
 

ADDIS ABABA UNIVERSITY  

SCHOOL OF MEDICINE 

SCHOOL OF GRADUATE STUDIES  

 

M.Sc. Thesis 

 

TITLE: HEPATOTOXICITY AMONG HIV-INFECTED PATIENTS 

RECEIVEING THE HIGHLY ACTIVE ANTI-RETROVIRAL THERAPY: 

IMPACT OF THE DURATION OF THE THERAPY AND COMORBID 

DISEASES. 

 

BY 

HIWOT TEKOLA 

 

DEPARTMENT OF BIOCHEMISTRY 

SCHOOL OF MEDICINE    

           AUGUST, 2010 

ADDIS ABABA, ETHIOPIA



HEPATOTOXICITY AMONG HIV-INFECTED PATIENTS RECEIVEING THE HIGHLY 

ACTIVE ANTI-RETROVIRAL THERAPY: IMPACT OF THE DURATION OF THE THERAPY 

AND COMORBID DISEASES. 

 

A Thesis Submitted to the School of Graduate Studies of Addis Ababa University in 

partial fulfillment of the requirement of the degree of Master of Science in Biochemistry 

By 

Hiwot Tekola 

Advisors  

1. Melaku Umeta, PhD 

    Departement of Biochemistry, School of Medicine 

2. Fikre Enkuselase, PhD 

    School of Public Health, School of Medicine  

 

 



 i 

Acknowledgments 

Before all, I would like to forward my sincere thanks to God who stand by me to get through my 

four years stay in Tikur Anbassa during M.Sc study program. Those hopeless moments passed 

just like this because of you.   

Second, I would like to thank my father who has never get tired of making me in better position. 

I am so grateful to you, Ababa. 

Third, Dr. Yesehak Worku, who has been too patient and like my second father in leading me to 

success by giving me this big opportunity in my life with his precious advices not just on subject 

matter but life in general. I thank God because I am lucky to have been given this generous gift. I 

really do thank you Sir, though thanks can never be enough. 

Dr. Tarek H. El-metwally, thank you so much for your extreme understanding on my academic 

performances and also helping me through my thesis as an adviser no matter how busy you were 

with your job. You have been a great help and worth to trust.  

I thank my advisors, Dr. Melaku Umeta, Dr. Fikre Enquselase, Dr. Teshale Seboxa, and Dr 

Neena Chawla who guided and helpfully criticized to improve the thesis both in developing the 

proposal and the final write up and Dr. Alemayehu Worku who was willing to help and advised 

me on some matters. Also I would like to thank, all stuffs of voluntary counseling and testing 

center of Tikur Anbassa Specialized Hospital, Addis Ababa. 

My sister and brothers, thank you for your moral and technical support. What would I do with 

out you guys! Also my mother, thank you for your fruitful prayer and moral support.  

Last but not least my friends and all stuffs of biochemistry department, I do thank you. I had 

great time with you all. 

 

 

 

 



 ii 

Table of Contents  
Acknowledgments .......................................................................................................................................... i 

Table of Contents .......................................................................................................................................... ii 

List of Tables ................................................................................................................................................ v 

List of figures ............................................................................................................................................... vi 

List of Abbreviations .................................................................................................................................. vii 

Abstract ......................................................................................................................................................... x 

1. Introduction ........................................................................................................................................... 1 

1.1. Back ground ................................................................................................................................. 1 

1.1.1. Human Immunodeficiency Virus (HIV) ................................................................................. 1 

1.1.1.1. Morphology of HIV ................................................................................................... 1 

1.1.1.2. Replication of cycle of HIV ....................................................................................... 2 

1.1.1.3. Transmission of HIV .................................................................................................. 4 

1.1.1.4. Diagnosis of HIV infection ........................................................................................ 4 

1.1.1.5. Laboratory monitoring of patients with HIV infection .............................................. 5 

1.1.1.6. Clinical manifestations ............................................................................................... 7 

1.1.2. Antiretroviral Therapy............................................................................................................. 8 

1.1.3. Hepatotoxicity ....................................................................................................................... 13 

1.1.4. Drug induced hepatotoxicity ................................................................................................. 14 

1.1.4.1. Drug –induced hepatotoxicity by metabolic activation ............................................ 15 

1.1.4.2. Hypersensitivity reaction ......................................................................................... 16 

1.1.4.3. Immunologically mediated liver injury .................................................................... 17 

1.1.4.4. Drug-induced mitochondrial injury .......................................................................... 18 

1.1.5. Basis of laboratory diagnostic approaches ............................................................................ 19 

1.1.5.1. Bilirubin metabolism and abnormalities .................................................................. 19 

1.1.5.2. Ammonia Metabolism .............................................................................................. 20 



 iii 

1.1.5.3. Liver enzymes and Serum proteins .......................................................................... 20 

1.1.5.4. Coagulation Factors ................................................................................................. 21 

1.1.5.5. Other diagnostic approaches .................................................................................... 21 

1.2. Antiretroviral drug induced hepatotoxicity ............................................................................... 21 

1.2.1. NRTIs hepatotoxicity ............................................................................................................ 24 

1.2.2. NNRTIs hepatotoxicity ......................................................................................................... 25 

1.2.3. Protease inhibitors ................................................................................................................. 26 

1.3. Significance of the study ........................................................................................................... 26 

1.4. Hypothesis ................................................................................................................................. 27 

1.5. Objective of the study ................................................................................................................ 27 

1.5.1. General objective .................................................................................................................. 27 

1.5.2. Specific objectives ................................................................................................................ 27 

2. Materials and Methods ........................................................................................................................ 28 

2.1. Study Design ............................................................................................................................. 28 

2.2. Study Subject ............................................................................................................................. 28 

2.3. Study Area ................................................................................................................................. 28 

2.4. Sample Size Determination ....................................................................................................... 28 

2.5. Data Collection .......................................................................................................................... 28 

2.6. Selection and exclusion criteria ................................................................................................. 29 

2.6.1. Inclusion criteria .................................................................................................................... 29 

2.6.2. Exclusion criteria .................................................................................................................. 29 

2.7. Specimen Collection and storage .............................................................................................. 29 

2.8. Methods for biochemical investigations .................................................................................... 29 

2.8.1. Assessment of the Alanine Transaminase (ALT) .................................................................. 29 

2.8.2. Assessment of the Aspartate Transaminase (AST) ............................................................... 31 

2.8.3. Assessment of the Alkaline Phosphatase (ALP) ................................................................... 32 



 iv 

2.8.4. Assessment of the bilirubin level .......................................................................................... 34 

2.9. Statistical analysis ..................................................................................................................... 36 

2.10. Ethical Clearance ....................................................................................................................... 36 

3. Results ................................................................................................................................................. 37 

