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A 5-year-old boy was seen in a tubercu-
losis clinic 1 week after his mother
had received a diagnosis of fully sensi-

tive active pulmonary tuberculosis. The patient’s
past medical history was unremarkable, with no
previous admissions to hospital and no underly-
ing medical conditions.

The results of the patient’s initial evaluation
included a normal history, physical examination,
and radiograph of the chest, as well as a negative
result on a tuberculin skin test. At a subsequent
evaluation 8 weeks later, the patient’s tuberculin
skin test had a positive result (6 × 9 mm). A
repeat chest radiograph was normal. We diag-
nosed latent tuberculosis infection. 

After we discussed the benefits and risks of
treatment, we prescribed isoniazid (11 mg/kg
daily [200 mg/d]) and vitamin B6 (12.5 mg/d).
Test results showed normal baseline levels of
liver enzymes. We followed the patient according
to current recommendations.1 At each month ly
visit, he underwent a clinical assessment and
physical examination, and we re viewed adverse
effects and discussed the warning signs of med-
ication toxicity with the patient’s family.

At his 5-month visit, the patient was noted to
have upper respiratory symptoms but was other-
wise well. Two weeks later, vomiting and
abdominal pain developed. The patient’s family
had believed his complaints were related to
school aversion and had continued to administer
isoniazid for at least 10 days after the symptoms
began. The patient’s mother had just completed
treatment (daily directly observed therapy) with
a public health nurse. When her son’s symptoms
persisted, she contacted the public health nurse,

who advised withholding isoniazid immediately
and made an urgent referral to the tuberculosis
clinic.

At the tuberculosis clinic, the patient had visi-
ble jaundice but appeared otherwise healthy. Lab-
oratory investigations showed high levels of aspar-
tate transaminase (AST; 3576 [normal < 45] U/L),
alanine transaminase (ALT; 2546 [normal
< 40] U/L) and conjugated bilirubin (147 [normal
0–2] µmol/L), and an international normalized
ratio (INR) of 1.7. The patient was urgently re -
ferred to the gastroenterology service and admit-
ted to hospital for evaluation, monitoring and
treatment. Ultrasonography of his liver showed
increased periportal echoes and coarse echogen -
icity consistent with acute hepatitis. A transjugular
biopsy of the patient’s liver showed subacute
necrosis with micronodular cirrhosis. Toxicology
screening had negative results, and aceta-
minophen was not detected in the patient’s blood.
Serologic tests for hepatitis A, B and C viruses,
HIV, Epstein–Barr virus and cytomegalovirus
were all negative, as was polymerase chain reac-
tion testing for Epstein–Barr virus, cyto mega -
lovirus, herpes simplex virus, varicella zoster
virus and parvovirus. Thus, the most likely diag-
nosis was drug-induced hepatitis. The patient’s
family said that he had not taken other prescrip-
tion, over-the-counter or herbal medications. The
possibilities of pharmacy errors and inadvertent
overdosing were investigated and ruled out.

During the patient’s stay in hospital, he re -
ceived supportive treatment. His AST level
peaked at 4066 U/L, 3 days after isoniazid had
been discontinued; his ALT level peaked at
2895 U/L, 5 days after isoniazid had been discon-
tinued. The patient was placed on a waiting list for
liver transplantation when his INR peaked at 2.3
(9 d after discontinuing isoniazid) and signs of
hepatic encephalopathy developed. However, the
patient’s INR spontaneously improved, as did his
clinical condition, and he was removed from the
transplant list 13 days after discontinuing isoni-
azid. On discharge from hospital 3 weeks after
admission, the patient’s liver function was im -
proving (ALT 414 U/L, AST 570 U/L and INR
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• The most common complications of isoniazid toxicity involve the liver.

• Hepatotoxicity can occur at any point during the course of treatment.

• Isoniazid should be withheld immediately at the onset of anorexia,
jaundice, vomiting or abdominal pain.

• Information on important adverse effects and a clear plan of action if
they occur should be communicated to patients verbally, via a
translator if necessary, and in writing.
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1.7). His INR returned to a normal value 1 month
after he stopped taking isoniazid, and his transam-
inase levels returned to normal 6 months later.

Discussion

Our patient presented with hepatic failure during
the fifth month of isoniazid treatment for latent
tuberculosis infection. For much of the duration
of his treatment, the patient showed no symp-
toms of toxicity, and he continued receiving the
medication for at least 10 days after the onset of
symptoms. Although the level of isoniazid in his
blood was not measured, he was receiving an
appropriate dose (recommended range 10–15
mg/kg daily [maximum dose 300 mg/d]). Fur-
thermore, reactions appear to be idiosyncratic,
occurring independent of dose.2

Isoniazid is a synthetic antibiotic that inhibits
mycolic acid synthesis, a key component of the
mycobacterial cell wall. The drug is mainly
metabolized in the liver by N-acetyltransferase 2
and cytochrome P450 2E1 and is the only agent
established by randomized trials as effective for
the treatment of latent tuberculosis infection in
children.3 American and Canadian guidelines
advocate targeted testing for latent infection of
close contacts of patients with tuberculosis,3,4 as
well as new immigrants from countries where
the disease has a high prevalence, and people
with a positive result on a tuberculin skin test
should receive treatment with isoniazid.3

Adverse events associated with isoniazid may
affect many organ systems. Among the most
common adverse effects are those affecting the
liver with varying severity: a mild elevation in
transaminase levels may occur in 15%–20% of
patients;5 clinical hepatitis or hepatotoxicity
(0.5%–2.0%) is more concerning.6 Fatal hepatitis
is rare (about 0.001% of patients),7 but both liver
transplantation and death have occurred in adult
and pediatric populations.

