to lapses in supply of medications and 
materials. A reliable system often requires donor assistance because of the need 
for hard currency to purchase medications on world markets. In addition, the 
projected amounts of medication needed should be calculated and a reserve stock 
sufficient to prevent the interruption of the treatment for individual patients at all 
levels should be provided. One of the most important factors responsible for 
improving adherence of patients to treatment in many countries is the assurance 
that the health service will be able to consistently provide diagnostic examinations 
and treatment. The long-term impact of patient confidence in the tuberculosis 
program has been demonstrated in Tanzania (Fig. 6.4). With no change in the 
program but simply a better awareness on the part of the patients of the reliability 
of the service, the proportion of patients absconding from their treatment steadily 
declined over a number of years. Moreover, the unavailability of some medica
tions while others remain available is an important and avoidable cause of resis
tance to medications. A system for regular planning and provision of supplies 
was shown to be possible even under war conditions in Nicaragua and Mozam
bique in the 1980s. 

6.3. Diagnosis Based on Bacteriologic Examination with a System of 
Quality Control 

Because the focus of the NTP is the cessation of transmission of M. tubercu
losis, accurate sputum microscopy to identify the infectious (smear positive) cases 
and to monitor the results of treatment is vital to the program. The network of 
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Figure 6.4. Trend in patient adherence to treatment over time in two regions of Tanzania. 

diagnostic centers, located within the general-purpose laboratory of routine health 
institutions, must serve no less than 50,000 persons in order to maintain sufficient 
experience to ensure expertise of the laboratory technician conducting the ex
aminations. Accuracy in microscopy must be assured through a program of train
ing and routine evaluation of a sample of smears in a reference center. Based on 
this evaluation, close attention can be paid to the training of technicians who do 
not perform at a sufficient level of accuracy. To maintain this system of quality 
assurance, regular supervision visits to the laboratories are essential. 

6.4. Proper Recording and Reporting of Patients 

The proper recording and reporting of patients and the results of their treatment 
are indispensable to the achievement of the targets established for NTPs. Stan
dardized assessments of treatment results using cohort analyses, as established by 
the IUATLD, are vital to ensure that the targets are being met (14). In addition 
to the use of cohort analyses to monitor program performance, accurate reporting 
and recording are also necessary for the purposes of planning, budgeting, and 
determining the amounts of supplies needed. Without reliable information, it is 
not possible to obtain necessary funds for operation of programs, to plan efficient 
distribution of supplies, or to make regular plans for supervision and training. 
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6.5. Adequate Control and Monitoring of the Use of Rifampin 

The two drugs isoniazid and rifampin are the most potent medications currently 
available for the treatment of tuberculosis. In addition to these two medications, 
there is only a limited number of effective agents that are available currently. 
Because isoniazid has been widely used, often in a chaotic fashion in the past, 
resistance to isoniazid is present in most countries. Rifampin, on the other hand, 
has not been widely used (or abused) in many low-income countries; therefore, 
resistance to it is quite uncommon (although in many middle-income countries 
and some areas of high-income countries, this is not the case [38]). Rifampin is 
highly valued in many low-income countries; failing to control it often leads to 
its appearance in the general market (legally or illegally) and the danger of its 
misuse. The availability of rifampin on the general market, often without pre
scription could lead to erratic and uncontrolled use in patients with tuberculosis 
and, to the development of rifampin resistance. 

It is absolutely essential that the health staff are well acquainted with the prin
ciples of treatment for tuberculosis and are well supervised. Even in a tuberculosis 
control program, rifampin may be misused or poorly supervised, resulting in 
resistance to the drug. The creation of resistance to rifampin (and, especially, 
resistance to both isoniazid and rifampin) must be avoided at all costs if control 
of tuberculosis is to be an achievable goal. Before rifampin is introduced into a 
program, it is necessary to ensure a high level of compliance with the treatment 
regimen. Compliance is best achieved by directly observed therapy. It is best to 
provide the rifampin only in combined tablets together with isoniazid in order to 
ensure that it is never consumed as an individual medication. These preparations, 
however, must be purchased from suppliers who can provide clear evidence that 
the bioavailability of the components is satisfactory, as a number of preparations 
have been shown to be substandard (39,40). 

7. Regimens Used in the Model Programs 

Because Mycobacterium tuberculosis has a great tendency to develop resistance 
to medications and the number of active compounds effective against tuberculosis 
is limited, the treatment of tuberculosis should be standardized; that is, there 
should be guidelines prepared by a group of experts to indicate how (with few 
exceptions) tuberculosis patients should be treated in a particular setting. To treat 
patients in a manner other than that recommended by the guidelines developed 
for the particular area is potentially harmful to the patient and to the community. 

Numerous effective regimens have been precisely defined for the treatment of 
tuberculosis (41) and recommendations on effective treatment regimens have been 
provided by the IUATLD (42), the World Health Organization (WHO) (43), and 
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the American Thoracic Society/Centers for Disease Control (44). Nevertheless, 
specific recommendations of standardized regimens must be prepared for each 
locality, based on the international recommendations. If specific recommendations 
are not made and followed, confusion remains in the minds of practitioners as to 
the correct treatment to give (most persons caring for tuberculosis patients in low
income countries are nonspecialists and are often paramedical personnel), and it 
becomes virtually impossible to plan the procurement and distribution of drugs. 

The factors of importance in the selection of a standard regimen include cost 
of the drugs and their administration, effectiveness of the regimens, and appro
priateness of the treatment program to the local circumstances. Priority must 
always be given to treatment of the smear-positive patient and careful attention 
must always be paid to determining which patients have received previous treat
ment for tuberculosis (45). 

The recommendations published by the Treatment Committee of the IUATLD 
as well as those from WHO and the American Thoracic Society/Centers for Dis
ease Control indicate that it is desirable for rifampin to be given throughout the 
course of a 6-month regimen. The regimen should consist of an initial daily phase 
of isoniazid, rifampin, pyrazinamide, and either streptomycin or ethambutol for 
2 months, followed by 4 months of isoniazid and rifampin given twice weekly. 
In developing countries, however, because of cost and the inability to directly 
supervise a regimen that contains rifampin throughout, such a treatment program 
may not be feasible. Under such circumstances, the regimen used for patients with 
positive sputum smears in the IUATLD model programs is both effective and 
inexpensive. This regimen consists of the same initial daily phase for 2 months 
or until the sputum is smear negative, followed by 6 months of isoniazid and 
thioacetazone given daily. For smear-positive patients who were previously treated 
for as much as I month in the past, daily isoniazid, rifampin, pyrazinamide, and 
ethambutol should be given for 3 months, supplemented with streptomycin in the 
first 2 months, followed by thrice-weekly isoniazid, rifampin, and ethambutol for 
a further 5 months. 

In countries or areas where resources are limited, cases diagnosed on clinical 
or radiographic criteria and who are smear negative can be treated with daily 
isoniazid and thiacetazone given for 12 months, supplemented, where feasible, 
with streptomycin in the first 2 months. 

This group of regimens has been proven to be efficacious on a countrywide 
basis in Tanzania. Regimens containing thiacetazone may not be acceptable, how
ever, in populations having a high frequency of adverse reactions to the drug. In 
particular, Asians may have difficulty with thiacetazone and severe adverse re
actions (Stevens-Johnson syndrome) occur frequently in persons with HIV in
fection. Thus, depending on the patient population, modifications of the treatment 
regimen may be necessary (as is currently the case in China, for example). 

These regimens have been utilized by the IUATLD based on the following 
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rationale. The first priority of the treatment is to ensure the conversion from 
positive to negative sputum smears, without creating resistance to any of the 
medications used. In low-income countries, it is not feasible to base the choice 
of a treatment regimen on the results of cultures and of drug-susceptibility tests. 
For this reason, the regimens that are chosen must have the least potential for 
inducing drug resistance while yielding a high cure rate. In choosing regimens 
with the lowest potential for generating drug resistance, it must be ensured that 
there is no possibility of "effective monotherapy" by the administration of rifam
pin and isoniazid without other medications when a patient may have tuberculosis 
caused by organisms that are resistant to isoniazid. At least 1 in 15 of all smear
positive patients never previously treated in many low-income countries has dis
ease caused by isoniazid-resistant organisms (45,46). Moreover, in selecting a 
retreatment regimen, it is assumed that individuals resistant to both isoniazid and 
rifampin at the outset (multidrug-resistant cases) are essentially incurable. The 
cost to cure such patients is very high and the medications required are not avail
able. It is essential to utilize at least two medications at all times to which the 
organisms are likely to be susceptible (essentially, two medications which have 
never previously been given alone). Finally, it must be ensured that there is a high 
level of compliance with the regimen. Combination preparations of proven bio
availability should be used whenever rifampin is administered or whenever only 
two medications are prescribed, such as in the continuation phase of initial treat
ment. 

The regimen such as used in Tanzania have been shown to give results equiv
alent to any other regimens evaluated both in terms of immediate results (over 
250,000 cases evaluated) and in terms of risk of relapse (47). For the majority of 
patients (and those with highest priority), a powerful, rifampin-containing regi
men is provided with full protection of the use of rifampin and for a very low 
cost (medication costs are less than US$ 20 per case). In addition, operationally, 
the treatment becomes one of the shortest possible; the period of careful super
vision is restricted to the initial 2 months, shorter even than the "short-course" 
treatment of 6 months using rifampin throughout (in which careful supervision 
must be maintained for the full 6 months and the treatment results are not better, 
under program conditions, than those obtained when rifampin is used only in the 
initial intensive phase). However, as noted previously, the regimen that includes 
thioacetazone in the continuation phase is applicable only in populations in which 
the drug is well tolerated. 

8. The Prevention of Resistance to Antimycobacterial Drugs 

As noted previously, an important objective of the model NTP is the achieve
ment of a high degree of treatment success without the promotion of resistance 
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to antituberculosis medications. How is drug resistance created? The most im
portant cause of the development of drug resistance is medical or programmatic 
malpractice (48). The incorrect use of medications in the treatment of tuberculosis 
is the key determinant for the development of drug resistance. This is most serious 
in the case of resistance to the key medications, isoniazid and rifampin. A health 
worker or program that misuses medications may be responsible for the deaths 
of patients in whom drug-resistant organisms are produced and also for the spread 
of incurable disease to susceptible members of the community (including other 
health workers). Drug resistance is caused by treatment that consists of only a 
single drug to which the bacilli are sensitive or by programmatic malpractice, that 
is, the patient is not carefully monitored or inappropriate regimens are chosen. 
An example of the latter is the poorly supervised use of rifampin throughout a 
treatment regimen when there is a high level of primary resistance to isoniazid. 
An example of such a situation occurred in Djibouti, where, in 1989, it was 
decided to change the continuation phase of the treatment regimen from 6 months 
of isoniazid and ethambutol to 4 months of isoniazid and rifampin, presumably 
a stronger regimen (49). Patients failing to convert their sputum smears to negative 
were routinely monitored with culture and sensitivity tests. Prior to 1989, one
quarter of the patients who failed to convert their sputum had organisms that were 
resistant to both isoniazid and rifampin, whereas, after 1989, three-quarters were 
resistant to both medications (Fig. 6.5). 
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Figure 6.5. Occurrence of multidrug resistance (to isoniazid and rifampin) in Djibouti. 
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One of the most important achievements of the "model" programs has been the 
expansion of diagnosis and treatment throughout a country without the promotion 
of resistance to medications as shown in Figure 6.6 (41). This has been achieved 
in two ways: by the careful development of a complementary retreatment regimen 
which can ensure the cure of virtually all cases who fail on the first treatment and 
by the strict supervision of the use of rifampin and restriction of its use to the 
initial intensive phase of treatment, using the "disposable" drug thioacetazone as 
the companion of isoniazid in the continuation phase. 

What can be done if resistance to medications is already well established in 
the community as a result of anarchic treatment? This problem has been studied 
in two settings in, what were then, low-income countries (45,50). In both Algeria 
and Korea, treatment of tuberculosis in an un standardized manner, without careful 
attention to follow-up, had resulted in a high level of both primary and acquired 
resistance to both isoniazid and streptomycin. In both countries, rifampin had not 
been used widely and combined resistance to both isoniazid and rifampin was 
uncommon. With a strengthening of the program structure, supervision, and stan
dardization of approach (51), along with the introduction and controlled use of a 
new powerful medication (rifampin) which had not previously been used to any 
great extent, it was possible to reduce rates of both primary and acquired resis
tance (Fig. 6.7). 
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9. The Impact of HIV on Treatment of Thberculosis in Low-Income 
Countries 

The pandemic of infection with the human immunodeficiency virus (HlV) has 
led to a rise in the case rates of tuberculosis in a number of countries, particularly 
sub-Saharan Africa. This has led some people to feel that the situation is hopeless 
for containing tuberculosis in such countries (52). How does HIV infection affect 
the treatment of tuberculosis in low-income countries? 

Several studies from Africa have shown clearly that the results of treatment of 
smear-positive patients infected with HIV with regimens not containing rifampin 
are not as good as in patients who are not infected with HIV (53,54). There is a 
higher fatality rate among those who are infected with HIV, although the cause 
of death is usually a disease other than tuberculosis (55). Possibly as many as 
one-third of all such patients die while being on treatment for their tuberculosis 
(56). Moreover, there is a continuing trend in fatality such that the life expectancy 
of such patients is markedly reduced with a median survival after diagnosis pos
sibly as low as 18 months-death being related to HIV infection rather than 
tuberculosis itself. 

Among patients who survive, the results of treatment are similar in HIV-in
fected and uninfected persons when rifampin-containing regimens are used 
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(56,57); the proportions of patients who convert their sputum smears to negative, 
of those who do not convert their smears, and of those who default from treatment 
(Fig. 6.4), are similar. The likelihood of relapse after cure following treatment 
with the regimens recommended for use in low-income countries by the IUATLD 
has not been studied. The contribution of such relapse cases to the spread of 
tuberculosis is unlikely to be high, as life expectancy of such cases is substantially 
reduced. 

10. The Future of Treatment Programs in Low-Income Countries 

What of the future of efforts to control tuberculosis, especially in low-income 
countries? Since the recognition of the cost-effectiveness of the model programs 
and their adoption by the WHO, a large number of the countries of Africa have 
adopted them as the basis for their NTP and many have obtained donor support. 
The extension of such programs to include all countries where tuberculosis is 
common is the most important next step. The contribution of the World Bank to 
the establishment of such programs in large countries such as China, India, and 
Bangladesh has been an important development. 
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Chemotherapy of Drug-Resistant Tuberculosis 
In the Context of Developed and Developing 
Countries 

Tadao Shimao 

1. Introduction 

Tuberculosis, once a dreadful disease, has become a curable disease mainly 
due to marked progress in chemotherapy. Therefore, the emergence of drug re
sistance is one of the major problems of current tuberculosis control programs. 
Drug-resistant tuberculosis is produced by poor case management and the cost of 
treatment of drug-resistant cases is much higher than that for drug-sensitive cases. 
In addition, its efficacy is generally poorer. Thus, the priority of a national tuber
culosis control program should be to achieve a high cure rate of newly detected 
tuberculosis by improving case management through various measures, such as 
directly observed therapy. 

The principle of the treatment of drug-resistant tuberculosis is the use of three 
to four, or even five drugs to which the strain is sensitive, and in cases who fail 
to convert to culture negative, surgery may be considered. However, the appli
cation of this principle is quite different in developed and developing countries. 
In the former, treatment can be based on the results of drug-susceptibility tests. 
In the latter, there are difficulties such as a lack of laboratory facilities for routine 
drug-susceptibility tests, a shortage of financial resources to procure sufficient 
amounts of the more expensive secondary drugs and a shortage of trained staff in 
the peripheral health facilities. The application of a standard retreatment regimen 
is therefore inevitable. 

In this chapter, chemotherapy of drug-resistant tuberculosis in developed coun
tries is discussed first and then the same topic in developing countries. 
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2. Chemotherapy for Drug-Resistant Thberculosis in Developed Countries 

2.1. Basic Concept 

The basic concept of treating drug-resistant tuberculosis in developed countries 
is to prescribe a regimen based on the results of drug-susceptibility tests. The 
number of drugs used is normally three to four, but sometimes five drugs may be 
used. For multidrug-resistant tuberculosis, chest surgery may be considered for 
suitable cases, as the efficacy of chemotherapy is limited. 

Close supervision of patients during treatment is particularly important, as the 
planned chemotherapy could be the last chance to cure patients by chemotherapy 
alone and drugs used for drug-resistant tuberculosis are generally speaking more 
toxic than drugs used for the original treatment. 

2.2. Grouping of Antituberculosis Drugs Used in Chemotherapy for Drug
resistant Tuberculosis 

As the efficacy of chemotherapy depends on the potency of combined drugs, 
it is worthwhile to group those currently available into the following four groups 
(Table 7.1). 

Class A drugs are bactericidal and less toxic. They are rifampicin (R), isoniazid 
(INH or H), pyrazinamide (PZA) , and streptomycin (SM). They are the first
choice drugs even in the treatment of drug-resistant tuberculosis if they are pre
viously unused and the strain is sensitive. 

Class B drugs are bacteriostatic and less toxic or bactericidal but more toxic. 
They are ethambutol (EMB), kanamycin (KM), and capreomycin (CPM). 

Class C drugs are less potent and/or more toxic and are used in combination 
with Class A or B drugs to prevent the emergence of drug resistance. They are 

Table 7.1. Grouping of TB Drugs 

Class A (Bactericidal, less toxic) 
Rifampicin (R) or its derivatives such as rifabutin (RBT), isoniazid (INH), 

pyrazinamaide (PZA), streptomycin (SM) 
Class B (Bacteriostatic and less toxic or bactericidal but more toxic) 

Ethambutol (EMB) kanamycin (KM), capreomycin (CPM) 
Class C (Substitutes, less potent and/or more toxic) 

Ethionamide or prothionamide (1314Th, 132ITh, Th), thiacetazone (T), para
aminosalicyclic acid (PAS), cycloserine (CS), viomycin (VM), or enviomycin 
(EVM) 

Class D (Experimental drugs) 
New Derivatives of R such as KRMl648, quinolones and macrolide compounds 
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Effeclive 10 bacilli resislanl 10 
aO arrow directed drug 
Efficacy reduced 10 bacilli resislanl 
10 an arrow dJrecl~d druK 
loeffeclive 10 bacilli reslslanl 10 
an arrow directed drug 

Figure 7.1. Cross-resistance among SM, KM, CPM, VM, and EVM. 

ethionamide or prothionamide (1314 Th, 1321 Th, or Th), thiacetazone (T), para
aminosalysilic acid (PAS), cycloserine (CS), viomycin (VM) and enviomycin 
(EVM). 

Class D drugs are under experiment. They are new derivatives of rifampicin 
RFP such as KRM 1648 (rifabutin), quinolones and macrolide compounds. Some 
of them, in particular KRM 1648, have given promising results in both in vitro 
and in vivo experiments and clinical trials are expected. 

In determining the regimen, priority should be given to Class A drugs, then 
Class B drugs, and priority is lowest with Class C drugs. It is, of course, necessary 
to avoid a combination of drugs which are given by injection, as there is cross
resistance between SM, KM, CPM, and VM (EVM) as shown in Figure 7.1. SM 
should be used first, then KM or CPM, and finally VM or EVM. 

2.3. Regimens Before the Results of Drug-Susceptibility Tests Are Known 

Investigations are in progress on rapid tests to detect and identify mycobacteria 
and to determine drug susceptibility. Using currently available methods, it takes 
up lu 2 munths to obtain these results. Treatment. therefore. has to he started, 
without knowing the results of drug-susceptibility tests. 

In determining the appropriate regimen for these cases the results of previuus 
treatment are important. If previous treatment was successful and the patient con
verted to culture negative, completed treatment, and was declared "cured" by the 
attending physician, but subsequently relapsed, chemotherapy can be restarted 
using the standard regimen for new smear-positive pulmonary tuberculosis, 
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Cured (Bacilli converted to negative and treatment was 
lerminated according to physician#s instruction) 

Regimen of Chemotherapy 2-8H R Z S (E) 

Failed or Results Unknown 

Combined Use of Previously Unused Drugs 

No. of previously 
unused class A 

drugs 

8 

J 

o 

Regimen 
of 

chemotherapy 

Combined use of 
8 A drugs 

Combined use of 
2 A & J B drugs 

Combined use of 
J A & 2-8 B & C 
drugs 

Combined use of 
8-4 B & C drugs 

Ezampies 

RZS 

RZE. RSE 
SZE 

R EKM. RKMTb 
SETh. Z EKMTh 

EKMTh, KMTbCS 
KMTb -rCS 

Figure 7.2. Regimen of chemotherapy for possible drug-resistant cases before pretreat
ment drug-sensitivity tests results are available; based on results of previous treatment. 

namely 2HRZS (E) and 4HR, as tubercle bacilli are likely to still be sensitive to 
drugs used in the previous treatment. 

If previous chemotherapy failed or the results were unknown, the regimen 
should be a combination of previously unused drugs on the assumption that the 
strain is likely to be resistant to previously used drugs, and this regimen will 
depend on how many Class A drugs were previously unused. As INH is used in 
most cases, it was excluded from the regimens in Figure 7.2. If two or more Class 
A drugs are available, chemotherapy is started with a combination of two or three 
class A drugs with the addition of a Class B drug. If only one or no Class A drug 
is available, a combination of three to four drugs is needed. 

2.4. Regimens When the Results of Pretreatment Drug-Susceptibility Tests 
Are Known 

Recommended regimens for drug-resistant cases when the results of pretreat
ment drug-susceptibility tests are known are presented in Figure 7.3. In deter
mining the regimens, the number of Class A drugs to which the strain is sensitive 
is important and examples of regimens and the expected efficacy are shown in 
the figure. 

STRAINS SUSCEPTIBLE TO ALL FOUR CLASS A DRUGS 

If the strain is sensitive to all Class A drugs, the regimen is the same as that 
used in the original treatment of new smear positive pulmonary tuberculosis, 
namely 2HRZS (E)/4HR, and the expected efficacy is excellent. 



Chemotherapy of Drug-Resistant Tuberculosis 187 

No. of sensi
tive class 

Regimen 
of 

Chemotherapy 
ErampJes 

A Drugs 

4 

3 

2 

1 

o 

Combined use of 
3-IlA drugs 

Combined use of 
3A drugs 

Combined use 01 
2A and IB drugs 

Combined use of 
IA and 2-3B 
and C drugs 

2 H R Z S (E) .... B-7 H R 0 r 
B-7H. R. 

2H R Z .... B-7H R 
3HRS .... BHR 
2RZS .... 7RSE 

3HRE .... 6-SHR 
3HSE .... SHE 
3R Z Th .... SR Z 
3RSE .... SRE 

3-4 H E KM .... S-B H E 
3-4 R E KM .... S-B R E 
3-4 S E Th .... iJ-B S E 
3-4 Z KMTh .... S-B Z Th 

Combined use of I2KM-Th-CS 
3-4B and C drugs I2CPM-Th-CS-T 

I2CPM- Th -PAS- T 

EIpected 

Efficacy 

(+++) 

(+++) 
(+++) 
(+++) 

(+++) 
(++) 
(++) 
(++) 

(++) 
(++) 

(+)-(++) 
(+) - (++) 

(+) 
(+) 

(±) - (+) 

Notes (+++): &eel/ent results (++) : Good results (+) : U.ited results (1) : Poor results 

Figure 7.3. Regimen of chemotherapy for drug-resistant cases of pulmonary TB after 
pretreatment drug-sensitivity test results are available. 

STRAINS SENSITIVE TO THREE CLASS A DRUGS 

If the strain is sensitive to three Class A drugs, then these should be combined 
in the initial phase of 2-3 months, and the total duration of chemotherapy should 
be 8-9 months, including the continuation phase. The expected efficacy is excel
lent. 

THE STRAIN IS SENSITIVE TO TWO CLASS A DRUGS 

If the strain is sensitive to two Class A drugs, they should be combined with 
EMB, provided the drug is sensitive to this drug. If bacilli are resistant to EMB, 
either ethionamide (Th) or kanamycin (KM), capreomycin (CPM), or some other 
Class C drug must be substituted. The duration of the initial phase should be 3 
months. Excellent efficacy can be expected if 3HRE/6-9HR is used. In other 
regimens, expected efficacy might be slightly less but is generally good. 

THE STRAIN IS SENSITIVE TO ONE CLASS A DRUG 

A strain sensitive to a single class A drug should be treated with a combination 
of two or three Class B or C drugs, and the initial phase should be 3-4 months. 
Expected efficacy is worse than the above three categories; however, cure by 
chemotherapy alone is still high if the strain is sensitive to INH or R. As Class 
B or C drugs are more toxic, close supervision is needed. Moreover, this treatment 
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may be the last chance of cure by chemotherapy, and the best results can be 
expected by only full adherence to treatment. Taking into account all these factors, 
it is recommended that patients be admitted to the hospital where there are tu
berculosis experts. 

THE STRAIN IS RESISTANT TO ALL CLASS A DRUGS 

Three to four Class B or C drugs have to be combined. As the efficacy of 
chemotherapy is limited, it is necessary to consider surgery. The incidence of side 
effects will be high, and this can be difficult to cope with in the outpatient de
partment. It is recommended that patients in this category be treated in hospital 
where there are tuberculosis experts. 

GENERAL CONSIDERATIONS 

Regimens of chemotherapy shown in Figure 7.3 are examples and may need 
to be modified taking into account the response and the incidence and severity of 
side effects. 

In the initial phase, fully supervised drug-taking either by hospitalization or 
directly observed in the outpatient department is strongly recommended. Even in 
the continuation phase, treatment may be better supervised by the use of an in
termittent thrice- or twice-weekly, regimen. 

2.5. Efficacy of Chemotherapy for Drug-Resistant Tuberculosis 

Clinical efficacy of chemotherapy for drug-resistant tuberculosis depends 
mainly on the number of Class A drugs to which the strain is sensitive. Regimens 
are tailored to individual cases and the number of combined drugs and the duration 
of the initial as well as of the continuation phase should be determined case by 
case, taking into account factors such as severity of the disease, response to treat
ment, severity of side effects, and so forth. 

EFFICACY OF INITIAL TREATMENT OF DRUG-RESISTANT TUBERCULOSIS 

Several controlled clinical trials of short-course (6-8 months) chemotherapy 
have been carried out by the British Medical Research Council in collaboration 
with East African countries, Hong Kong, and Singapore. (2-12) In these studies, 
results were reported separately for patients whose strains pretreatment were sen
sitive and those with resistant strains. The results for those with sensitive strains 
were, in general, excellent. The efficacy of a 6-8-month regimen for patients with 
pulmonary tuberculosis due to resistant strains is shown in Table 7.2 according 
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Table 7.2. Efficacy of short-course chemotherapy of 6-8 months for initially resistant 
cases of pulmonary TB by the number of sensitive class A drugs 

No. of 
Regimen of Chemotherapy in the Initial Phase 

Class A WithPZA Without PZA 

drugs Total Failed Total Relapse Total Failed Total Relapse 

2 40 2 5.0% 36 4 11.1% 104 1 1.0% 89 22 24.7% 
I 66 8 12.1% 53 3 5.7% 68 13 19.1% 46 8 17.4% 
0 100 13 13.0% 71 17 23.9% 52 16 30.8% 29 13 44.8% 

Notes: The efficacy of 6-8 months' short-course chemotherapy for initially resistant cases 
to INH and/or SM were summarized from the studies carried out by the British Medical 
Research Council (Refs. 2-12). The results were tabulated by the number of Class A drugs 
in the regimen. 

to the number of Class A drugs in the regimen and whether or not PZA was used 
in the regimen in the initial phase. 

Excellent results can be expected if two Class A drugs are sensitive; however, 
the duration of the continuation should be extended, particularly when PZA is 
not included in the initial phase as the relapse rate is slightly higher in this group. 

If only one Class A drug is sensitive, treatment failure is higher than cases 
treated with two Class A drugs, and efficacy depends on whether the strain is 
susceptible to RFP or INH. 

If all Class A drugs are resistant, results are much worse than the above two 
groups, and the results illustrate the difficulty of treating multidrug-resistant tu
berculosis. 

EFFICACY OF RETREATMENT REGIMENS FOR DRUG-RESISTANT TUBERCULOSIS 

Studies on retreatment regimens using secondary drugs have been carried out 
for chemotherapy failures when drugs such as INH, SM, and PAS have been used. 
Some of these are presented in Table 7.3. (13-20) 

The treatment committee of the International Union Against Tuberculosis and 
Lung Disease (IUATLD) have carried out collaborative studies on the combined 
use of PZA, Th, and CS for the treatment of patients who had failed chemotherapy 
with primary drugs. (13) Twenty-eight hospitals from 14 European countries par
ticipated. Patients were given three drugs for 4 months. They were then divided 
into three groups; those continuing the same three drugs, and those given Th and 
CS, or PZA and Th for another 8 months. Conversion to culture negativity was 
good in those who completed treatment in all three groups; however, the conver
sion rate in all cases was low due to the high dropout rate because of side effects. 
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If RFP and EMB were used, the results were much better. A study in Hong 
Kong revealed that 87% of cases responded favorably when given RFP and EMB 
daily for 18 months or 16 months once weekly after both drugs had been given 
daily for 2 months. (14) This study also showed that the results of 6-months' use 
of PZA, Th, and CS followed by 12 months of PZA and Th were very good if 
the strains were sensitive to Th. 

Table 7.3. Efficacy of retreatment regimens of chemotherapy for drug-resistant pulmonary 
TB 

Author Resistant Regimen of No. of 
(Ref.) to chemotherapy cases Favorable Relapse 

To whole To treatment 
cases completed 

IUAT, Second INH 12ZThCS 43 94% 67% 
Study, Series and 4ZThCS~8ThCS 41 87% 63% 
II (13) SM 8ZTh 42 85% 67% 

Hong Kong TB 18RE 91 87% 
Treatment INH 2RE~I6R,E, 62 87% 
ServicelBMRC (13) 18R,E, 84 79% 

18R,E, 53 71% 
6ZThCS~12ZTh 59 93% 
(Th: sensitive) 

RFP 
(mg) 

Zierski (15) INH 3RE~9R,E, 600 38 95% 
7% 

Poland 9R,E, 600 40 95% 
9R,E, 1200 35 97% 

0% 
9R,E, 1200 30 93% 
15R,E, 1200 35 97% 

2% 
15R,E, 1200 35 97% 
2IR,E, 1200 32 100% 

0% 
21R,E, 1200 36 100% 

Goble (16) (Denver, INHand Indi vidually tailored 65% 

USA) RFP regimen 134 14%a 

RYOKEN (17,18) (Japan)INH 12KMThCS 64 53% 15%12' 

and 12 Previously Used Drugs 67 11% 20% 

SM 
I. 6R + Previously Used 47%13' 

RYOKEN (19,20) (Japan)INH, SM Drug 121 31% 
KM,Th,CS IIA.6RE 67 72% 10% 

IIB.6R,E, 65 80% 8% 

aOut of a total 171 of cases resistant to INH and RFP, 63 (37%) died, among them 37 (22%) from tuberculosis. 
bFatality during 2 years follow-up was 20% in the KMThCS group and 21 % in the control group. Out of bacilli
positive cases at 12 months, none converted to negative later in the KMThCS group and 9% in the control; all of 
them were surgically treated. 
'In approximately two-thirds of cases, RFP was furtber continued, and the negativity conversion to culture from 
positive cases at 6 months were seen in 2% in the group I, in 35% of the group lIA, and in 25% of the group lIB. 
Adding these cases, the negative conversion rate by culture at 12 months was 48%,82%, and 85% respectively in 
groups I, lIA, and lIB. 
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A study in Poland showed excellent results of retreatment by the combined use 
of RFP and EMB when treatment with primary drugs had failed (15). If the dose 
of RFP in the intermittent regimen was increased to 1200 mg and was continued 
for 12 months or longer, nearly all cases converted to culture negative and very 
few relapses were observed. 

2.6. Case Management During Treatment 

DIFFICULTIES IN REGULAR DRUG-TAKING DURING TREATMENT 

Regular drug-taking is the key to the success of treatment. However, there are 
difficulties in maintaining regular drug-taking during treatment. 

They are summarized as follows: 

1. Poor awareness of the disease by patients themselves: Tuberculosis patients 
often complain of persisting cough and sputum, tiredness, weight loss, and so 
forth; however, the more severe symptoms such as high fever or pain are rarely 
seen. Cough and sputum will disappear and patients notice an increase in 
weight soon after the start of chemotherapy. They feel well long before they 
are actually cured. To continue regular drug-taking after they are well is not 
easy. Nowadays short-course regimens are widely used, but 6-8 months' treat
ment is still long for most tuberculosis patients, and it is difficult to continue 
regular drug-taking for this length of time. 

2. Roles played by patients: Patients must take treatment until their disease is 
cured. At the same time, most are allowed to work either from the start of 
treatment, or during treatment but after their disease has improved. Patients 
who are busy sometimes forget that they are patients and do not take their 
drugs. 

3. Poor approach of health workers including physicians to patients: In treating 
tuberculosis, patients must understand their disease. They should be instructed 
thoroughly in how it may be cured. It is particularly important to stress the 
necessity of regular drug-taking during treatment. Lack of understanding on 
the part of health workers and physicians can lead to a lack of awareness of 
patients of their tuberculosis. Health workers often claim that patients do not 
take drugs regularly or default from treatment; however, in many cases, this is 
the responsibility of the health workers who failed to instruct their patients 
properly. This can result in drug resistance because the patients were doubtful 
of or lost confidence in the health services due to failure of previous treatment. 
However, some failures of treatment are also due to the patient. Every effort 
should be made to convince patients of the necessity of regular drug-taking 
during treatment. 

4. Concentration on vulnerable groups: The decline in tuberculosis in developed 
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countries has taken place more rapidly in socially favorite groups but has been 
slow or not seen at all in the vulnerable groups such as the homeless, chronic 
alcoholics, drug users, migrants, refugees, and so on. It is well known that 
compliance with the chemotherapy for a long period of time is much more 
difficult in patients of these latter groups than in patients in more favorably 
social groups. 

MEASURES TO ENSURE REGULAR DRUG-TAKING 

Before the start of treatment, it is necessary to take time to instruct patients on 
the nature of the tuberculosis and how it may be cured. In particular, the impor
tance of regular drug-taking until they have been declared as cured should be 
stressed. If physicians are too busy and can spend little time to talk to patients, 
tuberculosis nurses or some other health workers should take on the physician's 
role. 

Patients may have problems which prevent them taking their drugs even though 
they are well motivated to be compliant. Among these are how to cover the cost 
of treatment, how to feed the family, who will take care of the children, concern 
at losing a job, and so forth. Health care workers need to support patients in 
cooperation with the social workers to help solve these problems. It is vital that 
health workers maintain contact with patients during treatment. 

Regular drug-taking in the initial phase of chemotherapy is very important, as 
there are often large numbers of tubercle bacilli in the lesions and the risk of the 
emergence of drug resistance is high if drugs are not taken regularly. One measure 
to ensure regular drug-taking during this period is to admit patients to a hospital, 
where drugs are given directly by nurses. 

If hospitalization is impossible, treatment has to be conducted at clinics, and 
drugs should be given by health workers to patients directly at least during the 
initial phase. In the latter case, thrice or twice weekly regimens are more con
venient for directly observed therapy (DOT). 

This is only feasible when patients live near the clinic. If they live too far away, 
they should be hospitalized until adherence to treatment has been established. 

Action against defaulters should be taken immediately if patients do not come 
to the clinic on the appointed day. This is particularly important in cases receiving 
intermittent therapy, as the risk of the emergence of drug resistance is high when 
drugs are taken irregularly. 

2.7_ The Use of INH Alone for Patients with Strains Resistant to All 
Available Drugs 

Chemotherapy for patients with drug-resistant tuberculosis who continue to 
discharge tubercle bacilli is difficult. We are reliant on treatments that hark back 



Chemotherapy of Drug-Resistant Tuberculosis 193 

to the prechemotherapy era, namely bed rest and good nutrition in fresh air. The 
use of INH alone may be considered in such cases, as this attenuates the virulence 
of tubercle bacilli. The use of the newer drugs like the quinolones and the ma
crolides has yet to be established. 

INCIDENCE OF TUBERCULOSIS AMONG CONTACTS OF CHRONIC CASES 

In animal models it is recognized that the virulence of strains of Mycobacterium 
tuberculosis which are resistant to isoniazid is attenuated. However, it is not 
known if this is true for patients. 

Results of a study in Japan on the incidence of tuberculosis among contacts of 
chronic cases are summarized in Table 7.4 (21). Chronic cases in this study were 
treatment failures in Tokyo and Okinawa who continued to discharge tubercle 
bacilli resistant to nearly all available drugs. The control groups were the contacts 
of sex- and age-matched new bacillary tuberculosis cases registered in the same 
health center in the same year as the chronic cases. These patients converted to 
culture negative following treatment. The ambulatory group were contacts of 

Table 7.4. Incidence of tuberculosis among contacts of chronic tuberculosis cases-
surveys in Tokyo and Okinawa 

Chronics 
Tokyo Okinawa at JATA 

Chronics Control Chronics Control clinic 

No. of cases 39 39 7 7 15 
No. of contacts 129 127 27 32 58 

Within 3 years after registration 
Observed person-years 340 355 61 70 140 
New case of TB (per 100 

person years) 3 7 4 
0.88 1.97 1.63 1.42 2.86 

3 yrs. or later after Registration 
Observed person years 798 468 190 200 237 
New case of TB (per 100 

person years) 3 3 2 I 
0.38 0.64 1.05 0.50 0.42 

Note: Chronics are chemotherapy failure cases discharging tubercle bacilli in sputum con
tinuously, and the control is age- and sex-matched bacillary cases of tuberculosis, who 
converted to negative by chemotherapy and were registered at the same health center in 
the same year of chronics. Chronics at JATA clinic are cases treated arnbulatoriIIy at the 
JATA clinics. 
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Table 7.5. Prognosis of chronic bacillary pulmonary patients in hospitals; Surveys by 
RYOKEN 

Observation started in 1975 1981 1988 
Survey was carried out in 1981 1984 1991 

5 years, 2 years, 
Observation period 3 months 3 years 2 months 

No. of patients 513 366 182 
Died 27553.6% 14339.1% 5831.9% 
Hospitalization continued 172 33.5% 18550.5% 10758.8% 
Discharged alive 61 11.9% 369.8% 179.3% 
Unknown 51.0% 20.5% 

cases treated ambulatorily at the clinics of the Japan Anti-Tuberculosis Associa
tion in Tokyo. The incidence of tuberculosis was high in the initial 3 years after 
registration, and thereafter it fell. However, there was no significant difference in 
the incidence between the contacts of chronic cases and the control, both in the 
earlier and later period after registration. 

In analyzing these data, the fact that many of the chronic cases were hospital
ized must be taken into consideration. Out of 39 cases in Tokyo, 30 were hos
pitalized when they registered and 20 by the time of the survey, and out of 7 cases 
in Okinawa,S cases were hospitalized by the time of the survey as shown in Table 
7.5. Thus, the chances of infection by contact with chronic cases were likely to 
be reduced, although family members often visited patients in the hospital and 
patients sometimes were allowed to go back home and, therefore, had contact 
with family members. However, the incidence of tuberculosis among contacts of 
chronic patients who lived with their families while receiving treatment was simi
lar to that of the control groups in the above study. Of course, chronic cases knew 
their own disease status and took care to reduce direct contact with their family 
members. It can be assumed that the risk of chronically infected patients infecting 
family members is low. 

The use of INH as monotherapy in chronic cases resistant to all available drugs 
is acceptable, as the virulence of M. tuberculosis highly resistant to INH is atten
uated, it is inexpensive, and the incidence of serious side effects is low. (22-33) 

FINDINGS SUPPORTING THE ATTENUATED VIRULENCE OF STRAINS HIGHLY 

RESISTANT TO ISONIAZID 

Among chronic cases, there are some whose sputum is smear positive but on 
culture there is no growth. This suggests that the viability of the bacilli in these 
cases is impaired and the number of viable bacilli in sputum is much less than in 
pretreatment smear positive sputa. 
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Ryoken repeatedly made surveys of the prevalence of initial as well as acquired 
resistance among newly admitted tuberculosis patients in specific hospitals. Fig. 
7.4 indicates the correlation between the prevalence of drug resistance and its 
grade to INH, SM and PAS in previously untreated and treated cases in 1966 and 
1972. (22,23) The prevalence of previously treated cases represents a part of drug 
resistance pattern among the source of tuberculosis infection in a community, and 
the prevalence of drug resistance among previously untreated cases indicates the 
resistance pattern of those primarily infected from the source of infection. There 
was a good positive correlation between the prevalence of drug resistance and its 
grade to INH, SM and PAS among previously untreated and treated cases, except 
the prevalence of cases resistant to INH 5 mcg/ml completely. The prevalence of 
strains which are highly resistant to INH was high among previously treated cases, 
while it was disproportionately low in previously untreated cases, and the same 
fact was seen both in the 1966 and 1972 surveys. The low prevalence of cases 
highly resistant to INH among the previously untreated cases in contrast to the 
high prevalence of such cases among previously treated cases could be explained 
by the attenuated virulence ofINH highly resistant tubercle bacilli, through which 
either infection itself or the break down of the disease from the primarily infected 
persons is prevented. 

The prognosis of chronic cases investigated by RYOKEN is presented in Table 
7.5. (24-26) In the prechemotherapy era, approximately half of smear positive 
pulmonary tuberculosis patients died within two years after the detection of the 
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Figure 7.4. Correlation between the prevalence of drug resistance and its grade to INH, 
SM, and PAS in previously treated and untreated pulmonary TB studies of RYOKEN in 
1966 and 1972. 
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Table 7.6. Tuberculous complications in patients admitted to national sanatoria and died 
of pulmonary tuberculosis 

Survey year 

1959 1964 1969 1974 1979 1984 1989 

No. died of pulmonary TB 1838 1922 1363 1042 902 728 551 
Cases with TB complications 339 18.4% 195 10.1 % 15711.5% 545.2% 465.1% 395.4% 315.6% 

Miliary TB 40.2% 50.3% 50.4% 20.2% 40.4% 40.5% 30.5% 
Meningitis 10.1% 10.1% 10.1% 70.8% 0.7% 0.7% 
Intestinal TB 935.1% 371.9% 23 1.7% 10 1.0% 111.2% 71.0% 40.7% 
Laryngeal TB 432.3% 221.1% 171.2% 40.4% 10.1% 
Bone and joint TB 462.5% 26 1.4% 201.5% 161.5% 171.9% 101.4% 40.7% 
Urogenital TB 362.0% 100.5% 10 0.7% 40.4% 10.1% 50.7% 10.2% 

disease, while the fatality of chronic cases in these studies was lower than that of 
the prechemotherapy era, though the prognosis of chronics was in general rather 
unfavourable. The difference in the fatality could be caused by the difference in 
the virulence of bacilli. 

In the prechemotherapy era, most cases of tuberculosis died not only of pul
monary tuberculosis but also of complicated intestinal and laryngeal tuberculosis 
which led patients to emaciation. Studies on causes of deaths among tuberculosis 
patients admitted to national sanatoria in the whole of Japan were carried out 
every 5 years since 1959, and the prevalence of tuberculous complications among 
cases died of pulmonary tuberculosis by the time of their death was presented in 
Table 7.6. (27-33) The prevalence of complicated intestinal and laryngeal tuber
culosis was low throughout the repeatedly carried out surveys, and the fact indi
cates certain changes in the disease progression pattern of tuberculosis in the pre
and post-chemotherapy era, which could be explained by the attenuated virulence 
of tubercle bacilli of INH highly resistant strains. 

Recent nosocomial infection of tuberculosis with multi drug resistant tubercle 
bacilli among HIV positives in the U.S. taught us that INH resistant tubercle 
bacilli could cause tuberculosis in HIV positives. In persons with normal im
munological status, however, the risk of break down of tuberculosis might be 
lower and the progression of the disease might be slower among cases highly 
resistant to INH. 

The use of INH as mono therapy in chronic cases resistant to all available drugs 
is acceptable as the virulence of M. tuberculosis highly resistant to INH is atten
uated, it is cheap and the incidence of serious side-effects is low. 

2.B. Adverse Reaction to Drugs 

The treatment of drug-resistant tuberculosis inevitably involves the use of Class 
Band/or C drugs, which are more toxic than Class A drugs. As the incidence of 
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side effects is high when using Class Band/or C drugs, patients must be super
vised closely not only for compliance but also for possible side effects. 

The major side effects of antituberculosis drugs are presented in Table 7.7. 
Before starting and during chemotherapy, patients should be instructed about 

the possible side effects of drugs, and if they detect any abnormality, they must 
immediately report to an attending physician. Many side effects are detected by 
patients complaints as shown in Table 7.8, methods of coping with them is also 
indicated in the table. The most common side effects are gastrointestinal, which 
are encountered often when Th, PAS, and R are used. In the case of R symptoms 
are often improved by taking it after food. A good principle for coping with the 
gastrointestinal disturbances is to give drugs in divided doses. 

Vertigo caused by SM can be eased by reducing the daily dose to 0.5 g/day in 
the elderly patients. For central nervous system disturbances caused by CS or Th 
and arthralgia caused by PZA, drugs should be discontinued and substituted by 
other drugs. 

The detection of side effects requires the laboratory examinations shown in 
Table 7.9. How to cope with them is also indicated in the table. Irreversible side 
effects are hearing impairment caused by SM, KM, CPM, VM, and EVM; hence, 

Table 7.7. Commonly seen side effects of anti-tuberculosis drugs 

INH R PZA SM EMB KM CPM Th T PAS CS VM 

Hearing impairment @ @ @ @ 

Visual disturbances @ 

Peripheral nerve dist. 0 0 0 
Central nervous 

system dist. 0 0 @ 

Allergic reactions 0 0 0 0 @ 

Skin reaction, 
eruption, etc. 0 0 0 0 @ @ 0 

Hepatotoxicity 0 @ @ @ @ 0 
Nephrotoxicity 0 0 0 
Hematopoietic organ 

dist. 0 0 @ 

Gastrointestinal truct 
dis. 0 0 0 0 @ @ 0 

Others @ @ 0 0 
(I) (2) (3) (4) 

Note: @: Frequently seen side effects 0: Rather rare side effects 

(I): Arthralgia (2): Paresthesia around mouth, rigidness in face 
(3): Fall off of hair (4): Thyroid gland dysfunction 
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Table 7.8. Side effects of TB drugs detected by patient complaints 

Side effects 

Gastrointestinal truct 
disturbance 

Allergic reactions 

Peripheral nerve dis!. 

Vestibular disturbance 
Visual disturbance 

Central nervous 
system dis!. 

Articular dis!. 

Symptoms 

Loss of appetite, 
nausea, vomiting, 
constipation, 
diarrhea 

Fever, exanthem, 
thrombocytopenia, 
shock, fiu syndrome 

Paresthesia in the 
extremities 

Vertigo 
Decline of visual 

acuity, color sense 
abnormality, 
dimness of sight 

Irritation, uneasiness, 
cramp, epilepsia 

Arthralgia of large 
joint 

Possible 
causing 
agents 

Th,PAS 

PAS,R 

INH, EMB 

SM 
EMB 

CS, Th 

PZA 

Measures 
needed 

Daily dose divided 
into 2 to 3 dosages. 
Take drugs after 
meal. 

Desensitization; use of 
steroid 

Use of vitamin B6 

Reduction of SM dose 
Discontinue EMB 

Discontinue drug(s) 

Discontinue PZA 

Table 7.9. Side effects of TB drugs detected by laboratory examinations 

Laboratory Possible 
examinations causing Measures 

Side effects indicated agents needed 

Hearing impairment Audiometry SM,KM, Discontinue injection 
CPM, 
VM, 
EVM 

Hepatotoxicity GOT, GPT, ALP, etc. PZA, Th, R Check GOT, GPT at 
short interval when 
levels exceed 40; 
Stop drugs when 
levels exceed 100 

Hematopoietic Blood cell count R,T Discontinue drugs 
Visual disturbance Visual acuity, color EMB Discontinue EMB 

sense 
Articular disturbance Uric acid PZA Check uric acid at 

short interval when 
its level exceeds 6 

Nephrotoxicity Urinalysis (protein, KM,CPM, Discontinue drug 
BUN, sediments) VM, 

EVM 



Chemotherapy of Drug-Resistant Tuberculosis 799 

pretreatment audiometry is necessary. Hepatotoxicity is severe if it is due to PZA 

or Th, and the use of the drug(s) should be discontinued. In the case of R elevated 

GOT and/or GPT levels often decrease spontaneously whilst continuing R. If GOT 

and/or GPT levels exceed 100, R should be discontinued temporarily. However, 

in many cases R can be used again after GOT and/or GPT levels return to normal. 

Cases who have severe side effects are impossible to cope with in the out patient 

department, and hospitalization is recommended. 

2.9. Surgical Treatment for Drug-Resistant Cases of Pulmonary Tuberculosis 

As mentioned before, the efficacy of treatment for drug-resistant pulmonary 

tuberculosis depends on the number of Class A drugs to which the strain is sen

sitive, in particular the sensitivity to INH and RFP. If a strain is sensitive to only 

one Class A drug, or to SM or PZA, or resistant to all Class A drugs, a high cure 
rate by chemotherapy alone cannot be expected and surgery is indicated, if this 

is possible. 

The results of surgical treatment at the author's institute between 1976 and 

1981 are shown in Table 7.10. They are presented separately for those with posi

tive preoperative culture results, including the grade of drug resistance and those 

with negative cultures. 

The results of chest surgery were worse in patients with preoperative positive 

cultures. However, in multidrug-resistant cases, 83.6% converted to culture neg

ative and 80.1 % were rehabilitated socially. Hence, chest surgery played an im
portant role in curing drug resistant cases. 

Using a combination of Class B and/or Class C drugs, the cure rate by che

motherapy alone is low, however, conversion to culture negative for a short period 
of time after their initial use can be expected, and if surgery is used during this 

period, the results are much better. For good results, the following conditions are 

indispensable: 

1. Major foci can be resected by pneumonectomy, lobectomy or combined re

section, or be collapsed by thoracoplasty. 

2. Remaining foci should heal spontaneously or be cured by the use of a regimen 

not containing INH and RFP. 

3. Postoperative lung function must be good enough for social rehabilitation. 

(A practical index is to maintain the postoperative forced expiratory volume 

(FEV)lPredicted Vital Capacity above 40%) 

4. At least one or two drugs to which the strain is sensitive even if these are Class 

B or C, are reserved to cover preoperative and postoperative periods, in par

ticular for pulmonary resection. 
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Table 7.10. Results of surgical treatment for drug-resistant pulmonary tuberculosis-
Ryoken, 1976-1981 

Drug No. of Bacilli Bacilli Socially With 
resistance cases (-) (+) Died rehabil. complic. 

Bacilli ( + ) within 2 months before surgery 
Multidrug resistance 146 83.6 13.7 2.7 80.1 lOA 
R resist. + at least 

1 another 162 91.4 6.2 2.5 87.7 6.2 
Unknown 15 93.3 6.7 93.3 73.3 

Total 323 87.9 9.3 2.8 84.5 11.1 

Bacilli ( - ) within 2 months before surgery 
Total 621 98.6 1.1 0.3 96.8 104 

Note: Multidrug resistant cases are resistant to R, INH and/or SM, EMB and/or KM; 
namely resistant to at least three important drugs including R. Final results of surgery are 
divided into bacilli ( - ), ( + ) and died, and socially rehabilitated and cases with compli
cations are relisted. 

If the patient continued to discharge bacilli in spite of chemotherapy but ful
filled the above conditions, the use of chest surgery should be strongly considered. 

3. Chemotherapy of Drug-Resistant Thberculosis in Developing Countries 

3.1. Background 

Chemotherapy for drug-resistant tuberculosis in developing countries is quite 
different from that of developed countries. The difficulties can be summarized as 
follows: 

1. Weak health infrastructure. The national tuberculosis control programme 
(NTP) should be integrated into the primary health care system. However, the 
quality and quantity of the peripheral health care facilities are often poor and 
many drug-resistant cases are produced due to irregular drug taking and de
faulting during treatment. There are few if any tuberculosis experts at the 
district level and it is difficult to prescribe individual regimens or to change 
regimens if side effects occur. It is a fact that side-effects of drugs used in 
drug-resistant tuberculosis are seen more frequently than in cases treated with 
standard short-course chemotherapy (SCC). 

2. Lack of shortage of laboratory facilities for culture and drug-sensitivity tests. 
In most developing countries, sputum culture and drug-sensitivity tests are not 
done routinely. It is rarely possible, therefore, to prescribe regimens according 
to laboratory results. 
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3. Cost of secondary drugs. Most developing countries suffer from a shortage of 
financial resources to procure antituberculosis drugs even for new smear-posi
tive pulmonary cases. In addition, the cost of the drugs used in the treatment 
of drug-resistant tuberculosis is generally, much higher than that of the drugs 
used in the sec, and it is rarely possible to cover the cost of secondary drugs 
unless external financial resources are available. 

Taking into account these conditions, it is difficult to define precisely drug 
resistant cases in most developing countries. Therefore the regimen for relapses, 
treatment failure and chronic cases is the same as that for drug-resistant cases as 
the prevalence of drug resistance is presumed to be high in these patients. 

The definition of relapse, treatment failure, and chronic disease is as follows: 
(35) 

Relapse. Originally treated for tuberculosis and declared as cured and currently 
having at least two sputum specimens smear positive for acid-fast bacilli (AFB) 
and a chest X-ray showing findings consistent with pulmonary tuberculosis. 

Treatment failure. Sputum smear remains positive for AFB 5 months or more 
after the start of chemotherapy, or the treatment is interrupted 1-5 months after 
the start of chemotherapy and a subsequent sputum is smear positive for AFB. 

Chronic cases. Sputum smear positive for AFB in spite of completing a retreat
ment regimen under supervision. 

Of the above three categories, the chronic cases should be dealt with separately, 
as their strains are most likely to be resistant to all routinely available drugs. 

In most developing countries, a standardized regimen irrespective of the results 
of drug-sensitivity tests is used for the treatment of relapses and treatment failures. 
However, the World Health Organization (WHO) and the International Union 
Against Tuberculosis and Lung Disease (IUATLD) have recommended regimens 
for the treatment of tuberculosis, and among these are regimens for relapses and 
treatment failures (see below). Table 7.11. 

Under certain circumstances where laboratory facilities for routine culture and 
drug-sensitivity tests are available, and the treatment of tuberculosis patients is 
carried out under the supervision of tuberculosis experts, some modification of 
the standard regimen of chemotherapy for relapses or treatment failures can be 
considered. However, even in such cases, modification of the regimen is often 
limited due to shortage of financial resources and in the majority of cases regimens 
recommended by WHO and IUATLD have to be followed. 

3.2. Recommended Regimen of Chemotherapy for Relapses or Treatment 
Failures 

WHO and IUATLD have recommended the following regimens for relapses 
and treatment failures under conditions where facilities for drug-sensitivity tests 
are either (1) routinely not available or (2) routinely available. 
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Figure 7.5. Recommended regimen for relapse and treatment failure cases; drug-sensitiv
ity tests routinely not available. 

UNDER CONDITIONS WHERE ROUTINE DRUG-SENSITIVITY TESTS ARE NOT 

AVAILABLE 

The flowchart of the recommended regimen is presented in Figure 7.S. Treat
ment is started with the combination of five drugs: INH, R, PZA, EMB and SM 
daily for 2 months, followed by a four drug combination of INH, R, PZA and 
EMB for I month (2HRZES/IHRZE). As the risk of emergence of multiple-drug 
resistance is very high in these patients, treatment during this initial intensive 
phase should be fully supervised. 

If the sputum is still smear positive, all drugs are stopped for 2-3 days, and a 
sputum specimen sent to the laboratory for culture and sensitivity tests if these 
facilities are available. A continuation phase is then started, consisting of INH, 
R, and EMB given three times a week for S months (SH3R3E3) under supervision. 
If supervision is impossible, treatment is continued with the above three drugs 
daily for S months (SHRE). 

If the sputum is still smear positive at the end of the continuation phase, the 
case is no longer eligible for the retreatment regimen, and is classified as a chronic 
case. 

If the sputum smear is negative at the end of the third month, the continuation 
phase is started and continued for S months (SH3R3E3) if supervision is possible 
or SHRE if it not. 

UNDER CONDITIONS WHERE DRUG-SENSITIVITY TESTS ARE AVAILABLE 

The flowchart of the recommended regimen for sensitive and resistant cases is 
shown in Figure 7.6. If isolates are fully sensitive to all drugs including INH and 



Chemotherapy of Drug-Resistant Tuberculosis 203 

Iniliai Phase 
(supervised) 

:JHRZES , 
IHRZE 

I 
Pre Irea Imen 1 I I 

sen s iii vii Y (s ens iii ve) (r e sis I an j) 

Adherence 
durinK 
Inilial 
Phase 

I I I~ __ ~~I ~I -L------~I 

(Y1es) (n1o) 10 Hlor R !~ ~e:~~ I~n t 
10 H &/or R 
al 16 W. 