3.1. Characteristics of patients in NVP and EFV groups before the start of HAART...................... 37 

3.2. Population distribution and LFT median values before the start of HAART ............................ 38 

3.3. Population distribution and duration of therapy ........................................................................ 38 

3.4. Proportion of patients receiving NVP and EFV with in each hepatotoxicity grade .................. 39 

3.5. Proportion of patients at different duration of therapy  receiving NVP and EFV ..................... 39 

3.6. The change of LFTs with duration of therapy and HAART types ............................................ 39 

3.7. Correlation of pattern of change of the four LFTs with each other ........................................... 48 

3.8. Risk factor association of hepatotoxicity of NVP based regimen with sex and age.................. 48 

4. Discussion ........................................................................................................................................... 49 

4.1. Hepatotoxicity of NVP and EFV based regimens ..................................................................... 49 

4.2. Impact of the duration of therapy on hepatotoxicity of NVP and EFV ..................................... 50 

4.3. Risk factors for hepatotoxicity of NVP associated with sex and age ........................................ 51 

4.4. Correlation of pattern of changes of the four LFTs with each other ......................................... 51 

5. Limitations of the study ...................................................................................................................... 52 

6. Conclusion .......................................................................................................................................... 52 

7. Recommendations ............................................................................................................................... 52 

8. References ........................................................................................................................................... 53 

ANNEX ...................................................................................................................................................... 62 

 

 

 

 



 v 

List of Tables 

Table 1.1: Structure of antiretroviral medications………………………………………10 

Table 1.2: ACTG Grading of Liver Toxicity……………………………………………21 

Table 3.1: Characteristics of variables for NVP and EFV groups before the start………37 

Table 3.2: Population distribution and LFT characteristics before the start of HAART...38 

Table 3.3: Population distribution and duration of therapy ……………………………..38 

Table 3.4: Correlation of the four LFTs with each other………………………………..48 

Table 3.5: Risk factors for hepatotoxicy………………………………………………...48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vi 

List of figures  

Figure 1.1: A. Electron micrograph of HIV and B. Structure of HIV-1…………………2 

Figure 1.2: The life cycle of HIV virus……………………...…………………………...3 

Figure 1.3: Summary of Xenobiotic Transformations and Biohazards…………………14 

Figure 1.4: Mechanism for the role of reactive metabolites in immunoallergic 

hepatitis..……………………………………………………………………15 

Figure 1.5: Hypersensitivity (allergic) reaction ………………….……………………..17 

Figure 2.1: Reaction principle for the determination of alanine aminotransferase 

(ALT)……………………………………………………………………….30 

Figure 2.2: Reaction principle for the determination of aspartate aminotransferase 

(AST)……………………………………………………………………….31 

Figure 2.3: Reaction principle for the determination of Alkaline phosphatase 

(ALP)...……………………………………………………………………..32 

Figure 2.4: Reaction principle for the determination of bilirubin………………………34 

Figure 3.1: Proportion of patients taking NVP and EFV based regimen in the four hepatotoxicity 

grades: A for ALT, B for AST, C for ALP and D for 

TB…………………………………………………………………………..41 

Figure 3.3: Hepatotoxicity of NVP and duration of therapy for the four LFTs: A- ALT, B- AST, 

C- ALP and D- TB………………………………………………………....43 

Figure 3.4: Hepatotoxicity EFV and duration of therapy for the four LFTs, A- ALT, B- AST, C- 

ALP and D- TB………………………………………………….................45 

Figure 3.5: Pattern LFTs change with time for the four drugs: A – ALT, B – AST, C – ALP and 

D – TB……………………………………………………………………..47 

 



 vii 

List of Abbreviations 

ABC     Abacavir 

ACTG     AIDS clinical trials group 

AIDS      Acquired Immunodeficiency Syndrome 

ALP                                               Alkaline Phosphatase  

ALT                                              Alanine Transaminase  

ANOVA                                       Analysis of Variance  

APV                                              Amprenavir 

ART                                              Anti-Retroviral Therapy  

AST                                               Aspartate Transaminase  

BCG                                              Bromocresol Green 

BCP                                               Bromocresol Purple 

CDC  Centers for Deasese control & Prevention 

CD4                                              Cluster of Differentiation four. 

ddI                                                 didanosine 

ddc                                                Zalcitabine 

d4T                                                Stavudine 

DLV                                               Delavirdine 

DNA                                               Diriboneuclicacid 

EFV                                                Efavirenz 

EIA                                               Enzymes Immuno Assay 

ELISA                                             Enzyme Linked Immunosorbent Assay                                                 

Emtriva                                          Emtricitabine 

FAPV                                             Fosamprenavir 

FDA                                               Food & Drug Adminstration 

GGT                                              Gammaglutamyl Transpeptidase 



 viii 

HAART                                        Highly Active Anti-Retroviral Therapy  

HIV                                               Human Immunodeficiency Viruses 

HBV                                             Hepatitis B Virus  

HCV                                             Hepatitis C Virus 

HTLV                                           The Human T Lymphotropic viruses 

IDUS                                             Injection Drug Users 

IDV                                            Indinavir 

IL                                                    Interluikin 

IgE                                                  Immunoglobulin E 

IRB                                                  Institutional Research Board 

LDH                                                Lactate Dehydrogenase 

LFTS    Liver Function Tests 

LPV                                                 Lopinavir 

MHC  Histocompatibility complex  

MOH                                             Ministry of Health 

NFV                                                Nelfinavir 

NRTIs                                              Nucleoside Reverse Transcriptase inhibitors 

NVP                                                Nevirapine 

NNRTIs                                           Non-Nucleoside Reverse Transcriptase inhibitors 

PIs                                                   Protease Inhibitors  

PLP                                                 Pyridoxal Phosphate     

RBC                                                Red Blood Cells 

RTV                                                Ritonavir 

ROS                                                Reactive oxidative species 

SEM                                               Standard Error of Mean  

SQV                                                Saquinavir 



 ix 

TASH                                             Tikur Anbesa Specialized Hospital 

3TC                                                 Lamivudine 

TH2                                                 T helper cell 2 

TB     Total bilirubin 

VCT                                               Voluntary Counseling and Testing  

UNAIDS                                        United Nations AIDS 

WBC    White Blood Cell 

WHO                                             World Health Organization  

ZDV                                              zidovudine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 x 

Abstract 
The rapid death and morbidity due to opportunistic infections in Human immunodeficiency virus (HIV) 

patients has been reduced by the introduction of Highly Active Retroviral therapy (HAART). However, 

hepatotoxicity is now evident as a limiting factor of the benefit of the treatment. The over all incidence is 

estimated to be 3- 18% and it is up to 30% in patients on HAART. The objective of the study was to 

assess the liver function of HIV-infected patients receiving HAART so that clinicians will be more 

careful in prescribing the medications for their patients. In this retrospective cross-sectional study, 750 

HIV infected patients who have already started HAART participated. 521 and 229 patients were taking 

NVP and EFV based regimen, respectively. Chi square and Mann-Whitney test were used to compare 

base line characteristics between the two groups, which showed no significant difference. Assessment of 

hepatotoxicity of the different HAART regimens, after initiation of therapy showed no hepatotoxicity 

with time, as can be seen from median values of the four LFTs (ALT, AST, ALP and TB). The proportion 

of patients in different hepatototoxcity grades were also analyzed for both NVP and EFV groups. The 

results showed that severe hepatotoxicity was more common in NVP users groups than EFV groups. 

