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Abstract
The cornerstone of tuberculosis management is a 6-month course of isoniazid, rifampicin,
pyrazinamide and ethambutol. Compliance is crucial for curing tuberculosis. Adverse
effects often negatively affect the compliance, because they frequently require a change of
treatment, which may have negative consequences for treatment outcome. In this paper we
review the incidence, pathology and clinical features of antituberculosis drug-induced
hepatotoxicity, discuss the metabolism and mechanisms of toxicity of isoniazid, rifampicin
and pyrazinamide, and describe risk factors and management of antituberculosis drug-
induced hepatotoxicity. The reported incidence of antituberculosis drug-induced hepato-
toxicity, the most serious and potentially fatal adverse reaction, varies between 2% and
28%. Risk factors are advanced age, female sex, slow acetylator status, malnutrition, HIV
and pre-existent liver disease. Still, it is difficult to predict what patient will develop
hepatotoxicity during tuberculosis treatment. The exact mechanism of antituberculosis
drug-induced hepatotoxicity is unknown, but toxic metabolites are suggested to play a
crucial role in the development, at least in the case of isoniazid. Priorities for future studies
include basic studies to elucidate the mechanism of antituberculosis drug-induced hepato-
toxicity, genetic risk factor studies and the development of shorter and safer tuberculosis
drug regimens.
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Introduction
Tuberculosis (TB) is one of the major causes of death from a
curable infectious disease. About 9 million new TB cases occurred
in 2004 and 1.7 million people died from TB that year. Sub-
Saharan Africa has the highest incidence and mortality rates,
mainly due to HIV/AIDS, whereas the South-East Asian region
has the largest number of both new cases and deaths from TB.1

Recommended standard treatment for adult respiratory TB is a
regimen of isoniazid, rifampicin, and pyrazinamide for 2 months,
followed by 4 months of isoniazid and rifampicin. Ethambutol is
usually added to this regimen and streptomycin is recommended
by the World Health Organization (WHO) in retreatment cases in
most developing countries.2

The most frequent adverse effects of antituberculosis treatment
are hepatotoxicity, skin reactions, gastrointestinal and neurologi-
cal disorders. Hepatotoxicity is the most serious one and is the
focus of the present review.3 Antituberculosis drug-induced hepa-
totoxicity (ATDH) causes substantial morbidity and mortality and
diminishes treatment effectiveness. Asymptomatic transaminase
elevations are common during antituberculosis treatment, but

hepatotoxicity can be fatal when not recognized early and when
therapy is not interrupted in time.

Adverse effects diminish treatment effectiveness, because they
significantly contribute to nonadherence, eventually contributing
to treatment failure, relapse or the emergence of drug-resistance.4–6

Adherence to the prescribed treatment is crucial for curing patients
with active TB. Because of the long treatment period, the patient
should keep motivated to continue treatment even when he is
feeling better. Additionally, the interruption of TB treatment and
the switch to second-line antituberculosis drugs, which is required
in patients who do not tolerate standard drugs, results in a sub-
optimal treatment response.

Isoniazid, rifampicin and pyrazinamide are potentially hepato-
toxic drugs.7 These drugs are metabolized by the liver. No hepa-
totoxicity has been described for ethambutol or streptomycin.

Metabolism is crucial in ATDH and toxic metabolites play a
central role. This paper presents a concise up-to-date review
on the incidence and mechanism of hepatotoxicity caused
by first-line standard multidrug TB treatment in adults, a view
on clinical management of ATDH and future directions for
research.
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Incidence, pathology and
clinical features
Many definitions for drug-induced hepatotoxicity have been used
in the literature. It is difficult to define and diagnose ATDH,
because part of the definition is the exclusion of viral hepatitis or
other possible causes of hepatotoxicity. There are numerous
methods for assessing causality of adverse drug reactions, such as
the chronology of the administration of the drugs, results of labo-
ratory testing or the response to re-administration of the drug.
Histological findings (liver biopsy or autopsy) can support the
diagnosis of drug-induced hepatotoxicity.8

A common definition of ATDH is a treatment-emergent increase
in serum alanine aminotransaminase greater than three or five
times the upper limit of normal, with or without symptoms of
hepatitis, respectively. The severity of hepatotoxicity is classified
according to the WHO Toxicity Classification Standards.9

(See Table 1).

