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Abstract

Background: Anti-tuberculosis drugs causes hepatotoxicity in some individuals leading to acute 

liver failure which results in death. Such phenomena limit the clinical use of drugs, contributing 

to treatment failure that possibly causes drug resistance. Furthermore, associated risk factors 

for the development of anti-tuberculosis-drug induced hepatotoxicity are found to be 

controversial among different study findings.

Objective: To determine the incidence rate of anti-tuberculosis drug induced hepatotoxicity and 

associated risk factors among tuberculosis patients in Dawro zone, southern Ethiopia.

Method: A prospective cohort study was conducted from 1 May to 30 October2014 in Dawro 

zone Tercha district hospital laboratory.124 new tuberculosis positive individuals available from 

Tercha hospital and 5 health centers during data collection were consecutively included. Socio 

demographic data and anthropometric measurement was obtained.5 ml of venous blood was 

drawn from each individuals and Alanine amino transferase, Aspartate amino transferase and 

total bilirubin was measured photometricallyat baseline and then continuously monitored by 

measuring these liver enzymes every two weeks for two months. Data was analyzed with 

statistical package for social science (version 20 Chicago inc.).Logistic regression, (odds ratios) 

with 95% confidence intervals was calculated to evaluate the possible association of all 

variables. P-value of less than 0.05 was considered as statistically significant.

Result: The incidence of anti-tuberculosis induced hepatotoxicity was found to be 8% (10 

patients out of 124). Raised serum transaminase and bilirubin level as well as sign and 

symptoms of hepatotoxicity(nausea,anorexia, vomiting,malaise, and jaundice) were observed in 

the cases. The onset of hepatotoxicity ranged from 13-58 days (median: 26 days) aftertreatment 

was initiated.Of the various risk factors analyzed, only high alcohol intake was associated with 

the incidence (OR=9.3, 95% CI (1.8-47),P<0.007). Age, sex, extent of tuberculosis and 

malnutrition were not significantly associated with anti-tuberculosis induced hepatotoxicity.
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Conclusion:The incidence of anti-tuberculosis induced hepatotoxicity in Dawro zone was 

high.The drug responsible for the hepatotoxicity was not known.However chronic high alcohol 

intake was associated with the development of anti-tuberculosis induced hepatotoxicity.
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Operational Definition

Anti-tuberculosis drug induced hepatotoxicity: increased concentration of transaminases 

(AST and/or ALT) up to 5 timesof the ULN in the absence of symptoms or up to 3 times of the 

ULN or/and 2 times the ULN ofbilirubin in the presence of symptoms like anorexia, nausea, 

vomiting, jaundice, hepatomegally, epigastric distension, right upper abdominal discomfort, 

malaise and weakness.

Upper limit of normal: The maximum value of reference range of AST, ALT and bilirubin 

concentration in plasma/serum of healthy population which is 37U/L, 42U/L & 1.2mg/dl 

respectively.

Healthy population:Population having AST, ALT and bilirubin level of up to 37IU/L,42 U/L 

and 1.2mg/dl respectively.

Alcoholism:Men who drink more than 35 melekia (175ml) of alcohol a week for 10 years or 

more and Women who drink more than 28 melekia (175ml)  of alcohol a week for 1 year or 

more 

Malnutrition: patients having BMI less than 18.5Kg/m2

All form TB:TB includingsmear negative pulmonary,Smear positive pulmonary TB, and extra 

pulmonary TB
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CHAPTERONE: INTRODUCTION

1.1 Background

Tuberculosis is a chronic or acute bacterial infection caused by Mycobacterium tuberculosis that 

affects the lungs causing small round swellings called tubercles to form on the mucous 

membrane. Italso affects the kidneys, bone, lymph nodes and the brain. It is transmitted from 

person to person through infectious droplets from individuals with active respiratory disease [1]. 

It is endemic disease in developing countries, especially in immuno-compromised patients [2].

New cases of tuberculosis infected individual are treated by combination of four drugs: Isoniazid 

(INH), Rifampin (RIF), Pyrazinamide (PZA), and Ethambutol(EMB). Total treatment period is 6 

months (2 months for intensive and 4 months for continuation phases). The intensive phase 

comprised INH (5 mg/kg day−1; maximum 300 mg/day), RIF (10 mg/kg day−1; maximum 600 

mg/day), EMB (15–20 mg/kg day−1), and PZA (20–25 mg/kg day−1), or streptomycin. The 

continuation phase comprised daily similar doses of INH and RIF [1,2]. However a variety of 

adverse reactions of these drugs have been reported; one of the well-known toxic effects is 

hepatotoxicity [3,4].Among the drugs (isoniazid, rifampin, pyrazinamide and ethambutol), the 

first three have the potential for hepatotoxicity with pyrazinamide being the most hepatotoxic 

followed by isoniazid and rifampin[5].

Anti-TB drug induced hepatotoxicity (anti-TB-DIH) is defined as elevation of transaminases up 

to 5 times of the upper limit of normal in the absence of symptoms. Elevation of transaminases 

up to three times the upper limit of normal(ULN) or twice the ULN of bilirubin in the presence 

of symptoms like anorexia, nausea, vomiting, jaundice, hepatomegally, epigastric distension, 

right upper abdominal discomfort, malaise and weakness, provided competing causes such as 

acute viral hepatitis, autoimmune hepatitis and others liver diseases are ruled out[5, 6].
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Anti-TB-DIH may result from direct toxicity of the primary compound, a metabolite, or from an 

immunologically mediated response, affecting hepatocytes, biliary epithelial cells, and/or liver 

vasculature. Predictable anti-TB-DIH is generally characterized by certain dose-related injury in 

experimental animal models, has a higher attack rate, and tends to occur rapidly. Injurious free 

radicals cause hepatocyte necrosis in zones farthest from the hepatic arterioles, where 

metabolism is greatest and antioxidant detoxifying capacity is the least[7,8].Recent evidence 

indicates that drugs taken in quantities of >50 grams/day[9]are more likely to produce 

hepatotoxicity, which results from the formation or reduced clearance of toxic metabolites[5,10].

Most type of anti-TB-DIH is due to metabolic idiosyncrasy due to the metabolites released or 

accumulated during the metabolic process. These hypersensitivity or metabolic reactions occur 

largely independent of dose. In hypersensitivity reactions, immunogenic drug or its metabolites 

may be free or covalently bound to hepatic proteins, forming haptens or “neoantigens.” 

Antibody-dependent cytotoxic T-cell and occasionally eosinophilic hypersensitivity responses 

may be evoked and releases tumor necrosis factor-α, interleukin (IL)-12, and IFN-γ which 

promotes hepatocellular programmed cell death, apoptosis [8, 11]. Most of the time anti-TB-

DIH curs after taking the drugs for few weeks to months especially, starting from the 

second week [5,6, 8].

1.1.1. Liver Enzymes

Liver metabolizes carbohydrate, protein, and lipids and synthesizes many proteins. It conjugates 

bilirubin, and detoxifies drugs and other substance. For this reason clinical laboratory uses 

several tests for the assessment of liver function [12]. Enzyme activity or concentration levels in 

body fluids can reflect leakage from cells due to cellular injury, changes in enzyme production 

rate, actual enzyme induction due to metabolic or geneticstates or proliferation of neoplasm. In 

the latter case, increased enzyme activity can be used as a tumor marker [13].
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Enzymes like alkaline phosphatase (ALP), ALT, AST, Gama glutamyltransferase (GGT), lactate 

dehydrogenase (LDH) and 5′-nucleotidase and the metabolite bilirubin are helpful in the 

assessment of the proper functioning and inflammatory status of the liver[14].

ALP, ALT, AST and LDH are found in the cytoplasm of hepatocytes though; can originate from 

other organs and are hence released in to plasma with mild inflammation of the liver with 

increased permeability of the cell membrane.Since ALT and AST are also mitochondrial 

enzymes they are released with cell death or necrosis and their increased concentration can be 

indicator of severe injury of liver. Distributions of these enzymes within specific types of hepatic 

tissues vary. ALP and GGT are more concentrated in the biliary ducts or tissues of the small 

ducts (canaliculi), while AST, ALT, and LDH are found mainly in structural (parenchyma) 

hepatic cells. Multiple forms of enzymes, called isoenzymes, are distributed in several different 

tissue types [14, 15].

ALT and AST perhaps are the most commonly used indicators as they are used to generally 

measure the degree of acute liver (hepatocellular) injury. The ALT is felt to be more specific 

indicator of liver injury as AST is also found in other organs such as heart, skeletal muscle, 

kidneys,brain, pancreas, lungs, leucocytes, and red cells [16].

Bilirubin is derived from the breakdown heme of hemoglobin released when aged red blood cells 

are phagocytized by the reticuloendothelial system. The protoporphyrin ring of the heme is 

further broken down and forms biliverdin, which is then reduced to bilirubin. It is transported to 

the liver, from extra-hepatic sources as bilirubin-albumin complex. Within the hepatocyte, the 

liver enzyme uridyldiphosphate glucurony ltransferase (UDPG-transferase) transfers molecules 

of glucuronate, a sugar, to the bilirubin molecule. Conjugated bilirubin passes into the intestine 

through the bile duct, where intestinal bacteria reduce bilirubin to urobilinogen.Some 

urobilinogen may be reabsorbed through the intestinal mucosa and returned to the portal 

circulation and theliver. The remaining urobilinogen is excreted into urine or oxidized to form 

urobilin and excreted in the feces [17,18].
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1.1.2. Measuring transaminases and bilirubin

Both ALT and AST are measured using absorbance spectrophotometer technique. ALT catalyzes 

the reversible transamination of L-alanine and α-ketoglutarate to pyruvate and L-glutamate. The 

pyruvate is then reduced to lactate in the presence of lactate dehydrogenase (LDH) with the 

concurrent oxidation of NADH to NAD. The system monitors the rate of change in absorbance at 

340 nm over a fixed-time interval. The rate of change in absorbance is directly proportional to 

the ALT activity in the sample. AST catalyzes the reversible transamination of L-aspartate and 

α-ketoglutarate to oxaloacetate and L-glutamate. The oxaloacetate is then reduced to malate in 

the presence of malate dehydrogenase with the concurrent oxidation of NADH to NAD. The 

system monitors the rate of change in absorbance at 340 nm over a fixed-time interval. The rate 

of change in absorbance is directly proportional to the AST activity in the sample [19].

Bilirubin is coupled with diazotized sulphanilic acid in acidic medium to form the pink colored 

azobilirubin. Using automated absorbance spectrophotometric technique, the intensity ofthe 

color produced is directly proportional to bilirubinconcentration present in the sample [17, 19].

