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ABSTRACT

The treatment of tuberculosis (TB) requires long-term multiple drug use. Hyperuricemia is fre-
quently reported in adults, but there are few data for the pediatric population. This study aimed to
review drug-related side effects in pediatric patients that received treatment for TB. Patients with ac-
tive TB undergoing treatment were followed for drug-related side effects. During the 7 year period,
23 patients with a mean age of 7.9 * 4.66 years were treated. Drug-related side effects were
observed in 14 patients. Hyperuricemia occurred in 12 of the 14 patients, vs. hepatotoxicity in 2. In
all, eight of the patients with hyperuricemia had >2 episodes during pyrazinamide (PZA) therapy.
Based on these findings, we devised an algorithm that could be used for the management of hyper-
uricemia in patients receiving PZA because of TB, and recommend that hyperuricemia be closely

monitored during PZA therapy.

INTRODUCTION
Tuberculosis (TB) is a common cause of morbidity
and mortality in children, especially those living in
endemic regions. Prompt diagnosis and early treat-
ment are essential for effective disease management,
even in drug-resistant cases [1]. The treatment of
TB requires long-term multiple drug use, and rare
drug-related side effects have been reported in chil-
dren. Hepatotoxicity is the most commonly reported
side effect of the treatment of TB in the pediatric
population, occurring in approximately 3-10% of pa-
tients [2, 3]. Hyperuricemia is a frequently reported
side effect in adult patients (40-86%) treated for TB
with pyrazinamide (PZA) [4-6]. The rate of hyper-
uricemia in children treated for TB with PZA has

not been reported and the literature includes just
one study on hyperuricemia in children [7].

Uric acid (UA)—the end product of purine
metabolism—is produced via a xanthine oxidase-
catalyzed reaction [8]. Hyperuricemia in children is
defined as a plasma UA level >7 mg/dl [9] and may
result from overproduction or underexcretion of UA,
or both. For instance, a major metabolite of PZA,
pyrazinoic acid, can cause hyperuricemia via inhibit-
ing renal tubular of UA [10].
Nephrolithiasis and acute kidney injury in patients
with tumor lysis syndrome are well known, whereas
recent data suggest that UA might also be involved
in the pathogenesis of acute and chronic kidney dis-

secretion

ease and hypertension [11].
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Hyperuricemia was reported to be a significant
side effect of PZA in the European Respiratory
Society (ERS) Task Force’s report on the manage-
ment of TB in Europe [12]. The ERS recommends
routine UA monitoring only in patients receiving PZA
therapy that have a documented history of hyperurice-
mia. Allopurinol, a drug that inhibits the xanthine oxi-
dase enzyme responsible for the conversion of
hypoxanthine to xanthine and UA, is recommended
only if hyperuricemia is symptomatic [12, 13].

According to the latest data from the Turkey
Ministry of Health, there were 15 697 cases of TB, of
which 761 (4.9%) were children [14]. The present
study aimed to review the occurrence of drug-related
side effects in pediatric patients that received treat-
ment for TB.

MATERIALS AND METHODS

The study included patients with active TB that pre-
sented between 2007 and 2014 to Gazi University
Hospital, Pediatric Pulmonology Department, Ankara,
Turkey (a tertiary and referral hospital for TB), and
received TB treatment. Drug-related side effects were
retrospectively reviewed. Demographic data, distribu-
tion of involved organs, treatment protocol, treatment
duration, treatment season, drug-related side effects,
the timing and recurrence of side effects and the num-
ber of recurrences were recorded.

All patients initially received first-line anti-TB
treatment that included a combination of three or
four drugs for 2 months; isoniazid (INH) 10-
15mg/kg/d, rifampin (RIF) 10-15 mg/kg/d, PZA
30-40mg/kg/d and ethambutol (EMB) 15-25 mg/
kg/d. Thereafter, INH and RIF 10-15mg/kg/d
were continued for an additional 4-8 months, de-
pending on the organs involved. Treatment was ad-
ministered according to WHO and Turkish TB
diagnosis and treatment guidelines [15, 16].

