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SaZetak

Cilj: Prikazati rezultate pracenja hepatotoksi¢nosti antituberkulotika u majke
i djeteta primljenih na bolnicko lijecenje zbog tuberkuloze pluca.

Ispitanici i metode: Majka (23 godine) i dijete (2 godine i 4 mjeseca) lije-
ceni su izonijazidom, rifampicinom, pirazinamidom, etambutolom, odnosno
streptomicinom. U svrhu pracenja hepatotoksicnosti antituberkulotika odre-
divana je kataliticka aktivnost aspartat-aminotransferaze (AST), alanin-ami-
notransferaze (ALT), alkalne fosfataze (ALP), gamaglutamiltrasferaze (GGT),
laktat-dehidrogenaze (LD) i bilirubina.

Rezultati: U majke je najvece povecanje enzimskih aktivnosti postojalo 2.
tjedna od primjene terapije: aktivnost AST bila je 34 puta, ALT 43 puta, ALP
1,2 puta, GGT 5,5 puta i LD 1,7 puta veca od gornjih referentnih granica. U
djeteta je najvece povecanje enzimskih aktivnosti bilo 1. tjedna od primjene
terapije: povecanje AST bilo je 28,1 puta, ALT 29,2 puta, GGT 2,5 putai LD 3,3
puta od gornjih referentnih granica prema dobi. Nakon priviemenog preki-
da terapije kataliticka aktivnost enzima vratila se unutar referentnih granica,
a terapija je postupno ponovno uvedena do pune doze. U daljnjem tijeku do
izljecenja i majka i dijete dobro podnose terapiju antituberkuloticima bez po-
vecanja enzimskih aktivnosti.

Zakljucak: Izrazito povecane kataliticke aktivnosti AST i ALT u majke i djete-
ta tijekom lijecenja antituberkuloticima ukazuju na mogucu predispoziciju za
pojavu teskog stupnja hepatotoksicnosti. U prvim tjednima primjene antitu-
berkulotika aktivnost jetrenih enzima potrebno je pratiti svakih tjedan dana
kako bi se otkrila njihova moguca hepatotoksicnost te terapija pravodobno
evaluirala.
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Abstract

Aim: To present results of monitoring hepatotoxicity of antituberculosis dru-
gsin a mother and a child admitted for hospital treatment due to pulmonary
tuberculosis.

Patients and methods: A mother (23 yrs) and a child (2 yrs and 4 months)
were on isoniazid, rifampicin, pyrazinamide, ethambutol and streptomycin
therapy. To monitor the hepatotoxicity of these antituberculosis drugs, catal-
ytic activities of aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), gamma glutamyltransferase (GGT), lactate
dehydrogenase (LD) and bilirubin were determined.

Results: The highest increase in enzyme activity in the mother was recorded
two weeks since the institution of therapy: AST, ALT, ALP, GGT and LD activi-
ties were 34-fold, 43-fold, 1.2-fold, 5.5-fold and 1.7-fold higher, respectively,
than the upper normal values. In the child, the highest rise in enzyme activity
occurred during the 1°* week since the application of therapy; compared to
the upper reference range values, AST, ALT, GGT and LD were 28.1-, 29.2-, 2.5-
and 3.3-fold higher, respectively. After temporary discontinuation of therapy,
the catalytic activity levels returned within the reference range limits, and
the therapy was gradually reintroduced until full dose was achieved. During
the subsequent period until recovery, both the mother and the child tolera-
ted the antituberculosis drug therapy well, i.e. without elevation of enzyme
activity.

Conclusion: Markedly elevated catalytic activities of AST and ALT in the mot-
her and the child during antituberculosis drug therapy indicate the occurren-
ce of a possible predisposition for severe hepatotoxicity. During initial weeks
of antituberculosis drug administration, it is necessary to monitor the activity
of liver enzymes every week in order to detect their possible hepatotoxicity
and carry out prompt therapy evaluation.
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Uvod