Incidence

The incidence of ATDH during standard multidrug TB treatment
has been variably reported as between 2% and 28%.10–24 This
rate depends on the investigators’ definition of hepatotoxicity as
well as the population studied. (See Table 2) Most studies on
ATDH have been performed in Europe, Asia and the USA and
the incidence varies between different world regions. Orientals
are reported to have the highest rates, especially Indian
patients.13,19,21,25 Hepatotoxicity in sub-Saharan Africa is men-
tioned in some papers but incidence rates are not reported. This is
probably due to the fact that liver function tests are not carried out
routinely in monitoring TB patients on therapy in most African
countries.

Active TB is usually treated is with multiple drugs. Therefore,
there are limited data on toxicity rates of antituberculosis drugs
individually, except for isoniazid, which has been widely used as
prophylactic monotherapy for latent TB infections. This can com-
plicate the attribution of the reaction to a specific medication. Only
temporal relationships can provide evidence that a given drug is
responsible for the adverse effect, for example when symptoms
appear with the start of a new drug, resolve with withdrawal of a
drug and/or reappear with rechallenge of that same drug.

Significant transaminase elevations are reported in about 0.5%
of all patients treated with isoniazid monotherapy.26,27 In general,
rifampicin is a well-tolerated drug and hepatotoxicity occurs in
about 1–2% of patients treated with prophylactic rifampicin mono-

therapy.7,28 Hepatotoxicity is a major toxic effect of pyrazinamide.
When the drug was introduced in the 1950s, a high incidence of
hepatotoxicity was reported and the drug was nearly abandoned.
This appeared to be related to the high dosage of 40–70 mg/kg.
Toxicity was not a major problem when pyrazinamide was used at
a daily dosage of 20–30 mg/kg7 Nowadays, pyrazinamide is used
in the intensive phase of TB treatment. The rate of hepatotoxicity
of pyrazinamide monotherapy in its currently used dosage is
unknown. It was recently reported that pyrazinamide causes more
hepatotoxicity than isoniazid or rifampicin.13,18 In a recent study,
seven out of 12 patients (58%) treated for latent TB with etham-
butol and pyrazinamide developed transaminase elevation of more
than four times the upper limit of normal.29 Because ethambutol
alone is not hepatotoxic, pyrazinamide was likely to be the offend-
ing agent.

Pathological features

Both animal and human case studies show that isoniazid-induced
hepatotoxicity manifests mainly as hepatocellular steatosis and
necrosis, and it has been suggested that toxic isoniazid metabolites
bind covalently to cell macromolecules.30–32 Hydrazine is the pro-
posed toxic metabolite of isoniazid and animal studies have shown
that hydrazine causes steatosis, hepatocyte vacuolation and glu-
tathione depletion. Lipid vacuoles and mitochondrial swelling is
found in periportal and midzonal hepatocytes.33–35

Rifampicin may cause transient hyperbilirubinemia, which is
not a toxic effect but is due to interference with bilirubin excre-
tion.36 Rifampicin can cause hepatic lesions characterized by hepa-
tocellular changes, with centrilobular necrosis, possibly associated
with cholestasis. Histopathological findings range from spotty to
diffuse necrosis with more or less complete cholestasis.37 Bridging
necrosis, lymphocytic infiltration, focal cholestasis, increased
fibrosis, and micronodular cirrhosis were observed in the liver of
a patient who died of rifampicin- and pyrazinamide-induced
hepatotoxicity.38

Clinical features

Hepatic drug reactions usually occur in the first 2 months of treat-
ment but may happen at any moment during the treatment period.
Clinical, biochemical and histological features of ATDH are hard
to distinguish from viral hepatitis.31,32 The signs and symptoms of
liver injury are jaundice, abdominal pain, nausea, vomiting and
asthenia. They are not specific enough to ascertain a liver disorder.
Therefore, confirmation by laboratory liver testing is required.8

Complaints of ATDH are mostly relieved when treatment is inter-
rupted. When treatment is not interrupted in time, ATDH can be
fatal.12,23