Basal levels of transaminases, bilirubin, blood urea
nitrogen (BUN), creatinine and UA and complete
blood count were measured in all the TB patients be-
fore the start of anti-TB treatment. Then, serum
transaminases, bilirubin, BUN, UA and creatinine
levels were measured twice a week during the first 2
weeks of treatment, weekly during weeks 3 and 4,
twice a month during the second month of initial
therapy and then every 2 months until no side effects

were observed. All side effects related to the adminis-
tered anti-TB drugs, such as skin rash, pruritus, nau-
sea, constipation, optic neuritis, hepatotoxicity and
hyperuricemia, were observed during the treatment.
A side effect was defined as any adverse reaction that
required specific treatment or led to the interruption
or discontinuation of >1 of the drugs included in
the standard therapy.

Hepatotoxicity was defined as an aspartate trans-
aminases (AST) level and/or alanine transaminases
(ALT) level exceeding the upper limit of normal by
>3-fold in the presence of such symptoms as ano-
rexia, nausea, vomiting and abdominal pain, an AST
level and/or ALT level exceeding the upper limit of
normal by >5-fold without accompanying symptoms
and/or a total bilirubin level >2 mg/dl [17].

Treatment was interrupted or changed, if neces-
sary, in patients that developed hepatotoxicity.

While receiving anti-TB treatment, a >7mg/dl
increase in the basal UA level was accepted as hyper-
uricemia, which is a well-known side effect of PZA in
adults [9, 17]. Patients with treatment-related hyper-
uricemia were investigated for renal disease and con-
comitant use of loop-inhibiting diuretics. Oral
rehydration was administered to patients with hyper-
uricemia. Allopurinol therapy was initiated when
hyperuricemia persisted despite rehydration. Other
types of side effects were recorded when observed.

Statistical analysis was performed using SPSS
v.16.0 for Windows (SPSS Inc., Chicago, IL, USA).
Data are expressed as mean &= SD. The chi-square and
Mann-Whitney U-test were used for data analysis.
The level of statistical significance was set at p < 0.0S.

RESULTS

The study included 23 TB patients that were treated
as outpatients; mean age was 7.9 & 4.66 years and
14 (60.9%) were male. Patient age, distribution of
involved organs, treatment protocols, drug-related
side effects, timing and recurrence of side effects and
the number of recurrences are presented in the
Table 1. In all, 13 (56%) patients had pulmonary in-
volvement. During the initial treatment period, 17
patients received a combination of INH, RIF and
PZA, whereas 6 received INH, RIF, PZA and EMB.
Among the patients, nine received treatment during
spring, eight during summer, and six during winter.
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Table 1. Patient age, distribution of involved organs, drug-related side effects, timing of side effects,
recurrence of side effects and the number of recurrences

Age Involved organs Side effects™ Timing Recurrence Recurrences (1)
0.25 Miliary UAT (7.8) 2nd week Yes 3
1 Lymph node Transaminase | 1st week Yes 2
1.5 Lung Transaminase | 11th week No

3 Lung -

4 Endobronchial -

S Lung UAT (8.8) 2nd week Yes 2
S Urinary UAT (7.4) 1st week Yes 3
S Pericardium UAT (8.1) 1st week Yes 2
S Lung UA7T (8.8) 2nd week No

7 Joint -

7 Pericardium -

8 Joint UAT (9) 1st week No

8 Lung UAT (8.9) 1st week Yes 4
8 Lung UAT (8.9) Sth week No

10 Urinary UA7T (8.7) 1st week Yes 4
10 Lung UAT (7.5) 4th week No

11 Lung UAT (8.2) 4th week Yes 6
12 Lung -

12 Lung -

14 Lymph node -

15 Lung -

15 Lung -

16 Lung UAT (7.5) 2nd week No

*Maximum UA level (mg/dl).