Tuberkuloza pluc¢a podrazumijeva upalu plu¢nog paren-
hima uzrokovanu unutarstani¢cnom bakterijom, mikobak-
terijem tuberkuloze (My. tuberculosis). lako se antitu-
berkulotici primjenjuju ve¢ 60-ak godina, tuberkuloza je i
dalje vodedi uzrok smrtnosti u svijetu (1). Antituberkulots-
ka kemoterapija moZe uzrokovati ostecenje jetara, kako u
bolesnika s aktivnom tuberkulozom (primjenjuju se izoni-
jazid — INH, rifampicin — RIF, pirazinamid - PZA, etambu-
tol — EB, streptomicin — SM), tako i u osoba s latentnom
tuberkuloznom infekcijom (primjenjuje se izonijazid).
Hepatotoksi¢nost se moze ocitovati prolaznim asimpto-
matskim povecanjem katalitickih koncentracija nekih
jetrenih enzima (2), ali i pojavom hepatitisa sa smrtonos-
nim posljedicama (3).

Glavni lijek u terapiji i profilaksi tuberkuloze je izonijazid.
U biotransformaciji izonijazida osim N-acetil transfera-
ze (NAT) sudjeluju citokrom CYP2E1 (P450 2E1) i glutati-
on-S-transferaza (GST) (4). Polimorfizam gena koji kodi-
raju spomenute enzime moze utjecati na aktivnost tih
enzima. Zbog povezanosti polimorfizma gena s hepa-
totoksi¢nosc¢u izonijazida (5), u zadnje se vrijeme najvise
istrazuju sljedeci genotipovi: NAT2 spori acetilator (engl.
slow acetylator), homozigotni genotip CYP2E1 (1A/1A), te
homozigotni genotip GSTM1 (null GSTM1) (5-8), a prema
rezultatima ispitivanja na Zivotinjama ¢ini se da je za he-
patotoksi¢nost INH odgovoran njegov metabolit hidrazin
9).

Kataliticka aktivnost aspartat-aminotransferaze (AST)
moze biti triput veca od gornje referentne vrijednosti
kod asimptomatske hepatotoksi¢nosti, odnosno peti vise
puta veca kod simptomatske hepatotoksi¢nosti (10). Pre-
ma povecanju kataliticke aktivnosti AST, hepatotoksi¢nost
se moze stupnjevati kao blaga (AST povecana manje od
5 puta), umjerena (povecanje AST 5 do 10 puta), odnos-
no teska (AST povecana vise od 10 puta, odnosno > 500
IU/L (2). Osim povecanja AST povremeno se moze uoditi
povecanje kataliticke aktivnosti alkalne fosfataze (ALP)
i koncentracije bilirubina, $to se pripisuje djelovanju RIF
(2). Jetrena disfunkcija uzrokovana antituberkuloticima
obi¢no se ocituje prvih nekoliko tjedana od pocetka
primjene lijekova (11). U svrhu pracenja aktivnosti tu-
berkuloze i otkrivanja moguce hepatotoksi¢nosti antitu-
berkulotika u svakodnevnoj se praksi u bolesnika svakih
14 dana odreduju upalni biomarkeri te kataliticka ak-
tivnost jetrenih enzima i koncentracija bilirubina.

Ovim smo radom htjeli prikazati rezultate prac¢enja hepa-
totoksi¢nosti antituberkulotika u majke i djeteta lije¢enih
zbog plu¢ne tuberkuloze. Prema nasem znanju ovo je u
Hrvatskoj prvi prikaz obiteljske pojave hepatotoksi¢nosti
kao posljedice antituberkulotske terapije.
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Introduction

Pulmonary tuberculosis implicates the inflammation of
lung parenchyme caused by intracellular bacteria, Myco-
bacterium tuberculosis. Although antituberculosis drugs
have been administered for about sixty years, tuberculo-
sis has persisted as a leading cause of death worldwide
(1). Antituberculosis chemotherapy may cause liver dam-
age both in patients with active tuberculosis (isoniazid
- INH, rifampicin - RIF, pyrazinamide - PZA, ethambutol -
EB, streptomycin - SM are applied) and in individuals with
latent tuberculosis infection (isoniazide is administered).
Hepatotoxicity may manifest by transient asymptomatic
increase in the catalytic concentrations of some liver en-
zymes (2), but also by the occurrence of hepatitis with fa-
tal outcome (3).