Risk factors for liver toxicity
Several risk factors for liver toxicity have been
identified, including HIV infection, daily alcohol
consumption, age over 34 years, pregnancy and
the postpartum period (within 3 mo of delivery),
concomitant use of other hepatotoxic drugs and
underlying liver disease.4,8 The incidence of toxi-
city increases with age,8 although age has not
been found to affect the incidence of isoniazid
hepatotoxicity in studies involving pediatric
patients.9 Slow acetylation of isoniazid due to
genetic polymorphisms in the gene encoding N -
acetyltransferase 2 and polymorphisms of
cytochrome P450 2E1 that result in increased ac -
tiv ity of the enzyme have both been associated

with raised levels of transaminases during ther-
apy. Unfortunately, there is no validated geno-
type testing for these variants, and their contribu-
tion to the burden of isoniazid hepatotoxicity
re mains controversial.

Monitoring
In the absence of sensitive and specific predic-
tors of hepatotoxicity, the optimal monitoring
strategy for patients taking this drug is controver-
sial. Current guidelines in both the United States8

and Canada4 recommend that clincal monitoring
be done at routine follow-up visits and that labora-
tory monitoring at baseline and monthly thereafter
be reserved for patients at high risk of hepatitis.

Our patient’s case illustrates several key
points with respect to monitoring. First, even
when protocol is followed, severe  isoniazid-
associated liver injury can still occur and may
not be detected early enough. Our patient
returned for follow-up monthly according to the
established protocol, but his condition was not
identified before severe liver injury had devel-
oped. Similar results were documented in a retro -
spective review of cases of isoniazid-associated
liver toxicity by the Centers for Disease Con-
trol and Prevention (CDC), where 17 severe
adverse events including 5 deaths and 5 liver
transplants were documented over 4 years
among patients who were followed according
to the American Thoracic Society and CDC
guidelines.3,8 These patients included people
with and without a putative predictor for
 isoniazid-associated liver injury. Continued use
of isoniazid despite symptoms was a common
factor in this case series.

Second, hepatotoxicity can occur at any time
after the start of treatment and may not be pre-
ceded by a gradual increase in liver enzyme lev-
els. Severe hepatotoxicity developed in the fifth
month of our patient’s therapy despite normal
liver enzyme levels at baseline. Unlike other
hypersensitivity reactions, hepatotoxicity often
occurs weeks to months after isoniazid is started8

and should be considered at any point during the
course of treatment if symptoms develop. Pa -
tients and caregivers should be educated to main-
tain vigilance throughout the course of treat -
ment, as suggested by the American Thoracic
Society Guidelines.8

Third, we have found that children can appear
healthy despite impending serious or fatal hep -
atic toxicity. The degree of elevation in liver
enzyme levels may not correlate with symptoms.
Nausea, vomiting and abdominal pain are com-
mon, nonspecific symptoms that might not trig-
ger much initial concern for parents or patients
without strong guidance.



Finally, our patient’s isoniazid treatment was
continued for at least 10 days after the onset of
symptoms suggestive of liver disease. Although
discontinuation of the medication at the onset of
symptoms does not ensure recovery,10 continued
use of isoniazid after the onset of symptoms has
been associated with poor outcome and death.11

Therefore, current recommendations are that iso-
niazid should be withheld as soon as any symp-
toms suggestive of liver dysfunction appear.4,8

Patients should be assessed by a health care pro-
fessional; if hepatotoxicity is ruled out, isoniazid
can be restarted. Given the low bacillary burden
of latent tuberculosis infection and the prolonged
need for therapy, it is unlikely that a brief inter-
ruption of treatment would affect outcome.

Role of the medical team
Patients, their families, pharmacists, the prescrib-
ing physicians, public health nurses, and physi-
cians involved in follow-up care all have key
roles in preventing adverse events related to iso-
niazid treatment. Patients and their families need
to be aware of the signs and symptoms of hepa-
totoxicity and the actions to take in the event of
their occurrence.

Since this patient’s case, our tuberculosis
clinic has developed a standard form to be given
to all patients at the start of treatment that details
adverse effects and the actions to take if they
develop (Appendix 1, available at www .cmaj .ca
/lookup /suppl /doi :10 .1503 /cmaj .121732 / -/DC1).
This guide is consistent with the American Tho-
racic Society and CDC guideline,3 which recom-
mends that printed instructions including clinic
telephone numbers and explicit instructions for
after-hours care be given to patients. If symp-
toms develop, patients are told to stop taking the
medication immediately and contact a health
care provider. The health care provider can then
triage the urgency of evaluation, with the default
plan being to see the patient in the emergency
department for assessment.

Patients at our clinic are still followed monthly
and receive reminders about symptoms to moni-
tor at each visit. We do not routinely monitor
liver function, doing so only if symptoms develop

or any of the recommended criteria for monitor-
ing are met.4,8 Our clinic collaborates closely with
public health tuberculosis nurses and staff
involved in directly observed therapy, who moni-
tor active cases daily and children receiving treat-
ment for latent tuberculosis infection every 2
weeks. When English is a patient’s second lan-
guage, a translator or telephone translator service
is used to communicate this information.
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