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ABSTRACT
Isoniazid for 6-9 months is the most widely used form of tuberculosis (TB) preventive treatment. We aimed to assess the side effects of isoniazid by using the serum levels of aspartate transaminase (AST), alanine transaminase (ALT), and uric acid (SUA) in children and adolescents receiving long term isoniazid for latent tuberculosis infection.
The study included children ≤18 yrs of age who underwent TB preventive treatment with isoniazid (IPT) between 2015 and 2019 at an university hospital. Serum transaminase, SUA, urea, and creatinine levels of patients were measured before the initiation of IPT, 15th day, and once a month during treatment. Patients with either ALT, AST, or SUA results above cut-off levels during treatment were evaluated. The final values in follow up were included in the analysis of the data.
A total of 141 children who underwent IPT were included. Seventy children had family members with confirmed tuberculosis disease and 71 children had TST positivity. SUA increased above cut-off values in 16 children (11.3%) and half of them had uric acid levels over 7 mg/dL. The median duration of the development of hyperuricemia was 4.0 months. ALT or AST increased above cut-off values in 23 children (16.3%). ALT was above cut-off values in 7 patients, AST was high in 20 patients. The median duration to the development of AST and/or ALT levels above cut-off was 4.0 months. Two patients had hepatotoxic transaminase levels. Three patients had both elevated transaminases and SUA levels.
İsoniazid may also cause hyperuricemia beside elevation in transaminases in children.
INTRODUCTION
TB is a common cause of mortality and morbidity in children. Although it is considered a disease of poverty and is endemic in low-income countries1, according to European Centre for Disease Prevention and Control, childhood tuberculosis is a major current issue even in the European Union countries2. 

Children in household contact with sputum smear-positive adult index cases are at higher risk of developing latent tuberculosis infection (LTBI) or disease3. LTBI is a state of a persistent immune response to stimulation by M. tuberculosis antigens with no clinically manifest active TB symptoms4. The risk of LTBI or active TB is higher in young children and immune-compromised children5. Ministry of Health of Turkey, "Diagnosis and Treatment of Tuberculosis Guide," recommends that except for immune-suppressed patients, all children and adults aged < 34 years who are household contacts of the disease should receive 6-months TB preventive treatment. Also, TB preventive treatment should be given to children aged 0-4 years if Tuberculin skin test (TST) is positive, and to children aged 5-14 years if TST or interferon-gamma release assay (IGRA) is positive even if no TB contact is present6. WHO guidelines recommend children aged < 5 years who are household contacts of the disease should receive an 8 to 12-week TB preventive treatment even if LTBI testing is negative. TST and IGRA should then be repeated. If they become positive, IPT should be started for 6-9 months. In older children and adolescents if TST and IGRA are positive and chest X-ray is negative IPT should continue for 6-9 months4,7
Isoniazid is an essential drug in the chemotherapy of tuberculosis. Isoniazid for 6-9 months is the most widely used form of  TB preventive treatment4. In children, hepatotoxicity is the most commonly known adverse effect during monotherapy with isoniazid8-11. Hyperuricemia has also been reported during long term combination therapies with rifampicin, isoniazid, and pyrazinamide11,12. Information concerning the adverse effects of tuberculosis treatment regimen comes from adult studies. There is little information on the side effects of isoniazid in children and adolescents undergoing IPT. To the best of our knowledge there is no report in literature concerning hyperuricemia during IPT treatment in this age group. The present study aimed to assess the side effects of isoniazid by using the serum levels of AST, ALT, and SUA in children and adolescents receiving long term isoniazid for latent tuberculosis infection.
MATERIALS AND METHODS 

This retrospective study was approved by the institutional review board (2019/2031). The study included children ≤18 yrs of age who underwent IPT with isoniazid between 2015 and 2019 at Necmettin Erbakan University, Meram Faculty of Medicine Hospital, Department of Paediatric Pulmonology, Konya, Turkey (a tertiary and referral hospital). Patients with known chronic kidney disease or chronic hepatic dysfunction, acute viral hepatitis, human immunodeficiency virus (HIV) co-infection were excluded from the study. The children were either in close contact with adult pulmonary tuberculosis, or their eligibility for IPT was based on TST, IGRA, and chest X rays. They were prescribed a 6-month course of isoniazid (10-15 mg/kg/d, maximum 300 mg). 

Serum transaminase, SUA, urea, and creatinine levels of patients were measured before the initiation of IPT, 15th day, and once a month during the treatment period. Patients with either ALT, AST, or SUA results above cut-off levels during treatment were evaluated in regards to demographic data, duration of treatment, timing of side effects, and interruption of therapy. The initial values before treatment, time to and the highest elevated values, and the final values in follow up were included in the analysis of the data.