The major medication in tuberculosis therapy and proph-
ylaxis is isoniazide. In addition to N-acetyl transferase
(NAT), CYP2E1 cytochrome (P450 2E1) and glutathione S-
transferase (GST) are involved in isoniazid biotransforma-
tion (4). Polymorphism of the genes that encode these en-
zymes may affect enzyme activity. Due to the association
of gene polymorphisms with isoniazid hepatotoxicity (5),
the following genotypes have recently been most investi-
gated: NAT2 slow acetylator, CYP2E1 (1A/1A) homozygous
genotype, and GSTM1 (null GSTM1) homozygous geno-
type (5-8). Based on animal studies, it appears that INH
hepatotoxicity is caused by its metabolite hydrazine (9).
The catalytic activity of aspartate aminotransferase (AST)
may be 3-fold that of the upper normal value in sympto-
matic hepatotoxicity, and 5-fold or even higher in asymp-
tomatic hepatotoxicity (10). Based on the rise in catalytic
activity, AST hepatotoxicity may be graded as mild (less
than 5-fold AST elevation), moderate (5-10-fold AST in-
crease), and severe (more than 10-fold AST elevation, or >
500 IU/L) (2). Apart from AST elevation, increased catalyt-
ic activity of alkaline phosphatase (ALP) and elevated bi-
lirubin concentration may be occasionally observed and
ascribed to the action of RIF (2). Liver dysfunction due
to antituberculosis drugs usually manifests during initial
weeks since drug administration (11). In order to monitor
tuberculosis activity and detect possible hepatotoxicity
of antituberculosis drugs, biomarkers of inflammation are
in routine practice determined in patients every 14 days
together with catalytic activity of liver enzymes and bi-
lirubin concentration.

In this report, we present the results of monitoring hepa-
totoxicity of antituberculosis drugs in a mother and a
child treated for pulmonary tuberculosis. According to
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Prikaz bolesnika

Majka

IK, u dobi od 23 godine, do ove bolesti nije bila teze bo-
lesna. Besezirana je i ima oZiljak. Razboljela se mjesec
dana prije prijma na bolnicko lijeCenje uz kasalj, vrucicu
u popodnevnim satima do 38,5°C, malaksalost te gubi-
tak tjelesne mase. Kod prijma auskultacijski rijetki hropci
lijevo. Rezultat tuberkulinskog koznog testa s 2 jedinice
PPD - infiltrat od 15 mm. Na radiogramu pluca uocavaju
se infiltrativno-destruktivne promjene u lijevom gornjem
pluénom reznju. Traheobronhoskopski nalaz pokazuje hi-
peremiju usca za lijevi gornji rezanj. U aspiratu bronha i u
iskasljaju dokazan je mikobakterij tuberkuloze.

Terapija: INH 5 mg/kg, RIF 10 mg/kg, PZA 25 mg/kg, piri-
doksin (vitamin B6) 20 mg/kg.

Prije primjene antituberkulotika ubrzana je sedimentacija
eritrocita (78 mm), bolesnica ima limfopeniju (0,26 x 10%/
L), smanjenu koncentraciju hemoglobina (117 g/L) i Zelje-
za (5,7 pmol/L), povecanu koncentraciju CRP (65 mg/L)
(tablica 1); ostali nalazi su unutar referentnih granica. Tje-
dan dana od pocetka terapije povecavaju se vrijednosti
jetrenih enzima s daljnjom tendencijom porasta (tablica
1, slika 1). Indeks maksimalnog povecanja enzimskih ak-
tivnosti zabiljeZen je 2. tjedna od primjene terapije (slika
2), a povecanje AST bilo je 34 puta, ALT 43 puta, ALP 1,2
puta, GGT 5,5 puta i LD 1,7 puta od gornjih referentnih
granica. Istodobno je koncentracija ukupnog bilirubina
iznosila 56,8 umol/L (povecanje 2,8 puta od gornje refe-
rentne granice). Nakon prekida terapije uocava se sma-
njenje ispitivanih biomarkera pa se postupno uvode li-
jekovi u smanjenoj dozi te postupno povecanje do pune
doze. U daljnjem lijecenju lijekovi se dobro podnose, mi-
kobakterij tuberkuloze uspjesno se negativizira.