Metabolism and mechanisms of toxicity
The exact mechanism of ATDH is unknown. Isoniazid-induced
hepatotoxicity is considered idiosyncratic.39 Unpredictable or idio-
syncratic reactions are adverse drug reactions that are not related
to the pharmacological properties of the drug. Although they are
dose dependent in susceptible individuals, they do not occur at any
dose in most patients. Idiosyncratic reactions can affect any organ
system, and include IgE-mediated reactions as well as reactive

Table 1 Definition of hepatotoxicity according to the WHO Adverse
Drug Reaction Terminology

WHO definition of
hepatotoxicity

Grade 1 (mild) <2.5 times ULN (ALT 51–125 U/L)
Grade 2 (mild) 2.5–5 times ULN (ALT 126–250 U/L)
Grade 3 (moderate) 5–10 times ULN (ALT 251–500 U/L)
Grade 4 (severe) >10 times ULN (ALT > 500 U/L)

ALT, alanine aminotransferase; ULN, upper limit of normal, i.e. 50 U/L.
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metabolite syndromes. It is suggested that reactive metabolites,
rather than the parent drug, are responsible for most idiosyncratic
drug reactions.40 Isoniazid-induced hepatotoxicity is not the result
of a hypersensitivity or allergic reaction31,32 and is most probably
caused by toxic metabolites.

Most antituberculosis drugs are liposoluble and their elimina-
tion requires biotransformation into more water-soluble com-
pounds. This is mostly performed by hepatic phase I and phase II
biotransformation enzymes. In the phase I reaction, oxidation or
demethylation occurs, usually performed by cytochrome P450
(CYP450) enzymes. The compound is usually still not very water
soluble, and requires further metabolism. Phase I reactions often
produce toxic intermediates. In a typical phase II reaction, a large
water-soluble compound is attached by glucuronidation or sulfa-
tion, resulting in non-toxic metabolites which can easily be eli-
minated. A third metabolic step for detoxification involved
glutathione, which can covalently bind to toxic compounds by the
enzyme glutathione S-transferase.41

Transporters (e.g. P-glycoprotein) and nuclear receptors (e.g.
pregnane X-receptor) also play a critical role in the orderly

elimination of drugs and their metabolites, and these processes are
sometimes called phase III metabolism.42

Isoniazid

The predominant metabolic pathway of isoniazid metabolism is
acetylation by the hepatic enzyme N-acetyltransferase 2 (NAT2).
Isoniazid (INH; isonicotinic acid hydrazide) is acetylated into
acetylisoniazid and then hydrolyzed into acetylhydrazine and
isonicotinic acid. Acetylhydrazine is either hydrolyzed in hydra-
zine, or acetylated into diacetylhydrazine.32,43 (See Fig. 1). A small
part of isoniazid is directly hydrolyzed into isonicotinic acid and
hydrazine and this pathway is of greater quantitative significance
in slow than in rapid acetylators.43

Most previous research has focused on the hypothesis that
acetylhydrazine is the toxic metabolite of isoniazid.32,44 More
recent studies, however, suggest that hydrazine, and not isoniazid
or acetylhydrazine, is most likely to be the cause of isoniazid-
induced hepatotoxicity.30,45–47 Hydrazine toxicity has been
described as early as 1908 and is known to cause irreversible

Table 2 Incidence and risk factors for antituberculosis drug-induced hepatotoxicity (ATDH) with regimens containing isoniazid, rifampicin and
pyrazinamide

Proportion ATDH (%) Definition of hepatotoxicity Risk factors Population†

2.010 AST > 6¥ ULN and
confirmation by re-challenge

Female sex, advanced age E 78%, As 17%, Af 4%, NA + SA 1%

2.311 ALT > 5¥ pretreatment level Advanced age As (India, Pakistan) 70%, E 30%
2.612 ALT/AST > 10¥ ULN Alcoholism, hepatitis B carriage, other

hepatotoxic drugs
E (Spain) 86%, C/SA 14%

3.013 ALT > 3¥ ULN Advanced age, female sex, HIV-status,
Asian

As 42%, E +C/SA 29%, Af 16%, NA 12%

3.414 ALT > 5¥ ULN Female sex Dutch (94%), non-Dutch (6%)
5.315‡ ALT/AST > 3¥ ULN Abnormal baseline values, female sex,

advanced age
As (Singapore)