Supervision shouid be b 
durinK should (p) (j) if possib'le 

dU;'!~7e 14H. R.I 6HRE 6H. R. E. 

Conli- be ~~in hospllal 
nuafiolJ I ~ 

(t):/~/ble . . 

Expected 
Efficacy 

(+++) 

6H.R.E. 6H.R.E. 

(+) - (++) 
(++) - (+++) (+) - (++) 

(-) - (±) 

Figure 7.6. Recommended regimen for relapse and treatment failure cases; drug sensitivity 
tests available. 

RFP, the patient adhered to the initial phase of treatment, and there is evidence 
of a favorable response such as conversion of sputum to smear-negative, treatment 
is continued with INH and RFB three times a week for 4 months (4H3R3) under 
supervision. It is particularly important to supervise closely during the entire 
period to ensure full adherence to the treatment. 

If the pretreatment sensitivity tests showed resistance to either INH or RFP, the 
continuation phase regimen (5H3R3E3) is started under close supervision, pref
erably in a referral hospital. 

If the pretreatment sensitivity tests showed resistance to both INH and RFP or 
a strain isolated at the end of 16 weeks is resistant to either INH or RFP or to 
both, the continuation phase regimen (5H3R3E3) is continued. However, the 
chance of attaining sputum-negative status is limited. 

Dosages of the drugs in the recommended regimens for relapses and treatment 
failures are presented in Table 7.11. (35) 

CHEMOTHERAPY FOR CHRONIC CASES 

Under current conditions in most developing countries, the sole method for 
treating chronic cases is to continue INH alone. The theoretical basis for this 
approach has already been presented. 

4. Future Problems of Chemotherapy for Drug-Resistant Tuberculosis 

As mentioned above, the treatment of drug-resistant tuberculosis, in particular, 
multidrug-resistant tuberculosis is very difficult and, moreover, new drug-resistant 
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cases will be produced if we fail to prevent new primary infection from drug
resistant sources of infection. Hence, problems of drug-resistant tuberculosis give 
and will continue to give a heavy burden for the national tuberculosis programs 
in countries where the prevalence of drug resistance is high. How does one cope 
with this serious problem? 

First, it is most important not to produce new cases of drug-resistant tubercu
losis and this can be achieved by improving case management during treatment. 
The priority of the tuberculosis programme of WHO is to raise the cure rate of 
new smear-positive pulmonary tuberculosis to a minimum of 85% in developing 
countries and 95% in developed countries by the year 2000 by ensuring adherence 
to treatment. "Prevention prevails on treatment" is true also in the management 
of drug-resistant tuberculosis. 

Second, prevention of primary infection of contacts of drug-resistant cases is 
also important to halt the production of more new cases of drug-resistant tuber
culosis. Measures to achieve this are discussed earlier. 

Third, development of new drugs which are effective against drug-resistant 
tubercle bacilli is indispensable to cure multidrug-resistant tuberculosis. As shown 
in Table 7.1, some promising new drugs are now under investigation, such as new 
derivatives of rifampicin, quinolones, and macrolide compounds. In vitro and in 
vivo activities of some of them have been confirmed. However, clinical trials of 
these drugs are not easy. They are very expensive and the benefit to manufacturers 
is limited by the small number of patients in developed countries where expensive 
drugs are affordable and the lack of finance in most developing countries where 
there are large numbers of patients. Measures such as the orphan drug policy to 
promote the development of new drugs by governments are needed. 

Fourth, even if some new drug(s) are developed, the combined use of at least 
two drugs to which the strain is sensitive is needed, otherwise single use will 
produce resistant tubercle bacilli. 

Fifth, studies on immunomodulation of host defense mechanisms should be 
encouraged. Even if no drugs are available, the approach is expected to increase 
the probability of spontaneous cure by ameliorating the host defense mechanisms. 

Sixth, the intensification of international cooperation is needed to cope globally 
with drug-resistant tuberculosis. Currently available short-course chemotherapy 
is potent enough to cure nearly all new cases of tuberculosis. However, its appli
cation is still limited in many developing countries mainly due to the shortage of 
financial resources. The cost to developing countries of existing and new antitu
berculosis drugs together with technical cooperation in the improvement of case 
management as a part of the international programs must be considered seriously. 
If it is not, chemotherapy, a powerful weapon we have against tuberculosis, will 
lose its potency through misuse before tuberculosis is brought under control. 
International cooperation in tuberculosis research to develop new rapid diagnostic 
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methods and new drugs is necessary to solve drug-resistant tuberculosis, which 
is one of the major obstacles in the global fight against this disease. 
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Tuberculosis and the Acquired 
Immunodeficiency Syndrome 

R. Shaw and R.}. Coker 

1. Introduction 

The World Health Organization (WHO) estimates that there are 1.9 billion 
people infected with tuberculosis worldwide, 14 million infected with human 
immunodeficiency virus (HIV), and 5.6 million coinfected with tuberculosis and 
HIY. The overlap between at-risk populations especially in the developing world 
is increasing, which suggests that these figures will increase rather than improve. 
Alone, these two pathogens confer an enormous disease burden on mankind. In 
combined infection, both organisms have a synergistic effect, increasing morbid
ity and mortality. 

2. The Interaction Between Mycobacterium Thberculosis and HIV 

The presence of HIV infection increases mortality from tuberculosis (1) and 
there is an accelerated course of HIV infection after tuberculosis (2). The mech
anism of the interaction between HIV and M. tuberculosis infection is the subject 
of intense research. Both organisms cause a degree of immunosuppression and 
facilitate replication of each other (3). HIV causes a reduction in CD4 lympho
cytes and prevents the development of cell-mediated immunity needed to kill M. 
tuberculosis following phagocytosis by macrophages (4). Similarly, tuberculosis 
also reduces the number of CD4 cells (5,6). Phagocytosis of M. tuberculosis 
enhances HIV gene expression (7), and HIV infection of antigen-presenting cells 
alters cytokine production and microbicidal activity (8). The impairment of lym-
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phocyte function by HIV is complex. There is debate as to whether HIV infection 
results in an imbalance between the Th1 and Th2 subtypes (9,10), which promote 
a cell-mediated or an allergic immune response, respectively. Whatever the mech
anism, there is a clear epidemiological association between HIV infection and 
tuberculosis in both developed and developing countries. 

3. The Problem in Developed Countries 

The relationship between the increase in the number of cases of tuberculosis 
and mv infection has been most clearly described in the United States (11). This 
relationship in developed countries may relate in part to the reduced resistance to 
tuberculosis associated with HIV infection but may also relate to socioeconomic 
factors which predispose to both infections as well as to a period of reduced 
funding for tuberculosis control programs (12). Thus, in the United States in 1990, 
4.3% of AIDS cases were infected with tuberculosis. Among U.S.-born tuber
culosis patients, 11 % were HIV seropositive, with some clinics reporting sero
prevalance rates as high as 57% (13). Patients with tuberculosis and AIDS have 
been predominantly young men and a high proportion have been black or His
panic. By contrast in Britain, the recent increase in notifications of tuberculosis 
is linked more to socioeconomic factors, immigration from countries where tu
berculosis is endemic, and possibly improved notification practices than to HIV 
infection alone (14,15). In Britain, HIV infection seems to have had a relatively 
small impact on tuberculosis (16). This may reflect the lack of overlap between 
the populations affected by the two infections. This could change if the HIV 
epidemic in India increases, as the overlap between HIV infection and tuberculosis 
in immigrant groups will increase. 

One of the central questions in the control of tuberculosis in HIV-infected 
individuals has been whether the immunosuppression causes a reactivation of 
previously acquired disease or whether immunosuppression and life-style factors 
render individuals more prone to acquire new infection. The use of restriction 
fragment-length polymorphism to type organisms collected from patients in New 
York and San Francisco indicated that nearly two-thirds of patients infected with 
HIV or who had AIDS were in clusters of cases infected by an identical M. 
tuberculosis strain (17,18). This indicates that the majority of tuberculosis in these 
HIV-infected individuals results from new infection, not reactivation of old dis
ease. 

The complexity of the relationship between HIV and tuberculosis has been 
compounded by the increase in the incidence of multidrug-resistant tuberculosis 
(that is, tuberculosis resulting from infection with M. tuberculosis resistant to 
rifampicin and isoniazid with or without resistance to other drugs as well.) This 
has been most marked in the large cities in the United States. For example, in 
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New York, isolates examined during the month of April 1991 revealed that 33% 
of patients had isolates resistant to at least one drug and 19% of isolates were 
resistant to isoniazid and rifampicin (1). Previously treated patients, those infected 
with mY, and intravenous drug abusers were at increased risk of drug resistance. 
The introduction of programs of "directly observed therapy" may have started to 
reduce the number of new cases to multidrug-resistant tuberculosis caused by 
poor compliance with therapy. 

By contrast in Britain, drug resistance, even in inner-city areas, has been low. 
In east London over the period of 1984-1992, 3.4% of isolates were resistant to 
one drug and 3.1 % to more than one drug (19). Over a similar period at the 
national level, drug resistance to one drug had a prevalence of 3-6%, and a mul
tidrug resistance of 0.8% (20,21). 

4. The Problem in Developing Conntries 

Tuberculosis is the most important opportunistic disease associated with HIV 
infection in the developing world. For example, an autopsy study in Abidjan in 
West Africa revealed that tuberculosis was the cause of death in 32% of 247 HIV
positive patients dying of mv disease (22). In up to half the patients dying of 
the HIV wasting disease "slim disease," the pathology was tuberculosis (23). The 
importance of tuberculosis in mv disease in the developing world relates both 
to the high prevalence of tuberculosis, such that most adults will have been ex
posed, as well as to the fact that tuberculosis affects individuals at an early stage 
of immunocompromise when the CD4 count is relatively preserved. Thus, in 
Kinshasa, the median peripheral blood lymphocyte count in HIV-positive tuber
culous patients was 316 per microliter (24). The magnitude of the problem in 
Africa is illustrated by the estimate that by the end of the century in Kampala, 
Uganda, 2% per year of the population will develop tuberculosis (25). 

It is feared that the spread of the HIV epidemic through other parts of the world 
such as Southeast Asia, India, and South America where tuberculosis is already 
endemic will result in a similar pattern to that currently observed in sub-Saharan 
Africa. 

5. Nosocomial Spread 

Transmission of tuberculosis is a function of the number and virulence of live 
bacilli produced by the source case, intensity and duration of exposure, and im
mune status of the contact. In a hospital or institutional setting, patients immu
nocompromised by HIV are vulnerable to nosocomial infection with tuberculosis. 
This has caused greatest concern when there has been nosocomial spread of mul
tidrug-resistant disease (26,27). The technique of restriction fragment-length 
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polymorphism has confirmed that the same organism may infect many individuals 
living in shelters for the homeless and hospitals (28-30). Studies monitoring 
immune status to tuberculosis by tuberculin testing have also shown that trans
mission can occur between prison inmates and staff (31). The evidence that no
socomial spread can occur has lead to a series of recommendations which em
phasize the need to isolate smear-positive cases, attend to ventilation and airflow 
of isolation rooms, as well as the wearing of masks by staff and visitors (13). 
There has been much debate on issues such as which type of mask is required. 
The situation is further complicated with moral and ethical issues becoming high
lighted, where patients with AIDS, who may have only a short life expectancy, 
require isolation for long periods for treatment of multidrug-resistant tuberculosis. 

6. Clinical Features 

The hallmark of infection with the human immunodeficiency virus (HIV) is 
the development of progressive immunodeficiency that is primarily cell mediated. 
Because cell-mediated immunity plays a key role in containing mycobacterial 
infection, clinical features of tuberculosis in this population depend on the stage 
of HIV-induced immunodeficiency (11,32-37). 

There are, therefore, two consequences of the association between tuberculosis 
and HIV infection (38). First, the potential that an HIV-seropositive person who 
is infected with M. tuberculosis will subsequently develop clinical tuberculosis is 
much greater than that of the general population. About 10% of individuals with
out underlying HIV disease who have M. tuberculosis infection will subsequently 
develop active disease at some time during their lifetime. The risk of a M. tuber
culosis-infected individual with HIV disease developing active tuberculosis is 
estimated at about 100 times greater, and in patients with AIDS, the risk is perhaps 
170 times greater (39,40). In the United States, 5-10% of symptom-free HIV
seropositive individuals develop active tuberculosis within a year of HIV diag
nosis (41). 

Second, in addition to tuberculosis occurring more frequently in patients with 
HIV disease, it also occurs more rapidly after infection with M. tuberculosis than 
it does in the immunocompetent host (38). DNA fingerprinting of M. tuberculosis 
isolates from tuberculosis outbreaks has showed that up to 37% of HIV -positive 
individuals developed primary tuberculosis within 5 months of exposure to a 
source patient (28,42) compared historically to between only 2% and 4% of im
munocompetent household contacts of tuberculosis developing tuberculosis 
within 12 months (43). 

Because M. tuberculosis is a more virulent organism than many of the other 
opportunistic infections associated with AIDS, reactivation of tuberculosis com
monly occurs at an earlier stage of HIV disease. HIV -infected individuals are also 
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vulnerable to exogenous tuberculous infection, with rapid progression to active 
tuberculosis. Until recently, it was thought that approximately 90% of active cases 
of tuberculosis arose from reactivation of foci of infection acquired years earlier 
(41,44). Recent reports have suggested, however, that a third or more cases of 
tuberculosis can result from recent person-to-person transmission rather than re
activation of latent infection (17,18) and that, in individuals infected with HIV, 
clustering can occur so that much of HIV -associated tuberculosis, at least in the 
United States, arises from recent transmission. 

7. Variation in Clinical Features According to Degree of 
Immunocompetence 

The clinical presentation of tuberculosis depends on the stage at which infection 
with M. tuberculosis occurs and the site involved. In HIV -seropositive individuals 
without AIDS and with less advanced HIV infection, extrapulmonary infection 
is uncommon and the chest x-ray usually shows changes suggestive of reactivation 
tuberculosis. Symptoms in individuals who manifest these features are likely to 
be typical (45,46). 

Tuberculosis in patients with AIDS already or who are severely immunocom
promised through HIV infection commonly presents with extrapulmonary tuber
culosis and frequently with chest x-ray findings suggestive of progressive primary 
tuberculosis. In these cases, symptoms are commonly nonspecific, can occur in 
association with other conditions associated with AIDS, and are often present for 
many weeks before the diagnosis is made (47-50). 

The lungs are involved in approximately 70% of HI V-infected patients with 
coexistent tuberculosis (51). In those who are relatively immunocompetent, typ
ical features develop which include weakness and tiredness, associated with an
orexia and weight loss, persistent cough and hemoptysis. The chest x-ray typically 
shows upper-lobe infiltrates, often with cavitation (45,46,52,53). This picture is 
rarely seen in those with advanced HIV disease. Indeed, apical infiltrates in the 
absence of hilar or mediastinal lymphadenopathy occurs in less than 10% of 
AIDS-associated cases (41,47,54). The radiographic picture is more often atypi
cal. Hilar and mediastinal lymphadenopathy, lower-lobe infiltrates, miliary infil
trates, and pleural effusions or a normal chest x-ray are more common in severely 
immunosuppressed patients (34,45,47,54-58) (Figs. 8.1 and 8.2). 

Extrapulmonary disease occurs in up to 70% of HIV -infected individuals with 
tuberculosis, often with lymphatic or disseminated forms (miliary TB and/or two 
or more tuberculous sites) (34,41,47,51,58). In addition, unusual clinical presen
tations of tuberculosis can occur. Extrapulmonary tuberculosis frequently coexists 
with pulmonary tuberculosis, occurring in about a third of cases and can be more 
frequent in those with more advanced disease (34,51,59). 
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Peripheral lymph nodes and bone marrow are the most frequently involved 
extrapulmonary sites. Other extrapulmonary sites include urine, blood, bone, 
joint, cerebrospinal fluid, brain and spinal cord, liver, prostate, testicle, pancreas, 
spleen, skin, pericardium, gastrointestinal mucosa, and ascitic fluid (47,53,58-
72). 

With the increased use of steroids in Pneumocystis carinii pneumonia (PCP) 
(73,74), concern has been expressed about the risk of reactivation of tuberculosis 

Figure 8.1. Chest x-ray showing right middle-lobe consolidation from tuberculosis in a 
moderately severely immunocompromised patient. 
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Figure 8.2. Chest x-ray showing miliary infiltrates in a severely immunocompromised 
patient. 
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or exacerbating undiagnosed tuberculosis (75-79). Allowing for the fact that 
much of tuberculosis occurring in association with HIY may be newly acquired, 
use of corticosteroids for the treatment of PCP probably does not increase its rate 
(80). 

Multidrug-resistant tuberculosis (i.e., tuberculosis arising as a result of organ
isms resistant to rifampicin and isoniazid with or without resistance to other drugs 
occurs more frequently in patients with AIDS (particularly injecting drug users) 
as opposed to those with no previous AIDS-defining diagnosis, where it occurs 
in association with severe immunosuppression, and is frequently associated with 
recent infection with M. tuberculosis rather than reactivation (1,26,28,81-87). In 
New York in April 1991, a third of patients with tuberculosis had isolates resistant 
to one or more antituberculous drugs, with 19% of isolates resistant to both iso
niazid and rifampicin (1). 

In drug-resistant disease, dissemination involving both pulmonary and extra
pulmonary sites is up to three times more likely, probably reflecting the host's 
more profound immunosupression. Fever, cough, dyspnea, and night sweats are 
the most common presenting symptoms. Cough is probably more likely to be 
unproductive. Lymphadenopathy is less common in matched controls with tuber
culosis sensitive to all standard drugs. On chest radiograph, alveolar, reticular 
interstitial, and miliary infiltrates are more frequently seen in patients with mul
tidrug-resistant tuberculosis (27). 

8. Diagnosis 

A high index of suspicion and an aggressive diagnostic approach is needed to 
diagnose tuberculosis associated with HIY infection. Conversely, in patients with 
proven tuberculosis, a high index of suspicion for concomitant HIY infection is 
required, particularly if the patient is in an AIDS risk group or presents with 
atypical pulmonary or extrapulmonary tuberculosis. 

Because of immunodeficiency, the tuberculin skin test is frequently negative in 
patients with HIY disease and active tuberculosis (47,88). HIY-seropositive pa
tients may then be at significant risk for tuberculosis if they are either tuberculin 
positive or anergic (89). 

In a patient with suspected tuberculosis, at least three sputum samples should 
be sent for mycobacterial smear and culture examination. Several investigators 
have reported on the sensitivity of sputum smears in patients with pulmonary 
tuberculosis and HIY disease. Some studies suggest there is no significant dif
ference in the rate of positive sputum smears in pulmonary tuberculosis between 
patients with and without HIY infection (45,58,90-92). Supporting these data, a 
recent study has suggested that tuberculosis associated with HIY infection is no 
more infectious than tuberculosis in the absence ofHIY infection (93). Conflicting 
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studies have suggested, however, that the rate of positive smears is less frequent 
in HlV-seropositive individuals (55,94-96). Nevertheless, about 50% of HlV
infected patients with pulmonary tuberculosis have positive sputum smears. The 
absence of cavitary disease does not appear to reduce the frequency of positive 
sputum smears (58,91,92). Indeed, sputum and bronchoalveolar lavage fluid may 
be positive for M. tuberculosis despite the chest x-ray being normal (47,92,97). 
Fiber-optic bronchoscopy with bronchoalveolar lavage and transbronchiallung 
biopsy may be necessary if either sputum samples cannot be obtained or sputum 
smears are nondiagnostic. The yield of bronchoscopy for the diagnosis of pul
monary tuberculosis in patients with HIV infection is similar to that in patients 
without HlV infection (98). Transbronchial biopsy provides a higher yield for an 
immediate diagnosis (98,99). 

Tuberculous bacteremia is a frequent consequence of tuberculosis in the setting 
of HIV infection and blood cultures performed with the lysis-centrifugation sys
tem are positive in between 26% and 42% of patients, especially if they have 
miliary tuberculosis and elevated serum alkaline phosphatase or lactate dehy
drogenase (49,50,100). 

Mycobacteria other than M. tuberculosis may be seen in clinical specimens 
from HIV -infected patients, particularly those who are severely immunocompro
mised The high incidence of M. avium-intracellulare and other atypical myco
bacteria in this group lead to confusion about the diagnosis before the results of 
culture are known (101). When extrapulmonary or disseminated tuberculosis is 
considered possible, sites suspected of M. tuberculosis involvement should be 
either aspirated or biopsied. With advanced immunosuppression, the host re
sponse becomes more severely impaired and poorly formed and sometimes absent 
granulomas without caseation may be seen histologically. 

Delays in diagnosis and recognition of drug resistance have contributed to 
nosocomial spread of multidrug-resistant tuberculosis. A reduction in these delays 
would allow a more rapid response in implementing proper infection control 
procedures and appropriate chemotherapy. Even with newer and faster culture 
techniques, however, it can take as long as 3 weeks to establish the diagnosis and 
define drug sensitivity (102,103). The BACTEC system is a liquid culture method 
which detects radioactive CO2 generated when mycobacteria are grown in the 
presence of a 14C-Iabeled carbon source. Selective inhibition of members of M. 
tuberculosis by p-nitro-acetyl-amino-p-hydroxypropiophenone (NAP) allows this 
organism to be differentiated from other mycobacteria (103). 

A novel approach, using firefly luciferase expressed by genetically altered my
cobacteriophage could potentially reduce the time to establish drug sensitivity 
(104). Luciferase expression occurs only after recombinant bacteriophage infec
tion of growing M. tuberculosis and the production of light, detected and assayed 
by a luminometer, enables both detection and drug sensitivity to be reported 
within hours rather than weeks. 
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9. Treatment 
In HIV -seropositive patients, the clinical response generally occurs early, as in 

HIV -negative patients if organisms are sensitive to antituberculous agents 
(51,52,60,105,106). Similarly, sputum conversion occurs early and cultures are 
usually negative at a median of 10 weeks (51). Failure of treatment and relapse 
rates of tuberculosis chemotherapy are similar to those in HIV -negative patients 
(lOS). 

Although tuberculosis might respond to conventional treatment the disease is 
associated with high fatality. This, in part, reflects the fact that tuberculosis occurs 
at different stages of HIV disease; for some, it is diagnosed before any other 
AIDS-defining illness, simultaneously for others, and after for some. In one study, 
the median survival of patients who developed tuberculosis after they had AIDS 
was only 10.6 months. In this same study, patients in whom tuberculosis was the 
AIDS-defining diagnosis had a median mortality of 18.4 months and this was 
most often unrelated to tuberculosis (51). 

The bacterial population in cavitary pulmonary tuberculosis is estimated at 
between 107 and 109 organisms, and spontaneous mutations leading to drug re
sistance occur with a frequency of approximately 1 in 106_108, replications de
pending on the drug (l07). As a consequence, there is a high probability of 
resistant mutations emerging and becoming predominant due to selection pressure 
if single-agent therapy is used. Sites for resistance are chromosomally located 
and are not linked; therefore, the likelihood of an organism spontaneously devel
oping resistance to two agents is in the order of 1 in 1014• Use of at least two 
drugs to which the organism is sensitive, therefore, means that the probability of 
resistance developing becomes negligible. Standard drug regimens used for the 
treatment of tuberculosis in HIV -negative patients are used for the treatment of 
tuberculosis in HIV -positive patients and patients respond well. In a retrospective 
study, 132 HIV-seropositive patients with tuberculosis sputum samples became 
clear of acid-fast bacilli after a median of 10 weeks' therapy. There was only one 
treatment failure and this was in a poorly compliant individual infected with 
multidrug-resistant organisms. Mortality from tuberculosis among treated patients 
in this study was 6% (51). However, because of increasing resistance, drug-sus
ceptibility testing should always be done on all M. tuberculosis isolates. In in
dustrialized countries, including the United Kingdom and the United States, when 
drug-resistant tuberculosis is infrequent, the first-line drugs are isoniazid, rifam
picin, pyrazinamide, and ethambutol. In the United Kingdom rifampicin, isonia
zid, pyrazinamide and ethambutol are advocated for the initial 2 months. Rifam
picin and isoniazid are then continued in both HIV -positive and -negative 
individuals for at least a further 4 months (108,109). In the United States, in 
individuals infected with HIV, this phase of treatment is continued for 7 months 
(11,110). In the United Kingdom, and increasingly in the United States, compli
ance is improved by the use of multidrug preparations; thus "Rifater@" contains 
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rifampicin, isoniazid, and pyrazinamide, and "Rifinah®" contains rifampicin and 
isoniazid. Compliance with treatment is the most important factor in the preven
tion of drug resistance. Compliance is markedly increased by using directly ob
served therapy (DOT) or Supervised therapy, in which the patient is observed 
taking therapy and compliance is documented (111). 

Drug resistance, particularly to isoniazid and rifampicin, portends badly. In a 
series of 171 individuals, all of whom were presumed HIV seronegative, 37% 
died, with nearly 60% of these deaths attributed to tuberculosis. The response rate 
in patients in whom there was sufficient follow-up data was only 65% (87/134). 
Thirty-five percent of patients (47/134) showed no response, as indicated by con
tinually positive cultures. Several patients who initially responded to treatment 
relapsed subsequently and the overall response rate was only 56% (112). An 
unfavorable response was seen in male patients in contrast to female patients and 
in those who had received a large number of antituberculous drugs before the 
study. In HIV -seropositive individuals, multidrug-resistant tuberculosis is asso
ciated with devastating consequences. In 62 patients, the median survival was 
only 2.1 months in one study compared to 14.6 months for controls with tuber
culosis caused by single-drug resistant or susceptible bacilli (27). In another study, 
patients with AIDS and multidrug-resistant tuberculosis were 1.7 times more 
likely to die than those with drug-susceptible organisms. Ninety-one percent of 
AIDS patients infected with organisms resistant to both isoniazid and rifampicin 
died, with a median survival of about 3 months (1). More recently, however, it 
has been shown that early treatments with at least two antituberculous drugs which 
the patient has not been given before can markedly improve the outcome. (112a) 

Adverse drug reactions to conventional antituberculous drugs occur in about 
4% of non-HIV-infected individuals (105). In the HIV-seropositive population, 
adverse events are more frequent. In a retrospective study, 18 % of HIV -seropos
itive patients receiving both isoniazid and rifampicin developed adverse drug re
actions (51). Adverse reactions to rifampicin are especially common, occurring 
in up to 12% of patients (51,58). Ninety percent develop within the first 2 months 
and they usually take the form of rash or hepatitis, although life-threatening an
aphylaxis has been reported (1 l3,1 14). A recent study from Uganda compared a 
rifampicin-containing regimen (isoniazid, rifampicin, and pyrazinamide for 2 
months, followed by isoniazid and rifampicin for 7 months) with a thiacetazone
containing regimen (streptomycin, thiacetazone, and isoniazid for 2 months, fol
lowed by thiacetazone and isoniazid for 10 months) (115). Of 101 patients re
ceiving the rifampicin-containing regimen however, only one developed an ad
verse drug reaction (cutaneous hypersensitivity). 

Patients at increased risk for drug-resistant M. tuberculosis (and therefore per
haps all HIV -infected individuals) should receive ethambutol in addition, until 
drug-susceptibility results are available (108,116,117). 

If isoniazid resistance in the HIV -positive individual is shown, then a regimen 
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of pyrazinamide, rifampicin, and ethambutol for 18 months is recommended 
(11,110). In cases of drug resistance to both isoniazid and rifampicin, this regimen 
is insufficient. Failure rates in HIV -negative individuals, for example, with rifam
picin-resistant tuberculosis may be between 40% and 70% (118-120). In these 
cases, treatment should be planned on an individual basis and, while awaiting 
sensitivity results, include at least two effective drugs to which the patient has 
never been exposed (112a). Subsequently treatment should include at least three 
drugs to which the organism is sensitive. Lung resection may be helpful. In a 
series of 99 patients with multidrug-resistant pulmonary tuberculosis, 29 had sur
gical resection in addition to chemotherapy. Pneumonectomy or lobectomy were 
the surgical techniques performed in patients with sufficiently localized disease, 
and of the 27 survivors, 25 remained sputum culture negative for an average of 
3 years (121). 

Alternative newer antituberculous agents should be reserved for multidrug
resistant tuberculosis. Potential candidates include the quinolones, oftoxacin, cip
roftoxacin, and sparftoxacin (122-124). The rifamycins, rifabutin and rifapentine, 
are active both in vitro and in vivo, but cross-resistance with rifampicin is usual 
(125). 

In many sub-Saharan African countries, standard regimens for treating pul
monary tuberculosis often contain thiacetazone instead of rifampicin because of 
thiacetazone's low cost and ease of administration (126). The drug was widely 
used before the HIV epidemic, despite the known associated adverse drug reac
tions and risks of recurrent disease (127-129). Severe cutaneous hypersensitivity 
reactions and recurrent disease are recognized in association with HIV -related 
tuberculosis (115,130-133). In common with other drugs used to treat HlV-in
fected individuals, antituberculous treatment is associated with a greater fre
quency of adverse cutaneous reactions. Of 111 HIV -seropositive patients receiv
ing an antituberculous regimen containing thiocetazone, 22 (20%) developed 
cutaneous hypersensitivity, an 18 times greater risk than in HIV -seronegative 
population. In this study, three patients, all HIV seropositive, developed toxic 
epidermal necrolysis and died as a result of this reaction (131). The cutaneous 
hypersensitivity associated with thiocetazone use appears to be related to increas
ing immunosuppression and is assumed to have an immunological basis (131), 
although earlier studies have suggested that it is dose related (i.e., is toxic) rather 
than immunological in origin (134). In addition to its toxicity, thiacetazone-con
taining antituberculous regimens are less effective at sterilizing sputum within 2 
months than rifampicin-containing regimens (115). 

10. Prevention of Thberculosis 

On a communitywide basis, reduction in poverty, alcoholism, and drug abuse, 
as well as improvements in general health, housing, nutrition, and so on are the 
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main ways tuberculosis can be reduced. Vaccination with Bacille-Calmette
Guerin (BCG) has served as the main method to provide protection from tuber
culosis for individuals. Comparison of BCG efficacy in nonimmunocompromised 
subjects reveals a wide range of protection efficacy from >50% in some studies 
to 0% in others (92). The protective effect, when present, probably lasts less than 
20 years. The exact extent to which any protective immunity from BCG is carried 
over following the development of immunocompromise is unknown. This may 
relate to the extent of the immunocompromise and the time interval since vacci
nation. The risk of systemic infection with BCG in patients with HIV-induced 
immunodeficiency (135) has led to a concern that BCG should not be given to 
individuals immunocompromised by HIY. This may cause difficulty in planning 
communitywide BCG programs in areas of high seroprevalence for HIY. 

11. Preventive Therapy 

Isoniazid preventive therapy decreases the occurrence of active tuberculosis by 
between 60% and 98% in non-HIV-infected tuberculin skin-test-positive individ
uals (11 0,136-138). About 10% of patients with positive tuberculin skin tests 
who do not receive preventive therapy develop tuberculosis each year (88). The 
benefits of isoniazid prophylaxis in the overall population have been evaluated in 
several cost-benefit analyses (139). These rely on estimates of hepatitis mortality 
and tuberculosis prevalence. These benefits have been questioned recently be
cause, it is suggested, projections of reactivation and mortality have been exag
gerated in the population at large and the risks of death from isoniazid hepatitis 
underestimated (140,141). 

Preventive therapy for drug-sensitive M. tuberculosis has been shown to be 
effective in patients infected with HIV and in patients with AIDS (142). Che
moprophylaxis with isoniazid decreases the likelihood of progression of tuber
culosis infection to disease and, therefore, the use of prophylaxis is based on three 
factors: first, the likelihood of tuberculous infection; second, the probability that 
infection will progress to disease; and third, the risk of hepatotoxicity from iso
niazid. The likelihood of infection is estimated from the patient's history of ex
posure to tuberculosis and response to the tuberculin skin test. The greater the 
degree of cellular immune deficiency, the greater the risk of progression of tu
berculous infection. Hepatotoxicity from isoniazid increases with age and may 
be increased in women particularly if they are pregnant or in the postpartum period 
(116,143-145). Preventive therapy with isoniazid may, in addition, delay the onset 
of HIV-related disease and death in symptom-free individuals from areas of high 
tuberculosis prevalence (136). 

Several international health organizations have recently issued guidelines, al
though these are still widely debated, for the use of tuberculosis preventive therapy 
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in individuals dually infected (146,147) which reflect those issued from national 
committees. Those from the United States (116,137,148) have suggested that 
prophylaxis using isoniazid should be offered, after active tuberculosis has been 
excluded, to HIV-seropositive patients who are likely to be infected with M. 
tuberculosis, irrespective of their tuberculin skin test response, to those who have 
had previously positive tuberculin skin tests, and to those with chest x-rays that 
show fibrotic lesions likely to represent old healed tuberculosis. In the United 
Kingdom, similarly, guidelines suggest that isoniazid prophylaxis should be given 
to patients with a positive tuberculin test response who have no history of BCG 
vaccination (109). In those who have been vaccinated, a strongly positive tuber
culin skin test (Heaf grade 3-4 or Mantoux > 10 mm) indicates that prophylaxis 
should be given. Negative tuberculin skin tests are, however, only interpretable if 
skin tests for at least two other recall antigens are positive. Twelve months is the 
recommended duration of prophylaxis with isoniazid (109,116). Whether pro
phylaxis with isoniazid should be recommended for tuberculin-negative HIV
infected individuals is unclear. It has been suggested that it should be offered 
because such patients have a more accelerated course of infection by M. tuber
culosis (85), although there are only limited data to support this (148). 

The regimen of isoniazid for adults is a daily dose of 5 mg/kg up to a maximum 
of 300 mg for 12 months. Patients should be seen monthly and assessed for 
compliance, drug toxicity, and signs of active tuberculosis. If supervision is in
dicated, then isoniazid should be given twice weekly at a dose of 15 mg/kg 
(109,116,146). Patients who interrupt preventive treatment should restart with the 
aim of providing at least 6 months of preventive therapy over a year. 

For multidrug-resistant tuberculosis, although recommendations have been 
made, it is uncertain whether prophylaxis is effective. The Centers for Disease 
Control have recommended that people exposed to multidrug-resistant TB should 
receive prophylaxis with pyrazinamide and ethambutol or pyrazinamide and a 
fluoroquinolone for 12 months (39). Ofloxacin, ciprofloxacin, and sparfloxacin 
have, in order of increasing efficacy, all been shown to have in vitro antimyco
bacterial activity (122-124). Aminoglycosides such as streptomycin, kanamycin, 
or arnikacin should also be considered. In addition, patients should be reviewed 
every 3 months both medically and radiographically for the subsequent 2 years 
to detect active disease. 

12. The Role of Molecular Techniques 

Routine microbiological techniques can take 2-3 months to provide evidence 
of mycobacterial infection, its subtype, and drug-sensitivity pattern. In patients 
with tuberculosis and AIDS, the median time to death may be less than this period 
(1). This long delay and uncertainty about whether appropriate drugs have been 
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used also causes difficulty with issues such as the need for prolonged isolation 
of a patient with a short life expectancy due to AIDS. In an attempt to overcome 
these problems, there is interest in the use of molecular biology techniques which 
have the potential to diagnose tuberculosis on the basis of the presence of M. 
tuberculosis DNA. The polymerase chain reaction (peR) technique amplifies se
lected sequences of DNA 109_1012 times, allowing visualization on a gel of DNA 
derived from 1-100 original copies. Many studies have suggested that this sen
sitive detection technique can be used to identify M. tuberculosis DNA in clinical 
samples (149). Studies have used a variety of target sequences in the M. tuber
culosis genome as targets for amplification. The sequence IS61 10 has been most 
frequently used because it is specific for a small group of mycobacteria, including 
M. tuberculosis, and because it is present in more than one copy per genome thus 
giving the technique greater sensitivity. Early studies suggested that the technique 
was not very reproducible among laboratories (149), and there was some evidence 
that there was not a 100% correlation with active disease (150). More recently, a 
commercially available peR test using a different target has been developed (Am
plicor™, Roche Diagnostics). Reports from other centers suggest that the this has 
a high sensitivity and specificity in the diagnosis of active tuberculosis (151). It 
seems likely that in the near future the optimum system will be defined and that 
a PeR-based diagnostic system will be available for tuberculosis. 

The possibility of using peR to diagnose drug resistance was suggested by the 
identification in the mycobacterial genome of genes which confer susceptibility 
or resistance to specific drugs. Thus, mutations in the katG gene of M. tuberculosis 
are associated with the development of resistance to isoniazid (152). Similarly, 
the INHA gene is associated with isoniazid and ethionamide sensitivity/resistance 
(153,154), the rpoB with rifampicin sensitivity (155,156), and the rpsL gene with 
streptomycin sensitivity (153). It was initially hoped that identifying mutations 
in the katG would allow the presence of isoniazid resistance to be predicted. 
Unfortunately, the number of bases over which mutations occur in this gene is 
large, there are many mutations which may have no functional significance, and 
a proportion of isoniazid resistance occurs as a result of mutations in other genes. 
By contrast, the mutations thought to confer rifampicin resistance are nearly all 
confined to a 100 base-pair region of the rpoB gene which encodes the beta 
subunit of RNA polymerase. This observation opens the possibility of screening 
clinical samples for mutations in PeR-amplified products of this 100 base-pair 
region. At least at the research level, the technique of peR combined with single
stranded conformational polymorphism has been used to provide a rapid diag
nostic test for drug resistance (157). It is hoped that this will lead to the devel
opment of a technique suitable for the routine laboratory. 

Another use of molecular biology is to study the epidemiology of tuberculosis. 
A number of studies have taken advantage of subtle differences in the DNA 
sequence of individual M. tuberculosis strains and used the technique of restriction 
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fragment-length polymorphism (RFLP) to identify the spread of individual or
ganisms in the community (158,159). Two studies in the United States studied 
large numbers of patients and were able to identify epidemiological factors as
sociated with recent infection as opposed to reactivation (17,18). These factors 
included younger age, poverty, and membership of different ethnic groups. A 
similar study using RFLP was able to identify the movement of clones of M. 
tuberculosis from Denmark to Greenland (160). All these studies relied on a prior 
culture of the organism. Other techniques have been suggested which have the 
potential to type M. tuberculosis directly from sputum (161). 

Although at an early stage, these technical developments are likely to offer 
rapid diagnosis of M. tuberculosis and identify drug-sensitivity patterns as well 
as define epidemiological factors predisposing to transmission. These techniques 
are, however, relatively expensive and their use is likely to be restricted to more 
affluent countries. 

13. Conclnsion 

Combined infection with M. tuberculosis and HIV poses an enormous disease 
burden on mankind. There is every prospect that the number of cases and the 
proportion of the global popUlation affected will increase. The presence of com
bined infection alters the clinical features and the prognosis of both tuberculosis 
and AIDS. Furthermore, as a measure of overall tuberculosis control HIV high
lights weaknesses in our control programs (162). Thus, it is likely that over the 
next few decades, clinicians will spend an increasing proportion of their effort 
addressing this clinical problem. 

References 

1. Frieden TR, Sterling T, Pablos-Mendez A, Kilburn JO, Cauthen GM, Dooley SW 
(1993) The emergence of drug-resistant tuberculosis in New York City. N Engl J 
Med 328:521-526. 

2. Whalen C, Horsburgh CR, Hom D, Lahart C, Simberkoff, Ellner J (1995) 
Accelerated course of human immunodeficiency virus infection after tuberculosis. 
J Respir Crit Care Med 151:129-135. 

3. Zhang Y, Nakata K, Weiden M, Rom WN (1995) Mycobacterium tuberculosis 
enhances human immunodeficiency virus-l replication by transcriptional activation 
at the long terminal repeat. J Clin Invest 95:2324-2331. 

4. Dannenberg AJ (1991) Delayed-type hypersensitivity and cell-mediated immunity 
in the pathogenesis of tuberculosis. Immunol Today 12:228-233. 

5. Dube M, Holtom F, Larsen R (1992) Tuberculous meningitis in patients with and 
without human immunodeficiency virus infection. Am J Med 93:520-524. 



Tuberculosis and the Acquired Immunodeficiency Syndrome 225 

6. Ho WZ, Cherukuri R, Douglas SD (1994) The macrophage and HlV-1. Immunol 
Series 60:569-587. 

7. Shattoch Rl, Friedland IS, Griffin GE (1994) Phagocytosis of Mycobacterium 
tuberculosis modulates human immunodeficiency virus replication in human 
monocytic cells. 1 Gen Virol 75:849-856. 

8. Meyaard L, Schuitemaker H, Miedema F (1993) T-cell dysfunction in HlV 
infection: anergy due to defective antigen-presenting cell function. Immunol Today 
14:161-164. 

9. Clerici M, Shearer G (1994) The ThI-Th2 hypothesis of HlV infection: new 
insights. Immunol Today 15:575-581. 

10. Graziosi C, Pantaleo G, Gantt KR, Fortin IP, Demarest IF, Cohen OJ, Sekaly RP, 
Fauci AS (1994) Lack of evidence for the dichotomy of the THI and TH2 
predominance in HlV infected individuals. Science 265:248-252. 

11. Barnes PF, Bloch AB, Davidson PT, Snider DE lr (1991) Tuberculosis in patients 
with human immunodeficiency virus infection. N Engl 1 Med 324:1644-1650. 

12. Brudney K, Dobkin 1 (1991) Resurgent tuberculosis in New York City: human 
immunodeficiency virus, homelessness and the decline of tuberculosis control 
programmes. Am Rev Respir Dis 144:745-749. 

13. American Thoracic Society (1992) Control of tuberculosis in the United States. Am 
Rev Repir Dis 146:1623-1633. 

14. Bhatti N, Law MR, Halliday R, Moore-Gillon 1 (1995) Increasing incidence of 
tuberculosis in England and Wales: a study of the likely causes. Br Med 1 310:967-
969. 

15. Darbyshire JE (1995) Tuberculosis: old reasons for a new increase? Br Med J 
310:954-955. 

16. Watson 1M, Meredith SK, Whitmore-Overton E, Bannister B, Darbyshire JH (1993) 
Tuberculosis and HIV: estimates of the overlap in England and Wales. Thorax 
48:199-203. 

17. Alland D, Kalkut GE, Moss AR, et al. (1994) Transmission of tuberculosis in New 
York City-an analysis by DNA fingerprinting and conventional epidemiologic 
methods. N Engl 1 Med 330:1710-1716. 

18. Small PM, Hopewell PC, Singh SP, et al. (1994) The epidemiology of tuberculosis 
in San Francisco-a population-cased study using conventional and molecular 
methods. N Engl J Med 330:1703-1709. 

19. El Jarad N, Parastatides S, Paul EA, Sheldon CD, Gaya H, Rudd RM, Empey DW 
(1992) Characteristics of patients with drug resistant and drug sensitive tuberculosis 
in East London between 1984 and 1992. Thorax 49:808-810. 

20. Warburton ARE, Jenkins PA, Waight PA, Watson JM (1993) Drug resistance in 
initial isolates of Mycobacterium tuberculosis in England and Wales, 1982-1991. 
Communic Dis Rep (CDR review) 13:175-179. 

21. Medical Research Council Cardiothoracic Epidemiology Group (1992) National 
survey of notifications of tuberculosis in England and Wales in 1988. Thorax 
74:770-775. 



226 R. Shaw and R.J. Coker 

22. Lucas SB, Hounnou A, Peacock C, et al. (1993) The mortality and pathology of 
HIV infection in a West African city. AIDS 7:1569-1579. 

23. Lucas SB, de Cock KM, Hounnou A, et al. (1994) Slim disease in Africa: the 
contribution of tuberculosis. Br Med J 308: 1531-1533. 

24. Mukadi Y, Perriens JH, St. Louis ME, et al. (1993) Spectrum of immunodeficiency 
in HIV -1 infected outpatients with pulmonary tuberculosis in Zaire. Lancet 
342:143-146. 

25. Schulzer M, Fitzgerald JM, Enarson DA, Grzybowski S (1992) An estimate of the 
future size of the tuberculosis problem in sub-Saharan Africa resulting from HIV 
infection. Tuberc Lung Dis 73:52-58. 

26. Edlin BR, Tokars 11, Grieco MH, et al. (1992) An outbreak of multi drug-resistant 
tuberculosis among hospitalized patients with the acquired immunodeficiency 
syndrome. N Engl J Med 326:1514-1521. 

27. Fischl MA, Daikos GL, Uttamchandani RB, et al. (1992) Clinical presentation and 
outcome of patients with HIV infection and tuberculosis caused by multiple-drug
resistant bacilli. Ann Intern Med 117: 184--190. 

28. Daley CL, Small PM, Schecter GF, et al. (1992) An outbreak of tuberculosis with 
accelerated progression among persons infected with the human immunodeficiency 
syndrome. N Engl J Med 326:231-235. 

29. Dwyer B, Jackson K, Raios K, Sievers A, Wilshire E, Ross B (1993) DNA 
restriction fragment analysis to define an extended cluster of tuberculosis in 
homeless men and their associates. J Infect Dis 167:490-494. 

30. Geneweiun A, Telenti A, Bernasconi C, et al. (1993) Molecular approach to 
identifying route of transmission of tuberculosis in the community. Lancet 342:841-
844. 

31. Centers for Disease Control (1993) Probable transmission of multidrug resistant 
tuberculosis in a correctional facility-California. Morbid Mortal Wkly Rep 42:48-
51. 

32. Hopewell PC (1989) Tuberculosis and human immunodeficiency virus infection. 
Semin Respir Infect 4: 111-122. 

33. Chaisson RE, Slutkin G (1989) Tuberculosis and human immunodeficiency virus 
infection. J Infect Dis 159:96-100. 

34. Pitchenik AE, Fertel D (1992) Tuberculosis and non tuberculous mycobacterial 
disease. Med Clin North Am 76:121-171. 

35. de Cock KM, Soro B, Coulibaly 1M, Lucas SB (1992) Tuberculosis and HIV 
infection in sub-Saharan Africa. J Am Med Assoc 268:1581-1587. 

36. Jones BE, Young SM, Antonikis D, Davidson PT, Kramer F, Barnes PF (1993) 
Relationship of the manifestations of tuberculosis to CD4 cell counts in patients 
with human immunodeficiency virus infection. Am Rev Respir Dis 148: 1292-1297. 

37. Shafer RW, Chirgwein KD, Glatt AE, Dahdouh MA, Landesmam SH, Suster B 
(1991) HIV prevalence, immunosuppression, and drug resistance in patients with 
tuberculosis in an area epidemic for AIDS. AIDS 5:399-405. 



Tuberculosis and the Acquired Immunodeficiency Syndrome 227 

38. Hopewell PC (1992) Impact of human immunodeficiency virus infection on the 
epidemiology, clinical features, management and control of tuberculosis. Clin Infect 
Dis 15:540-547. 

39. Centers for Disease Control (1992) National action plan to combat multidrug
resistant tuberculosis. Meeting the challenge of multidrug-resistant tuberculosis: 
summary of a conference. Management of persons exposed to multidrug-resistant 
tuberculosis. Morbid Mortal Wldy Rep 41:5-71. 

40. Rieder HL, Cauthen GM, Comstock GW, Snider DE Jr (1989) Epidemiology of 
tuberculosis in the United States. Epidemiol Rev 11:79-98. 

41. Selwyn PA, Hartel D, Lewis VA, Schoenbaum EE, Vermund SH, Klein RS, Walker 
AT, Friedland GH (1989) A prospective study of the risk of tuberculosis among 
intravenous drug users with human immunodeficiency virus infection. N Engl J 
Med 320:545-550. 

42. Dooley SW, Villarino ME, Lawrence M, et al. (1991) Nosocomial transmission of 
tuberculosis in a hospital unit for HIV-infected patients. J Am Med Assoc 
267:2632-2635. 

43. Bailey WC, Albert RK, Davidson PT, et al. (1983) Treatment of tuberculosis and 
other mycobacterial diseases: an official statement of the American Thoracic 
Society. Am Rev Respir Dis 127:790-796. 

44. Horwitz 0, Edwards PQ, Lowell AM (1973) National tuberculosis control program 
in Denmark and the United States. Hlth Serv Rep 88:493-498. 

45. Pitchenik AE, Burr J, Suarez M, Fertel D, Gonzalez G, Moas C (1987) Human T
celllymphotropic virus-III (HTLV-III) seropositivity and related disease among 71 
consecutive patients in whom tuberculosis was diagnosed. A prospective study. Am 
Rev Respir Dis 135:875-879. 

46. Theuer CP, Hopewell PC, Elias D, Schecter GF, Rutherford G, Chaisson RE (1990) 
Human immunodeficiency virus infection in tuberculosis patients. J Infect Dis 
162:8-12. 

47. Sunderam G, McDonald RJ, Maniatis T, Oleske J, Kapila R, Reichman LB (1986) 
Tuberculosis as a manifestation of the acquired immunodeficiency syndrome 
(AIDS). JAmMed Assoc 256:362-366. 

48. Pitchenik AE (1990) Tuberculosis control and the AIDS epidemic in developing 
countries. Ann Intern Med 113:89-91. 

49. Modilevsky T, Sattler FR, Barnes PF (1989) Mycobacterial disease in patients with 
human immunodeficiency virus infection. Arch Intern Med 149:2201-2205. 

50. Kramer F, Modilevsky T, Waliany AR, Leedom JM, Bares PF (1990) Delayed 
diagnosis of tuberculosis in patients with human immunodeficiency virus infection. 
Am J Med 89:451-456. 

51. Small PM, Schecter GF, Goodman PC, Sande MA, Chaisson RE, Hopewell PC 
(1991) Treatment of tuberculosis in patients with advanced human 
immunodeficiency virus infection. N Engl J Med 324:289-294. 

52. Colebunders RL, Ryder RW, Nzilambi N (1989) HIV infection in patients with 
tuberculosis in Kinshasa, Zaire. Am Rev Respir Dis 139:1082-1085. 



228 R. Shaw and R.J. Coker 

53. Given MJ, Khan MA, Reichman LB (1994) Tuberculosis among patients with AIDS 
and a control group in an inner-city community. Arch Intern Med 154:640-645. 

54. Pitchenik AE, Rubinson HA (1985) The radiographic appearance of tuberculosis in 
patients with the acquired immunodeficiency syndrome (AIDS) and pre-AIDS. Am 
Rev Respir Dis 131:393-396. 

55. Long R, Maycher B, Scalcini M, Manfeda J (1991) The chest roentgenogram in 
pulmonary tuberculosis patients seropositive for human immunodeficiency virus 
type 1. Chest 99:123-127. 

56. Saks AM, Posner R (1992) Tuberculosis in HIV positive patients in South Africa: 
a comparative radiological study with HIV negative patients. Clin Radiol 46:387-
390. 

57. Goldman KP (1987) AIDS and tuberculosis. Br Med J 295:511-512. 

58. Chaisson RE, Schecter GF, Theuer CP, Rutherford GW, Echenberg DF, Hopewell 
PC (1987) Tuberculosis in patients with the acquired immunodeficiency syndrome. 
Am Rev Respir Dis 136:570-574. 

59. Pitchenik AE, Fertel D, Bloch AB (1988) Mycobacterial disease: epidemiology, 
diagnosis, treatment and prevention. Clin Chest Med 9:425-441. 

60. Duncanson FP, Hewlett D Jr, Maayan S, Estepan H, Perla EN, McLean T, Rodriguez 
A, Miller SN, Lenox T, Wormser GP (1986) Mycobacterium tuberculosis infection 
in the acquired immunodeficiency syndrome. A review of 14 patients. Tubercle 
67:295-302. 

61. Handwerger S, Mildvan D, Senie R, et al. (1987) Tuberculosis and the acquired 
immunodeficiency syndrome at a New York City hospital: 1978-1985. Chest 
91:176-180. 

62. Louie E, Rice LB, Holzman RS (1986) Tuberculosis in non-Haitian patients with 
acquired immunodeficiency syndrome. Chest 90:542-545. 

63. Bishburg E, Sunderam G, Reichman LB, Kapila R (1986) Central nervous system 
tuberculosis with the acquired immunodeficiency syndrome and its related complex. 
Ann Intern Med 195:210-213. 

64. Fischl MA, Pitchenik AE, Spira TJ (1985) Tuberculous brain abscess and 
toxoplasma encephalitis in a patient with the acquired immunodeficiency syndrome. 
J Am Med Assoc 253:3428-3430. 

65. Doll DC, Yarbro JW, Phillips K, Lott C (1987) Mycobacterial spinal cord abscess 
with an ascending polyneuropathy. Ann Intern Med 106:333-334. 

66. Woolsey RM, Chambers TJ, Chung HD, McGarry JD (1988) Mycobacterial 
meningomyelitis associated with human immunodeficiency virus infection. Arch 
NeuroI45:691-693. 

67. Dalli E, Quesada A, Juan G, Navaro R, Paya R, Tormo V (1987) Tuberculous 
pericarditis as the first manifestation of acquired immunodeficiency syndrome. Am 
Heart J 114:905-906. 

68. D'Cruz lA, Sengupta EE, Abrahams C, Reddy HK, Turlapati RV (1986) Cardiac 
involvement, including tuberculous pericardial effusion, complicating acquired 
immune deficiency syndrome. Am Heart J 112: 1100-1102. 



Tuberculosis and the Acquired Immunodeficiency Syndrome 229 

69. de Silva R, Stoopack PM, Raufman JP (1990) Esophageal fistulas associated with 
mycobacterial infection in patients at risk for AIDS. Radiology 175:449-453. 

70. Wasser LS, Shaw GW, Talavera W (1988) Endobronchial tuberculosis in the 
acquired immunodeficiency syndrome. Chest 94:1240-1244. 

71. Moreno S, Pacho E, Lopez-Herce JA, Rodriguez-Creixems M, Scapa MC, Bourza 
E (1988) Mycobacterium tuberculosis visceral abscesses in the acquired 
immunodeficiency syndrome (AIDS). Ann Intern Med 109:437. 

72. Freed JA, Pervez NK, Chen V, Damasker B (1987) Cutaneous mycobacteriosis: 
occurrence and significance in two patients with the acquired immunodeficiency 
syndrome. Arch Dermatol 123: 1601-1603. 

73. The National Institutes of HealthlUniversity of California Expert Panel for 
Corticosteroids as Adjunctive Therapy for Pneumocystis Pneumonia (1990) 
Consensus statement on the use of corticosteroids as adjunctive therapy for 
pneumocystis pneumonia in the acquired immunodeficiency syndrome. N Engl J 
Med 323:1500-1504. 

74. Bozzete SA, Sattler FR, Chiu J, Wu AW, Gluckstein D, Kemper C, Bartok A, Niosi 
J, Abraham I, Coffman J et al. (1990) A controlled trial of early adjunctive treatment 
with corticosteroids for Pneumocystis carinii pneumonia. N Engl J Med 323: 1451-
1457. 

75. Sattler FR (1991) Who should receive corticosteroids as adjunctive treatment for 
Pneumocystis carinii pneumonia? Chest 99:1058-1061. 

76. Alzeer AH, FitzGerald JM (1993) Corticosteroids and tuberculosis: risks and use 
as adjunct therapy. Tuberc Lung Dis 74:6-11. 

77. Haanaes OC, Bergman A (1983) Tuberculosis emerging in patients treated with 
corticosteroids. Eur J Respir Dis 64:294--297. 

78. Clumeck N, Hermans P (1991) Corticosteroids as adjunctive therapy for 
pneumocystis pneumonia in patients with AIDS. N Engl J Med 324:1666-1667. 

79. El-Sadr W, Milder J, Capps L, Sivalapan V (1991) Corticosteroids as adjunctive 
therapy for pneumocystis pneumonia in patients with AIDS. N Engl J Med 
324:1667. 

80. Jones BE, Taikwel EK, Mercado AL, Sian SU, Barnes PF (1994) Tuberculosis in 
patients with HIV infection who receive corticosteroids for presumed Pneumocystis 
carinii pneumonia. Am J Respir Crit Care Med 149:1686-1688. 

81. Pitchenik AE, Burr J, Laufer M, Miller G, Cacciatore R, Bigler WJ, Witte n, Cleary 
T (1990) Outbreaks of drug-resistant tuberculosis at AIDS centers. Lancet 336:440-
441. 

82. Centers for Disease Control (1988) Mycobacterium tuberculosis transmission in a 
health clinic: Florida, 1988. Morbid Mortal Wkly Rep 38:256-264. 

83. Centers for Disease Control (1990) Nosocomial transmission of multidrug-resistant 
tuberculosis to health care workers and HIV -infected patients in an urban hospital
Florida. Morbid Mortal Wkly Rep 39:718-722. 