In our laboratory, the cut-off values for SUA were 5.5 mg/dL; and for ALT and AST were 32 U/L for girls and 40 U/L for boys. Hepatotoxicity was defined as ALT more than 3-fold of the cut-off with clinical symptoms or elevation of ALT more than 5-fold of cut-off13. Hyperuricemia was defined as an SUA above 7.0 mg/dL14. 
SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for data entry and analysis. Data are presented as median (minimum-maximum). Chi-square (χ2) test was used to compare categorical data, and Mann-Whitney U test was used in independent groups to compare the continuous data. The significance level was set as p<0.05. 
RESULTS

A total of 141 children who underwent IPT were included in the study. The median age of the children was 11.0 years (11 months to 18 years), 66 were boys (46.8%), and 75 were girls (53.2%). Seventy children had family members with confirmed tuberculosis disease, and the other 71 children had TST positivity (those over 15 mm of TST were considered positive because all children had received BCG vaccine). 

All children had normal serum transaminase, uric acid, urea, and creatinine values before IPT. SUA increased above cut-off values in 16 children (11.3 %) (11 boys/ 5 girls). Half of the 16 patients with hyperuricemia, (8 patients, 5.7% of all patients) (5 boys/3 girls) had uric acid levels over 7 mg/dL (Table 1). Hydration was initiated together with allopurinol treatment and proper diet in these eight patients. During this period, isoniazid was also discontinued, and the blood tests were repeated every week until uric acid levels decreased below 5.5 mg/dL. Then, allopurinol treatment was discontinued, and isoniazid treatment was restarted. The duration of allopurinol treatment ranged from 1 week to 1 month. 
The median duration of the development of hyperuricemia was 4.0 months (1.0 - 6.0 months) (Table 1). There was a statistically significant difference between the median age of children with uric acid values higher than the cut-off value and other children (p=0.002).

ALT or AST increased above cut-off values in 23 children (16.3%) (6 boys/ 17 girls). ALT was above cut-off values in 7 patients (4.9%); (4 boys/3 girls). AST was high in 20 patients (14.2%) (3 boys/17 girls). The median duration to the development of AST and/or ALT levels above cut-off was 4.0 months (1.0- 6.0 months) (Table 2). Two patients had hepatotoxic transaminase levels (ALT > 5-fold of cut-off level). IPT was interrupted in these two girls (1.4%) (interrupted four times in one patient) due to high levels of transaminases. Isoniazid was restarted after transaminase levels returned to normal. Three patients had both elevated transaminases and SUA levels (Table 1,2). There was a statistically significant difference between the median age [(8.0 years (1.0-18.0)] of children with transaminase values above the cut-off value and other children [12 years (2.0-18.0)] (p=0.013). There were no statistically significant differences in sex regarding transaminase or uric acid levels (p>0.05).
DISCUSSION
This study shows that, besides the increase in transaminases, isoniazid leads to hyperuricemia in children and adolescents undergoing IPT. These increases do not lead to hepatic or kidney injury. Hypertransaminasemia and hyperuricemia are transient and respond to interruption of IPT.

Hyperuricemia is observed during antituberculosis treatment with various single drug and combination therapies15-17. It is difficult to assess isoniazid's effects on SUA because it is commonly used in combination with other antituberculosis drugs. Previous adult studies show that pyrazinamide is the leading drug responsible for the increase in SUA during multi-drug antituberculosis treatment. It causes hyperuricemia in 84.5% and liver dysfunction in 22.5% of patients during chemotherapy16. In a study by Louthrenoo et al. combination of isoniazid, rifampicin, pyrazinamide, and ethambutol lead to significant increases in SUA in 81.25% of patients. The hyperuricemic effect of pyrazinamide and ethambutol was considered to be mainly due to a decrease in uric acid excretion, which was reversible. There were no changes in serum creatinine or creatinine clearance, and the authors concluded that hyperuricemia was caused by pyrazinamide and ethambutol, but hyperuricemia had no adverse effect on renal function17. In the study of Pokam et al., 96 patients treated with isoniazid, ethambutol, and pyrazinamide were compared with 32 control patients. Significant hyperuricemia was observed in 58% of the studied group as compared with 12.5% in the control group. The authors concluded that the duration of antituberculosis treatment was associated with hyperuricemia in adult patients15. Balouch et al. also reported that although hepatotoxicity was the main risk of antituberculosis treatment, 13% of their patients developed hyperuricemia while receiving isoniazid, pyrazinamide, and rifampicin18. In healthy volunteers, the effects of ofloxacin alone and its combination with other antituberculosis drugs, rifampicin, isoniazid, and pyrazinamide on uric acid excretion were studied. The results showed that pyrazinamide caused a decrease in SUA excretion. In contrast, isoniazid and rifampicin seemed to increase SUA excretion19. Reports concerning multi-drug therapy in pulmonary tuberculosis in children reveal comparable results. In a study by Sanches-Albisua et al., SUA levels increased above the normal range in 9.8% of all children on a two-month regimen of isoniazid, rifampicin, and pyrazinamide20. SUA levels returned to normal one month after pyrazinamide was stopped, and the other drugs were continued. In another study by Şişmanlar et al., hyperuricemia was observed in 52% of children and adolescents two weeks after receiving a combination of isoniazid, rifampicin, pyrazinamide, and ethambutol. Fourteen out of 23 patients showed signs of drug side effects, 2 hepatotoxicities, and 12 hyperuricemia. Eight of the patients who developed hyperuricemia during treatment with pyrazinamide had more than one episode. The authors concluded that pyrazinamide was responsible for the elevations in SUA11). 