1.1.3. Interpretation of liver enzyme measurement

Serum enzyme concentrations are measured by functional catalytic assays with normal values 

established from “healthy” populations. Transaminase concentration may vary as much as 

45%on a single day on an individual with the highest levels occurring in the afternoon,or 10 to 

30% on successive days. ALT and AST elevation may occur afterexercise, hemolysis, or muscle 

injury. A recent retrospectivereview of healthy volunteers participating in drug trials who 

received placebo found that 20% had at least one ALTvalue greater than the ULN, and 7% had 

one value at least two times the ULN [20]. Serum hepatic transaminase concentration is higher in 

men and in those with greater body massindex. Children and older adults tend to have lower 

transaminase concentrations [21].
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There is a mild increase of transaminases level in approximately 20% of patients receiving anti 

tuberculosis drug which is usually asymptomatic [22]. There is a peculiar feature to anti-TB 

drugs to undergo a phenomenon called adaption, through which the liver undergoes tolerance to 

the drugs. Adaption is a process in which increased concentration of transaminases and bilirubin 

without symptom resolves with continuation of drugs [23]. But a mild elevation of transaminase 

and bilirubin in serum must be identified whether it is a sign of adaption or a sign of early 

development of liver toxicity. The current recommended diagnostic criteria of Anti-TB-DIH as 

laid down by the Drug induced liver injury network(DILIN) and other groups may assist in 

resolving this issue. Anti-TB-DIH is confirmed by elevated level of AST/ALT to 5 × ULN, in 

the absence of jaundice or other symptoms; or up to 3 × ULN in the presence of symptoms or 

hyperbilirubinemia (bilirubin 2 × ULN) whereas Competing etiologies particularly acute viral 

hepatitis may need to be excluded [3, 5, 20, 22].
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1.2. Problem statement

Tuberculosis continues to remain a significant infectious disease across much of the world. It 

poses a formidable socioeconomic burden on the individual and society. There were 8.6 million 

newer TB cases and estimated 1.3 million deaths occurred worldwide in 2012. There are 22 high 

burden countries in the world, among which Ethiopia ranks seventh position. Tuberculosis is a 

major cause of morbidity and mortality in Ethiopia. On a survey conducted in 2010/11, the 

prevalence of TB that was confirmed bacteriologically was found to be 156/100,000 populations 

and the prevalence of all form of TB was estimated to be 240/100,000 populations [24].

The high TB burden countries that account 82% of all estimated cases worldwidehave been 

given the highest priority level since 2000. For this reason directly observed treatment short 

course (DOTS) program expansion have been the major concern to reduce the burden of TB on 

these countries [11, 24]. Drugs used in the DOTS strategy to treat TB are four combinations of 

drugs that consist of INH, RIF, PZA and EMB. From 10% to 20% of patients using the drugs 

present aslight increase in transaminase levels around 2–3 times above their normal values 

during the first 2 months and frequently it resolves in spite of going on with the treatment [25].

Although a vast majority of patients tolerate the drugs, some 3% to 25% develop anti-TB-DIH 

worldwide.Anti-TB-DIH accounts for 7% of reported drug adverse effects, 2% of jaundice in 

hospitals, and approximately 30% of fulminant liver failure [26, 27]. It has replaced viral 

hepatitis as the most apparent cause of acute liver failure [28]. In a study conducted at King's 

College Hospital in India the case mortality rate of anti-TB-DIH was 31.4% [30]. In Ethiopia 

according to a study conducted in Addis Ababa at Saint Peters hospital the incidence of anti-TB-

DIH was found to be 8.9% [31].

The spectrum of Anti-TB-DIH is diverse, ranging from asymptomatic rise in transaminase (to 

fivefold) in 2.3% to 28% to acute liver failure (ALF) in approximately less than 0.01% of the 

individuals [29].The most serious consequence of Anti-TB-DIH is that it limits the clinical use of 

drugs, contributes to treatment failure and thereby leads to drug resistance [8,29].Furthermore,it 

is a leading cause of drug-induced liver injury and of drug-induced acute liver failure leading to 
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death or liver transplantation. Hepatitis, hepatic necrosis and death have been described with 

INH drug and the only treatment being given for fulminant hepatic failure (FHF) is liver 

transplantation[5, 8, 29].

There are many factors that contribute to the development of anti-TB-DIH. Age, gender, 

nutritional status, extent of TB disease, alcoholism and genetic polymorphism are most studied 

risk factors for anti TB drug induced hepatotoxicity. Young age, malnutrition, alcoholism and 

severe TB like multi bacillary TB and extra pulmonary organ involvement are found to be 

positive predictors of Anti-TB-DIH [5]. 

TB patients who resume anti-TB drugs need routine follow up of clinical presentation of 

hepatotoxic effect. If suspected, examination is done both biochemically and clinically.  If serum 

transaminase concentrations are more than five times the ULN (with or without symptoms) or 

more than three times the ULN with jaundice and/or hepatitis symptoms, then potentially 

hepatotoxic medications should be stopped immediately and the patient evaluated promptly until 

transaminase level returns to normal or baseline [32].

The risk factors that contribute to the development of anti-TB-DIH are still obscure and 

controversial. Understanding Anti-TB-DIH is restricted by difference in study population, 

definition of hepatotoxicity and monitoring practices.  There are no studies that determined the 

incidence of anti-TB-DIH and assessed risk factors for developing anti-TB-DIH among TB 

patients in the study area. Since the risk factors are found to be controversial, not all studies have 

identified the same risk factors. Therefore, this study is aimed at determining the incidence of 

anti-TB-DIH and identifying the possible risk factors.
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1.3. Significance of the study

Depending on the definition of hepatotoxicity and methodologies used the incidence rate of anti-

TB-DIH varies. The incidence rate, pattern, and predictors of anti-TB-DIH have not been 

prospectively studied in Dawro zone and the overall incidence of anti-TB-DIH in the population 

is unknown and is probably unrecognized. 

This study determined the incidence of anti-TB-DIH and assessed the risk factors so that higher 

risk groups can be identified and early intervention will be taken to manage severe hepatotoxicity 

and prevent treatment failure. This study will also be used as valuable baseline data for stake 

holders and policy makers to intervene in drug formulation and recommend treatment 

monitoring.
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CHAPTER TWO: LITERATURE REVIEW

2.1. Drugs that cause anti-TB drug induced hepatotoxicity

Anti-TB-DIH is a minor but significant cause of liver injury across the world. Anti-TB-DIH is a 

leading cause of drug induced hepatotoxicity (DIH) [5]. RIF, INH and PZA are the three key 

drugs that are used to treat TB and are potentially hepatotoxic.Hepatotoxicity level of each of the 

three drugs is different PZA being the first followed by INH and RIF [34]. When anti-TB-DIH 

occurs following the use of 4-drug combination regimen, it is difficult to quantify the 

contribution of each drug in the development of anti-TB-DIH. However as a result of meta- 

analysis, incidence rate of hepatotoxicity is shown to be 2.6% with INH and RIF co-

administration, 1.6% with INH alone and 1.1% with RIF alone [35]. But RIF combined with 

PZA is more hepatotoxic than RIF combined with INH [36].

2.2. Mechanism of Hepatotoxicity

The exact mechanism of liver toxicity has not been understood well enough but anti-TB-DIH 

may result from direct toxicity from the primary compound, a metabolite or as a result of host 

immunologic response which damages liver cells, billiary epithelial cells and the liver vascular 

system [8].

2.2.1. Isoniazid

Liver clears INH from plasma through acetylation by the enzyme N-acetyl transferase 2 (NAT-

2). The acetylated INH or acetyl-isoniazid is metabolized to mono acetyl hydrazine (MAH), to 

non-toxicdiacetyl hydrazine and other minor metabolites [37]. The metabolites of reactive MAH 

cause toxicity to liver tissues by generating free radicals [38]. On a study conducted in rats INH 

reduces glutathione-related thiols that scavenge free radicals thereby reducing the activity of the 

antioxidant glutathione peroxidase and catalase [39]. In INH toxicity of liver, metabolic 

idiosyncrasy is also observed in which the INH metabolite acetyl hydrazine covalently binds to 
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liver macromolecules mediated by microsomal enzymes which producesacylating agent that 

causes liver necrosis [38].

2.1.1. Pyrazinamide

Pyrazinamide is de-aminated to pyrazinoic acid in the liver and subsequently metabolized in to 

5-hydroxy pyrazinoic acid by xanthine oxidase [40], aldehyde oxidase [41] and xanthine 

dehydrogenase [42]. A study conducted in rats showed that in idiosyncratic manner PZA alters 

nicitinamide acetyl dehydrogenase level in the liver. This process leads to generation of reactive 

free radicals. Since there is similarity of molecular structure between pyrazinamide and isoniazid 

there is a shared mechanism of injury to liver [43].

2.1.2. Rifampin
RIF causes conjugated hyperbilirubinemia or jaundice without causing hepatocellular damage by 

inhibiting bile exporter pump [44]. 

2.3. Follow Up
Patients receiving anti tuberculosis drugs are followed clinically and biochemically. Liver 

function parameters that consists ALT, AST and total bilirubinwere performed before the 

initiation of the treatment. After initiation ofthe treatment, biochemical tests were performed 

every two weeks during the first two month and then monthly until completion of treatment [32, 

45, 46].    

Hepatotoxicity of anti-tuberculosis drug often develops within two weeks to two months from 
the onset of therapy. On astudy conducted in Nepal the onset of hepatotoxicity was found to be 
within 12 – 60 days (median of 28days)[3], in India the onset ofhepatotoxicity was within 15-50 
days (median of 25 days) [47], andin Egypt the onset of hepatotoxicity was within 15–60 days 
(median: 30 days)[2].

2.4. Incidence rate of Anti-TB-DIH

The overall incidence of anti-TB-DIH in the population is unknown and is probably 

unrecognized. Recent studies that utilized the ATS transaminase criteria for definition of 
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hepatotoxicity placed the incidence rate about 3 to 13%, but depending on the definition of 

hepatotoxicity and methodologies used, the incidence rate of anti-TB-DIH ranges from 3% to 

25% [33]. On a prospective cohort study conducted in Nepalese population, the incidence of anti-

TB-DIH was found to be 8% (4 patients out of 50) detected by clinical examination and 

laboratory confirmation of liver function tests [3]. Another studies conducted in Spain and India 

showed the incidence of anti-TB-DIH to be 18.2% (42 patients out of 231) and 14.3% (35 

patients out of 244) respectively [46, 48]. A study that was conducted in Ethiopia, in Addis 

Ababa at Saint Peter’s hospital on 516 admitted TB patients showed the incidence of anti-TB-

DIH to be 8.9% [31].

2.5. Risk factors for Anti-TB-DIH
There are many risk factors that have been found to be associated with anti-TB-DIH. Advanced 

age, early age, female sex, poor nutritional status, extent of TB disease and high alcohol intake 

are found to be positive predictors of anti-TB-DIH. However, the exact risk factors associated 

with anti-TB-DIH are still controversial and obscure. 

2.5.1. Age
Age is a controversial predictor of anti-TB-DIH. On a prospective cohort study conducted in 

India,univariate analysis indicated that the prevalence of anti-TB-DIH was significantly (P=0.03) 

higher in younger age group (≤35 years) as compared to older[33]. Another study conducted in 

Nepal showed that Patients belonging to younger age group were found to be at higher 

risk for anti-TB drugs induced hepatotoxicity (P=0.368) [3]. But a study conducted in India 

in another hospital shows no significant correlation of age with anti-TB DIH [49]. 

2.5.2. Gender
There is currently no clear evidence to point out an overall sex-related difference in the incidence 

of hepatotoxicity. But the female gender is felt to be at increased risk of developing anti TB-

DIH. A prospective study showed 4-fold increase in the risk of severe hepatotoxicityin 

women, but with an overall incidence of only 2% [50].  Another study showed that 
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hepatotoxicity induced by anti-TB drugs was more frequent in females as compared to 

males(p=0.005) [33].  It has been suggested that slow acetylator are more prone to hepatotoxicity 

compared to rapid acetylator and females being a slow acetylator, are at higher risk for anti-TB-

DIH[51].  However some studies showed no increased risk of anti-TB-DIH in women[52, 53].

2.5.3. Malnutrition

Malnourishment may be one of the risk factors of anti-TB drugs-induced hepatotoxicity.In 

malnutrition, glutathione stores are depleted which makes the patient vulnerable to 

oxidative injury [3]. According to recent reports hypoalbuminemia is continuously being used 

as a surrogate marker of malnutrition and a risk factor for anti-TB-DIH [5]. Body mass index 

(BMI) measurement is also used in assessing malnutrition in many researches. In a study done in 

India, incidence of hepatotoxicity was found to be three times higher in malnourished patients 

which is assessed by lower BMI(<20Kg/m2) and hypoalbuminemia(<3.5 mg/dl)[54].

