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Isoniazid (INH) is a first-line tuberculosis (TB) drug and is currently recommended as part of active and
latent TB treatment in all ages. INH adverse reactions range from mild hepatitis to severe neurological
symptoms and psychosis. Since its introduction in the 1950s, many case reports have explored INH-
induced psychosis. We describe a 12-year-old girl with acute onset hallucinations and delusions as a
rare complication of INH and review previous case reports and identified risk factors. Pediatricians need
to be aware of this less common side effect as they work through a differential of acute psychosis in
children.

© 2020 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tuberculosis (TB) is one of the leading causes of mortality and is
estimated to infect one in every three individuals worldwide [1].
TheWorld Health Organization (WHO) recommends a combination
treatment of four drugs for two months (isoniazid (INH), rifam-
picin, pyrazinamide, and ethambutol), followed by two drugs (INH
and rifampicin) for 4 months as first line therapy for newly diag-
nosed pulmonary TB in both pediatric and adult patients [2]. This
regimen is generally considered efficacious, safe, and cost-effective.
However, adverse effects and drug interactions often complicates
the treatment of tuberculosis.

INH is used in treating active and latent TB infections. In adults,
the recommended dose is 5mg/kg/daywith a maximum of 300mg/
day [2]. In the pediatric population, the recommended range is
7e15mg/kg/day with a maximum of 300mg/day [3,4]. INH has
common side effects that need to be explained to patients and
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assessed for on clinic follow up. These include elevated hepatic
transaminases or hepatitis, nausea, vomiting, peripheral neuropa-
thy related to vitamin B6 deficiency, and dermatitis [2,3,5]. Shortly
after INH was introduced as an antitubercular agent in 1952, re-
ports of cases exhibiting psychotic symptoms as adverse effects
were published [6,7]. Since then, multiple publications have
addressed INH-induced psychosis and explored the a`ssociated risk
factors [6,8,9]. Other antitubercular agents have been linked to
neurotoxicity and psychosis such as cycloserine, ethionamide,
ciprofloxacin , and ethambutol [6,10]. However, INH is frequently
prescribed, and its side effects have the potential to impact a higher
number of TB patients in general.

Only recently has the international literature identified cases of
INH-induced psychosis within the pediatric population [11]. Pedi-
atricians assessing children on antitubercular therapy in an emer-
gency room or in a clinic setting need to be aware of this adverse
effect. We report a case of a 12-year-old, HIV-seronegative girl who
presented with delusions and hallucinations after starting TB
therapy and review the literature on INH-induced psychosis.
2. Case

A 12-year-old previously healthy Saudi girl was diagnosed with
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pulmonary TB based on a two-week history of fever, cough, and
weight loss, and a sputum culture positive for Mycobacterium
tuberculosis. She was started on an antitubercular regimen of
rifampicin, INH, pyrazinamide, and ethambutol. Pyridoxine
(vitamin B6) supplement, was not perscribed. Two weeks after
initiating her TB therapy, she presented to the Emergency Depart-
ment with frequent episodes of vomiting, loss of appetite,
decreased activity, and behavioral changes that had intensified over
one week. She presented with emotional lability, self-talk, visual,
tactile, and auditory hallucinations, and somatic delusions. She had
no history of fever, headaches, abnormal movements, recent travel,
previous medical or psychiatric illnesses, or family history of psy-
chiatric disorders. She denied consuming any other medicinal
agents and reported adherence to her TB medications. She was on
INH 10mg/kg/day, rifampicin 15mg/kg/day, ethambutol 20mg/kg/
day, and pyrazinamide 30mg/kg/day.

On physical examination, her weight was 24 kg with a body-
mass index (BMI) of 11.98 kg/m2. She had normal vital signs, scat-
tered lung crepitations on respiratory exam, and a normal neuro-
logical evaluation. Her lab results, including cell counts and serum
electrolytes, werewithin normal values. An initial toxicology screen
was not carried out. With the acute onset of symptoms and
behavioral changes, brain imaging and cerebrospinal fluid (CSF)
studies were requested to evaluate for extra-pulmonary tubercu-
losis involving the central nervous system (CNS). CSF analysis
including cell counts and protein and glucose levels were normal,
with negative bacterial culture, mycobacterial culture, and TB PCR.
MRI of the brain was normal. Sputum stain for acid fast bacilli was
positive and a chest x-ray demonstrated bilateral apical multiple
cavitary lesions. HIV serology was negative. Neurology and psy-
chiatric evaluations were conducted and medication-induced side
effects including INH-related psychosis was considered. For this
reason, INH was stopped and replaced with moxifloxacin (a
second-line TB agent).