84. Coronado VG, Beck-Sague CM, Hutton MD, et al. (1993) Transmission of 
multidrug-resistant Mycobacterium tuberculosis among persons with human 



230 R. Shaw and R.J. Coker 

immunodeficiency virus infection in an urban hospital: epidemiologic and 
restriction fragment length polymorphism analysis. J Infect Dis 168:1052-1055. 

85. Tabet SR, Goldbaum GM, Hooton MD, Eisenach KD, Cave MD, Nolan CM (1994) 
Restriction fragment length polymorphism analysis detecting a community-based 
tuberculosis outbreak among persons infected with human immunodeficiency virus. 
J Infect Dis 169:189-192. 

86. Beck-Sague C, Dooley SW, Hutton MD, et al. (1992) Hospital outbreak of 
multidrug-resistant Mycobacterium tuberculosis infections-factors in transmission 
to staff and HIV-infected patients. J Am Med Assoc 268:1280-1286. 

87. Pearson ML, Jereb JA, Frieden TR, et al. (1992) Nosocomial transmission of 
multidrug-resistant Mycobacterium tuberculosis-a risk to patients and health 
workers. Ann Intern Med 117:191-196. 

88. Selwyn PA, Sckell BM, Alcabes P, Friedland GH, Klein RS, Schonbaum EE (1992) 
High risk of active tuberculosis in HIV -infected drug users with cutaneous anergy. 
JAmMed Assoc 268:504-509. 

89. Moreno S, Baraia-Etxaburu J, Bouza E, Parras F, Perez-Tascon M, Miralles P, 
Vicente T, Alberdi JC, Cosin J, Lopez-Gay D (1993) Risk for developing 
tuberculosis among anergic patients infected with HIV. Ann Intern Med 119: 194-
198. 

90. Long R, Scalcini M, Manfreda J, Jean-Baptiste M, Hershfield E (1991) The impact 
of HIV on the usefulness of sputum smears for the diagnosis of tuberculosis. Am 
J Publ Hlth 81:1326-1328. 

91. Fournier AM, Dickenson GM, Erdfrocht IR, Cleary T, Fischl MA (1988) 
Tuberculosis and nontuberculous mycobacteriosis in patients with AIDS. Chest 
93:772-775. 

92. Smith RL, Yew K, Berkowitz KA, Aranda CP (1994) Factors affecting the yield of 
acid-fast sputum smears in patients with HIV and tuberculosis. Chest 106:684-686. 

93. Nunn P, Mungai M, Nyamwaya J, et al. (1994) The effect of human 
immunodeficiency virus type-Ion the infectiousness of tuberculosis. Tuberc Lung 
Dis 75:25-32. 

94. Helbert M, Robinson D, Buchanan D, et al. (1990) Mycobacterial infection in 
patients infected with the human immunodeficiency virus. Thorax 45:45-48. 

95. Elliott AM, Namaambo K, Allen BW, et al. (1993) Negative sputum smear results 
in HIV -positive patients with pulmonary tuberculosis in Lusaka, Zambia. Tuberc 
Lung Dis 74:191-194. 

96. Klein N, Dunanson F, Lenox T, Pitta A, Cohen S, Wormser G (1989) Use of 
mycobacterial smears in the diagnosis of pulmonary tuberculosis in AIDS/ARC 
patients. Chest 95:1190-1192. 

97. Fertel D, Pitchenik AE (1989) Tuberculosis in acquired immune deficiency 
syndrome. Semin Respir Infect 4:198-205. 

98. Kennedy DJ, Lewis WP, Barnes PF (1992) Yield of bronchoscopy for the diagnosis 
of tuberculosis in patients with human immunodeficiency virus infection. Chest 
102: 1040-1044. 



Tuberculosis and the Acquired Immunodeficiency Syndrome 231 

99. Salzman SH, Schindel ML, Aranda CP, Smith RL, Lewis ML (1992) The role of 
bronchoscopy in the diagnosis of pulmonary tuberculosis in patients at risk of HIV 
infection. Chest 102: 143-146. 

100. Shafer R, Goldberg R, Sierra M, Glatt AE (1989) Frequency of Mycobacterium 
tuberculosis bacteremia in patients with tuberculosis in an area endemic for AIDS. 
Am Rev Respir Dis 140:1611-1613. 

IOJ. Mitchell DM, Miller RF (1992) Recent developments of the pulmonary 
complications of HIV disease. AIDS and the lung update. Thorax 47:381-390. 

102. Middlebrook G, Reggiardo Z, Tigertt WD (1977) Automatable radiometric 
detection of growth of M. tuberculosis in selective media. Am Rev Respir Dis 
115:1066-1069. 

103. Roberts GD, Goodman NL, Heifets L, Larsh HW, Lindner TH, McClatchy JK, 
McGinnis MR, Siddigi SH, Wright P (1983) Evaluation of BACTEC radiometric 
method for recovery of mycobacteria and drug susceptibility testing of M. 
tuberculosis from acid-fast smear-positive specimens. J Clin Microbiol 18:689-696. 

104. Jacobs WR, Udani R, Barletta R, et al. (1993) Rapid assessment of drug 
susceptibilities of Mycobacterium tuberculosis using luciferase reporter phage. 
Science 260:814-822. 

105. Slutkin G, Schecter GF, Hopewell PC (1988) The results of a 9-month isoniazid
rifampin therapy for pulmonary tuberculosis under program conditions in San 
Francisco. Am Rev Respir Dis 138:1622-1624. 

106. FitzGerald J, Grzybowski S, Allen EA (1991) The impact of human 
immunodeficiency virus infection on tuberculosis and its control. Chest 100: 191-
200. 

107. Vareldzis BP, Grosset J, de Kantor I, Crafton J, Laszlo A, Felten M, Raviglione 
MC, Kochi A (1994) Drug-resistant tuberculosis: laboratory issues. World Health 
Organization recommendations. Tuberc Lung Dis 75:1-7. 

108. Joint Tuberculosis Committee of the British Thoracic Society (1990) Chemotherapy 
and management of tuberculosis in the United Kingdom: recommendations of the 
Joint Tuberculosis Committee of the British Thoracic Society. Thorax 45:403-408. 

109. Subcommittee of the Joint Tuberculosis Committee of the British Thoracic Society 
(1992) Guidelines on the management of tuberculosis and HIV infection in the 
United Kingdom. Br Med J 304:1231-1233. 

110. Centers for Disease Control (1989) Tuberculosis and human immunodeficiency 
virus infection: recommendations of the Advisory Committee for the Elimination 
of Tuberculosis (ACET). Morbid Mortal Wkly Rep 38:236-238. 

111. Weis SE, Slocum PC, Blais FX, King B, Nunn M, Matney GB, Gomez E, Foresman 
BH (1994) The effect of directly observed therapy on the rates of drug resistance 
and relapse in tuberculosis. N Engl J Med 330: 1179-1184. 

112. Goble M, Iseman MD, Madsen LA (1994) Treatment of 171 patients with 
pulmonary tuberculosis resistant to isoniazid and rifampicin. N Engl J Med 
328:527-532. 

112a. Turett GS, Telzak EE, Torian LV, et al. (1995) Improved outcomes for patients with 
multidrug-resistant tuberculosis. Clin lnf Dis 21: 1238-1244. 

113. Wurtz RM, Abrams D, Becker S, Jacobson MA, Mass MM, Marks SH (1989) 



232 R. Shaw and R.}. Coker 

Anaphylactoid drug reactions due to ciprofloxacin and rifampicin in HIV-infected 
patients. Lancet 1 :955-956. 

114. Dukes CS, Sugarman J, Cegielski JP, Lallinger GJ, Mwakyusa DH (1992) Severe 
cutaneous hypersensitivity reactions during treatment of tuberculosis in patients 
with HIV infection in Tanzania. Trop Geogr Med 44:308-311. 

115. Okwera A, Whalen C, Byekwaso F, Vjecha M, Johnson J, Huebner RJ, Mugerwa 
R, Ellner J (1994) Randomised trial of thiacetazone and rifampicin-containing 
regimens for pulmonary tuberculosis in HIV -infected Ugandans. Lancet 344: l323-
l328. 

116. American Thoracic Society (ATS) (1986) Treatment of tuberculosis and 
tuberculosis infection in adults and children. Am Rev Respir Dis 134:355-363. 

117. Davidson PT (1987) Drug resistance and the selection of therapy for tuberculosis. 
Am Rev Respir Dis l36:255-257. 

118. Iseman MD, Madsen LA (1989) Drug-resistant tuberculosis. Clin Chest Med 
10:341-353. 

119. Mitchison DA, Nunn AJ (1986) Influence of initial drug resistance on response to 
short-course chemotherapy of pulmonary tuberculosis. Am Rev Respir Dis 
l33:423--430. 

120. Hong Kong Chest Service/British Medical Research Council (1991) Controlled trial 
of 2, 4 and 6 months pyrazinamide in 6-month, three-times-weekly regimens for 
smear-positive pulmonary tuberculosis, including an assessment of a combined 
preparation of isoniazid, rifampicin, and pyrazinamide. Am Rev Respir Dis 
143:700-706. 

121. Iseman MD, Madsen L, Goble M, Pomerantz M (1990) Surgical intervention in the 
treatment of pulmonary disease caused by drug-resistant Mycobacterium 
tuberculosis. Am Rev Respir Dis 141 :623-625. 

122. Gorzynski EA, Gutman SI, Allen W (1989) Comparative antimycobacterial 
activities of diftoxacin, temaftoxacin, enoftoxacin, peftoxacin, reference quinolones, 
and a new macrolide, clarithromycin. Antimicrob Agents Chemother 33:591-592. 

123. Rastogi N, Goh KS (1991) In vitro activity of the new diftuorinated quinolone 
sparftoxacin (AT-4140) against Mycobacterium tuberculosis compared with 
activities of oftoxacin and ciproftoxacin. Antimicrob Agents Chemother 35: 1933-
1935. 

124. Leysen DC, Haemers A, Pattyn SR (1989) Mycobacteria and the new quinolones. 
Antimicrob Agents Chemother 33:1-5. 

125. Baohong J, Truffot-Pernot C, Lacroix C, Raviglione MC, O'Brien RJ, Olliaro P, 
Roscigno G, Grosset J (1993) Effectiveness of rifampicin, rifabutin and rifapentine 
for preventive therapy of tuberculosis in mice. Am Rev Respir Dis 148: 1541-1546. 

126. Keers RY (1978) Pulmonary Tuberculosis. A Journey Down the Centuries. London: 
Cassell Ltd. 

127. Miller AB, Fox W, Tall R (1966) An international co-operative investigation into 
thiacetazone (thiocetazone) side-effects. Tubercle 47:33-73. 

128. Ferguson GC, Nunn AJ, Fox W, Miller AB, Robinson DK, Tall RA (1971) A second 



Tuberculosis and the Acquired Immunodeficiency Syndrome 233 

international co-operative investigation into thiacetazone side-effects. Tubercle 
52:166-181. 

129. A Cooperative Study in East African Hospitals, Clinics and Laboratories with the 
Collaboration of the East African and British Medical Research Councils (1973) 
Isoniazid with thiacetazone (thiocetazone) in the treatment of pulmonary 
tuberculosis in East Africa. Third report of fifth investigation. Tubercle 54: 169-
179. 

130. Hira SK, Wadhawan D, Kamanga J, et al. (1988) Cutaneous manifestations of 
human immunodeficiency virus in Lusaka, Zambia. J Am Acad Dermatol 19:451-
457. 

131. Nunn P, Kibuga D, Gathua S, et al. (1991) Cutaneous hypersensitivity reactions due 
to thiacetazone in HIV-l seropositive patients treated for tuberculosis. Lancet 
337:627-630. 

132. World Health Organization (1992) Severe hypersensitivity reactions among HIV
seropositive patients with tuberculosis treated with thiacetazone. Geneva: World 
Health Organization, Weekly Epidemil Rec 67:1-3. 

133. Perriens JH, Colebunders RL, Karahunga C, Williame JC, Jeugmans J, Kaboto M, 
Mukadi Y, Pauwels P, Ryder RW, Prinot I, et al. (1991) Increased mortality and 
tuberculosis treatment failure rate among human immunodeficiency virus (HIV) 
seropositive compared with HIV seronegative patients with pulmonary tuberculosis 
treated with "standard" chemotherapy in Kinshasa, Zaire. Am Rev Respir Dis 
144:750-755. 

134. Sen P, Chatterjee R, Saha J, Roy H (1974) Thiacetazone concentration in blood 
related to grouping of tubercular patients, its treatment, results and toxicity. Indian 
J Med 62:557-564. 

135. Centers for Disease Control (1985) Disseminated Mycobacterium bovis infection 
from BCG vaccination of a patient with acquired immunodeficiency syndrome. 
Morbid Mortal Wkly Rep 34:227. 

136. International Union Against Tuberculosis Committee on Prophylaxis (1982) 
Efficacy of various durations of isoniazid preventive therapy for tuberculosis: five 
year follow-up in the IUAT trial. Bull WHO 60:555-564. 

137. Centers for Disease Control (1990) The use of preventive therapy for tuberculosis 
infection in the United States. Recommendations of the Advisory Committee for 
the Elimination of Tuberculosis. Morbid Mortal Wkly Rep 39:9-12. 

138. Stead WW, To T, Harrison RW, Abraham JH (1987) Benefit-risk considerations in 
preventive treatment for tuberculosis in elderly persons. Ann Intern Med 107:843-
845. 

139. Colice GL (1990) Decision analysis, public health policy and isoniazid prophylaxis 
for young adult tuberculin skin reactors. Arch Intern Med 150:2517-2522. 

140. Tsevat J, Taylor WC, Wong JB, Pauker SG (1988) Isoniazid from the tuberculin 
reactor: take it or leave it. Am Rev Respir Dis 137:215-215. 

141. Israel HL (1993) Chemoprophylaxis for tuberculosis. Res Med 87:81-83. 

142. Pape JW, Jean SS, Ho JL, Hafner A, Johnson WD Jr (1993) Effect of isoniazid 



234 R. Shaw and R.J. Coker 

prophylaxis on incidence of active tuberculosis and progression of HIV infection. 
Lancet 342:268-272. 

143. Hamadeh MA, Glassroth J (1992) Tuberculosis in pregnancy. Chest 101:114-120. 

144. Snider DE Jr, Caras GJ (1992) Isoniazid-associated deaths: a review of available 
information. Am Rev Respir Dis 145:494-497. 

145. American Thoracic Society (1990) Diagnostic standards and classification of 
tuberculosis. Am Rev Respir Dis 142:725-735. 

146. World Health Organization (1994) Tuberculosis preventive therapy in HIV-infected 
individuals (news). Bull World Health Organ (WHO) 72:305-307. 

147. (1994) Tuberculosis preventive therapy in HIV-infected individuals. A joint 
statement of the International Union Against Tuberculosis and Lung Disease 
(IUATLD) and the Global Programme on AIDS and the Tuberculosis Programme 
of the World Health Organization (WHO). Tuberc Lung Dis 75:96-98. 

148. Centers for Disease Control (1991) Purified protein derivative (PPD)-tuberculin 
anergy and HIV infection: guidelines for anergy testing and management of anergic 
persons at risk of tuberculosis. Morbid Mortal Wkly Rep 40:27-33. 

149. Noordhoek GT, Kolk ARJ, Bjune G, Catty D, Da1e JW, Fine PE, Godfrey-Faussett 
P, Cho SN, Shinnick T, Svenson SB, et al. (1994) Sensitivity and specificity ofPCR 
for detection of Mycobacterium tuberculosis: a blind comparison study among 
seven laboratories. J Gen Virol 75:849-856. 

150. Walker DA, Taylor IK, Mitchell DM, Shaw RJ (1992) Comparison of polymerase 
chain reaction (PCR) amplification of two mycobacterial DNA sequences, IS6110 
and the 65kD antigen gene, in the diagnosis of tuberculosis. Thorax 7: 198-206. 

151. D' Amato RF, Wallman AA, Hochstein LH, Colaninno PM, Scardamaglia M, Ardila 
E, Ghouri M, Kim K, Patel RC, Miller A (1994) Rapid laboratory diagnosis of 
pulmonary tuberculosis using Amplicor Mycobacterium tuberculosis test. Am J 
Resp Rev Crit Care Med 149:A45. 

152. Zhang Y, Heym B, Allen B, Yung D, Cole S (1992) The catalase-peroxidase gene 
and isoniazid resistance of Mycobacterium tuberculosis. Nature 358:591-593. 

153. Nair J, Rouse DA, Bai G-H, Morris SL (1993) The rpsL gene and streptomycin 
resistance in single and multiple drug-resistant strains of Mycobacterium 
tuberculosis. Mol MicrobioI1O:521-527. 

154. Banerjee A, Dubnau E, Quemard A, et al. (1994) inhA, a gene encoding a target 
for isoniazid and ethionamide in Mycobacterium tuberculosis. Science 263:227-
230. 

155. Talenti A, Imboden P, Marchesi F, et a1. (1993) Detection of rifampicin-resistance 
mutations in Mycobacterium tuberculosis. Lancet 341:647-650. 

156. Donnabella V, Martiniuk F, Kinney D, et al. (1994) Isolation of the gene for the 
beta subunit of RNA polymerase from rifampicin-resistant Mycobacterium 
tuberculosis and identification of new mutations. Am J Respir Cell Mol Bioi 
11:639--643. 

157. Heym B, Honore N, Truffot-Perrot C, et al. (1994) Implications of multi drug 
resistance for the future of short course chemotherapy of tuberculosis: a molecular 
study. Lancet 344:293-298. 



Tuberculosis and the Acquired Immunodeficiency Syndrome 235 

158. Godfrey-Fausset P, Mortimer PR, Jenkins PA, Stoker NG (1992) Evidence of 
transmission of tuberculosis by DNA fingerprinting. Br Med J 305:221-223. 

159. Goyal M, Omerod LP, Shaw RJ (1994) Epidemiology of an outbreak of drug 
resistant tuberculosis in the UK using restriction fragment length polymorphism. 
Clin Sci 86:749-751. 

160. Yang ZH, de Haas PEW, van Soolingen D, van Embden JDA, Anderson AB (1994) 
Restriction fragment length polymorphism of Mycobacterium tuberculosis strains 
isolated from Greeland during 1992: evidence of tuberculosis transmission between 
Greenland and Denmark. J Clin MicrobioI32:3018-3025. 

161. Goyal M, Young D, Zhang Y, Jenkins PA, Shaw RJ (1994) Polymerase chain 
reaction amplification of a variable sequence upstream of katG gene to subdivide 
strains of Mycobacterium tuberculosis complex. J Clin MicrobioI32:3070-3071. 

162. Coker R, Miller R (1997) HIV-associated tuberculosis: a barometer for wider 
tuberculosis control and prevention. Brit Med J 314:1847. 



9 

The Management of Extrapu I monary 
Tuberculosis 

L. P. Ormerod 

1. Introduction 

Although not as frequent numerically as pulmonary and intrathoracic tuber
culosis (TB), extrapulmonary forms of TB make up an important proportion of 
all forms of TB. Indeed, there is some evidence in developing countries that the 
level of extrapulmonary TB has stayed fairly constant, in the presence of falling 
levels of respiratory TB, thereby causing the proportion of TB at extrapulmonary 
sites to rise relative to respiratory TB (1). 

In England and Wales, in the most recently published national survey of TB 
notifications in 1988 (2), 32% of previously untreated patients had extrapulmon
ary disease. There were important ethnic differences, with 57% of all nonrespir
atory disease coming from the 3% of the popUlation of Indian subcontinent (ISC) 
ethnic origin. Even within nonpulmonary sites, there were ethnic differences. In 
both white and ISC ethnic groups, lymph node disease was the commonest, with 
37% and 52% of cases, respectively, but abdominal TB in the white ethnic group 
(6%) was under half that of the ISC ethnic group (14%), whereas, conversely, 
genitourinary TB was much commoner in the white ethnic group (28%) than in 
the ISC ethnic group (4%) (Table 9.1). 

An earlier Medical Research Council (MRC) study in England and Wales in 
1983 gave a more detailed breakdown of extrapulmonary sites and incidence (3) 
and showed that although the overall rate of TB in the ISC population was 25 
times that of the white ethnic group, the rate was 51 times higher for extrapul
monary disease. Once again, there were considerable differences between extra
pulmonary sites, with the difference in rates between the main ethnic groups 

236 



The Management of Extrapulmonary Tuberculosis 237 

Table 9.1. Extrapulmonary disease in England and Wales in 1988 

Total White ISCa Other 

Site No. % No. % No. % No. % 

Lymph node 329 44 86 37 205 52 38 54 
Bone and joint 87 12 31 13 51 13 5 7 
Genitourinary 84 11 65 28 16 4 3 4 
Abdominal 84 11 14 6 57 14 13 19 
CNS 36 5 10 4 21 5 5 7 
Miliary 51 7 19 8 27 7 5 7 
Abscess 27 4 10 4 14 4 3 4 
Other 54 7 18 8 32 8 4 6 
Total sites 752 253 423 76 
Total patientsb 698 233 395 70 

aIndian sub-continent (ISC). 
bSome patients had disease at more than one site. 
Source: Ref. 2. 
"With permission from Thorax and from Dr. Janet Darbyshire of the MRC Cardiothoracic 
Epidemiology Group" 

ranging from 72 times higher for lymph node disease but only 10 times higher 
for genitourinary disease. 

A rise in the proportion of TB at extrapulmonary sites has not only been seen 
in the United Kingdom (1) but also in other developed countries. In the United 
States in 1964, 8% of reported TB was extrapulmonary, which increased to 15% 
in 1981 and 17.5% in 1986 (4,5). A rise in extrapulmonary TB has also been 
reported in Hong Kong (6) from 1.2% in 1967 to 6.6% in 1990. 

One other factor which plays a part in the increasing proportion of extrapul
monary TB in some situations is HIV coinfection. Not only are such persons 
more likely to develop TB but also particularly extrapulmonary fonus, which 
occur in over 50% of all such TBIHIV coinfected cases (7). There is also evidence 
that disease at some extrapulmonary sites such as the central nervous system or 
lymph nodes are more commonly affected in HIV -coinfected persons than in 
those without such coinfection (8). 

The increase in the proportion of extrapulmonary TB in developed countries 
such as the United States and the United Kingdom is largely due to the effects of 
immigration from Third World countries. This trend together with HIV coinfec
tion in the United States and HIV alone in Africa, Asia, and South America will 
make the diagnosis and management of extrapulmonary tuberculosis most im
portant (9-13). The recognition of extrapulmonary TB has not been helped by 
the generally falling prevalence of TB, until recently, and hence declining clinical 
experience. The reduced physician experience, coupled with presentations that 
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may be of gradual onset or atypical, may mean that TB is not considered in the 
differential diagnosis for some time during which further morbidity, or even death, 
can occur. In the less developed world, the problems of diagnosis are compounded 
by a lack of diagnostic resources, with few forms of extrapulmonary TB being 
positive on microscopy. Empirical treatment, or trials of treatment, will therefore 
more likely be given on clinical grounds only, without pathological and/or bac
teriological support or confirmation. 

2. Lymph Node Tuberculosis 

Over 80% of lymph node TB is in cervical lymph nodes, with a small number 
of cases involving axillary, inguinal, and chest wall nodes (14). In England and 
Wales, it is most often seen in ISC immigrants in whom it accounts for over 50% 
of extrapulmonary disease (2). Lymph node disease accounts for 45% of extra
pulmonary forms in Hong Kong (6) and 30% in the United States (15). 

Mycobacterium bovis, which in the past accounted for a significant proportion 
of lymph node disease, is now less common, M. tuberculosis being the most 
frequent isolate (16). In young children in developed countries, particularly aged 
under 5, lymph node disease caused by M. avium-intracellulare can simulate TB 
histologically. If such atypical organisms are isolated, showing a nontuberculous 
mycobacterial lymphadenopathy, treatment is by surgical excision, not by drug 
treatment. 

The source of infection in lymph node disease is usually by reactivation of 
disease originally disseminated during the initial primary airborne infection in the 
lung. Such reactivation occurs, as at other sites, when body defense mechanisms 
weaken, allowing local reactivation at previously contained sites. Primary lymph 
node infection and lymphatic spread from adjacent sites also occur. In the United 
Kingdom, 10% of cervical lymph node disease in ISC patients have associated 
mediastinal lymphadenopathy (2,3), suggesting retrograde spread from medias
tinal to cervical nodes. A prospective study of the source of cervical lymph node 
TB infection (17), while showing one-third had evidence of current or previous 
lung TB suggesting earlier dissemination from a pulmonary source, also showed 
6% had nasopharyngeal TB and that cervical nodes were part of the primary local 
infection. 

In developed countries, the peak incidence of lymph node disease is between 
20 and 40 years of age (18), but in high-prevalence countries, it is highest in 
childhood. In the ISC ethnic group, there is a female preponderance of this form 
of disease (19), for which deficiency of vitamin D has been invoked as an expla
nation. 
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3. Clinical Features 

The lymph node enlargement in TB is usually gradual and painless, but it can 
occasionally be more rapid and painful. The individual nodes are firm and discrete 
(Fig. 9.1) but may later become matted together and fluctuate. There is seldom 
any accompanying erythema or warmth, the so-called "cold abscess." Unless 
treatment is begun at this stage, the nodes may proceed to discharge with resultant 
sinuses, superficial abscesses, and scarring. In immunosuppressed patients, the 

Figure 9.1. Cervical lymphadenopathy in an Asian female; caseating granulomata on bi
opsy, positive culture for M. tuberculosis. 
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presentation may mimic acute pyogenic infection with marked local pain, swell
ing, and erythema. 

Constitutional features such as fever, weight loss, night sweats, and malaise 
are seen in a minority of patients, but they are usually absent. There may be 
clinical or x-ray evidence of tuberculosis elsewhere, usually with either pulmo
nary parenchymal or mediastinal lymph node involvement (2,3), the latter com
monly in ISC or African ethnic patients. 

4. Diagnosis 

In many developing parts of the world, lymph node tuberculosis is diagnosed 
clinically from the typical features, sometimes supported by a strongly positive 
tuberculin skin test. Strictly, the diagnosis depends on the demonstration of M. 
tuberculosis or M. bovis in pus or aspirates from nodes. Acid-fast bacilli, however, 
are only seldom seen on direct smear from such samples, because the actual 
number of bacilli in infected nodes is small. The majority of the clinical features 
are not due to the bacterial infection per se but to the marked immunological 
response to mycobacterial antigens, mainly tuberculoproteins. Acid-fast bacilli 
are more often seen on smears from biopsy samples from lymph nodes (20), but 
the positive culture rate only reaches 50-70% (14,18,20,21). 

Biopsy of glands shows a spectrum of histology from mild reactive hyperplasia 
and granulomas through extensive necrosis and caseation. Lymph node biopsy is 
sometimes carried out because TB is not suspected, but as a diagnostic procedure 
because of the clinical suspicion of lymphoma or secondary carcinoma. It has 
been shown that excision biopsy does not speed up healing or enable shorter 
treatment to be given (14,18). It should be borne in mind that granulomatous 
histology, particularly if the granulomas are noncaseating, can be caused by fungal 
infections, brucellosis and sarcoidosis, and, typically, "tuberculous histology" 
with acid-fast bacilli on microscopy by nontuberculous mycobacteria. Fine-needle 
aspiration cytology (FNAC) has been shown to have a high specificity (22), and 
showing granulomatous changes in between 71 and 83% (22-25) in combination 
with a positive tuberculin skin test (24) is an acceptable alternative to surgical 
biopsy. 

s. Treatment 

Several controlled prospective studies over the last 15 years have established 
the role of chemotherapy as the main treatment for lymph node tuberculosis. A 
study in the 1970s showed that 18 months' treatment with either isoniazid/rifam
picin or isoniazid/ethambutol supplemented by 2 months of initial streptomycin 
gave good clinical results (26). This was followed by a British Thoracic Society 
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study which compared 18-month and 9-month regimens of isoniazid/rifampicin, 
each supplemented by initial ethambutol for 2 months. The 9-month regimen 
performed just as well during treatment (27) and during 5 years of follow-up (28) 
when there were no clinical or microbiological relapses; good cosmetic results 
were obtained with both regimens. 

On theoretical grounds, pyrazinamide should be superior to ethambutol in the 
initial phase of treatment (29), as it acts at intracellular pH, is bactericidal rather 
than bacteriostatic, and can reach bacteria sequestered inside macrophages or 
lymphocytes. A retrospective study which compared speed of radiological im
provement in mediastinal lymph node tuberculosis with 12 months of isoniazid/ 
rifampicin, supplemented by either ethambutol or pyrazinamide for the initial 2 
months (30), showed that the pyrazinamide group responded more rapidly at 2, 
5, and 7 months. Following this study, the British Thoracic Society Research 
Committee carried out a further controlled prospective study of short-course che
motherapy in lymph node tuberculosis. This third study (31) compared two 9-
month regimens of isoniazid/rifampicin supplemented by either ethambutol or 
pyrazinamide for the initial 2 months, with a 6-month regimen of isoniazid/rifam
picin supplemented by 2 months' initial pyrazinamide. During treatment, there 
were no differences among the three regimens in terms of resolution of lymph 
nodes, or the proportion with residual lymph nodes (31). However, repeat aspi
ration after commencement of treatment was more common in the ethambutol
treated patients (p = .005). Follow-up for 30 months from commencement of 
treatment (32) showed no differences in enlargement of glands, development of 
new glands or sinuses, or in the proportions with residual lymph nodes. In the 
follow-up period, there were nine cases where the clinician felt relapse had oc
curred, but no bacteriological confirmation was obtained in the five cases where 
material was cultured. 

The most recent short-course regimen trial (32) gave prospective confirmation 
to the retrospective clinical series of McCarthy and Rudd (33) that a regimen of 
isoniazid/rifampicin supplemented by 2 months of pyrazinamide is satisfactory 
for lymph node tuberculosis with sensitive organisms. This regimen is now rec
ommended as standard treatment in the United Kingdom (34). Short-course treat
ment, but with a different regimen, has also been shown to give a 97% success 
rate in children in India (35). The regimen used in this trial (34) was thrice-weekly 
supervised isoniazid/rifampicinlpyrazinarnide/streptomycin followed by twice
weekly outpatient isoniazid/streptomycin for 4 months. 

In all three of the British trials on lymph node tuberculosis, enlargement of 
existing nodes and development of new nodes were reported (27,31,36), as was 
the development of new glands after cessation of treatment or enlargement of 
persistent nodes which were residual at the end of treatment (26,28,32). The 
persistence of lymphadenopathy at the end of treatment, and particularly the de
velopment of lymph node enlargement or new lymphadenopathy during or after 
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treatment, causes concern to physicians who are not experienced with treating 
lymph node disease. This might lead to unnecessary extension of treatment or the 
reintroduction of treatment on the basis of "relapse." Such events occur in a 
significant minority of treated patients and do not of themselves mean that pro
gress is adverse. In the 1985 (27) and 1992 (31) studies 12% and 16-22%, re
spectively, developed new lymph nodes during treatment. After cessation of treat
ment, similar rates of persistent lymphadenopathy at the end of treatment and 
development of new nodes of 9% and 11% (28) and 15% and 5% (32) were 
reported. These nodes, if biopsied, are usually negative on culture (32), and al
though clinical "relapse" may be diagnosed, they are bacteriologically sterile. It 
is more than likely that such phenomena are immunologically mediated, being 
due to hypersensitivity to tuberculoprotein perhaps from disrupted macrophages 
(27) and may not indicate an unfavorable outcome. 

Surgical excision or biopsy plays no part in the treatment of lymph node dis
ease; patients without surgical intervention did just as well as those with such 
intervention (27,28). Surgical biopsy, however, may be carried out as a diagnostic 
procedure to obtain both material for histology and culture if aspiration or fine
needle aspiration cytology (22-25) is not used. Surgical biopsy may, however, 
have a role in obtaining adequate material for culture, and surgical excision is the 
treatment of choice for nontuberculous mycobacterial lymphadenopathy (37,38). 

The success of short-course therapy (28,32) has been shown for fully sensitive 
organisms but may not apply to isolates with significant drug resistance (e.g., to 
isoniazid). In the U.K. studies, there was an increasing incidence of isoniazid 
resistance over time with 0/32 in 1977 (36), 0/29 in 1985 (27) but 131108 (12%) 
in 1992 (31). The 6-month regimen (32) is therefore only applicable to fully 
sensitive organisms and may have to be modified for isoniazid-resistant organisms 
to a longer period of therapy with rifampicin/ethambutol (34). 

6. Bone and Joint Tuberculosis 

Bone and joint tuberculosis presents several years after the initial respiratory 
infection (39), tubercle bacilli becoming hematogenously spread at that time, with 
a predilection for the spine and the growing ends of long bones lying dormant 
until clinical disease occurs. In developed countries, orthopedic tuberculosis 
makes up some 15-20% of extrapulmonary sites, but with a substantially higher 
incidence in immigrant groups (3). This study (3) showed rates of 0.21100,000 
and 16/100,000 in white and ISC ethnic groups, respectively. 

7. Spine 

The spine is the commonest site of orthopedic tuberculosis (40,41). The usual 
presenting symptom is back pain which can have been present for months and 
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occasionally longer. More unusual presentations with radicular pain mimicking 
abdominal conditions (42) or with referred neurological symptoms involving legs 
and sphincters due to spinal cord compression also occur. Local tenderness or 
slight kyphosis may be found, with progression to grosser kyphosis in advanced 
disease. Paraspinal abscesses not uncommonly accompany spinal tuberculosis; 
these can progress to psoas abscess which appears or discharges in the groin, 
being the presenting feature in some cases, with associated psoas spasm causing 
hip flexion. 

7.1. Diagnosis 

This can be delayed in low-prevalence groups because the condition is now 
very uncommon (41,43). Spinal infection usually commences in the intravertebral 
disk, and this disci tis then spreads by means of the longitudinal and anterior spinal 
ligaments to involve the vertebral bodies above and below the disk. Thus, x-rays 
show erosion of the superior and inferior borders of the adjacent vertebrae and 
loss of disk space. The disease progresses with increasing destruction of the ver
tebrae, and loss of height and development of kyphosis at that level (Fig. 9.2). 
The lumbar and thoracic spine are the usual sites of involvement, with the cervical 
spine being less commonly involved. The disease usually involves a single in
travertebral space, but multiple levels can be involved, in some cases with normal 
vertebrae between involved areas. 

Developments in imaging have helped in the diagnosis and assessment of spinal 
tuberculosis. Computerized tomography (CT) may show involvement before the 
changes are apparent on plain x-ray (44) and can be better at defining the extent 
of involvement (44-46). Associated paravertebral and psoas abscesses are well 
demonstrated (Fig. 9.3). Nuclear magnetic resonance (NMR) imaging is also use
ful (47,48), with T2-weighted images demonstrating epidural inflammation (48). 
The ability of NMR images to be reconstituted in both vertical and horizontal 
planes can enable full assessment of the extent of disease to be made (49). 

Only a minority of cases have evidence of associated pulmonary tuberculosis, 
but when occurring together with classical spinal x-ray appearances, clinical di
agnosis can be made without biopsy. Needle or open biopsy may be needed to 
make a diagnosis in isolated spinal disease. Unless tuberculosis is considered in 
the differential diagnosis, appropriate cultures may not be taken for both myco
bacterial and pyogenic infections, and the appropriate treatment delayed (43). The 
main differential diagnosis is between acute pyogenic infection and metastatic 
spinal disease. With the latter, the radiological features usually are different, with 
erosion of the pedicles and vertebral body, but with preservation of the disk space, 
unlike either pyogenic or tuberculous infection. Pyogenic infection (e.g., with 
Staphylococci) mimic tuberculosis radiologically, but the onset is usually much 
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Figure 9.2. Tuberculosis of lumbar spine; L3/4 disk space lost with erosion of adjacent 
vertebral margins, and substantial destruction of the body of L4. 

more acute, the pain can be severe, and there may be accompanying systemic 
features. 

7.2. Treatment 

The British Medical Research Council carried out a number of studies over an 
extended period which helped to define the relative roles of chemotherapy and 
surgery in the treatment of spinal tuberculosis. 

Studies in Korea (50,51), Hong Kong (52), and Rhodesia (53) using isoniazid! 
para-aminosalicylic acid (PAS) for 18 months gave good results, with over 80% 
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Figure 9.3. CT scan of 19-year-old Asian girl with left inguinal swelling. Erosion of 
lumbar vertebra with bilateral psoas abscesses (L>R). 

of patients achieving favorable status at 3 years. They also showed no additional 
benefits from the addition of streptomycin for the initial 3 months of therapy, 
plaster jackets, bed rest for the initial 6 months of therapy, or debridement opera
tions (50-53). 

In Hong Kong (54), the so-called "Hong Kong operation," which involved 
excision of the spinal focus and bone grafting with anterior fusion , in combination 
with chemotherapy produced less residual deformity and more rapid bone fusion. 
A later comparison of those patients treated by the "Hong Kong operation" and 
those by chemotherapy alone showed no additional benefit accrued from surgery 
(55). These comparisons (56) also showed that 6 or 9 months of treatment with 
isoniazid/rifampicin supplemented by twice-weekly streptomycin was highly ef
fective. Because pyrazinamide is more bactericidal than streptomycin, has good 
tissue penetration, but is only required for the initial 2 months of treatment, a 
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regimen of isoniazid/rifampicin for 6 months with 2 months initial pyrazinamide 
can be recommended (34). 

7.3. Other Bone/Joint Sites 

Although the spine accounts for up to 50% of orthopedic disease, any bone or 
joint can be involved. Clinical series in ISC ethnic patients have shown a wide 
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Figure 9.4. Distribution of sites of bone/joint tuberculosis seen in Asian patients updated 
from Ref. 41. 
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variety of sites (41) (Fig. 9.4). Tuberculosis should be included in the differential 
diagnosis of unusual joint lesions, particularly in a monoarthritis in an immigrant 
group, or there can be substantial delay in achieving a diagnosis (41). Both single 
(57) and multiple (58) joint presentations are described. There are occasional 
reports of cases with so many sites and of!l cystic type that metastatic bone disease 
is simulated (59). 

These nonspinal sites do not usually require surgical treatment, but surgery by 
either open biopsy or arthroscopy in the case of certain joints (e.g., knee or elbow) 
to obtain material for histology and culture is often required to make an initial 
diagnosis. The 6-month regimen of isoniazid/rifampicin with initial pyrazinamide 
is recommended (34). Occasionally, surgery is required after the completion of 
therapy if late presentation or extensive disease has caused major joint disease or 
instability. Arthrodesis of unstable joints may be necessary, and replacement of 
hip and knee joints, sometimes under antituberculosis drug cover, has been per
formed. Combined management of orthopedic tuberculosis, of whatever site, with 
a physician supervising the antituberculosis drug treatment (34) and the ortho
pedic surgeon managing the mechanical aspects of the disease is strongly rec
ommended (41). 

8. Genitourinary Tuberculosis 

In developed countries, genitourinary tuberculosis is one of the commoner sites 
in white patients (2), with 28% of extrapulmonary cases in the white ethnic group, 
but only 4% in the ISC ethnic group being genitourinary. An earlier detailed 
analysis of sites of disease (3) showed rates of genitourinary tuberculosis of 0.4/ 
100,000 and 4.01100,000 in the white and ISC ethnic groups, respectively. The 
ratio of ISC : white rates at 10 times greater was the lowest of extrapulmonary 
sites, and this together with the numerical preponderance of white cases has led 
to discussions as to why genitourinary tuberculosis is relatively underrepresented 
in ISC patients (60). This may be an age-related phenomenon, most white patients 
being considerably older than the ISC ethnic patients, which would fit in with the 
likely natural history of genitourinary tuberculosis (vide infra). The same survey 
(3) also showed that in white patients, renal tract lesions predominated, but female 
genital disease predominated in the ISC ethnic group. 

Although M. tuberculosis can sometimes be detected in the urine within a few 
months of the primary respiratory infection (39), proving hematogenous dissem
ination at this early stage, clinical disease usually presents many years after the 
initial infection (39), having lain dormant, often in the renal parenchyma, for that 
length of time. In areas where M. bovis has been eradicated from cattle for many 
years, the finding of M. bovis in genitourinary isolates (61,62) also supports the 
proposed natural history. Further support also comes from reactivation tubercu-



248 L.P. Ormerod 

losis in transplanted kidneys, from presumed microscopic dormant foci, following 
immunosuppression (63). 

9. Clinical 

Renal tuberculosis is a relatively silent disease and can progress to unilateral 
renal destruction insidiously. Systemic symptoms of fever, weight loss, and noc
turnal sweats are not common. As disease progresses, hematuria, dysuria, noc
turia, and pain either in the loin or more anteriorly may occur. Loin or abdominal 
pain seem to be described more commonly in patients who present under the age 
of 25 years (64). 

Renal tuberculosis may be found coincidentally during investigation of hyper
tension (65) but rarely presents as renal failure due to the destruction of renal 
parenchyma, or obstructive hydronephrosis from ureteric involvement (66). Renal 
tuberculosis can also present as a diffuse interstitial nephritis (67), an important 
diagnosis to be made, as corticosteroids in addition to antituberculosis drugs can 
significantly increase renal function and hence avoid progression to dialysis (68). 
Diffuse interstitial nehpritis has also been reported in transplanted kidneys (69). 

Disease in the kidneys can progress to the ureter and then to the bladder by 
seeding of tubercle bacilli into the urine and implantation distally. Ureteric in
volvement can lead to irregular stenosis with consequent obstructive hydrone
phrosis and, occasionaly, to complete obstruction leading to a tuberculous py
onephrosis. Bladder involvement can lead initially to cystitis symptoms of dysuria 
and frequency. As bladder wall inflammation and associated fibrosis worsen, blad
der capacity decreases and can become greatly diminished, leading to marked 
polyuria and nocturia. The urine usually shows hematuria and proteinuria on 
testing due to the cystitis, but a pyuria on microscopy which is negative on culture 
for standard bacterial pathogens. Such a sterile pyuria should routinely lead to 
the sending of early morning urine samples for mycobacterial culture. 

9.2. Genital 

The commonest genital sites are the prostate and epididymis with the testicle 
being less frequently involved (69). Although direct spread from adjacent foci in 
the genital tract or hematogenous spread can occur, antegrade infection from 
kidney or bladder are much commoner. Local symptoms of discharge or dysuria 
can mimic bacterial or chlamydial infections and tumors. 

Female genital tuberculosis is commoner in the ISC ethnic group (3) and is 
spread either hematogenously or directly from tuberculous peritonitis. The fal
lopian tubes are almost invariably infected, with the endometrium in 90%, but 
ovarian involvement is reported only in 20%, and rarely in the cervix, vagina, and 
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vulva (70). The commonest presentation is with infertility without associated 
features but pelvic pain or menorrhagia are reported in 20-25% with much smaller 
percentages having amenorrhea or postmenopausal bleeding (70). 

9.3. Diagnosis 

The diagnosis of urinary tract tuberculosis is stilI based on the intravenous 
urogram (IVU) and early morning urine cultures. There is a high percentage of 
abnormality of the IVU in renal disease. In the initial stages, there are just calyceal 
irregularities or clubbing, and there can be pelviureteric junction narrowing with 
associated pelvis dilatation. The latter can progress to pelvic obliteration and then 
to a small or nonfunctioning kidney. Calcification in renal tuberculosis is quite 
common and is an important pointer to the diagnosis (71) (Fig. 9.5). CT scanning 

Figure 9.5. IVP showing clubbed and distorted calyces in the right kidney, with calcifi
cation in the right kidney and dense prostatic calcification. Early morning urine (EMU) 
positive for M. tuberculosis. 
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can also be useful with parenchymal retraction and calcification, low parenchymal 
density, and calycectasis being found in two-thirds of 20 reported cases (72). 
Pelvic contraction and ureteropelvic fibrosis or obstruction can also be well dem
onstrated on CT scanning (73). Perinephric abscesses can occur and may point 
in the groin as with a psoas abscess or in the loin. 

Isotope reno grams are sometimes of use in assessing differential renal function 
and may be the first definite indication of ureteric obstruction because of delay 
in excretion. If there is significant ureteric stenosis, serial renograms will show 
whether there is improvement in response to treatment. 

The diagnosis may be made by biopsy done because of the clinical suspicion 
of tumor (e.g., renal or testicular), with tuberculosis not being considered until 
histology is received. Cultures of urine and tissue, if possible, should be done, 
particularly if an abscess is found in association with the kidney or epididymis. 

Urine culture, best done by early morning urine on three consecutive mornings, 
should be carried out in all patients with urological tuberculosis. The positive 
yield on microscopy is small, the main positive results being on culture. The 
finding of a positive microscopy for acid-fast bacilli, which is unusual in geni
tourinary TB, should raise the question as to whether this is a false-positive one. 
Such false-positive microscopy can arise due to either contamination of laboratory 
reagents with environmental mycobacteria or from Mycobacterium smegma tis, a 
saprophytic mycobacteria which can occur in genital secretions. Because of the 
natural history of genitourinary tuberculosis (39), pulmonary tuberculosis is un
usual in association with it. If there is a suspicious chest x-ray lesion present, 
sputum for acid-fast bacilli should be collected. 

10. Management 

10.1. Medical 

All patients require medical treatment, even if all apparent disease has been 
removed surgically, because of the likelihood of residual bacilli leading to recur
rence and the possibility of other foci elsewhere. Although there is not the support 
of prospective controlled trials, short-course 6-month regimens are recommended 
for genitourinary disease. The regimen of rifampicin/isoniazid/pryazinamide for 
2 months followed by rifampicin/isoniazid for a further 4 months is recommended 
in the United Kingdom (34). As with other short-course regimens, it is the inclu
sion of pyrazinamide that allows the 6-months' treatment duration. If pyrazin
amide is omitted or cannot be tolerated, 9 months total treatment should be given. 
Rifampicin is a particularly good drug for urological tuberculosis because urinary 
excretion of a significant proportion of the drug means urinary concentrations can 
reach 100 times that of the serum, and comfortably exceed the minimum inhib
itory concentration for M. tuberculosis. 
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It is conventional to use corticosteroids to prevent progression of ureteric stric
tures. This is advocated by authors in some series (74) but has not been subjected 
to controlled trial. The addition of corticosteroids, however, has been shown to 
significantly improve renal function in tuberculous interstitial nephritis (75). 

10.2. Surgery 

Surgery may initially be to obtain a diagnostic biopsy but has significant roles 
in genitourinary disease together with effective drug treatment. Sometimes, sur
gery is excisional because of suspected tumor (e.g., testis) but may also be because 
of major organ damage, with removal being necessary to prevent possible com
plications of, for example, a destroyed nonfunctioning kidney. In Gow's major 
series of 1117 patients (74), 80 (7%) underwent partial nephrectomy because of 
tuberculous lesions in one pole causing persistent problems such as recurrent 
infections. In the same series (74), 30% had nephrectomies, 17% epididymecto
mies, and 4% orchidectomy. 

Surgery may also be needed to overcome the mechanical problems of pelvi
ureteric obstruction, ureteric stricture, or reduced bladder capacity of chronic 
cystitis. In Gow's series (74), reimplantation of the ureter was performed in 6%, 
5% had reconstructive bladder surgery, and 2% ureterocolonic transplantation. 

Renal function can be monitored both quantitatively and qualitatively by iso
tope renograms to assess the significance of ureteric stenosis but may have to be 
repeated serially, and progression can sometimes be rapid (76). Ureteric strictures 
can be managed by endoscopic dilatation if at the lower end, or by stenting if in 
the upper ureter, with ureteric reimplantation or diversion reserved for cases where 
the lesser measures are not possible or fail (77). For the few patients with severe 
bladder volume reduction as a consequence of chronic tuberculous cystitis, pro
cedures to increase the volume are needed but are best reserved until drug treat
ment has been completed. Augmentation with a ileal loop attached to the dome 
of the bladder can add 300-400 ml to bladder capacity. 

11. Gastrointestinal Thberculosis 

In developed countries, this form of tuberculosis is uncommon in indigenous 
populations, being much commoner in immigrant groups. In the United Kingdom 
in 1983, the rate in the ISC ethnic group was 50 times that of the white ethnic 
group (3). In the Third World however, gastrointestinal tuberculosis is commonly 
reported in both HIV-negative and HIV-positive patients. In the pre-HIV era, one
quarter of all ascites was tuberculous in etiology (78), the proportion being over 
40% in Lesotho by 1986 (79). In HIV -positive patients, both pulmonary and 
abdominal tuberculosis have recently been shown to make significant contribu-
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tions to the wasting in "slim disease" seen in Africa (80). In such patients, in
traabdominallymphadenopathy is a predominant feature in abdominal disease. 

11.1. Clinical Features and Presentation 

The gastrointestinal tract can be involved anywhere throughout its length, with 
infection being due to either ingestion, hematogenous spread, or by local exten
sion to peritoneum from nodes and gut. However, involvement of the upper gas
trointestinal tract or perianal disease are uncommon, the former accounting for 
under 3% of a 500-patient series of surgically treated patients (81). Gastric (82) 
and duodenal tuberculous ulcers are described, which are not distinguishable from 
peptic ulcers other than on histology or by a positive culture of M. tuberculosis 
from the stomach or gastric washings. Esophageal disease is described, usually 
causing dysphagia, which could be caused by aspiration of bacilli or spread from 
contiguous glands in the mediastinum. At esophagoscopy, ulcerating tumor can 
be mimicked (83,84). 

In a series of 109 patients (82), about one-third had an acute presentation, with 
the other two-thirds having a more gradual onset. Of the cases with an acute 
presentation, approximately half had acute right iliac fossa pain simulating ap
pendicitis, and the other half had acute intestinal obstruction (82,85,86). 

The commonest symptoms are abdominal pain, fever, malaise, and weight loss 
(82), being described in 60%, 72%, and 58%, respectively, in another series (87). 
Abdominal swelling, mainly due to ascites, is described in variable proportions 
from 10% (82) to 65% (88). Coexisting respiratory disease is found in approxi
mately one-third of cases, 36% in one series (87), and 29% in another (82), of 
which 23% were active with positive cultures. 

There are no diagnostic signs of abdominal tuberculosis (89) and the so-called 
classical "doughy" abdomen is not reported in large series (82). There may be 
tenderness in the right iliac fossa simulating appendicitis, or a right iliac fossa 
mass simulating carcinoma or appendix abscess. The ileocecal region is the com
monest site of disease, with frequencies of between 24% and 80% in reported 
series (82,88,90,91). Here, the presentation may be with acute or subacute small
bowel obstruction with a distended abdomen and vomiting, with or without an 
abdominal mass (82,86). The colon (other than cecum) is involved in up to 10% 
(82) and may present with bleeding (92). Anal disease and tuberculous ischio
rectal abscess (82) are occasionally described. 

11.2. Diagnosis 

Because of the nonspecific presentation in most cases, and the fact that two
thirds have normal chest x-rays, the diagnosis is not suspected in up to two-thirds 
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of cases (86), other diseases such as carcinoma or inflammatory bowel disease 
being thought likelier. 

Normochromic or hypochromic anemia, raised erythrocyte sedimentation rate 
(ESR), and reduced serum albumin « 35 gIL) are commonly found but are non
specific (82). The white blood count is usually normal (91). The tuberculin test 
is positive in most cases (82) but can be negative in undernourished, immuno
supressed, or HIV -positive individuals and in advanced disease. 

The ascitic fluid in abdominal tuberculosis, in common with other serous mem
brane tuberculosis, is a lymphocyte-rich exudate (protein> 35 gIL) and usually 
straw colored. Ziehl-Neelsen staining of the fluid is usually negative (93,94) and 
the percentage with a positive culture is not high. Acid-fast bacilli may be seen 
in gastric washings, particularly in children; sputum smear and culture should be 
done if there is a chest x-ray lesion. 

Plain abdominal x-rays give no specific help but may show ascites or distended 
bowel loops, confirming bowel obstruction on an erect film. Barium meal is not 
helpful, but small-bowel studies and barium enema are. Small-bowel studies may 
show stricturing (Fig. 9.6), mucosal abnormalities, and even skip lesions and 
fistulas. These features, however, cannot differentiate tuberculosis from other in
flammatory bowel disease on radiological appearance alone (82). Contrast from 
small-bowel studies often demonstrate ileocecal disease well, but this can also be 
shown by barium enema, with features of shortening of the ascending colon and 
vertical passage of the ileum into the colon being highly suggestive (85). In the 
colon, carcinoma can be mimicked with shouldering and annular lesions (82). 

The noninvasive methods of ultrasound and CT give suggestive but not diag
nostic features in both ascites and bowel involvement. The CT features are better 
described. The ascitic element is usually of high (15-30 Hounsfield units) density; 
the mesentery may be thickened and have a stellate appearance. Lymph node 
disease may be seen in the retroperitoneum or mesentery. Irregular soft tissue 
densities in the omentum or lymph nodes with a central, well-demarcated area of 
low density thought to represent caseation are very suggestive (95). This feature 
can be enhanced further, with intravenous contrast, the inflammatory rim becom
ing more predominant (96), but is described in other pathologies including lym
phoma and carcinoma. Thickened bowel with nodularity of the wall may also be 
seen (96,98), and all the above features can be seen in combination within a poorly 
defined mass including bowel loops (98). 

To make a definitive diagnosis requires either positive cultures and/or classical 
histological features from samples from the gastrointestinal tract or ascites. Lap
arotomy will give a definitive diagnosis in virtually all cases if adequate samples 
for histology and culture are collected. To avoid laparotomy, a number of less 
invasive techniques have been used. Levine (99) described the use of blind, per
cutaneous, peritoneal needle biopsy with a high yield and few complications. This 
level of positive results, however, was not reproduced by other series (100), and 
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Figure 9.6. Small-bowel barium study showing retracted cecum and markedly narrowed 
terminal ileum due to tuberculosis. Two further strictures in jejunum and ileum were also 
present (not seen on this view). Patient required right hemicolectomy and two end-to-end 
small bowel resections due to intestinal obstruction. 

open biopsy of the peritoneum is suggested by some (10 I) as a preferable alter
native, with a lower risk of bowel perforation because the biopsy is taken under 
direct vision. 

Laparoscopy is now the initial procedure of choice and has been shown to be 
safe, and to give a very high positive rate and few complications (91 ,94,102,103). 
Laparoscopy is safe, the risk of bowel perforation being lowest when ascites are 
present. The only time when open peritoneal biopsy is to be preferred is when 
there is intense plastic peritonitis present or when CT or ultrasound shows bowel 
loops adherent to the anterior abdominal wall, thereby increasing the risk of bowel 
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perforation. Colonic lesions or even the ileocaecal valve area are accessible to the 
colonoscope, but adequate specimens are essential (104). Fine-needle aspiration 
in conjunction with colonoscopy has given reasonable preliminary results (105). 

If positive cultures are not obtained, there may be histological difficulties in 
differentiating tuberculosis from Crohns disease. In the former, granulomas are 
more evident in the lymph nodes associated with the bowel than in the bowel 
wall itself, whereas in Crohn's disease, the pattern is reversed (106). 

11.3. Treatment 

In the prechemotherapy days, abdominal tuberculosis carried a high mortality 
(107,108). The results of published series with modem chemotherapy give a mor
tality of 5-7% (82,109), although some of the mortality was prior to the diagnosis 
being made. As with some other forms of nonpulmonary tuberculosis, there are 
no controlled prospective trials of short-course chemotherapy. Such treatment 
with a 6-month regimen, as for lymph node and bone disease, is recommended 
in the United Kingdom (34). Corticosteroids, although theoretically being useful 
in ascites, are not usually needed and are not recommended for routine clinical 
practice (82). Resection is only required if there is mechanical obstruction (82), 
and if resection is carried out, this should be by end-to-end anastomosis instead 
of by ileo-transverse anastomosis (82,85,110). Modem drug therapy has given 
good results on follow-up; of 103 patients followed up for 15 months, there was 
no recurrence of gastrointestinal problems (82), but 10% of female patients of 
childbearing age had either primary or secondary infertility after the treatment of 
their abdominal tuberculosis. 