2.5.4. Extent of TB disease

The extents of tuberculosis including cavitory disease, multibacillary TB and extra pulmonary 

organ involvement have been considered aspositive predictors for anti-TB-DIH [55, 56]. In a 

study conducted in Nepal three patients out of four who developed hepatotoxicity had advanced 

TB infection, proven microbiologically as well as radiologically, which has shown that the extent 

of disease has a role in predisposing the patient toward hepatotoxicity[3]. A study conducted in 

India showedthat pulmonary patients had 68% lower risk for anti-TB-DIH than extra pulmonary 

TB patients. Of the total extra pulmonary TB (47%), cervical lymphadenitis comprises 39.1%, 

pleural effusion (24.3%), bone (7.8%), meningitis (7.0%), ocular (6.1%), genitourinary (8.7%) 

and gastrointestinal (7.0%). (Adjusted OR=0.32)[33]. According to another study conducted in 

India, disease extent was also a significant risk factor for the development of hepatitis, with14% 

of the cases having extensive disease but only 3-5% of the controls (OR=4-54, p<0001). Four of 

the cases (4.6%) and six of the controls (1-5%) had milliary shadows on their radiographs [54].
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2.5.5. Alcoholism
Alcoholism is defined as consuming alcohol as much as >6 units (48 g ethanol) per day for more 

than one year [41]. The influence of alcohol as a risk factor for anti-TB DIH is equivocal. Yet it 

is felt to be predisposing factor for anti-TB-DIH [54, 57, 58].

A study conducted in India showed that the proportion of patients with a high alcoholintake was 

significantly higher amongst the cases than the controls (19. 8% versus 4.9%; OR=4.76, p<0-

001) [41]. Yet a study conducted in Nepal showed that there was no correlation between 

hepatotoxicity and alcoholism [3].

In conclusion, different studies conducted indifferent areas of the world so far have shown that 

the anti- TB drugs induce hepatotoxicity with different rate of incidence. The exact                                                                    

mechanism of hepatotoxicty of the drugs is still not explicit. But two mechanisms of toxicity 

have been proposed: the unpredictable which is dose independent (idiosyncratic in nature) and 

dose dependent. The risk factors for development of anti-TB-DIH are controversial in that all 

studies did not identify the same factors. So risk factors for anti-TB-DIH have to be evaluated 

and incidence rate should be determined in areas of unknown prevalence.
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CHAPTER THREE: OBJECTIVES

3.1. General objective
To determine the incidence of anti-TB-DIH and associated risk factors among TB patients in 

Dawro zone, southern Ethiopia.

3.2. Specific objectives
 To determine the incidence rate of anti-tuberculosis drug induced hepatotoxicity among 

TB patients in Dawro zone.

 To demarcate the time at which the anti-TB drugs induces anti-TB-DIH among TB 

patients at Dawro zone.

 To identify associated risk factors for the development of anti-tuberculosis drug induced 

hepatotoxicity among TB patients at Dawro zone.

CHAPTER FOUR: METHODS AND MATERIALS

4.1. Study area and period
This study was conducted from 1 May to 30 October 2014 E.C at Dawro zone. Dawro zone is 

found in southern nations and nationalities and peoples regional government (SNNPRG) 

Ethiopia. It is located 70 N longitude and37.160 E latitude. The zone covers 4,814.52 square 
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kilometer and has a total population of 489,577. Among these 249,263 are men and 240,314 

women.The zone isdivided in to 5 woredas: Mareka, Tocha, Essera, Gena and Loma and 1 

administrative town (Tercha).  It has 5 health centers (Waka, Tocha, Bale,Gessa,Woldehani) and 

1 district hospital. Catchment population of Tercha hospital is about 601,904 and it has annual 

utilization rate of 40,000(Dawro Zone Health Bureau). 

4.2. Study design
A prospective cohort study was conducted. Cohorts were all newly diagnosed patients of TB of 

all forms.

4.3. Population

4.3.1. Source population
 TB patients of Dawro zone who enrolled for therapy at 5 health centers and Tercha hospital TB 

clinic

4.3.2. Sample population
TB patients who were newly diagnosed for TB and had enrolled for DOTS program at 5 health 

centers and Tercha hospital TB clinic during the study period were the sample population of the 

study.

4.4. Sample size and Sampling technique

4.4.1. Sample size calculation
Sample size was calculated by using STATCALC calculator of the EpiInfo program to give a 
total of 124 participants.
Using single proportion
N=z²pq/w²Where,

 N= the desired sample size

Z=the standard normal deviation

P=the proportion of the target population estimated to have particular characteristics

q=1-p

w=degree of accuracy desired (marginal error).

By using the incidence of Anti-TB-DIH, 0.089 (8.9%) [31]. Desired accuracy of 0.05 at 

95% confidence interval (z-statistics=1.96), then the sampling size is:
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n=1.96²(0.089)(1-0.089)   =124

            0.05²

4.4.2. Sampling technique
A convenient sampling technique was used to collect data. All newly diagnosed of all forms of 

TB cases available during the time of data collection were consecutively included in the sample 

population. 

4.5. Eligibility criteria

4.5.1. Inclusion criteria
A total of 124 who were new cases of TB, negative forHBsAg, anti-HCV antibodies and HIV) 

were included in the study.

4.5.2. Exclusion criteria
Patients who hadALT and AST value greater than 2 times of ULN of reference rangei.e. ULN> 

62 U/l, patient positive for HBsAg and patients positive for HIV and  retreatment case of TB and 

patients takingany herbal medicine were excluded from the sample.

4.6. Study variables

Dependent variable
 Anti-TB-drug induced hepatotoxicity (Anti-TB-DIH)

 Independent variable
 Age

 Sex 

 BMI

 Alcoholism

 Extent of TB disease

4.7. Data collection
Nurses were hired and trained to collect socio-demographic, behavioral and anthropometric 

(weight, height to yield BMI and arm circumference in children) data using pre-tested structured 

questionnaire which requires face-to-face interview and reviewing patient’s medical record, from 
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HIV negative patients that were newly diagnosed for tuberculosis  and who had signed written 

informed consent.

I. Blood sample collection

Venous blood samples (5ml) were collected using test tubes that contain separator gels. Whole 

blood was allowed to Clot for 30 minutes at room temperature andwascentrifuged at 2000rpm for 

10 minutes [59]and the serum was separated using nunc tubes for ALT, AST and bilirubin tests.

II. Sample Transportation and storage

Since ALT, AST and total bilirubin are stable in refrigerated sample for 4,4 and 3 days 

respectively [60,61]. The serum sample was transported from the 5 health centers to Tercha 

Hospital laboratory within 3 days of collection as the temperature (2 to 80c) was maintained 

using cold boxes.

III. Hepatitis B and C screening

All patients were screened for hepatitis B and C using Rapid Hepatitis B Surface Antigen Test 

and rapid anti-HCV test respectively. Anti-HCV rapid test is a lateral flow, 

immunochromatographic assay, screening serum or plasma using recombinant HCV proteins. 

Recombinant antigens of HCV labeled by gold conjugates are used in test lines as capture 

materials, and anti-rabbit HCV antibody is used in the control line. When a sample is added to a 

sample pad of the test strip, it migrates through the membrane strip. If the antibodies to HCV 

present in the specimen a complex of antibody-gold conjugate d recombinant antigens will be 

formed which is then captured by antigen immobilized in the test line region of the membrane, 

producing a visible pink color line of immunocomplex conjugate on the membrane.The hepatitis 

B surface antigen test uses the same lateral flow, immunochromatographic assay based on the 

principle of the double antibody-sandwich technique. The membrane is pre-coated with anti-

HBsAg antibodies on the test line region of test. During testing hepatitis B surface antigen in the 

serum or plasma specimen reacts with the particle coated with anti-HBsAg antibody. The 

mixture migrates upward on the membrane chromatographically by capillary action to react with 

anti-HBsAg antibodies on the membrane and generate a colored line [62]. Patients who were 

found to be positive for hepatitis B and C test were excluded from the study.

IV. ALT, AST and total bilirubin
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Baseline measurement of ALT, AST and total bilirubin was performed before initiation of anti-

TB treatment by absorbance photometry using Mindray BS-200E chemistry analyzer machine 

(SHENZHEN MINDRAY BIO-MEDICAL ELECTRONICS CO., LTD.Mindray Building, Keji 

12th Road South, Hi-tech Industrial Park, Nanshan, Shenzhen, P.R.China, 518057, Phone:+86 

755 26582479 26582888, Fax: +86 755 26582500 26582501).Patients who had baseline ALT, 

AST and bilirubin level beyond normal limits (>2 ULN) were excluded from the study. But 

patients who had ALT, AST and bilirubin levels within normal limits were included in the study 

and followedwith biochemicaltests(ALT, AST and bilirubin measured 4 times for each patient) 

every two weeks for two months andphysical examination was done (only when symptoms of 

hepatotoxicity were observed).

4.8. Quality control

Questionnaire was translated to Dawro Donna language and data collectors were trained prior to 

data collection so as to maintain quality of data. Standard operating procedures and manufacturer 

instructions were strictly followed throughout the procedures. All reagents were prepared 

according to the manufacturer’s instruction. Expiry date of the reagents was checked. Multi 

Control Sera normal (N) and pathologic (P) which were a lyophilized control based on human 

serum were used in routine quality control for monitoring accuracy and precision of Mindray BS 

200-E measurement.

4.9. Data Analysis

Data was coded, entered and cleaned using statistical software (epidata, version 3.1). Statistical 

analysis wasperformed using statistical package for social science (SPSS version 20 

Chicago Inc.). Mean, standard deviation and frequency of variables was calculated.Bivariate 

logistic regressionwas calculated to evaluate the possible association of all variables and P-value 

of less than 0.05 was considered as statistically significant.

4.10. Ethical Consideration

Ethical clearance was obtained from Jimma university ethical review committee and 

official letter was written to Dawro zone, health bureau. For voluntary participation of 
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research subjects’ informed consent was signed based on explicit information of any 

possible risk, harm and even discomfort caused by data/sample collection procedures 

as well as any benefits. Minors were included according to their surrogate consenters. 

Moreover, issues concerning intervention especially in the case of induced 

hepatotoxicity were discussed with concerned bodies to continue or discontinue 

treatment.

4.11.
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Dissemination of study results

The finding of this study will be presented to Jimma university department of medical laboratory 

science and pathology. The study finding will be sent to Dawro zone health bureau. The paper 

will also be presented on seminars and conferences. It will also be submitted for publication to 

reputable journals.
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CHAPTER FIVE: RESULT

5.1. Demographic and Anthropometric data

During the study period 124 TB patients taking anti-TB drugs participated in the study and were 

followed for two months. Amongthem 66 (53.2%) were females. Age of the cases range from 10 

to 80 years with the mean (+SD) age being 34.5(+15.2 years)but the highest number of 

participants were found in the age group of 20-49 years, which is 84 (67.7%). The BMI 

measurement of the participants ranges from 17.08 to 24.78 kg/m2, the mean value being 20.60 

+ 1.77kg. The BMI measurement of the majority (119 (96%)) of the participants was within the 

normal range i.e. 18.5-24.00 kg/m2 [Table 1].