Pyridoxinewas added to her therapy at a dose of 25mg/day, and
she was started on risperidone 0.5 mg/day. She remained admitted
for observation for a week, during which time, her hallucinations
and abnormal behavior gradually stopped. She was discharged on
rifampicin, ethambutol, moxifloxacin, pyrazinamide, pyridoxine,
and risperidone. On follow up in clinic after two weeks, there was
complete resolution of her psychiatric symptoms. Pyridoxine and
risperidone were both discontinued. After completing 2 months of
the four-drug TB regimen, she was switched to a two-drug regimen
of rifampicin and moxifloxacin for four months. Follow up evalu-
ations confirmed complete resolution of respiratory symptoms,
AFB-negative sputum smear and culture, adequate weight gain and
recovery of appetite, improvement in her chest x-ray changes, and
no recurrence of abnormal behavior or hallucinations.

3. Discussion

Psychosis is a rare adverse effect of INH. Older reports place the
incidence of psychiatric symptoms at 1.9% from a US surveillance
program in the 1970s and 1% in a review of cases of TB in Peru
between 1991 and 1999 [6]. No recent surveys have been con-
ducted. Behavioral and mood alterations, problems with memory,
concentration and communication, sleep and appetite distur-
bances, and hallucinations and delusions have been described
[6,8,12].

Most reports are from the adult population. Onset of psychosis is
within days to months from drug initiation, with the majority
developing symptoms in the first two weeks [8e10,12,13]. A typical
storyline tends to occur in most reported cases with a recurring
temporal association. The patient presents with convincing symp-
tomatology, is diagnosed with pulmonary TB, is then started on
combination therapy including INH, and then subsequently de-
velops new and acute onset psychiatric symptoms which resolve
once INH is discontinued. Patients were reportedly on standard
recommended adult doses (300 mg/day) [8,13,14]. Pyridoxine
prescription and dosing varied. Many received anxiolytics and or
antipsychotics initially [8,12e15]. The time from discontinuation to
complete resolution of symptoms ranged from 7 days to 120 days
[8,10].

Oninla et al. report two pediatric cases in undernourished
children [11]. In the first case, a 14-year-old, severely undernour-
ished boy developed auditory hallucinations, echolalia, food
refusal, and insomnia eight days after starting TB therapy for
extensive pulmonary disease. He received 13mg/kg/day of INH
without a vitamin B6 supplement. After discontinuing INH and
starting vitamin B6 (100 mg) and haloperidol, his symptoms
gradually improved. Two months later, INH was reintroduced at
5mg/kg/day with no recurrence of symptoms. Their second case
was of a 5-year-old girl who was HIV positive with failure to thrive
and severe malnutrition. She developed disorientation and bizarre
behaviors (scratching her body, attempting to cut her hair, wan-
dering aimlessly) two weeks after starting TB therapy (with INH at
5mg/kg/day). An initial attempt to stop ethambutol did not improve
her condition and only when INH was stopped did her symptoms
resolve. In her case, she did not receive vitamin B6, anxiolytics, or
antipsychotics and INH was not reintroduced.

A few reports describe INH-associated psychosis in patients on
INH prophylaxis therapy for latent TB. Sharawat et al. report a 3-
year-old girl who developed episodes of aggression, social with-
drawal, and what is thought to be visual hallucinations two weeks
after starting INH (10 mg/kg/day) as prophylaxis for a confirmed
household case of pulmonary TB [16]. Iannaccone et al. describe a
14-year-old girl who, one day after starting latent TB therapy (INH
300 mg and pyridoxine 50 mg), developed auditory hallucinations
that urged her to attempt suicide by drug overdose [17]. She did not
receive an antipsychotic agent initially and follow up psychiatric
evaluation after discontinuing INH revealed no previous psychiatric
illness and no recurrence of psychiatric symptoms or suicidal
ideation.