12. Miliary Thberculosis 

Miliary tuberculosis occurs when tubercle bacilli are spread acutely through 
the bloodstream. In high-prevalence areas, the majority of cases follow shortly 
after initial infection, but in low-prevalence areas, the majority of cases are in the 
elderly, representing reactivation. The lung is always involved, other organs var
iably so. Microscopically, the miliary lesions consist of Langerhans giant cells, 
epithelioid cells, and lymphocytes and contain acid-fast bacilli, sometimes with 
central caseation. In elderly or immunosuppressed patients, nonreactive patho
logical appearances are described with necrotic lesions containing no specific 
tuberculous features but teeming with acid-fast bacilli. In such cases, the diagnosis 
is usually made at postmortem (111). The symptoms are insidious of onset (112) 
and include anorexia, malaise, fever, and weight loss and occur in both the "acute" 
and cryptic forms. Miliary tuberculosis accounts for up to 5% of cases of extra
pulmonary tuberculosis in the United Kingdom (3). 
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12.1. Acute Miliary Tuberculosis 

In addition to the general symptoms, headache from coexistent tuberculous 
meningitis occurs frequently and should alert the clinician to perform a lumbar 
puncture. Cough, dyspnea, and hemoptysis are less common symptoms. Physical 
signs are few; the chest almost invariably sounds clear on auscultation. Enlarge
ment of the liver, spleen, or lymph nodes may be found in a small number of 
cases (113). Involvement of the serosal surfaces can lead to the development of 
small pericardial or pleural effusions or slight ascites. Fundal examination should 
be carried out to detect choroidal tubercles which are more commonly seen in 
children. Skin lesions may also occur in the form of papules, macules, and pur
puric lesions. These probably represent local vasculitic lesions caused by reaction 
to mycobacterial antigen. 

The typical x-ray shows an even distribution of uniform-sized lesions 1-2 mm 
throughout all zones of the lung. Small bilateral pleural effusions may also be 
seen. An unusual variation with reticular shadowing due to lymphatic involvement 
had been described (114). 

12.2. Cryptic Miliary Tuberculosis 

As tuberculosis declines in incidence in developed countries, a form of miliary 
tuberculosis without typical x-ray shadowing, so-called "cryptic" miliary tuber
culosis has been seen more frequently. This is usually seen in patients aged over 
60 (115) but may be seen in young patients in some immigrant groups. The 
symptoms are usually insidious with weight loss, lethargy, and intermittent fever 
(116). Meningitis and choroidal tubercles are rarely found; mild hepatospleno
megaly may be found but physical signs are usually absent. Because of this, a 
high index of suspicion is required to reach a diagnosis, and commonly the di
agnosis is not made until postmortem (117). The main differential diagnosis is 
with disseminated carcinoma. Table 9.2 contrasts the features of the classical and 
cryptic forms of miliary disease. 

12.3. Diagnosis 

The classical form of miliary disease is usually easy to diagnose because of 
the typical x-ray appearances which are only absent in the early stages. The 
tuberculin test is usually positive, and bacteriological confirmation may be ob
tained from sputum, urine, and cerebrospinal fluid (CSF). The diagnosis of the 
cryptic form rests initially in having clinical suspicion of the diagnosis, and then 
carrying out specific tests or monitoring response to a trial of antituberculosis 
drugs. Blood dyscrasias are not uncommonly seen in the cryptic form, pancyto
penia (118,119) leukemoid reactions (120,121), and other granulocyte abnormal-
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Table 9.2. Comparison of classical and cryptic forms of miliary TB 

Feature 

Age 
TB history or contact 
Malaise/weight loss 
Fever 
Choroidal tubercles 
Meningitis 
Lymphadenopathy 
Miliary shadowing on x-ray 
Tuberculin test 
Pancytopenia/leukemoid 

reaction 
Bacteriological 

confirmation 
Biopsy evidence 

Cryptic 

Majority over 60 years 
Up to 25% 
75% 
90% 
Absent 
Rare unless terminal 
Absent 
Rare 
Usually negative 
Common 

Urine; sputum; bone marrow 

Liver up to 75%; bone 
marrow; lymph node 

Classical 

Majority under 40 years 
Up to 33% 
75% 
75% 
Up to 20% 
Up to 20% 
Up to 20% 
Usual except in early stages 
Usually positive 
Rare 

Sputum: CSF 

Seldom required 

ities (122) have all been reported. Bone marrow aspiration may yield both gran
ulomata on biopsy and acid-fast bacilli on culture, and should be considered if a 
blood dyscrasia is present. Liver biopsy has the highest diagnostic yield of gran
ulomata which have been reported in up to 75% of biopsies. In cases where the 
patient is unwilling or where facilities for them do not exist, a clinical trial of 
antituberculosis drugs should be given. The fever usually responds within 7-10 
days, followed by clinical improvement in 4-6 weeks. 

12.4. Complications 

Tuberculous meningitis may complicate miliary tuberculosis and is a manifes
tation of acute hematogenous spread. It occurs overtly in up to 20% of cases. 
Lumbar puncture should be performed if there any symptoms of meningism or 
headache. A positive microscopy for acid-fast bacilli from the CSF may be the 
most rapid way of confirming the clinical diagnosis of miliary tuberculosis. Adult 
respiratory distress syndrome (ARDS) can, rarely, be the presentation of miliary 
TB (123). In such cases, the breathlessness due to the ARDS can be dominant 
and the classical x-ray appearances obscured by diffuse confluent or ground-glass 
shadowing (124,125). 

13. Central Nervous System (CNS) Thberculosis 

Although central nervous system (CNS) tuberculosis only makes up some 5% 
of notified cases in developed countries (3), its importance because of the dispro-
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portionate morbidity and mortality associated with this form of tuberculosis can
not be underestimated. In the developing world where difficulties in making a 
diagnosis and reduced care and treatment availability contribute, it is a major 
source of death or disability from TB. This is now compounded by an increased 
risk in HIV -infected individuals with rates for CNS tuberculosis of up to 2/100 
in one series (8). 

The great majority of cases are of tuberculous meningitis, but intracranial tub
erculomata are seen not infrequently in association, and occasionally on their 
own. Occasional extradural abscesses are reported in association with skull vault 
bony lesions (41). Tuberculous infection of the meninges is almost always from 
a focus elsewhere. The method of spread is hematogenous, with up to 20% having 
overt miliary tuberculosis (Table 9.2). The bacilli usually gain access to the CSF 
not directly from the bloodstream but from small subpial tuberculomata (126). 
Symptoms and signs are sometimes as much caused by the intense inflammatory 
reaction which accompanies the infection as by the infection itself. The meninges 
look to be covered with gray, thickened exudate, which can be intense and occlude 
foramina, particularly in the posterior fossa. These meningeal changes lead to 
endarteritis obliterans which is a more frequent source of focal neurological 
changes than tuberculomata. The meningeal exudate can extend down the spinal 
cord onto spinal roots (127). 

13.1. Clinical Findings 

The initial symptoms are nonspecific, with malaise, anorexia, headache, and 
vomiting; in children, irritability, poor feeding, drowsiness, or altered behavior 
may be the dominant features. Unless there is evidence of tuberculosis elsewhere 
or in low-prevalence countries, the nonspecific nature of the symptoms means 
that diagnosis may be delayed during the prodromal phase, which can be anything 
from 2 weeks to 2 months. 

The clinical staging developed by the British Medical Research Council based 
on status at time of diagnosis is helpful (128). In early (Stage I) disease, there is 
no disturbance of consciousness or focal neurological signs. In medium severity 
(Stage II), consciousness is disturbed but without coma or delirium; focal neu
rological signs and cranial nerve palsies may be present. In advanced (Stage ill) 
disease, patients are comatose or stuperose, with or without focal neurological 
signs. 

The meningeal process is accompanied by a low-grade fever, with some neck 
stiffness in adults, and irritability or drowsiness in children with neck retraction, 
and in infants, tense fontanelles. Papilloedema is not uncommon and may not be 
accompanied by raised intracranial pressure and is usually without reduced visual 
acuity. Choroidal tubercles may occasionally be seen. Cranial nerve palsies occur 
in a significant proportion of patients. Third- and sixth-nerve palsies are com-
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moner than seventh- or eight-nerve palsies. Less common but of more serious 
import are lateral gaze palsies or internuclear ophthalmoplegias, which carry a 
poorer prognosis because of involvement of vital structures in the brain stem 
(129). A variety of other neurological signs can develop, including cerebellar 
signs and extrapyramidal movements including choreoathetosis, monparesis, and 
hemiparesis. Involvement of the spinal meninges can lead to reduced or absent 
deep tendon reflexes; occasionally this is a dominant feature (129), with a para
plegia with urinary and anal sphincter involvement. Epilepsy can occur at any 
stage (I-III) but is commoner in children. 

13.2. Diagnosis 

Diagnosis depends substantially on CSF examination, blood tests giving non
specific abnormalities, and the tuberculin test being maybe negative. If there is 
associated miliary tuberculosis (Table 9.2), or changes of pulmonary tuberculosis, 
which in some series (130) is present in up to 50% cases, the diagnosis is much 
more easily suggested and made. The CSF pressure is usually raised, but lumbar 
puncture is safe in this form of chronic meningitis and can be carried out even if 
papilloedema is present. The leukocyte count is raised but seldom above 500/ 
mm3 (131). In the early stages, the leukocytosis is of polymorph predominance 
(131) but changes to a lymphocyte-predominant pattern as the disease proceeds. 
The CSF is usually clear, but the CSF protein is almost invariably raised (131); 
the CSF glucose is usually reduced (132) but may be within the normal range. A 
completely normal CSF result in protein, cell count, and glucose effectively ex
cludes tuberculous meningitis. In the early stages, particularly if a polymorph 
leukocytosis is present, the differential diagnosis includes a partially treated bac
terial meningitis if antibiotics have been given. It may be necessary to perform 
serial lumbar punctures to establish a diagnosis if no acid-fast bacilli are seen on 
microscopy. The CSF changes of a partially treated bacterial meningitis improve 
over weeks, whereas those of TB meningitis do not. The identification of acid
fast bacilli on microscopy or on culture clinches the diagnosis. A thorough search 
should be made on microscopy, with success being greater if a larger (up to 10 
ml) volume of CSF is analyzed. The first sample taken is most likely to give a 
positive result (133), but all samples taken should be sent for culture, the majority 
being negative on microscopy. If the clinical diagnosis is felt to be tuberculous 
meningitis, consideration should be given to sending sputum, urine, or gastric 
washings for culture, but the initiation of treatment should not be delayed. Be
cause culture can take several weeks to give a positive result, early confirmation 
of diagnosis by detecting the presence of mycobacterial constituents (e.g., tub
erculostearic acid or mycobacterial DNA) would be most useful. Of the techniques 
tried, the polymerase chain reaction (PCR) (134) is the most promising, but the 
technical resources and expense may largely limit its use to developed countries. 
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13.3. Medical Treatment 

Antituberculosis drug treatment should be commenced as soon as possible, 
which may well be before the diagnosis is proven, unless the CSF is microscopy 
positive for acid-fast bacilli when the diagnosis is suspected. The penetration of 
antituberculosis drugs into the CSF depends partly on their serum protein binding 
and on whether the blood-brain barrier is intact. 

Isoniazid penetrates very well (l35,136), reaching many times the required 
minimal inhibitory concentration (MIC), even when the blood-brain barrier is 
intact. Streptomycin penetrates adequately only when the blood-brain barrier is 
defective (l35). Rifampicin penetrates poorly (137-l39) and its penetration may 
be related partly to inflammation (140). Pyrazinamide penetrates well (141,142) 
and reaches the MIC required (143,144) independent of stage or activity of dis
ease. 

The recommendations for the treatment of tuberculous meningitis are based on 
clinical experience and series, not on prospective clinical trials. In countries with 
low rates of isoniazid resistance, treatment with rifampicin and isoniazid for 12 
months supplemented by 2 months of pyrazinamide is recommended (34). In 
areas where there is a higher rate of isoniazid resistance, a fourth drug should be 
used initially. In Hong Kong, streptomycin is used for the initial 2 months when 
CSF penetration is better. Alternative fourth drugs for the initial phase of treatment 
are ethambutol and ethionamide. Ethambutol penetrates the CSF poorly except 
when there is inflammation (145-147). Ethionamide has good CSF penetration 
not dependent on inflammation (148,149), and in South Africa, it is preferred to 
streptomycin (150). 

Streptomycin should be given intramuscularly, intrathecal use is not required, 
but should be avoided in pregnancy. Ethionamide should also be avoided in preg
nancy as it maybe teratogenic. In comatose patients, drugs should be administered 
on an empty stomach via a nasogastric tube (34). 

The optimum duration of treatment is unknown. Twelve months' treatment is 
probably adequate, although some authors give up to 18 months for Stage III 
disease and between 18 and 24 months for tuberculomata (151). Satisfactory 
results, however, have been obtained from 6 months' (152,153) and 9 months' 
treatment (154). When to use corticosteroids in tuberculous meningitis can be 
controversial. Their use in meningitis was investigated (155) and shown to im
prove survival in Stage II and III disease and is supported by earlier literature 
reviews (156). Their use is also definitely indicated for tuberculous encephalop
athy (157). Their use in spinal arachnoiditis is more controversial but are usually 
given although no definite evidence that outcome is altered is available. Their use 
in Stage II and III disease is, therefore, recommended (34,151). 

13.4. CT Scanning and Surgery 

Computer tomographic scanning in CNS tuberculosis is useful (158-161) and 
should be performed if available at diagnosis and if there is any clinical deterio-
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Figure 9.7. CT scan of 40-year-old taken 6 weeks after commencement of treatment of 
Stage I meningitis when initial CT scan normal. Multiple tuberculomas present. Resolved 
with continuation of drug therapy and additional corticosteroids. 

ration thereafter (Fig. 9.7). The main values are in detecting tuberculomata, giving 
evidence of associated infarction, and detecting hydrocephalus. The demonstra
tion of the development of tuberculomata on treatment is now well demonstrated 
(162,163), and paradoxical expansion of those present at diagnosis on treatment 
is also recorded (164). Surgery is rarely needed for tuberculomata, being required 
in only 6% (165), but may be necessary if a vital structure (e.g., optic chiasm) is 
compromised (166). 

Computer tomography may show hydrocephalus that ventricular shunting is 
required. Early drainage of hydrocephalus is required (159,167,168), those 
drained doing better than those not drained (169). If an intracranial tuberculous 
abscess forms, neurosurgical drainage may be needed (170). 

13.5. Prognosis 

The main determinants of outcome with more modern treatment are patient 
age and stage of disease at presentation (171), with children under 3 years having 
a worse outcome, independent of stage. A study in Chinese children (131) again 
showed age and stage at presentation as the only significant factors on multivariate 
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analysis, demonstrating the importance of early diagnosis and prompt treatment. 
This same study (131) showed recovery in 96%, 78%, and 21 % respectively with 
Stage I, II, and III disease. These results are clearly better than those achieved at 
the beginning of chemotherapy with streptomycin alone, when mortalities of 46%, 
66%, and 81 % were recorded for Stages I, II, and III, respectively. Mortality has 
also been shown to be related to the severity of the hydrocephalus (168,172). HIV 
coinfection does not appear to alter presentation, symptoms, or prognosis, except 
in patients with CD4 counts of under 200 ilL, when survival is reduced (8). 

14. Thberculous Pericarditis 

Pericardial tuberculosis is uncommon in developed countries, making up ap
proximately 1 % of cases in the United Kingdom (3) and between 1 % and 2% in 
the United States (173). Conversely, in developed countries, tuberculosis accounts 
for between 4% and 7% of cases of acute pericarditis, tamponade, or constrictive 
pericarditis (174,175). In developing countries, it is more important, and in some 
areas (e.g., southern Africa), it is an important cause of congestive heart failure 
(176). 

The infection usually reaches the pericardium by direct extension from adjacent 
mediastinal glands, but occasional hematogenous spread can occur with pericar
dial involvement in miliary disease. An acute pericarditis can be seen, which is 
thought to represent an allergic response to tuberculoprotein. In chronic pericar
dial effusion and pericardial constriction, the pathology is granulomatous, which 
can proceed to fibrosis and calcification at a later date. Although the pericardium 
is the major site of cardiac involvement, postmortem studies (177) show lesser 
degrees of involvement of the myocardium and endocardium in some cases. 

14.1. Clinical 

The onset, as with some other forms of tuberculosis, is insidious with fever, 
malaise, sweats, weight loss, cough, retrosternal discomfort, and tachycardia. The 
peak occurrence is in the third to fifth decades (178). If the effusion is sufficient 
to cause tamponade, dyspnea may be the major symptom. With an effusion, the 
major signs are low blood pressure, narrow pulse pressure, pulsus paradoxus, 
edema, and raised venous pressure, with the latter two being more pronounced if 
tamponade is present. The electrocardiogram is usually of low voltage and shows 
widespread T-wave changes. The chest x-ray shows an enlarged cardiac outline 
in over 80% of cases (175), with associated pleural effusions in over 50%. 

Pericarditis can progress to constriction any time from a few weeks to several 
years after the onset of pericarditis. Tuberculosis is the commonest cause of con-
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strictive pericarditis in Africa and Asia, responsible for over 60% of cases in one 
Indian series (179). The symptoms of constriction are dyspnea, abdominal dis
tension, and edema. The heart sounds are quiet, with pulsus paradoxus, and a 
raised venous pressure which rises in inspiration (Kussmauhls sign). Constrictive 
pericarditis causes apparent cardiac enlargement in over 50% of cases (179). 

14.2. Diagnosis 

The diagnosis should be suspected in patients with a combination of fever and 
pericardial effusion or signs of tamponade, particularly if from a high incidence 
ethnic group. The chest x-ray, in addition to an enlarged heart shadow, may show 
pericardial calcification in constrictive pericarditis and associated active pulmo
nary tuberculosis in up to 30% (180,181). Sputum smear and culture should be 
performed if the chest x-ray shows any evidence of pulmonary tuberculosis. In 
common with other serous membrane tuberculosis, the tuberculin test is positive 

Figure 9.8. Echocardiogram of 24-year-old Asian man with large pericardial effusion 
showing substantial pericardial fluid and debris. Fluid lymphocyte-rich exudate with pos
itive culture for M. tuberculosis. Rapid response to corticosteroids and drug therapy. 
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in between 80% and 100% of cases (175). Echocardiography is the best way of 
confirming effusion (Fig. 9.8). In addition to fluid, this may also show pericardial 
thickening or amorphous material within the pericardial space. Computerized 
tomography and nuclear magnetic resonance have also been used successfully to 
confirm pericardial effusion and/or thickening (182). Pericardiocentesis, done ei
ther from the subxiphistemal approach or the apical approach, preferably under 
echocardiographic guidance particularly with the latter approach, gives fluid 
which is an exudate (protein> 35 gIL) and usually lymphocyte predominant on 
cytology. The cell count can be of polymorph preponderance in the initial stages. 
The definitive diagnosis depends on the isolation of acid-fast bacilli from the fluid 
or obtaining histological confirmation. The fluid can be positive on microscopy 
for acid-fast bacilli with rates of up to 40% described. Positive culture rates of 
59% and positive histology rates of 70% were found in the Transkei study (180). 
Pericardial biopsy usually requires thoracotomy, but a nonsurgical biopsy tech
nique under x-ray control has been described (183) with encouraging initial re
sults. 

14.3. Treatment 

MEDICAL 

Studies from the Transkei (180,185) have shown that rifampicin/isoniazid for 
6 months supplemented by pyrazinamide and streptomycin for the initial 3 months 
is effective in both effusion and constriction. These studies also assessed the 
usefulness of prednisolone. When given to patients with constriction, for 11 weeks 
tapering from an initial dose of 30-60 mg/day, the active group improved more 
rapidly, needed pericardectomy less, and had a lower death rate (4% versus 11 %). 
In patients with effusion, the need for open drainage and repeated pericardiocen
tesis was lessened, and the death rate was also lessened (4% versus 14%). Cor
ticosteroids should, therefore, be given in tapering dose over the first 2-3 months 
of treatment (34). 

SURGERY 

There are conflicting views on when this is necessary. An active policy of 
pericardial window procedure with pericardectomy if thickening is present has 
been advocated (185). A conservative approach is suggested by others (186), who 
found no constrictive pericarditis in 14 patients treated medically on follow-up. 
Since the evidence from the Transkei (180,185) of the beneficial effects of ste
roids, it is probably best if surgical intervention is reserved for those who present 
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late with constriction and calcification, or who fail to respond to the initial 6-8 
weeks of medical treatment and still have a raised venous pressure, or those with 
life-threatening tamponade at any stage (175,176). 

15. Thberculosis of the Skin 

Skin involvement is uncommon but can occur in a number of ways. There are 
forms of skin disease, which involve infection of the skin with direct inoculation 
or by blood-borne spread, and the tuberculides, which are thought to be cutaneous 
immunological reactions to tuberculous infections elsewhere in the body. 

Primary infection of the skin can be seen particularly in children where inoc
ulation occurs due to minor skin trauma, often from a sputum smear-positive 
family member. A primary infection develops at the site of inoculation, usually a 
limb which may ulcerate and proceed to regional lymphadenopathy. This type of 
infection has also been recently described in needle-stick injury from a HIV
positive patient (187). Other forms of cutaneous tuberculosis are verrucosa cutis, 
a warty form, and verruca necrogenita, which is more painful and acute. Post
mortem workers, and those who may come into contact with M. bovis (e.g., 
veterinary surgeons, abattoir workers, and butchers) are at risk. 

Skin involvement in acute hematogenous tuberculosis, miliary disease, is de
scribed with multiple, usually extensive, small papular lesions from which acid
fast bacilli can sometimes be cultured. This form may be becoming more common 
with the advent of HIV disease, being described in such patients (188) and with 
coinfection with M. avium-intracellulare (189). 

The commonest form of skin tuberculosis is lupus vulgaris. This slowly pro
gressive form, usually in older patients, can progress insidiously for months or 
even years. The extremeties, head, and face are the usual sites, with dull reddish 
or violaceous lesions, sometimes with a plaquelike psoriaform edge of active 
disease and residual scarring of a tissue paper type where past infection has oc
curred. A mutilating form can involve deeper tissue (e.g., cartilage) in ears and 
nose leading to deformity, and occasionally squamous carcinoma can complicate 
lupus vulgaris. 

Of the forms of tuberculosis without direct skin involvement, the tuberculides, 
a number of patterns are described. Erythema nodosum associated with tuber
culosis is seen usually 3-8 weeks after initial infection and is associated with 
tuberculin conversion so the skin test is strongly positive (39). Erythema indur
atum (Bazin's disease), papular and papulonecrotic tuberculides, and other forms 
of panniculitis with perivascular inflammation of arterioles and venules but also 
of fat and subcutaneous tissues are also described. The tuberculin test is strongly 
positive, there may be evidence of tuberculosis elsewhere, and the lesions respond 
to antituberculosis drug treatment. 
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16. Miscellaneous 

16.1. Adrenal 

Tuberculosis is now an uncommon cause of hypoadrenalism; in developing 
countries autoimmune adrenalitis is more common. Adrenal tuberculosis is sel
dom an isolated occurrence and is usually part of disseminated tuberculosis (190). 
Rifampicin, which is included in all short-course regimens, can unmask subclin
ical adrenal involvement, with adrenal crisis 2-4 weeks after the commencement 
of treatment being described (191). Being a potent inducer of hepatic microsomal 
drug metabolism, rifampicin significantly reduces the plasma half-life of corti
costeroids (192) and may, thus, precipitate adrenal crisis in those whose adrenals 
are just producing enough cortisol under maximum stress to maintain minimum 
serum levels. This phenomenon has been postulated as a factor in the unexplained 
deaths soon after the commencement of antituberculosis drug therapy (193). 

16.2. Liver 

The liver is usually involved by hematogenous spread, particularly in miliary 
disease (Table 9.2), with a diffuse infiltration (194) which is usually diagnosed 
on needle liver biopsy. A nodular form of hepatic tuberculosis is also described 
which can mimic carcinoma or cirrhosis (195). This form can present with bleed
ing gastric varices (196) or portal hypertension (197). The miliary involvement 
of liver can produce a "bright" liver on ultrasound (198), which is nonspecific. 
Diagnosis depends on finding granulomas and acid-fast bacilli on biopsy, so liver 
tissue should routinely be cultured if tuberculosis is suspected. Localized ab
scesses can develop (82) that cannot be distinguished from amoebic or pyogenic 
abscesses on ultrasound or CT scan appearances (199,200). Occasionally, mUltiple 
microabscesses occur or pseudotumor masses (201). 

Conclusion 

Nonpulmonary forms of tuberculosis are challenging to clinicians because of 
the wide diversity of types and presentations. Clinical awareness needs to be 
maintained so that the diagnosis is suspected, the appropriate investigations are 
performed, ensuring there is no undue delay in reaching a diagnosis. The man
agement of the drug treatment of nonpulmonary forms should be by physicians 
experienced in tuberculosis treatment (34), with any surgical aspect dealt with in 
conjunction with surgical colleagues in a team approach. Because of the often 
paucibacillary nature of samples of fluid (e.g., ascites, pus or tissue in extrapul
monary forms), the development of reliable molecular biological methods of rapid 
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diagnosis has considerable potential over the next few years in the earlier confir
mation of the diagnosis. 
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Chemotherapy of Nontuberculous 
Mycobacterial Diseases 

I.A. Campben P.A. Jenkins, and Richard J. Wallace, Jr. 

Nontuberculous mycobacteria can be found throughout the environment and 
readily gain access to clinical specimens. The significance of an isolate can, there
fore, be doubtful and it is necessary to establish criteria which determine signif
icance and which indicate whether or not treatment is required. The most impor
tant considerations are the type of specimen from which the organism is isolated, 
the number of isolates, the degree of growth, and the identity of the organism. 
Predisposing factors on the part of the patient and the clinical presentation can 
also help to determine the significance. 

Nontuberculous mycobacteria can cause both pulmonary and extrapulmonary 
disease. It is convenient to consider these separately as they present quite different 
problems. 

1. Pulmonary Disease in the HIV Negative Host (1) 

Pulmonary disease is by far the commonest manifestation of infection by non
tuberculous mycobacteria. A single isolate recovered from multiple pulmonary 
specimens is rarely of significance. However, isolation of the same mycobacte
rium from specimens taken several days apart, together with appearances on the 
chest radiograph suggesting mycobacterial infection, indicate that chemotherapy 
is necessary, especially if symptoms suggestive of pulmonary infection are pres
ent. Although there are geographical variations in incidence, the species most 
commonly causing disease are Mycobacterium kansasii, M. avium, M. intracell
ulare, M. malmoense, M. xenopi and M. abscessus (2,3). Small numbers of pa
tients have disease due to M. fortuitum (2,3), M. szulgai (4), or M. simiae (5). 
Very occasionally, species usually taken to be saprophytes can cause infection 
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and disease (e.g., M. gastri, M. gordonae (6), M. terrae complex (including M. 
nonchromogenicum), and M. triviale (7). 

1.1. Susceptibility Testing 

It is usual to determine either the proportion of the bacterial population that is 
resistant to a critical concentration of the drug on solid media or in BACTEC 12B 
broth, or to determine the resistance ratio by titrating the test strain and comparing 
its end point with that of a standard strain of M. tuberculosis such as H37Rv or 
a panel of naturally occurring "wild" strains (8). For M. tuberculosis results ob
tained by either of these means have correlated well with the outcome of treatment 
in controlled clinical trials. These have shown, for example, that a resistance ratio 
of at least eight times that of the standard strain means that the drug will not 
generally be effective in treatment. 

Extending this principal to nontuberculous mycobacteria provides patterns of 
resistance/susceptibility as shown in Table 10.1. The susceptibility of M. kansasii 
to rifampicin and ethambutol correlates with the clinical response to treatment 
with these drugs (9, I 0). Susceptibility of M. avium (11,12), M. intracellulare (13), 
M. chelonae (14), and M. abscessus (14), to clarithromycin correlates with clinical 
response to therapy with either clarithromycin or azithromycin-containing regi
mens, and resistant isolates are associated with treatment failures and have been 
shown to have a point mutation in the 23S rDNA macrolide binding site (12-14). 
For the other species and drugs, the situation is less clear. Retrospective studies 
demonstrated that clinical response to treatment does not correlate with single
drug in vitro susceptibility results for the antimycobacterial drugs (15-17 ,17a). It 
has been demonstrated that synergy occurs between rifampicin and ethambutol 
for many species of nontuberculous mycobacteria, for example, when strains of 
the M. avium complex, M. malmoense, and M. xenopi were tested against rifam
picin and ethambutol individually in one study, most were resistant. When the 
two drugs were combined, however, 100% of M. malmoense strains, 86% of M. 
xenopi strains, and 31 % of M. avium complex strains were susceptible (18). The 
meaning of in vitro susceptibility results to the ftuoroquinolones, clofazimine, and 
the rifamycins (especially rifabutin) is subject to the same qualifications and res
ervations. Some species appear susceptible, others resistant, to selected critical 
concentrations. What this means in terms of response in the patient with disease 
is unknown. The clinical efficacy of clofazimine and amikacin (except the latter 
in the setting ofrapidly growing mycobacterial disease) is unproven. 

1.2. Treatment 

Clinical features and radiographic appearance of pulmonary infection are simi
lar, irrespective of the species of mycobacterium involved. The majority of pa-
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tients have preexisting lung disease and some have conditions associated with 
reduced immune responsiveness. Heavy smoking with chronic obstructive lung 
disease, occupational dust exposure, and alcohol abuse are risk factors for M. 
kansasii and the M. avium complex. Peptic ulcer and previous gastroduodenal 
surgery are common (9,15-17), although whether or not these latter disorders are 
true associations has not been determined. Bronchiectasis is frequently found in 
elderly nonsmoking women with the nodular bronchiectasis form of disease due 
to M. avium complex. Patients present with a combination of one or more symp
toms of fatigue, cough, sputum production, hemoptysis, weight loss, malaise, and 
increasing breathlessness. Radiological appearances generally do not allow the 
clinician to differentiate among the various non tuberculous mycobacterial species 
or from infection by M. tuberculosis (19). The recently described pattern of mid
lung field multifocal bronchiectasis and mUltiple small nodules seen on high
resolution computed tomography (CT) is relatively specific for the M. avium 
complex (20). 

1.3. Treatment of M. kansasii Infection 

The availability and use of rifampicin has resulted in marked improvement in 
the treatment of this disease. In one retrospective series, rifampicin was included 
in the treatment of all 30 of the patients and ethambutol in 26 (87%). The duration 
of treatment ranged from 3 to 24 months and there was 100% cure with no relapses 
in the mean follow-up period of 5 years. The authors suggested that therapy should 
usually be with rifampicin and ethambutol for 15 months, perhaps including 
ethionamide or prothionamide until the susceptibility of the strain to rifampicin 
and ethambutol was confirmed (9). More recently, the British Thoracic Society 
(BTS) has published the results of a prospective study of rifampicin and etham
butol given for 9 months. Most patients received a third or fourth drug for the 
first 2 or 3 months, treatment having been started before it had been ascertained 
that the infection was due to M. kansasii rather than M. tuberculosis. Of the 173 
patients, only one had sputum still positive on culture during 2 of the last 3 months 
of treatment: this man admitted noncompliance. On average, patients gained 2.2 
kg by the end of treatment. Two out of three consistently showed satisfactory 
clinical progress during and after treatment and, of the remainder, in only 20% 
was unsatisfactory progress attributed to M. kansasii. A quarter of the patients 
died during the period of the study, but none because of M. kansasii infection. 
Radiological "healing" occurred in 80% within 3 years of completing chemo
therapy. During the 51-month period of follow-up after the end of chemotherapy, 
10% of the patients produced two or more sputum specimens which were positive 
on culture. Factors contributing to this could be identified in half these (e.g., 
noncompliance with treatment, severe malnourishment, severe bronchiectasis, and 
steroid treatment). Another 25% of the radiological appearances suggested rein-
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Table 10.2. Suggested daily regimens for the three common nontuberculous mycobacterial 
species causing chronic lung disease in the HIV uninfected host 

Pathogen 

M. avium complex 

M. kansasii 

M. abscessus 

Treatment 

Clarithromycin 500 mg BID 
Ethambutol 25 mg/kg X 2 months, 

then 15 mg/kg 
Rifampicin 600 mg 
or 
Rifabutin 300 mg 
Regimen A: Rifampicin 600 mg 
(UK) Ethambutol 15 mg/kg 
or 
Regimen B: Rifampicin 600 mg 
(U.S.A.) Ethambutol 25 mg/kg X 2 

months, then 15 mg/kg 
Isoniazid 300 mg 

Clarithromycin 500 mg BID 
Cefoxitin 3 g IV 96 h 

Duration 

Culture (-) 
I Year 

9-15 Months 

18 Months or 
culture ( -) I year 

3 Months" 
2-4 Weeks" 

a Designed to produce clinical improvement; curative therapy (probably 4-6 months) not 
possible. 

fection rather than relapse. In the remaining quarter, no reason was apparent and 
they were considered as genuine relapses. All of the relapses/reinfections re
sponded satisfactorily to further treatment with rifampicin and ethambutol (21). 

Therefore, options for chemotherapy are either treatment with (l) ethambutol 
and rifampicin for perhaps 9 to 15 months or (2) isoniazid, rifampin, and etham
butol for 18 months or until culture negative 12 months (American Thoracic 
Society recommendations) (See Table 10.2) (22). Clarithromycin should be con
sidered in cases of ethambutol or rifampicin resistance or intolerance. A successful 
regimen has been used for rifampicin-resistant M. kansasii (10) that utilizes a 
sulfonamide, but it antedates the availability of the newer quinolones and the 
newer macrolides. (The success of clarithromycin with M. kansasii is unproven, 
but is highly likely given the low MICs and its success with other nontuberculous 
mycobacteria. ) 

1.4. Treatment of Infection with the M. avium Complex 

Outcome of treatment in the premacrolide era was not always satisfactory. 
Yeager and Raleigh used five or six drugs with only a 43% response rate, 11 % 
dying from their M. avium complex infection, and 20% relapsing after the end of 
treatment (23). A similar relapse rate was found by Ahn et al. using a four-drug 
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regimen (24). Even though a majority of patients showed an initial bacteriological 
response to a multiple-drug regimen, Dutt and Stead noted that only 46% were 
culture negative after 3-8 years (25). In another study by Etzkorn et aI., no sig
nificant difference was noted in terms of sputum conversion rate among regimens 
containing three, four, or five drugs, sputum conversion sometimes taking up to 
1 year (26). Hunter et al (15) found that although patients without symptoms 
could often be considered to have "benign" disease, some developed progressive 
disease, and those patients with symptoms who were not treated were likely to 
die. The same authors also found that when isoniazid, rifampicin, and strepto
mycin, or rifampicin, isoniazid, and ethambutol, were given for between 9 and 
24 months, there was a satisfactory clinical, radiological, and bacteriological re
sponse in 84%. However, 14% relapsed within a year of the end of treatment and 
three out of four patients who did not respond to treatment died. When second
or third-line drugs or when four or more drugs were used, significant problems 
arose from toxicity, and noncompliance was common (\5). 

The introduction of the newer macrolides and rifabutin has markedly improved 
the prospects for successful therapy of M. avium complex lung disease. Both 
clarithromycin and azithromycin have been shown to have microbiologic in vivo 
activity (27,28,28a), and clarithromycin in multidrug regimens (29,30) has been 
shown to produce sputum conversion rates that generally exceed those reported 
in the premacrolide era. The duration of therapy in the two studies reported to 
date was until patients were sputum culture negative for 10-12 months. Essen
tially, no relapses were seen in patients who completed therapy with this length 
of sputum culture negativity with an average 2-year follow-up (29,30). The im
portance or advantage of rifabutin over rifampicin for M. avium complex lung 
disease is unanswered. With disseminated M. avium complex, rifabutin has been 
shown to be effective as a prophylactic agent (28a,3I), in a short-term mono
therapy trial (32), and in several combination studies (33,34,34a), activity con
sidered unlikely or not present with rifampicin. Thus, it seems likely that rifabutin 
will contribute more to a multidrug regimen with a macrolide than rifampicin. 
This must be balanced, however, by the greater incidence of side effects (espe
cially leukopenia, polymyalgia, and uveitis) seen with rifabutin compared to ri
fampicin. The recommendations of the recently revised American Thoracic So
ciety Statement on nontuberculous mycobacteria (22) are that clarithromycin, 
ethambutol, and rifampicin or rifabutin be given as initial therapy for M. avium 
complex lung disease administered until the patient is culture negative 10-12 
months on therapy (RJW, unpublished data) (see Table 10.2). The use of rifabutin 
and likely intermittent streptomycin are reasonable components to consider for 
patients who have failed previous therapy, especially if rifampicin was part of 
their regimen. 

The role of surgical resection remains controversial. It should be considered in 
patients with localized disease who fail drug therapy, and can be curative in this 
setting although surgical complications are frequent. 
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1.5. Treatment of M. malmoense Infection 

In two retrospective studies, it was found that patients treated for 18-24 months 
with regimens including ethambutol and rifampicin did better than those in whom 
other regimens with short durations of treatment were used (17,35). Again, it was 
noted that therapy with second- or third-line drugs was poorly tolerated and gave 
poor results. The potential benefit of ciprofloxacin or clarithromycin has not yet 
been adequately demonstrated in vivo, although results in vitro (35a) and results 
of therapy with other mycobacterial species (29,30,34) suggest that they will be 
helpful. 

Resection of the affected lobe, as with patients with M. avium complex, remains 
an option in patients who do not respond satisfactorily to chemotherapy and who 
are fit enough for surgery (17). However, chemotherapy should be continued after 
surgery for at least 18 months. Over 10% of patients with M. malmoense pul
monary infection will die from causes other than mycobacterial infection and 
about 10% will die because of their M. malmoense infection. 

1.6. Treatment of M. xenopi Infection 

This condition is, like infection with the M. avium complex, more difficult to 
treat and cure than is infection with M. kansasii or M. malmoense. Constrini et 
al. reported only a 50% response rate using regimens which usually contained 
isoniazid and ethambutol (36), whereas Smith and Citron reported 70% cure in 
patients treated for between 8 and 24 months, follow-up extending for a minimum 
of 3 years (37). One of the 11 patients died despite treatment. Banks et al. reported 
that only 23% were cured after chemotherapy. In that survey, treatment with 
rifampicin and isoniazid, plus ethambutol and streptomycin, was preferable to 
regimens based on second- and third-line drugs. Despite chemotherapy, disease 
progressed in 10% of patients. Initial response followed by relapse was found in 
26%, whereas 16% died from M. xenopi infection. When surgery was possible in 
those who showed poor response or relapse, cure resulted from a combination of 
surgery and continued chemotherapy. Disease progressed relentlessly in the four 
patients who were not given chemotherapy (16). 

Clarithromycin has been reported to be active in vitro against M. xenopi (37a), 
and may improve on the relatively poor results reported with multi drug regimens 
with or without surgery in the past. One preliminary report by Dautzenberg re
ported sputum conversion in 9111 (82%) of patients at 3 months on a clarithro
mycin-containing regimen, and 11111 (100%) at 6 months. Long term follOW-Up 
is still pending, however (37a). 

1.7. Treatment of Infection Due to Rapidly Growing Mycobacteria 

Pulmonary disease due to rapidly growing mycobacteria shows considerable 
geographical variation in incidence and is usually third behind the M. avium 
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complex and M. kansasii as a cause of nontuberculous lung disease in the United 
States (38,39). It is, however, currently the most difficult to treat (3). Approxi
mately 80% of disease is due to M. abscessus and 15% to M. Jortuitum (3). 
Pulmonary disease due to M. abscessus is currently not curable with drugs. 
Courses of clarithromycin or amikacin plus cefoxitin often result in clinical im
provement but fail to eradicate the causative organism. With M. abscessus disease 
that follows prior granulomatous disease such as treated M. tuberculosis, the dis
ease often stays localized to that area and is amenable to surgery (3). For the rare 
patient with underlying achalasia, esophageal repair often results in improvement 
or resolution of the lung disease. For the majority of patients with bilateral disease, 
surgical resection is not an option. For patients with lung disease due to M. Jor
tuitum, multiple drugs are available for therapy such as clarithromycin (40), fluor
inated quinolones (41), sulfonamides (42), arnikacin (42), cefoxitin (42,43), and 
irnipenem (43,44), although no clinical trials and few case reports (32,44--47) 
have been published due to the infrequent nature of this species as a lung path
ogen. 

I.S. Treatment of Pulmonary Infections Caused by Other Nontuberculous 
Mycobacteria 

Pulmonary disease due to nontuberculous mycobacteria such as M. szulgai, M. 
simiae, and M. gordonae is very rare (2,4,5). As a result, it is difficult to offer 
any clinically derived advice on treatment. What reports there have been tend to 
be single case reports and it is not possible to say whether treatment did have any 
effect on the outcome. However, treatment with the drugs to which the organism 
is susceptible in vitro would seem to be logical in the current state of knowledge, 
as would the addition of clarithromycin, which is generally the most active drug 
in vitro against these species (47a). 

1.9. Summary of the Treatment of Pulmonary Disease in the HIV ( - ) Host 

In the current state of knowledge and including the in vitro work on drug 
synergy and the results of clinical studies described above, daily treatment with 
clarithromycin, ethambutol, and rifampicin or rifabutin until culture negative IO
n months on treatment should be the first-line regimen for the M. avium complex 
(29,30). This is the recommended regimen of the recently revised and approved 
(1997) ATS Statement on the Nontuberculous Mycobacteria. For patients who 
fail to show any response in 6 months or remain culture positive at 12 months, 
the clinician should consider adding rifabutin in place of rifampicin (if the latter 
was being given) (30) and add one or more of streptomycin or amikacin, cipro
floxacin, or perhaps ethionamide. Surgical resection should be considered for 
patients with localized disease. For patients with M. kansas ii, rifampicin plus 
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ethambutol for 9-15 months, or isoniazid, rifampicin, and ethambutol for 18 
months or until culture negative 12 months are the current best regimens, rec
ognizing the exceptional antimycobacterial agent clarithromycin has yet to be 
assessed by clinical trial for this species. For other species of nontuberculous 
mycobacteria, the same regimen used for the M. avium complex may be a rea
sonable start, tempered by available drug susceptibilities. In patients who do not 
respond to chemotherapy but are fit enough to tolerate surgery, the resection of 
the affected lobe and continuation of chemotherapy offers a good chance of cure. 

For the rapidly growing nontuberculous mycobacteria (especially M. absces
sus), the newer drugs such as the quinolones and the newer macrolides would 
appear to be the most useful. However, with disease due to M. abscessus, micro
biologic cure is not attainable with available drug therapy. 

1.10. Treatment of Disseminated M. avium Complex in Patients with HIV 
Infection 

Infection with nontuberculous mycobacteria in the setting of HIV disease is 
not usually confined to the lung and is frequently associated with bacteremia. 
Diagnosis is usually made by blood cultures (48). Treatment of disseminated M. 
avium complex has improved dramatically in the past few years thanks to a series 
of controlled or comparative clinical treatment trial. Optimal treatment regimens, 
however, are still evolving. Short-term monotherapy trials have shown clarithro
mycin (49,50), azithromycin (51), ethambutol (52), and rifabutin (32) to decrease 
levels of M. avium bacteremia, and most clinicians agree that a macrolide plus 
ethambutol are an essential component of the usual treatment regimen. The op
timal regimen for clarithromycin is 500 mg BID (higher doses are associated with 
a higher mortality) (50), whereas the optimal dose of azithromycin has not been 
determined. A three-drug regimen of clarithromycin, ethambutol, and rifabutin 
was recently shown to be much more effective in clearing bacteremia and pro
longing survival than the four-drug regimen of rifampicin, ethambutol, ciproflox
acin, and clofazimine (34). This would likely be the preferred regimen were it 
not for the complex relationship between clarithromycin, rifabutin, and the re
cently introduced antiretroviral protease inhibitors retonavir, saquinavir, and in
dinavir related to their differing influences on the cytochrome P-450 system that 
metabolizes all three of the drugs. In general, rifabutin induces the metabolism 
of clarithromycin and the protease inhibitors, whereas the latter two inhibit the 
metabolism of rifabutin. This leaves the choice of rifabutin as the third agent 
somewhat in doubt. The place of ciproftoxacin, clofazimine, and an aminogly
coside, all of which have been used, remains uncertain. Their greatest use will 
likely be in patients intolerant of the first -line agents or with a macrolide-resistant 
organism. Treatment should last for the life of the patient, until more is learned 
as patients survive longer with better drugs. 
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1.11. Prophylaxis of Disseminated M. avium Complex Disease in Patients 
with AIDS 

Long-term studies have shown that up to 40% of patients with AIDS will 
develop disseminated M. avium complex infection. Major risk factors include the 
degree of fall in the CD4 lymphocyte count and the presence of previous episodes 
of opportunistic infections. Recently completed clinical trials have shown that 
daily rifabutin (300 mg) (31), twice-daily clarithromycin (500 mg twice daily) 
(53), once-weekly azithromycin (1200 mg) (54), or the combination of once
weekly azithromycin (1200 mg) plus daily rifabutin (300 mg) (54), are all effec
tive regimens in reducing the incidence of bacteremia. In patients who fail pro
phylaxis, up to 40% of those on clarithromycin (53) but 0% of those on rifabutin 
(31) will have developed resistance to the treatment drug. Most clinicians and 
treatment groups now recommend prophylaxis with one of these agents in patients 
with CD4 counts of < 75 cells, especially with a history of a prior opportunistic 
infection. 

2. Extrapulmonary Disease 

Nontuberculous mycobacteria can infect a wide variety of extrapulmonary sites. 
It is convenient to consider superficial lymph node infections separately, as they 
form a reasonably distinct entity. 

2.1. Superficial Lymph Node Infections 

These are caused primarily by strains of the M. avium complex or M. mal
moense and occur predominantly in the cervical lymph nodes of children. The 
nodes are usually unilateral and may be "hot" or "cold." There is little systemic 
upset and the chest radiograph is clear. Routine hematological tests are unhelpful. 
Histologically, the appearances are identical with disease due to M. tuberculosis 
and this can lead to unnecessary treatment with toxic antituberculosis drugs. Skin 
test antigens have been prepared from the strains most often implicated, and a 
differential Mantoux test using these antigens can assist the diagnosis (these an
tigens are not currently commercially available in the United States) (55). 

The treatment of choice is total excision of the affected nodes; antimycobac
terial chemotherapy is not indicated. Incision and drainage alone is not recom
mended, as it can leave a discharging sinus which can eventually cause ugly 
scarring (56). Clarithromycin with or without rifabutin should be considered in 
children with disease recurrence or if surgical excision is incomplete (55a,55b) 
(e.g., when the disease involves the facial nerve). For children able to undergo 
visual testing, ethambutol may be preferred as the second drug (55c). 
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2.2. Other Extrapuimonary Disease 

These are primarily caused by the rapidly growing mycobacteria. For example, 
M. chelonae and M. abscessus cause a wide variety of extrapulmonary disease, 
including cellulitis, tenosynovitis, synovitis, osteomyelitis, corneal infections, sur
gical wound infections, catheter-related sepsis, and disseminated cutaneous dis
ease (57-59). The recent introduction of the new macrolides has made almost all 
skin and soft tissue disease due to the rapidly growing mycobacteria readily treat
able, in contrast to the relatively bleak picture with M. abscessus lung disease. 
More specifically, clarithromycin is the first oral agent with activity against all 
initial isolates of M. chelonae and M. abscess us (40). In a monotherapy trial of 
clarithromycin 500 mg twice daily for 6 months in patients with cutaneous disease 
due to M. chelonae, 14114 patients responded clinically with all being culture 
negative within 4 weeks. With a minimum follow-up after therapy of 6 months, 
all patients had either died of unrelated causes or remained culture negative (60). 
Although only case reports are available for treatment of M. abscessus cutaneous 
disease with clarithromycin, the results have generally been excellent (61,62). 
Clarithromycin monotherapy will not provide all the answers for M. chelonae and 
M. abscessus, as acquired resistance appears to occur in approximately 10% of 
patients treated for disseminated M. chelonae disease (60) and an estimated simi
lar number of patients with M. abscessus lung disease (14). This resistance relates 
to a point mutation involving adenine 2058 or 2059 in the peptidyltransferase 
region of the 23S ribosomal RNA gene, as has been described for M. intracellulare 
and M. avium (12,13). Thus, combination therapy will be needed to prevent this 
resistance. For M. chelonae the best combination of drugs are the injectables 
tobramycin and imipenem (42--44,60), whereas for M. abscessus, it is amikacin 
and cefoxitin or imipenem (42,43). 

For treatment of skin and soft tissue infections due to M. Jortuitum, in vitro 
studies and case reports have shown a number of drugs to be effective. This 
included up to 100% of isolates for the injectable agents amikacin and imipenem, 
and for the oral agents of fluorinated quinolones (ciprofloxacin and ofloxacin) 
and the sulfonamides. Approximately 80% of isolates are inhibited by 4 ,ug/ml 
or less of clarithromycin (40), 50% by the tetracycline analogs doxycycline and 
minocycline (42), and 70% by 32 ,ug/ml of cefoxitin (42,43,63). For serious dis
ease, patients usually receive an initial course of amikacin plus cefoxitin or imi
penem for several weeks, combined with an oral agent which is continued for 
approximately 6 months (64,65). For lesser disease, completely oral therapy is 
given for 3-6 months. Follow-up cultures are essential to monitor outcome, and 
initial in vitro drug susceptibilities are needed to guide therapy as susceptibility 
among the taxonomic groups of M. Jortuitum to the three commonly used drugs 
(doxycycline, clarithromycin, and cefoxitin) is variable (40,42,43). Recent studies 
with tetracycline (66) have suggested that this resistance may relate to tetracy-
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cline-resistance genes (tet KlL, Otr A, B, C) previously known in Streptomyces 
sp. and gram-positive bacteria. Acquired mutational resistance on therapy seems 
to be greatest with ciprofloxacin and amikacin (67,68), so monotherapy with these 
agents should be avoided when possible. Acquired resistance to the remaining 
agents (sulfonamides, imipenem, clarithromycin, doxycycline, cefoxitin) has not 
been reported following monotherapy [although resistance to clarithromycin with 
other species has been reported (12,13) as already noted]. 

Surgery remains an important part of the treatment of extrapulmonary disease 
due to rapidly growing mycobacteria (69), but its role is diminishing as the num
ber and quality of drugs for therapy increases. This is especially true for the 
macrolides, as they offer potential therapy for M. chelonae and M. abscessus 
where surgery plus amikacin were for many years the mainstay of therapy (64,67). 
When infection occurs in the presence of a foreign body such as a breast implant, 
peritoneal or intravenous catheter, and nasolacrimal duct stents, the foreign body 
should be removed. With soft tissue or bone necrosis, extensive sternal osteo
myelitis following cardiac surgery and/or abscess formation, surgical debridement 
is important to the clinical response. For patients with posttraumatic infections of 
the cornea, excision of the cornea is often required to cure the disease. These 
concepts are not dissimilar to those for bacterial disease involving the same tis
sues. 

3. General Treatment Summary 

In the current state of knowledge, it is quite acceptable to treat infections caused 
by the M. avium complex, M. malmoense, or M. xenopi with clarithromycin, 
rifampicin or rifabutin, and ethambutol until culture negative for 12 months. The 
ongoing British Thoracic Society multicenter, prospective, clinical trial comparing 
ethambutol plus rifampicin with ethambutol, rifampicin, and isoniazid, given for 
24 months, in the treatment of pulmonary infection with the above three species 
should, in due course, indicate whether there is any point in including isoniazid 
in the regimen. A further study of pulmonary infection with the M. avium com
plex, M. malmoense, or M. xenopi by the British Thoracic Society incorporating 
immunotherapy with M. vaccae and also incorporating a comparison of cipro
floxacin and clarithromycin as third drugs added to the basic rifampicin and 
ethambutol regimen should help resolve some of the current dilemmas in therapy. 
Treatment for pulmonary infections caused by M. kansasii with rifampicin and 
ethambutol given for 9-15 months should suffice, although the American Tho
racic Society recommends a regimen of isoniazid, rifampicin, and ethambutol for 
18 months or until culture negative for 12 months. If resistance to rifampicin or 
drug intolerance to any of the agents develops, clarithromycin should be substi
tuted for the problem drug. For those with AIDS and disseminated M. avium 
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complex, c1arithromycin or azithromycin, ethambutol, and, if possible, rifabutin 
is the current optimum regimen administered for the lifetime of the patient. Pro
phylaxis to prevent disseminated M. avium complex is now the standard of care 
in high-risk patients with AIDS, with drug choice being related to cost and in
dividual treatment factors. Rifampicin should be avoided in patients on protease 
inhibitors, with rifabutin or c1arithromycin offering reasonable alternatives. 
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Preventive Therapy for Tuberculosis 

Lawrence}. Ceiter 

1. Introduction 

Most individuals infected by Mycobacterium tuberculosis do not immediately 
develop disease, and the interval between infection and illness can range from 
months to decades. The development of infectious, pulmonary tuberculosis, epi
demiologically the most important form of disease because it is the source trans
mission and new infections, is usually the result of the reactivation of such a latent 
infection. This period of latency provides an opportunity for secondary prevention 
of tuberculosis. This strategy takes on increasing importance as the risk of infec
tion with M. tuberculosis in a community decreases and the proportion of incident 
cases resulting from reactivation of old infections increases. Secondary prevention 
also takes on an increasing clinical importance as evidence increases that the 
development of active tuberculosis in persons also infected with HIV increases 
the speed of progression of the HIV infection. The concept of preventive therapy 
for tuberculin-positive individuals developed along with isoniazid and preventive 
therapy with isoniazid has become a central part of the national tuberculosis 
control program in the United States. 

2. Clinical Trials of Isoniazid Preventive Therapy 

Isoniazid was considered as a preventive therapy agent very shortly after its 
discovery. Lincoln first noted that children receiving isoniazid did not develop 
complications of a primary tuberculosis infection (1). Clinical trials of isoniazid 
to prevent the development of tuberculosis in previously infected individuals were 
then undertaken in the late 1950s in Italy (2), France (3), and the United States 
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(4). Since then, placebo-controlled trials of preventive therapy have been con
ducted in a wide variety of places and situations, including large cohorts of in
stitutionalized individuals and household contacts of infectious cases and smaller 
studies of individuals infected in outbreak situations, where the time of infection 
and degree of exposure was better understood. The best of these studies are sum
marized in an excellent review of preventive therapy for tuberculosis (5). 

In these trials, the average reduction in tuberculosis was about 60%, with a 
range of 25-92%. These results are based on a comparison of the groups to which 
the participants were randomized in an analysis by intent to treat. The variation 
in effectiveness in these studies is almost entirely attributable to the degree of 
adherence of the subjects with the isoniazid regimen. In studies where drug-taking 
could be very closely controlled, the reduction in the number of tuberculosis cases 
among those assigned to take isoniazid, compared to a placebo group, was 90% 
or more. Information from some of these studies indicates that the protection 
against tuberculosis conferred by isoniazid appears to last at least 19 years and 
may be lifelong (6). 

The most recent, large controlled trial of preventive therapy with isoniazid was 
a study in Eastern European countries of individuals with fibrotic lesions but no 
signs of active tuberculosis (7). The trial was designed to evaluate different lengths 
of preventive therapy and demonstrated that a regimen of 3 months of isoniazid 
was not likely to be effective. Comparing the isoniazid regimens to a placebo 
group, those assigned to a 3-month isoniazid regimen had a 21 % reduction in 
tuberculosis, the 6-month regimen a 65% reduction, and the 12-month regimen a 
75% reduction. When the results were stratified by adherence with the regimen 
(adherence defined as taking 80% or more of the assigned medication), the pro
tection conferred on adherent individuals by the 3- and 6-month regimens was 
similar to that for the groups as a whole, 31 % and 69%, respectively, but the 
protection afforded by the 12-month regimen increased to 93%. 

3. Preventive Therapy for Children 

Soon after isoniazid came into use and its chemoprophylactic role in adults has 
been established, Hsu (8) conducted extensive studies of prophylactic chemo
therapy in children, with two objectives: (a) Would isoniazid therapy of tuberculin 
reactions present early manifestations of the disease in childhood. (b) Would 
isoniazid therapy of tuberculin reactors prevent later manifestations of the disease 
in adolescence and adult. In her reports on a 20 year follow up, dealing with 1881 
children, she reported a morbidity of only 3.211000. Among the 591 positive 
cases, none reactivated. These findings were confirmed in a later report (9) dealing 
with 30 year follow up. Of the 1882 children who were followed up, only a 
morbidity of 4.211000 was noted. Among the 1566 children with a subclinical 
infection, only 8 (4.511000) had experienced the overt disease. 
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4. Preventive Therapy for HIV-Infected Individuals 

Human immunodeficiency virus (HJV) infection has been identified as the most 
potent risk factor for the development of tuberculosis, given infection with M. 
tuberculosis. One estimate places the risk of TB at over 100 times more likely in 
the HIV-infected person, compared with a seronegative individual (10). Selwyn 
estimated that 7-10% of tuberculin-positive IV drug users develop tuberculosis 
each year (11), but the risk is even higher for HIV-infected individuals recently 
infected with M. tuberculosis. In two tuberculosis outbreaks involving HIV-in
fected individuals, one reported from Italy (12) and one in the United States (13), 
40% of those subsequently infected with M. tuberculosis developed tuberculosis 
in the first 2-4 months following infection. 