Dijete

MK, dijete u dobi od 2 godine i 4 mjeseca, sin bolesni-
ce IK, ranije nije bolovalo. Beseziran je i ima oziljak. Dva
tjedna prije prijma na bolnicko lijec¢enje pocinje kasljati
uz vrucice u popodnevnim satima do 39 °C. Kod prijma
auskultacijski normalan Sum disanja. Rezultat tuberkulin-
skog koznog testa s 2 jedinice PPD - bulozan infiltrat od
15 mm. Na radiogramu plu¢a uocava se izrazito uvecanje
limfnih ¢vorova hilusa, atelektaza srednjeg reznja. Trahe-
obronhoskopski nalaz pokazuje endobronhalni granulom
u desnom glavnom bronhu. U Zelu¢anom soku dokazan
mikobakterij tubekuloze.

Terapija: INH 5 mg/kg, RIF 10 mg/kg, PZA 30 mg/kg, SM
20 mg/kg, piridoksin (vitamin B6) 20 mg/kg.

Prije primjene antituberkulotika ubrzana je sedimentaci-
ja eritrocita (63 mm), pacijent ima umjerenu leukocitozu
(16,86 x 10%/L), limfopeniju (0,44 x 10°/L), smanjenu kon-
centraciju hemoglobina (101 g/L) i Zeljeza (2,1 umol/L),
povecanu koncentraciju CRP (26,5 mg/L), IgG (14,7 g/L),
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our knowledge, this is the first overview of hepatotoxicity
of antituberculosis drugs in a Croatian family.

Case history

Mother

IK, 23 years old, had not been severely ill until affected
by this disease. She was vaccinated and had a BCG scar.
She fell ill a month before being admitted to hospital,
with coughing, fever in afternoon hours reaching 38.5
°C, exhaustion, and weight loss. On admission and aus-
cultation, rattle was heard in the left side of her chest. Tu-
berculin skin test with 2 tuberculin units of PPD revealed
15 mm infiltrate. Lung X-ray revealed infiltrative destruc-
tive changes in the left upper lung lobe. Tracheoscopic
examination indicated hyperemia in the left upper lobe.
Mycobacterium tuberculosis was detected in bronchial
aspirate and sputum.

Therapy: INH 5 mg/kg, RIF 10 mg/kg, PZA 25 mg/kg, pyri-
doxine (vitamin B6) 20 mg/kg.

Erythrocyte sedimentation rate was increased prior to
administration of antituberculosis drugs (78 mm), the pa-
tient had lymphopenia (0.26 x 10%/L), decreased concen-
tration of hemoglobin (117 g/L) and iron (5.7 umol/L) and
increased CRP concentration (65 mg/L) (Table 1); other re-
sults were within reference ranges. A week after therapy
initiation, the levels of liver enzymes increased, showing
further rising tendency (Table 1, Fig. 1). Index of maxi-
mum increase in enzyme activities was recorded during
the 2"d week since therapy institution (Fig. 2), and AST,
ALT, ALP, GGT and LD levels were 34-, 43-, 1.2-, 5.5- and
1.7-fold those of the upper normal limits, respectively.
At the same time, total bilirubin concentration was 56.8
pmol/L (2.8-fold increase compared to the upper normal
limit). Upon discontinuation of therapy, decreased values
for the investigated biomarkers were observed so that
the drugs were gradually reintroduced in a reduced dose
until reaching the full dose. The drugs were well tolerated
during continued treatment, and Mycobacterium tubercu-
losis was successfully eliminated.

The child

MK, a child at the age of 2 years and 4 months, the son of
the patient IK, had not been ill before. He was vaccinated
and had a BCG scar. Two weeks before admission for hos-
pital treatment he had begun coughing, with fever in the
afternoon hours reaching 39 °C. Normal breathing sound
was detected by auscultatory examinationon admission.
The result of tuberculin skin test with 2 tuberculin units
of PPD was 15 mm bullous infiltrate. Lung X-ray showed
pronounced enlargement of the hili of lymph nodes and
medium lobe atelectasis. Tracheobronchoscopic exami-
nation revealed endobronchial granuloma in the right
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IgA (2,15 g/L) (tablica 1); ostali nalazi su unutar referentnih
granica prema dobi. Tjedan dana od pocetka terapije po-
vecavaju se kataliticke aktivnosti aminotransferaza, GGT i
LD (tablica 1, slika 1). Indeks maksimalnog povecanja en-
zimskih aktivnosti zabiljezen je 1. tjedna od primjene te-
rapije (slika 2), a povecanje AST bilo je 28,1 puta, ALT 29,2
puta, GGT 2,5 puta i LD 3,3 puta od gornjih referentnih
granica dob prema dobi. Kataliticka aktivnost ALP nije
se povecavala iznad referentnih vrijednosti. Istodobno
je koncentracija ukupnog bilirubina iznosila 36,6 pmol/L
(povecanje 1,8 puta od gornje referentne granice). Nakon
prekida terapije uocava se smanjenje ispitivanih biomar-
kera pa se postupno uvode lijekovi u smanjenoj dozi te
postupno povecavaju do pune doze. U daljnjem lijece-
nju lijekovi se dobro podnose, mikobakterij tuberkuloze
uspjeSno se negativizira.
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major bronchus. Mycobacterium tuberculosis was con-
firmed in the gastric fluid.