Table 1 Demographic and anthropometric data of study participants in Dawro zone, Tercha 

hospital and 5 health centers, Southern Ethiopia from 1 May to 30 October.

character No (%)

Male 58(46.8)

Sex female 66(53.2)

total 124(100)

Age(year)

10-19 20(16.1)

20-49 84(67.8)

>50 20(16.1)

total 124(100)

BMI(Kg/m2)

underweight 4(3.2)

normal 119(96)

Overweight

Total                                         

1(0.8)

124(100%)

5.2. Clinical and laboratory data of study participants
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Out of 124 participants 13 of them were taking different antibiotics during the study period of 

which 9 (69%) were males and 4 (31%) were females. None of them were reported to be taking 

paracetamol or other potentially hepatotoxic drugs during the study or 1 month prior to the study 

period. Among 124 participants 8 (6.5%) were reported to be alcoholics accounting 6 (75%) 

females and 2 (25%) males. Smear positive pulmonary TB accounted for 99 (79.8%) of all cases 

and extra pulmonary TB accounted about 25(20.2%). 

Table 2 laboratory data (mean+ SD) of patients at Dawro zone, Tercha hospital and 5 health 

centers, southern Ethiopia, from May 1 to October 30 2014

Laboratory test Patients with anti-TB-
DIH
N=10

Patients without anti-TB-DIH
N=114

ALT (U/l) Baseline 22.70 + 9.71 23.34 + 3.67

During treatment
(Peak value)

304.80 + 93.67 33.90 + 5.21

AST (U/l) Baseline 21.60 + 6.67 27. 74 + 4.54

During treatment
(peak value)

261.80 + 66.07 30.13 + 2.22

Tot. 
Bilirubin
(mg/dl)

Baseline 0.34 + 0.21 0.45 + 0.33

During treatment
(peak value)

2.26 + 0.91 0.65 + 0.77

. 
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Table 3Laboratory data (mean + SD) based on gender of patients at Dawro zone among Tercha 

hospital and 5 health centers, southern Ethiopia, from May 1 to October 30 2014.

Laboratory test Patients with anti-TB-DIH
N= 10

Patients without anti-TB-DIH
N=114

maleN=4           female N=6 Male N=54    female N =60
ALT (U/l) Baseline 29.70 + 11.71 23.11+9.01 24.74 + 10.67 21.90+9.34

During treatment
(Peak value)

349.80 +63.67 309+57.45 48.41 + 16 .81 49.33+18.10

AST (U/l) Baseline 26.90 + 12.67 21.32+9.34 23. 54 + 12.11 24.08+8.13

During treatment
(peak value)

291.40 +66.07 245.51+31.4 41.45 + 14.13 43.05+ 14.94

Tot. Bil.
(mg/dl)

Baseline 0.28 + 0.19 0.21+0.17 0.32 + 0.46 0.45+0.28

During treatment
(peak value)

1.96 + 0.81 1.87+0.67 0.48 + 0.28 0.71+0.24

10 patients whowere hepatotoxic showed elevated serum concentration of ALT, AST and total 

bilirubin beyond 3 times of ULN accompanied with symptoms and 5 times of ULNwith or 

without symptom.Some of them showed total bilirubin concentration greater than 2.4 mg/dl.
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Table 4 Cut-off points of liver function tests of ALT, AST and total bilirubin for anti-TB-DIH at 

Dawro zone Tercha hospital and 5 health centers ,southern Ethiopia, from May 1 to October 30 

2014.

parameters Cut-off value Patients with DIH
 N=10

No (%)

AST(U/l) >3X ULN + 
symptoms

male 111 3(30)

female 93 1(10)
>5X ULN with/ 
without symptom

male 185 4(40)

female 155 2(20)

ALT(U/l) >3X ULN + 
symptoms

male 126 1(10)

female 96 3(30)

>5X ULN with/ 
without symptom

male 210 3(30)

female 160 3(30)

Tot. 
bilirubin(mg/dl)

>2X ULN male 2.4 2(20)

female 2.4 3(30)

Patients were kept under close observation and instructed to report any unusual signs and 

symptoms(malaise, anorexia, vomiting, nausea, jaundice) immediately. Most of the patients who 

had developed ant-TB-DIH showed the same sign and symptoms of hepatotoxicity. Treatment 

was discontinued for some time untilserum concentration of the liver enzymes return to the 

baseline state or normal reference range.
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Table 5 Clinical presentation of anti-TB-DIH among TB patientsat Dawro zone Tercha hospital 

and 5 health centers, southern Ethiopia, from May 1 to October 30 2014

Sign 

and

symptoms

 Patients with anti-TB-DIH

number (%)

Vomiting 4 (40)

Jaundice
4 (40)

Anorexia 8 (80)

Nausea
9 (90)

Malaise
6                            (60)

10 patients who had developed anti-TB-DIH were followed weekly for 3 weeks with liver 

function test (AST, ALT & tot. bilirubin) until their liver enzyme level returned to normal or 

baseline state. Liver toxicity resolved within 21 days (median of 20 days) and continued drug.
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5.3. Hepatotoxicity in TB patients taking anti-TB drugs

During the study period, 10 patients taking anti-TB drugs developed hepatotoxicity which is 

confirmed by clinical examination and liver function test. The time interval from initiation of 

treatment to the onset of hepatotoxicity was 13 – 58days (median of 26days). Most of the 

patients 111 (89%) showed elevated level of liver transaminases (>2 x ULN but < 5 x ULN). 

Table 6 baseline characteristics of patients with anti-TB-DIH and without anti-TB-DIH in Dawro 

zone Tercha hospital and 5 health centers, southern Ethiopia from May 1 to October 30 2014

Characteristics                  No. of 

patients                      

Patients 

with DIH                  

Patients 

without DIH

COR(95% )CI

sex Male(ref) 58 (46.8%) 4(3.2%) 54(43.5%) 1.3(0.36-5.04)

Female 66 (53.2%) 6(4.8%) 60(48.3%) 0.74(0.12-2.34)

Extent 

of 

disease

Pulmonary(ref) 99 (79.8%) 7(5.6%) 92(74.2%) 1.79(0.42-7.49)

Extra

Pulmonary

25(20.2%) 3(2.4%) 22(17.7%) 0.76(0.11-1.54)

Alcohol

status

Alcoholic 8(6.5%) 3(2.4%) 5(4%) 9.343(1.84-47.3)

Non-

alcoholic(ref)

116 (93.5%) 7(5.6%) 109(87.9%) 0.064(0.13-7.5)

age 10-19 20(16.1%) 2(1.6%) 18(14.5%) 0.11(0.4-3.76)

20-49(ref) 84(67.8%) 7(5.6) 67(54%) 0.818(0.157-

4.27)

>50 20(16.1%) 1(0.8%) 19(15.3%) 0.474(0.039-

5.688)

BMI <18.5 4 (3.2%) 3 (2.4%) 1(0.8%) 0

18.5-24.99(ref) 119(96%) 7(5.6%) 112(90.3%) 0

>25 1(0.8%) 0(0%) 1(0.8%) 0 
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Table 7 follow up result of patients who had anti-TB-DIH (N=10) in Dawro zone Tercha hospital 

and 5 health centers, southern Ethiopia, from May 1 to October 30 2014

test 1st week 2nd week 3rd week

ALT(U/l) 324+ 60.10 135.35 + 24.12 47.34 + 8.21

AST(U/l) 268+ 48.42 107.08 + 14.76 36.33 + 7.98

Tot. bilirubin(mg/dl) 1.92+  0.710 1.25 + 0.53 0.95 + 0.34 

5.4. Factors associatedwith hepatotoxicity

Alcoholism (which is defined as consuming >35 and > 28 units of alcohol per week for at least 

10 years for men and women respectively) was found to be predisposing factor for the incidence 

anti-TB-DIH (COR= 9.343, 95% CI (1.8 - 47.3). according to this study BMI (kg/m2), extent of 

TB disease, sex and age had no significant association with incidence of anti-TB-DIH.

Table 8 Association of predictors with incidence of anti-TB-DIH in patients taking anti-TB drug 

at Dawro zone Tercha hospital and 5 health centers, southern Ethiopia from May 1 to October 30 

2014.
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variables OR 95% CI P-value

sex male 1.3 0.36-

5.04

0.65

female .0.74 0.12-

2.34

0.56

Age

(years)

10-19 0.11 0.4-3.76 0.838

20-49 0.818 0.15-

4.27

0.81

>50 0.474 0.039-

5.7

0.556

BMI

(kg/m2)

<18.5 16154716

2

0 0.999

18.5-25 11643038 0 0.99

>25 1454367 0 0.999

Extent

Of

disease

pulmonary 1.792 0.42-7.4 0.424

Extra 0.76 0.11-

1.54

0.89
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pulmonary

Alcoho

l

status

alcoholic 9.3 1.8 - 

47.3

0.007

Nonalcoholic 0.064 0.13-7.5 0.92
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CHAPTER SIX:DISCUSSION

124 cohorts of newly diagnosed TB patients who were negative for HIV, hepatitis B and C and 

started taking anti-TB drugs were included in this study. The analysis in this study showed the 

incidence of anti- TB-DIH to be 8.1%. This incidence is almost similar to previous reports of 

study in Addis Ababa, St. Peter’s TB specialized hospital (8.9%) [31]and reports from Asia 

(8.0–19.8%)[3,37]. However, this incidence is lower than that from Egypt 15% [2] and higher 

than that of western world 4.3% [35].The variation in the incidence of anti-TB-DIH worldwide 

may be attributed to differences in patients’ characteristics, indiscriminate use of drugs, and the 

definition criteriaof hepatotoxicity[59].

According to this study the time interval for the onset of hepatotoxicity after initiation of 

treatment was 13-58 days (median: 26 days). This is similar to the result reported in Nepal(12–60 

days (median: 28 days)) [3]. One study also reported that the onset of anti-TB-DIH to be 15-60 

days (median: 30 days) [2]which is similar to the result of this study. But another study [60] 

reportedthe onset of anti-TB-DIH in almost two thirds of their patients (61.2%) was within 14 

days from the start of therapy.

 This study showed that history of high alcohol intake was a potential risk factor for anti-TB-DIH 

(p<0.007, OR= 9.3). Similarly, one study[54]reported that history of chronic alcohol intake was 

common among the cases. Other studies also reported that high alcohol intake as a predisposing 

factor for anti-TB-DIH[52, 58]. In the contrary, a study report from Dossing et al[62] and study 

done in Egypt [2]showed that high alcohol intake had no correlation with incidence of anti-TB-

DIH. This difference can be explained by the fact that high alcohol intake as a predisposing 

factor for anti-TB-DIH has been considered as the most equivocal. However, according to some 

study report higher alcohol consumption as a risk factor was ascribed to malnutrition and 

glutathione store depletion [61].

Several studies reported that old age is a potential risk factor for anti-TB-DIH[3, 5,37]. A study 

done in Egypt [60] reported that older age group was affected more than the younger age group. In 

contrast, a study done in Nepal [3] reported that the incidence of anti-TB-DIH was higher in younger 



31

patients. The current study showed that there was no correlation between age and anti-TB-DIH. In 

agreement to this, another study reported that age had no significant relation to anti-TB-DIH[49]. 

The discordance between our finding and the study done in Nepal and Egypt may be explained 

by the fact that the age categorization for young and old people is different. 

Several studies suggested that female gender is independent predictor of anti-TB-DIH [3, 

39].However, recent report suggested that male has higher risk of developing anti-TB-

DIH[64].The reason for female susceptibility was believed to be variations in pharmacokinetics 

and slower acetylation status[63]. However, gender showed no correlation with anti-TB-DIH in 

this current study. This difference may be explained by the fact that females are slow acetylaters 

and INH is cleared by acetylation. So, females in our study might have developed anti-TB-DIH 

by anti-TB drug other than INH. Some other studies are in agreement with this current study 

finding[2, 53].