The efficacy of preventive therapy with isoniazid in HIV -infected individuals 
was implied in the study by Selwyn. In that study, none of 13 tuberculin-positive 
individuals who had reported receiving preventive therapy with isoniazid devel
oped tuberculosis during the observation period, compared with 7 of 13 individ
uals who reported not receiving preventive therapy. Selwyn reported further 
evidence of the efficacy in a follow-up study, where no cases occurred among 27 
HIV -infected individuals who received 12 months of isoniazid preventive therapy, 
whereas 4 cases occurred among 27 patients who failed to complete therapy or 
who received no therapy (14). The short-term efficacy of preventive therapy in 
HIV-infected individuals has been more clearly demonstrated in a number of 
clinical trials. However, only one of these, by Pape et al., has been presented in 
a peer-reviewed study (15). Preliminary results from trials conducted in Zambia 
(16) and Haiti (17) have been presented at international meetings in abstract form. 
The efficacy of these for preventive therapy demonstrated in these studies has 
been similar to that observed in non-HIV-infected persons, 60--75% protective 
efficacy for regimens of isoniazid preventive therapy lasting from 6 to 12 months. 
However, it should also be noted that in most studies of isoniazid preventive 
therapy in countries with high rates of tuberculosis and a high risk of infection 
with M. tuberculosis, the survival of HIV -infected individuals receiving isoniazid 
preventive therapy was not significantly better than those who received placebo 
or no treatment. 

Although a key argument for isoniazid preventive therapy for non-HIV -infected 
individuals is the public health importance of preventing future cases of infectious 
tuberculosis, particularly in those in occupations or living situations where they 
are more likely to transmit the disease to others, there may be little clinical benefit 
for those who are likely to receive prompt diagnoses and treatment for tubercu
losis, when and if it develops. However, there may be a clear clinical benefit for 
those with HIV infection. First, as noted above, tuberculosis in HIV -infected 
individuals is more likely to progress rapidly. Second, even though there was no 
survival benefit in many studies, the Pape study noted a delayed progression to 
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an autoimmune deficiency syndrome (AIDS)-defining illness. This finding is sup
ported by a study by Whalen et al. (18), which showed that HIV-infected indi
viduals who develop tuberculosis suffer an increase in the number rate of AIDS
defining opportunistic infections and had significantly reduced survival. 

5. Toxicity of Isoniazid Preventive Therapy 

Isoniazid is generally well tolerated and is one of the least toxic of the anti
tuberculosis drugs. Most of the side effects are mild, and a study by Pitts estimated 
that approximately 5.4% of all patients receiving isoniazid experience an adverse 
reaction (19). The reactions included rash (2%), fever (1.2%), peripheral neurop
athy (0.2%), and jaundice (0.6%). Peripheral neuropathy is most likely caused by 
interference with pyridoxine metabolism, and although it is uncommon at doses 
of 5 mg/kg or less, it is most likely to occur in persons with diabetes, uremia, 
alcoholism, and malnutrition and can be prevented by administering pyridoxine 
with the isoniazid. 

The occurrence of isoniazid-induced hepatitis is of greatest concern, as severe 
and fatal hepatitis may occur. Elevation of serum aminotransferase levels (indic
ative of hepatic damage) may occur in 10-20% of patients receiving isoniazid, 
but these elevations are often transient, the patients remain asymptomatic, and 
aminotransferase levels return to normal without discontinuation of the drug (20). 
Isoniazid-induced hepatitis is rare under the age of 20, but the risk increases with 
age to a peak of 2-3% in the 50-64-year-old age group (21). Because of these 
findings, recommendations limited the use of preventive therapy to high-risk re
actors (e.g., HIV-infected individuals and close contacts of infectious cases) and 
only those at moderate risk if under 35 years of age. Also, monthly monitoring 
is advised for those at higher risk of hepatotoxicity. Following these guidelines 
has been shown to reduce the risk of serious isoniazid hepatitis (22). 

The risk of isoniazid-associated hepatitis mortality and the decision to rec
ommend isoniazid preventive therapy has been a subject of continued debate. 
Conflicting decision analysis and cost-benefit analysis have been published sup
porting (23,24) and opposing (25,26) the use of isoniazid preventive therapy. 
However, it is important to bear in mind that the controversy has only concerned 
low-risk, adult, tuberculin reactors; few question that the benefits of preventive 
therapy with isoniazid far outweigh the risk of hepatitis for tuberculin reactors at 
a high risk of tuberculosis, such as those infected with HIV, household contacts, 
and recent skin test converters. 

Some of the controversy over the use of preventive therapy has resulted from 
the estimate of the risk of isoniazid hepatitis mortality. A 57/l 00,000 risk of 
isoniazid hepatitis mortality was estimated in a United States Public Health Ser
vice (USPHS) surveillance study (21). Whereas this mortality risk was based on 
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eight cases of fatal hepatitis that occurred during the study and were attributed to 
isoniazid, seven of the deaths occurred in one study site, Baltimore, Maryland. A 
subsequent study of deaths in Maryland revealed a significant increase in deaths 
due to liver disease in the general population during the study period. The risk of 
mortality at the other study sites was estimated as 9.41100,000. Using program
related data in the United States, the isoniazid-associated hepatitis mortality risk 
in the United States was estimated to be about 141100,000 persons starting pre
ventive therapy or 231100,000 persons completing preventive therapy (27). These 
estimates are much lower than the USPHS study derived figure most often used 
in the various cost-benefit and decision analyses published on preventive therapy. 
The authors warn that the estimates are very crude and suggest that the truly 
important question is which groups are actually at highest risk for toxicity and 
death. Data from their paper and other sources suggest that women, particularly 
black and Hispanic women in the postpartum period, may be at an increased risk 
of hepatotoxicity. 

6. Current Recommendations for Preventive Therapy in the United States 

6.1. Candidates for Preventive Therapy 

There are a variety of guidelines on the application of preventive therapy with 
isoniazid, but, in the United States, the most authoritative guidelines are probably 
those jointly issued by the American Thoracic Society (ATS) and the Centers for 
Disease Control and Prevention (CDC), most recently updated in 1994 (28). In 
an attempt to balance the risks and benefits of preventive therapy, several cate
gories for a positive tuberculin skin test would make individuals eligible for pre
ventive therapy. A tuberculin skin test producing induration of 25 mm is defined 
as positive for (l) persons with HIV infection or unknown HIV status and risk 
factors for HIV infection, (2) persons who have had recent close contact with an 
infectious case of tuberculosis, and (3) persons with fibrotic lesions on chest 
radiograph that is consistent with tuberculosis. Others are considered to have 
positive tests if the induration is 210 mm and the person (l) is an injecting drug 
user known to be HIV negative, (2) has conditions known to increase the risk of 
developing tuberculosis, including diabetes mellitus, prolonged therapy high-dose 
therapy with adrenocorticosteroids and other immunosuppressive therapy, leu
kemia, lymphoma, and other malignancies, end-stage renal disease, weight loss 
210% below ideal body weight, and gastrectomy, jejunoileal bypass, and other 
clinical conditions associated with rapid weight loss, (3) is a resident or an em
ployee of high-risk congregate settings, (4) is born outside the United States and 
arrived within the last 5 years from countries with a high prevalence or incidence 
of tuberculosis, (5) is a member of a medically underserved, low-income popu
lation, including migrant farm workers and homeless persons, (6) is a member of 
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a locally defined high-risk racial or ethnic minorities, or (7) is a child <4 years 
of age or an adolescent exposed to adults in high-risk categories. Finally, anyone 
with a tuberculin skin test result ;:::15 mm would be considered positive. These 
classification and other recommendations on screening were updated by the Cen
ters for Disease Control and Prevention in 1995 (29). 

When considering preventive therapy for a person, first and foremost, the pres
ence of active tuberculosis, pulmonary and extrapulmonary must be ruled out to 
avoid the possibility of monotherapy with isoniazid and the development of drug 
resistance. Candidates for preventive therapy should be excluded if they have 
already been adequately treated for tuberculosis or preventive therapy. Finally, 
individuals should be excluded from preventive therapy if there is a history of 
adverse reactions to isoniazid and contraindications to the use of isoniazid (es
pecially a high risk for hepatic injury or the presence of peripheral neuropathy). 
Pregnant women should generally be excluded from preventive therapy, unless 
there is some special circumstance indicating a high risk for tuberculosis, as 
pregnancy does not seem to increase the risk for tuberculosis (note that isoniazid 
is safely administered during pregnancy for the treatment of tuberculosis). Once 
these individuals are excluded, recommendations for preventive therapy for in
dividuals with positive tuberculin skin tests are then based on the age of the 
individual. The following individuals with positive tests should be considered for 
preventive therapy, regardless of age; (a) those who are HIV infected or have risk 
factors for HIV infection and are of unknown HIV-infection status, (b) close 
contacts of persons with infectious tuberculosis, (c) recent skin test converters, 
and (d) those who have any of the conditions described in category 2 in the 
previous paragraph. Individuals under the age of 35 should also be considered 
for preventive therapy if the are in categories 3-7 described above. Individuals 
under the age of 35 with a positive test but no risk factors (Le., those with an 
induration of ;::: 15 mm) should be considered individually and the risks and bene
fits assessed. 

Anergy to tuberculin has been defined as a problem when testing individuals 
with HIV infection or other immune-compromising conditions. Guidelines have 
been published that suggest testing with purified protein derivative (PPD) tuber
culin and two companion delayed-type hypersensitivity (DTH) antigens to assess 
anergy (30). Any induration to a DTH antigen at 48-72 h is evidence of DTH 
responsiveness, and a failure to respond to all three antigens is evidence of anergy. 
These guidelines further suggest that anergic individuals with a personal risk of 
infection with M. tuberculosis of ;::: 10% should be considered for preventive ther
apy. However, the lack of standardization of many of the DTH antigens and the 
uncertainty about the implications of anergy needs to be considered in the decision 
to start preventive therapy. One decision analysis, weighing the risks and benefits 
of preventive therapy, concluded that preventive therapy would be justified for 
HIV -positive individuals, except black women and men (because of a possible 
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increased risk for isoniazid-induced hepatitis) in the absence of a tuberculin test, 
even when the risk of infection is a low as 3-8% (31). 

6.2. Recommended Regimens 

Preventive therapy with isoniazid is usually prescribed at a dose of 10-15 mg/ 
kg body weight daily for children and adolescents, up to a maximum adult dose 
of 300 mg daily. For individuals requiring directly observed therapy to ensure 
adherence, a twice-weekly dose of 15 mg/kg to a maximum of 900 mg should 
be considered when directly observed daily therapy is not possible. Most clinical 
trials studied l2-month regimens of isoniazid preventive therapy, but there is 
evidence that, a nine month regimen may be equally effective (5). On an intention 
to treat basis, that a 6-month regimen approaches the effectiveness of the 12 month 
regimen? Regimens of less than 6-months are clearly less effective. Regimens of 
greater than 12 months have not been shown to confer any additional benefit in 
people without immune compromise. 

All individuals prescribed preventive therapy for tuberculosis should receive a 
minimum of 6 months and up to 12 months of continuous preventive therapy. A 
cost-effectiveness study showed that the 6 month regimen was more cost-effective 
than either the 3- or 12-month regimen (32). However, the cost-effectiveness 
estimate uses data from the intention to treat analysis (65% protection for the 6-
month regimen versus 75% protection for the l2-month regimen), but there is 
2::90% protection provided to patients adherent with the l2-month regimen. 
Therefore, every effort should be made to ensure that all individuals prescribed 
preventive therapy complete at least a 6-month regimen and the option should be 
provided for the completion of a l2-month course of preventive therapy. The 
American Academy of Pediatrics recommends a regimen of 9 months of isoniazid 
preventive therapy for children (33). 

As described earlier, preventive therapy for HIV -infected individuals is of par
ticular importance offering both clinical and public health benefits. A l2-month 
regimen of isoniazid preventive therapy is recommended in the ATS/CDC guide
lines for all HIV -infected individuals with positive tuberculin skin tests. This 
regimen is also recommended by the USPHSlInfectious Disease Society of Amer
ica Working Group on the Prevention of Opportunistic Infections (34). These 
same guidelines also recommend a 12-month regimen of isoniazid preventive 
therapy for anergic, HIV -infected individuals, living in or coming from areas with 
a high prevalence (2:: 10%) of positive tuberculin tests, recognizing that efficacy 
has not yet been demonstrated. In the United Kingdom, the Tuberculosis Com
mittee of the British Thoracic Society has recommended that HIV-positive indi
viduals who have not received Bacille-Calmette-Guerin (BCG) and are tuberculin 
positive should receive either a l2-month regimen of isoniazid preventive therapy 
or a 6-month regimen of preventive therapy with both isoniazid and rifampin. 
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Data from environments with high rates of tuberculosis indicate that HIV
infected individuals may be particularly susceptible to relapse after completion 
of treatment and data from the Zambian (Wadhawan) and Haitian (Halsey) studies 
cited earlier indicates that the protection conferred by preventive therapy may not 
be long-lived. This may be because the therapy never kills all of the bacilli in a 
patient with disease and a well-functioning immune system is necessary for long
term protection. This could also be due to a greater susceptibility for reinfection 
of HIV-infected people. In either case, longer periods of preventive therapy, per
haps lifelong, may be desirable. 

A minimum of 12 months of preventive therapy had been the standard rec
ommendation for preventive therapy with isoniazid for individuals with positive 
tuberculin skin tests and either silicosis or a chest radiograph with fibrotic lesions 
consistent with old-healed tuberculosis. Although the 12-month regimen is still 
an acceptable regimen, a 4-month regimen of both isoniazid and rifampin may 
be a more attractive alternative. This recommendation is based on studies showing 
this regimen to be suitable for the treatment of individuals with active pulmonary 
tuberculosis but negative sputum smears and cultures (35,36). In theory, this reg
imen should also be suitable for individuals who are at high risk for pulmonary 
tuberculosis but have not yet developed any symptoms. 

6.3. Monitoring Preventive Therapy 

Individuals receiving isoniazid should be seen monthly and questioned care
fully for the signs and symptoms of adverse reactions to isoniazid. No more than 
a single month's supply of drugs should be given at any time, to help ensure 
regular contact between the patient and provider. Because the risk of isoniazid
associated hepatitis increases with age, individuals 35 years of age and older 
should have a baseline transaminase measurement, prior to starting therapy and 
then monthly during the course of treatment. Others at high risk for isoniazid
associate hepatitis should also be considered for more careful monitoring, in
cluding those who use alcohol daily, injection drug users, and those with chronic 
liver disease. Postpubertal black and Hispanic women may also be at increase 
risk. As guidelines point out, liver function tests are not a substitute for careful 
clinical evaluation or the prompt assessment of signs and symptoms of adverse 
reactions. 

7.0. Recommendations for Low-Income Countries 

Both the World Health Organization and the International Union Against Tu
berculosis and Lung Disease have made recommendations about preventive ther
apy with isoniazid in their TB control guidelines (37,38). Preventive therapy is 
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never recommended as a core part of a national tuberculosis control program for 
a low-income country, where the priority has to be on the diagnosis, treatment, 
and cure of smear-positive pulmonary tuberculosis patients, in order to break the 
chain of infection. However, both sets of guidelines have advised that tuberculin
positive children under the age of 5, residing with smear-positive, infectious tu
berculosis patients who are under treatment, be considered for a 6-month course 
of preventive therapy with isoniazid while the case is also under treatment. This 
should only be considered as an addition to an already well-functioning program, 
and, in practice, the implementation of such programs will be rare. 

The World Health Organization and the International Union Against Tuber
culosis and Lung Disease have also recommended that isoniazid preventive ther
apy be considered as an individual health measure for tuberculin-positive indi
viduals who are HIV infected (39). However, this statement cautions that this 
should not be an activity incorporated into national tuberculosis control programs. 
Due to issues of cost and feasibility, it is unlikely that isoniazid preventive therapy 
programs will be widely implemented in low-income countries. Unresolved issues 
for these programs include the appropriate length of therapy (e.g., fixed duration 
versus lifetime), the cost-benefit of these regimens, the role of skin testing in 
these programs, and an efficient means of screening for tuberculosis. 

8.0. Adherence with Isoniazid Preventive Therapy 

Tuberculosis preventive therapy is core component ofthe U.S. effort to control 
and eliminate tuberculosis. But, there is a major problem in its application; namely 
the problem of maintaining patient and provider adherence with a preventive 
regimen that lasts 6-12 months and is associated with some hepatotoxicity. State 
and local health departments are asked to report on the results of tuberculosis 
program activities to the Division of Tuberculosis Elimination in the Centers for 
Disease Control and Prevention. About 90 program areas voluntarily participate 
in this system each year. According to these program management reports (CDC, 
unpublished data), approximately nine contacts are identified for each tuberculosis 
(TB) case reported, about 90% of the contacts are examined and about 20% of 
them found to be infected. Whereas program guidelines would call for virtually 
all of the infected contacts under age 35 to be started on preventive therapy, about 
90% were actually started in 1993. Ofthose started on therapy in 1992, only 68% 
of this group completed what is considered to be an adequate course of therapy. 
Therefore, only about 60% of the contacts identified as candidates for preventive 
therapy received an adequate course of preventive therapy. These figures are im
provements on the experience in the United States in the 1980s and indicate the 
difficulty in delivering preventive therapy. 

To improve provider's adherence with preventive therapy, additional efforts are 
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required to assist providers in identifying high-priority candidates for preventive 
therapy. Much of the resistance to preventive therapy may be a reluctance to 
expose relatively low-risk individuals to the potential hazards of isoniazid. Pro
moting patient adherence will be very challenging, as they are asymptomatic and 
may have difficulty accepting the need for a 6-12-month regimen of preventive 
therapy. Some TB control programs in the United States have begun to use directly 
observed therapy (DOT) combined with incentives and enablers, a strategy very 
successful in the treatment of tuberculosis, to help ensure adherence among pa
tients at very high risk of developing tuberculosis or at high risk of infecting 
others if they develop active disease. 

Even greater problems have been experienced in organizing isoniazid preven
tive therapy programs in low-income countries. In one published study reporting 
on a feasibility study of isoniazid preventive therapy in Uganda, only 24% of 
HIV-infected persons who agreed to be skin tested (which was 56% of the persons 
who returned for skin readings and found to be positive) completed a 6-month 
course of therapy, at a cost of about $18-19 per person completing treatment (40). 
The study acknowledged a number of problems in the organization of the program 
that created barriers to patient adherence and the cost-effectiveness ofthe program 
could very likely be improved. However, in countries which lack the funding to 
adequately diagnose and treat existing infectious, smear-positive cases with pul
monary tuberculosis, preventive therapy programs like these will not be feasible. 
In some settings, particularly if incorporated within comprehensive HIV / AIDS 
clinical care, isoniazid preventive therapy could be feasible, even in low-income 
countries. This will require excellent coordination between the national tubercu
losis and HIV/AIDS programs. 

9.0. Alternatives to Isoniazid Preventive Therapy 

Alternatives to isoniazid preventive therapy are needed both to address infection 
with drug-resistant organisms and to increase adherence. Preventive therapy with 
rifampin for infected contacts of isoniazid-resistant cases is recommended in the 
ATS/CDC guidelines. The rifampin preventive therapy is recommended for the 
same duration isoniazid would have be given to the person if the source case was 
not resistant. The rifampin dosage should be the same as used in the treatment of 
tuberculosis. A shorter course of rifampin may actually be possible. This was 
indicated by a published study of tuberculosis preventive therapy for silicotic 
patients in Hong Kong, which demonstrated a low toxicity for a rifampin-only 
regimen and provides an estimate of relative efficacy (41). The study was placebo 
controlled and regimens of 6 months of isoniazid, 3 months of isoniazid and 
rifampin, and 3 months of rifampin alone were studied. None of the regimens 
proved acceptable as preventive therapy for this high-risk population, reducing 
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the risk of disease by only 41-63% (thus, the recommendations for either 12 
months of isoniazid or 4 months of a multidrug regimen). However, all of the 
regimens were more effective than placebo and, although not statistically signifi
cantly different from the other two regimens, the 3-month rifampin regimen was 
the most effective. Examining toxicity, more patients on the isoniazid-containing 
regimens had significant increases in serum ALT, compared with the rifampin
only regimen and the mean serum level for the ALT barely changed from baseline 
for the rifampin-only group. 

Outbreaks and an increasing incidence of tuberculosis resistant to both isoni
azid and rifampin have made regimens that rely on neither isoniazid nor rifampin 
a necessity, for contacts of these multidrug resistant tuberculosis (MDR-TB) 
cases. Although there are no controlled studies of preventive therapy regimens 
with other drugs, the Centers for Disease Control and Prevention has published 
guidelines for the management contacts of MDR-TB (42) recommending that 
those at the highest risk of infection with MDR-TB bacilli and at very high risk 
of developing tuberculosis following infection with M. tuberculosis (e.g. those 
with HIV infection) be placed on preventive therapy with two drugs to which the 
presumed source case bacilli are shown to be sensitive. Possibly effective regi
mens suggested in the document are ethambutol-pyrazinamide and pyrazinamide 
plus one of the licensed quinolones shown to be active against M. tuberculosis 
(ciprofloxacin, ofloxacin, or temafloxacin in the United States). A minimum of 6 
months of preventive therapy is recommended for immune-competent individuals 
and 12 months of preventive therapy are recommended for HIV -infected and other 
immune-compromised individuals. 

Because of the limitations placed on preventive therapy by the length of therapy 
and the concerns about toxicity, short-course regimens of preventive therapy that 
avoid the use of isoniazid have been investigated. A meeting of experts, convened 
to discuss alternatives to isoniazid preventive therapy, concluded that the most 
promising alternatives were a short-course rifampin regimen or a rifampin-pyr
azinamide combination (43). Support for rifampin and rifampin-pyrazinamide 
regimens later came from the results of studies of preventive therapy in a mouse 
model (44). Four regimens were tested, isoniazid alone for 6 months, rifampin 
alone for 4 months, rifampin and pyrazinamide for 2 months, and isoniazid, ri
fampin, and pyrazinamide for 2 months. The most effective of the four regimens 
was the rifampin-pyrazinamide regimen. Interestingly, it was even more effective 
than the same two drugs in combination with pyrazinamide. The rifampin-only 
regimen was also very promising. 

Preliminary results have been presented from studies of the safety and accept
ability of short-course preventive therapy, comparing a 2-month rifampin-pyra
zinamide and a 4-month rifampin-only regimen with a control regimen of 6 
months of isoniazid preventive therapy. These regimens were tested in tuberculin 
reactors with special risk factors for reactivation in the United States and Canada 
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(45), Germany (46), and Poland (47). The study population at the North American 
centers was limited to adults over 18 years of age. In Germany, the patients were 
enrolled at a pediatric clinic in Berlin and only children were enrolled. The study 
population in Poland was mixed, with about equal numbers of children and adults. 

All three regimens were extremely well tolerated by the children. Adherence 
with the regimens approached 100% for the children studied in both Germany 
and Poland. However, in the adult populations, there was much more toxicity and 
lower rates of adherence than expected. Approximately 10% of the patients on 
the 2-month rifampin-pyrazinamide had medication withdrawn due to adverse 
reactions, many of which were hepatotoxic reactions. However, there was very 
little evidence of toxicity for the rifampin-only regimen. Adherence with the reg
imens was best for the group assigned to the 6-month isoniazid regimen and the 
adherence rate was significantly lower for the rifampin-only group. Possible ex
planations for the lower adherence with the therapy was the description of the 
short-course regimens as experimental, warnings about adverse reactions in the 
informed consent statement, and a dislike of the orange coloration of body fluids 
caused by rifampin. 

A number of studies in the United States and in low-income countries are 
already underway evaluating regimens with rifampin and rifampin-pyrazinamide 
for short-course preventive therapy and results from some of these studies should 
soon be available. Given the adverse reaction profile of the pyrazinamide-con
taining regimens, it is unlikely that they will be acceptable for implementation. 
Also, in low-income countries, the inability to easily rule out tuberculosis, and 
the generally accepted policy to only use rifampin in the context of directly ob
served therapy, makes it unlikely that these regimens will be useful. 

10. Conclusions 

Isoniazid preventive therapy has been a core part of the national tuberculosis 
program in the United States and is gaining acceptance in other industrialized 
countries, particularly for use in pediatric and foreign-born populations. The po
tential to prevent the development of active tuberculosis in an individual with a 
latent infection is extremely attractive. However, preventive therapy has its limi
tations and is an intervention in need of improvement. 

Shorter and more widely spaced intermittent regimens would facilitate the use 
of directly observed therapy. One of the long-acting rifamycins may be useful in 
this regard and a 3-4-month regimen of once-weekly preventive therapy is not 
impossible with these drugs. A reduction in toxicity with a rifamycin-based reg
imen may also help increase the acceptability and the cost-benefit ratio. However, 
these regimens are only likely to be of use in industrialized countries. 

There are also a number of research questions related to the provision of pre-
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ventive therapy for HIV -infected individuals. One question is operational in na
ture, and that is how feasible these programs can be and how to integrate them 
with the national HIV / AIDS programs. The second question has to do with the 
length of therapy. It is quite possible that a lifelong preventive therapy regimen 
may be required. 

Other methods of prevention may be more attractive than preventive therapy, 
particularly an effective vaccine. However, unless a vaccine can provide protection 
against an already existing infection, some form of preventive therapy will be 
required and is likely to be a common feature of tuberculosis programs in low
incidence countries. 
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Failures in Tuberculosis Chemotherapy 

Pierre Chaulet and Noureddine Zidouni 

1. Introduction 

The failure of chemotherapy is characterized by the persistence of active tu
berculosis (i.e., bacilli in the sputum or in extrapulmonary lesions) in a patient 
who has received specific chemotherapy. This broad definition includes both fail
ures observed during or at the end of chemotherapy and relapses observed in the 
years following the end of treatment. 

The progress made in tuberculosis chemotherapy in the last 40 years has con
siderably reduced the risk of treatment failure. The short-course chemotherapy 
regimens currently recommended by the World Health Organization (WHO) (1) 
and applied worldwide have a cumulative failure and relapse rate of below 5% in 
patients who have received a complete course of chemotherapy. 

However, the two principal factors of chemotherapy failure, recognized for 
some time (2), are still a problem today: 

1. Treatment that is unsatisfactory in composition (number of drugs, dosage) or 
in duration. This is more often a result of prescription error on the part of the 
doctor or errors in distribution by health care personnel than patient negligence 
(3,4). Inadequate treatment leads to the reactivation of the disease, which in
creases in likelihood depending on the relative shortness of the treatment. This 
is the main cause of chemotherapy failure in national programs. 

2. Resistance of Mycobacterium tuberculosis to drugs. The emergence of resis
tance is the consequence of inappropriate chemotherapy following deliberate 
(prescription error, selection of a single drug by the nurse or the patient, or 
nonavailability of the necessary drugs) or accidental (severe unknown resis
tance) monotherapy. It is rare today for drug resistance to be the main cause 
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of chemotherapy failure if appropriate short-course chemotherapy is applied 
correctly. Although it is more rare than before, chemotherapy failure is, in 
certain cases, more serious when it is a result of the excretion of multiresistant 
bacilli (i.e., resistant to at least isoniazid and rifampicin). 

One of the characteristics of modern tuberculosis chemotherapy is that the 
failure rate observed in programs in the community is very close to that observed 
in clinical trials. But as the definition of failure and its detection are not the same 
in the two situations, they will be presented as follows in this chapter: 

• Failure of chemotherapy in clinical trials 
• Failure of chemotherapy in treatment programs 
• Methods of correcting and preventing failure 

2. Failure of Chemotherapy in Clinical Trials 

Clinical trials allow the precise measurement of the effectiveness of different 
chemotherapy regimens. Trials take place in optimal conditions and prospectively 
according to predefined protocols. Patients admitted to the trials are selected; the 
diagnosis of pulmonary tuberculosis is proven by positive bacteriological tests 
before treatment, and cases of tuberculosis with concomitant disease are generally 
excluded. For the final analysis of the trial, only those patients are retained who 
have completed their course of treatment in keeping with the initially defined 
protocol and whose bacteriological status at the end of treatment and during a 
follow-up period of 2-5 years is known. Patients who have not completed their 
treatment for reasons other than failure or who have had their treatment modified 
(temporarily or totally) because of side effects are analyzed separately, as are 
patients whose bacteriological status was not evaluated at the end of treatment. 

For the groups of analyzable cases to be sufficiently large (so that the results 
are significant), clinical trials are based on cases of initially smear or culture
positive pulmonary tuberculosis. Sensitivity tests are performed on all positive 
cultures isolated before treatment, or during and after treatment. 

In these conditions, failures and relapses are defined by rigorous bacteriological 
criteria which indicate whether a new course of chemotherapy should be pre
scribed for the patients. 

2.1. Definition of Failure 

Failure of chemotherapy after a complete course of treatment is defined by the 
following: 
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• Either the persistence of bacilli in the patient's sputum in all monthly checks 
up to the fifth month, or at least at the end of the second, third, and fifth months 
of treatment (1) . 

• Or the reappearance of bacilli in the patient's sputum from the fifth month of 
treatment, or later, in the period between the fifth month and the end of treat
ment, after temporary bacteriological conversion of tests before the fifth month. 
This reappearance of bacilli must be confirmed twice in sputum samples col
lected at intervals of at least 2 weeks; this avoids classifying as a failure the 
single, isolated excretion of a few "dead" bacilli, which are stainable but do not 
grow in culture, or an isolated positive culture (with a limited number of col
onies-fewer than 20--in a single test tube) without deterioration of radiolog
icallesions (5). 

2.2. Definition of Relapse 

Relapse after a complete course of chemotherapy is defined by the reappearance 
of bacilli in the sputum of a patient considered as cured at the end of treatment. 
In the majority of cases (at least 90%), relapse occurs in the year following the 
end of treatment; for the rest, it occurs during the 2 following years, and later 
only exceptionally. The presence of bacilli must be confirmed in two sputum 
samples collected at intervals of at least 2 weeks; this avoids classifying as a 
relapse the isolated excretion of bacilli without radiological deterioration (5). 
However, if there is aggravation of radiological lesions with or without accom
panying clinical signs, a single positive bacteriological result can suffice to con
firm relapse. 

2.3. Failure and Relapse in Cases of Smear-Positive Pulmonary Tuberculosis 
with Initially Sensitive Bacilli 

Several clinical trials have been performed worldwide on this type of patient. 
All the results are similar: Chemotherapy regimens combining isoniazid and ri
fampicin for 6 months, with a supplement of pyrazinamide during the initial 
phase, are very effective. The cumulative rate of failure and relapse is always 
between 1 % and 4% (Table 12.1). 

These regimens can be given either daily for the full 6 or 8 months, or daily 
for the first month and then 3 times per week during the continuation phase, or 
three times per week throughout treatment. In patients with bacilli sensitive to 
antibiotics before treatment who are receiving a 6-month regimen, the addition 
of a fourth drug (streptomycin or ethambutol) during the initial phase of treatment 
does not significantly reduce the rate of relapse and failure. The length of admin
istration of rifampicin can be reduced to 4 months or even 2 months without 
reducing the overall effectiveness of the treatment, on condition that the total 
duration of treatment is 8 months. 
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Table 12.1. Highly effective regimens of chemotherapy in pulmonary tuberculosis (smear-
positive cases with sensitive strains pretreatment) 

Failures 
and 

Study Duration Follow-up Patients relapses 

(Ref.) Regimens" (months) (months) assessed n % 

2nd BTA (6) 2SRHZ/4RH 6 30 125 I 0.8 
2ERHZ/4RH 6 30 132 3 2 

Singapore (7) 2SRHZl4RH 6 24 80 2 2 
5th East Africa (8) 2SRHZl4RH 6 24 160 4 2 
Algerian Sahara (9) 2ERHZ/4RH 6 30 126 4 3 
Algeria (10,11) 2SRHZ/4RH 6 24 593 18 3 
Singapore (12) 2SRHZl4R3H3 6 60 96 2 2 

2RHZl4R3H3 6 60 105 3 3 
Hong Kong (13) 4S2R3H3Z,I2R3H, 6 24 142 2 

6R,H3Z3 6 24 135 6 4 
Algiers (14) 3RHZl3RH 6 24 121 3 2 
U.S. trial 21 (15) 2RHZl4RH 6 24 273 10 4 
Algiers (16) 2RHZl4RH 6 30 159 0.6 
Algeria (10,11) 2SRHZl2RHl4H 8 24 578 20 3 
3rd East Africa (17) 2SRHZ/6TH 8 24 81 0 0 
5th East Africa (18) 2SRHZl6H 8 12 119 4 3 

aThe drugs utilized in these regimens are conventionally represented by the following 
letters: H = isoniazid; R = rifampicin; S = streptomycin; Z = pyrazinamide; T = 
thiacetazone; E = ethambutol. The number preceding a group of letters indicates the 
duration in months of the initial phase and continuation phase of treatment. The number 
in the subscript to a letter represents the number of weekly doses if the regimen is inter
mittent. Without a subscript the regimen is daily 

One last and important note: Bacillary strains isolated after failure or relapse 
in these patients are usually sensitive to isoniazid and rifampicin whether the 
treatment is 6 or 8 months long. 

2.4. Failure and Relapse in Cases of Smear-Positive Pulmonary Tuberculosis 
with Primary Resistance 

In patients with bacilli initially resistant to isoniazid and/or streptomycin, clin
ical trials demonstrate the great effectiveness of 6-month chemotherapy regimens 
combining isoniazid and rifampicin with a supplement of pyrazinamide and of a 
fourth drug (streptomycin or ethambutol) during the first months. The cumulative 
total of failures and relapses is, on average, 8% in reported trials (Table 12.2). In 
other series using the same regimens, this rate varies from 5% to 13% (12,19). 
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However, in patients with primary resistance to isoniazid at least, the emergence 
of acquired resistance to rifampicin can be observed when rifampicin has been 
given for 6 months and a fourth drug (ethambutol or streptomycin) has not been 
added during the initial phase (16). 

Eight-month chemotherapy regimens containing rifampicin for only 2 or 4 
months have a lower effectiveness than 6-month regimens in patients with primary 
bacterial resistance. The cumulative rate of failures and relapses is, on average, 
15% in reported trials (Table 12.2). However, in patients with primary resistance 
to isoniazid at least, these failures are not accompanied by acquired resistance to 
rifampicin (20) because this drug has usually only been given in combination with 
two other drugs and uniquely during the initial phase. 

There is a close correlation between the failure rate of short-course chemo
therapy in patients with primary bacterial resistance and the total duration of 
treatment with rifampicin (Table 12.3). Contrary to the results observed in patients 
with sensitive bacilli before treatment, in those patients with primary resistance, 
treatment failure is more frequent than relapse. 

Primary resistance to streptomycin has no impact on the results of short-course 
chemotherapy regimens. However, primary resistance to isoniazid alone or com
bined with streptomycin leads to 8% of failures/relapses after the application of 
a 6-month regimen and 15% of failures/relapses after an 8-month regimen. These 
rates are considerably lower than the 50% and 60% failure rates observed after 

Table 12.2. Highly effective regimens of chemotherapy in pulmonary tuberculosis (smear-
positive cases with primary resistance) 

Failures 
and 

Duration Follow-up Patients relapses 

Study Regimensa (months) (months) assessed n % 

Singapore (7) 2SRHZ/4RH 6 24 2 0 0 
5th East Africa (18) 2SRHZl4RH 6 24 10 2 20 
Algerian Sahara (9) 2ERHZl4RH 6 30 15 7 
Algeria (10,11) 2SRHZ/4RH 6 24 23 1 4 
Singapore (12) 2SRHZ/4R3H 3 6 60 9 0 0 

2RHZ/4R3H3 6 60 11 1 9 
Algiers (14) 3RHZl3RH 6 24 10 0 0 
Algiers (16) 2RHZ/4RH 6 30 9 2 22 
Algeria (10,11) 2SRHZl2RHl4H 8 24 28 5 18 
3rd East Africa (17) 2SRHZl6TH 8 24 9 11 
5th East Africa (18) 2SRHZ/6H 8 12 6 16 

aSee footnote for Table 12.1. 
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Table 12.3. Results of short-course chemotherapy regimens in patients with primary 
resistance 

Duration Failures 

Total dura- of and 

tion rifampicin Patients relapses 

Regimen" (months) (months) assessed n % 

6RHZ (+ S, E, or SE) 6 6 110 1 
4SRHZlS2H2~ 6-8 4 37 2 5 
3SRHZlS2H2Z2 or TH 5-7 3 52 8 15 
2SRHZlS2H2Z2 or TH 6-8 2 89 11 12 
ISRHZlS2H2Z2 or TH 6-8 33 10 30 

"See footnote for Table 12.1. 
Source: Ref. 20. 

the application of conventional chemotherapy using regimens of 12-18 months, 
without rifampicin, 20 years ago (21,22). 

2.5. Influence of Primary Resistance on the Overall Results of Modern 
Chemotherapy 

The great improvement in the results of modem chemotherapy, thanks to the 
application of short-course regimens, is due to the reduction of the overall number 
of failure and relapses in patients with sensitive bacilli before treatment, as well 
as in those with primary resistance. These failures and relapses, after the appli
cation of 6- or 8-month regimens in cases of smear-positive pulmonary tubercu
losis, are patients who after treatment still excrete mainly isoniazid- and rifam
picin-sensitive bacilli. In fact, failures (and at times relapses) due to severe 
primary resistance to isoniazid alone or associated with streptomycin represent 
only a fraction of the total number of failures in most situations (Table 12.4). This 
limited influence of primary resistance to isoniazid (alone or associated with strep
tomycin) was observed in a community clinical trial undertaken in a region of 4 
million inhabitants in Algeria, where the rate of primary resistance was, on av
erage,4% (10,11). 

Although the 8-month regimen (containing 4 months of rifampicin) is a little 
less effective than the 6-month regimen for cases with primary resistance to iso
niazid at least, it is noted that for all cases, the majority of whom had sensitive 
bacilli, there is no statistically significant difference in the cumulative rate of 
failures and relapses of the two regimens, with a follow-up period of 24 months 
after the end of treatment (Table 12.5). 
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Table 12.4. Failurea due to primary resistance to isoniazid (at least) among new cases of 
pulmonary tuberculosis treated by short-course chemotherapy regimens in different 
epidemiological situations 

Patients with Patients with 

Primary sensitive bacilli primary resistance Failures of chemotherapy 

resistance Total Due to primary 
rate (%) Total Failures Total Failures (100%) resistance (%) 

(Six-month regimens) 
0 1000 30 0 0 30 0 
5 950 28 50 4 32 12.5 

10 900 27 100 8 35 23 
15 850 25 150 12 37 32 

(Eight-month regimens) 
0 1000 30 0 0 30 0 
5 950 28 50 7 35 20 

10 900 27 100 15 42 36 
15 850 25 150 22 47 47 

aFailure rates: 3% in patients with sensitive bacilli pretreatment treated with 6- or 8-month 
regimens; 8% in patients with primary resistance treated with 6-month regimens (with 
rifampicin throughout); 15% in patients with primary resistance treated with 8-month 
regimens (with 2 months of rifampicin). 

Table 12.5. Comparison of treatment outcomes of two short-course chemotherapy 
regimens (6 months and 8 months) 2 years after completion of chemotherapy 

6-month regimen 8-month regimen 
2SRHZI4RH 2SRHZl2RHl4H 

Patients with Patients Failure/relapse Patients Failure/relapse 

initially assessed N % assessed n % 

Sensitive bacilli 593 18 3 578 20 3.4 
Bacilli resistant to 

isoniazid (at 
least) 23 4 28 5 18 

Total 616 19 3 606 25 4 

Source: Ref. 11. 
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2.6. Failures and Relapses in Cases of Smear-Negative Pulmonary 
Tuberculosis 

Factor analysis of short-course chemotherapy failures in cases of smear-positive 
pulmonary tuberculosis has shown that the different factors connected to the high 
number of bacilli in initial pulmonary lesions are closely linked to the frequency 
of failures and relapses (23,24). These factors are the extent of initial radiological 
lesions, the number of colonies in the sputum culture collected before treatment, 
the rate of positivity and number of colonies in cultures performed after 2 and 3 
months of treatment, and the length and quality of the chemotherapy applied. 

Following this analysis, it was suggested that failures and relapses could be 
more uncommon in groups of patients whose bacterial population is lower, and 
that a shorter course of treatment could be applied to cases of smear-negative 
pulmonary tuberculosis identified either by positive culture or by radiological 
deterioration and excretion of bacilli in the absence of treatment if the initial 
culture is negative and the patients are strictly monitored. 

In a multicentered study performed in Hong Kong and Madras (25), short
course chemotherapy regimens associating isoniazid, streptomycin, rifampicin, 
and pyrazinamide, given every day or three times per week for 3, 4, or 6 months, 
were applied to patients with smear-negative pulmonary tuberculosis. The cu
mulative rate of failures and relapses (after an observation period of 5 years after 
the end of treatment) is 2% for cases with sensitive bacilli pretreatment and 8% 
for cases with primary resistance to isoniazid who received daily or intermittent 
regimens of 4 months: There is no significant difference between the rates of 
failures and relapses observed in patients receiving 6-month regimens. For ini
tially culture-negative patients (more than 57% of whom become "positive" with
out treatment in a control group), the cumulative rate of failures and relapses is 
2% after a 4-month course of treatment. In a former study (26), this rate was 11 % 
after a very short chemotherapy course of 2 months, and 7% after 3 months of 
treatment. 

All of these studies demonstrate the effectiveness of 4-month short-course che
motherapy regimens for cases of smear-negative pulmonary tuberculosis selected 
according to the rigorous criteria applied in the Hong Kong and Madras trials 
(25,26). 

2.7. Failures and Relapses in Cases of Pulmonary Tuberculosis with 
Acquired Bacterial Resistance 

• For patients who have already received chemotherapy and who excrete bacilli 
resistant to isoniazid, or to isoniazid and streptomycin, there are fewer clinical 
trials. 
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Table 12.6. Failures of retreatment regimens in patients with acquired resistance 

6-month regimen 8-month regimen 
2SREZ/4RE 2SREZl7RE 

n % n % 

Patients assessed at the end of 
chemotherapy 113 100 113 100 

Failures 

Patients assessed 30 months after 
the end of chemotherapy 86 100 92 100 

Relapses (total) 6 7 2 2 

Strains resistant to isoniazid alone 72 72 
Relapses 3 2 
Strains resistant to isoniazid and 

streptomycin 14 20 
Relapses 3 0 

Former studies have shown the superiority of chemotherapy regimens asso
ciating rifampicin and ethambutol for 12 months given daily or twice weekly 
during the continuation phase, compared with retreatment regimens associating 
ethionamide and cycloserine for 12 or 18 months with an initial supplement of 
pyrazinamide for the first months (27-29). More recently (30), it was proven 
that 6- or 9-month chemotherapy regimens associating rifampicin and etham
butol daily with a supplement of streptomycin and pyrazinamide during the two 
first months was highly effective in cases of acquired bacterial resistance to 
isoniazid or isoniazid and streptomycin (Table 12.6). 

• For patients who have already received one or more courses of chemotherapy 
and who excrete bacilli resistant to at least isoniazid and rifampicin (multires
istant strains), no comparative clinical trials currently give an analysis of new 
antituberculosis drugs or a definition of the optimal drug combination and du
ration of chemotherapy. These patients have been treated empirically and quite 
successfully with combinations of minor antituberculosis drugs and new drugs. 

3. Failures of Chemotherapy in Programs 

The definition of failure is less precise under national antituberculosis program 
conditions than in clinical trials. 

3.1. A Broader Definition of Failure 

The bacteriological criteria of failure and relapse, followed by the prescription 
of a new course of chemotherapy, are still a valid definition offailure in programs. 
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To these criteria should be added all those cases for whom a new course of 
chemotherapy has been prescribed before the end of treatment. This broader def
inition of failure also extends to the following cases: 

• Cases of gradual reactivation of the disease who have been inadequately treated 
because of the premature interruption of chemotherapy for more than 1 or 2 
months (consecutively or at different times) and who still have active tubercu
losis on reexamination (bacilli in the sputum, caseating lesions in cases of ex
trapulmonary tuberculosis, sometimes simple deterioration of radiological pul
monary lesions, compatible with active tuberculosis). 

• Cases of initially smear-negative pulmonary tuberculosis whose sputum show 
bacilli after more than a month of treatment. 

• Sometimes also, cases of tuberculosis for whom the chemotherapy regimen 
originally prescribed was interrupted and completely changed because of major 
problems attributed to drug intolerance or toxicity. This last, very limited, group 
of cases is sometimes excluded or identified separately in a cohort analysis. 

Patients who still have a positive bacteriological test when they interrupt their 
treatment too early are sometimes classified as treatment failures: In fact, these 
are not failures of chemotherapy but organizational failures of the program, as 
they have not received the appropriate treatment. 

The prevalence of failure in treatment programmes can be measured in two 
ways: 

1. In routine practice in programs using the notification system of tuberculosis 
cases and quarterly reports as recommended by the World Health Organization 
(WHO) and the International Union Against Tuberculosis and Lung Disease 
(IUATLD) (1,31): The failure rate is that which is recorded at the end of 
treatment or at the moment when treatment has been changed, and it is cal
culated as a percentage of all cases admitted to the cohort (some exclude death 
from the denominators in the report). The cohort must be analyzed separately 
for new cases and for retreatment cases. 

2. During prospective studies undertaken in programs, the cumulative rate of 
failures and relapses can be measured in large groups of patients observed over 
a longer period (2, 3, or 5 years), as can the importance of "chronic" cases in 
the program in relation to all cases admitted to the prospective study. 

3.2. Failures at the End of Treatment in Programs 

The analysis of homogeneous cohorts of patients (new cases of smear-positive 
pulmonary tuberculosis or of old, already treated cases receiving a standardized 
retreatment regimen due to newly positive bacteriological results) allows the rou
tine evaluation of a program's rate of successes and failures. Although the mean-
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ing of failure is different in each region or country depending on the quality of 
the local laboratories and on the criteria applied by different doctors for prescrib
ing a new chemotherapy regimen, cohort analysis gives a reasonable estimate of 
the failure rate. 

In routine practice, a doctor's prescription of a retreatment regimen can be 
decided upon following major intolerance (not mentioned or not reported) or 
following a "failure" that has not been bacteriologically proven but presumed due 
to the evolution of radiological lesions or severity of clinical symptoms; these 
cases are, however, in the minority. 

The failure rate has been measured for several years in national programs where 
short-course chemotherapy regimens are routinely applied (32-34). In six coun
tries, a regimen of 8 months, 2SRHZI6TH, was applied to large groups of patients. 
The results published for the period 1983-1991 show that the failure rate calcu
lated using the cohort analysis method recommended by WHO and the IUATLD 
is, on average, 2%; it is 2.2%-3.3% if one takes into account only those cases 
for whom the bacteriological results at the end of treatment are available (Table 
12.7). 

In the same countries, the standard retreatment regimen recommended by WHO 
and the IUATLD was applied to all cases of failure and gradual reactivation after 
a first course of chemotherapy. This retreatment regimen consists of an 8-month 
association of isoniazid, rifampicin, and ethambutol with a supplement of pyra
zinamide for the first 3 months and streptomycin for the first 2 months. This 
regimen, which can be applied even in situations where sensitivity tests are not 

Table 12.7. Failure of chemotherapy in program conditions among smear-positive 
pulmonary tuberculosis cases treated with an 8-month regimen (2SRHZ16TH) 

Results at the end of treatment (%) 

Patients Completed Transferred 
Country assessed Cureda treatment Failed Died Lost out 

Tanzania (1983-91) 55,330 79b 2 7 8 4 
Malawi (1984--90) 12,593 85b 8 2 4 
Mozambique 

(1985-90) 6,015 70 7 2 2 11 8 
Benin (1984--90) 5,112 80b 2 6 11 1 
Nicaragua (1985-90) 2,475 60 18 2 3 12 5 
Vietnam (1989-91) 8,953 90b 2 2 4 2 

"Cured: smear negative after completion of chemotherapy; Treatment completed: without 
smear examination at the end of chemotherapy. 
blnc1uding cases with treatment completed and smear-negative results at the end of the 
second month. 
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Table 12.8. Failure of retreatment regimen under program conditions (8-month regimens: 
2SERHZIlERHZl5ERH or 5E3R3H3) 

Results at the end of treatment (%) 

Patients Completed Transferred 
Country assessed Cureda treatment Failed Died Lost out 

Tanzania (1983-91) 4,922 72 4 9 11 4 
Malawi (1984-90) 1,410 89 3 4 4 
Mozambique 

(1985-90) 3,124 72 3 3 14 8 
Benin (1984-90) 612 66 5 8 18 3 
Nicaragua (1985-90) 751 62 9 4 22 3 
Vietnam (1989-91) 2,660 82 10 4 2 2 

aIncluding cases who have completed treatment with smear-negative results at the end of 
the third month. 

available (which is more often than not the case in countries with a high preva
lence of tuberculosis), has a low failure rate; in fact, it leads to cure in already 
treated cases with bacilli still sensitive to isoniazid and rifampicin, as well as in 
cases with bacilli resistant to isoniazid but still sensitive to rifampicin. Under 
program conditions, the failure rate of this retreatment regimen is from 4% to 
10%; it is from 3.2% to 12% if one takes into account only those cases for whom 
a bacteriological result at the end of treatment is available (Table 12.8). 

3.3. Failures and Relapses Observed in Programs 

In well-established antituberculosis programs, it has for several years been 
possible, over an observation period of 2-5 years after the end of treatment, to 
study all events that take place during and after retreatment. One can also measure 
the cumulative rate of failures and relapses, reclassify patients according to the 
results obtained after retreatment, and identify those cases who still had positive 
smears at the last test (35,36). In these studies, undertaken retrospectively or 
prospectively, all cases admitted to treatment during a given period and all avail
able data and bacteriological results collected during the observation period are 
taken into account, whatever the history of the patients initially started on che
motherapy: Regimen applied as planned at the beginning or modified (in length, 
or due to toxicity, or following complications due to concomitant disease). 

In a retrospective study based on the results of chemotherapy regimens (of 4, 
5, or 6 months) in 10 Hong Kong outpatient clinics, the overall rate of relapses 
observed 5 years after chemotherapy was 6% for cases of smear-positive pul
monary tuberculosis and I % of smear-negative but initially culture-positive pul
monary tuberculosis cases (37). 
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In a prospective study in Algeria (10), the overall results of two short-course 
chemotherapy regimens (6 and 8 months) were compared. In the case of failure 
or relapse, the retreatment regimen always consisted of 6 months of combined 
isoniazid and rifampicin. The rate of failure and relapse requiring a second course 
of chemotherapy was similar: 2.1% and 2.4%, whether the duration of chemo
therapy originally prescribed was for 6 or 8 months. By the same token, the 
proportion of patients who were still culture positive at the last examination in 
the posttreatment observation period is also similar: 1.3% and 1.8%. Nine of these 
35 patients were chronic cases (Table 12.9). 

This study comparing the overall results of two short-course chemotherapy 
regimens applied under program conditions in 30 districts of Algeria demonstrates 

Table 12.9. Failure and relapse of chemotherapy patients under program conditions; 
comparison of the global outcome of two short-course regimens 2 years after completion 
of allocated regimen 

Regimens initially allocated 

6-month 8-month 
2SRHZJ4RH 2SRHZl2RH14H 

Final outcome n % n % 

Cured 852 (19) 87.2 1068 (22) 86 
12-36 months after 

treatment 748 (17) 914 (20) 
0-11 months after 

treatment 104 (2) 154 (2) 
Treatment completed 31 3.1 61 (1) 5 

(no bacteriology after 
treatment) 

Culture positive when last 
seen 13 (2) 1.3 22 (7) 1.8 

18 months after 
treatment 7 (2) 15 (7) 

0-17 months after 
treatment 6 7 

Defaulters during 
treatment 35 3.6 40 3.2 

Died (all causes) 46 4.8 50 4 
During treatment 39 33 
After treatment 7 17 

Total assessed 977 (21) 100 1241 (30) 100 

Note: Numbers in parentheses refer to patients who received an additional course of che
motherapy due to failure, relapse, or development of a nonpulmonary lesion. 
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that the cumulative total of failures and relapses after short-course treatment is 
under 3%, whatever the duration-6 or 8 months-of the regimen initially pre
scribed, and that the rate of chronic cases after 2 years (true failure of a program) 
is under 1% (10). 

4. Management and Prevention of Failure 

4.1. Management of failures 

BEFORE MANAGING FAILED CASES IT IS IMPORTANT TO DEFINE THEM 

CORRECTLY 

• Bacteriologically confirmed failures of chemotherapy cannot usually be iden
tified before the end of 5 months of treatment. Certain patients with smear
positive pulmonary tuberculosis receiving regular and appropriate treatment can 
continue to excrete bacilli at the end of the third or fourth month of treatment; 
this possibility, although rare, should be kept in mind. 

However, a patient excreting increasing numbers of bacilli at the second, 
third, and fourth monthly examinations could be classified as a failure before 
the fifth month if the case was smear negative before treatment or if the treat
ment was inappropriate. Before confirming the failure, it should be verified that 
the patient does, in fact, swallow the drugs prescribed. 
Certain failures can be linked to major digestive intolerance: Vomiting imme
diately after taking the drugs prevents them from being absorbed into the blood
stream. Likewise, severe side effects, such as generalized hypersensitivity, pur
pura, hepatitis, and jaundice, can oblige the patient to interrupt treatment for 
some time. These phenomena lead to delays in conversion and, more often, the 
prescription of a more adapted and better tolerated treatment. In clinical trials, 
these cases are analyzed separately; they are at times classified as failures in 
programs, as the reason for the change of treatment is not always indicated in 
routine reports. 

• It is very unusual for a failure or relapse not to be proven by a positive bacte
riological test (microscopy or culture). Isolated deterioration of radiological 
lesions with negative bacteriology can be an indication of the potential existence 
of a disease other than active tuberculosis: acute bacterial infection, broncho
pulmonary myco~is, or cancer. 

ANOTHER PRECAUTION IS NOT TO CONFOUND FAILURE WITH RISK OF FAILURE 

In countries or health services where sensitivity tests are performed in all pa
tients before treatment, it is not unusual for treating physicians to decide to modify 
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the chemotherapy prescribed depending on the laboratory result, even when there 
is no unfavorable progress. This practice leads to the overestimation of the number 
of failures, to an increase in cases admitted to standard retreatment or atypical 
regimens, and thus to treatment chaos, which is not always of any benefit to the 
patients. 

The optimal way of managing the problem of failures is the adoption of the 
treatment categories and standardized chemotherapy regimens recommended by 
WHO. 

MANAGEMENT OF RISKS OF FAILURE AND FAILURES 

• In patients who have never before been treated (new cases), it is unnecessary 
to request a sensitivity test to indicate the appropriate treatment. Short-course 
chemotherapy containing a combination of four drugs during the initial phase 
(and at least isoniazid, rifampicin, and pyrazinamide) cures more than 96% of 
cases with initially sensitive bacilli and almost 90% of cases with initially re
sistant bacilli. 

If primary resistance is recognized during treatment (from the laboratory 
results of pretreatment samples), it is preferable not to modify the chemotherapy 
prescribed, but simply to reinforce bacteriological surveillance of the patient 
(monthly or bimonthly checks), particularly if primary resistance involves iso
niazid and/or rifampicin, rather than change the chemotherapy prematurely 
without proof of failure. 

• In patients who have received treatment previously, a sensitivity test performed 
in satisfactory conditions, in a qualified and controlled laboratory, can help to 
lighten the standardized retreatment regimen. The administration of ethambutol 
can be stopped until the eighth month if sensitivity to isoniazid and rifampicin 
is conserved. Isoniazid can be interrupted if a high level of resistance to it is 
recognized (Table 12.10). 

• It is only after the failure of two complete courses of short -course chemotherapy 
(the second at least, of which, should have been directly observed) (i.e., after 
more than IO or 14 months in total of treatment with isoniazid and rifampicin) 
that a test of sensitivity to the drugs should be performed on the bacillary strain 
isolated from the patient, with a view to reorienting treatment toward a new 
course of chemotherapy. This new prescription must be adapted to the results 
of the sensitivity test and combine the drugs to which the strain is still sensitive, 
as well, if possible, as other second-line or new drugs if available. In such 
situations, more than half of patients are resistant to isoniazid and rifampicin at 
least, and the chances of successful treatment are limited (Table 12.11). 