While with time, both groups showed high proportion of hepatotoxicity grades before treatment which 

generally decreases after the initiation of therapy. With in three months of initiation therapy, more severe 

cases of hepatotoxicity were found when compared with other durations of therapy. Risk factor 

determination by multivariant logistic regression revealed that sex and age were not factors for 

hepatotoxicty while corrilation results by spearman rank correlation coefficient of LFTs with each other 

showed only correlation of TB with the other LFTs was not significant. The suggestion made from these 

findings is that, hepatotoxicity is more common in NVP users than EFV users and both the drugs are 

associated with elevation of LFTs just after the start of HAART thus frequent monitoring of liver 

enzymes after initiation antiretroviral therapy is recommended. However, because of NVP and EFV-

associated severe hepatotoxicity cases were observed after the first 12 weeks of therapy, these data 

indicate that such assessments should continue throughout the treatment period. 
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1. Introduction 

1.1. Back ground  

It was in 1983 that human immunodeficiency virus (HIV) was isolated from a patient with 

lymphadenopathy, and by 1984 it was demonstrated clearly to be the causative agent of AIDS. In 

1985, due to the development of  a sensitive enzyme linked immunosorbent assay (ELISA), it 

was recognized that the HIV was epidemic at first in the United States and other developed 

nations and ultimately among developing nations throughout the world.  

In 2008, an estimated 1.9 million people became newly infected with HIV in Sub Saharan 

Africa, bringing the total number of people living with HIV to 22.4 million and about 1.4 million 

AIDS-related deaths occurred in this region (UNAIDS, 2009). According to Ministry of Health 

(MOH), it was reported that 304,465 people enrolled in HIV health care in 2008, in Ethiopia. 

National adult HIV prevalence is 1.4%, with infection levels highest in the regions of Gambela 

6% and Addis Ababa 4.7% (Demographic and Health Survey, 2005). 

1.1.1. Human Immunodeficiency Virus (HIV) 

The etiologic agent of AIDS is HIV, which belongs to the family of human retroviruses 

(Retroviridae) and the subfamily of lentiviruses. The four recognized human retroviruses belong 

to two distinct groups: the human T lymphotropic viruses (HTLV) I and HTLV-II, which are 

transforming retroviruses; and the HIV-1 and HIV-2, which are cytopathic viruses. HIV-1 was 

first identified in 1986 in West African patients and was originally confined to West Africa. 

However, a number of cases that can be traced to West Africa or to sexual contacts with West 

Africans have been identified throughout the world.  HIV-2 likely originated from the Pan 

troglodytes species of chimpanzees in whom the virus had co-evolved over centuries. 

1.1.1.1. Morphology of HIV  

Electron microscopy shows that the HIV virion is an icosahedral structure. Fig. 1.1 A containing 

numerous external spikes formed by the two major envelope proteins, the external gp120 and the 

transmembrane gp41. The virion buds from the surface of the infected cell and incorporates a 

variety of host proteins, including major histocompatibility complex (MHC) class I and II 

antigens into its lipid bilayer. The structure of HIV-1 is schematically diagrammed in Fig 1.1 B.   
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                                  A                                                                B 

Figure 1.1:  A. Electron micrograph of HIV. B. Structure of HIV-1, including the gp120 outer 

membrane, gp41 transmembrane components of the envelope, genomic RNA, enzyme reverse 

transcriptase, p18 (17) inner membrane (matrix), and p24 core protein (capsid)  

1.1.1.2. Replication of cycle of HIV 

HIV is an RNA virus whose hallmark is the reverse transcription of its genomic RNA to DNA by 

the enzyme reverse transcriptase. The replication cycle is as follows  

1. High affinity binding of the gp120 protein via a portion of its V1 region near the N- 

terminus to its receptor on the host cell surface, the CD4 molecule.  

2. The gp120 undergoes a conformational change that facilitates binding to one of a group 

of co-receptors, CCR5 and CXCR4. The use of one or the other or both receptors by the 

virus for entry into the cell is an important determinant of the cellular tropism of the 

virus. Certain dendritic cells express a diversity of C-type lectin receptors on their 

surface, one of which is called DC-SIGN, that bind with high affinity to the HIV gp120 

envelope protein, allowing the dendritic cell to facilitate the binding of virus to the CD4+ 

T cell upon engagement of dendritic cells with CD4+ T cells. 

3. The viral envelope changes dramatically, and fusion with the host cell membrane occurs 

via the newly exposed gp41 molecule penetrating the plasma membrane of the target cell 

and then coiling upon itself to bring the virion and target cell together.  

4. The HIV genomic RNA is uncoated and internalized into the target cell (figur 1.2).  
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5. The reverse transcriptase enzyme, which is contained in the infecting virion, catalyzes the 

reverse transcription of the genomic RNA into double-strand DNA. 

6. The DNA translocates to the nucleus, where it is integrated in a somewhat, but not 

completely, random fashion into the host cell chromosomes through the action of another 

virally encoded enzyme, integrase. Sites of HIV integration into the nuclear DNA are 

preferential for active genes and regional hotspots. This provirus may remain 

transcriptionally inactive (latent) or it may manifest varying levels of gene expression, up 

to active production of virus. 

 

                        Figure 1.2: The life cycle of HIV virus (Andrew et al., 2004) 

Cellular activation plays an important role in the life cycle of HIV and is critical to the 

pathogenesis of HIV disease. Following initial binding and internalization of virions into the 

target cell, incompletely reverse-transcribed DNA intermediates are labile in quiescent cells and 

will not integrate efficiently into the host cell genome unless cellular activation occurs shortly 

after infection. Furthermore, some degree of activation of the host cell is required for the 

initiation of transcription of the integrated proviral DNA into either genomic RNA or mRNA. 
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This latter process may not necessarily be associated with the obvious expression of the classic 

cell surface markers of activation. In this regard, activation of HIV expression from the latent 

state depends on the interaction of a number of cellular and viral factors. Following transcription, 

HIV mRNA is translated into proteins that undergo modification through glycosylation, 

myristylation, phosphorylation, and cleavage. The viral particle is formed by the assembly of 

HIV proteins, enzymes, and genomic RNA at the plasma membrane of the cells. Budding of the 

progeny virion occurs through specialized regions in the lipid bilayer of the host cell membrane 

known as lipid rafts, where the core acquires its external envelope. The virally encoded protease 

then catalyzes the cleavage of the gag-pol precursor to yield the mature virion. Progression 

through the virus replication cycle is profoundly influenced by a variety of viral regulatory gene 

products. Likewise, each point in the replication cycle of HIV is a real or potential target for 

therapeutic intervention (Anthony et al., 2005; Hoffmann, 2006). 