Therapy: INH 5 mg/kg, RIF 10 mg/kg, PZA 30 mg/kg, SM
20 mg/kg, pyridoxine (vitamin B) 20 mg/kg.

Prior to antituberculosis drug administration: erythrocyte
sedimentation rate 63 mm, the patient had moderate leu-
kocytosis (16.86 x 10%/L), lymphopenia (0.44 x 10%/L), de-
creased concentrations of hemoglobin (101 g/L) and iron
(2.1 umol/L), elevated CRP concentration (26.5 mg/L), IgG
(14.7 g/L), IgA (2.15 g/L) (Table 1); other results were within
age-adjusted reference ranges. AST, ALT, GGT and LD ac-
tivities were increasing a week since the commencement
of therapy (Table 1, Fig. 1). The index of maximum eleva-
tion of enzyme activities was recorded during the 15t
week since therapy initiation (Fig. 2), while elevations of
AST, ALT, GGT, and LD were 28.1-, 29.2-, 2.5-, and 3.3-fold
those of the age-adjusted upper normal limits, respec-
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SLIKA 1. Usporedba promjena enzimskih aktivnosti u serumu majke
(A) i djeteta (B). U serumu majke maksimalno povecanje ocitovalo se
drugog tjedna, a u serumu djeteta prvog tjedna od pocetka terapije.
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FIGURE 1. Comparison of changes in enzyme activities in the sera of
the mother (A) and the child (B). Maximum increase in the mother’s se-
rum manifested during the second week, and in the child’s serum dur-
ing the first week since therapy initiation.
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TABLICA 1. Kataliticke aktivnosti AST, ALT, ALP, GGT i LD za vrijeme
prvih 5 tjedana terapije

Report of hepatotoxicity of antituberculosis drugs

TasLE 1. Catalytic activities of AST, ALT, ALP, GGT and LD during first 5
weeks of therapy

AST ALT ALP GGT LD
Week (U/L) (U/L) (U/L) (U/L) (U/L)
Mother
0 19 15 67 22 201
1 163 109 90 28 310
2 1020 1547 145 194 403
3 22 81 121 89 152
4 21 19 99 73 144
5 20 18 83 60 137
Son
0 33 20 333 16 335
1 2108 1345 450 54 1182
2 53 233 216 171 290
3 50 87 220 154 266
4 47 39 224 82 243
5 40 19 238 35 264
Index of the maximum increase
45
40
35
30
‘5 25
2 20
15
10
5 L
0 ' i
AST ALT ALP GGT LD

Enzyme

[0 Mother (2nd week)

[] Son (1st week)

SLIKA 2. Indeks maksimalnog povecanja kataliticke aktivnosti AST,
ALT, ALP, GGT i LD u serumu majke i djeteta. U serumu majke najvece
povecanje aktivnosti zabiljezeno je za ALT (43 puta od gornje refer-
entne granice), a u serumu djeteta za aktivnost AST (28,1 puta od gorn-
je referentne granice prema dobi).