4.2. Prevention of Failure 

Even if one uses the most effective antituberculosis drugs (i.e., isoniazid, ri
fampicin, and pyrazinamide combined during the first 2 months of treatment), 



328 Pierre Chaulet and Noureddine Zidouni 

Table 12.10. Highly efficient short-course chemotherapy regimens recommended for 
tuberculosis programs 

Patient category Optimal regimens 

New cases 2ERHZ/4RH or 4R3H3 
(smear positive) 

Severe cases 2SRHZl4RH or 4R3H3 
(pulmonary and extra pulmo-

nary) 

Failures, relapses 
(smear or culture 
positive) after one 
course of chemotherapy 

2SERHZl1ERHZl5ERH 
or 51E3R3H3 

Alternative regimens 

2ERHZl6TH or EH 

2SRHZl6TH or 6EH 

Table 12.11. Acquired bacterial resistance in 81 patients previously treated by one or more 
courses of chemotherapy containing isoniazid and rifampicin for 6 months; Algeria 1992 

Strains resistant 

6-month courses to isoniazid 

of chemotherapy to one drug and rifampicin 

with isoniazid Patients at least at least 

and rifampicin assessed n % n % 

One course 27 9 33 6 22 
Two courses 22 14 64 12 55 
Three courses or more 32 32 100 31 97 

Total 81 55 68 49 60 

Source: Ref. 38. 

Table 12.12. Level of relapses in regimens contammg isoniazid, pyrazinamide, and 
rifampicin in patients with smear-positive tuberculosis and fully drug-sensitive strains 

Duration Bacteriological 
of chemotherapy Patients relapses 95% 
(months) assessed (%) Confidence limits 

6 432 0.3-2 
4.5-5 598 4 3-6 
4 364 12 9-16 
3 361 16 12-20 

Source: Data from Refs. 19 and 39. 
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courses that are insufficiently long are the principal cause offailure (Table 12.12). 
To avoid this risk and thus prevent treatment failure, it is the responsibility of the 
health personnel situated at the different levels of the hierarchy to combine the 
prescription of the most efficient short-course chemotherapy regimens with or
ganizational measures (40). 

1. At the central level, the main responsibility of the program managers is to 
organize the regular supply of antituberculosis drugs and their distribution among 
the health services in order to avoid shortages (41). This involves selection of 
standardized chemotherapy regimens to be applied, quantification of needs de
pending on existing usable stocks and on the results of case notifications in recent 
years, purchase of quality-controlled drugs at the best prices on the international 
market, creation and maintenance of reserve stocks, organization and verification 
of stocks in central and provincial depots, and organization of distribution to 
districts. 

If the whole of this plan of action has not been provided for, sudden budgetary 
restriction measures or devaluations in the local currency can seriously perturb 
the supply of antituberculosis drugs and compromise the application of treatment 
programs. Repeated shortages of drugs have been the most frequent cause of 
premature interruption of antituberculosis treatment in many low- or middle-in
come countries (in Latin America and Africa particularly) since the beginning of 
the nineties. 

2. Regular prescription by physicians of the most effective standard regimens 
taking into account the country's available resources implies the continued support 
of medical training, both in medical schools and in postgraduate courses. Several 
surveys have shown that even when a tuberculosis program is well established 
and the standard treatments well codified, doctors often prescribe inappropriate 
and, at times, unacceptable treatment that is unnecessarily long or modified for 
no reason (37,42-44). Anarchic prescription of drugs contributes to the creation 
of drug shortages in countries with limited resources and to the undermining of 
patient confidence in the technical guidelines of the national tuberculosis program. 

3. The distribution of drugs to patients is the responsibility of the health per
sonnel. 

• In public health services, the conditions under which the drugs are delivered to 
patients must be carefully planned, whether it be delivery of a supply of drugs 
for a given period or treatment that is directly observed by a health worker. 

To improve patient reception and reduce waiting times, it is a good idea to 
appoint special days or times for receiving the patients under treatment. This 
enables staff to establish personal contact, to transmit adapted health education, 
and to reinforce treatment compliance (45,46). In this way, it becomes possible 
to give special attention and more time to patients with particular problems
medical, socioeconomic, or psychological-and as a result if necessary to adapt 
the treatment or its method of administration accordingly (l3). 
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The application of fully supervised treatment, daily during the initial phase 
or three times per week throughout treatment or only during the continuation 
phase, is a good way of checking a patient's compliance with treatment. This 
method is indispensable for treating certain categories of patient whose vol
untary cooperation cannot be relied on (e.g., prisoners, drug users, alcoholics, 
and those with psychological disorders). It can also be useful in urban areas 
with easy access to health services and enough health personnel to put it into 
practice. Its effectiveness in reducing both the failure rate and the rate of bac
terial resistance has recently been proven (47). However, it is not always pos
sible to apply "directly observed treatment" in rural areas of poor countries with 
difficult access to health services and reduced health staffs. In these cases, so
lutions can be found in the form of fixed-dose combinations of drugs (isoniazid 
and rifampicin; isoniazid and thiacetazone; isoniazid and ethambutol), which 
facilitate self-administered treatment during the continuation phase while elim
inating the risk of accidental monotherapy. The use of blister packs containing 
a week's worth of treatment is an alternative to consider if it is not too expensive 
for the program. 

• In private sector health services (private clinics or medical practices, private 
pharmacists), which in some countries distribute most of the antituberculosis 
drugs used, it is difficult to obtain the same level of compliance from health 
personnel and patients, particularly as patients do not always have the financial 
resources to pay for each visit or for all of the drugs prescribed (44). In order 
to avoid increases in rates of bacterial resistance due to treatment chaos, drug
regulation measures have been imposed in certain low- or middle-income coun
tries with a high prevalence of tuberculosis: free supplies of antituberculosis 
drugs delivered in health services only to those patients with proven, notified 
tuberculosis; prohibition of sales of separate antituberculosis drugs to the public; 
and sales authorized only for combined, fixed-dose preparations. But these mea
sures often encounter opposition from physicians and chemists in the private 
sector or from other influential groups in society. 

4. Visits made by the supervisor to the health centers where tuberculosis treat
ment takes place has a visible effect on the reduction of failure rates and of the 
number of cases lost to follow-up before the end of treatment. A national survey 
performed in Algeria in 1985 compared two similar groups in districts which had 
applied the same chemotherapy regimen for 5 years: One group received regular 
supervisory visits, the other did not. In those that were visited regularly, the rate 
of patients transferred out or lost to follow-up was half that of the other group 
(40). 

5. With the creation of a permanent system of evaluation of treatment results, 
based on the analysis of treatment outcome in patient cohorts according to quar
terly reports (48), the failure rates in chemotherapy regimens can be monitored 
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and the main deficiencies at province and district levels can be targeted. Corrective 
measures can thus be applied at central or local levels. 

6. All of these organizational measures, which are the direct responsibility of 
the health personnel, gives the individual responsibility of patients in treatment 
failure its proper perspective. Patients' negligence and absence of motivation and, 
at times, their noncooperation with or refusal of treatment are often referred to 
by health personnel to disguise their own negligence. The identification of un
derlying causes such as psychological or social difficulties, encountered by some 
patients in following their treatment regularly, is still one of the responsibilities 
of the health workers who, with the help of dialoguing with the patients and their 
families, can find an appropriate solution. 

5. Conclusion 

Failures in modem chemotherapy are rare, both in clinical trials and in pro
grams. However, as they can be more severe, because of the risks of the emergence 
of bacilli multiresistant to isoniazid and rifampicin, detection and prevention ne
cessitate the adoption of short-course chemotherapy regimens for all patients and 
vigilance throughout treatment to prevent premature interruption. 

The failure rate constitutes one of the main epidemiological indicators for 
monitoring tuberculosis chemotherapy programs in the community. 
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New Drugs and Strategies for Chemotherapy 
of Tuberculosis 

Pattisapu R.). Gangadharam 

Until the middle of this century, tuberculosis had been a serious and often life
threatening disease. Starting from the late forties, following the introduction of 
specific drugs, the disease has been brought rapidly to a stage of a curable one. 
Even though some epidemiologists attribute this rapid success to the uplift of 
economic situation and improvement of living conditions in some affluent coun
tries, by and large, availability of several powerful drugs and, more importantly, 
the evolution of optimal regimens and proper application of specific antituber
culosis chemotherapy with these drugs should be given credit for this success. It 
should be stressed that all these drugs had been brought to clinical use by major 
inputs by the pharmaceutical industry by extensive investigations to develop the 
initial discovery from their own laboratories or by academic institutions. As dis
cussed later, this sort of fortunate situation is not existing now! 

Optimal regimens to make the best use of these drugs, to get rapid cure of the 
disease, have been arrived at following several controlled clinical trials conducted 
around the world. Credit should be given to many developing countries (e.g., 
India, Singapore, Hong Kong, Kenya, Rhodesia, Tanzania, and others) and various 
international organizations [e.g., the British Medical Research Council (BMRC), 
World Health Organization (WHO), the International Union Against Tuberculosis 
and Lung diseases (IUALTD), The Indian Council for Medical Research (ICMR), 
East African Tuberculosis Research Organization, tuberculosis associations in 
Hong Kong, Singapore, and other places] for this achievement. In the United 
States, the U.S. Public Health Service and the Veterans Administration-Armed 
Forces (VA-AF) Cooperative Studies played a major role. A continuous reduction 
of tuberculosis about 10% every year was noted in the United States until about 
the mid-eighties (1). Such a success was also noted in many other developed 
countries (e.g., the Netherlands, the Scandinavian countries, the United Kingdom, 
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etc.). At about 1984, the annual reduction of the prevalence in the United States 
stopped (1) and even took an upward trend until 1994, after which period, during 
the past few years, there has been a 6% reduction (2). This increase during 1984 
to 1994 has been attributed to the large influx of immigrants from countries with 
high incidence of tuberculosis, to "negligence" of the disease, and to the failure 
of the infrastructure (3). More unfortunately, most of the "excess" cases have been 
shown to have multidrug resistant (MDR) tubercle bacilli (i.e., bacilli which are 
resistant to at least two drugs, mostly isoniazid and rifampin). 

The dramatic success of chemotherapy seen in the fifties and sixties has perhaps 
"overexcited" the health authorities in the United States and other affluent coun
tries, which has resulted in a premature abandonment of their interest, let alone 
their concern over this disease. The pharmaceutical industry, which was playing 
a major role earlier, virtually eliminated their antituberculosis programs. The VA
AF who were conducting many cooperative trials in chemotherapy of tuberculosis 
and annual conferences have stopped these activities by 1972. More and more 
scientists in the academic institutions were diverting their interests to other areas. 
Even in the developing countries, most of which had not witnessed any dramatic 
improvement in the control of the disease similar to that seen in the advanced 
countries, interest in the disease declined rapidly. This attitude might have been 
prompted by the closing of sanatoria and shifting the treatment to outpatient 
settings. 

World bodies got concerned continuously over this situation and the IUATLD 
devoted entire sessions in many of their global conferences to topics such as "How 
to inform the general public that tuberculosis is still not under control." Several 
pamphlets and brochures issued by WHO stress this aspect. More seriously, the 
global tuberculosis problem is aggravated by the human immunodeficiency virus 
(HIV) infection and acquired immune deficiency syndrome (AIDS). The emergent 
global impact of the two serious life-threatening infections has been a serious 
concern of many international authorities. Other chapters in this book deal exten
sively on the chemotherapy of tuberculosis in presence of HIV infections and the 
seriousness of these two major diseases in conjunction. 

In such a grim and near "panic" situation, frantic attempts are sought to discover 
new drugs, as most of the available drugs are ineffective because of the high 
prevalence of MDR disease. The pharmaceutical industry, which in earlier times 
was ready to get involved in antituberculosis drugs, is now very reluctant to do 
so; in fact, most companies have abandoned their facilities for such expertise. It 
was stated that it costs approximately $200 million to develop an antituberculosis 
drug, whereas the global market (not considering the "discounts" negotiated by 
the international health agencies like the WHO and the IUATLD) is only around 
$150 million (3). Lack of financial incentives, thus, added to their reluctance to 
get involved in this area. On the other hand, attempts are made continuously to 
discover new drugs or to uncover new potentialities of existing or some old drugs 
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to be able to offer some leads to tackle this situation. The attempts thus made are 
discussed under these various categories: 

1. Conventional screening of several drugs from (a) plant and (b) synthetic ori
gins. Compounds in the second category can be grouped as (i) fluoroquino
lines, (ii) macrolides, (iii) nitroimidazoles, (iv) oxazolidones, and (v) polox
amer surfactants. 

2. Rediscovery of some old drugs. These include (a) clofazimine, (b) paromo
mycin, and (c) allicin. 

3. Structural analogs and derivatives of existing drugs-isoniazid, rifampin, and 
pyrazinamide. 

4. Modification of permeability barriers in drug-resistant tubercle bacilli, so that 
the drugs would be made active on the bacilli which were resistant to the same 
drugs. 

5. Metabolic inhibitors based on the available knowledge of mechanism of action 
and biochemistry of tubercle bacilli. 

6. Approaches based on the available knowledge on molecular biology of tuber
cle bacilli. 

7. Attempts to harness the maximum benefit from the existing drugs by circum
venting the host influences on the drugs 

In many of the studies, in vitro, macrophage and in vivo models have been 
used, whereas in some, only in vitro screening was done. At the other extreme, 
some studies have progressed to clinical investigations. 

1. Conventional Screening 

1.1. Plant Sources 

Considering the seriousness of the disease, several attempts were made to dis
cover antituberculosis drugs from plant sources. In many developing countries 
(e.g., India, China, Philippines, Mexico, etc.), the indigenous systems and tradi
tional folk medicines are flourishing very well in close competition with Western 
medicine and have descriptions of several remedies in their pharmacopeias. Al
licin, a compound isolated from Allium sativum (common garlic) which was 
shown a long time ago to possess powerful antituberculosis activity by Rao et al. 
(4) is being reinvestigated recently by in vitro studies (5). More recently, tryptan
thrisis isolated from higher plants have been shown to have high in vitro activity 
against M. tuberculosis (M.tb) and the M. avium complex (MAC) (6). 

1.2. Synthetic Drugs 

FLUOROQUINOLINES 

Even though quinolines were discovered as early as 1960, their clinical use 
commenced only in 1983, following the discovery of ciprofloxacin. Further 
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growth rapidly ensued following the discovery of the DNA gyrase enzyme, which 
facilitated the introduction of several fluoroquinolines. Until recently, most of the 
work with these compounds dealt with gram-positive and gram-negative organ
isms and, only recently, they have been investigated for potential antimycobac
terial activity. Among several fluoroquinolines screened, only four (Fig. 13.1)
ciprofloxacin, ofloxacin, levofloxacin, and sparfloxacin-showed considerable 
antimycobacterial activity (7,8). There are several other drugs, e.g., Bay 43118, 
DU 5859a, enoxacin, fleroxacin, and amifloxacin which have been shown to pos
sess some in vitro activity even though they have not been explored to the same 
extent as the other four drugs. 

The four active quinolines appear to be bactericidal against M.tb with minimal 
inhibitory concentrations (MICs) in the range 0.5-1.0 ,ug/ml and with minimal 
bactericidal concentrations (MBCs) approximately double their MICs. In vitro, 
sparfloxacin has been shown to be superior to the others. Both sparfloxacin and 
levofloxacin were active against intracellular tubercle bacilli (9), including MDR 
strains of tubercle bacilli. In the mouse model (10), ofloxacin at a dose of 40 mgt 
kg caused a significant reduction of the bacillary counts in the liver. Similarly, 
ciprofloxacin, at a 160-mg/kg dose, showed great reduction of the bacillary load 
in spleen and liver and it has a synergistic activity with isoniazid (11). Studies by 
the French investigators (12) have shown the high in vivo activity of sparfloxacin; 
at a 50-mglkg dose, it displayed greater bactericidal activity than ofloxacin at a 
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Figure 13.1. The chemical structures of quinolones: (A) ciproflaxacin, (B) ofloxacin, (C) 
levoflaxacin, (D) sparfloxacin. 
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300-mg/kg dose. Interestingly, these studies have shown that at a 100-mg/kg dose, 
sparftoxacin was more active than rifampin, and at a 500-mg/kg dose, it was 
significantly better than isoniazid and pyrazinamide. Levoftoxacin at a 300-mg! 
kg dose was bactericidal, and at a 200-mg/kg dose, it had more than twice the 
activity of oftoxacin (13,14). 

Few clinical studies have dealt with ciproftoxacin and oftoxacin. Using the 
elegant technique of early bactericidal activity (EBA) originally introduced by 
Mitchison and colleagues (15) (see the Chapter 2 for a detailed discussion on this 
technique), Kennedy et al. (16) showed that ciproftoxacin at a dose of 750 mg! 
kg, given for 7 days to smear-positive adult patients, was effective in that it caused 
a mean daily fall of 0.20 10glO CPU!ml of tubercle bacilli in the sputum. This 
activity compares favorably with that of isoniazid, which causes a 0.25 10glO CPU! 
ml decrease. 

Oftoxacin was investigated in two different studies (17,18) when given alone 
or in combination with rifampin and isoniazid. In the monotherapy study done in 
Japan by Tsukumara (17); oftoxacin (300 mg/kg) was given daily for 1 year to 
16 patients who failed to respond to different regimens before this trial. Sputum 
bacterial counts decreased in all patients and culture negativity was seen in 5 
(31 %) of the 16 patients. Combination chemotherapy containing oftoxacin, iso
niazid, and rifampin given to 17 previously untreated patients with pulmonary 
tuberculosis showed conversion to culture negativity in an average of 1.8 months, 
which was comparable to the other short -course regimens like isoniazid, rifampin, 
and ethambutol (18). However, it is doubtful whether any of the ftuoroquinolines 
would find a place in the initial treatment of patients with drug-susceptible tu
bercle bacilli as in this study. 

Interest in uncovering new agents from this area is still continuing, more so for 
drugs active against MAC disease. Recent drug discovery techniques, including 
quantitative structure activity relationships (QSAR) with some statistical proce
dures (e.g., multicase) are used in these approaches (19). 

MACROLIDES (AZALIDES) 

The search for drugs with antimycobacterial activity from this group of drugs 
was initiated only recently and, so far, this led to the introduction of at least three 
potential agents---clarithromycin, azithromycin, and roxythromycin. (Fig. 13.2). 
All three drugs are more active against MAC than against M.tb; in fact, clarith
romycin has become a very important drug for the treatment of MAC disease. 
Although clarithromycin and roxithromycin are not active against M.tb, with an 
in vitro MIC of >64.0 ,ug/ml, they could enhance the activity of isoniazid (INH) 
and rifampin against MDR tubercle bacilli which are resistant to these drugs. 
Luna-Herrera et al. (20) have demonstrated synergistic activity of clarithromycin 
with INH and rifampin against MDR tubercle bacilli, more so in the macrophage 
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Figure 13.2. The chemical structures of the macrolides: (a) azithromycin, (b) c1arithro
mycin, (c) roxithromycin. 

and animal models than in the in vitro studies. The higher activity in these systems 
has been ascribed to the higher concentration of the drug in macrophages and 
tissues (e.g., lung). 

NITROIMIDAZOLES 

Metronidazole (Fig. 13.3), a nitroimidazole, was initially shown to be active 
against Trichomonas vaginalis, Giardia lamblia, and Entamoeba histolytica, and 
some obligate anaerobes like Bacteriodes fragilis (21). An interesting finding 
reported recently (22) was that it is highly active in vitro and more importantly 
on dormant and slow-growing tubercle bacilli in conditions simulating those ex
isting in host lesions. It is readily absorbed after oral administration and yields a 
peak concentration of 6-11 fig/ml, after a dose of 250-500 mg/kg; its bactericidal 
activity against dormant bacilli is seen with 8 fig/ml. Since no antagonism was 
seen with other antituberculosis drugs, it would be of great value to see its action 
in combination with other drugs. 
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Figure 13.3. The chemical structure of metronidazole. 
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Figure 13.4. The chemical structure of oxozolidinone. 

511-{CGI17341) 

Figure 13.5. The chemical structure of 511 (CGI17341). 

OXAZOLIDINONES 

Oxazolidinones (Fig. 13.4) are a relatively new class of drugs unrelated to other 
agents with activity against gram-positive and anaerobic bacteria and M.tb (23). 
They have similar MIC against MDR tubercle bacilli as with susceptible strains. 
One compound DUpn1 (CGP17341) (Fig. 13.5) has an MIC of 0.1-0.3 ,ug/ml, 
with no cross-resistance with the antituberculosis drugs and, more importantly, 
has been shown to be highly protective against experimental tuberculosis infec
tions in mice (24). 

POLAXAMER SURFACTANTS 

These compounds were earlier referred to as "defense stimulators." Several 
years ago, Con forth et al. (25) attempted to modify the susceptibility of mice to 
experimental tuberculosis using some surface-active agents (now called polax
amers) by condensing p-tetra-octylphenol with formaldehyde to give polynuclear 
compounds which have either a linear or macrocyclic structure. 

Subsequently, it was shown that Tyloxpol (popularly known as Triton A-20), 



342 Pattisapu R.J. Gangadharam 

an important member in this series, was one-sixth as active in vitro as dihydro
streptomycin and that it acted synergistically with that drug (26). Another surface
active agent, a-methyl-a-n-dodecyl succinic acid (called B-53) was also found to 
be active in guinea pig tuberculosis. However, it was soon found that its activity 
was antagonized by serum and other body fluids and was toxic on long-term 
usage. 

Due to the resurgence of tuberculosis, Chinnaswamy and associates (27) took 
interest in this group of compounds and have evaluated the in vitro, intracellular 
and in vivo activity of CRL813l, called poloxamer by them. It was shown to have 
a dose-related in vitro activity, with an MIC of 6.25 fig/ml and on intracellular 
bacilli, the MIC was 1.25 fig/ml, suggesting that the drug achieves greater intra
cellular concentration. In experimental chemotherapy studies, the CRL8l3l group 
showed a 33% mortality by day 30 and 100% mortality by day 40, whereas 
thiacetazone produced 66% mortality by 30 and 40 days. Combination chemo
therapy of both drugs showed 0% mortality by 40 days and had a lloglo reduction 
in the CFU in lungs and spleens. 

2. Rediscovery of Some Old Drugs 

Tentatively, four agents-allicin, surface-active agents (poloxamers), c1ofazim
ine, and paromomycin-are to be considered in this section. The first two have 
been discussed earlier and the other two will be considered here. 

2.1. Clojazimine and Its Analogs 

The history of chemotherapy of tuberculosis abounds in several examples of 
drugs which were initially abandoned, based on few observations, and could enter 
the field later, quite often after a lapse of several decades. Pyrazinamide, thioac
etazone, and c10fazimine are such examples. Although the former two could come 
back directly to the realm of antituberculosis chemotherapy, c10fazimine had to 
take a rather circutious route, via leprosy, MAC disease, and then to tuberculosis. 
(See several interesting reviews on this drug in Refs. 28-31.) 

The antituberculosis activity of c10fazimine is now actively investigated by us 
using in vitro, macrophage, and animal models (31-33). In our attempts, besides 
c1ofazirnine, several other analogs have been investigated with the objective of 
finding an agent which is (a) more active than c1ofazimine, (b) which gives higher 
serum levels than c1ofazimine, which does not show significant levels in the se
rum, but only high levels in tissues and macrophages, and (c) which causes no 
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or reduced pigmentation. (Clofazimine administration results in reddish-brown 
pigmentation in the body, a feature which persists in the body for a long time 
because the drug has a long (>65 days) half-life.) 

Of the several analogs tested, only five (B746, B4100, B4l0l, B4l54, and 
B4l57) showed in vitro activity greater than clofazimine (Fig. 13.6). B4100 was 
found to be toxic to macrophages and B410l was similar in intracellular activity 
to clofazimine. In the experimental chemotherapy studies, B746 and B4l57 
showed similar or slightly better activity than clofazimine. More interestingly, 
both of these analogs caused less pigmentation in the visceral organs than clo
fazimine. Hyperpigmentation is dose related; when low doses are given, for ex
ample, via a depot preparation (as discussed later in this chapter), no pigmentation 
is seen. When used singly, all the three drugs-clofazimine, B746, and B4l57-
had similar in vivo activity as that of isoniazid and rifampin. Overall, drugs in 
this series have great chemotherapeutic potential and should be pursued with 
greater intensity. 

2.2. Paromomycin 

Paromomycin (Fig. 13.7), an aminoglycoside antibiotic related structurally to 
streptomycin, neomycin, and kanamycin, was discovered nearly 30 years ago 
(34). Besides its high activity against many parasitic infections in humans and 
cattle, it was also found to be active in vitro and in vivo against M.tb (34). 
However, it was not pursued further as an antituberculosis drug, because of the 
then-prevalent notion that tuberculosis was getting under control and that there 
was no necessity for introducing new drugs. 

In their attempts to discover the antituberculosis activity of some old drugs, 
Kanyok et al. (35) have demonstrated its in vitro activity against a number of 
drug-susceptible and MDR strains of tubercle bacilli as well as several MAC 
strains. The MICs for M.tb ranged between :50.09 and 1.5 ,ug/ml and for MAC, 
between :51.56 and 12.5 ,uglml. In the in vivo studies conducted by the same 
group (36), paromomycin was effective in preventing mortality and reducing the 
CPU counts relative to the mean log CPU in the lungs, spleens, and liver ofM.tb
infected C57BU6. However, at a 100- or 200-mglkg dose, it was less active than 
isoniazid (25 mglkg) in reducing the bacterial load in lungs, spleens, and liver, 
although it was more active against MDR tubercle bacilli. In studies against MAC
infected beige mice, paromomycin (200 mg/kg) was found to be as active as 
amikacin (50 mg/kg) in reducing the CPU counts in lungs, liver, and spleens. It 
was suggested that this drug should be evaluated in combination with other drugs 
against these infections. 

3. Structural Analogs of Some Existing Drugs 

In the frantic efforts to strengthen our armamentarium to treat tuberculosis, 
especially the MDR disease, attempts are being made by several groups of work-
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Figure 13.6. The chemical structures of riminophenazines (clofazimine and its analogs). 
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Figure 13.7. The chemical structure of paromomycin. 

ers to search for analogs of the existing powerful drugs which are used in the 
treatment of the disease. Of the five first-line drugs, streptomycin is not pursued 
further, as its own stay is questioned and serious attempts to discontinue its pro
duction are considered. Of some 60 available analogs of ethambutol, none re
vealed any useful leads (37). However, an interesting property of ethambutol in 
enabling greater penetration of other drugs, which is based on the knowledge on 
its mechanism of action, is explored in developing newer strategies for the treat
ment of MDR tuberculosis. This aspect is discussed in a later section in this 
chapter. By far, most recent endeavors to uncover active analogs dealt with the 
other three first-line drugs-isoniazid, rifampin, and pyrazinamide--of which 
most of the effort was concentrated on rifampin. 

3.1. Isoniazid Analogs 

Only a few studies were reported concerning the screening for effective analogs 
of isoniazid. Rastogi and associates (38) tested several modifications of isoniazid 
that had a greater permeability into the MAC, which have the innate resistance 
to isoniazid, and have identified one compound, isonicotinyl-2-palmityl hydra
zine. In subsequent studies (39), they mentioned that ftuorophenyl alanine en
hances the activity of this compound against MAC in macrophages. 

Another report dealt with polymeric derivation of isoniazid with polysuccinam
ide (40). These were prepared by condensation of isoniazid with polysuccinamide 
to obtain water-soluble and water-insoluble compounds in order to get a "less 
toxic" drug, by using some artificial stomach wall lipid membrane models. How
ever, most of these studies dealt with pharmacological aspects on the release of 
the drug in simulated gastric juice or plasma rather than identifying a new analog 
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of isoniazid. The readers are referred to the earlier work by Barry and associates 
(41), who obtained similar results by condensing isoniazid with thiosemicabazone 
and periodate oxidized starch. This preparation, called "Rincon starch," was 
shown to give a slow release of isoniazid. (Extensive discussion on the sustained 
release of isoniazid using depot preparations after impregnation in biodegradable 
polylactic-co-polyglycolic acid (PLGA) polymer is given in a later section of this 
chapter.) 

3.2 Rifampin Analogs 

Exploring the same potential source of the Streptomyces group of fungi, many 
pharmaceutical industries have developed analogs of rifamycin with greater ac
tivity. Some (e.g., rifabutin and rifapentine) have recently been approved for clin
ical trials in the United States and some (e.g., KRM1648) are in Phase I and Phase 
II clinical trials. At the other extreme, there are some (e.g., the CGP series) which 
have been rather prematurely discontinued, consequent to the lack of interest in 
antituberculous drugs. 

RIFAPENTINE 

This drug (Fig. 13.8), previously called cyclopentyl rifampin or DL473, was 
investigated initially by Tsukumara (42) in several comparative in vitro studies 
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Figure 13.8. The chemical structure of rifapentine. 
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with rifampin. The MICgO was shown to be to 0.06 ,ug/ml. The MBC for both 
rifapentine and rifampin was the same (0.5 ,ug/ml). Further detailed studies 
showed the following: (a) the antimycobacterial spectra of rifapentine and rifam
pin were almost identical; however, the growth-inhibitory activity of rifapentine 
against M.tb, Mycobacterium kansasii and M. szulgai was twice that of rifampin. 
(b) All the rifampin-susceptible strains were susceptible to rifapentine, and all 
rifampin-resistant strains were resistant to rifapentine. (c) About 75% of MAC 
strains isolated from patients who had not received rifampin but were resistant to 
the drug (naturally resistant strains) were resistant to rifapentine, and the remain
ing 25% were susceptible to rifapentine. (d) Serotypes 1 and 2 of MAC strains 
were often resistant to rifapentine, but those of serotype 16 were often susceptible 
to this drug. 

Pharmacologically, rifapentine is claimed to be superior to rifampin in that it 
has a prolonged half-life in mice (43) and in humans (44). Animal studies have 
shown that intermittent administration of rifapentine (10 mglkg) twice a week 
was as effective as the administration of rifampin (10 mg/kg) 6 days a week. 
Administration of the drug once a week still showed activity against experimental 
tuberculosis in mice. Based on these preclinical data, this drug is now being 
investigated in a multicenter study for the initial treatment of tuberculosis. 

Rifapentine has also been shown to have another advantage in that it is taken 
up by macrophages to a greater extent than rifampin (45). It was shown that its 
intracellular concentration is 60 times that in the extracellular fluid; rifampin; on 
the other hand, accumulates intracellularly only fivefold. More detailed studies 
were done on the comparative uptake and intracellular distribution of radiolabeled 
drugs into the subcellular organelles of mouse peritoneal macrophages (46). Using 
analytic fractionation on sucrose density gradients, it was found that the uptake 
of radiolabeled rifapentine in serum-free medium was thrice that of rifampin; in 
presence of serum, the uptake of both the drugs was low and equal. Almost all 
of the cell-associated drug was found in the cytosol and no difference in distri
bution was detected between the two rifampins. It was concluded that the pro
longed action of rifapentine compared to rifampin in the chemotherapy of tuber
culosis cannot be attributed to its better penetration into the macrophages (46). 

RIFABUTIN 

Rifabutin (Fig. 13.9), also called LM427 or Ansamycin, is chemically a spi
ropiperidyl derivative of rifamycin and was developed by Sanfillippo and asso
ciates (47) of Farmatalia Carlo Erba, Milan, Italy. It has high in vitro activity 
against MAC and M.tb strains. In fact, its activity against MAC stimulated con
siderable interest and resulted in numerous contributions, which finally paved the 
way for clinical use. Its in vitro activity against M.tb was two to four times greater 
than that of rifampin, with a mean MIC of 0.022 ,ug/ml (48). Riframpin-resistant 
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Figure 13.9. The chemical structure of rifabutin. 

mutants isolated from the H37Rv strain were 160 times more resistant to rifampin 
and 128 times more resistant to rifabutin than the parent strain. The responses to 
rifabutin of rifampin-resistant strains isolated from patients under rifampin ther
apy differed from strain to strain; four of the eight strains tested were resistant to 
40 .ug/ml of rifabutin, but the other four strains were less resistant, and one of 
them was susceptible to 1.25 .ug/ml of rifabutin. The response of naturally oc
curring rifampin-resistant MAC strains was different from those of M.tb strains. 
Of the 40 strains tested, 32 showed natural resistance to 40 .ug/ml of rifampin and 
19 were susceptible to 1.25 .ug/ml of rifabutin. Thus, the natural resistance to 
rifarnpin did not always accompany resistance to rifabutin. Although a clear-cut 
relationship between the serotype and resistance to rifabutin had not been estab
lished, MAC strains with serotypes 4, 8, and 16 are always susceptible to rifabutin. 
This is encouraging, as most MAC strains from AIDS patients belong to serotypes 
4 and 8. Rifabutin is more active than rifampin against M.tb, M. hovis, M. kansasii, 
M. Marinum, M. xenopi, M. haemophilum, M. scrofulaceum, M. nonchromogen
icum, and M. terrae. Among these, the greatest differences have been noted with 
M. marinum, M. xenopi, and M. haemophilum. 

Extensive in vitro studies, post-antibiotic effect, dynamic studies, including 
some done under conditions simulating those existing in vivo, macrophage stud
ies, and studies in experimental chemotherapy in the beige mice model have 
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established the chemotherapeutic role of rifabutin by itself and in combination 
with other drugs against MAC disease (49-51). 

With experimental tuberculosis, Ji and associates (52) showed that rifabutin 
(10 mg/kg) given twice a week for 6 weeks resulted in a reduction of the CFU 
in lungs and spleens, similar to that observed with rifampin (10 mg/kg) given 6 
days a week for the entire experimental period. Luna-Herrera et al. (53) have 
confirmed its chemotherapeutic role in the treatment of tuberculosis and against 
MDR tubercle bacilli. They found that rifabutin exhibited similar or greater in 
vitro activity than rifampin, as judged by its MIC, MBC, and MICIMBC ratios, 
as well as on continuous exposure and its post-antibiotic effects. More impor
tantly, it was shown to be active against some rifampin-resistant strains. In mac
rophage studies, rifabutin was found to be more effective than rifampin in killing 
intracellular bacilli after continuous exposure or after only 24 h contact. In animal 
studies (54) where rifabutin was compared with KRMl648 (discussed later) and 
rifampin, rifabutin was shown to be effective in preventing mortality and reduction 
of CFU counts, similar to KRM1648; both drugs were superior to rifampin and 
caused complete sterilization of lungs. However, resistant organisms started ap
pearing 2 weeks after stopping treatment, whereas they did so after 16 weeks 
after stopping treatment with KRM1648. 

Concerning clinical investigations, besides the few earlier studies reported by 
the manufacturer, two other reports dealt with MAC and M.tb disease, although 
the later one is only of a preliminary nature. Earlier, O'Brien et al. (55) reported 
the finding of a large-scale study on the role of rifabutin in the treatment of MAC 
patients with or without AIDS and MDR patients. Preliminary clinical studies 
(56) in AIDS and non-AIDS patients with pulmonary tuberculosis treated with 
rifabutin in combination with isoniazid and ethambutol given once a day showed 
that rifabutin may be an effective substitute for rifampin. About 50-60% of the 
M.tb strains that developed resistance to rifampin also developed resistance to 
rifabutin. 

All the findings suggest that rifabutin has a place in the treatment of tubercu
losis, especially in certain types of drug-resistant cases. However, the possibility 
of cross-resistance with rifampin should be considered. Its main usefulness is in 
the treatment of MAC disease, for which it has already been approved for clinical 
use. 

FeE 22250 

This compound, (Fig. 13.10), which is clinically 3-azo methyl rifamycin, has 
been shown to be a long-active derivative of rifabutin (57). It has been shown to 
have a good oral absorption and has a long half-life. It has a broad antibacterial 
spectrum, including high activity against mycobacteria. In experimental tuber
culosis, using M.tb H37Rv challenge, FCE22250 showed an efficacy 14 times 
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Figure 13.10. The chemical structure of FCE22250. 

greater than that of rifampin and is therapeutically active when administered once 
every 3 weeks. 

THE CGP SERIES OF RIFAMPIN ANALOGS 

Three rifampin derivatives CGP7040, CGP27557, and CGP29861 (Fig. 13.11) 
were developed by the Ciba-Geigy Pharmaceutical Company. The biological half
lives of these three drugs were considerably longer than that of riampin (58). The 
half-life in hours for CGP7040 was 47 in mice, over 120 in rabbits, and 80 in 
dogs; the corresponding figures were 20, 70, and 15 for CGP27557, 45, 100, and 
15 for CGP29861, and only 6 in mice and 4 in the rabbits for rifampin. Drug 
concentrations in these animal species increased approximately proportionally to 
the dose administered. The serum binding capacity of these compounds was simi
lar to rifampin and the drugs accumulated in the liver to a lesser extent than 
rifampin. 

Similar data were obtained with human volunteers; the half-life of CGP7040, 
CGP27557, and CGP29861 were 30,8, and 40 h, respectively, as compared to 4 
h for rifampin. Unlike rifampin, food had no influence on the absorption of 
CGP7040 and CGP297557, whereas the absorption of CGP29861 was twice as 
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Figure 13.11. The chemical structures of the CGP series of rifampin derivatives. 

high when taken after breakfast. All the three drugs showed slower absorption 
and lower peak serum concentrations than pure rifampin. 

In vitro and in vivo activities of these compounds also showed superiorities 
over rifampin (58). In vitro, all three compounds had similar activities against 
gram-positive and gram-negative bacteria as well as tubercle bacilli; all were 
similar to rifampin, but CGP7040 was superior to rifampin against nontuberculous 
mycobacteria with an MIC of 0.003 ,ug/ml against MAC. In experimental tuber
culosis in the mouse model, with short duration of treatment, the ED50 of 
CGP7040 was comparable to that of rifampin, whereas CGP27557 and 
CGP29861 were five times more active than rifampin. With longer periods of 
treatment and different dosage intervals, CGP27557 and CGP29861 proved to be 
several times more active than rifampin, as evidenced by enumeration of tubercle 
bacilli in the lungs. CGP29861 was also investigated in experimental short-course 
chemotherapy of tuberculosis, wherein the drug was given either in the initial or 
in the continuation phase of treatment. In spite of these indications of potential 
usefulness, these compounds were not explored further, perhaps due to the general 
lack of financial incentives. 
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Figure 13.12. The chemical structure of KRMI648. 

BENZOXAZINORIFAMYCIN (KRM1648) 

Kaneka Corporation of Japan has been investigating several modifications of 
the isobutyl, propyl, and secondary butyl groups of benzoxazinorifamycin (e.g., 
KRMl648, KRM1657, KRM1668, and KRM1687) for antimycobacterial activity 
(59). Among them, only KRM1648 emerged as the best, based on several in vitro 
and other screening tests (60) (Fig. 13.12). Besides the extensive studies done in 
Japan (61,62), this compound has been studied in the United States (54,63) and 
is now undergoing Phase I and Phase II clinical testing. 

Activity of KRM1648 Against MAC. The MIC90 of MAC strains from AIDS 
patients was 0.25 ,ug/ml and it was bactericidal for MAC isolates with a reduction 
of viability of one to four orders of magnitude in 72 h. At 1.0 ,ug/ml, it was 
bactericidal to MAC in human macrophage systems. In experimental chemother
apy studies in beige mice (64) and in rabbits (65), KRM1648 (40 mg/kg) was 
effective in reducing CFU in blood, liver, and spleen. In combination with clar
ithromycin or ethambutol, KRMl648 exhibited an in vivo synergistic effect 
against experimental MAC disease in beige mice. 

Antituberculosis Activity of KRM1648. Soon after its introduction, several 
Japanese investigators have established its in vitro and in vivo activity against 
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tuberculosis. In the United States, detailed investigations done by Luna-Herrera 
et al. (63) and Reddy et al. (54) have dealt with in vitro macrophages and animal 
model studies. In the in vitro studies, its activity was assessed against several 
drug-susceptible and MDR strains of tubercle bacilli, many of which are resistant 
to rifampin. For rifampin-susceptible strains, the MIC90 for KRMI648 was 
:s0.015 fig/ml, whereas for rifampin, it was 0.25 fig/ml; in fact, there were some 
strains which were inhibited by KRMI648 [ranging between 0.007 and 0.03 fig/ 
ml, which was much lower than that of rifampin (range 0.5-1.0 fig/ml)]. Post
antibiotic-effect studies with KRM1648 showed a rapid reduction in the CFU 
counts with an exposure time of 24 h or more, and its sterilizing effect was 
maintained even up to 21 days thereafter. Under parallel conditions, rifampin 
showed a less significant effect, with a faster recovery of growth, and failed to 
sterilize the organisms even after a 72-h exposure. 

In the macrophage studies using 1774 A.l cells, KRMI648 at 0.125 and 0.25 
fig/ml caused complete inhibition of intracellular growth of M.tb after a 48-h 
exposure (63). After a similar exposure time, rifampin at 0.25 fig/ml concentra
tion, caused complete inhibition of growth, but at 0.12 fig/ml, it caused only a 
50% reduction of growth, compared with that of the controls at 7 days. With a 
24-h pulsed exposure of the intracellular tubercle bacilli, KRMI648 at 0.25 fig/ 
ml caused complete inhibition of growth, whereas rifampin caused only moderate 
inhibition of intracellular growth. 

In vivo studies against experimental tuberculosis of C57BLl6 mice showed that 
KRMI648, similar to rifabutin and rifampin, prevented mortality up to 28 days, 
by which time all untreated mice died (54). Analysis of CFU showed superior 
therapeutic effect of KRMI648 and rifabutin as compared to rifampin against 
infection with drug-susceptible tubercle bacilli under early treatment protocol 
(i.e., where treatment is commenced 1 day after infection). Twelve weeks' treat
ment with KRMI648 or rifabutin caused complete sterilization ofthe lungs. How
ever, residual organisms started appearing in the spleens 6 weeks after cessation 
of treatment with rifabutin and 16 weeks after KRM1648 treatment. In mice 
infected with a MDR strain ofM.tb which was susceptible to KRMl648 in vitro, 
the drug did not appear to have any activity. Because the MDR organisms did not 
mUltiply in vivo and did not cause any mortality even in untreated mice up to 28 
weeks, a state of semidormancy of the organisms which might prevail in vivo 
could be responsible for the refractoriness to the treatment with KRMl648. Over
all, the available data with KRM1648 offer strong hopes of its potential value as 
a powerful antimycobacterial drug. 

ANTIMYCOBACTERIAL ACTIVITY OF A NEW DERIVATIVE, 3-(4-CINNAMYL 

PIPERAZINYL IMINOMETHYL RIFAMYCIN SV (T9) 

The Chemical Pharmaceutical Research Institute, Sofia, Bulgaria has investi
gated several analogs of rifampin and have identified 3-(4-cinnamyl piperazinyl 
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Figure 13.13. The chemical structure of T9, a new rifamycin derivative. 

iminomethyl) rifamycin SV, called T9, to be most active (66) (Fig. 13.13). Several 
investigations conducted by the developers have indicated good therapeutic activ
ity, lack of toxicity, and favorable pharmacokinetics and bioavailability in exper
imental animals (67). Reddy et al. (68) have confirmed and extended the earlier 
studies using detailed in vitro macrophage and animal models. The MIC90 of T9 
for drug-susceptible M.tb strains was found to be ~0.25 ,ug/ml, whereas for ri
fampin tested under the same conditions, it was ~0.5 ,ug/ml. Interestingly, T9 had 
lower MICs against some rifampin-resistant M.tb strains. It had better activity 
against MAC strains with an MIC90 of ~0.125 ,ug/ml, whereas for rifampin, it 
was ~2.0 ,ug/ml. It also had superior MBC activity compared to rifampin. 

With regard to its intracellular activity, T9 at both 0.125- and 0.5-,ug/ml con
centrations caused significant reduction of intracellular growth of M.tb strain 
H37Rv and MAC strain 101, not only after continuous exposure for 4 days but 
also after only 24 h pulsed exposure. Rifampin under similar conditions showed 
much less activity. 
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More interesting leads emerged in these studies with experimental tuberculosis 
in C57BU6 mice (68). With a 40- and a 20-mglkg dose of T9, no organisms 
could be detected at 4 weeks either in spleen or in lungs. With a lO-mglkg dose, 
the organisms were detected in only three of five mice at the fourth week. Even 
with a 5-mglkg dose, T9 caused significant reduction of CFU counts in both lungs 
and spleens, compared with the 20-mglkg dose of rifampin. All these studies have 
thus shown a high potential for antimycobacterial activity of T9 against M.tb and 
MAC infections. 

3.3. Pyrazinamide Analogs 

Attempts were made by two groups of workers to search for analogs of pyra
zinamide, the third most important drug used in the short-course chemotherapy 
of tuberculosis (69,70). Unlike the studies with the other two drugs, these attempts 
were based on the available knowledge on the mode of action of the drug. It is 
postulated that pyrazinamide exerts its antimycobacterial activity after conversion 
to pyrazinoic acid within the bacterial cell by a bacterial enzyme, pyrazinamide 
deamidase (71). Several analogs which act on the same or similar pathway were 
tested. Thus, Cynamon and associates (69) screened several compounds for their 
animycobacterial activity and used quantitative structure activity relationships 
(QSAR) to identify compounds with potential usefulness against tubercle bacilli 
and MDR strains. So far, these studies dealt with in vitro testing only. 

The other series of studies reported by Yamamoto and associates (70) also dealt 
with in vitro testing. Among 39 analogs of pyrazinamide and/or pyrazinoic acid 
tested, only four exhibited strong in vitro activity. These are (i) pyrazine thiocar
boxamide, (ii) N-hydroxymethyl pyrazine thiocarboxamide, (iii) pyrazinoic acid 
n-octylester, and (iv) pyrazinoic acid pivaloyloxymethyl ester. All four drugs 
showed high bacteriostatic and bactericidal activities against M.tb and MAC in 
conditions under which pyrazinamide showed little or no activity. As pyrazin
amide is more active at pH 5.5 than at pH 6.8, these four compounds were tested 
at both pHs. It was found that the relative antimycobacterial activities of these 
drugs compared with pyrazinamide were essentially the same in medium with a 
pH of 6.8 as in medium with a pH of 5.5. Further studies using macrophage and 
animal models are warranted before the chemotherapeutic potential of these com
pounds is established. 

4. Investigations on Potential Agents Which Bypass the Permeability 
Barriers in MDR Bacilli 

These can be broadly divided into two categories: (a) penicillinase inhibitors 
and (b) other agents which influence the permeability of the bacterial cell. 
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4.1. Penicillinase Inhibitors 

Several years ago, Kasik and associates (72) investigated the possible chemo
therapeutic activity of penicillin against tuberculosis. Although some reports in
dicated its in vitro activity, at least at high concentrations, many could not confirm 
it (73). It was soon realized that mycobacteria possess a high penicillinase activity, 
which make them less susceptible to this drug. Subsequently, as the several hun
dreds of fJ-Iactam compounds were discovered, it was also shown that mycobac
teria were resistant to these drugs as well; it was soon recognized that this was 
due to the high fJ-Iactamase content in these organisms. Even though not enough 
knowledge has accumulated concerning fJ-Iactamases of mycobacteria compared 
to the enormous literature with other organisms, some (74) have attempted to 
categorize this enzyme in mycobacteria as intracellular, constitutive, or nonin
ductive types. However, it was also questioned if fJ-Iactamase activity cannot by 
itself be considered responsible for the resistance of these organisms to fJ-Iactam 
antibiotics. For instance, MAC, which are highly resistant to these drugs and 
several other antimycobacterial drugs, do not have the fJ-Iactamase enzyme. 

Interest in exploring antimycobacterial drugs from this group did not exist until 
recently; only after the resurgence of MDR tuberculosis did several investigators 
explore this area. Knowledge which is accumulating on the biochemistry of these 
enzymes in other microbial species and the discovery of specific inhibitors of the 
fJ-Iactamase enzyme (e.g., clavulinic acid) have also been rapidly applied for 
screening drugs for their antimycobacterial activity. Intensive work on the nature 
of such enzymes in mycobacteria is also progressing, and several specific 
penicillin-binding proteins have been identified. Likewise, the inducibility of fJ
lactamase enzyme in M.tb has also been speculated. 

Several investigators (75,76) have assessed the in vitro antituberculosis activity 
of the combination of clavulinic acid and amoxicillin (the best known combination 
is Augmentin). Other combinations [e.g., clavulinic acid and ticarcillin, ampicillin 
and a sublactam (unasyn)] showed much less in vitro activity than Augmentin™ 
(77). In contrast to the in vitro data, macrophage studies using 1774 cells and in 
vivo studies in C57BLl6 mice did not show any activity of Augmentin ™ (77). 
This is perhaps due to the inability of the drugs, particularly clavulinic acid, to 
penetrate intracellularly. On the other hand, a clinical report (78) claimed that two 
patients with MDR tuberculosis had been successfully treated with this combi
nation. 

4.2. Other Agents Influencing Permeability Barriers 

Two agents, ethambutol and dimethyl sulfoxide, were investigated in this series 
using in vitro and macrophage models, and animal models as well for ethambutol. 
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ETHAMBUTOL 

Ethambutol (EMB), is by itself, a powerful antituberculosis drug; it has also 
the property of enhancing the permeability of other drugs, especially in MDR 
bacilli (79). This property is due to its inhibition of the cell-wall synthesis of 
mycobacteria by acting on the mycolic acid and arabinogalactan biosynthesis 
(80,81). Treatment with ethambutol increases the permeability of many drugs 
which otherwise cannot penetrate easily. Initial studies by Rastogi and associates 
(82), which were based on this phenomenon, had shown that in the ]774 cell 
macrophage system, isoniazid was more active on bacilli resistant to it when it 
was given in conjunction with ethambutol. Encouraged by these background data, 
Chinnaswamy et al. (83) have extended these investigations using in vitro and 
macrophage models. In vitro studies indicated that exposure of isoniazid, rifam
pin, or streptomycin individually along with sub-MIC concentrations of etham
butol to four MDR strains resistant to these drugs enhanced susceptibility to these 
drugs. In contrast, exposure to the sub-MIC level of ethambutol to drug-suscep
tible M.tb H37Rv or to an EMB-resistant strain did not alter the susceptibility 
pattern. Macrophage studies in ]774 cells indicated similar outcome, although the 
effect was more evident with isoniazid and rifampin than with streptomycin. 

Interesting results were obtained in experimental chemotherapy studies using 
an MDR strain of tubercle bacilli (84). These studies were done using isoniazid 
(25 mg/kg), rifampin (25 mg/kg), or ethambutol at normal (120 mg/kg), half the 
normal (60 mg/kg), and one-fourth the normal (30 mg/kg) dose. The animals 
were followed for mortality and CFU counts in spleens and lungs at 4, 8 and 12 
weeks. With spleens, a combination of ethambutol at one-fourth the dose (30 mg/ 
kg) plus isoniazid (25 mg/kg) showed considerably greater activity than either 
isoniazid alone or the regular dose of ethambutol. The reduction in mean CFU 
counts was seen all through, showing the greatest difference at 12 weeks. With 
lungs, slightly different results were seen. Synergism was seen only with the 
normal (highest dose-120 mg/kg) of ethambutol, and the synergistic activity was 
gradually reduced as the dose of ethambutol was reduced to 60 or 30 mg/kg. 
Moreover, the activity was most evident at 8 weeks, but at 12 weeks, the activity 
was less evident. 

DIMETHYL SULFOXIDE 

Dimethyl sulfoxide (DMSO), which was proved to be fairly nontoxic to rabbits 
and humans (85), was shown by many (86,87) to be capable of enhancing the 
permeability of tubercle bacilli and "sensibilize" MDR tubercle bacilli both in 
vitro and, more importantly, in experimental tuberculosis in the guinea pig model. 
Most of these reports, however, were published several years ago in languages 
other than English. Muller and Urbanczik (88) studied the role of DMSO in 



358 Pattisapu R.J. Gangadharam 

altering the susceptibility of MDR strains to isoniazid, ethambutol, rifampin, 
streptomycin, para-aminosalicylic acid (PAS), and thiacetazone and could find 
reversal in some but not in all strains. They suggested that the continuous presence 
of DMSO is essential for the expected reversal action. Some recent unpublished 
reports indicated that DMSO could enhance penetration of many drugs in humans 
(Urbanczik, personal communication, 1995). 

Chinnaswamy et al. (83) investigated, in in vitro and macrophage models, 
whether DMSO could alter the susceptibility of MDR strains to isoniazid, rifam
pin, and streptomycin to which the bacilli were initially resistant. Preliminary 
studies titrated to arrive at the MIC of DMSO which was found to be 5%; at 
2.5%, only partial inhibition of the strains could be seen. Using the 2.5% con
centration as the sub-MIC, an eightfold increase in the susceptibility of MDR 
stains to isoniazid was seen; the increase was less evident with rifampin and 
streptomycin. Similar to the in vitro studies, enhancement of the susceptibility to 
isoniazid of intracellular MDR strains was seen in the macrophage model (83). 

5. Metabolic or Competitive Growth Inhibitors 

Based on the available knowledge to date, only three areas are considered in 
this section: (a) mycolic acid synthesis inhibitors, (b) vitamin K and ubiquinone 
analogs, and (d) calmodulin antagonists. 

5.1. Inhibitors of Mycolic Acid Synthesis 

Mycolic acid has been demonstrated to be the most important constituent in 
the cell-wall architecture of mycobacteria. Recently, a mycolic acid synthetase 
pathway has been worked out. One compound, methyl 4-(2-octodecyl cyc10 pro
pen-Iyl)butanoate, which is a structural analog of an important precursor in the 
mycolic acid biosynthesis pathway in M. smegmatis, has been shown to be an 
inhibitor of that enzyme (89). No further studies on the activity of this compound 
or its analogs on M.tb have been reported. 

5.2. Gangamicin 

Dual analogs of vitamin K types of compound, which are present in the cell 
wall of mycobacteria, and ubiquinone (coenzyme QIO)' which is known to stim
ulate mycobacterial growth, were tested for their antimycobacterial activity 
(90,91). In this process, the powerful activity of 6-cyc10 octylamino-5,8-quinoline 
quinone (CQQ) was discovered. This was patented by the National Jewish Center 
for Immunology and Respiratory Medicine, Denver, Colorado as Gangamicin 
(GM) (U.S. patent No. 4,963,563). In vitro, its MIC is between 0.1 and 2.0 J.lg/ 
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ml for M.tb, including those resistant to isoniazid and rifampin and between 2.0 
and 8.0,uglml against MAC. At concentrations of 1.0 and 2.0,ug/ml, it inhibited 
the intracellular M.tb, including drug-resistant strains and MAC in mouse peri
toneal and human monocyte-derived macrophages and the J774 A macrophage 
cell line. In experimental chemotherapy studies, using doses of 20 and 40 mg/kg 
given orally or subcutaneously in C57BU6 and beige mice models for M.tb and 
MAC, respectively, it has demonstrated high activity both in preventing mortality 
and in reduction of CPU counts from spleen and lungs. In general, its activity is 
more pronounced in spleen than in lungs, by subcutaneous rather than by oral 
treatment, and more against M.tb than MAC. Of more significance is its similar 
activity against infection with drug-resistant M.tb where it exhibited equal activity 
as with susceptible strains. Besides M.tb and MAC, it is highly active against M. 
kansasii and M. leprae. The drug has been found to be nontoxic to several animal 
species. All these experimental findings warrant strong hopes for the chemother
apeutic potential of this drug against M.tb, drug-resistant M.tb, and MAC. 

5.3. Calmodulin Antagonists 

Demonstration of calmodulin like proteins in mycobacteria (92) and inhibition 
of in vitro growth of M.tb by calmodulin antagonists led to investigation on the 
antimycobacterial activity of trifuoperazine (TFP) (93,94). The MIC of TFP 
ranged between 12.5 and 25.0,uglrnl for MAC, between ::53.0 and 25.0 ,uglrnl for 
drug-susceptible strains of M.tb, and between 6.25 and 12.5 ,uglrnl for MDR 
strains. The MBC against M.tb strains ranged from 12.5 to 50.0,uglrnl. Trifluo
perazine showed no in vitro synergistic activity with INH or rifampin. The drug 
was active against intracellular MTB (H37Rv) in U937 cells at 4.0 ,ug/ml. At 
subinhibitory concentrations, TFP enhanced intracellular activity of INH and ri
fampin against H37Rv. 

However, it should be stressed that the concentrations at which TFP shows 
antimycobacterial activity in vitro and in macrophages are too high to be achieved 
in normal circumstances. For instance, with a 5.0-mglkg dose, the maximum 
concentration reached in plasma is about 1.4,uglrnl, and with a 20-mglkg dose, 
the level can go between 0.9 and 4.0,ug/ml (95). The effect ofTFP at subinhibitory 
concentrations in enhancing the in vitro and intracellular activity of INH and 
rifampin may be due to increased accumulation and retention of antituberculosis 
drugs, as has been earlier demonstrated with anticancer drugs (96,97). Although 
it is difficult to achieve an in vivo antimycobactericidal concentration of TFP, at 
least it has the potential to enhance the efficacy of other drugs. The development 
of less toxic analogs of TFP or lipososmal preparations could be a profitable 
alternate approach. 
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6. Molecular Biological Approaches 

Recent advances in molecular biology of mycobacteria have identified some 
genes which are instrumental in the action of some drugs, particularly INH. The 
first discovery by Zhang et al. (98) on the katG gene and, subsequently, the inh
a gene by Bannerjee et al. (99) have given some strong leads of understanding 
the mechanisms of development of drug resistance. It has been hoped that these 
landmark discoveries will pave the way for the discovery of newer drugs, al
though, so far, no definitive advances have been published. Following the devel
opment of these genes for INH, genes for resistance for other drugs particularly 
rifampin, streptomycin, and fluoroquinolines (100-102) have been developed. 
(These aspects have been discussed extensively in the Chapters on drug resistance 
and on molecular biology of mycobacteria in Volume 1.). 