Extent of TB disease or involvement of extra pulmonary organ had no significant association 

with incidence of anti-TB-DIH according to the current study. In congruent to this, another study 

reported that there was no significant association between extent of TB disease and incidence of 

anti-TB-DIH[65]. However, extra pulmonary organ involvement was reported to be associated 

with incidence of anti-TB-DIH in studies from India [55, 56]. This difference may be attributed 

to the fact that extra-pulmonary TB may not necessarily indicate severity of the disease.

In this study malnutrition as assessed by BMI <18.5kg/m2had no significant association with 

anti-TB-DIH. Despite, some studies from Nepal [3], Spain [48] and India [52,56] showed that 

malnourishment had significant association with incidence of anti-TB-DIH.This might be due to 

depletion of glutathione stores, which makes patients more vulnerable to oxidative injuries. The 

reason for the deviation of our finding may be explained by the fact that the majority of patients 

included in our study were not malnourished.

In this study, since there was no severe hepatotoxicity no death was recorded. During the study 

period 100% of patients who developed anti-TB-DIH had their transaminase level below 10X of 

ULN. Patients having signs and symptoms suggestive of hepatotoxicity were put under close 

follow up and had their liver function tests monitored and physical examination done regularly. 

For confirmed hepatotoxic cases anti-TB drugs were discontinued for some time until it was 

normalized. Fortunately, all of the cases recovered after few days and continued treatment.
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Thoughas a result of meta- analysis, incidence rate of hepatotoxicity was shown to be high with 

INH followed by PZA and RIF [35], Tuberculosis patients who were included in the current 

study were taking combination of four anti-TB drugs: Isoniazid (INH), Rifampin (RIF), 

Pyrazinamide (PZA), and Ethambutol (EMB). Therefore, it was difficult to infer which drug was 

responsible for the cause of hepatotoxicity. The role of N-acetyltransferase 2 gene/enzyme 

polymorphisms on the metabolism of INH plays role on susceptibility to anti-TB-DIH [5].Butwe 

could not determine genetic polymorphism because of resource in this study. Most of the time 

anti-TB-DIH was expected to happen during initial phase (the first 2 months) of treatment 

though; it may develop during continuous phase. In this current study, liver function test for 

monitoring of TB patients was done only for initial phase of treatment. We couldn’t get enough 

financial and time resource to follow the patients during their continuation phase and thus unable 

to describe the incidence during this phase.
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CHAPTER SEVEN: CONCLUSIONAND RECOMMENDATION

7.1. Conclusion

This study determined the incidence (8.1%) of idiosyncratic type of anti-TB-DIH which was 

probably unknown in the area and assessed the possible risk factors using the concentration of 

ALT,AST and total bilirubin in patient’s serum. Patients who had their serum ALT and or AST 

level > 5X upper limit of normal (ULN), bilirubin level > 3X ULN were considered to have 

developed anti-TB-DIH. Hepatotoxicity developed within the first two months after initiating 

treatment. Chronic high alcohol consumers had increased risk of developing anti-TB-DIH rates. 

However, according to this study there was no significant association between ages, sex, extent 

of TB disease, BMIof patients with the incidence of anti-TB-DIH. 
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7.2. Recommendation

As tuberculosis continues to remain a significant infectious disease across much of the 

developing world, determining the incidence of anti-TB-DIH and identifying higher risk groups 

should be important task to prevent the disease. Difference in population characteristics, type of 

regimen used and definition criteria of anti-TB-DIH posed challenge in predicting the incidence 

worldwide. However, making consensus on the definition criteria and using similar regimen 

should be done to precisely predict the incidence. Researchers should perform meta-analysis in 

order to identify the drug that exactly causes hepatotoxicity so that the agent could be withdrawn 

to avoid further injury. 

Population characteristics that determine the susceptibility of patients to anti-TB-DIH should be 

identified and controlled. In this regard, this study had shown that hepatotoxicity of liver due to 

anti-TB drugs was higher among those who chronically consume alcohol. So, patients taking 

anti-TB drugs should quit drinking alcohol. Most of the time hepatotoxicity develops within the 

initial phase of the treatment. However, frequent and close follow-up of patients should be done 

both in intensive and continuation phase of treatment in our laboratory so that early diagnosis 

and immediate withdrawal of the causative agent could be ensured to prevent progression.

In general the incidence of anti-TB-DIH varies across different regions and most of the risk 

factors identified were not similar. However, researchers should continue determining the 

incidence and assess the risk factors until they get steadfast. Furthermore, the finding of this 

study can provide baseline information for researchers of the same interest and government 

bodies, stakeholders and policy makers to intervene in drug formulation and recommend 

treatment monitoring.

Annexes



35

Annex I: References

1. Harries A,maher D, Graham S. TB/HIV a clinical manual, second edition. World health   

organization, Geneva, 2004; 41-27.

2. Hoda A. Ahmed H, Ehab F, Madiha El-Attar,HebatAlla G,  Rashed . A prospective 

study of antituberculous drug-induced hepatotoxicity in an area endemic for liver 

diseases., HepatolInt;sep 2008; 2(3): 353–360

3. Rajani S, Rao B.S, Bhawana S. Evaluationof Risk Factors for Anti tuberculosis Drugs-

Induced Hepatotoxicity in Nepalese Population. Journal of science, engineering and 

technology. 2006; 2: 2-4. 

4. Bannister B, Gillespie S, Jones J. Tuberculosis and Other Mycobacterial Diseases. 

Infection, Microbiology and Management 2006: 3rd ed.

5. Yee D, Valiquette C, Pelletier M, Parisien I, Rocher I, Menzies D. Antituberculous 

drug-induced liver injury: current perspective.; Tropical Gastroenterology; 2008; 1-10

6. Danan G, Benichou C. Causality assessment of adverse reactions to drugs—I: A novel 

method based on the conclusions of international consensus meetings: application to 

drug-induced liver injuries. 1993 Nov; 46 (11):1323-30.

7. Kaplowitz N. Mechanisms of cell death and relevance to drug hepatotoxicity. Drug-

induced liver disease. New York: Marcel Dekker; 2002. p. 85-95.

8. Saukkonen JJ, Cohn DL, Jasmer RM, Schenker S, Jereb JA, Nolan CM, et al. On the 

behalf of ATS (American Thoracic Society). Hepatotoxicity of Anti-tuberculosis 

Therapy. Am J RespirCrit Care Med 2006; 174:935- 52.

9. Lammert C, Bjornsson E, Niklasson A, Chalasani N. Oral medications with significant 

hepatic metabolism at higher risk for hepatic adverse events. Hepatology. 2010; 

51(2):615-20.

10. Kaplowitz N. Biochemical and cellular mechanisms of toxic liver injury. Semin Liver 

Dis. 2002.

11. Guidelines for clinical and programmatic management of tb, tb/hiv and leprosy in 

Ethiopia, 5th edition. World health organization; 2013.

12. Kaplan LM, Isselbacher KJ: Jaundice: Harrison’s Principles of Internal Medicine. New 

York: McGraw-Hill, 1998.

http://www.ncbi.nlm.nih.gov/pubmed/19839004
http://www.ncbi.nlm.nih.gov/pubmed/19839004


36

13. Pratt DS, Kaplan MM. Evaluation of abnormal liver enzyme results in asymptomatic 

patients. N Engl J Med 2000; 342:1266–71.

14. Dufour DR, et al: Diagnosis and monitoring of hepatic injury II: Recommendations for 

use of laboratory tests in screening, diagnosis, and monitoring. ClinChem 2000; 

46:2050–2068.

15. Dufour DR, et al: Diagnosis and monitoring of hepatic injury I: Performance 

characteristics of laboratory tests. ClinChem 2000; 46:2027–2049.

16. JK Limdi, GM Hyde. Evaluation of abnormal liver function tests: Postgrad Med J 2003; 

79:307–312.

17. Roche SP, Kobos R: Jaundice in the adult patient. Am Fam Physician 2004; 

69:299–304.

18. Plebani M, et al: Biochemical markers of hepatic fibrosis in primary biliary cirrhosis. 

RicClin. Lab 1990; 20:269–274.

19. Kuntz E. Laboratory diagnostics. In: Kuntz E, Kuntz HD, eds. Hepatology, principles 

and practice. Heidelberg: Springer –Verlag. 2001: 78-112.

20. Rosenzweig P, Miget N, Brohier S. Transaminase elevation on placebo during phase I 

trials: prevalence and significance. Br J ClinPharmacol 1999; 48:19–23.

21. Dufour DR, Lott JA, Nolte FS, Gretch DR, Koff RS, Seeff LB. Diagnosis and 

monitoring of hepatic injury: II. Recommendations for use of laboratory tests in 

screening, diagnosis, and monitoring. ClinChem 2000; 46:2050–2068.

22. Tostmann A, Boeree MJ, Aarnoutse RE, de Lange WC, van der Ven AJ, Dekhuijzen R. 

Antituberculosis drug-induced hepatotoxicity: concise up-to-date review. J 

GastroenterolHepatol. 2008; 23:192–202.

23. Mitchell JR, Long MW, Thorgeirsson UP, Jollow DJ. Acetylation rates and monthly 

liver function tests during one year of isoniazid preventive therapy. Chest. 1975; 

68:181–90.

24. Mitchell JR, Zimmerman HJ, Ishak KG et al. Isoniazid liver injury: clinical spectrum 

pathology and probable pathogenesis. Ann Intern Med 1976; 84: 181–192.

25. Scharer L, Smith JP. Serum transaminase elevations and other hepatic abnormalities in 

patients receiving isoniazid. Ann Intern Med 1969; 71: 1113-1120.



37

26. Chitturi S, Farrell G. Drug-induced liver disease. In: Schiff ER, Sorrell MF, Maddrey 

WC, editors. Schiff’s diseases of the liver, 9th ed. Philadelphia: Lippincott, Williams & 

Wilkins; 2002. pp. 1059–1128.

27. Larrey D. Epidemiology and individual susceptibility to adverse drug reactions affecting 

the liver. Semin Liver Dis 2002; 22:145–155.

28. Ostapowicz GM, Fontana R, Schiødt F, Larson A, Davern T, Steven Han H, 

McCashland T, Shakil A, Hay J, Hynan L, et al. Results of a prospective study of acute 

liver failure at 17 tertiary care centers in the United States. Ann Intern Med 2002; 

137:947–954.

29. Snider DE, Caras GJ. Isoniazid-associated hepatitis deaths: a review of available 

information. Am Rev Respir Dis 1992; 145:494–497

30. Ramesh Kumar, Shalimar, Vikram Bhatia, Shankar Khanal, V. Sreenivas, S. Datta 

Gupta, Subrat K. Panda, and Subrat K. Acharya1. Antituberculosis Therapy–Induced 

Acute Liver Failure: Magnitude, Profile, Prognosis, and Predictors of Outcome. 

HEPATOLOGY, 2010; 51: 1665-75.

31. TemesgenMekonnen, Mohammed Abseno, Daniel Meressa, BekeleFekde: Prevalence 

and management outcomes of anti TB drugs induced hepatotoxicity, St.Peter TB 

Specialized Hospital. Jouranal of Ethiopian Medical practice. 2002;Vol 4, No 1;1-2.

32. Guidelines for the management of adverse drug effects of antimycobacterial agents, 

1998; Lawrence Flick Memorial Tuberculosis Clinic, Philadelphia TB Control Program.