FIGURE 2. Index of the maximum increase in catalytic activity of AST,
ALT, ALP, GGT and LD in the mother and son'’s sera. The highest activity
increase in the mother’s serum was observed for ALT (43-fold that of
the upper normal limit), and in the child’s serum for AST (28.1-fold that
of the age-adjusted upper normal limit)
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Rasprava

Prikazani su majka i dijete s tuberkulozom pluca kod kojih
je primjena antituberkulotika na samom pocetku lijecenja
rezultirala oste¢enjem jetre. Tezak stupanj hepatotoksic-
nosti u majke i djeteta ukazuju na mogucu obiteljsku pre-
dispoziciju za takav nacin odgovora na antituberkulotsku
terapiju, o ¢emu u dostupnoj literaturi nismo nasli poda-
taka. Prema kriterijima Americkoga torakalnog drustva i
majka i dijete imali su teski stupanj hepatotoksi¢nosti (2).
Nakon privremenog prestanka terapije te ponovnog uvo-
denja smanjenih pa rastucih doza lijekova do pune doze,
vrijednosti ispitivanih biomarkera ostale su tijekom cije-
log lije¢enja unutar referentnih vrijednosti.
Asimptomatsko povecanje kataliticke aktivnosti AST po-
javljuje se u oko 16-20% osoba koje primaju standardnu
antituberkulotsku terapiju s Cetiri lijeka (12,13). Pojava he-
patotoksi¢nosti ¢esc¢a je u starijih osoba, u Zena, osobito
ako imaju tezi oblik tuberkuloze (12). U ranijem prikazu
hepatotoksi¢nosti antituberkulotika u djece utvrdeno je
da je u polovine djece koja su bila na terapiji s INH, RIF
i PZA postojalo povecanje katalitickih aktivnosti jetrenih
enzima, pri ¢emu je porast aktivnosti bio prosje¢no maniji
od 2 puta (14), $to znadi da je u postojao blagi stupanj he-
patotoksi¢nosti. U vecine bolesnika asimptomatsko pove-
¢anje aktivnosti aminotransferaza prolazi spontano. Ipak,
ako su vrijednosti povecane vise od pet puta (sa simpto-
mima ili bez njih), odnosno vise od tri puta (uz simptome)
potrebno je prekinuti terapiju. Povecanje aktivnosti ALP,
odnosno povecanje koncentracije bilirubina zahtijeva
trenutnu evaluaciju terapije (2). Terapija se nastavlja na-
kon sto se aktivnosti AST vrate na vrijednosti manje od
dvostruke gornje referentne vrijednosti. Najprije se uvodi
RIF (13), potom se nakon jednog tjedna provjerava aktiv-
nost AST. Ako se aktivnost AST nije povecala, u terapiju se
uvodi INH. Ako nakon tjedan dana nema ponovnog po-
vecanja aktivnosti AST, u terapiju se moze dodati i PZA.
Slijedom toga protokola vrijednosti jetrenih enzima i bi-
lirubina u nasih bolesnika nisu se vise povecavale, pa se
terapija mogla primijeniti do potpunog izljecenja. Pereira
i suradnici (15) su opisali pojavu jetrenih ozljeda kod pri-
mjene antituberkulotika u 5-mjese¢nog dojenceta, kod
kojeg se hepatotoksi¢nost pojavila ve¢ petog dana od
primjene INH, RIF i PZA. Corrigan i suradnici (16) opisali
su u djece prosje¢ne dobi 7,6 godina najvise dvostruko
povecanje vrijednosti jetrenih enzima u drugom tjednu
terapije antituberkuloticima. Ti autori smatraju da terapi-
ju treba privremeno prekinuti samo ako se pojavi Zutica,
a da ce se kod asimptomatskog povecanja aktivnosti en-
zima njihove vrijednosti vratiti spontano unutar referen-
tnih granica i bez prekida terapije.

Moze se pretpostaviti da je hepatotoksi¢nost u majke i
djeteta uzrokovana s INH odnosno njegovim metaboli-
tima. U dostupnoj literaturi nismo nasli podataka o tako
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tively. ALP values did not increase beyond normal values.
At the same time, total bilirubin concentration was 36.6
pmol/L (1.8-fold increase compared to the upper normal
limit). Upon therapy discontinuation, decreased levels of
the investigated biomarkers were observed so that de-
creased drug doses were progressively reintroduced and
increased until reaching the full dose. During continued
therapy, the drugs were well tolerated and Mycobacteri-
um tuberculosis was effectively eliminated.