7. Approaches to Harness the Maximum Benefit of Available Drugs 

This aspect is attaining greatest importance in recent times, not only in tuber
culosis but in almost all other diseases as well. This is due to the increasing 
realization of several aspects in medicine, which are influenced to a great extent 
of some important realities. 

1. As discussed earlier, it is becoming increasingly difficult for the pharmaceu
tical industry to get involved in introducing new drugs, mainly due to financial 
considerations. This inertia is evident in spite of strong evidence of highly 
encouraging preclinical data, as has been reviewed in the earlier sections of 
this chapter. 

2. Recent advances in clinical pharmacology and detoxification mechanisms of 
drugs stress that most drugs are "short-lived" in the body and are destroyed 
and excreted rapidly before their full therapeutic values are utilized. 

3. The last and perhaps most serious is the problem of "noncompliance" of the 
patient in taking the full course of treatment. In diseases like tuberculosis, such 
premature dicountinuation of treatment would cause failure, quite often re
sulting in drug resistance of the organisms. Such an unfortunate situation 
would not only harm the patient but, more seriously, would act as source of 
resistant bacilli, to his contacts wherein also these drugs would be inactive. 
(These aspects have been discussed in the chapters on drug resistance in Vol
ume 1 and on chemotherapy of drug-resistant tuberculosis in this volume.) 

Recent advances in knowledge of pharmaceutics and chemical engineering 
have facilitated introduction of several new leads to solve some of these problems. 
Thus, several new and innovative methodologies have given scope of new strat
egies of drug delivery, whereby the drug can bypass to a great extent the metabolic 
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insults of the body. More importantly, these drug-administration tactics target 
most of the free drug to the required site of action in vivo. Such targeted drug 
delivery systems are being attempted for the chemotherapy of mycobacterial dis
eases as well. 

Other strategies deal with controlled and sustained drug delivery. There, de
velopments are possible, thanks to the enormous progress made in recent years 
in biopharmaceutical and chemical engineering knowledge of the polymers as 
drug carriers. These attempts are giving immense opportunities to circumvent the 
man-made problem of noncompliance. Before discussing these various achieve
ments with respect to the treatment of tuberculosis, some comments on the drug
parasite-host interactions will be useful. Such considerations will also correlate 
other important aspects of pathogenesis, immunology, and chemotherapy of tu
berculosis, which are discussed extensively in other chapters in these two vol
umes. 

7.1. Drug-Parasite-Host Interactions 

Paul Ehrlich, the "father of chemotherapy," had defined chemotherapy as a 
positive balance in drug-parasite-host interactions, in favor of the host. He 
stressed the concept of "selective toxicity," which was further elucidated by sub
sequent authors. For convenience of discussion of this important topic with special 
relevance to the newer strategies of chemotherapy and with reference to several 
other topics of chemotherapy, which have been elucidated in other chapters in the 
two volumes in this series, it will be advantageous to conceptualize the drug
parasite-host relationships in a three-way triangle (Fig. 13.14). 

Each of the two-way relationships is designated as an arrow. Arrow 1 is the 
interaction of the parasite (tubercle bacilli) with host (man). This is the process 
of infection, followed by disease, in the rare events where the host's resistance 
cannot control it. This aspect is elaborated in chapter 5 on Pathogenesis by Dr. 
Grange and in Chapter 6 on Transmission by Dr. Falkinham in Volume I of this 
series. Normal healthy hosts could easily control the spread of infection in vivo 
and progress to the state of overt disease. This aspect (arrow 2), which can be 
called "immunity," is reviewed by the chapter on immunology of tuberculosis by 
Drs. Reddy and Andersen and on the immunological cause, prevention and treat
ment of tuberculosis by Dr. Stanford, both in the first volume. A compound is 
called a drug if it is specifically active, and this aspect, which is depicted by arrow 
3, is covered by Chapters 2 and 3, and 5 and 6 on chemotherapy of tuberculosis 
in developed and developing countries respectively. Likewise, the mechanisms by 
which the parasite evades the action of drug, the so-called "drug resistance," is 
reflected in arrow 4 and is covered by the chapter by Dr. Gangadharam with the 
same title in volume 1. The toxicity of the various drugs (arrow 5) is covered by 
Chapters 5 and 6. 
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Figure 13.14. A schematic representation of drug-parasite-host interactions. 

The subject indicated by arrow 6, which is the influence of host on the drug, 
is not included anywhere. In fact, this aspect had escaped the concern of Ehrlich 
when he defined the basic concepts of chemotherapy. He might have, perhaps, 
assumed that the host will only be the direct beneficiary of the action of the drug 
on the parasite and will only be an innocent participant in this game. He might 
not have considered that the host would confuse and complicate the direct ben
eficial action of the drug on the parasite. Now, thanks to the advances in our 
knowledge in clinical pharmacology, drug metabolism, in vivo fate of drugs ad
ministered by various routes, and the various detoxication mechanisms, the influ
ence of the host on the drug has become a subject of great importance. In sim
plistic terms and for convenience of discussion, these aspects can be broadly 
divided as (a) involuntary and (b) voluntary influences. 

7.2. Involuntary Influences 

These are dictated by the nature of the host and, in many cases, by nutrition 
and other factors like the general health, metabolic status, and the species varia
tion, and in some cases, by the race, genetic makeup, and other concommitant 
infections (e.g., HIV). All these factors, as the name indicates, are not in the 
control of the host. Only intervention by other means can attempt to rectify or at 
least lessen some of these influences. Some like those influenced by race, and 
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genetic makeup, cannot thus be altered. Reviewing the available literature on the 
involuntory influences of the host on the drug, three areas can be considered as 
most important: absorption, metabolism, and excretion. Of these, very little in
formation is available on the excretion of the drugs, except the knowledge on 
routes by which the drugs are removed, but such data have not been shown to 
have any influence on the drugs' action on the parasite in vivo. 

ABSORPTION OF THE DRUGS 

Considering the absorption of the drugs, with relevance to their in vivo che
motherapeutic action, which is reflected by the pharmacokinetics, peak and sus
tained serum levels, and maintenance of sufficient drug levels, knowledge is avail
able on only a few drugs: isoniazid, rifampicin, and cycloserine. However, recent 
regulatory requirements for all new drugs insist on the availability of such data. 
With isoniazid, it had been reported that fatty foods could influence the attainable 
serum levels. By far, a great amount of knowledge had been obtained with rifam
pin, where it had been shown that the levels are significantly higher when the 
drug is given on an empty stomach than when given after food. In contrast, drugs 
like cycloserine are prescribed after food, lest the higher levels which are obtained 
when it is given on an empty stomach should reach toxic limits. 

Recent studies from the National Jewish Center, Denver, have made the inter
esting observation that AIDS patients in general have a reduced capacity to absorb 
certain orally administered drugs (103). Their studies have also suggested that 
there may be a correlation between the severity of immunosuppression and the 
degree of malabsorption. Earlier, such an experience was noted only in patients 
with specific malabsorption syndromes. Species variation in drug absorption is 
best explained by clofazimine, which is poorly absorbed by some animal species 
(e.g., guinea pigs and monkeys), in contrast to mice and hamsters and perhaps 
man. 

METABOLISM 

For all practical purposes, any drug, however powerful it might be in curing 
any ailment, would be considered as a "foreign compound" by the host. With this 
approach, the body tries to "get rid" of the drug as it is or, in most cases, after 
alteration by metabolism to derivatives which could be handled more easily by 
the host's excretory organs (e.g., kidneys, bowel, etc.). This aspect of metabolism 
is more aptly called "detoxification" and knowledge in this area has progressed 
considerably in recent times so that accurate predictions of the pathways of me
tabolism of the drugs with known chemical structures can be made. The metab
olites of most of the drugs are inactive against the parasite, and therefore the 
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metabolism is commonly referred to as "inactivation." This aspect has been ex
tensively worked with isoniazid, and more recently with other drugs. Although 
all the metabolites of isoniazid are "inactive," justifying the term "inactivation" 
for the metabolism, the principle metabolite of rifampin, desoxyrifamycin, is still 
active against tubercle bacilli. Likewise, the chief metabolite of clarithromycin, 
14-hydroxy clarithromycin, is still active against M. avium complex. However, 
most importance has been given to the study of isoniazid metabolism due to 
several reasons. 

First, isoniazid is easily considered the best antituberculosis drug, with least 
toxicity. It is inexpensive and easily available. Second, over the years, an enor
mous amount of knowledge has accumulated on its metabolism, which is racially 
influenced and genetically controlled. Humans can be divided into two distinct 
groups, the slow and rapid inactivators, with different clinical and toxicological 
outcomes. Third, the action of the drug on the parasite and the altered properties 
of isoniazid-resistant tubercle bacilli have shown many interesting biological 
properties, like loss of several key enzymes, reduction of pathogenicity, and so 
on. Parallel to these developments, attempts have also been made to control or 
modify the metabolism of this important drug with a view to achieve greater 
therapeutic outcome. 

The various attempts to alter the metabolism of isoniazid can be grouped as 
follows: (i) concomitant administration of other agents, which also act as specific 
substrates to the principal metabolic enzyme, n-acetyl transferase, so that more 
of the free isoniazid is available for therapeutic action; (ii) to slow down the 
release of the drug in the rapid inactivators by matrix preparations so that higher 
levels are achieved; Several methods are being made to evolve a sustained release 
(depot) type of formulations, which facilitate prolonged coverage with therapeu
tically active levels of the drug (discussed later in the chapter); and (iii) to en
capsulate the drug in liposome preparations so that the drug can escape the met
abolic influence of the liver and can go directly to macrophages. 

Concomitant Administration of Othe r Agents. The first extensive study in this 
regard was with PAS. For several years, an isoniazid-PAS combination was pre
scribed as a standard double-drug regimen for the treatment of tuberculosis. In 
both slow and rapid acetylators, it was shown that PAS elevated the levels of 
isoniazid. It was claimed that PAS, when given with isoniazid, has two functions, 
one to prevent emergence of resistance to isoniazid and the other to protect it 
from being fully metabolized. Subsequent studies have shown that this competi
tive metabolism is due to the fact that PAS can also function as a substrate for 
the n-acetyltransferase enzyme, which metabolizes isoniazid. Subsequent studies 
on this enzyme have shown that a sulfonamide derivative, sulfamethazine (also 
called sulfadimidine), is a more potent substrate for this enzyme. In fact, based 
on this observation, the inactivation of isoniazid is assessed by sulfamethazine 
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acetylation (104). Concomitant administration of sulfamethazine along with iso
niazid either simultaneously or 15 min prior to isoniazid has been shown to pro
long the metabolism of isoniazid in both rapid and slow inactivators (105). Even 
though at one time it was hoped that this strategy could be used in routine clinical 
practice, it was not pursued further due to the fact that sulfamethazine has some 
of its own immunomodulatory properties and sulfa drugs are, in general, contra
indicated in AIDS patients. 

Matrix Preparations. With a view to slowing the metabolism of isoniazid, 
especially in rapid inactivators, attempts were made to entrap isoniazid in some 
matrix preparations (106). By doing so, it was shown that higher doses of isoni
azid could be administered (17-20 mg/kg instead of 5-8 mg/kg) and that the 
levels of free isoniazid could be seen for slightly prolonged periods than with 
conventional administrations. Although these studies have shown a pharmacolog
ical advantage, clinical studies have shown more toxic manifestations, mainly in 
the shape of giddiness, which prompted discontinuation of this approach. 

Liposome Encapsulation. By far the most popular attempt in recent times to 
circumvent the involuntary influences of the host is with liposomes. These have 
been extensively used in several systems of medicine and in the cosmetic industry. 
With mycobacterial diseases, only recently some investigations have begun; most 
of them, however, dealt with MAC disease, and only few with M.tb. 

In the pharmaceutical industry, liposomes are one of the most actively used 
drug delivery systems and are popularly known as "vesicles." They can be pre
pared from phospholipids with or without cholesterol, although inclusion of cho
lesterol increases the in vivo stability and retard the drug release. Liposomes can 
be prepared in a wide range of sizes, from 20 nm to 10,um, and, structurally, 
have one (unilamellar) or more (multilamellar) lipid layers, separated by aqueous 
compartments, surrounding an aqueous core. Liposomes are capable of entrapping 
a wide range of materials, hydrophilic drugs are dissolved in the aqueous regions, 
and hydrophobic drugs are associated with the lipid bilayers. Liposomes are av
idly phagocytosed by macrophages and are, therefore, naturally targeted to the 
sites of mycobacterial existence in vivo. Because they are directly targeted to the 
cells, by and large, they escape the metabolic pathways of the liver and other 
tissues in the body. Using the encapsulation in unilamellar and multilamellar 
liposomes several drugs (e.g., amikacin, streptomycin, gentamicin, and clofazim
ine) have been investigated in the macrophages and beige mouse models for the 
efficacy against MAC disease (107-111). All these studies have shown that (a) 
increased activity of the liposomal encapsulated drugs in macrophages compared 
to the free drugs and (b) efficacy, with a fraction (1/10-1/5) of a dose given in 3 
or 4 doses, comparable to the outcome when the full dose was given daily for the 
entire experimental period. 
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Most of the in vivo studies demonstrated poorer activity in the lungs than in 
the other tissues. This has been explained by the fact that unilamellar or multi
lamellar liposomes deliver most (>95%) of the drug to the macrophages directly 
and that only a small amount of the drug can be transported elsewhere, as these 
liposomes are not stable in serum. This defect is now being corrected by the 
introduction of the stearic ally stabilized liposomes, the so-called "stealth" lipo
somes, which (a) deliver only 40-50% of the drug to the macrophages, the re
maining being transported elsewhere, as these liposomes are stable in serum and 
(b) more importantly they have strong affinity to the lung tissue, partly because 
their lipids are similar to those existing in the lung surfactant (112,113). An 
operational advantage is that the "stealth" liposomes can be administered sub
cutaneously, giving equal response, whereas the unilamellar and multilamellar 
liposomes should be given only intravenously. The possibility thus exists to de
velop inermittent treatment with a fraction of the daily doses, to achieve equal 
success. Another important advantage of the stealth liposomes is the feasibility 
of delivering the drugs aerogenic ally. Such studies are still in infancy and, if 
successful, will offer a new strategy of treating tuberculosis. 

7.3. Voluntary Influences of the Host 

All the voluntary influences of the host can be summarized in one word, "non
compliance." Noncompliance is a well-recognized limitation for the success of 
any disease, and its influence was recognized long ago (114). Although the se
riousness is not easily felt in other diseases because the duration of treatment, in 
general, is short, during which period most patients will be compliant, in diseases 
like tuberculosis the consequences of noncompliance are serious. Because symp
toms act as an incentive for taking the drugs, most people discontinue their treat
ment soon after their symptoms wane. Disappearance of symptoms is quite rapid, 
thanks to the powerful drugs we now have. It is therefore not uncommon for 
patients with tuberculosis to discontinue their treatment quite early after initiation. 
This sort of behavior is not influenced by age, sex, race, economic status, edu
cational background, or any other known human qualifications (115). On the other 
hand, there are marked differences in the background reasons for noncompliance 
between patients in developed and developing countries. Whereas most of the 
above-mentioned criteria do apply in developed countries, other factors, like con
venience of operation of the clinics, distance for travel, lack of conveyance, and 
so forth, also playa major role for noncompliance in developing countries. Ex
cellent reviews of these factors appear Refs. 116 and 117, 121. 

Several direct and indirect methods for identifying the noncompliant patient 
have been discussed. These include pill counts, pill calenders, medication moni
tors, and so on, which are the well-adapted inferential methods, and the urine or 
serum tests for the drugs or their metabolites, as the definitive methods (115). All 



New Drugs and Strategies for Chemotherapy of Tuberculosis 367 

these attempts will only identify the defaulters with the hope that the defaulting 
patients will be warned or advised by the physician or health care worker to mend 
his ways. In spite of this, defaulting still occurs. 

Therapeutic attempts have also been made to ensure compliance. These include 
shortening the chemotherapy or giving combination tablets. All these attempts 
are also not guaranteeing complete success. The only recourse taken was to give 
the drug under direct supervision. This concept, which was brought out in the 
early studies as "supervised chemotherapy" from Madras, is now reintroduced 
with great emphasis as directly observed treatment (DOT) or directly observed 
treatment short course (DOTS), which is discussed later. 

In all early studies on supervised chemotherapy, it was soon realized that daily 
administration of chemotherapy under direct supervision is difficult in many 
places and, therefore, intermittent administration was sought (118). A controlled 
study done in Madras showed that a twice-weekly administration of supervised 
intermittant chemotherapy gives equal response as daily unsupervised treatment 
(118). Subsequently, several studies confirmed this conclusion (119,120). Elab
orate discussions on these regimens are given in Chapters 2 and 4-6. 

Twice-weekly intermittent chemotherapy could be successfully administered 
in an urban setting, as has been excellently demonstrated in a study in Bohemia 
(120). However, such an application is not feasible in rural areas as is common 
in many developing countries (121). For successful application of supervised 
chemotherapy, an intermittency of once a month or so is advantageous. On the 
other hand, stretching the intermittency with conventional drug administration, 
even to once a week, will not yield satisfactory results, as had been shown by 
another study done in Madras (122). In this context, depot preparations are de
veloped, as discussed later. 

DOT OR DOTS 

The recent upsurge in tuberculosis in the United States has reawakened super
vised chemotherapy as directly observed treatment (DOT) or, as is called by the 
World Health Organization (WHO), as directly observed treatment short course 
(DOTS). This strategy has been applied in all vigor to solve the severe problem 
of tuberculosis in New York (123), and the success achieved there has been taken 
as a role model for all other places (124). A drastic reduction in the incidence of 
tuberculosis and, more importantly, MDR disease in New York is considered by 
many as a miraculous testimony of the success of the DOT strategy. As is men
tioned by Iseman et al. (125), DOT strategy is not to be ignored. Besides many 
affluent countries, DOTS has given fruitful results in many developing countries 
like Tanzania, China, and Korea. The WHO and World Bank are putting their 
maximum efforts in this approach, which is bound to achieve the desired success. 

There may be a few difficulties in the widespread application of DOTS, how-
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ever. These will deal not with patients compliance but with the proper function 
("compliance") of the providers. There are administrative problems which have 
to be solved for a successful application of DOTS universally (126,127). Fur
thermore, lack of communication, conveyance, transport facilities etc. will also 
limit the direct DOT. For this reason also, an intermittent DOT, for example with 
an interval of once a month or so, will be optimal. If one can deliver the whole 
treatment of tuberculosis in one or few doses of drugs given as DOT, it will be 
ideal. Such thoughts can be approached with some success, thanks to the recent 
developments in biotechnology. This is the background for the new strategy of 
depot drug delivery for the treatment of tuberculosis. 

DEPOT DRUG DELIVERY 

Encouraged by the development in biotechnology and the introduction of bio
degradable and nondegradable polymers which are in wide use in some fields of 
medicine (e.g., family planning), attempts have been made to explore the use of 
biodegradable polymers as vehicles to contain and carry the antituberculosis drugs 
(128). Of all the available biodegradable polymers, the polylactic polyglycolic 
acid (PLGA) polymer was chosen; it has several advantages of maneuverability, 
least toxicity, and the only one approved by the Food and Drug Administration 
(FDA). By delivering the drug incorporated in the optimal concentrations of the 
PLGA polymer, significant levels of the drug could be demonstrated in serum, 
urine, and tissues for prolonged periods of time, with no abnormally high levels 
released immediately. Such findings were shown with isoniazid, rifampin, pyra
zinamide, and streptomycin in mice and rabbits (128-131). More importantly, the 
single administrations of these depot preparations of the drugs have shown che
motherapeutic efficacy by indirect and direct methods. In the indirect methods 
[also called in vitro-in vivo methods by Conalty (132)], the serum, filter-sterilized 
urine or tissue honogenates obtained at 4-6 weeks after the implant, could dem
onstrate high antimycobacterial activity in vitro and in macrophages, as assessed 
by the conventional or radiometric (BACTEC) methods (128,133). More signifi
cantly, direct chemotherapeutic activity could be demonstrated against experi
mental tuberculosis in the mouse model. Such efficacy was shown with isoniazid, 
rifampin, streptomycin, and combinations of those drugs, as well as isoniazid and 
pyriazinarnide (130,134,135). Whereas substantial evidence is available in the 
animal models in the use of this depot drug strategy, clinical trials which are being 
conducted will give the final proof. Although this strategy is being experimented 
with the existing drugs, it should be vital for any new drug to be discovered in 
the future, as noncompliance will be an anticipated universal complication of any 
drug, especially on prolonged use as in needed in the treatment of tuberculosis. 
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8. Conclnsions 

In this chapter, the various approaches to discovering new drugs for the treat
ment of tuberculosis are discussed. Besides the many new leads, some approaches 
have centered around the modifications of the existing drugs. However, it is re
alized that development of the drugs by the pharmaceutical industry is as not 
forthcoming as it used to be. As such, new strategies to harness the maximum 
benefit from the existing drugs are sought. In this endeavor, the involuntary and 
voluntary host factors in the control of chemotherapy are considered. In the in
voluntary factors, liposome incorporation has been considered very important. In 
the involuntary factors, one has to accept inevitable consequences and resort to 
DOT. The other promising approach is to give the drugs in the depot formulation, 
ensuring sustained drug delivery by one or few administrations. 
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Epidemiology of Leprosy 

S.K. Noordeen 

1. Introduction 

Leprosy, from an epidemiological point of view, is a disease with several in
teresting features. Among these, one should mention its high infectivity and low 
pathogenicity, its prolonged incubation period, and its high tendency for sponta
neous healing, in addition to its wide range of manifestations. 

The study of the epidemiological situation in leprosy is beset with several 
problems. To begin with, there is the compulsion to base the evaluation entirely 
on clinical disease without any measurement possible of subclinical infection. 
Further, clinical leprosy itself occurs in a wide spectrum of forms, from the early 
minimal, self-healing, single cutaneous patch with limited evidence of disease, to 
disseminated progressive multibacillary disease with billions of organisms allover 
the skin and elsewhere. The significance of the wide spectral occurrence ofleprosy 
in relation to the immune response of individuals to M. leprae infection and the 
potential of the various forms in the spectrum for transmission are not fully un
derstood. Until we have a more precise understanding of the exact mode or modes 
of transmission of M. leprae, some of these questions will remain unanswered. 
Finally, evaluation of leprosy control necessitates follow-up of large populations 
over long periods in view of the low incidence and chronicity of the disease. 

Thus far, the studies on the epidemiology of leprosy are based on the occurrence 
of clinical leprosy and on the assumption that the occurrence of the clinicallep
rosy is directly correlated with the occurrence of earlier infection. This assumption 
is not fully justified in the absence of studies on infection status of populations 
together with the absence of any evidence that only a specific and constant pro
portion of infected individuals get clinical disease. 

Another important constraint while dealing with clinical leprosy for epidemi-
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ological evaluation is the lack of uniform criteria for defining the disease, its 
various types and stages. This has made geographical comparisons and compar
isons over a period of time difficult. Further, the existing definitions for the end 
point of disease are rather vague and varied, particularly for epidemiological and 
operational purposes. 

2. Global Leprosy Situation 

Over the past 40 years or more, the leprosy situation in different countries as 
well as globally has been described through statistics on the number of existing 
registered leprosy patients at any particular point or period of time and, some
times, by the number of new cases detected during a particular period. In addition, 
limited statistical information has been available on the distribution of the types 
of leprosy and the occurrence of deformities. All this information has been based 
on leprosy registers maintained by the different programs which did not always 
reflect the complete picture. The definition of what constituted "leprosy" was 
often variable. Notwithstanding these problems, information on registered cases 
has been used systematically to evaluate the situation, and over the years, this 
information has apparently become more and more dependable. The definition of 
"a case of leprosy" by the Who Expert Committee in its Sixth Report (1987) (1) 
as "a person requiring chemotherapy" has improved the situation still further. All 
the same, it is clear that registered cases reflect only a proportion of the true 
number and that such proportions vary with individual countries. There are in
herent difficulties in making estimates, through sample surveys, of the number of 
cases in any country because of the relatively low frequency of the disease which 
requires extremely large samples, the very uneven geographic distribution char
acteristic of leprosy, and the difficulties of discriminating between early self
healing disease and established disease at one end of the evolution of the disease, 
and between active and inactive disease at the other end. In spite of these diffi
culties, estimates of the number of leprosy patients in the world, made in the past 
by WHO (2) and others, had remained constant at around 10-12 million for 
several years. Although this assumption of a static situation was, to some extent, 
justifiable during the period prior to the introduction of multidrug therapy (MDT), 
it can no longer be justified in the post-MDT period, as large numbers of patients 
are being cured and thus eliminated from the prevalence pool. As such, based on 
a detailed review of available information, WHO estimates (3) the number of 
leprosy patients in 1996 in the world at 1.3 million. This is also clear from the 
steep decrease in the number of registered cases since 1985 in spite of improved 
registration. Although the number of registered cases had increased from 2.8 
million in 1966 to 5.4 million in 1985, it has since dropped to 0.9 million in 
1996. This reduction of 82% since 1985 is, however, not uniformly distributed in 
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Table 14.1. Registered cases over the years by WHO region 

Number of registered cases (OOOs) Change between 
WHO region 1966 1976 1985 1996 1985 and 1996 

Africa 1,686 1,398 988 93 -90.6% 
America l78 241 306 163 -46.7% 
Eastern Mediterranean 41 63 75 18 -76.0% 
Europe 20 20 l7 1 -94.1% 
Southeast Asia 791 1,748 3,737 635 -83.0% 
Western Pacific 117 128 246 31 -87.4% 

Total 2,832 3,600 5,368 941 -82.5% 

Leprosy in the world - 1996 

Figure 14.1. Current distributing of registered cases of leprosy. 

Table 14.2. Estimated cases (in thousands) by continent 1963-1994 

Change between 
1963 1996 1963 and 1996 

Africa 3,868 200 -94.8% 
America 358 170 -52.5% 
Asia and Oceania 6,508 890 -86.3% 
Europe 52 -98.1% 

World Total 10,786 1261 -88.3% 
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the different WHO regions as shown in Table 14.1. The current distribution of 
registered cases by countries is shown in Fig. 14.1. The downward trend of leprosy 
is also seen in the number of estimated cases in the world as published by WHO. 
Table 14.2 gives this information by continent. 

It is clear that although there has been a substantial decrease in registered cases 
in the WHO regions of Southeast Asia and the Western Pacific following the 
introduction of MDT, in the African region the decrease had started in the mid
seventies even before the introduction of MDT. There is no clear explanation for 
this steady decline in Africa, although, since 1985, a proportion of the decrease 
is attributable to MDT. Among the other contributing factors to this decline in 
Africa, mention should be made of (a) the late effects of strong dapsone-based 
leprosy campaigns of the fifties and sixties in several countries of Africa, (b) the 
effect of widely applied Bacille-Calmette-Guerin (BCG) vaccination acting as a 
prophylactic against leprosy, and (c) secular trends not contributed by any specific 
intervention. The leprosy situation on the American continent has shown a de
terioration due largely to ineffective control programs in some countries. The 
steady increase in registered cases in the eastern Mediterranean region is probably 
due more to improved case detection than to a real increase in the disease. As far 
as Europe is concerned, leprosy, which at present is confined to a few countries 
and that too in extremely small numbers, is well on its way to extinction. 

2.1. Age Distribution 

Leprosy is known to occur at all ages ranging from early infancy to very old 
age. The youngest case seen by the author was in an infant of 2Y2 months, where 
the diagnosis of tuberculoid leprosy was confirmed by histopathology. The oc
currence of leprosy, presumably for the first time, is not uncommon, even after 
the age of 70. 

Figure 14.2 shows the age-specific incidence rates in a part of South India, 
where leprosy is highly endemic (4). The pattern is very similar to that seen in 
many high endemic areas, where there is a clear peak at age 10--14, followed by 
a depression which, in tum, is followed by a rise and then a plateau covering ages 
30-60. The bimodal curve in high endemic areas suggests the possibility of two 
distinct experiences, one among children and the other among adults. In the ab
sence of specific immunological tools to measure subclinical infection, one can 
only speculate on the assumption that the disease occurrence parallels the ac
quiring of infection. Even so, it is difficult to accept that a large number of persons 
in high endemic areas acquire infection and disease for the first time at a late age. 
There are two possible explanations for this. One is that the incubation or latent 
period is very long in a proportion of infected individuals, resulting in manifes
tation of disease late in their lives, possibly somewhat similar to endogenous 
reactivation in tuberculosis. The other explanation is that leprosy in adult life in 
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Figure 14.2. Age-specific incidence of leprosy in South India. 
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endemic areas is often the result of reinfection or superinfection among individ
uals who had previously been infected and whose immune response to leprosy 
had become inadequate as they grew older. In either case, in the absence of a 
specific method for identifying subclinical infection and strain variations of M. 
leprae, the hypotheses will remain untested. 

2.2. Sex Distribution 

Although leprosy affects both sexes, males are affected more frequently than 
females in most parts of the world, often in the ratio of 2 : 1. This preponderance 
of males is observed in as diverse geographic situations as India, the Philippines, 
Hawaii, Venezuela, and Cameroon. Doull et al. (5), from their studies in the 
Philippines, have also pointed out that the difference was a true difference due to 
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higher incidence among males, not due to the differing duration of the disease 
for the two sexes. 

2.3. Clustering of Leprosy 

The more frequent occurrence of leprosy in certain clusters, particularly family 
clusters, is well recognized. However, the most debated point is whether this is 
due to the clusters sharing the same environment or the same genetic predispo
sition, or a combination of both. The occurrence of leprosy in clusters has been 
particularly observed in low endemic areas. 

2.4. Time Trends in Leprosy 

Because leprosy as a disease has a chronic course, it is often assumed that the 
epidemiological situation in any area remains static. In fact, the epidemiological 
situation is capable of a considerable amount of dynamic changes, and the factors 
that influence these changes are many. Both long-term and short-term trends have 
been studied with regard to the occurrence of leprosy. 

In northern Europe, continental United States, Venezuela, Japan, and Hawaii, 
there have been well-documented studies on the decline in incidence of leprosy, 
leading gradually to the virtual disappearance of the disease in the native-born 
population. In northern Europe, the peak was reached in medieval times, with the 
decline occurring last in Norway during the nineteenth century (6). Careful anal
yses of declining incidence rates in Norway, Hawaii, and Japan reveal several 
features which are similar to those of tuberculosis under similar circumstances, 
including (a) a gradual increase in the mean age at onset of disease over time, (b) 
a decrease in age-specific incidence rates within successive cohorts associated 
with a fall in the mean age at onset, and (c) a gradually increasing proportion of 
the lepromatous type over a period of time among incidence cases. 

Among short-term trends, the well-documented leprosy epidemic at Nauru Is
land in the Pacific is unique in many ways (7). It showed that, although leprosy 
is generally an endemic disease, occasionally it is capable of reaching epidemic 
proportions when conditions are favorable. The disease was probably introduced 
into Nauru for the first time in 1912 by a patient from the nearby Gilbert Island. 
By 1920, there were four known cases, and by 1924, at least 24% of the population 
of 1200 were known to have been affected. The sudden increase followed an 
epidemic of influenza. The disease started declining after 1927, and by 1952, only 
4% of the population were affected and this had declined to less than 1 % by 1981. 
Less dramatic outbreaks have been reported from eastern Nigeria, New Guinea, 
and the Pacific Islands of Phonpe and Truk. 

The short-term outbreaks reported so far have certain common features. They 
include occurrence of disease in an unselected manner throughout the community, 
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irrespective of age, sex, and household contact status, and the type of leprosy, 
which was mostly tuberculoid with a high tendency for spontaneous healing. 

2.5. Occurrence of Deformities 

The occurrence of deformities in leprosy is one of the important concerns about 
the disease. Up to one-third of leprosy patients develop deformities of varying 
degrees. Deformity in leprosy is not only permanent, but in many instances, it is 
also progressive, even after the disease has become inactive. This is largely due 
to the component of sensory loss that occurs with the disease. The proportion of 
deformity is higher in lepromatous leprosy than in nonlepromatous leprosy re
sulting from the progressive nature of the former type. In addition to physical 
deformities, and mainly as a result of them, leprosy patients in many societies 
suffer from an additional burden of social disability due to the stigma attached to 
the disease. 

3. The Prevalence Pool 

The prevalence pool of leprosy in a population in general is in a constant flux 
resulting from inflow and outflow of patients. The inflow is due to the occurrence 
of new cases, relapse of cured cases, and immigration of cases. The outflow is 
mainly through cure, death, and emigration of cases. Of the various factors that 
influence the prevalence pool, the importance of spontaneous inactivation of dis
ease and mortality are less well recognized. 

3.1. Inactivation of the Disease 

Where treatment facilities exist, inactivation or cure due to specific treatment 
is an important mode of elimination of cases from the prevalence pool. Even in 
the absence of specific treatment, a majority of patients, particularly of the tu
berculoid and indeterminate types, tend to get cured spontaneously. A study in 
Culion Island in the Philippines showed that, among children, self-healing oc
curred in 77.7% of cases (8). A later study in South India involving long-term 
follow-up of a high endemic population (9) showed that, among newly detected 
tuberculoid cases of all ages and both sexes, the rates of inactivation was 10.9% 
per year, the bulk of inactivation in the study being spontaneous (Table 14.3). 

3.2. Mortality in Leprosy 

Mortality in leprosy is often considered unimportant because the disease is 
rarely an immediate cause of death. However, leprosy patients are exposed to 
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Table 14.3. Inactivation of tuberculoid leprosy by age 

Age group No. of cases Inactivation rate 
in years Total cases inactive (% per year) 

0-9 47 24 14.6 
10-19 72 24 9.5 
20-29 41 18 12.5 
30-39 45 14 8.9 
40-49 30 11 10.5 
50 and over 35 12 9.8 

TOTAL 270 103 10.9 

increased mortality risks due to the disease's indirect effects. In a study in Cebu, 
the Philippines (10), it had been found that the mortality rate for lepromatous 
patients was four times more than that of the general population and that the 
situation for nonlepromatous patients was very similar to that of the general pop
ulation. A comparative study of lepromatous patients, nonlepromatous patients, 
and general population from the same rural area in South India (11) showed that 
the standardized death rate for lepromatous patients was 3Y2 times that of the 
general population, the nonlepromatous themselves having a mortality risk which 
was twice that of the general population. In that population, leprosy was found 
to contribute to about 1 % of all deaths. 

4. Transmission Factors 

4.1. General Considerations 

There are several constraints in studying the transmission of leprosy. Unlike 
many other communicable diseases, in leprosy there is considerable difficulty in 
identifying the three reference points that are involved in the transmission of the 
disease, these being the onset points of exposure, infection, and disease. The 
problem with the onset point of exposure relates mainly to the clear identification 
of the source of infection, which is not always easy. The problem with the onset 
point of the disease is related mainly to the insidious nature of the onset of the 
disease in most instances. The identification of the point of onset of infection is 
the most important and most difficult problem in the study of transmission. Al
though the future in this area appears to be very promising with the availability 
of specific and sensitive tests, at present there is no test dependable enough to 
measure subclinical infection with sufficient sensitivity and specificity for use in 
epidemiological studies. Until such a test becomes available, the epidemiological 
picture of leprosy will remain incomplete. 
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4.2. Reservoir of Infection 

The only known reservoir of infection in leprosy is the human being. However, 
a naturally occurring disease with organisms indistinguishable from M. Zeprae 
has also been detected among wild armadillos in parts of the southern United 
States, although the epidemiological significance of the animal is generally con
sidered to be negligible. Among human beings, it is the lepromatous cases that 
carry the largest load of organisms, with the maximum load reaching over 7 billion 
organisms per gram of tissue. Patients of nonlepromatous leprosy carry a very 
much smaller bacillary load, probably not exceeding 1 million organisms in total. 
In addition to clinically identified cases, the occurrence of acid-fast bacilli (AFB) 
in the skin (12,13) and nasal mucosa of healthy subjects (14) have also been 
reported. The evidence that the AFB found on such "carriers" is M. Zeprae is not 
conclusive, although there is some evidence that persons who carry such AFB 
have a higher chance of developing the disease, as was found during their follow
up (15). 

4.3. Portal of Exit of M. leprae 

The two portals of exit of M. Zeprae often described are the skin and the nasal 
mucosa. However, the relative importance of these two portals is not clear. It is 
true that the lepromatous cases show large numbers of organisms deep down the 
dermis. However, whether they reach the skin surface in sufficient numbers is 
doubtful. There is no doubt that when lepromatous patients have ulcers from the 
breaking down of nodules or when they have other breaks in their skin, large 
numbers of organisms could be discharged. It is also possible that, apart from 
breaks in the skin, small numbers of organisms escape to the surface of the skin 
along with sweat and sebaceous secretions. Regarding the nasal mucosa, its im
portance had been recognized as early as 1898 by Schaffar (16), particularly that 
of the ulcerated mucosa. The quantity of bacilli from nasal mucosal lesions in 
lepromatous leprosy has been demonstrated by Shepard (17) to be as large, with 
counts ranging from 104 to 107 • 

4.4. Portal of Entry 

The portal of entry of M. Zeprae into the human body is not definitely known. 
However, the two portals of entry seriously considered are the skin and the upper 
respiratory tract. 

With regard to the respiratory route of entry of M. Zeprae, the evidence in its 
favor is in the increase, in spite of the long held belief that the skin is the exclusive 
portal of entry. Rees and McDougall (18) have succeeded in experimental trans
mission of leprosy through aerosols containing M. Zeprae among immune-sup
pressed mice, suggesting a possible similarity among humans. 
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4.5. Subclinical Infection in Leprosy 

Although reliable tools for a routine study of subclinical infection in leprosy 
have yet to be made available, limited studies based on measuring immune re
sponse in healthy subjects have indicated that a much larger proportion of persons 
exposed to leprosy than those seen with the clinical expression of the disease 
acquire infection. 

Godal and Negassi in 1973 (19) were the first to measure cell-mediated im
munity (CMI) response through the lymphocyte transformation test (LTT) among 
different categories of persons exposed to leprosy. They found that the test was 
showing a gradation of response among Europeans visiting Ethiopia according to 
the period of their stay and their proximity to leprosy patients. Contacts ofleprosy 
patients also showed a high rate of response to LTT. 

With regard to the humoral antibody response, Abe et al. (20) had applied his 
indirect florescence (FLA-ABS) test among different categories of the population 
of Okinawa. The test was found not only to be positive in 100% of polar lepro
matous and borderline lepromatous patients, 88% of borderline tuberculoid pa
tients, and 77% of polar tuberculoid patients, but also positive to the extent of 
92% among household contacts. None of the healthy noncontacts or patients with 
pulmonary tuberculosis were positive to the test. However, there are problems 
with repeatability of the test. More recently, several tests which measure M. le
prae-specific antibodies and antigens have been developed (21). Several tests 
based on M. leprae-specific antigens or epitopes are under development, including 
those defined by the recently produced M. leprae monoclonal antibodies and 
synthetic peptides derived from DNA sequences of the corresponding genes. 

Phenolic glycolipid-I (PGL-l) was the first antigen specific to M. leprae to be 
identified and its antigenic moiety chemically synthesized (22). In limited studies, 
high antibody titres have also been reported in some household contacts of mul
tibacillary (MB) patients as well as in other inhabitants of endemic areas, con
firming that infection is more frequent than overt disease. The predictive value of 
PGL-l antibody tests for the detection of individuals at high risk of developing 
the disease is not yet clear. 

With the advent of M. leprae-specific monoclonal antibodies and improved T
cell cloning technology, the mapping of protein epitopes of cloned M. leprae gene 
products has generated a battery of tests based on chemically defined antigens. 
Further definition of the sensitivity and specificity of these tests is required. 

Although we have more than enough evidence that the number of people who 
are subclinically infected is far greater than the number who contract the disease, 
our understanding of the infection of M. leprae in endemic popUlations in space 
and time has not improved very much, largely because (a) we still do not have 
an ideal immunological test which meets all requirements of sensitivity, specific
ity, and applicability and (b) the number of well-studied populations for leprosy 
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or "population laboratories" for leprosy is very limited. When such an ideal test 
or tests become available, widespread application in field studies is bound to 
greatly expand the understanding of leprosy. With regard to the requirements for 
this ideal test, both sensitivity and specificity are, no doubt, important. However, 
because of the low frequency of the disease in most populations, for this purpose, 
specificity will be relatively more critical than sensitivity. For instance, even if 
the specificity of 98% of the test is what in many other situations would be 
considered as satisfactory, it may not provide meaningful information if the pos
itivity rate in an endemic population is just around 4%, because, in this instance, 
about half of the positive results would represent false positives. This problem is 
compounded further when the test has, in addition, a low sensitivity. Thus, it is 
clear that large-scale field applications of the tests currently developed will not 
be possible until the tests have been evaluated and found quite satisfactory from 
the points of view of both specificity and sensitivity in addition to applicability. 

In addition to the above, skin tests with various preparations of lepromin, and 
more recently with soluble antigens from M. leprae, have also provided useful 
information on the occurrence of subclinical infection, although the specificity of 
these tests, particularly of the integral lepromin, has been rather questionable. 
Zuniga et al. (23), using the soluble skin test antigen prepared by a method de
veloped by Convit, have found that the skin test positivity in a part of Venezuela 
was 19% among nonhousehold contacts and 48% among household contacts. 

4.6. Method of Transmission of Leprosy 

The exact mechanism of transmission of leprosy is not known. At least, until 
recently, the most widely held belief was that the disease was transmitted by 
contact between cases of leprosy and healthy persons. More recently, the possi
bility of transmission by the respiratory route is gaining ground. 

The term "contact" in leprosy is generally not clearly defined. All that we know 
at present is that individuals who are in close association or proximity with leprosy 
patients have a greater chance of acquiring the disease. However, it is the defi
nition of contact by early workers with qualifications such as "skin to skin," 
"intimate," "repeated," and so forth that has made it appear as ifthe disease could 
be acquired only under such conditions and that the transmission involved some 
kind of "inunction" or "rubbing in" of the organisms from the skin of affected 
persons into the skin of healthy SUbjects. 

There is considerable evidence that household contacts of leprosy are at high 
risk of infection and of disease. A large population-based study in the Philippines 
was the first to provide age-standardized attack rates for clinical leprosy per 1000 
persons-years of observation according to type of primary case. In noncontacts 
and contacts of "neural" (nonlepromatous) and "cutaneous" (lepromatous) cases 
the attack rates were 0.83, 1.6, and 6.23 per 1000 person-years of observation, 
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Table 14.4. Incidence by contact state 

New cases in Incidence per 
Contact state Number 5 years 1000 per year Relative risk 

Noncontacts 186,047 1,723 1.85 
Contacts of nonlepromatous 
cases 11,173 379 6.78 3.7 
Contacts of lepromatous cases 1,025 90 17.56 9.5 
Contacts of both types 12,198 469 7.69 4.2 

respectively (5). Later studies have confirmed this trend as was seen in South 
India (Table 14.4) (24). 

An interesting observation with regard to risk for contacts is the exceptional 
situation in Europe where immigrant cases and Europeans, who had returned 
home after acquiring leprosy in endemic countries, have failed to produce sec
ondary cases among their contacts. There is, as yet, no plausible explanation for 
this. The other interesting observation in many studies is the observance of a 
relatively low rate of conjugal transmission. 

In endemic areas, the observance of high risk for contacts should not lead to 
underestimation of the importance of the noncontact population in terms of their 
contribution to the total yield of new cases. Even with a relatively low risk, the 
noncontact population contributes to a larger share of new cases solely because 
of its large size in comparison with the contact population. Even in highly endemic 
areas, the contact population contributes to less than 15% of the total population, 
and even with the increased risk, its contribution to the total new cases is less 
than 25%, the rest of the 75% or so of new cases coming from the noncontact 
population which has a relatively low risk. 

With regard to contacts of nonlepromatous cases, although they have a low risk 
relative to contacts of lepromatous cases, their risk is still higher than that for 
noncontacts. Even with a relatively low infectivity, nonlepromatous cases con
tribute to as many or more new cases as lepromatous cases. This is because of 
the much larger proportion of nonlepromatous cases which, therefore, contribute 
to a much larger share of the total contact population. Thus, the collective potential 
of nonlepromatous cases as sources of infection should not be underestimated. 

5. Factors Determining Clinical Expression After Infection 

There is sufficient evidence in leprosy to show that all people who get infected 
do not develop the disease. The factors that determine clinical expression after 
infection appear to be as important as the factors that determine infection after 
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exposure. Of the many possible factors that determine clinical expression of dis
ease, the more important are genetic predisposition, route of infection, and, pos
sibly, reinfection. 

5.1. Genetic Predisposition 

Although the relative contribution of genetic host factors versus environmental 
factors are still far from clear, both twin and family studies indicate an important 
contribution of host genetics to the type of disease developing after infection. 
Whether genetic factors also contribute to differential susceptibility to infection 
with M. leprae or to the development of clinical leprosy irrespective of the type 
is less clear. There is now ample evidence that HLA-linked genes influence the 
development of tuberculoid leprosy (25) and evidence has also been presented 
for HLA-linked control oflepromatous leprosy (26). These HLA-linked genes do 
not seem to control susceptibility to clinical leprosy per se, but rather to determine 
the type of disease to develop. 

5.2. Route of Infection 

Studies by Shepard et al. (27) in the mouse footpad model suggest that the 
route of entry of the organism may, to some extent, determine the occurrence of 
leprosy. This is based on the observation that whereas intradermal administration 
of killed M. leprae sensitizes the animal, intravenous administration of killed M. 
leprae tends to tolerize the animal, as studied through skin test reactivity. This 
also raises the possibility of tuberculoid and lepromatous leprosy being the result 
of different routes of entry of the organisms. 

5.3. Reinfection 

The occurrence of leprosy, presumably for the first time, in older individuals 
in endemic areas has raised the possibility of reinfection in these individuals, as 
it is difficult to believe that they remained uninfected for such a long period in 
an endemic area. However, this occurrence in the older age can also be explained 
by the possibility that the disease in these persons represents reactivation of old, 
undetected primary disease following waning of previous acquired immunity. As 
there is no evidence of a distinct primary disease occurring in leprosy as in tu
berculosis, the hypothesis of reinfection gains some importance. Further, the oc
currence of relapse in lepromatous leprosy also suggests, at least in a proportion 
of relapsed individuals. the possibility of reinfection. There is nothing against 
these immune-deficient inactive patients living in endemic areas from succumbing 
to fresh infection. In the absence of a method for identification of strain variations 
of M. leprae, the hypothesis on reinfection will remain untested. 
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Table 14.5. Major field trials with BeG in leprosy 

Control BCG 

Country and Incidence Incidence 
no. of study Person-years per 1000 Person-years per 1000 Protection 
projects of follow-up New cases per year of follow-up New cases per year (%) 

Bunna (28,220) 151,060 831 5.5 151,415 663 4.4 20.4 
New Guinea (5,544) 27,100 172 6.3 29,300 100 3.4 46.0 
Uganda (10,990) 42,800 192 4.5 43,300 37 0.9 80.9 
India (181,400) 240,000 2,301 9.6 488,00 3,602 7.4 23.0 

5.4. Prior Infection with Other Mycobacteria 

There is some evidence that prior infection with the atypical environmental 
mycobacteria and, possibly, M. tuberculosis influence the occurrence of leprosy. 
BeG vaccination itself is known to provide a degree of protection against leprosy 
as shown in Table 14.5 (28-31). This is possibly due to the antigenic overlap 
between M. leprae and other mycobacteria. The varying degrees of protection 
given by BeG against leprosy in different geographic areas and the limited pro
tection seen among natural tuberculin-positive reactors in the BeG study in 
Uganda support this possibility. Rook et al. (32) have gone further and have 
suggested that the protective efficacy of BeG in different areas may be enhanced 
or diminished depending on the local environmental mycobacteria, some acting 
synergistically with BeG and some antagonistically. 

5.5. HIV Infection and Leprosy 

It is well known that HIV infection has created a serious situation with regard 
to the occurrence of tuberculosis, particularly in African countries. Several studies 
have shown that an increase in pulmonary tuberculosis in Africa is attributable to 
HIV infection. This is also true for atypical mycobacteriosis. Therefore, there was 
considerable apprehension that HIV infection in a similar way might have dele
terious effects on the leprosy situation in endemic countries. Early reports based 
on a not so well-controlled study (33) suggested that the prevalence of HIV in
fection was significantly higher among leprosy patients compared with blood 
donors or surgical patients. However, later studies as reviewed by Lucas (34) did 
not confirm this. In well-organized case control studies involving at least 100 
people per group, no significant differences in HIV prevalence were found be
tween leprosy patients and control nonleprosy subjects. The conclusion from stud
ies carried out so far is that there is no convincing evidence that there is any causal 
association between HIV and leprosy. 



Epidemiology of Leprosy 393 

6. Conclusions 

A critical review of the epidemiology of the disease reveals several features 
unique to leprosy. These include study of the disease by traditional leprologists 
often isolated from the mainstream of developments elsewhere, the relative scar
city of hard information in published literature, the extensive use of ill-defined 
and nonstandardized tools such as the lepromin test for epidemiological reason
ing, and the widespread confusion in the application of terminology relating to 
disease states. Nonetheless, the fact remains that leprosy is one of the most chal
lenging of diseases both from the points of view of its understanding and control. 

The progress in basic research in leprosy in recent years has opened or promised 
to open a wide vista of opportunities for the epidemiologist. With the imminent 
availability of dependable and easily applicable immunological tools to measure 
humoral as well as eMI response, the time has come now to formulate appropriate 
hypotheses to be tested under a variety of conditions utilizing standardized meth
odology. The choice of hypotheses to be tested, at least to begin with, should 
focus on those directly relevant to disease control. 

Although measurement of infection state through immunological tools, as 
against measurement of disease state, could be very valuable in identifying risk 
factors for infection, it should not be forgotten that in leprosy disease determinants 
after infection are probably equally or even more important than determinants for 
infection. Again, there could be a degree of interaction between these two sets of 
determinants. 

The relationship between infection and disease in leprosy does not appear to 
be a constant one, as seen from the finding that age-specific incidence of infection 
does not appear to parallel age-specific incidence of disease. For instance, the 
occurrence of new disease among significant numbers of older adults in high 
endemic areas cannot be explained simply as resulting from recent infection, as 
is the case among younger children in the same area. It is difficult to accept that 
the older individuals who develop the disease had remained uninfected for long 
periods in such high endemic areas where M. Zeprae infection is so ubiquitous 
and opportunities for exposure so frequent. Issues such as these need to be studied 
with appropriate tools to explain better the natural history of the disease and to 
explore possibilities such as reinfection. 

In the past, the study of disease determinants appears to have focused more on 
genetic predisposition than on other factors. In this context, the experience of the 
host with regard to exposure to other mycobacteria prior to infection with M. 
Zeprae and the subsequent experience of the host with regard to repeated doses 
of M. Zeprae after primary infection are questions which need to be studied in 
some depth. Studies on these need to be carried out not only in high endemic 
areas, as has been the common practice hitherto, but also in areas where leprosy 
has a low endemicity and in areas, as in parts of Europe, where autochthonous 
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leprosy fails to occur in spite of the presence of active sources of infection in the 
immigrant population. 

A very interesting feature of leprosy is the variety and gradation of response 
of the host to M. Zeprae. This response extends from subclinical infection as 
demonstrated by in vitro lymphocyte tests, skin test conversion, serum antibodies, 
and occurrence of AFB on healthy skin at the one end, to lepromatous leprosy at 
the other end. In between, one observes the early monomacular self-healing le
sions as well as well-characterized disease states such as tuberculoid and border
line leprosy. However, the factors that contribute to this wide gradation of re
sponse are not clear, whether they are mainly genetic or environmental or a 
combination of both. Although genetic predisposition has been demonstrated both 
for the tuberculoid and lepromatous leprosy through HLA markers, its importance 
vis-a-vis the environmental influences is still to be determined. In this context, 
the occurrence of divergent types of leprosy among monozygotic twins, at least 
among some, is a case in point. 

Regarding the transmission process itself, although direct man-to-man trans
mission is the well-accepted view in leprosy, whether through respiratory or skin 
route, the possibility of extra human reservoirs existing in close proximity to man 
cannot be excluded. In any case, there appears to have been very few attempts to 
search for these. The contribution of an extra human reservoir can possibly explain 
some of the unexplained features of leprosy such as the very uneven geographic 
distribution of the disease, the uneven risk of leprosy in different geographic 
situations even for household contacts, the rapid rise and fall of leprosy in certain 
situations, and the nonoccurrence of secondary cases among contacts of immi
grant leprosy cases in parts of Europe. 

A major problem facing leprosy research is how to evaluate the efficacy of tools 
for intervention such as vaccines in a reasonable period of time. The present 
approach of measurement of outcome through disease occurrence is not only an 
indirect measure of transmission of infection but also one that requires follow-up 
of populations for very long periods of time. Therefore, there is an urgent need 
to develop tools that could serve as dependable intermediate markers in the mea
surement of outcome in such intervention trials. In addition, there is a need for 
the development of appropriate epidemiometric models to predict and compare 
the different methods of intervention, as had been demonstrated by Lechat et al. 
(35) earlier. 

It is clear that even as we are making headway in the control of leprosy, we do 
not have a full understanding of the epidemiology of leprosy for want of depend
able tools and the need for very long-term follow-up of populations. However, 
one can reasonably conclude that M. leprae is a relatively less efficient pathogen, 
trying to survive in the human host through different adaptations and, from the 
evolutionary point of view, possibly on the way toward extinction. If it manages 
to thrive in certain human environments, it is largely because of opportunities 
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provided for it through very poor socioeconomic conditions. In spite of this, it is 
possible to get rid of M. Zeprae from human sources through MDT and hope to 
achieve elimination of leprosy as a public health problem, as reflected in a land
mark resolution of the World Health Assembly in May 1991 committing WHO 
to the goal of elimination of leprosy as a public health problem by the year 2000, 
defining elimination as attaining a level of prevalence below 1 case per 10,000 
popUlation. 
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Treatment of Leprosy 

Baohong Ji 

1. Introdnction 

Leprosy existed for thousands of years in the preantibiotic era and was treated 
in many different ways. Among the various treatments, chaulmoogra oil was most 
widely used. The clinical response, especially among lepromatous cases, to the 
treatment of chaulmoogra oil was inconsistent and relapse was common, indi
cating that its therapeutic effect was modest, and this has been confirmed by the 
modest activity of chaulmoogric acid against M. leprae in the mouse footpad 
system (1). 

Chemotherapy for leprosy began in the 1940s with the introduction of sulfone 
(2), although sulfonamides were tried earlier but the overall results were rather 
poor (3). Instead of the parent compound dapsone, as it was thought to be too 
toxic, Promin (glucosulfone sodium) was the first sulfone tried in leprosy and 
very promising results were obtained, but it had to be given intravenously. Further 
work led to the development of Diasone (sulfoxone sodium), Promacetin (ace
to sulfone ), and a number of other sulfones which could safely be given orally. In 
the late 1940s, a reevaluation of dapsone (4,5) led to the gradual realization that 
lower, relatively nontoxic dosages of dapsone were equally effective and became 
almost the only sulfone for the treatment of leprosy. Because dapsone is inex
pensive, effective, virtually without toxicity in the dosages used, and can be given 
by mouth, dapsone monotherapy was the standard treatment for leprosy world
wide until the early 1980s and had made a significant contribution to the leprosy 
control activities in certain areas. 

Between 1960s and early 1970s, additional antimicrobial agents such as clo
fazimine (6), rifampicin (7,8) and thioamide (ethionamide/prothionamide) (9) 
were introduced for the treatment of leprosy. At the beginning of 1960s, the mouse 
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footpad technique was developed by Shepard (10), and represented the first major 
breakthrough to reproduce the infection of M. leprae in animal model. The mouse 
footpad technique plays a key role in identifying the anti-M. leprae activities of 
various antimicrobial agents both in mouse and in human and provides the pos
sibility for testing the drug susceptibility of M. leprae strains. 