1.1.1.3. Transmission of HIV  

Sexual transmission: HIV has been demonstrated in seminal fluid both within infected 

mononuclear cells and in the cell-free state. The virus appears to concentrate in the seminal fluid, 

cervical smears and vaginal fluid, particularly in situations where there are increased numbers of 

lymphocytes and monocytes in the fluid, as in genital inflammatory states such as urethritis and 

epididymitis, conditions closely associated with other sexual transmitted diseases. 

Blood and blood product transmission: HIV can be transmitted to individuals who receive 

HIV-tainted blood transfusions, blood products, or transplanted tissue as well as to IDUs who are 

exposed to HIV while sharing injection paraphernalia such as needles, syringes, the water in 

which drugs are mixed or the cotton through which drugs are filtered. 

Maternal - fetal/infant transmission: HIV infection can be transmitted from an infected mother 

to her fetus during pregnancy, during delivery or by breast-feeding (Anthony et al., 2005).  

1.1.1.4. Diagnosis of HIV infection 

The diagnosis of HIV infection depends upon the demonstration of antibodies to HIV and/or the 

direct detection of HIV or one of its components. As noted above, antibodies to HIV generally 

appear in the circulation 2 to 12 weeks following infection (Anthony et al., 2005). 
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Enzyme immunoassay (EIA):  is an extremely good screening test with a sensitivity of > 

99.5%. The tests are generally scored as positive (highly reactive), negative (nonreactive), or 

indeterminate (partially reactive). While the EIA is an extremely sensitive test, it is not optimal 

with regard to specificity. For these reasons, anyone suspected of having HIV infection based 

upon a positive or indeterminante EIA result must have the result confirmed with a more specific 

assay.   

Western bloting: is the most common conformation test. This assay takes advantage of the fact 

that multiple HIV antigens of different, well-characterized molecular weights elicit the 

production of specific antibodies. These antigens can be separated on the basis of molecular 

weight, and antibodies to each component can be detected as discrete bands on the western blot. 

In a patient with a positive or indeterminate EIA and a negative western blot, one can conclude 

with certainty that the EIA reactivity was a false positive. On the other hand, a western blot 

demonstrating antibodies to products of all three of the major genes of HIV (gag, pol, and env) is 

conclusive evidence of infection with HIV. Criteria established by the U.S. Food & Drug 

Administration (FDA) in 1993 for a positive western blot state that a result is considered positive 

if antibodies exist to two of the three HIV proteins: p24, gp41, and gp120/160. If the western blot 

for HIV-1 is indeterminate, it should be repeated in 4 to 6 weeks; in addition, one may proceed to 

HIV-1 RNA assay, or HIV-1 DNA PCR. These tests are extremely sensitive. One frequent 

consequence of a high degree of sensitivity is some loss of specificity and false positive results 

have been reported with each of these techniques. For this reason, a positive EIA with a 

confirmatory western blot remains the “gold standard” for a diagnosis of HIV infection, and the 

interpretation of other test results must be done with this in mind. 

1.1.1.5. Laboratory monitoring of patients with HIV infection  

The close relationship between clinical manifestations of HIV infection and CD4+ T cell count 

has made measurement of the latter a routine part of the evaluation of HIV-infected individuals. 

Determinations of CD4+ T cell counts and measurements of the levels of HIV RNA in serum or 

plasma provide a powerful set of tools for determining prognosis and monitoring response to 

therapy. While the CD4+ T cell count provides information on the current immunologic status of 

the patient, the HIV RNA level predicts what will happen to the CD4+ T cell count in the near 

future, and hence provides an important piece of prognostic information.  
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CD4+ T cell Counts 

CD4+ T Cell Counts the laboratory test generally accepted as the best indicator of the immediate 

state of immunologic competence of the patient with HIV infection.  

This measurement, which is the product of the percent of CD4+ T cells (determined by flow 

cytometry) and the total lymphocyte count (determined by the white blood cell count (WBC) and 

the differential percent) has been shown to correlate very well with the level of immunologic 

competence. Patients with HIV infection should have CD4+ T cell measurements performed at 

the time of diagnosis and every 3 to 6 months thereafter. More frequent measurements should be 

made if a declining trend is noted. According to most guidelines, a CD4+ T cell count <350/μL 

is an indication for consideration of initiating Antiretroviral Therapy (ART) , and a decline in 

CD4+ T cell count of <25% is an indication for considering a change in therapy. Once the CD4+ 

T cell count is <200/μL, patients should be placed on a regimen for P. carinii prophylaxis, and 

once the count is <50/μL, primary prophylaxis for M. avium complex infection is indicated. 

HIV RNA Determination 

HIV RNA determination has become an essential component in the monitoring of patients with 

HIV infection. The two most commonly used techniques are the RT-PCR assay and the bDNA 

assay. Both assays generate data in the form of number of (viral load or number of copies of HIV 

RNA per milliliter of serum or plasma) up to as few as 50 to 75 copies of HIV RNA per milliliter 

of plasma. Measurements of plasma HIV RNA levels should be made at the time of HIV 

diagnosis and every 3 to 4 months thereafter in the untreated patient. In general, most guidelines 

suggest that therapy be considered in patients with > 50,000 copies of HIV RNA per milliliter. 

Following the initiation of therapy or any change in therapy, plasma HIV RNA levels should be 

monitored approximately every 4 weeks until the effectiveness of the therapeutic regimen is 

determined by the development of a new steady-state level of HIV RNA. In most instances of 

effective therapy this will be < 50 copies per milliliter. 

This level of virus is generally achieved within 6 months of the initiation of effective treatment. 

During therapy, levels of HIV RNA should be monitored every 3 to 4 months to evaluate the 

continuing effectiveness of therapy. 
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HIV Resistance Testing 

HIV resistance testing can be done through either genotypic or phenotypic measurements. In the 

genotypic assays, sequence analyses of the HIV genomes obtained from patients are compared to 

sequences of viruses with known antiretroviral resistance profiles. In the phenotypic assays, the 

in vivo growth of viral isolates obtained from the patient are compared to the growth of reference 

strains of the virus in the presence or absence of different antiretroviral drugs or a comparison of 

the enzymatic activities of the reverse transcriptase or protease genes obtained by molecular 

cloning of patients‟ isolates to the enzymatic activities of genes obtained from reference strains 

of HIV in the presence or absence of different drugs targeted to these genes. These tests are quite 

good in identifying those antiretroviral agents that have been utilized in the past in a given 

patient. These tests are quite good in identifying those antiretroviral agents that have been 

utilized in the past in a given patient.  