8.116 ALT/AST > 5¥ ULN Abnormal baseline liver function, low BMI,
hepatitis B/C, other drugs

Not mentioned

10.717§ ALT > 5¥ ULN Fluconazole exposure, baseline CD4 < 100
cells/mL, bilirubin >13 mmol/L or ALT
>51 U/L

E 60%, Af 34%, other 5%

11.018 ALT/AST > 3¥ ULN Advanced age, history of hepatitis, female
sex

E 90%, As 6%, Af 3%, SA 1%

13.019 ALT/AST > 5¥ ULN HIV infection, Asian Af 60%, As 15%, E 24%, other 3%
15.020,55¶ ALT > 3¥ ULN Advanced age, low BMI, slow acetylator

status, CYP2E1 c1/c1 genotype
As (Taiwan)

16.121 ALT/AST > 5¥ ULN, or
any increase + symptoms

Advanced age As (India)

19.022 ALT/AST > 3¥ ULN HIV or hepatitis C infection Not mentioned
27.723 ALT > 3¥ ULN with or > 5¥

ULN without symptoms
No significant risk factors Iran

ND24†† AST > 3¥ ULN Advanced age, high alcohol intake, slow
acetylators

As (India)

†Regions of origin: Af, Africa; As, Asia; C/SA, Central and South America; E, Europe; NA, North America, SA, South America.
‡Patients at risk did not receive pyrazinamide.
§Study performed in HIV patients only.
¶Same study population.
††No incidence: case–control study.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ATDH, antituberculosis drug-induced hepatotoxicity; BMI, body-mass index; ND, not
done; ULN, upper limit of normal (based on WHO criteria: ULN = 50 IU/L).
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cellular damage.48 Several hydrazine metabolites have been iden-
tified (e.g. acetylated hydrazine, hydrazones and nitrogen gas).
Oxidation is the major route of hydrazine metabolism. Nitrogen
and diimide, a powerful diazene reducing agent, are the probable
intermediates in hydrazine reactions.49 A study in rat liver
microsomes showed that nitrogen-centered radicals are formed
during oxidative hydrazine metabolism, which probably partici-
pate in the hepatotoxic process.50 In vitro studies show that free
oxygen radicals are not involved in isoniazid toxicity.51

Human acetylation rate is genetically determined and humans
can be divided into slow and rapid acetylators.52 Acetylator status
can be assessed by using phenotypic or genotypic methods. Early
studies suggested that fast acetylators are more susceptible to
developing ATDH.32,53,54 More recent studies show that slow
acetylators develop ATDH more often and also more severely as
compared with fast acetylators.24,55,56 In slow acetylators, more
isoniazid is left for direct hydrolysis into hydrazine and also the
‘accumulated’ acetylhydrazine can be converted into hydrazine.
Huang et al. demonstrated that slow acetylators have a more
than two-fold risk of developing ATDH compared with fast
acetylators.55 These studies are the first in which acetylator geno-
type was determined; earlier studies determined acetylator pheno-
type using biochemical methods.

Although limited information exists regarding isoniazid con-
centrations that cause toxic reactions, it can be proposed to adjust

isoniazid dosage on acetylator status: a lower dosage in slow
acetylators to reduce the risk of ATDH and a higher isoniazid
dosage in fast acetylators to increase the early bactericidal activity
and thereby lower the probability of treatment failure.57

Human genetic studies have shown that cytochrome P450 2E1
(CYP2E1) is involved in ATDH.20,58 The CYP2E1 c1/c1 genotype
is associated with a higher CYP2E1 activity and may lead to a
higher production of hepatotoxins. Rat studies showed that iso-
niazid and hydrazine induce CYP2E1 activity.59–61 Isoniazid has an
inhibiting effect on CYP1A2, 2A6, 2C19 and 3A4 activity.57,62

CYP1A2 is suggested to be involved in hydrazine detoxifica-
tion.59,60 Isoniazid can induce its own toxicity, possibly by the
induction or inhibition of these enzymes.

