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TThhee ddaarrkk ssiiddee ooff aannttiittuubbeerrccuulloossiiss tthheerraappyy:: aaddvveerrssee eevveennttss 
iinnvvoollvviinngg lliivveerr ffuunnccttiioonn

T. Schaberg

The World Health Organization estimated that 1.7 bil-
lion people worldwide were infected with Mycobacterium
tuberculosis in 1990.  The number of new cases in the
same year was estimated to be as high as 8 million, with
a death toll of approximately 3 million [1].  During the
nineties, these figures are expected to increase to more
than 10 million new cases and 3.6 million deaths each
year.  Thus, tuberculosis will still remain the leading
cause of death in the world from a single infectious dis-
ease at the beginning of the new century.  Although there
has been a remarkable decrease in morbidity and mor-
tality in the developed countries since 1900, tuberculo-
sis rapidly spread to the developing countries during the
last 95 yrs despite all efforts to control the disease.  Today,
we are far away from any hope of eradication of "the
captain of all these men of death" [2].  Due to two fac-
tors, the decrease of tuberculosis in Europe and the USA
during the last 100 yrs and the remarkable achievements
of modern antituberculosis chemotherapy [3], a "wealth
of ignorance" regarding our understanding of the patho-
genesis of tuberculosis emerged during the seventies and
research activities on new substances for treating tuber-
culosis stopped [2].  However, the problem of tubercu-
losis has attracted new attention from the medical
community, since there has been an increase in the inci-
dence of tuberculosis in developed countries the late
eighties, which was first observed in large urban areas,
such as New York City [4], but, thereafter, also in nearly
all European countries and other parts of the USA [5].

Based on the two principles of "case-finding" and
chemotherapy, one should assume that the control of
tuberculosis would be easy once the problem of tuber-
culosis is recognized.  However, although modern chemo-
therapy is extremely efficient in controlled studies, success
in the field is considerably lower.  In recent years, in
particular, two major treatment problems have gained
attention: firstly, the development of drug resistance; and,
secondly, the tolerance of the substances used.

Since the rate of natural resistance of M. tuberculosis
against major drugs, such as isoniazid, rifampin and pyraz-
inamide, is very low (approximately one resistant bacterium
out of a population of 108 bacteria), most of the observed
resistance of M. tuberculosis is "man-made".  Poor com-
pliance and nonadherance to the prescribed therapy, as well
as failures of drug prescription and therapy-monitoring,

are responsible for most cases of acquired resistance.
This can easily be demonstrated by the fact that the most
important risk factor for the occurrence of drug-resis-
tance in M. tuberculosis is prior treatment [6, 7].  Only
in areas where a high rate of acquired resistance is already
endemic will new infections with resistant strains con-
tribute substantially to the total resistance problem.

Tolerance of antituberculosis therapy is the other major
problem of tuberculosis treatment today.  This edition of
the Journal contains a review article dealing with the
common problem of hepatotoxicity as well as a side-
effect of antituberculosis therapy [8].  Based on their
own experience with three cases of fatal hepatic com-
plications during antituberculosis treatment, the authors
reviewed the literature and developed a flow-sheet for
the management of hepatotoxicity during antituberculo-
sis therapy.  For two reasons, the article by THOMPSON

et al. [8] is a significant contribution.  Firstly, the authors
give concrete recommendations for the management both
of patients with tuberculosis who are at risk for hepato-
toxicity and those who have already developed hepato-
toxicity during antituberculosis therapy.  Secondly, the
paper brings to our attention a well-known problem that
has not yet been sufficiently solved.

The three most important drugs used for treating tuber-
culosis are hepatotoxic [9, 10].  For single substances,
it has been shown that toxicity is primarily dose-depen-
dant [11].  The incidence of hepatic toxicity during the
intake of isoniazid alone is well-known from experience
with this drug in preventive chemotherapy [12].  At a
dose of 5 mg·kg-1, the frequency of clinical hepatitis is
0.5–3%, with a frequency of raised transaminases of
10–25% [13].  For rifampin (10 mg·kg-1), clinically appar-
ent hepatotoxicity has been reported to occur in 2–5%
of cases and altered liver function tests in 10–15% [13].
Elevated transaminases following therapy with pyrazi-
namide (25–30 mg·kg-1) have been observed in 10% of
patients, whereas the frequency of hepatitis has been
found to be lower than 5% [8].  However, following the
principles of modern combined chemotherapy, the com-
bination of all three drugs mentioned above are consid-
ered as the gold standard therapy [14].  Surprisingly,
although there is a large body of evidence for additive
hepatotoxicity both in animals and in humans, the inci-
dence of severe adverse effects related to the three major
drugs was shown to be quite low in meta-analysis [13],
and in most recently published controlled studies (table
1).  Regarding hepatotoxicity, most studies report only
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the frequency of hepatitis but not that of elevated transam-
inases or disturbed liver function tests.  Therefore, analy-
sis of total hepatotoxicity is difficult.  