All the above-mentioned studies involve patients with confirmed pulmonary tuberculosis on multi-drug regimens. Isoniazid is a widely used bactericidal antituberculosis drug with known side effects. In children, acute isoniazid overdose results in the rapid onset of seizures, metabolic acidosis, and prolonged obtundation21; while chronic toxicity usually presents as hepatotoxicity and peripheral neuropathy22. Transaminase levels more than five times the normal upper limit is considered to be a sign of hepatotoxicity and IPT should be discontinued7.
There is no universally accepted threshold to describe hyperuricemia in children and adolescents23. In children, hyperuricemia is generally defined as a SUA level of >7 mg/dL and may result from overproduction or underexcretion of uric acid14. It is associated with obesity, non-communicable disease, and is an independent risk factor for faster progression of chronic kidney disease in children and adolescents24.

Centers for Disease Control and Prevention (CDC) guidelines recommend laboratory monitoring if signs and symptoms of possible adverse effects appear25. Adherence to therapy was good in our patients; the children were followed periodically, and biochemical tests were conducted every month. In children who showed elevated SUA, blood tests were repeated every week during allopurinol treatment or proper diet until SUA normalized. 
In our study while IPT mainly led to higher uric acid levels in older children it caused higher transaminase levels in younger children. Although the highest uric acid levels were reached mostly after two to three months of therapy, transaminases increased to the highest levels at the early stages of treatment (usually on the 15th day). The results of this study did not display an association between the sex of children and the side effects of IPT. It was probably due to the size of the cohort. Although the total number of children of both sexes were similar, boys seemed to be more prone to hyperuricemia (11 boys/5 girls), while more girls had high transaminase levels (17 girls/ 6 boys). 

Hepatotoxicity is an expected adverse effect of isoniazid. In a large retrospective study by Chang et al., 1.1% of patients (13/1235) aged <18 years developed isoniazid hepatotoxicity during the nine-month IPT therapy. Most patients developed hepatotoxicity within six months, and after stopping isoniazid, ALT levels decreased to normal in all patients. Sex, age, and race were not independently associated with isoniazid hepatotoxicity9. 
Contrary to Chang et al., some studies suggest that females may be at higher risk of developing isoniazid hepatotoxicity26,27. In the present study, two of our patients, both girls (15yrs, 8yrs), had more than five-fold transaminase levels, which led to the interruption of IPT with no clinical signs of hepatotoxicity. The official statement approved by the American Thoracic Society Board of Directors recommends monitoring of ALT in healthy adults every other month, or at 1, 3, and 6 months during the IPT. Likewise, “Guide for Diagnosis and Treatment of Tuberculosis" published by the Ministry of Health of Turkey recommends AST and ALT to be monitored before IPT and at 2, 4, and 6. months of therapy6. ALT is preferred in detecting hepatocellular injury while AST is adjunctive for monitoring chronic liver disease, cholestasis, or severe hepatocellular injury13. Periodic monitoring of SUA and transaminase levels in our patients might have helped in the early detection of side effects and the prevention of hepatotoxicity and kidney injury.
In conclusion, isoniazid may also cause hyperuricemia beside elevation in transaminases in children and adolescents during tuberculosis preventive treatment. While IPT mostly leads to higher uric acid levels in older children, it causes higher transaminase levels in younger children. The increases in transaminases and hyperuricemia respond to the interruption of isoniazid treatment. Because the appearance of increased SUA levels may extend up to six months, we recommend periodic follow up of uric acid levels as well as liver enzymes during the whole course of tuberculosis prophylaxis in children.
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