Overall, drug-related side effects were observed in
14 (60%) patients. In all, two patients had elevated
transaminases, which resolved following interruption
of treatment; this condition recurred in one of these
two patients and resolved following an additional
interruption of treatment. Hyperuricemia was
observed in 12 (52%) patients while receiving PZA
treatment. All 12 of these patients were given allo-
purinol because they did not improve with rehydra-
tion. Mean time to the development of
hyperuricemia was 2.1 = 1.4 weeks. In eight patients,
hyperuricemia occurred more than once; one of
these patients had hyperuricemia six times and two
had it four times during the first 2 months of
treatment. Hyperuricemia resolved in a mean
1.1 = 0.35 weeks following allopurinol therapy. After
the second month of the treatment, when PZA was
withdrawn, hyperuricemia was not observed.

All of the patients completed the treatment
and did not require a change in treatment because
of side effects. Patients with drug-related side effects
were evaluated for concomitant liver, kidney and
other diseases, but none were observed. There were
not be any significant differences in age (p > 0.005),
gender (p =0.89), treatment season (p = 0.6692) or
involved organs (p=0.418) between the patients
that did and did not develop hyperuricemia.

No other side effects were identified.

DISCUSSION
The present findings show that hyperuricemia is a
common side effect in children treated for TB. As re-
ported in adult TB patients, hyperuricemia was
observed in 52% of the present study’s patients that
received PZA therapy. Similar adult series reported
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UA > 7mg/ dl

Oral rehydration therapy

O

Repeat UA measurement in two days

U U

UA normal* UA > 7 mg/dl

Oral rehydration therapy
+
Allopurinol therapy

4

Repeat UA measurement weekly

J 4

UA normal UA > 7 mg/dl
Stop Allopurinol therapy* Oral rehydration therapy
+
Allopurinol therapy

Repeat UA measurement
weekly until normal UA values

Fig. 1. Proposed algorithm for the management of hyperuricemia in pediatric TB patients treated with PZA. * Measure
serum BUN, UA, and creatinine twice a week during the first 2 weeks of treatment, weekly during weeks 3 and 4, and
twice a month during the second month of initial therapy, except when findings or symptoms related to side effects are
not observed.

the occurrence of hyperuricemia in 40-47% of pa- best of our knowledge, the present study is the first
tients [4, S]; in contrast, one adult study reported to report the rate of hyperuricemia in children
that the rate of hyperuricemia was 86% [6]. To the treated for TB. Hepatotoxicity is the most frequent
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side effect of TB treatment, and the rate of hepato-
toxicity in the present study was 8% (similar to ear-
lier reports) and hyperuricemia was the most
frequent side effect (52%).

Hyperuricemia plays an important role in the
pathogenesis of numerous disorders, including acute
kidney injury, chronic kidney disease, hypertension,
gout, atherosclerosis, insulin resistance and meta-
bolic syndrome [11, 18-21]. Furthermore, several
recent observational studies reported that an ele-
vated UA level was associated with an increased mor-
tality rate [22-27], and that
asymptomatic hyperuricemia with allopurinol pre-
vented vascular events in adults [28]. Despite the
lack of symptoms associated with hyperuricemia in
patients, they were treated with PZA to avoid such
complications.

Several algorithms exist for the management of
hepatotoxicity, whereas there is no algorithm for the
management of hyperuricemia. Based on the present
findings, we propose an algorithm for the manage-

treatment of

ment of hyperuricemia in pediatric patients receiving
PZA due to TB (Fig. 1). We recommend measure-
ment of serum BUN, UA and creatinine twice a week
during the first 2 weeks of treatment, weekly during
weeks 3 and 4 and twice a month during the second
month of initial therapy, except when findings or
symptoms related to side effects are not observed.

In the present study, hyperuricemia improved
rapidly with allopurinol therapy. During PZA ther-
apy, hyperuricemia can occur more than once.
Indeed, during the first 2 months of treatment, one
of the present study’s patients had hyperuricemia six
times and two patients had it four times. None of
these patients required interruption or cessation of
PZA therapy. Furthermore, in the present study,
there were not any correlations between hyperurice-
mia, and patient age, gender, treatment season or
involved organs. In conclusion, we recommend
measurement of UA during PZA therapy. Because of
several systemic results, hyperuricemia should be
closely monitored during PZA therapy in pediatric
TB patients.
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