1.1.1.6. Clinical manifestations  

Clinical manifestations encompass a spectrum ranging from an acute syndrome associated with 

primary infection to a prolonged asymptomatic state to advanced disease. The first stage is Acute 

HIV syndrome, in which individuals with HIV infection experience an acute clinical syndrome 

approximately 3 to 6 weeks after primary infection. This includes fever, lymphadenopathy, 

nausea, vomiting, diarrhea, neurologial and dermatologic manifestations. Symptoms usually 

persist for 1 to several weeks and gradually subside as an immune response to HIV develops and 

the levels of plasma viremia decrease. In most patients, primary infection with or without the 

acute syndrome is followed by a prolonged period of clinical latency, Asymptomatic stage. 

During this period of HIV infection, the average rate of CD4+ T cell decline is <50/µL per year. 

When the CD4+ T cell count falls to <200/µL, the resulting state of immunodeficiency is severe 

enough to place the patient at high risk for opportunistic infection and neoplasms, and hence for 

clinically Symptomatic stage which includes,  

 Disease of the Respiratory System,  

 Diseases of the Cardiovascular System,  

 Hepatobiliary Disease,  

 Diseases of the Kidney and Genitourinary Tract,  

 Diseases of the Endocrine System and Metabolic Disorders,  
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 Rheumatologic Diseases,  

 Diseases of the Hematopoietic System,  

 Dermatologic Diseases,  

 Neurologic Diseases,  

 Ophthalmologic Disease,  

 Additional Disseminated Infections and Wasting Syndrome, Neoplastic Diseases. 

1.1.2. Antiretroviral Therapy  

The first antiretroviral drug was introduced in 1987. The five classes include: Nucleoside reverse 

transcriptase inhibitors (NRTIs), Non-nucleoside reverse transcriptase inhibitors (NNRTIs), 

Protease inhibitors (PI), Entry inhibitors receptor 5 (Maraviroc) and Integrase inhibitors 

(raltegravir). 

NRTIs include: Zidovudine (ZDT), Didanosine (ddI), Zalcitabine (ddC), Lamivudine (3TC), 

Stavudine (d4T), Abacavir (ABC), Emtricitabine (Emtriva), and Tenofovir (Viread). ZDT was 

the first antiretroviral drug to be discovered. To inhibit HIV replication they are first 

triphosphorylated intracellularly to nucleotides and then incorporated into the growing viral 

DNA chain by the viral reverse transcriptase enzyme. This creates a pool of dideoxynucleotide 

analogue triphosphates, which compete with endogenous deoxynucleotide triphosphates for 

substrate binding to reverse transcriptase.  Unfortunately, these agents can also be substrates for 

other enzymes capable of DNA formation including human DNA polymerase in the 

mitochondria (Lewis and Dalakas, 1995; Van et al, 2004). As a result, anaerobic glycolysis in 

aerobic conditions occurs, with increased production of lactate due to dysfunctional 

mitochondria. In the liver, the disruption of mitochondrial function causes micro-vesicular and 

macro-vesicular steatosis with triglyceride accumulation (Lai et al, 1991; Freiman et al, 1993; 

Olano et al, 1995). Insulin resistance, cardiomyopathy, pancreatitis and peripheral neuropathy 

are among diseases related to mitochondrial toxicity.  

The replication of mitochondrial DNA is variably inhibited by NRTIs in the following order; 

ddC › ddI › d4T › 3TC › ABC in vitro. It is not yet clear that in vitro NRTI inhibition of mtDNA 

is an accurate predictor of in vivo toxicity. (Kakuda, 2000; Boyle et al, 2003). 
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NNRTIs were first described in 1990. They include; Nevirapine (NVP), Efavirenz (EFV), and 

Delavirdine (DLV). NNRTIs are non-competitive inhibitors of the enzyme reverse transcriptase 

that impair the catalytic function of this enzyme by binding to specific tyrosine residues situated 

near the active site. These agents are usually used in combination with two or more NRTIs 

and/or PIs in Highly Active Antiretroviral Therapy (HAART) (Kontorinis and Dieterich, 2003; 

Dirk et al., 2007). In contrast to NRTIs, NNRTIs do not require activation within the cell. The 

two most common NNRTIs (NVP and EFV) are extremely effective when combined with 

nucleoside analogs (Podzamczer et al., 2002; Robbins et al., 2003). 

PIs include Indinavir (IDV), Ritonavir (RTV), Saquinavir (SQV), hard and soft gel, Nelfinavir 

(NFV), Amprenavir (APV), Lopinavir/Ritonavir (LPV), and Fosamprenavir (fAPV). PIs are 

molecules that target the active site of HIV-1 aspartic protease, the enzyme responsible for 

cleaving of the precursor viral polyprotein, gag-pol, into its constituent proteins, which include 

the reverse transcriptase. Inhibition of the cleavage of the viral polyprotein results in production 

of immature non-infectious viral particles. All currently available PIs are extensively 

metabolized in the liver by the cytochrome P450 3A4 enzyme system (Sulkowski, 2003).  

Entry inhibitors block the chemokine receptor CCR5 which HIV uses as a coreceptor to bind and 

enter a human macrophage. Intregrase inhibitors has structural motif that possesses metal-

chelating functions, and it interact with divalent metals within the active site of HIV-1 integrase 

preventing it from working (Bailey and Fisher, 2008). 

The introduction of potent combinations with three or more antiretroviral agents based on the 

administration of at least two NRTIs with a NNRTI commonly as first line regimens or a 

protease inhibitor  as second line. It is referred to as HAART introduced in 1996. It has changed 

the HIV infection from a rapidly progressive fatal disease complicated by opportunistic 

infections to a chronic one (Palella et al., 1998). 

When used properly, HAART leads to sustained virologic suppression and subsequent 

immunologic recovery and due to its reduced price it has become more available. According to 

the Ethiopian MOH, the total number of persons currently on ART throughout the country as of 

October 08, 2009 is 167,271 of whom, 165,263 (98.8%) are on the first line combinational ART 

regimens (MOH- FHAPCO, 2009). In Ethiopia the most widely used drugs are NRTIs and 
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NNRTIs. PIs are used as second line drugs. The fist line adult regimens are based on the 

administration of two NRTIs with a NNRTI. 

Preferred first line regimen includes,  

1. TDF+FTC+EFV 

2. ZDV+ 3TC+ NVP (1c) 

3. ZDV+3TC+EFV (1d) 

As an alternative,  

1. D4T+3TC+NVP (1a) 

2. D4T+3TC+EFV (1b) 

3. TDF+3TC+NVP 

4. D4T+3TC+ 3TC+EFV 

5. ABC+3TC+NVP 

6. ABC+3TC+EFV 

7. ABC+3TC+ZDV 

The second line regimens are based on the use of two nucleosides with a PI. The following 

combinations of drugs are in use: (MOH-FHAPCO, 2008). 