Whether oxidative stress is involved in ATDH is still a matter of
debate. Oxidative stress results from an imbalance between oxi-
dants and antioxidants in favor of the oxidants. Non-enzymatic
scavengers (antioxidants) as well as enzymatic systems (e.g.
glutathione conjugation) are involved in the detoxification of reac-
tive oxygen species.63 Reduced glutathione levels and reduced
activity of glutathione-S transferase, catalase and superoxide
dismutase after isoniazid or hydrazine administration to rats
indicates that oxidative stress is involved in isoniazid-induced
hepatotoxicity.34,60,64–66 The observed hepatoprotective effect of
N-acetylcysteine (a sulfhydryl-containing compound that can
reduce oxidated glutathione into reduced glutathione) in rats

Figure 1 Isoniazid metabolism.
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treated with isoniazid and rifampicin further supports this involve-
ment.67,68 Furthermore, TB patients with ATDH have been shown
to have lower reduced plasma levels of glutathione and higher
malondialdehyde, which is an oxidative stress parameter, maybe
as a result of oxidative stress from the antituberculosis therapy.66

The cause of the observed glutathione depletion is not apparent,
however, and could reflect a general disturbance of intermediate
metabolism, and be as well a consequence instead of a cause of
toxicity. The observation that an induced glutathione depletion
does not affect in vitro isoniazid-induced toxicity, suggests that
glutathione is not directly involved in isoniazid-induced toxicity.69

Rifampicin

The major pathway is desacetylation into desacetylrifampicin
and separately hydrolysis produces a 3-formyl rifampicin.70,71

Rifampicin may induce hepatocellular dysfunction early in the
treatment, which resolves without discontinuing the drug.72 The
mechanism of rifampicin-induced hepatotoxicity is unknown and
also unpredictable. There is no evidence for the presence of a toxic
metabolite.37

Rifampicin is a potent inducer of the hepatic CYP450 system in
the liver and intestine, thereby increasing metabolism of many
other compounds.73,74 The combined use of rifampicin and iso-
niazid has been associated with an increased risk of hepatotoxicity.
Rifampicin induces isoniazid hydrolase, increasing hydrazine pro-
duction when rifampicin is combined with isoniazid (especially in
slow acetylators), which may explain the higher toxicity of the
combination.75,76

Rifampicin also interacts with antiretroviral drugs and affects
the plasma levels of these drugs as well as risk of hepatotoxicity.77

Pyrazinamide

Pyrazinamide (PZA; pyrazoic acid amide) is converted to pyrazi-
noic acid and further oxidized to 5-hydroxypyrazinoic acid by
xanthine oxidase.78 The serum half-life of pyrazinamide is not
related to the length of treatment, indicating that pyrazinamide
does not induce the enzymes responsible for its metabolism.79 The
mechanism of pyrazinamide-induced toxicity is unknown; it is
unknown what enzymes are involved in pyrazinamide-toxicity and
whether toxicity is caused by pyrazinamide or its metabolites. In a
rat study, pyrazinamide inhibited the activity of several CYP450
isoenzymes (2B, 2C, 2E1, 3A);80 but a study in human liver
microsomes showed that pyrazinamide has no inhibitory effect on
the CYP450 isoenzymes.81

Prophylactic treatment with rifampicin
and pyrazinamide

Latent Mycobacterium tuberculosis infections are usually treated
with 6 months of isoniazid monotherapy. The investigation of a
2-month prophylactic regimen with rifampicin and pyrazinamide
led to serious and also fatal cases of hepatotoxicity.82 It caused
more frequent and more serious hepatotoxicity compared with
6 months isoniazid (8–13% compared with 1–4%)83–85 and even
caused more hepatotoxicity compared with standard treatment of
active TB.14

It is yet unknown why rifampicin and pyrazinamide combined
are more toxic that isoniazid only or a 6-month regimen with
isoniazid, rifampicin and pyrazinamide. Some authors suggest that
pyrazinamide may be the primary cause. Patients treated for latent
TB may have a higher alcohol intake during treatment as compared
with TB patients on multiple drug-treatment, which increases their
risk of ATDH. A drug interaction, whereby isoniazid decreases the
hepatotoxic potential of rifampicin and pyrazinamide can also be
considered, but mechanisms for this are unclear.86

Strikingly, HIV-infected individuals have similar hepatotoxic-
ity rates during prophylactic rifampicin and pyrazinamide treat-
ment and treatment of active TB (between 1% and 5%).87 This
cannot be readily explained. Again the question is raised whether
isoniazid provides a protective effect to patients receiving rifampi-
cin and pyrazinamide. An explanation could be that malabsorption
of antituberculosis drugs results in lower plasma levels in HIV-
infected individuals;88,89 but only if a dose–toxicity relation
is assumed will these lower plasma levels affect the risk of
hepatotoxicity.