2. Dapsone-Resistant Leprosy 

During the first 15-20 years of the sulfone era, dapsone-resistant M. leprae 
virtually did not exist, despite the millions of leprosy patients treated by long
term, sometimes lifelong, dapsone monotherapy. However, by the mid 1970s, it 
was clear that attempts to control leprosy by lifelong dapsone monotherapy was 
failing because of the rapid increase of dapsone resistance (11). Multiple surveys 
conducted in a number of leprosy-endemic areas clearly demonstrated that both 
secondary and primary dapsone-resistant leprosy have been found wherever they 
have been sought (12); the prevalence of secondary dapsone resistance, which 
was close to 40% in certain countries, increased with time if dapsone monotherapy 
continued, even if patients were treated regularly and treatments were well su
pervised (12); the prevalence of primary dapsone-resistant leprosy, which was 
virtually nonexistent before 1977 (13), had become alarmingly high, about one
third of newly diagnosed multibacillary patients were resistant (12). It must be 
assumed that primary dapsone resistance, unlike secondary resistance, occurs in 
at least as high a proportion of paucibacillary leprosy as multibacillary leprosy, 
although one cannot demonstrate directly the resistance in paucibacillary patients 
through inoculation of mice, as they have too few bacilli in their skin biopsy 
specimens. 

From what was known about the treatment of tuberculosis, it gradually became 
understood that drug-resistant M. leprae occurs spontaneously, as the result of a 
mutational event in wild strains when the populations reach a certain level. It has 
been well documented that the mutants of M. leprae resistant to a particular 
antimicrobial remain susceptible to other antimicrobials. Because M. Zeprae can
not be cultivated, the frequencies of mutants resistant to various drugs have not 
been measured directly; but by analogy with the experience of M. tuberculosis, 
it is estimated that in a wild strain of M. Zeprae, the frequency of resistant mutants 
is 10-7 to rifampicin and 10-6 to dapsone, clofazimine, or thioamide (ethionamide 
or prothionamide). In an untreated lepromatous patients, the maximal number of 
M. leprae could be 1011 or even 1012, and, in general, 1%-10% of the bacterial 
population, or 109-1011 , are viable. Therefore, among such cases, there are two 
major subpopulations of M. leprae: a drug-susceptible subpopulation, close to 
109-1011 , and a drug-resistant subpopulation, which includes about 103-1Q4 mu
tants resistant to rifampicin and 1 Q4-1 05 to either dapsone, clofazimine, or thioam-
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ide. During the course of dapsone monotherapy, the drug-susceptible 
subpopulation and mutants resistant to other antimicrobials were gradually elim
inated, but the dapsone-resistant mutants survived and multiplied selectively, 
eventually dominating the bacterial population and relapsing; thus, the patient 
became a secondary dapsone-resistant case. If an individual was infected by dap
sone-resistant organisms and developed the disease, he/she became a primary 
dapsone-resistant case. Likewise, the selection of rifampicin-resistant mutants 
during monotherapy of rifampicin, or adding rifampicin to dapsone in patients 
who have already developed resistance to dapsone, has been well documented 
(14). 

Because of the serious situation of dapsone resistance, a WHO study group 
believed that urgent actions must be taken, and the only way to prevent the emer
gence of dapsone resistance and the spreading of dapsone-resistant leprosy was 
to use multidrug therapy (MDT) (15). The objectives of the MDT are (i) to ensure 
the elimination of the drug-resistant mutants, especially rifampicin-resistant mu
tants and (ii) to substantially reduce the number of drug-susceptible viable or
ganisms to a level which will not cause an unacceptable relapse rate after stopping 
treatment. From the experience of dapsone monotherapy, it was recognized that 
lifelong treatment is impractical in the field, and MDT should be administered 
for only a limited period; therefore, only bactericidal drugs should be considered 
as candidates for the MDT regimens. 

3. Established Chemotherapeutic Agents for Leprosy 

By the time the WHO study group met in 1981, only four established antile
prosy drugs with different bactericidal mechanisms [i.e., dapsone, c1ofazimine, 
rifampicin, and thioamide (ethionamide/prothionamide)] were available. 

3.1. Dapsone 

Dapsone (DDS) is available as 25-, 50-, and 100-mg tablets. The routine dosage 
is 100 mg daily for adults and 1-2 mg/kg body weight daily for children. In terms 
of the minimal inhibitory concentration (MIC), M. leprae is extremely susceptible 
to dapsone the MIC being only 3 ng/m!. Dapsone acts as a synthetase inhibitor 
in the folate synthesizing enzyme system of M. leprae, and 100 mg daily displays 
weak bactericidal activity against M. leprae in human leprosy (17). It is rapidly 
and nearly completely absorbed when taken orally (18) and is eliminated rela
tively slowly, with a half-life averaging a little over 24 h. After ingestion of a 
single dose of 100 mg of dapsone, the peak blood level is about 1-2,ug/ml, some 
500-fold in excess of its MIC against M. leprae, and measurable amounts can be 
found in the blood even 10 days later. It is well distributed throughout the body 
and ultimately is excreted for the most part in the urine. 
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A variety of side effects have been attributed to dapsone, including hemolytic 
anemia and a reduced life span of red blood cells, skin rashes, gastrointestinal 
complaints, agranulocytosis, hepatitis, psychosis, and peripheral neuropathies. 
Most of these effects are very rare. The so-called DDS syndrome, which is also 
very rare, usually develops within the first 6 weeks after the start of therapy and 
consists of exfoliative dermatitis and/or other skin rashes, generalized lymphad
enopathy, hepatosplenomegaly, fever, and hepatitis. When this syndrome does 
occur, dapsone should be discontinued immediately and corticosteroids should be 
given. The most common side effect with dapsone is anemia. However, this is 
usually very mild, unless the patient has a complete glucose-6-phosphate dehy
drogenase (G6PD) deficiency. The safety of dapsone in pregnancy has been fairly 
well established, and no evidence of teratogenicity has been observed. 

As mentioned earlier, dapsone resistance is a result of selective multiplication 
of resistant mutants during dapsone monotherapy, and it can be classified into 
three levels of resistance: low degree (resistance equivalent to a dosage up to I 
mg daily), intermediate degree (resistance equivalent to a dosage up to 10 mg 
daily), and high degree (resistance equivalent to a dosage up to 100 mg daily). 
Until now, the vast majority of secondary dapsone-resistant leprosy cases have 
high-degree resistance, whereas most of the primary dapsone-resistant leprosy 
cases have low-degree resistance (12). The reason for the difference is still unclear. 
It is expected that in cases with low- and even intermediate-degree resistance, the 
patient may respond to treatment with dapsone in full dosage. Therefore, even 
though currently dapsone resistance is wide spread in combination with other 
antileprosy drug(s), there is still justification for employing dapsone in the treat
ment of leprosy. 

3.2. lli.fat.nJlicin 

Rifampicin (rifampin) is a semisynthetic broad-spectrum antibiotic and is avail
able as 150- and 300-mg capsules. It acts by inhibiting the DNA-dependent RNA 
polymerase of the organisms, thereby interfering with bacterial RNA synthesis. 
Rifampicin is rapidly absorbed from the gastrointestinal tract and distributed 
throughout the body, and about two-thirds of the absorbed drugs is ultimately 
excreted via the gastrointestinal tract. It is much more potent and rapidly bacte
ricidal than other antileprosy drugs. M. leprae recovered from skin biopsy spec
imens taken 3 or 4 days after a single 600-1500-mg dose of rifampicin failed to 
multiply in mice (7), indicating that at least 99% of the bacilli are killed by the 
dose. It is because of this that rifampicin is the most important component of 
MDT for both paucibacillary and multibacillary leprosy patients (15). Because 
no significant difference in bactericidal activity against M. leprae, as measured 
by serial mouse footpad inoculations, has been detected between the daily and 
monthly administration of rifampicin, the WHO study group recommended that 
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rifampicin be administered once monthly under supervision at dosage of 600 mg 
for adults (15). For children, the dose can be calculated at 10 mglkg body weight. 
The monthly rifampicin administration not only greatly reduces the costs but also 
reduces the frequency and severity of side effects as compared with daily admin
istration of the drug. 

The major side effect of rifampicin is hepatotoxicity, but this is extremely rare 
with monthly administration unless it is combined with other hepatotoxic drugs 
such as thioamides (22-25). Although the "flu" syndrome and other syndromes 
consisting of shock, hemolytic anemia, and renal failure had been reported in the 
treatment of tuberculosis with once-weekly or twice-weekly rifampicin admin
istration (19), very few "flu" syndromes have been observed in leprosy patients 
with the monthly administration of 600-mg rifampicin. Other side effects include 
skin rashes and mild gastrointestinal symptoms. Rifampicin can be safely used 
during pregnancy. 

Secondary rifampicin-resistant leprosy has been detected after rifampicin 
monotherapy in multibacillary patients or after administration of rifampicin with 
dapsone for treatment of relapses following initial dapsone monotherapy (14). A 
great majority of the latter cases end up with resistance to both dapsone and 
rifampicin if there is further relapse. Rifampicin should, therefore, always be 
combined with other antileprosy drugs capable of preventing the development of 
rifampicin resistance. 

3.3. CloJazimine 

Clofazimine (Lamprene; B663) is a rimino-phenazine dye. The drug is avail
able as 50- and 100-mg capsules. It is weakly bactericidal against M. leprae (20) 
and exhibits anti-inflammatory activity; it is, therefore, also effective in control
ling the erythema nodosum leprosum (ENL or Type 1 reaction). It is absorbed to 
the extent of 70% via the gastrointestinal tract and is deposited mostly in fatty 
tissues and cells of the reticuloendothelial system, including the skin. For treat
ment of multibacillary leprosy, the routine dosage recommended by the WHO 
study group is 50 mg daily plus 300 mg once monthly (15); however, because of 
its extraordinarily long half-life in man, approximately 70 days (21), monthly 
administration of clofazimine 1200 mg is as effective for the treatment of lepro
matous leprosy as the standard dosage (20). The dosage for the treatment of ENL 
is much higher, beginning with 100 mg two or three times daily. The most com
mon side effect is a reddish black coloration of the skin which normally develops 
within 4-8 weeks after the start of the therapy in patients with active skin lesions. 
The severity of the coloration is dose dependent and is intensified in the areas of 
leprosy lesions. Among patients who have been treated with clofazimine for 24 
months, the coloration diminishes gradually in 6-24 months after discontinuation 
of the drug. Coloration may also be seen in the mucous membrane. Sebum, sweat, 
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feces, and urine also show a reddish color. Because of the coloration, some light
skinned patients refuse to take the drug. Gastrointestinal symptoms, such as nau
sea, vomiting, crampy abdominal pain, and diarrhea, are common but mild in 
patients treated with 50 mg daily. However, in patients receiving higher doses, 
usually over 100 mg daily, these symptoms may appear more serious. Another 
common side effect is ichthyosis, resulting from the anticholinergic activity of 
the drug. 

3.4. EthionamidelProthionamide 

The two thioamides are virtually interchangeable and show cross-resistance 
with each other. Both drugs are available as 250-mg tablets. They are weakly 
bactericidal against M. leprae (9) to about the same extent as are dapsone and 
clofazimine. The routine dosage for adults is 250-375 mg daily, and 5-7.5 mg/ 
kg body weight daily for children. The drugs are absorbed from the gastrointes
tinal tract and are excreted mainly in the urine. The peak blood concentration 
after a dose of 375 mg in adults is 60-fold its MIC against M. leprae, about 0.05 
,ug/ml (15). 

Ethionamide and prothionamide were recommended by the WHO study group 
as alternatives to clofazimine in the MDT regimen for multibacillary cases unable 
to take clofazimine (15). However, as it has been found that hepatotoxicity was 
quite common when ethionamide or prothionamide was combined with rifampi
cin, even if it was administered monthly (22-25), the WHO Expert Committee 
on Leprosy withdrew the recommendation for using thioamide in the MDT reg
imen, unless it was absolutely necessary (16). When used under exceptional sit
uations, the drugs must be given with great caution and under close monitoring 
of hepatotoxicity. Other gastrointestinal symptoms, such as nausea, vomiting, 
abdominal pain, and anorexia, are common; therefore, the patients' compliance 
to self-administration is poor. 

4. Standard Regimens of Multidrug Therapy 

Because thioamide (ethionamide/prothionamide) should not be included as a 
component of MDT regimen (16), consequently only three drugs (i.e., dapsone, 
rifampicin, and clofazimine) are available to be used as components of the MDT 
regimens. 

Based on clinical, bacteriologic, histologic, and immunologic findings, leprosy 
can be classified into five groups, TT, BT, BB, BL, and LL, as proposed by Ridley 
and Jopling (26). This classification has been widely accepted for research pur
poses but is too complicated to be applied under field conditions because of 
limited facilities. Taking into account the bacterial loads, in terms of the degree 
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of skin smear positivity of the patients, the WHO study group proposed to classify 
leprosy into two different categories: paucibacillary (PB) and multibacillary (MB) 
leprosy (15); such classification was endorsed by the WHO Expert Committee 
on Leprosy with minor modifications (16). Paucibacillary or multibacillary lep
rosy refers to the initial skin smear-negative or initial skin smear-positive leprosy 
cases, respectively (16). The classification is essentially an operational categori
zation to facilitate the delivery of MDT (15). The design of the MDT regimens 
for paucibacillary and multi bacillary leprosy were based on the considerations 
regarding the sizes and compositions of the bacterial populations, the immuno
logical status of the patients, and the efficacies of available antileprosy drugs. It 
was estimated that as the bacterial population of viable organisms in paucibacil
lary leprosy is no more than 106, the possibility of these being drug-resistant 
mutants is low, and, therefore, theoretically, monotherapy, especially with rifam
picin, should be enough. However, in order to avoid the possible risk of selecting 
rifampicin-resistant mutants in multibacillary patients who are wrongly diagnosed 
as paucibacillary, the study group recommended combined therapy with rifam
picin plus dapsone for all paucibacillary patients. Although the bacterial load in 
a multibacillary patient is significantly greater than that in a paucibacillary patient, 
the chance to include a mutant resistant to two drugs is very remote because the 
frequency of such a mutant in a bacterial population should be 10- 12 or 10- 13, 

and in theory, two drugs should be sufficient to eliminate all drug-resistant mu
tants. Nevertheless, taking into account the possibility of dapsone resistance, it 
was recommended that at least two additional drugs should be combined with 
dapsone for the treatment of multibacillary patients, and one of the two additional 
drugs should always be rifampicin because of its great potency (15): 

Paucibacillary leprosy: Rifampicin 600 mg once monthly, supervised, for 6 
months, plus dapsone 100 mg daily, self-administered, for 6 months. 

Multibacillary leprosy: Rifampicin 600 mg once monthly, supervised, plus dap
sone 100 mg daily, self-administered, plus clofazimine 300 mg once monthly, 
supervised, and 50 mg daily, self-administered. The combined therapy should 
be given for at least 2 years and be continued, whenever possible, up to skin 
smear negativity. 

Because the great majority of national leprosy control programs discontinue 
the treatment of multibacillary leprosy after 2 years of MDT with very promising 
results, recently the duration of treatment among multibacillary leprosy has been 
fixed to 2 years at the second WHO study group meeting (27). 

5. Achievements in Implementing Multidrug Therapy 

The MDT regimens are accepted and are being implemented intensively in 
many endemic countries. Up to May 1994, 55% of the total registered leprosy 
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cases in the world were being treated with MDT, and more than 5.7 million 
patients have already completed their treatment (28). 

Both MDT regimens were well tolerated by the patients, except that the col
oration of skin caused by clofazimine has been a problem in certain light-skinned 
patients. The side effects were extremely rare and mild. Both regimens are very 
effective, as the clinical response during treatment is satisfactory, and after stop
ping treatment, the cumulative relapse rates among paucibacillary or multibacil
lary were well below 1 % (30). High motivation of patients as well as health 
workers has also been reported; in terms of attendance rate of the monthly su
pervised drug administration, the regularity of treatment is excellent (16). 

In 1988, for the first time in the history of leprosy control, the global number 
of registered leprosy cases began to decline (16); it was 3.7 million in 1990 but 
reduced to 1.7 million in 1994 (28). Although such a decline could be partly due 
to the discharging of inactive patients during screening of all cases at the prepar
atory phase of implementing MDT (29), there is no doubt that the effectiveness 
of MDT and shortening the duration of treatment also played an important role. 
The very encouraging results led to the adoption in May 1991 of the World Health 
Assembly resolution WHA44.9: to eliminate leprosy as a public health problem 
(defined as the prevalence rate below 1 case per 10,000 population) in the world 
by the year 2000. 

6. Needs for Improved Multidrug Regimens and New Bactericidal Drugs 

Although the introduction and implementation of MDT is the most important 
development in the history of leprosy control, it must be emphasized that the 
current coverage rate of MDT at the global level, about 55%, is still far below 
the desirable level. Furthermore, many of the patients currently not covered by 
MDT are living in difficult access areas or areas with poor coverage of health 
infrastructures; therefore, further increasing the MDT coverage rate becomes 
more and more demanding. 

From the operational point of view, the duration of MDT is still too long, 
especially 2 years for multibacillary leprosy, because the monthly supervised 
treatment for 2 years cannot always be applied in difficult access areas or areas 
with poor coverage of health infrastructures. If the duration of MDT for multi
bacillary leprosy can be significantly shortened, preferably to 1-6 months, it will 
greatly facilitate the implementation of MDT and increase the coverage rate. 
Nevertheless, to minimize the relapse rate after stopping treatment, especially 
relapse with drug-resistant organisms, treatment should be continued until drug
susceptible organisms have been substantially reduced and drug-resistant mutants 
have been eliminated. Among the three components of the current MDT regimen 
for multibacillary leprosy, only rifampicin displays very powerful and rapid bac-
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tericidal activity against M. leprae (7,31-33). The dapsone- or clofazimine-resis
tant mutants will be eliminated rapidly by treatment with rifampicin because, by 
definition, their response to rifampicin should be the same as drug-susceptible 
organisms. The major problem is the necessary duration of treatment to eliminate 
the rifampicin-resistant mutants. In the wild strains, however, the number of such 
mutants was estimated to be smaller than the mutants resistant to other drugs, but 
they can only be killed by dapsone and clofazimine in the MDT regimen. Both 
drugs are weakly bacteriocidal against M. leprae, and the duration of treatment 
with dapsone plus clofazimine to killl()4 viables organisms, the maximum num
ber of the rifampicin-resistant mutants in an untreated multibacillary patient, re
mains unknown, but it seems unlikely that the duration may be substantially 
shorter than 2 years, because either of them took 3-6 months of monotherapy to 
kill 90% of viable organisms (17). Without the introduction of new, more powerful 
bactericidal drug(s) to the MDT regimens, it is unlikely that the duration of treat
ment can be substantially shortened. 

The other weakness of the MDT regimen for multibacillary leprosy is the un
certainty of patients' compliance to the self-administered daily dapsone and clo
fazimine. The major objective to combined rifampicin with dapsone plus clofa
zimine is to prevent the selection of rifampicin-resistant mutants. However, in the 
field condition, it is very difficult to assess the compliance to or the regularity of 
the daily self-administration of dapsone and clofazimine. Unfortunately, like in 
other chronic diseases, noncompliance with the treatment is a very common phe
nomenon among leprosy patients. It has been well documented that close to 30% 
of leprosy patients in Karigiri, India, one of the best leprosy control programs in 
the world and where clofazimine is well accepted by the patients because of the 
dark skin, did not take their prescribed dapsone and clofazimine properly (34), 
suggesting that simply because of noncompliance, it is still possible to develop 
rifampicin-resistant leprosy in a program where MDT is implemented. The risk 
may be significantly reduced if a fully supervised MDT regimen is developed 
such that all components are administered once monthly under supervision. The 
basic requirement for a component of monthly administered regimen should be 
(i) its single dose displays a certain degree of bacteriocidal activity against M. 
leprae and (ii) the dosage is well tolerated by the patients (35,36). Dapsone is not 
suitable for once-monthly administration; and although clofazimine 1200 mg once 
monthly displayed a therapeutic effect similar to its standard daily dosage (20) 
gastrointestinal side effects are common following the high dosage. For these 
reasons the current MDT regimen cannot be administered monthly. 

In brief, to significantly shorten the duration of treatment for leprosy and to 
develop a fully supervised monthly administered multidrug regimen, new anti
leprosy drugs are urgently needed. Ideally, a new drug should possess the follow
ing characteristics: (1) it displays powerful bacteriocidal activity againstM. leprae 
but its antimicrobial mechanism is entirely different from those of existing drugs; 
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(2) its pharmacokinetic properties allow the treatment to be given no more fre
quently than once daily; (3) it can be administered orally; and (4) it is safe and 
well tolerated by the patients. The prospect as an antileprosy drug is bleak for a 
compound if it is required to be given by injection, because it is difficult to use 
under field conditions and the recent epidemiological trend of HIV infection fur
ther hampers the application of multiple-injection treatment in rural areas. 

7. Strategies of Developing New Antileprosy Drugs 

In theory, there are two different approaches: (1) synthesis of new compounds 
and (2) the screening of existing compounds. 

With the development of experimental infection in the armadillo (37) and the 
method of purification of M. leprae from infected armadillo tissue (38), a limited 
amount of purified organisms have been obtained for studies of metabolism and 
physiology of M. leprae (39). The scientific progress in the understanding of the 
metabolism and physiology of M. leprae (39-42) and in the techniques for pro
ducing and studying the structures of the potential target enzymes have made it 
possible to exploit such knowledge and capabilities for synthesizing new com
pounds in a systematic way-the process becoming known as rational drug de
velopment. Unfortunately, rational drug design for leprosy is certainly not a high 
priority of the pharmaceutical industry because of the lack of commercial viabil
ity. 

The laboratory screening of antileprosy drugs was started only after the mouse 
footpad model of M. leprae infection (10) had been established. Large numbers 
of different classes of antimicrobials are being developed. The recent discovery 
of strong bactericidal activity of pefioxacin (43,44,46), ofioxacin (45,46), spar
fioxacin (47-49), minocycline (50-53), and clarithromycin (52-54) clearly dem
onstrated that the screening of existing compounds is still the most practical and 
productive approach. However, unless an in vitro screening method is developed, 
large-scale screening with the mouse footpad system is not possible due to limited 
facilities. The candidates should focus on compounds which show strong activi
ties, in terms of MICs, against gram-positive organisms, including cultivable my
cobacteria. Favorable pharmacokinetic properties, especially better absorption 
rate and longer half-life, are also critical in selecting the analogs of active com
pounds (e.g., newer fiuoroquinolones and macrolides) for screening. 

8. Methods in Screening Antileprosy Drugs 

The mouse footpad technique is the only universally accepted experimental 
system for testing of drug activity against M. leprae. Three methods are employed 
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for drug screening by this technique: (1) the continuous method (55); (2) the 
kinetic method (56,57); and (3) the proportional bacteriocidal method (58). 

With the continuous method, the drug is administered from the day mice are 
inoculated until mice are sacrificed. Comparing the number of M. leprae harvested 
between the treated and untreated control mice, one may decide whether or not 
the drug displays anti-M. leprae activity, and therefore is the most sensitive screen
ing technique. Having demonstrated that the drug is active, one may further de
termine the minimal effective dosage (MED) by testing the activity of the drug 
in a range of dosages. However, the continuous method cannot distinguish be
tween merely bacteriostatic and bacteriocidal activity. Many drugs are bacterio
static against M. leprae, whereas a few of them are bacteriocidal; only bacterio
cidal drugs may be considered as potential components for the MDT regimens. 
Another disadvantage of the method is that it requires a large quantity, usually 
more than 109, of the drug for testing. Unless the compounds are being produced 
commercially or are undergoing active development. The pharmaceutical firms 
are unable to provide such a quantity. 

In the kinetic method, the drug is administered for a limited period depending 
on the expected activity of the drug but usually far around 60 days, beginning 
about 60 or 70 days after inoculation when M. leprae is in early or mid-logarith
mic growth (10). The activity of the treatment is assessed by the growth delay of 
the treated group, which is determined by comparing the growth curves between 
the treated and untreated control groups. Theoretically, a pure bacteriostatic drug 
will inhibit multiplication of the organisms as long as the drug is administered. 
Thus, the growth curve of M. leprae in mice treated with a purely bacteriostatic 
drug should be parallel to that in the control mice and should lag behind the 
control growth curve by a length of time no greater than that during which the 
drug is administered. The absence of bacteriocidal activity is reliably demon
strated by this approach. The failure of bacterial multiplication to resume im
mediately following cessation of drug administration may represent evidence that 
M. leprae are killed during treatment or prolonged bacteriostasis (also termed 
"bacteriopause"), which may indicate persistence of the drug in the tissues or 
within the organisms or it may reflect the recovery of the organisms that have 
been damaged reversibly. Thus, the kinetic method can distinguish between purely 
bacteriostatic and so-called "bacteriocidal-type" activity (59) but cannot distin
guish between purely bacteriopausal and bacteriocidal activity, unless there is total 
failure of resumption of bacterial multiplication after drug administration has been 
stopped. 

The proportional bacteriocidal method may clearly define whether the activity 
of a compound is bacteriostatic or bacteriocidal. Groups of mice are inoculated 
with lO-fold diluted M. leprae suspensions, ranged from 0.5 or I organism to 
5,000 or 10,000 organisms per footpad. Except for control mice, they are treated 
for a period of time that varies, depending on the drug, from 1 to 60 days. The 
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mice are then held for at least 1 year without treatment, a period of time theo
retically sufficient for one surviving organism to multiply to 105. At the end of 
the year, harvests of M. Zeprae are performed from the individual footpads. If the 
harvest yields at least 105 organisms, the M. Zeprae are considered to have mul
tiplied, indicating that the inoculum provided at least one viable organism. The 
number of M. Zeprae surviving the treatment are estimated by the most probable 
number (MPN) of viable organisms (60,61) or the median infectious dose (ID50) 
(i.e., the number of organisms required to infect 50% of the animals) (62). Al
though the proportional bacteriocidal method requires more mice and more time 
than do the other methods, it is the most reliable method for detecting bacterio
cidal activity. And permits the determination of the degree of activity. However, 
the method is incapable of detecting bacteriostatic or bacteriopausal activity and, 
therefore, is not routinely employed for initial screening. 

All the antileprosy drugs have been demonstrated to exert at least bacteriostatic 
activity in the mouse footpad system, whereas no compound shown to be inactive 
in mice has been demonstrated to display definite therapeutic effect in leprosy 
patients. Nevertheless, the mouse footpad technique possesses several disadvan
tages. It is time-consuming and requires many mice and gram amounts of the 
compounds to be tested, and can, therefore, be employed to test only limited 
numbers of compounds that represent a very few selected classes. The search for 
active compounds from a wide variety of classes requires a rapid primary screen
ing method that will yield results within days or, at most, a few weeks and that 
requires only milligram rather than gram amounts of the tested compounds. It is 
clear that in vitro primary screening methods are needed. 

Despite the fact that M. Zeprae cannot be cultivated in vitro, the viable organ
isms still retain many of their metabolic functions for a limited period of time 
outside the host (63), and it is therefore possible to develop various techniques 
which may be able to demonstrate rapidly the in vitro activity of killing or im
pairing the key metabolic process. Within the last decade, many in vitro tech
niques have been developed and have been reviewed elsewhere (64). It is very 
encouraging to note that in a recent double-blind evaluation, the radiorespiro
metric assays, using either the BACTEC 460 or Buddemeyer 14C02 detection 
system, are capable of differentiating between antileprosy drugs (dapsones, rifam
picin, ethionamide, and pefloxacin) and inactive substances following 2 weeks of 
incubation of freshly harvested viable leprosy bacillus under appropriate incu
bation conditions (65) and, therefore, are suitable to function as a primary drug 
screening system. Of course, the compounds found to be active in vitro should 
not be tested immediately in man. Besides the study of pharmacokinetics and 
toxicities, at least for the time being, their activities against M. leprae must be 
firmly established in the mouse footpad system prior to the initiation of a clinical 
trial. 
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9. Basic Methods in Monitoring the Therapeutic Effect of New Antileprosy 
Drugs and New Multidrug Regimens in Clinical Trials 

The therapeutic effect of any promising new antileprosy drug should be eval
uated in a clinical trial. Clinical assessment and evolution of the bacterial index 
(BI) of the skin smears during chemotherapy were the most important parameters 
in the earlier trials. Although a definite clinical improvement was observed among 
newly diagnosed lepromatous patients during treatment with any of the estab
lished or investigational antileprosy drugs, the assessment of clinical improvement 
is very much subjective and difficult to quantify for comparison. The BI represents 
the total bacterial load including both dead and viable organisms. Because the 
great majority of bacilli were dead even before treatment (44,46,53,70) and be
cause the dead organisms persisted in the tissues and were eliminated by a process 
unrelated to the antimicrobial activity of the treatment, the reduction of BI was 
very slow and did not differ significantly between patients treated with dapsone 
monotherapy and MDT or other rifampicin-containing combined regimens, al
though it is well known that rifampicin is far more bactericidal than dapsone. The 
introduction of the morphological index (MI) was a major development in mea
suring the proportion of solid-staining, morphologically intact and, therefore, pre
sumably viable M. leprae in the hosts (94). Nevertheless, the technique is difficult 
to standardize and to perform with accuracy; also because it is difficult to examine 
more than 50-100 organisms per site of skin smear, it may monitor a decrease in 
the proportion of viable organisms by no more than 90%, or one order of mag
nitude (17,86). Therefore, the clinical assessment, BI, and MI are still useful 
parameters in clinical trial, but are not sensitive enough to evaluate more accu
rately and precisely the bacteriocidal activities of treatment (86). 

Serial mouse footpad inoculations have been applied as the most efficient tech
nique for assessing the therapeutic effects of treatment. It needs only a small 
number of previously untreated lepromatous patients, as few as four to six patients 
per group, for demonstrating the anti-M. leprae activity, evaluating the nature of 
the activity, and monitoring the rate of the "initial killing" of M. leprae during 
treatment with an individual drug or combinations of drugs in short-term trials 
(17,20,33,44,46,53,70,86). M. Zeprae is recovered from biopsies taken before and 
at different intervals during treatment and is inoculated into footpads of mice for 
assessing their viability. If the proportion of viable organisms in the bacterial 
population have been carefully titrated by inoculating groups of mice with serial 
lO-fold diluted inocula prepared from each biopsy, it allows the measurement of 
the bacteriocidal activity of the treatment up to >99% to >99.9%, depending on 
the proportion of viable organisms before treatment (44,46,53,70). The sensitivity 
of measuring the killing cannot be further improved by using immunocompetent 
(normal) mice because of the limited inoculum size (i.e., 5 X 103 to 1 X 104 

organisms per footpad) (10). To improve the sensitivity, one has to inoculate more 
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organisms into footpads of immunocompromised rodents such as thymectomized
irradiated (TR) mice (87), neonatally thymectomized (NT) rat (88), or congeni
tally athymic (nude) mice (89,90). Up to now, these immunocompromisedrodents 
have been employed only in a limited number of trials, but their superiority in 
detecting a small proportion of viable organisms has been clearly demonstrated. 
Because nude mice are extraordinarily susceptible to infection by M. Zeprae (91), 
as many M. leprae as are available can be inoculated. It is possible to measure 
the killing rate up to >99.9% to >99.999%, depending on the proportion of 
viables in the pretreatment samples and the maximal available number of organ
isms for nude mice inoculation (44,46,53,70). Therefore compared with normal 
mice, the inoculation of nude mice increased the sensitivity and precision of the 
measurement of the killing effect by one to three orders of magnitude. However, 
the use of nude mice enormously increases the costs because of the price of 
purchase and maintenance. Unless it is crucial to have more precise information 
with respect to the killing effect of the treatment, it is not always justified to use 
nude mice for monitoring therapeutic effects in a clinical trial (70). 

The disadvantages of using the serial mouse footpad inoculations are evident. 
It is time-consuming because the results of inoculation will be available only 12 
months after inoculation; it requires many animals to monitor a single trial and 
is therefore expensive. In addition, because no more than 106 organisms per mil
ligram can be recovered from biopsies of advanced lepromatous patients and the 
small size of the mouse footpad, this severely restricts the volume of inoculum, 
even with nude mice one can at best measure the initial 99.999%, or five orders 
of magnitude, of killing among lepromatous patients who may have 1010 viable 
organisms before treatment. None of the existing rodent systems are able to moni
tor precisely the therapeutic effects of any combined regimen containing more 
than one strong bacteriocidal drug, such as the combination of rifampicin and 
oftoxacin. Obviously, more rapid, simple, and sensitive systems should be devel
oped for measuring the killing of M. Zeprae by the treatment. 

The only available method for monitoring the long-term therapeutic effects, 
especially for those combined regimens containing more than one strong bacter
iocidal drug, is to follow-up the relapse rate after stopping treatment. In multi
bacillary leprosy, the relapse rate is thought to be proportionally correlated with 
the number of viable organisms that surviving the treatment, and therefore the 
relapse rate reflects the bactericidal activity of the treatment. However, because 
the relapse rate of the current MDT regimen is low and the relapse occurs late, 
at least 5 ± 2 years on average (92,93), after stopping treatment with any rifam
picin-containing combined regimens, in order to prove that the new combined 
regimen(s) is as good as or even better than the current MDT regimen, the sample 
size must be sufficiently large (at least 500 patients per group) and the follow-up 
should be long enough, at least for 7 years after completion of the treatment. 
Because it is unlikely that such a number of patients may be recruited from any 
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single center within a reasonable period of time (e.g., 24 months), the trial is 
bound to be multicentric. Apparently, it is very difficult to organize such a large
scale, multicentric, long-term trial, and so far, only a few are being organized by 
the World Health Organization. 

Because the assessment of the therapeutic effects of the regimens depends 
heavily on the relapse rate, the criteria of relapse must be well defined in advance. 
In multibacillary leprosy, relapse is diagnosed if two of the following three criteria 
are met: (i) significant increase of BI (i.e., by at least 2 + over the previous value 
at any site of skin smears is confirmed); (ii) occurrence of a definite new skin 
lesion; and (iii) demonstration of viable organisms by mouse footpad inoculation 
(92,93). 

10. New Drugs with Bactericidal Activity Against M. leprae 

Within the last decade, three different classes of new drugs with promising 
bactericidal activities against M. leprae have been identified: ftuoroquinolone de
rivatives, peftoxacin, oftoxacin and sparftoxacin; a macrolide, clarithromycin; and 
a tetracycline derivative, minocycline. 

10.1. Fluoroquinolone Derivatives 

The ftuoroquinolones inhibit the bacterial gyrase, a target which has never 
previously been exploited in leprosy chemotherapy. In view of their strong activ
ities against gram-positive microorganisms and their pharmacokinetic properties, 
anti-M. leprae activities of various ftuoroquinolone derivatives have been tested 
in the mouse footpad (43,45,47,48) as well as in the in vitro system (66). In terms 
of MIC, ciproftoxacin is more active against most microorganisms than other 
commercially available ftuoroquinolone derivatives, but it is virtually inactive 
against M. leprae in mice even treated with 150 mg/kg daily by the continuous 
method (43), probably because of its weaker in vitro activity against M. leprae 
(66) and unfavorable pharmacokinetic properties (43). Peftoxacin was the first 
ftuoroquinolone showing promising activity against M. leprae: 150 mg/kg daily 
displayed bactericidal activity in mice (43). Among the commercially available 
ftuoroquinolones, oftoxacin has the strongest in vitro (66) and in vivo (45) activity 
against M. leprae; in the mouse experiment. Oftoxacin 50 mg/kg daily exerted 
the same degree of bacteriocidal effects as peftoxacin 150 mg/kg daily, and of
loxacin 150 mg/kg displayed profound killing activity (45). These observations, 
confirmed by other investigators (67-69), represented the first lead to an important 
new antileprosy drug in many years. It was demonstrated recently that on a 
weight-to-weight basis, sparftoxacin is more active against M. leprae than oftox-
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acin (47,48). Nevertheless, the greater activity of sparftoxacin is offset by the 
lower clinical dosage (200 mg daily) recommended by its manufacturer, whereas 
the clinically tolerated dosage of ofloxacin is 800 mg daily; and in the mouse 
experiment, if the drugs are administered at dosages equivalent to clinical dosages, 
the bacteriocidal activity of sparftoxacin is very similar to that of ofloxacin (35). 
Therefore, the real advantage of sparftoxacin over ofloxacin in the treatment of 
leprosy remains unclear. 

To date, we have conducted three clinical trials of ftuoroquinolones among 
newly diagnosed lepromatous patients (44,46,70). A single dose of 800 mg of 
pefloxacin or ofloxacin displayed a modest degree of bacteriocidal effect, but, 
still, a significant degree of killing was observed in three out of eight patients 
treated with single-dose ofloxacin (46). It was confirmed in the trials that peflox
acin 800 mg or ofloxacin 400 or 800 mg daily all displayed very promising 
therapeutic effects: after 28 days of treatment, all patients showed remarkable 
clinical improvement, rapid and very significant decline of the MIs in skin smears, 
and more than 99.99% of organisms viable on day 0 were killed by 22 doses of 
treatment, as titrated by serial inoculations into footpads of immunocompetent 
and nude mice (46,70). Both clinical responses and bacteriocidal activities did 
not differ significantly between the groups treated with either pefloxacin or of
loxacin (46), and those given monotherapy with ofloxacin 400 or 800 mg daily, 
or the combination of ofloxacin 400 mg plus dapsone 100 mg, clofazimine 50 
mg daily, and clofazimine 300 mg once monthly (70). Therefore, it was concluded 
that for daily administration, the optimal dosage of ofloxacin appears to be 400 
mg, and the combination with dapsone and clofazimine does not enhance its 
bactericidal activity. The adverse reactions caused by pefloxacin or oftoxacin were 
rare and mild, even when they were combined with rifampicin, dapsone, and 
clofazimine, the three components of the current MDT regimen for multi bacillary 
leprosy, and the duration of treatment was extended to 6 months (46). However, 
we did observe that an older female patient developed psychic disorder after 21 
doses of pefloxacin, and a mild to moderate degree of elevation of serum gluta
mate-'pyruvate transaminase (SGPT) in a small proportion of patients after 4 
weeks of treatment. All the adverse reactions reverted to normal after stopping 
treatment. Excellent results were also observed in a clinical trial of sparfloxacin 
200 mg daily (49); the impression was that the therapeutic effect of sparfloxacin 
200 mg daily was similar to that of ofloxacin 400 mg daily, although both treat
ments have not yet been compared in the same trial. 

The fluoroquinolones are rapidly developing with many new compounds ap
pearing that might be more active against M. leprae than peftoxacinJoftoxacinl 
sparftoxacin. It is important to be on the alert for new compounds with lower 
MICs against gram-positive microorganisms, or those with favorable pharmaco
kinetic properties. 
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10.2. Tetracycline Derivatives 

Among the tetracyclines, minocycline is unique in being active against M. 
Zeprae (50,71), probably because its lipophilic properties allow it to penetrate the 
cell wall more effectively than other tetracyclines. Bacteriocidal activity of min
ocycline was consecutively demonstrated by the kinetic method (50,71) and the 
proportional bacteriocidal method (52). The MIC of minocycline against M. Ze
prae was estimated at about 0.2 fig/ml, considerably less than the levels, 2-4 fig/ 
ml, easily achieved in plasma and tissue of patients treated with routine dosage. 
Recently, it was demonstrated that a single dose of minocycline 25 or 50 mg/kg 
was active in mice by the kinetic method (36). Since the discovery of the powerful 
bacteriocidal activity against M. Zeprae in mice and in humans by a single dose 
of rifampicin, this was probably the first time that significant anti-M. Zeprae ac
tivity of a single dose of another antimicrobial has been demonstrated. In an 
experiment with the proportional bacteriocidal method, a single dose of mino
cycline 25 mg/kg plus clarithromycin 100 mg/kg killed 96% of viable organisms, 
which was only slightly inferior to that of rifampicin 10 mg/kg; and the activities 
of a single dose of combinations consisting of minocycline 25 mg/kg, clarithro
mycin 100 mg/kg, and ofloxacin 150 mg/kg or sparfloxacin 50 mg/kg were similar 
to that of rifampicin 10 mg/kg (35). 

In two clinical trials, minocycline 100 mg daily displayed powerful bacterio
cidal activity in previously untreated lepromatous patients (51,53). All patients 
showed rapid and remarkable clinical improvement and significant decline of the 
MIs in skin smears; definite clinical improvement was seen as early as 14 days 
after treatment (53). More than 99% and >99.9% of the viable M. Zeprae had 
been killed by 28 and 56 days of treatment, respectively, as measured by serial 
inoculations of organisms from skin biopsies into the footpads of immunocom
petent and nude mice (53). Adverse reactions were rare and mild. 

10.3. Macrolides 

Among the newer semisynthetic macrolides, clarithromycin is, by far, the most 
active compound against M. Zeprae in vitro and in vivo (54,72). The bacteriocidal 
activity of clarithriomycin against M. Zeprae in mice has been well demonstrated 
by the kinetic (54) and proportional bactericidal method (52). It was more active 
at a dosage of 25 or 50 mg/kg than it was at 12.5 mg/kg (52). A single dose of 
clarithromycin 100 or 200 mg/kg also displayed significant anti-M. Zeprae activity 
(36). Because the activity of a single dose 200 mg/kg in mice, corresponding to 
2000 mg in humans, did not differ significantly from that of 100 mg/kg in mice, 
equivalent to 1000 mg in humans, the optimal dosage for clarithromycin in the 
clinical trial would be 1000 mg daily. 

To date, the results of two clinical trials with clarithromycin 500-1000 mg 
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daily have been published (53,73). The remarkable clinical improvement, signifi
cant decline of the MI, and rapid killing of the viable organisms in the skin 
biopsies, all indicate that clarithromycin displayed powerful bacteriocidal activity 
against M. Zeprae, and the activity did not differ significantly between clarithro
mycin 500 mg and 1000 mg daily, nor between clarithromycin 500 mg and min
ocycline 100 mg daily (53). In addition, one group of patients was treated with 
the combination of clarithromycin 500 mg plus minocycline 100 mg daily, but 
its clinical and bacteriological improvements did not differ significantly from 
patients treated with either clarithromycin 500 mg daily or minocycline 100 mg 
daily (53), indicating that the additive effect of the combination of clarithromycin 
plus minocycline, previously demonstrated in mice (52), was not observed in the 
clinical trial. 

10.4. Other Antimicrobial Agents 

Clofazimine, a rimino-phenazine derivative, is one of the important components 
of MDT regimen for multibacillary leprosy, but the problem is the skin coloration 
it causes. Recently, a series of phenazine derivatives have been synthesized, and 
several of them are considerably more active in vitro against M. Zeprae than 
clofazimine (74,75), but none of them is more active in vivo (76). It was thought 
that the disappointing in vivo results were largely due to the pharmacokinetic 
properties, in particular to the low lipophilicity of the derivatives, whereas the 
lipophilicity of phenazines was also responsible for skin coloration. If this as
sumption is confirmed, it will be difficult to develop a nonpigmenting phenazine 
with superior in vivo activity against M. leprae, which may substitute for clofa
zimine in the treatment of leprosy. 

In the mouse footpad system, on a weight-to-weight basis several rifamycin 
derivatives, including rifabutin (LM427) (77,78,80), rifapentine (DL473) (79-81), 
and benzoxazinorifamycin (KRMI648) (82,83), displayed stronger bactericidal 
activities against M. Zeprae than rifampicin. However, because no difference in 
bacteriocidal activity could be detected between patients treated with rifampicin 
600 mg daily and intermittently, the new rifamycin derivatives could contribute 
significantly to the treatment of leprosy only if they are active against rifampicin
resistant strains of M. leprae. Unfortunately, the earlier claim that rifabutin was 
active against rifampicin-resistant M. Zeprae (78) is not been confirmed in further 
experiments (unpublished data). Therefore, it is unlikely that the new rifamycin 
derivatives may further improve the efficacy of the current MDT regimen. 

Fusidic acid has a long half-life, 16 h, in humans, may achieve a very high 
serum concentration, > 100 J1, glml, following an oral dosage of 500 mg three times 
a day, and possesses very little toxicity. It is active against M. Zeprae both in 
axenic medium and in macrophage culture, as determined in the BACTEC 460 
system (84). In a clinical trial, lepromatous patients were treated with fusidic acid 
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at either 500 mg daily for 12 weeks or 750 mg daily for 4 weeks followed by 
500 mg daily for 8 weeks. After 8-12 weeks of treatment, all patients showed 
various degrees of clinical improvement and significant decline of the MIs in skin 
smears; however, the results of serial mouse footpad inoculations indicated that 
fusidicacid only displayed weak bactericidal activity against M. Zeprae (85). 
Therefore, the prospect of fusidic acid as an antileprosy drug remains unclear. 

11. Investigational Multidrug Regimens 

The available results indicate that the bacteriocidal activities of ofloxacin, clar
ithromycin, and minocycline against M. Zeprae are very similar. They are less 
potent than rifampicin but are definitely more active than either dapsone or clo
fazimine, and their side effects are rare and mild. Therefore, they may be added 
to the list of effective antileprosy drugs and to be the components of the newer 
generation of MDT regimens. Because >99.9% or >99.99% of viable organisms 
were killed by no more than 4 weeks of daily treatment with these drugs, it is 
assumed that the treatment with MDT regimens containing any of the new drugs 
may allow rapid elimination of the rifampicin-resistant mutants, these being no 
more than 104 in an untreated multi bacillary patient. Combining the new drugs 
with rifampicin may significantly shorten the duration of treatment. 

The long-term therapeutic effect of the following two multidrug regimens are 
being tested in large-scale multicentric field trials: 

1. Daily treatment with rifampicin 600 mg plus ofloxacin 400 mg for I month, 
for both paucibacillary and multi bacillary leprosy. 

2. Rifampicin 600 mg or, ofloxacin 400 mg plus minocycline 100 mg once 
monthly for both paucibacillary and multibacillary leprosy; but the duration 
of treatment for paucibacillary leprosy is 3 or 6 months, respectively, and for 
multibacillary leprosy is 12 or 24 months, respectively 

With respect to rifampicin-resistant leprosy, which is the most serious threat to 
the success of leprosy control programs, the recommended regimen is the follow
ing: treatment begins with ofloxacin 400 mg, clarithromycin 500 mg, minocycline 
100 mg, and clofazimine 100 mg daily, supervised, for 4 weeks; followed by 
clofazimine 50 mg plus minocycline 100 mg daily, self-administered, for mini
mum 2 years or until skin smear negativity. 

12. Management of Leprosy Reactions 

Immunologically mediated episodes of acute or subacute inflammation, known 
as "reaction," may occur in any type of leprosy except indeterminate and can 
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result in permanent deformity. Most reactions belong to one of the two major 
types, erythema nodosum leprosum (ENL or Jopling's Type 2 reaction) and re
versal reaction (Jopling's Type 1 reaction). 

12.1. Erythema Nodosum Leprosum 

This type of reaction occurs almost exclusively in multibacillary patients. It 
appears to be less of a problem among patients treated with MDT than those 
treated with dapsone monotherapy, presumably due to the anti-inflammatory ac
tivity of clofazimine in the MDT regimen. 

Mild ENL can be treated with analgesics, either aspirin or acetaminophen, or 
antimonials. The treatment of choice for severe ENL is either corticosteroid or 
thalidomide. Prednisolone, the least expensive and most widely available corti
costeroid, can rapidly control ENL, but many severely ill patients require contin
uous and often high dosages. The patients are given prednisolone 30-60 mg daily, 
and ENL is generally controlled within 24-72 h. The dosage of prednisolone can 
then be reduced gradually. In general, the total duration of the corticosteroid 
treatment for ENL should preferably not exceed 12 weeks. Thalidomide also acts 
rapidly in controlling ENL and has fewer side effects than corticosteroids. Patients 
with severe ENL are given thalidomide 200 mg twice daily, and the reaction is 
usually controlled within 48-72 h. The dosage can then be reduced gradually. It 
must, however, be pointed out that because of its well-known teratogenicity, it 
should be given only to males and postmenopausal females. Women of child
bearing age should never be given thalidomide. 

If ENL recurs after prednisolone or thalidomide treatment has been stopped, a 
repeat course will be necessary. In corticosteroid-dependent patients, it may be 
useful to supplement the prednisolone therapy with higher dosages of clofazimine. 
Because clofazimine often takes 4-6 weeks to develop its full effect, during that 
period it may not be used as a sole drug for the treatment of severe ENL. The 
patients may be put on clofazimine, 100 mg two or three times daily for 8-12 
weeks, then gradually reduced to 100 mg daily. In the meantime, prednisolone 
can be gradually withdrawn. The major problems in the case of higher-dosage 
clofazimine therapy are the intolerance by some patients due to its gastrointestinal 
side effects and nonacceptance due to the skin coloration. 

12.2. Reversal Reaction 

Reversal reaction occurs mostly in borderline (BT, BB, and BL) leprosy and 
usually soon after the onset of successful chemotherapy, although it may also 
appear after the completion of MDT. During the reaction, besides the skin lesions, 
nerve thickening, nerve pain, and tenderness often occur or increase and are ac
companied by rapid deterioration of nerve function. For mild reversal reaction, 
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no specific treatment is required except analgesics. However, the patient must be 
seen at least once every 2 weeks and asked to return at once if the symptoms 
become more severe. Patients with severe reversal reaction must be hospitalized, 
and corticosteroids, the most effective treatment for controlling reversal reaction, 
should be given immediately. The dosage of corticosteroid must be determined 
according to the severity of the reaction, the body weight of the patient, and the 
response to treatment, and the initial dosage should be sufficient to relieve both 
nerve pain and nerve tenderness. Patients usually start with a higher dosage of 
prednisolone (e.g., 20-30 mg twice daily). As the reaction becomes controlled, 
the dosage can gradually decrease. A maintenance dosage of prednisolone (e.g., 
5-10 mg daily) lasting for several months may be necessary if there is a tendency 
for recurrence of reaction on complete stoppage of prednisolone. 

The antileprosy treatment should continue unchanged during ENL or reversal 
reaction. 

12.3. Quiet Nerve Paralysis 

It is well known that neuritis in leprosy, identified by nerve thickening asso
ciated with acute or subacute nerve pain and tenderness, is frequently the pre
cursor of irreversible nerve damage. However, thickened nerve trunks quite fre
quently become paralyzed in leprosy patients "quietly," that is, without pain or 
tenderness of the concerned nerve. This type of paralysis is referred to as "quiet 
nerve paralysis" (QNP) or "silent neuritis." Unfortunately, it is usually misdiag
nosed in its early stage when chances of recovery are high. Although the fre
quency of QNP in leprosy is not well documented (16), it appears to be an im
portant cause of nerve damage. 

In order to detect QNP as early as possible, it is necessary not only to look for 
painful, tender nerve trunks but also, more importantly, to look for signs of loss 
of motor and sensory function. Whenever the onset of QNP is confirmed, corti
costeroid therapy should be instituted without delay. The use of high-dosage cor
ticosteroids (e.g., prednisolone 60 mg daily) over a period of 3-6 months is able 
to prevent the permanent nerve damage in a high proportion of cases, particularly 
when the condition is identified and treated before the nerve is completely para
lyzed (16). 
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depot drug delivery, 368 
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basic concept, 184 
case management during treatment 
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measures to ensure regular drug-taking, 
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efficacy, 188 

of initial treatment, 188-89 
of retreatment regimens, 189-91 
of short-course chemotherapy of six to 
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184-85 
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if previous chemotherapy failed or results 
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pretreatment drug-sensitivity test results 
are available, 187 

regimens before results of drug-susceptibility 
tests are known, 185-86 

regimens when results of pretreatment drug-
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general considerations, 188 
strain resistant to all Class A drugs, 188 
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88 
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drugs, 187 
strains susceptible to all four Class A 
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surgical treatment for cases of pulmonary 
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428 Index 

use of INH alone for patients with strains 
resistant to all available drugs, 192-96 
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shortage of lab facilities, 200 
weak health infrastructure, 200 

future problems, 203, 205-6 
recommended regimen for relapses or 

treatment failures, 20 I, 204 
available drug-sensitivity tests, 202-3 
for chronic cases, 203 
unavailable drug-sensitivity tests, 202 
WHO and IUATLD, 201 

development agencies, II 
diagnosis, 216-17 

acid-fast bacilli, 165 
bacteriologic examination, 165 
microscopic examination, 165 
radiographic, 165 
tuberculin skin testing, 165 

directly observed therapy (DOT), 18, 150 
compliance, 151 
in noncompliant patients, 150-51 

dissemination, 216 
domiciliary treatment, 112-14 

relapse rate, 113 
drug abuse, 220 
drug resistance, 10 

acquired, 317 
of M. tuberculosis, 313 
poor treatment program, 167 
primary 

failure and relapse in cases of smear
positive pulmonary TB, 316-18 

influence of, 318-19 
drug-resistant tuberculosis, 9-10 

chemotherapy of, 183 (see also developed 
countries, chemotherapy for drug
resistant tuberculosis in; developing 
countries, chemotherapy for drug
resistant tuberculosis in) 

principle of treatment of, use of three, four, 
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drugs 
bactericidal activity of 

early bactericidal activity (EBA), 28, 30-
33 

proportion of negative sputum cultures at 
two months, 35 

relapse rate, 35 
sterilizing activity, 33-37 
therapeutic margin, 31 

grading efficacy of, 37 - 38 
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prevention of drug resistance, 38 
sterilizing activities, 38 
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drug sensitivity, 217 
drug susceptibility tests, policy of pretreatment, 
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elderly, 13 
erythema nodosum leprosum, 417 
ethambutol, 218 
ethionamide, 403 

prothionamide, 403 
thioamides, 403 

experimental chemotherapy, 51-52 
activity of single drug, 58-67 
antimicrobial activity in late phase of 

treatment, 65-67 
bactericidal and sterilizing activities, 60-67 
ciprofloxacin, 58 
determination of minimal effective dosage, 

59-60 
drug administration and dosage, 54-58 
ethambutol, 71 
ethionamide, 71 
HIY,79 
H37Rv,53 
improvement of short -course chemotherapy, 

78 
isoniazid, 56, 63, 68, 69 
issues in near future, 77 - 79 
levofloxacin, 62 
MAC infection in mice, 80-91 
minimal effective dose, 58 
mouse model drug combination, 67 -80 
for multidrug-resistant tuberculosis, 78-79 

amikacin, 79 
assessment of new drugs, 79 
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ethambutol, 79 
kanamycin, 79 
pyrazinamide, 79 
reserve drugs, 79 
sparfloxacin, 79 
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safety, 58 
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extrapulmonary tuberculosis, 236-38, 322 
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in acquired bacterial resistance, 320-21 
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320 
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treatment, 255 
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clinical, 248 
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management, 250-51 
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morphological index (MI), 410 
mouse footpad, 398, 407 
multidrug therapy, 400 
new bactericidal drugs for leprosy, 412 
ofloxacin, 407, 412 
other antimicrobial agents, 415 -16 
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needs for improved MDT, 405 
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epidemiology of leprosy, 394 
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low-income countries, 161 
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Bangladesh, 179 
China, 166 
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impact of HIV on treatment of tuberculosis 

in, 178-79 
Korea, 166, 177 
model programs for tuberculosis control in, 

168-70 
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standardized approach, 165 
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lymph node infections, 288 
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diagnosis, 240 
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M. tuberculosis, 238 
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drug-resistant TE, 140 
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political commitment by government, 170-

71 

regimens used in, 173-75 

secure system of supplies, 171 
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efficacy of, 100 
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mortality data, 5 
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multi drug resistance, 10 

multidrug-resistant tuberculosis. See MDR-TB 
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rifampicin, 84 

sparfloxacin, 85 
C57BU6J bgj/bgj (beige), 80 
drug resistance, 89 
experimental chemotherapy, 80-82 
features of disseminated infection in 

untreated control mice, 84 
infection in mice, 80-91 
mice, 80-81 
normal mice, 80 
rifabutin, 84 
T-cell-deficient C57BU6 (T X CD4-) mice, 

80 
virulent strains, 81 

Mycobacterium avium-intracellulare, 217 
Mycobacterium kansasii, rifampin-resistant, 

283 
Mycobacterium leprae, 399 



annadillo, 407 
mice, 411 
mouse footpad, 398, 407 
nude mice, 411 
rifampicin, 401 
thymectomized, 411 

national tuberculosis programs (NTPs), 170 
adherence, 171 
cohort analyses, 172 
coordination, 171 
costs, 170 
diagnosis based on bacteriologic examination 

with quality control, 171-72 
donors, 170 
governmental support, 170 
hard currency requirements, 170 
health personnel, 170 
planning, 171 
prevention of resistance to antimycobacterial 

drugs, 175 
recording and reporting, 172 
supply, 171 
technical implementation, 170 
training, 171 

new drugs, 335-37 
activity of KRMI648 against MAC, 352 
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