1. Abacavir/ Didanosine/ Lopinavir (ritonavir)  

2. Abacavir/ Didanosine/ Nelfinavir 

3. Tenofovir/ Didanosine/ Nelfinavir 

4. Didanosine/ Lopinavir (ritonavir) 

Table 1.1: Structure of antiretroviral medications 

NRTI NNRTI PI Entry 

inhibitors 

Integrase inhibitors 

 

Zudovudine 

 

Efavirenz  
 

 

Elvitegravir 
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Saquinavir Maraviroc 

 

Didanosine 

 

Nevirapine 

 

Ritonavir 

r

altegravir 

 

Zalcitabine 
 

Delavirdine 
 

Indinavir 

 

Stavudine 

 

Etravirine 

 

Nelfinavir 

 

Lamuvudine 

 

Amprenavir 
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Abacavir 

 

 

Lopinavir 

 

 

Emtricitabine 

 

 

Atazanavir 

 

 

Entecavir 

 

Tipranavir  

 

 

Tenofovir 

  

 

Fosamprenavir 
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Darunavir 

 

Even though HAART dramatically improved the clinical course, prognosis, and survival of HIV-

1 infected patients, issues on adverse drug reactions, resistances and comorbidities have now 

become evident as a limiting cause of benefit in a substantial proportion of patients receiving 

HAART. Each
 
antiretroviral medication is associated with its own specific

 
adverse effects or 

may cause problems only in particular circumstances.
 
Similarly, class-specific adverse effects 

may occur. However, the subtle and serious adverse effects are lactic acidosis, hepatic steatosis,
 

hyperlactatemia, hepatotoxicity, hyperglycemia, fat maldistribution,
 
hyperlipidemia, bleeding 

disorders, osteoporosis and skin rash. 

Hepatotoxicity, as characterized by an increased rate of cytolysis and a significantly elevated 

serum transaminase levels, is recognized after the vailability in 1987 of the first NRTI, the ZDV 

(Barbaro et. al, 1999; Lai et.al, 1991; Melamed et. al, 2000) and the rate rose in 1996 even 

further with the use of PIs and HAART (Arribas et al, 1998; Braun et al, 1997).  

1.1.3. Hepatotoxicity  

Hepatotoxicity implies chemical-driven liver damage. The liver plays a central role in 

transforming and clearing chemicals and is susceptible to the toxicity from these agents. Certain 

medicinal agents, when taken in overdoses and sometimes even when introduced within 

therapeutic ranges, may injure the organ. Other chemical agents, such as those used in 

laboratories and industries, natural chemicals (e.g. microcystins) and herbal remedies can also 

induce hepatotoxicity. Chemicals that cause liver injury are called hepatotoxins. 

While there are many causes of liver disease, they generally present clinically in a few distinct 

patterns, usually classified as hepatocellular, cholestatic (obstructive), or mixed. In 
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hepatocellular diseases such as viral hepatitis or alcoholic liver disease, features of liver injury, 

inflammation, and necrosis predominate. In cholestatic diseases such as gall stone or malignant 

obstruction, primary biliary cirrhosis, some drug-induced liver diseases, features of inhibition of 

bile flow predominate. In a mixed pattern, features of both hepatocellular and cholestatic injury 

are present (such as in cholestatic forms of viral hepatitis and many drug-induced liver diseases) 

(Dienstag and Isselbacher et al, 2005). 

1.1.4. Drug induced hepatotoxicity  

Most drugs, which are water-insoluble, undergo a series of metabolic transformation steps, 

culminating in a water-soluble form appropriate for renal or biliary excretion. This process 

begins with oxidation or methylation initially mediated by the mixed-function oxygenases 

cytochrome P450 (phase I reaction), followed by glucuronidation or sulfation (phase II reaction) 

or inactivating by conjugation with glutathione. Most drug hepatotoxicity is mediated by a phase 

I toxic metabolite, but glutathione depletion, precluding inactivation of harmful compounds by 

glutathione S-transferase, can contribute as well. 
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Figure 1.3: Summary of Xenobiotic Transformations and Biohazards. 
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Hepatotoxic drugs can cause liver disease in all the three patterns. It injure the hepatocyte 

directly, e.g., via a free-radical or an active metabolic intermediate that causes peroxidation of 

membrane lipids and that results in liver cell injury. Alternatively, the drug or its metabolite can 

distort cell membranes or other cellular molecules, activate apoptotic pathways, or block 

biochemical pathways or cellular integrity. Such injuries, in turn, may lead to necrosis of 

hepatocytes; injure bile ducts, producing cholestasis; or block pathways of lipid movement, 

inhibit protein synthesis, or impair mitochondrial oxidation of fatty acids, resulting in lactic 

acidosis and fat accumulation (steatosis). (Dienstag and Isselbacher et al, 2005; Dufour et al 

2000a and b; Arneson and Brickell, 2007).  

There are four known mechanisms involved in the development of hepatotoxicity. They are 

generally of two types, predictable or unpredictable (Kaplowitz, 2002). Liver injury may result 

from direct toxicity of the drug or its metabolites or may be an idiosyncratic response in persons 

with a characteristic genetic predisposition. The latency period between the initiation of therapy 

and the onset of liver disease provides clues to its etiology. 

Predictable hepatotoxic reactions are dose dependent and host independent (Kaplowitz, 2002). 

Early-onset toxicity (within a few days) is strong evidence for direct drug toxicity, particularly if 

there has been no previous exposure. Unpredictable hepatotoxic reactions are host dependent and 

not dose related (Zimmerman, 1999). Unfortunately, the vast majority of drug reactions are 

unpredictable. They occur when the drug is transformed into an intermediate metabolite that is 

either toxic (host-mediated metabolism) or provokes an immunological response hypersensitivity 

reaction. We can also classify the mechanism of drug induced hepatotoxicity in four; metabolic 

host-mediated hepatotoxicity, hypersensetivity reaction, mitochondrial toxicity and immune 

reconstitution phenomena.  

1.1.4.1. Drug –induced hepatotoxicity by metabolic activation 

Halothane is the best studied drug with respect to immunoallergic hepatitis. Proposed mechanism 

is the drug undergoes bioactivation in the hepatocytes leading to drug-protein conjugate 

formation in the liver. The resulting modified protein is internalized by Kupffer cells and 

presented to cognate T cells that recognize modified peptide and native peptide. This in turn can 

lead to the generation of cytotoxic T cells and B lymphocytes producing antibody (Kenna, 1997). 
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Studies have already shown that patients with deranged liver function as a consequence of taking 

nevirapine have circulating T cells that recognize the drug. 

 
 

Figure 1.4: Mechanisms for the role of reactive metabolites in immunoallergic hepatitis. 