A second problem arising in the analysis of hepato-
toxicity is the population in which the different studies
were performed.  One can assume that the frequency of
some risk factors for hepatotoxicity (e.g. alcohol abuse,
i.v. drug abuse, diabetes mellitus, or concomitant intake
of other hepatotoxic drugs) is lower in developing coun-
tries than in the urban population at risk for tuberculo-
sis in developed countries, where, on the other hand, the
rate of viral hepatitis might be lower than in Africa or
Asia.  Moreover, it is well-known that chemotherapy in
patients with human immunodeficiency virus (HIV) infec-
tion is associated with more adverse effects than thera-
py in HIV-negative patients.  For example, in a recent
study by SMALL et al. [21] 7 of 132 (5.3%) HIV-posi-
tive patients with tuberculosis developed severe hepato-
toxicity during chemotherapy but none of the HIV-negative
control patients with tuberculosis.

In my opinion, there are two aspects to the problem
of hepatotoxicity from antituberculosis drugs.  One is the
direct risk of a patient to develop severe hepatitis.  This
risk can be easily diminished if the patient is monitored
in an appropriate manner, and any rise in transaminases
or changes in liver function tests induce frequent labo-
ratory monitoring. The other side of the problem, which
has not been addressed in studies so far, is that hepato-
toxicity may lead to a withdrawal of one of the basic
substances.  A patient who does not receive a combina-
tion of isoniazid and rifampin over 6–9 months, supple-
mented with pyrazinamide during the first 8 weeks of
treatment, does not receive the best treatment available
and is at risk of a relevant relapse rate.  Moreover, the
total duration of treatment is prolonged in such cases,
because treatment without isoniazid or pyrazinamide must
be continued for 9–12 months and treatment without
rifampin for 12 months [14].  Even more complicated is
the situation when hepatotoxicity contributes towards a
further limitation of treatment possibilities in patients
with single or multidrug-resistant tuberculosis.  Although
we do not have much data on this problem, it seems jus-
tified to give it some consideration.  Our preliminary obser-
vation of 200 consecutive tuberculosis therapies in patients
from an inner city hospital in 1993/1994 identified 33

(16.5%) cases of hepatotoxicity which necessitated inter-
ruption of therapy, and 22 (11%) cases in which one or
more of the three standard drugs had to be terminated
permanently because of hepatotoxicity (T. Schaberg,
unpublished data).  If we consider together the patients
with single drug resistance (5.8%) and those with mul-
tidrug resistance (5.8%) [7], it emerges, in fact, that near-
ly 22% of the tuberculosis patients could not receive the
best possible treatment.  One conclusion to be drawn
from this scenario, besides the need for intense moni-
toring of patients on antituberculosis therapy to avoid
severe hepatotoxicity, is that new substances with lower
hepatotoxicity are urgently needed in order to control
tuberculosis in our communities appropriately.

Some suggestions can be made for future research
activities and clinical practice.  Regarding research in
this area, new substances which are effective against M.
tuberculosis without serious adverse effects are definitely
needed.  Therefore, pharmaceutical companies are urgent-
ly asked to develop new compounds, which can then be
tested in clinical trials.  Since clinical trials investigat-
ing new substances require a follow-up of at least 2 yrs,
the total time necessary to complete such a study would
be 5 yrs or more.  It is, therefore, necessary to take into
account other approaches for assessing the efficacy of a
new substance.  Two recently developed methods seem
to be suitable for this purpose.  One is the assessment
of the bactericidal activity of a substance by quantitative
culturing of specimens from highly smear-positive cases
during the first week of treatment with monotherapy [22].
The other is to determine the sterilizing properties of a
new substance by examining culture conversion after 2
months of therapy, since it has been shown that there is
a close correlation between the rate of culture conver-
sion and relapse 2–5 yrs after chemotherapy [23].

Although the principles of antituberculosis therapy
have been determined and published in the last 40 yrs,
the practice of this therapy is still based on vast experi-
ence and profound knowledge of the wide range of pos-
sible side-effects of the substances used.  Therefore, it
seems appropriate to demand that antituberculosis ther-
apy should be performed only by thoroughly trained and
experienced doctors.   Monitoring for possible adverse
effects, such as hepatotoxicity, especially in patients at
risk, is part of good clinical practice and should be car-
ried out routinely.  In any case, death from antitubercu-
losis therapy should be a extremely rare complication
today, because the art of tuberculosis therapy is to cure
the patients and not to merely prescribe drugs.
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