Risk factors
Many risk factors for ATDH have been reported. The identification
of high-risk patients would be useful to allow early detection of
hepatotoxicity and reduce the morbidity and mortality of this con-
dition. Variation in risk factor prevalence among different world
regions may explain the observed differences in ATDH incidence.

Demographic factors

Among the most widely accepted risk factors for ATDH are
advanced age (above 60 years), female sex and low body mass
index or malnutrition.11,13–16,18,20,32,90 Older patients may be more
vulnerable to hepatotoxic reactions due to a decreased clearance of
drugs metabolized by CYP450 enzymes, and changes in liver
blood flow, liver size, drug binding or distribution with aging.
CYP3A activity was higher in females compared with males,
which may explain females being more susceptible to ATDH.91

Malnutrition results in decreased xenobiotic clearance and higher
plasma levels.92

HIV/AIDS

HIV-infection increases the risk of hepatotoxicity during standard
multidrug treatment of active TB.13,19,22,93,94 Why HIV-infected TB
patients have an increased risk of ATDH is still a matter of debate.
HIV/AIDS patients with acute illnesses have altered activities of
oxidative pathways, which may partly explain their increased risk
of ATDH.95

Concurrent therapy of TB/HIV coinfections requires concomi-
tant use of two to four different antituberculosis drugs and at least
three antiretroviral drugs. Unfortunately, combined TB/HIV treat-
ment is often complicated by overlapping toxicities and drug–drug
interactions.77 Nevirapine is the most hepatotoxic non-nucleoside
reverse transcriptase inhibitor (NNRTI).96 The majority of the
nucleoside reverse transcriptase inhibitors (NRTI) are potentially
hepatotoxic (e.g. didanosine and stavudine) and hepatotoxicity has
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been described for some protease inhibitors (e.g. ritonavir, indi-
navir and saquinavir). The incidence of hepatotoxicity during
highly active antiretroviral therapy (HAART) ranges from 2% to
18%.97 Drug toxicity, including hepatotoxicity, has been impli-
cated as a major cause of TB or HIV treatment interruption during
treatment of TB/HIV coinfection. Therefore, HAART is often
delayed in HIV-infected TB patients.98 The concomitant use of
antifungals (e.g. fluconazole) which is often seen in HIV-infected
patients, is also a risk factor for ATDH.17

Strikingly, HIV-positive patients developed less hepatotoxicity
compared with HIV-negative patients during 2-month prophylactic
treatment of latent Mycobacterium tuberculosis infection with
rifampicin and pyrazinamide.87 This cannot be readily explained.
Although the hepatic damage from rifampicin and pyrazinamide
may be immunologically mediated and may therefore be lower
in the HIV-infected persons, there is no clear support for
this hypothesis and in this trial patients were not severely
immunocompromised.

Pre-existent liver disease

Hepatitis B and/or C infections are common causes of the chronic
liver disease that is frequently seen in populations at risk for TB
infection. Several studies show that hepatitis B and C coinfection
increase the risk of ATDH.12,16,22,90,99,100 This has also been
described for HIV-positive patients who are being treated with
HAART.101 More in general, patients with prior liver disease are at
higher risk of hepatotoxicity.72

Genetic risk factors

There is considerable interindividual variability in metabolism,
some of which is caused by human genetic differences. Genetic
polymorphisms in drug-metabolizing enzymes can affect enzyme
activity. This may cause differences in treatment response or drug
toxicity, for example, due to an increased formation of reactive
metabolites.102 Data on genetic risk factors for ATDH are still
limited.

As mentioned in the Metabolism section earlier, the proposed
risk genotypes for ATDH are the N-acetyltransferase slow acety-
lator (without the NAT2*4 allele),55,56 the cytochrome P450 2E1
homozygous wild type20,58 and the glutathione S-transferase
homozygous null genotype.103

These polymorphisms may explain differences in incidence of
ATDH between different populations. The interplay between these
genetic risk factors has not been studied.