33. Jussi J. Saukkonen, Krista Powell, and John A. Jereb "Monitoring for Tuberculosis Drug 

Hepatotoxicity: Moving from Opinion to Evidence", American Journal of Respiratory 

and Critical Care Medicine. 2012; Vol. 185, No. 6 (), pp. 598-599.

34. Yee D, Valiquette C, Pelletier M, Parisien I, Rocher I, Menzies D. Incidence of serious 

side effects from first-line antituberculosis drugs among patients treated for active 

tuberculosis. Am J RespirCrit Care Med. 2003;167:1472–7

35. Steele MA, Burk RF, DesPrez RM. Toxic hepatitis with isoniazid and rifampin. A meta-

analysis. Chest 1991; 99: 465 – 71

http://www.ajol.info/index.php/jemp/issue/view/1354
http://www.ajol.info/index.php/jemp/issue/view/1354
http://www.ajol.info/index.php/jemp/issue/view/1354
http://www.ajol.info/index.php/jemp/issue/view/1354
http://www.ajol.info/index.php/jemp/issue/view/1354
http://www.ajol.info/index.php/jemp/issue/view/1354
http://www.ajol.info/index.php/jemp/issue/view/1354


38

36. Jasmer RM, Saukkonen JJ, Blumberg HM, Daley CL, Bernardo J, Vittinghoff E, et al. 

Short-course rifampin and pyrazinamide compared with isoniazid for latent tuberculosis 

infection: a multicenter clinical trial. Ann Intern Med. 2002;137:640–7

37. Huang YS, Chern HD, Su WJ, Wu JC, Lai SL, Yang SY, Chang FY, Lee SD. 

Polymorphism of the N-acetyltransferase 2 gene as a susceptibility risk factor for 

antituberculosis drug-induced hepatitis. Hepatology 2002;35:883–889

38. Mitchell JR, Thorgeirsson UP, Black M, Timbrell JA, Snodgrass WR, Potter WZ, 

Jollow HR, Keiser HR. Increased incidence of isoniazid hepatitis in rapid acetylators: 

possible relation to hydrazine metabolites. ClinPharmacolTher1975; 18:70–79.

39. Attri S, Rana SV, Vaiphie K, Katyal R, Sodhi CP, Kanwar S, Singh K. Protective effect 

of N-acetylcysteine in isoniazid induced hepatic injury in growing rats. Indian J 

ExpBiol. 2001; 39:436–440.

40. Lacroix C, Tranvouez JL, Phan Hoang T, Duwoos H, Lafont D. Pharmacokinetics of 

pyrazinamide and its metabolites in patients with hepatic cirrhotic insufficiency. 

Arzneimittelforschung. 1990;40:76–79

41. Moriwaki Y, Yamamoto T, Nasako Y, Takahashi S, Suda M, Hiroishi K, Hada T, 

Higashino K. In vitro oxidation of pyrazinamide and allopurinol by rat liver aldehyde 

oxidase. BiochemPharmacol.1993; 46:975–981.

42. Yamamoto T, Moriwaki Y, Suda M, Nasako Y, Takahashi S, Hiroishi K, Nakano T, 

Hada T, Higashino K. Effect of BOF-4272 on the oxidation of allopurinol and 

pyrazinamide in vivo: is xanthine dehydrogenase or aldehyde oxidase more important in 

oxidizing both allopurinol and pyrazinamide? BiochemPharmacol.1993;46:2277– 2284

43. Shibata K, Fukuwatari T, Sugimoto E. Effects of dietary pyrazinamide, an 

antituberculosis agent, on the metabolism of tryptophan to niacin and of tryptophan to 

serotonin in rats. BiosciBiotechnolBiochem 2001; 65:1339–1346.

44. Byrne JA, Strautnieks SS, Mieli-Vergani G, Higgins CF, Linton KJ, Thompson RJ. The 

human bile salt export pump: characterization of substrate specificity and identification 

of inhibitors. Gastroenterology. 2002; 123:1649–1658.



39

45. Dufour DR, Lott JA, Nolte FS, Gretch DR, Koff RS, Seeff LB. Diagnosis and 

monitoring of hepatic injury: I. Performance characteristics of laboratory tests. 

ClinChem2000; 46:2027–2049.

46. Wing-wai yew, chiu-chiulueng. Anti-tuberculosis drug and hepatotoxicity. The 

hongkong medical diary. 2007;12 :1-3

47. Ambreen K, Sharma R, Singh KP, Khan FH, Kumar S. Risk factors for antituberculosis 

drug-induced hepatotoxicity and its association with oxidative stress in North Indian 

population. Ann Trop Med Public Health 2012;5:574-80

48. Fernandez-Villar A, Sopena B, Fernandez-Villar J, et al. The influence of risk factors on 

the severity of anti-tuberculosis drug-induced hepatotoxicity. Int J Tuberc Lung Dis 

2004; 8: 1499 - 505.

49. Col AC Anand, VSM, Lt Col; AK Seth, Lt Col; M Paul, Lt Col; P Puri. Risk Factors of 

Hepatotoxicity during Anti-tuberculosisTreatment. Medical Journal Armed Forces India. 

2006; Volume 62, (p); 45-49.

50. Papastavros T, Dolovich LR, Holbrook A, Whitehead L, Loeb M. Adverse events 

associated with pyrazinamide and levofloxacin inthe treatment of latent multidrug-

resistant tuberculosis. Can Med Assoc J 2002;167:131–136

51. Weber WW, Hein DW, Litwin A, Lower GM Jr. Relationship of acetylator status to 

isoniazid toxicity, lupus erythematosus, and bladder cancer. J Fed Proc 1983; 42:3086-

97.

52. Kopanoff  DE, Snider DE, Caras GJ. Isoniazid-related hepatitis. Am Rev Respir Dis 

1978; 117:991–1001.

53. Huang YS, Chern HD, Su WJ, WuJC, Chang SC, Chiang CH, et al. Cytochrome P450 

2E1 genotype and the susceptibility to antituberculosis drug-induced hepatitis. 

Hepatology 2003; 37:924–930.

54. Pande JN, Singh SP, Khilnani GC, Khilnani S, Tandon RK. Risk factors 

for hepatotoxicity from antituberculosis drugs: a case-control study. Thorax 1996; 

51:132-136.

55. Parthasarathy R, Sarma GR, Janardhanam B, Ramachandran P, Santha T, 

Sivasubramanian S, et al. Hepatic toxicity in South Indian patients during treatment of 

http://www.ncbi.nlm.nih.gov/pubmed?term=Pande%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Pande%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Pande%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Khilnani%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Khilnani%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Khilnani%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Khilnani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Khilnani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Khilnani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Tandon%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Tandon%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=8711642
http://www.ncbi.nlm.nih.gov/pubmed?term=Tandon%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=8711642


40

tuberculosis with short-course regimens containing isoniazid, rifampicin and 

pyrazinamide. Tubercle. 1986; 67:99–108.

56. Sharma SK, Balamurugan A, Saha PK, Pandey RM, Mehra NK. Evaluation of clinical 

and immunogenetic risk factors for the development of hepatotoxicity during 

antituberculosis treatment. Am J RespirCrit Care Med. 2002; 166:916–9.

57. Franks AL, Binkin NJ, Snider DE, Rokaw WM, Becker S. Isoniazid hepatitis among 

pregnant and postpartum Hispanic patients. Public Health Rep 1989; 104:151–155.

58. Gronhagen-Riska C, Hellstrom PE, Froseth B. Predisposing factors in hepatitis induced 

by isoniazid-rifampin treatment of tuberculosis. Am Rev Respir Dis 1978; 118:461–466.

59. Henry J.B. Clinical diagnosis and management by laboratory methods, vol 1, W.B 

Saunders Company, Philadelphia, PA, 1979;p.60.

60. Cuccherihini B, et al stability of aspartate transaminase and alanine aminotransferase 

activities, J Lab Clin Med 1983Sep; 102(3):370-6.

61. Golonka D. et al digestive disorders health centers:bilirubin, 2008;3.

62. Adeyemi et al, Immunochromatographic testing method for hepatitis B,C in blood 

Donors J AntivirAntiretrovir 2013,s3.

63. Saukkonen JJ, Cohn DL, Jasmer RM, Schenker S, Jereb JA, Nolan CM, Peloquin CA, 

Gordin FM, Nunes D, Strader DB, et al. Antituberculosis Therapy Subcommittee. An 

official ATS Statement: hepatotoxicity of antitiberculosis therapy. Am J RespirCrit Care 

Med 2006;174:935–952.

64. Mahmood K, Hussain A, Jairamani KL, Talib A, Abbasi B, Salkeen S. Hepatotoxicity 

with antituberculosis drugs: the risk factors. Pak J Med Sci 2007;23:33–38.

65. Senousy BE, Belal SI, Draganov PV. Hepatotoxic effects of therapies for tuberculosis. 

Nat Rev GastroenterolHepatol. 2010;7:543–56.

66. Dossing M, Wilcke JT, Askgaard DS, Nybo B. Liver injury during antituberculosis 

treatment: an 11-year study. Tuber Lung Dis 1996;77:335–340.

67. Marvin W. Impacts of gender on drug responses. Drug Top 1998;591–600.



41

68. Devarbhavi H, Dierkhising R, Kremers WK. Antituberculosis therapy drug-induced 

liver injury and acute liver failure. Hepatology. 2010;52:798–9.

69. Wang JY, Liu CH, Hu FC, Chang HC, Liu JL, Chen JM, et al. Risk factors of hepatitis 

during anti-tuberculous treatment and implications of hepatitis virus load. J Infect. 

2011;62:448–55.



42

Annex II:Standard Operating Procedures

Venous blood collection 
1. All the equipment which are needed for the procedure were collected and placed within 

safe and easy reach on a tray or trolley.

2. Patients were identified and prepared.

3. Antecubital fossa of the forearm was selected locating the vein that is visible, straight and 

clear and tourniquet was applied about 4–5 finger widths above the veni-puncture site.

4. The entry site was disinfected using 70% alcohol.

5. Take blood. By inserting the needle in the vein swiftly at a 30 degree angle or less, and 

draw sufficient and withdraw the needle.

6. The laboratory sample tubes were filled with blood.

7. Needles and syringe were disposed in a safety box container prepared for sharp objects.

Serum preparation 

1. Venous blood specimen was obtained in a testtube containing separator gel.

2. The specimen was placedvertically in a test tube rack as this will speed up the clotting 

action. 

3. When the clotting had completed, the specimen was centrifuged according to centrifuge 

manufacturer's recommendations at 2000 rpm's for 10 minutes.

4. Serum was separated from the red cells to avoid test interference and transferred to nunc 

tubes.

ALT (Alanine Aminotransferase)

Clinical significance
Alanine aminotransferase (ALT), formerly called Glutamic Pyruvic Transaminase (GPT), is one 

of liver-specific enzymes. It can catalyze the interconversion of amino acids and a-ketoacids by 

transfer of amino groups. Elevated ALT levels can indicate myocardial infarction, muscular 

dystrophy, especially in hepatobiliary diseases. Measurement of ALT is often used in diagnosis 
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and monitoring treatment of liver diseases and heart diseases. The AST/ALT ratio is often used 

for differential diagnosis in liver diseases: if the AST/ALT ratio < 1, it indicates mild liver 

damage; otherwise it is associated with severe, often chronic liver diseases.

Method

UV-assay according to IFCC (International Federation of Clinical Chemistry and Laboratory 

Medicine) without pyridoxal phosphate activation, Mindray BS 200E chemistry analyzer.