1.1.4.2.  Hypersensitivity reaction 

In an allergic reaction, a macrophage phagocytoses the offending drug, and displays its 

fragments to a type 2 T helper (TH2) cell (Kuby et al., 2007). The TH2 cell identifies an allergen 

as pathogenic and releases the cytokine Interleukin-4 (Il-4), which stimulates a naive B cell to 

undergo cellular proliferation. These B cells differentiate into two types: IgE secreting plasma 

cells, and memory cells. Plasma cells secrete IgE into the blood stream which binds to an FcєRI 

receptor present on the surface of mast cells and basophiles, two types of white blood cells. The 

antibody remains bound to the surface of these cells for long  

periods of time; a mast cell or basophil that is coated with IgE is referred to as activated. Upon a 

subsequent exposure to the same allergen, the allergen binds to, and cross-links, the IgE 

molecules bound to the surface of mast cells and basophils. This stimulates the cells to release 

granules containing histamine, an inflammatory mediator. Other inflammatory mediators such as 

leukotrienes, prostaglandins and cytokines are also released. These chemicals stimulate the 

contraction of smooth muscle, increase vascular permeability and cause the blood vessels to 

dilate (vasodilation). These are the effects of inflammation which is characterized by swelling, 

redness, heat and pain.  
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Figure 1.5: Hypersensitivity (allergic) reaction (Kuby et al, 2007). 

1.1.4.3. Immunologically mediated liver injury 

Immune-mediated drug reactions appear to involve the generation of neoantigens that are formed 

by the reaction of liver proteins with reactive drug metabolites. This is inferred in part from 

circulating specific antibodies in patient sera, which increase promptly upon rechallenge with the 

antigen. Additional evidence for an immune-mediated pathology is the finding that the response 

to the drug is delayed and that multiple exposures are required (Furst et al., 1997). An approach 

that has been explored for cutaneous drug reactions examines the activation of human peripheral 

mononuclear cells to a drug or drug metabolite in vitro; if a metabolite is the suspected toxin, the 

reaction must include an initial exposure of drug to hepatic microsomes and NADPH. These 

assays, which are host-dependent, are a promising approach to identifying susceptible 

individuals (Knowles et al., 2000). The incidence of immune-mediated hepatotoxicity is 

relatively low, possibly because the liver is tolerogenic, a property that may be attributable to the 

liver‟s production of anti-inflammatory cytokines (e.g.,IL-10, IL-6, IL-4, IL-13) and other 

inhibitory factors (e.g., prostaglandins). The latter can down-regulate TH 1 reactions and thus 

reduce specific immune responses. These factors may function to prevent allergic hepatitis as 

well as acute hepatotoxicity through inhibition of CD81 T cell.  
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1.1.4.4. Drug-induced mitochondrial injury 

A relatively uncommon but distinctive form of hepatic injury due to drugs is microvesicular fatty 

liver, which can be caused by alcohol, aspirin, tetracycline, amiodarone, valproic acid, and 

several antiviral nucleoside analogues, the most prominent of which is fialuridine (Mckenzle et 

al., 1995; Sokol and Treem, 1999). The hallmark of this injury is accumulation of microvesicular 

fat in hepatocytesand decreased numbers of mitochondria. 

Fialuridine provides the most striking example of a drug causing microvesicular fatty liver and 

acute liver failure. This is a fluoridinated pyrimidine analogue. It inhibits DNA polymerase γ (the 

enzyme responsible for replication of mitochondrial DNA) but has little effect at physiologic 

concentrations on DNA polymerase α or β. Similar findings for ZDV suggest that differential 

inhibition of DNA polymerase activities may account for mitochondrial toxicity of nucleoside 

analogues. As a result, anaerobic glycolysis within the cytoplasm occurs, with increased 

production of lactate. In the liver, the disruption of mitochondrial function causes micro-

vesicular and macro-vesicular steatosis with triglyceride accumulation (Lewis et al., 1997; 

Tennant et al., 1998). 

The other cause of the hepatic injury is believed to be inhibition of fatty acid β oxidation and 

mitochondrial dysfunction (Fromenty and Pessayre, 1995; Silva et al., 1998). In addition, drugs 

and toxins can inhibit mitochondrial respiratory chain function thereby reducing oxidative 

phosphorylation and depleting intracellular ATP levels. Inhibition of normal respiratory chain 

enzymic activity can also generate excessive reactive oxidative species (ROS), causing further 

cellular injury.  

Mitochondria also play a major role in apoptotic pathways, through induction of the 

mitochondrial permeability transition pore, which results in a rapid increase in mitochondrial 

membrane permeability and release of cytochrome c and other proapoptotic factors (Lemasters et 

al., 1998). Thus, mitochondria participate in many forms of hepatic injury. Drugs and toxins that 

induce mitochondrial permeability transition include salicylates, valproic acid, ethanol, 

hydrophobic bile acids, and ROS in general. Importantly, substances that block induction of the 

mitochondrial permeability transition, including ursodiol and cyclosporine, may be protective 

against these forms of injury. 
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1.1.5. Basis of laboratory diagnostic approaches 

The liver is the site for metabolism of carbohydrate, protein and lipids, as well as for the 

synthesis of many proteins, the conjugation of bilirubin, and detoxification of drugs and other 

substances. For this reason, the liver function may be assessed by measurement of total and 

direct bilirubin, total protein and albumin, cholesterol and triglycerides, and urea and ammonia. 

The plasma levels of liver enzymes are also helpful in assessing the liver function (Dufour et al 

2000a and b; Limdi and Hyde, 2003; Pratt and Kaplan, 2005; Arneson and Brickell, 2007). 

1.1.5.1. Bilirubin metabolism and abnormalities  

Bilirubin is produced from heme obtained from the destruction of red blood cells (RBCs). It is an 

insoluble molecule which is found bound to albumin in blood and transported to hepatocytes to 

be conjugated to glucuronic acid where it can be excreted through specific transporter into bile 

ducts to the intestine by feces or urine in the form of urobilinogen (Roche and Kobos 2004; 

Wolkoff, 2005). The increase in bilirubine level in the blood is called hyperbilirubinemia and 

results from three conditions depending on the three phases of bilirubin metabolism;   

Prehepatic hyperbilirubinemia is caused by increased hemolysis and increased degradation of 

heme, e.g., patients with sickle cell anemia and other hemolytic diseases. Prehepatic jaundice is 

indicated by relatively normal serum conjugated bilirubin, increased unconjugated bilirubin, and 

increased urinary urobilinogen that correlate normal serum levels of hepatocellular and 

hepatobiliary enzymes, with the exception of lactate dehydrogenase (LDH) and possibly 

aspartate transaminase (AST). These two enzymes are found in erythrocytes so, in situations of 

increased red cell breakdown, these enzyme concentrations are elevated in the serum. 