The pregnane X-receptor (PXR) is involved in CYP3A4
expression and the extent to which inductors such as rifampicin
can induce this enzyme.42 Genetic polymorphisms in PXR play a
role in the variability of CYP3A4 expression104 and could therefore
in theory be involved in the susceptibility for ATDH.

Intoxications

Alcoholism is associated with a higher risk of ATDH because of
enzyme induction.12,24 Patients with alcohol abuse and concomi-
tant use of other hepatotoxic drugs also increases the risk of
ATDH.12,16

Dosing schedules

Several studies have shown that daily TB treatment in comparison
with thrice-weekly treatment increases the risk of ATDH,105,106

although a recent study suggested that dosing schedules in the
intensive phase have only little impact on the development of
ATDH.107

Management
Guidelines for management of ATDH have been published by the
American Thoracic Society (ATS), the British Thoracic Society
(BTS) and the Task Force of the European Respiratory Society, the
WHO and the International Union Against Tuberculosis and Lung
Disease.108–110 The management of ATDH depends on the supposed
cause, therefore no unambiguous advice can be given. The hepa-
tocellular pattern of liver injury, which is seen in isoniazid,
rifampicin and pyrazinamide toxicity, has a predominant initial
elevation of alanine aminotransferase.111 Therefore, this biochemi-
cal parameter is most often used to monitor the liver function
during antituberculosis treatment.

In summary, TB should be treated under supervision of a quali-
fied physician. Patients should be advised to seek medical care if
they experience any signs or symptoms of hepatotoxicity (i.e.
jaundice, malaise, nausea and vomiting). They should be advised
not to drink alcohol during TB treatment. During treatment, the
liver function only has to be monitored on a regular basis on
indication (e.g. in patients with chronic liver disease or increased
serum transaminases prior to treatment). In the case of signs or
symptoms of hepatotoxicity, the liver function should be exam-
ined. In the case of confirmed moderate or severe drug-induced
hepatotoxicity, treatment should be interrupted and reintroduced
after the hepatotoxicity has resolved. The American Thoracic
Society guidelines on management of ATDH are summarized as a
flow-chart in Figure 2.108,112

It is important to note that asymptomatic transaminase eleva-
tions occur in 20% of patients treated with standard antitubercu-
losis regimens; prior to treatment or immediately after the start of
treatment. Usually these elevations resolve spontaneously.7,11,23

Although the guidelines from the ATS, BTS and the Task Force
are more or less the same, there are some differences. The ATS
does not recommend baseline liver function testing for healthy
patients, but only advises it in patients with possible risk for ATDH
(e.g. patients with liver disorders), whereas the Task Force and
BTS advise performing baseline liver function testing in all
patients. After TB treatment has been stopped because of hepato-
toxicity, both the BTS and ATS advise restarting the antitubercu-
losis drugs one at a time. The Task Force advises restarting all the
drugs simultaneously; after a second episode of hepatotoxicity the
drugs need to be reintroduced consecutively.

In many low-income countries, where the burden of TB is often
high, liver function tests cannot be performed. In those situations
one has to rely on clinical symptoms of hepatotoxicity, such as
jaundice, abdominal pain, nausea and vomiting. The cause of
hepatitis during TB treatment can either be the antituberculosis
drugs or something else, so the other possibilities have to be
excluded before deciding that the hepatitis is drug-induced. If
moderate or severe ATDH is diagnosed (i.e. serum aminotrans-
ferase level >5 times the upper limit of normal [ULN] or >3 times
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the ULN with symptoms of hepatotoxicity), guidelines recom-
mend to discontinue all drugs until liver function tests have
become normal. When it is not possible to perform liver function
tests, it is advisable to wait for an extra 2 weeks after the jaundice
has disappeared before recommencing TB treatment. Once the
ATDH has resolved, the same drugs are reintroduced consecu-
tively. A very ill TB patient may die without antituberculosis
drugs. To prevent this, these patients should be temporarily treated
with a non-hepatotoxic regimen. After the hepatotoxicity has
resolved, the usual TB treatment should be restarted.2,113