Reaction Principle

 Alanine aminotransferase catalyzes the reversible transamination of L-alanine and a-

oxoglutarate to pyruvate and L-glutamate. The pyruvate is then reduced to lactate in the presence 

of lactate dehydrogenase (LDH) with the concurrent oxidation of reduced ß-nicotinamide 

adenine dinucleotide (NADH) to ß-nicotinamide adenine dinucleotide (NAD). This change in 

absorbance is directly proportional to the activity of ALT in the sample.

                                                 ALT 
a-oxoglutarate + L-alanine ---------------- L-glutamate + pyruvate

----------------

                                            LDH

pyruvate + NADH + H------ ---------- L-lactate + NAD

--------------------

Reagent Components and Concentrations
R1

 TRIS buffer (150 mmol/L)
 L-Alanine (750 mmol/L)
 LDH (1200 U/L)

R2
 a-oxoglutarate (90 mmol/L)
 NADH (0.9 mmol/L)

Storage and Stability
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Stable up to expiry date indicated on the label, when stored unopened at 20C-80C and protected 

from light. Once opened, the reagent is stable for 28 days when refrigerated on the analyzer or 

refrigerator. 

Assay procedure 

1. Prepare
                    Reagent 1 ( 1000 µL)               blank (1000 µL)       sample

Dist water (100 µL)

                    Sample (100 µL)

2. Mix, incubate for 5 min, then add:

                      Reagent 2 (250 µL)                                                  (250 µL)

3. Mix thoroughly, read the absorbance after 1 min and monitor time. Read the 

absorbance again for additional 3 min.

Reference Intervals

Male (0-42 U/L)

Female (0-32 U/L)
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AST (Aspartate Aminotransferase)

Clinical significance
Aspartate aminotransferase (AST),formerly called Glutamic Oxalacetic Transaminase (GOT), is 

present in both cytoplasm and mitochondria of cells,belonging to the transaminase family, which 

catalyze the conversion of amino acids and a-oxoglutarate by transfer of amino groups. AST is 

commonly found in various human tissues. The heart muscle is found to have the most activity 

of the enzyme, secondly in the brain, liver, gastric mucosa, skeletal muscle and kidneys. The 

serum AST present low activity in the healthy human body, but when these tissues injury or 

damage, AST is released into blood and results in high blood AST activity. Measurement of AST 

in serum and plasma is mainly used for the diagnosis of heart muscle damages, liver damages 

and skeletal muscle diseases as well as for monitoring the treatment. The AST/ALT ratio is often 

used for differential diagnosis in liver diseases. While the ratio < 1, it indicates mild liver 

damage, otherwise it is associated with severe, often chronic liver diseases.

Method

UV-assay according to IFCC (International Federation of Clinical Chemistry and Laboratory 

Medicine) without pyridoxal phosphate activation, Mindray BS 200E chemistry analyzer.

Reaction Principle

In the assay reaction, the AST catalyzes the reversible transamination of L-aspartate and a-

oxoglutarate to oxaloacetate and L-glutamate. The oxaloacetate is then reduced to malate in the 

presence of malate dehydrogenase with NADH being oxidized to NAD The rate of the 

photometrically determined NADH decrease is directly proportional to the rate of formation of 

oxaloacetate and thus the AST activity.

a-oxoglutarate + L-aspartate -------AST--------- L-glutamate + oxaloacetate

----------------

                                                  MDH

oxaloacetate + NADH + H------ ---------- L-malate + NAD+

--------------------

Reagent Components and Concentrations
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R1
 TRIS buffer (100mmol/L)
 L-Aspartate (750 mmol/L)
 MDH

R2
 a-oxoglutarate (60 mmol/L)
 NADH (0.9 mmol/L)

Storage and Stability

Stable up to expiry date indicated on the label, when stored unopened at 20C-80C and protected 

from light. Once opened, the reagent is stable for 28 days when refrigerated on the analyzer or 

refrigerator. 

Assay procedure 

1. Prepare
                    Reagent 1 ( 1000 µL)               blank (1000 µL)       sample

Dist water (100 µL)

                    Sample (100 µL)

2. Mix, incubate for 5 min, then add:

                      Reagent 2 (250 µL)                                                  (250 µL)

3. Mix thoroughly, read the absorbance after 1 min and monitor time. Read the 

absorbance again for additional 3 min.

Reference Intervals
Male 0-37 U/L)

Female (0-31 U/L)

Bil-T (Bilirubin Total)

Clinical significance

80-85% bilirubin is breakdown product of hemoglobin, and 15-20% bilirubin roots in proteins 

containing hemoglobin. Measuring the bilirubin in plasma is used for diagnosing and 

discriminating the reason of jaundice. Hyperbilirubinemia is due to the excess increase of 

bilirubin and may cause by prehepatic jaundice (e.g. hemolysis), intrahepatic jaundice (e.g. virus 
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hepatitis) or post-hepatic jaundice (e.g. gall-stone). Some chronic and congenital diseases can 

also result in Hyperbilirubinemia. 

Method

Diazotized Sulfanilic Acid (DSA) Method

Reaction Principle

By using a special surfactant to accelerate the solubility of conglutinated bilirubin, total bilirubin 

with diazo salt at an acid condition to form a red product of azobilirubin. The absorbency 

increase is directly proportional to the concentration of bilibrubin.

Bilirubin + Diazo salt---------------------------Azobilirubin
---------------------------
                                                                              H
                                                                            +
                                                                           Surfactant

Reagent Components and Concentrations
R1

 HCl (100mmol/L)
 Sulfanilic acid (5 mmol/L)
 surfactant (1% m/v)

R2
  sodium nitrite(72 mmol/L)

Storage and stability 
Up to expiration date indicated on the label, when stored unopened at 18-250c and protected from 

light. Once opened, the reagents are stable for 28 days at 18-250c. And the working solution is 

stable for 14 days when refrigerated on the analyzer or refrigerator.

Assay procedure 

To prepare the working solution, mix 4 parts R1 with 1 part R2, e.g. 4 mL R1 + 1 mL R2

1. Prepare
                    Reagent 1 (1000 µL)               blank (1000 µL)       sample

Dist water (100 µL)
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                    Sample (100 µL)

2. Mix thoroughly at 370c then read the absorbance after 10 min later.

Reference Intervals

Serum / Plasma - Adult (0.1-1.2 mg/dL)

Anti-HCV Rapid Test

Test principle
Anti-HCV rapid test is a lateral flow, immunochromatographic assay, screening serum or plasma 

using recombinant HCV proteins. Recombinant antigens of HCV labeled by gold conjugates are used 

in test lines as capture materials, and anti-rabbit HCV antibody is used in the control line. When a 

sample is added to a sample pad of the test strip, it migrates through the membrane strip. If the 

antibodies to HCV present in the specimen a complex of antibody-gold conjugate d recombinant 

antigens will be formed which is then captured by antigen immobilized in the test line region of the 

membrane, producing a visible pink color line of immunocomplex conjugate on the membrane. The 

color intensity depends on the concentration of the anti-HCV present in the sample. Absence of the 

test line suggests a negative result. The test contains an internal control which should exhibits a pink 

colored line of the immunocomplex conjugate regardless of color development on the test line. 

Otherwise the test result is invalid and the specimen must be retested with another test strip.

Reagent and material provided

50X Tests. Each test strip is sealed in a foil pouch with a package of desiccant.

50X 25micro liter specimen dropper

2X Assay buffer

1X Instruction for use

Clean container

Timer

Storage and stability
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Store the kit in cool and dry places at a temperature between 2-300c. Do not freez. The shelf life of 

the kit under this condition is 24 months.

Assay procedure

Test device, patient’s sample and controls should be brought to room temperature (15-30c) prior to 

testing. Do not open pouches until ready to perform the assay.

1. The test strip was removed from its protective pouch and labeled the strip with patient or 

specimen number.

2. Using the dropper/ pipette 1 drop (about 25 micro liters) was added on to the sample pad. 

Then 2 drops (about 100micro liter) assay buffer were added as well.

3. Start the timer and wait for the red lines to appear. The result should be read at 10-20 

minutes. Result read after 20 minutes is invalid.

Interpretation of result

Negative result: only control line appears red

Positive result: both control and test line appears red

Invalid result: both line do not appear
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Rapid Hepatitis B Surface Antigen Test (HBsAg)

Principle
The hepatitis B surface antigen test is a lateral flow, immunochromatographic assay based on the 

principle of the double antibody-sandwich technique. The membrane is pre-coated with anti-HBsAg 

antibodies on the test line region of test. During testing hepatitis B surface antigen in the serum or 

plasma specimen reacts with the particle coated with anti- HBsAg antibody. The mixture migrates 

upward on the membrane chromatographically by capillary action to react with anti-HBsAg 

antibodies on the membrane and generate a colored line. The presence of this colored line in the test 

region indicates a positive result, while its absence indicates a negative result.

Reagent and material provided

Package insert

Test cassette

 Desiccant

 Pipette dropper

Instruction for use

Clean container

Timer

Storage and stability

Store the kit in cool and dry places at a temperature between 2-30c. Do not freeze. The shelf life of 

the kit under this condition is 24 months.

Test procedure

1. The test strip was removed from its protective pouch and labeled the strip with 

patient/specimen number.

2. The test cassette was placed on a clean and level surface. Holding the dropper vertically, 2-3 

full drops of serum were transferred.

3. Wait the colored line to appear. Read results in 15 minutes. Do not interpret the result after 

15 minutes.

Interpretation of result
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Negative result: only control line appears red

Positive result: both control and test line appears red

Invalid result: both line do not appear
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Annex III: Information sheet (English version)

This information sheet is prepared for newly diagnosed TB positive subjects. The detailed 

explanation about what will be undertaken in the study is presented as follows and it is after 

reading the description that informed consent will be obtained.

Title of the project: the incidence of anti-tuberculosisdrugs-induced hepatotoxicity and risk 

factors among TB patients in Dawro zone.

Name of Principal Investigator: WondwossenAbera

Organization: Jimma University (Medical laboratory science and pathology department)

Name of sponsor: Jimma University

Description and Purpose of the study 

Tuberculosis continues to remain a significant infectious disease across much of the world. The 

drugs that are used to treat TB found to be potentially hepatotoxic in some individuals causing a 

disease condition known as anti-TB drug induced hepatotoxicity. And there are some risk factors 

that are associated with Anti-TB-DIH. The aim of this study is to determine incidence of anti-

TB-DIH and evaluate risk factors.

Procedures

Following your willingness you are asked to sign a consent form and the following procedures 

will be undertaken

 Your medical history will be reviewed 

 You will provide us 10 minutes interview

 Blood sample will be collected( 5ml) every two weeks for at least two months.

 The sample will be analyzed for LFTs

Risks and discomforts
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During sample collection we will follow Standard operational procedures. The blood drawing 

may cause minor pain, at the place where blood is taken. However, this pain will disappear in 

few hours.

Benefits

There is no direct financial benefit you get by participating in this study but the test result will be 

delivered timely and appropriate intervention will be pointed.

Confidentiality 

Any information obtained during this study will be kept confidential. This is assured by avoiding 

use of any identifier and information will be recorded with code number.

Voluntary participation

Participation on this study is voluntary and you have the right to refuse participation at any 

time.Your decision will not result in any penalty or loss of benefits to which you are entitled. 