Identified risk factors for psychosis include age greater than 50
years, malnutrition, uremia, diabetes mellitus, hepatic insuffi-
ciency, hyperthyroidism, and personal or family history of psychi-
atric illness [6,9,18]. In their case series, Menon et al. highlighted
the influence of malnutrition when they presented a 35 year-old
woman, a 55 year-old man, and a 60 year-old man who all devel-
oped INH-induced psychosis with documented body-mass indices
of 13, 18, and 16.8 kg/m2 respectively [8]. In these cases, the stan-
dard dose of 300mg was equivalent to > 5mg/kg/day. Oninla et al.
also present pediatric cases with severe undernutrition [11]. Our
patient had a BMI of 11.9kg/m2 andwas below the 5th percentile for
age and sex. Additionally, the rate of acetylation can affect INH
metabolism and may also be a factor that influences the risk of
psychosis [8,17]. Acetylation is genetically determined and occurs
with racial differences, but cannot be routinely tested on an indi-
vidual basis. Slow acetylation can result in drug accumulation and
may be a pharmacokinetic risk factor.

Vitamin B6 supplement is recommended with the initiation of
TB therapy in certain populations at risk of vitamin deficiency
(pregnancy, HIV seropositive, renal failure, diabetes mellitus, and
malnutrition), to avoid peripheral neuropathy [2]. The WHO rec-
ommends a dose of 10 mg/day [2]. Children with malnutrition or
with HIV on antiretrovirals are considered at risk and are recom-
mended to receive 5e10 mg/day [4] or 1mg/kg/day [3]. Despite
several authors reporting supplementing from the beginning of
treatment [8,13,14] or starting higher doses (40e100mg/day) at the
time of psychotic symptomatology [9,11], there has not been a clear
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association between vitamin B6 deficiency and INH-induced psy-
chosis at this point.

The mechanism of INH-induced psychosis is not fully under-
stood. Common theories suggest a relation to interference with
neurotransmitters. INH is a monoamino oxidase inhibitor and thus
can result in elevated levels of catecholamines and serotonin
[13,19]. Also, through oxidative stress, it can reduce N-methyl D-
aspartate receptors (NMDAR), affecting memory and learning and
contributing to psychosis [9]. Through the excretion and the
depletion of pyridoxine, INH can also affect the levels of tryptophan
and serotonin [8]. And through the inhibition of pyridoxine acti-
vation, it decreases the levels of gamma-aminobutyric acid (GABA),
an important inhibitory neurotransmitter [9].

Psychosis in children is rare and it is important to evaluate the
differential diagnosis before concluding an iatrogenic dug-induced
cause. This includes ruling out infectious or autoimmune enceph-
alitis, seizure disorder, tumors, endocrinopathies, and toxic agents
among other differentials [16]. Excluding alternative causes along
with the temporal correlation of symptoms and drug ingestion/
cessation strengthens the likelihood of causality. Menon et al. and
Prasad et al. increased the plausibility of causality by attempting to
reintroduce INH which resulted in the recurrence of psychiatric
symptoms. In Oninla et al.‘s first described peditatric case, INH was
reintroduced with no recurrence of psychiatric symptoms [11].
However, the dose was modified to 5mg/kg/day and the reintro-
duction occurred two months after initial presentation. This may
have provided adequate time for any risk factors such as malnu-
trition or comorbidities to improve or resolve, and thus could have
altered his risk. This was not expanded on by the authors. Using the
Naranjo criteria for adverse reactions, we were able to conclude
that INH-induced psychosis in our patient was ‘probable’ and not
‘definitive’, since we did not re-challenge her with INH to assess
symptoms recurrence and we did not have an objective method to
confirm the diagnosis [20].

There is no consensus on how patients suspected to have INH-
induced psychosis should be managed. The majority consider
stopping INH the most important step. Most reports include the
initial addition of anxiolytics and antipsychotics in order to manage
acute symptoms, though the duration of such medications varied
from days to months. For a patient presenting with acute onset
psychosis who has recently been started on INH and who is sus-
pected of having INH-induced psychosis, we recommend dis-
continuing INH, as long as there are alternative choices for TB
therapy. The role of pyridoxine remains unclear and the option to
give a daily dose is left up to the treating physician. Short courses of
anxiolytics and antipsychotics can help alleviate initial symptoms.
Input from the infectious diseases services, pediatric psychiatry,
and neurology is strongly recommended for diagnosis, manage-
ment, and follow up.

4. Conclusion

We report a case of acute onset psychiatric symptoms in a pe-
diatric patient with a temporal association strongly supporting
INH-induced psychosis. As INH is one of the major first line drugs in
treating active and latent TB, pediatricians need to be aware of this
rare adverse effect. Although, it remains a diagnosis of exclusion,
considering INH-induced psychosis and discontinuing INH in a
timely fashion can help bring an early resolution to psychiatric
symptomatology and relief for the patient and parents.
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