Future directions
The mechanism of ATDH is still largely unknown, so further
understanding is needed regarding genetic polymorphisms in
enzymes involved in TB drug metabolism, potential hepatoprotec-
tive agents and the mechanism of ATDH. The development of
strong pharmacological bases for a more rational use of existing
drugs can be very helpful in lowering the risk of adverse effects of
TB treatment. There are still only a few studies on the effect of
genetic polymorphisms in drug-metabolizing enzymes on the risk

of ATDH. The relative role of these polymorphisms in relation to
other risk factors should be studied in risk factor assessment
studies using large sample sizes and different populations.
Although the available data in the field are still limited, pharma-
cogenetic approaches may prevent ATDH in the future. In patients
with high-risk genotypes, adjusting treatment dosages should be
considered to prevent ATDH while maintaining the therapeutic
effect. The association between risk genotype, drug concentrations
and the risk of hepatotoxicity should be studied. For example, the
NAT2 genotype could be used to divide patients into ‘low iso-
niazid dose’ and ‘high isoniazid dose’ groups.114

A hepatoprotective effect of N-acetylcysteine67 and silymarin115

on ATDH has been shown in rats. More studies are needed on the
protective effect of such compounds in humans and possible inter-
actions with antituberculosis drugs.

The long duration of TB treatment is one of the main problems
to be overcome. Improvement of the bactericidal effect of the
antituberculosis drugs will reduce treatment length and conse-
quently increase treatment adherence and efficacy. New and less
hepatotoxic regimens will need safety and tolerability studies.
New regimens are in development, with emphasis on fluoroquino-

Figure 2 Flow chart monitoring the liver
function prior to and during tuberculosis (TB)
treatment, and the management of antituber-
culosis drug-induced hepatotoxicity (ATDH),
based on the American Thoracic Society
guidelines. ALT, alanine aminotransferase;
INH, isoniazid; LF, liver function; PZA, pyrazi-
namide; RIF, rifampicin; ULN, upper limit of
normal. aIn patients with baseline serum ALT
of more than three times ULN, several regi-
mens without PZA and, if necessary, with a
fluoroquinolone or cycloserine are recom-
mended. bRisk groups in which screening for
viral hepatitis is recommended include intra-
venous drug users, patients from endemic
areas (Asia, Africa, the Pacific Islands, Eastern
Europe or the Amazon region), sexual or
household contacts of infected individuals,
HIV infected patients. cIf the patient is very
sick or still sputum smear positive, some form
of TB treatment should be given until liver
function is normal.

Anti-TB drug-induced hepatotoxicity A Tostmann et al.

198 Journal of Gastroenterology and Hepatology 23 (2008) 192–202 © 2007 The Authors

Journal compilation © 2007 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



lones such as moxifloxacin and levofloxacin,116,117 and will prob-
ably have lower toxicity rates.118 Although these drugs have been
known for their potential activity for several years, they are yet not
widely used probably because of microbiological (resistance),
toxicological or economic reasons.

Hepatotoxicity can be an indication for therapeutic drug moni-
toring (TDM) in TB hospitals in the developed world. In TDM,
plasma levels of the antituberculosis drugs are monitored during
treatment. Although for most antituberculosis drugs, relationships
between the serum concentrations and toxicity are not present,
pyrazinamide dose is related to hepatotoxicity (more common
with daily dosages above 40 mg/kg). The rationale of TDM is to
observe high or low plasma levels of the antituberculosis drugs to
be able to take appropriate action. Especially in AIDS patients
treated for TB/HIV, TDM can resolve issues of drug–drug inter-
actions before the patient develops treatment failure, relapse or
toxicity.119

Studies are needed to demonstrate whether routine transaminase
monitoring during TB treatment reduces the incidence or severity
of ATDH.

One of the main future challenges is to design and implement
effective and safe treatment regimens for TB/HIV coinfected
patients. Attempts should be made to develop regimens with
minimal toxicity to achieve better cure of TB in HIV-infected
patients. Hepatotoxicity is a serious adverse effect and is fre-
quently seen in combined TB/HIV treatment, but also other
adverse effects such as skin reactions or gastrointestinal disorders
should be taken into account.
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