Discussion

We report of a mother and a child with pulmonary tuber-
culosis in whom antituberculosis drug administration at
the very beginning of treatment resulted in liver damage.
Severe degree of hepatotoxicity in the mother and the
child indicate the presence of a possible predisposition
for such response during antituberculosis drug therapy,
yet we found no related information in the available lite-
rature. According to the criteria of the American Thoracic
Society, both the mother and the child suffered from se-
vere hepatotoxicity (2). After a temporary discontinuation
of therapy, reintroduction of lowered and then increasing
drug doses until full dose, the values of the analyzed bio-
markers remained during the entire course of treatment
within the reference range.

Asymptomatic elevation of the catalytic activity of AST
occurs in approximately 16%-20% of individuals admini-
stered standard four-drug antituberculosis therapy (12,13).
The incidence of hepatotoxicity is more frequent in elder-
ly persons and women, particularly if they suffer from a
more severe type of tuberculosis (12). In a previous report
of hepatotoxicity of antituberculosis drugs in children, a
rise in catalytic activity of liver enzymes was established
in half of the children on INH, RIF and PZA therapy, with
enzyme activity increase on average lower than twofold
(14), which indicates a mild degree of hepatotoxicity. In
most patients, asymptomatic elevation of aminotransfe-
rase activity resolves spontaneously. Still, if the increase
in values is higher than 5-fold (with symptoms or without
them), or higher than 3-fold (with symptoms), the thera-
py should be discontinued. An increase in ALP activity or
bilirubin concentration requires immediate therapy eva-
luation (2). The therapy continues after AST levels return
to the values that are lower than 2-fold upper normal li-
mit. RIF therapy is reintroduced first (13), and then, after a
week, AST activity is checked. If AST activity has not risen,
INH is introduced in the therapy. Provided that there is no
rise in AST activity after a week, PZA can also be inclu-
ded in the therapy. According to this protocol, the levels
of liver enzymes and bilirubin did not increase any more
in our patients, and the therapy could be administered
until complete recovery. Pereira et al. (15) described the
occurrence of hepatic lesions during administration of
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teskom stupnju hepatotoksi¢nosti. Obi¢no se radilo o bla-
gom (14,16) ili umjerenom (17) stupnju hepatotoksi¢nosti.
U djece s umjerenim ostec¢enjem jetre brzi acetilatori INH
imali su prosje¢no trostruko povecanje aktivnosti AST,
odnosno Sesterostruko povecanje ALT; u sporih je acetila-
tora INH aktivnost AST bila sedam puta veca, a aktivnost
ALT 18 puta veca od pocetnih vrijednosti (17).
Nedostatak je ovog prikaza hepatotoksi¢nosti to $to nije
ispitan polimorfizam NAT, odnosno GST i CYP2ET1, sto biu
buducem istrazivanju trebalo uciniti. Rezultati su pokazali
da je u prvim tjednima primjene antituberkulotika aktiv-
nost jetrenih enzima potrebno pratiti tjedno, kako bi se
otkrila njihova moguca hepatotoksi¢nost, a terapija pra-
vodobno evaluirala.
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antituberculosis drugs in a 5-month-old infant in whom
hepatotoxicity occurred already on day 5 after INH, RIF
and PZA administration. In children with the average age
of 7.6 years, Corrigan et al. (16) described maximum two-
fold elevation of liver enzymes during the second week
of antituberculosis drug therapy. These authors believe
that the therapy should be temporarily discontinued only
if jaundice occurs, and that - in case of asymptomatic ele-
vation of enzyme activity - enzyme levels will spontane-
ously return to baseline values even without therapy dis-
continuation.

It may be assumed that hepatotoxicity in the mother and
the child was caused by INH or its metabolites. We found
no information in the available literature on such severe
hepatotoxicity. Literature search commonly resulted in
records of mild (14,16) or moderate (17) degree of hepato-
toxicity. In children with moderate liver damage, INH fast
acetylators demonstrated on average 3-fold increase in
AST activity and 6-fold increase in ALT activity, while in
INH slow acetylators AST activity was 7-fold and ALT acti-
vity was 18-fold that of the initial levels (17).

The shortcoming of this report on hepatotoxicity is the
fact that NAT polymorphism and GST and CYP2E1 were
not investigated, which should be done in a future study.
The results demonstrated that the activity of liver en-
zymes should be monitored every week during initial
weeks of antituberculosis drug administration in order to
detect their possible hepatotoxicity and perform prompt
therapy evaluation.
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