Your decision will not put at risk any present or future medical care or other benefits to which 

you otherwise entitled. You  may  ask  questions now and  in  the  future  if  you  do not  

understand something that is being done. For the success of our study, we will be asking you to 

give the correct answer for the respective questions. Thank you for your assistance. Continue 

answering the questions.Here are addresses of individuals who you can contact:

WondwossenAbera, phone no- +251916867428, Email address- aberawondwossen@yahoo.com

Dr. GemedaAbebe, phone no- +251911991285, Email address- Gemeda.abebe@ju.et

Mr. WaqtolaCheneke, phone no- +251912685926, Email address- waqtolachalt@yahoo.com

mailto:waqtolachalt@yahoo.com
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Annex IV:የጥናቱተሳታፈዎችመረጃቅፅ  (የአማርኛግልባጭ )

የጥናቱርዕስ፡የጥናቱተሳታፈዎችመረጃቅፅ(የአማርኛግልባጭ)
የጥናቱርዕስ፡ በፀረ፡ቲቢመድሃኒትኣማካኝነትየሚከሰተዉንየጉበትመመረዝኣደጋሊያስከትሉየሚችሉስጋቶችመመዘን
የዋናተመራማሪስም:ወንድወሰንአበራ
የድርጅቱስም፡-ጂማዩኒቨርሲቲ
ድጋፍሰጭተቋም:
ይህየመረጃቅፅየተዘጋጀውከላይበተጠቀሰው ጥናት 
ለሚሳተፉየቲቢህሙማንሲሆንበአጠቃላይበጥናቱውስጥልናካሂዳቸውስለፈለግናቸውጉዳዮችእናስለጥናቱጠቅላላማብራርያይሰ
ጣል::በመሆኑበጥናቱየሚሳተፋትበራስዎፍላጐትብቻመሆኑንበትህትናእንገልፃለን፡፡
የጥናቱኣላማ
የቲቢበሽታበዓለምላይዕጅግብዙሰዎችንየሚያጠቃሲሆንበሽታውንለመከላከልየሚሰጡመድሀኒቶችበአንዳንድምክንያትየጉበት
መመረዝዐደጋሊያመጡይችላሉ።የዚህጥናትዐላማእነዚህንምክንያቶችለይቶዐቅማቸውንመመዘንነው። 
የጥናቱሂደትዝርዝር
በጥናቱለመሳተፍከተስማሙየሚከተሉትንመረጀዎችናናሙናእንወስዳለን፡

 የህክምና :: እንዲሁምከራስዎአንደበት የ5 ደቂቃቃለ-መጠየቅይደረግሎታል፡:

 5 ሚሊሊትርያክልየደምናሙናይወስዳል፡:

 የተወሰደዉናሙናኣስፈላጊዉምርመራይደረግበታል።

ስጋትናጉዳት
ህክምናውየሚያስገድደውንየአሰራርሂደትስለምንከተልሊያጋጥሙየሚችሉየህመምስሜትበጣምአነስተኛነዉ :: 
ቢሆንምየደምናሙናበሚወስድበትጊዜትንሽየህመምስሜትሊያጋጥምይችላል፡፡ነገርግንይህህመምበአጭርጊዜይጠፋል፡፡
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ሊያስገኛቸውየሚችሉትጥቅሞችእናየካሳክፍያ
በዚህጥናትውስጥበመሳተፍዎበጥሬገንዘብየሚደረግየካሳክፍያአይኖርም::ነገርግንየምርመራዉዉጤትበወቅቱየሚሰጥሲሆንበም
ርመራዉዉጤትመሰረትኣስፈላጊዉየህክምናእርዳታይጠቆማል።
የጥናቱምስጢራዊነት
ማንኛውምበጥናቱ የሚገኙመረጃዎችበምስጢርይጠበቃሉ:: 
የጥናቱመረጃዎችበሙሉየሚቀመጡትከእርሶስምጋርሳይሆንለጥናቱተብሎበሚሰጠውስውርቁጥርሲሆንጥናቱንከሚያካሂዱትባ
ለሙያዎችበስተቀርማንምሊያውቅአይችልም፡; የእርስዎንማንነትበሚገልጥመልኩየተዘጋጄውንመረጃበፌርማዎ 
የተረጋገጠፍቃድሳናገኝይፋአናደርግም:፡ 
ይህጥናትሳይንሳዊመረጃእንደመሆኑመጠንበወረቀትታትሞቢወጣወይንምበሚድያቢነገርየእርስዎ ስም 
በምንምመልኩአይጠቀስም፡:
ያለመቀበልወይምጥናቱንየማቋረጥመበት
በዚህጥናትውስጥየሚኖርዎትተሳትፎሙሉበሙሉፈቃደኝነትላይየተመሰረተይሆናል:፡ 
በማንኛውምጊዜይህንንጥናትየማቋረጥመብትዎሙሉበሙሉየተጠበቀነው:: 
በጥናቱባለመሳተፍዎወይምከጥናትበመገለልዎምክንያትበአሁኑወይምየወደፊትየህክምናእርዳታላይተፅዕኖአይኖረውም፡ 
ከዚህበፊትሲያገኙከነበሩትጥቅሞችአንዳችነገርአይጐሎቦትም፡ 
ጥናቱንየሚያከናውነውአካልወይምድጋፍስጭአካልከእራስዎጥቅምሲባልበጥናቱእንዳይሳተፉሊከለከልይችላል፡፡
ጥያቄካለወት
ስለጥናቱማንኛውንምጥያቄወይምእርስዎበዚህጥናትውስጥለሚኖርዎትድርሻ፣ 
አሳሳቢጉዳትወይምቅሬታካለዋትየሚከተሉትንስልኮችወይምኢሜልአድራስመጠቀምየጥናቱንባለቤቶችማነጋገርይችላሉ፡፡
ወንድወሰንአበራ :ስልክ+251916867428 ኢ ሜይል - aberawondwossen@yahoo.com
ዶ፡ርገመዳአበበ: ስልክ+251911991285 ኢ ሜይል - Gemeda.abebe@ju.et
ዋቅቶላጨነቀ: ስልክ+251912685926, ኢ ሜይል - waqtolachalt@yahoo.com
ለጥናታችንስኬትትክክለኛዉንመረጃእንዲሰጡበኣክብሮትእንጠይቃለን።
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Annex V: Patient consent form (English Version)

Participant Code Number__________

Participant full name __________________

I am informed fully in the language I understand about the aim of above mentioned research. I 

understood the purpose of the study entitled with” Determining the incidence rate of  anti-

tuberculosis drugs induced hepatotoxicity and assessing the risk factors in Dawro zone 

at Tercha district hospital”I have been informed that medical history, blood samples will be 

taken and there will be minimal risk during sample collection. In addition I have been told all the 

information collected throughout the research process will be kept confidential. I understood my 

current and future medical services will not be affected if I refused to participate or with draw 

from the study.

________Agree              Not agree________

 Therefore I give my consent freely for my participation in this study.

Patient Name ___________________ signature ______ Date___________

Investigator name _________________signature _______Date__________

Witness 

1. Name _________________signature _______date _______

2. Name _________________signature _______date________

Annex VI: የስምምነትቅፅ  (የአማርኛግልባጭ )

የተሳታፊውልዩመለያቁጥር _____________________

የተሳታፊውስም _____________________
እኔስሜከላይየተጠቀሰውግለሰብበፀረ፡ቲቢመድሃኒትኣማካኝነትየሚከሰተዉንየጉበትመመረዝኣደጋሊያስከትሉየሚችሉስጋቶች
መመዘንበሚልርዕስበታሰበውምርምርላይበሚገባኝቋንቋበቂመረጃአግኝቻለሁ፡፡የህክምናመረጃናየደምናሙናምንምአይነትጉዳ
ትበማያደርስመልኩእንደሚወሰድተረድቻለሁ፡፡በተጨማሪምየሚወሰዱማናቸውምመረጃዎችበሚስጥርእንደሚያዙተነግሮኛል
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፡፡እንድሁምየምጠየቀውንመረጃያለመስጠትናለጥናቱያለመሳተፍከጥናቱበማናቸውምወቅትራሴንማግለልእንደምችልየተገለፀል
ኝሲሆንይህንንምበማድረጌወደፊትምሆነአሁንየማገኛቸውየህክምናግልጋሎቶችእንደማይጓደሉብኝበመረዳት
________________________እስማማለሁ _________________አልስማማም

በመሆኑምለዚህምርምርለመሳተፍወስኛለሁ፡፡

የታካሚ/ የተሳታፊስም ______________ፊርማ -----------------ቀን ----------------

የተመራማሪውስም --------------ፊርማ ----------------ቀን ----------------
ምስክሮች

1.ስም ------------ፊርማ ---------------ቀን -------------------

2.ስም -------------ፊርማ--------------ቀን------------------

Annex VII: Questionnaire

For TB “positive”

 HIV positive Individuals and retreatment cases are not included.

Date___/___/__

Card No__________________ Code no ____________

Information from the participant

1.   Sex                   Male                Female 

2. Age________________

3. Weight --------------------------

4. Height -----------------------------

5. Do you drink alcohol Yes    no 

6. If yes how long have you been drinking? ------------------How much unit per day?--------

7. How often do you drink alcohol 7/week     3/week? 1/week?
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8. Have you done physical exercise today yes    no 

9. Had you been treated for TB previously yes   no 

Information from patient record

i. Extent of TB disease    PTB  Extra-pulmonary TB

ii. Pre-existing liver disease yes    no 

iii. Muscle injury yes     no 

Follow up information
10. Any sign or symptom

 Nausea                                 

 Anorexia                             

 Jaundice                            

 Abdominal discomfort   

 Malaise                                

 Hepatomegally

 Vomiting                           

 Others     

11. Baseline and follow up assessment value

Lab. Test baseline 2nd week 1st month 6th week 2nd month

AST (IU)

ALT (IU)

Tot. 

bilirubin 

(mg/dl)

12. Any drug or cultural drug taken other than anti-TB drugs ----------------------------

13. When (if yes) -----------------------------
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Annex VIII: Ooyyiishsha

Echchaybiyyanadee’yaaassaoyiisheetenna

Qaaniyya___/___/__

Karddiyyaqutturiyya__________________ kooddiyyaqutturia ____________

Haarggaanchaoddua

1.   Maacca attumma

2. Yeellettoolaayiita________________

3. Deetstsuwwa--------------------------

4. Geessaa -----------------------------

5. Harraqqiyaushaay? A ushaay Ushikke

6. Ushaaygoopeappunwoodeegiddeedde? ------------------gaalaassanappunmaalakkiyaushaay?----

----

7. Saamminttaanappuntarraaushaay? 7/saamintta?    3/saamintta ? 1/saamintta?

8. Haachchiisspoorttiyaaottaadi ?Aottas ottabaykke

9. Haawwaapekoyyirro TB haarrggiyaasaakkettaerraay? A saakettaddi saakettabayke

Kaardiyaabollandee’yaahaarrgganchchamarrajjaa

i. TB haarrggiyaaayyinaattiyaaGooffinniyaa TB  boollaa TB  

ii. HawwappeeKooyyirrogubbaattahaarrggiyaade’ee baawwaa

iii. Bollaaanmaassuunttayde’ee? De’ee bawwaa

TB xaalliyyaadommowodeepppede’eeyyasaakkuwwaa

10. Siiyyettiyyaasaakkuwwa/maalatta

• Biiccoyii

• Quummaadiggii

• Ayyffiiyyaabiiccaatti

• Ulluwwaasaakkii

• Laabbaantstsi
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• Ulluuggaaffii

• Ccooshshii

• Hharraasakkuwwaa

11. Ddoomettaanneeguuyyeende’eeyyaalaabbrraattorriyyaawuuxxeettiyyaa

Lab. Test ddoometta 2tosaamintta 1roagginnaa 6tosaminttaa 2tosamintta

AST (IU)

ALT (IU)

Tot. 

bilirubin 

(mg/dl)

12. Tiibbiyyaapehaarraaxaalliyyaaekkaaddii? 

13. Awwuddee? ----------------------------
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