Hepatic hyperbilirubinemia is generally due to defective uptake by hepatocytes resulting in 

increased serum unconjugated bilirubin and/or defective conjugation of bilirubin in the 

hepatocyte. Causes include the genetic Gilbert’s and Crigler-Najjar syndromes, Neonatal 

jaundice, and, viral and chemical damage to hepatocytes. Hepatic jaundice is indicated by 

increased serum conjugated and unconjugated bilirubin and increased urinary urobilinogen that 

correlate with increased serum levels of hepatocellular enzymes. 

Posthepatic hyperbilirubinemia (obstructive jaundice) is generally due to a defect in transporting 

conjugated bilirubin and bile out of the liver. It can involve obstruction of the small canaliculi 
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within the liver, the hepatic bile duct, and the common bile duct. Obstruction of the bile flow can 

be due to cirrhosis, gallstones or tumors. Posthepatic jaundice is indicated by relatively normal 

serum unconjugated bilirubin, increased conjugated bilirubin, and decreased urinary 

urobilinogen that correlate pronounced elevations of hepatobiliary enzymes but normal to 

slightly elevated serum levels of hepatocellular enzymes. 

1.1.5.2.  Ammonia Metabolism 

Ammonia is produced from the normal metabolism of protein and by some bacteria in intestinal 

tract. It is converted into urea by parenchymal liver cells and is excreted by the kidneys as the 

major non-protein nitrogen waste product. Normally, the plasma ammonia level is ~20 μg/dL 

and plasma urea level is ~20 mg/dL. 

Plasma levels of ammonia will rise when the liver is not functioning properly, such as in Reye‟s 

syndrome, inherited deficiencies of urea cycle enzymes, cirrhosis, serious drug toxicity, liver 

tumors or excessive nitrogen turnover from gastrointestinal bleeds. In Reye‟s syndrome, 

elevation of hepatic enzymes such as AST and ALT is associated. 

1.1.5.3. Liver enzymes and Serum proteins 

The liver contains thousands of enzymes, some of which are present in the serum in very low 

concentrations due to normal rate of tissue wear and tear. Among the enzymes are LDH, ALP, 

ALT, AST and GGT which are found in different compartments with in the liver and also in 

different organs. The elevation of a given enzyme activity in the serum is thought to primarily 

reflect its increased rate of entrance into serum from damaged or hyperactive liver cells.  The 

extent of the damage is indicated by the release of these enzymes from different sources with in a 

cell. 

Serum contains a large variety of proteins and a large amount of total protein, averaging 7.0 g/dL 

in the adult. There are two main types of proteins: albumin and globulins. Serum albumin level is 

4 g/dl and makes up roughly half of the total serum proteins. On the other hand, there are four 

globulins, α1 and α2, β and γ globulins. Concentration of globulins is calculated by subtracting 

the albumin concentration from the total serum proteins. 
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1.1.5.4. Coagulation Factors 

With the exception of factor VIII, the blood clotting factors are made exclusively in hepatocytes. 

They have short half-lives that they are the single best acute measure of hepatic synthetic 

function and helpful in both the diagnosis and assessing the prognosis of acute parenchymal liver 

disease. Useful for this purpose is the serum prothrombin time, which collectively measures 

factors II, V, VII, and X. The prothrombin time may be elevated in hepatitis and cirrhosis as well 

as in disorders that lead to vitamin K deficiency such as obstructive jaundice or fat 

malabsorption of any kind. 

1.1.5.5. Other diagnostic approaches 

Other tests include anti-mitochondrial antibodies in primary biliary cirrhosis and anti-smooth 

muscle and antinuclear factor antibodies in chronic active hepatitis, procollagen type III terminal 

peptide and hyaluronic acid serum level in hepatic fibrosis. Disordered metabolism inferred from 

hippuric acid test (a detoxification assay), bromosulphthalein retention test (a dye excretion 

assay), plasma lipogram (high), and hypoglycemia and galactose, fructose and epinephrine 

tolerance test (abnormal carbohydrate metabolism assay). They also include plasma and urinary 

amino acids and their metabolites as abnormal indicators of their hepatic metabolism. Alpha-

fetoprotein is produced by the fetal liver and testes indicating hepatitis or 

hepatocellularcarcinoma.  

1.2. Antiretroviral drug induced hepatotoxicity  

All three classes of Antiretroviral Therapy (ART), i.e., inhibitors NRTI, NNRTI and PIs have 

been associated with hepatotoxicity. According to AIDS Clinical Trials Group (ACTG), there are 

hepatotoxicity range often refers to Grade 1 up to 4 elevations in ALT, AST, ALP and bilirubin. 

Table 1.2: ACTG Grading of Liver Toxicity 

 ALT/ AST  ALP Bilirubin 

Grade 1 1.25-2.5 × UNL 1.25-2.5 × UNL >1.0-1.5 × ULN 

Grade 2 >2.5-5.0 × UNL >2.5-5.0 × UNL >1.5 × ULN 

Grade 3 >5.0 × UNL >5.0 × ULN >2.5-5 × ULN 

Grade 4  >10 × UNL >10 × ULN >5 × ULN 
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The severity of hepatotoxicity may range from the absence of symptoms to liver 

decompensation, and the outcome can range from spontaneous resolution to liver failure and 

death (Clark et al., 2002; Kramer et al., 2005). In one study, severe hepatotoxicity with acute 

hepatic necrosis was recognized in 2% of HIV infected patients dying from liver disease. 

Furthermore, in a large ACTG cohort of nearly 3000 patients initiating HAART, the most 

common grade 4 adverse events were liver related; this risk was increased in patients with 

underlying chronic viral hepatitis (Reisler et al., 2003). Fortunately, the vast majority of episodes 

of hepatotoxicity are asymptomatic, and most ALT elevations resolve spontaneously, as 

described for many other medications, probably through a process called „adaptation‟ 

(Kaplowitz, 2002). 

The reported incidence of severe liver toxicity of HAART ranges from 2 to 18%. Differences in 

study outcomes may reflect heterogeneity in patient populations, frequency of liver enzymes 

determinations, other exogenous exposures (e.g., alcohol), medication prescribing patterns, 

prevalence of chronic viral hepatitis, and criteria used for defining severe hepatotoxicity 

(Vincent et al., 2008). 

Predisposing factor like alcohol increased risk of hepatotoxicity in a study (Nunez et al., 2001). 

Chronic use may also predispose to hepatocyte injury by increasing oxidative damage to 

mitochondrial DNA and depleting stores of glutathione, an important scavenger of free oxygen 

radicals (Fromenty and Pessayre, 1997). On the other hand, multiple studies have demonstrated 

that the risk of liver injury is increased in those with aminotranferase elevations prior to initiating 

HAART (Vincent et al., 2008). Other risk factors associated with hepatotoxicity include older 

age (Nunez et al., 2001), female gender (Aceti et al., 2002; Martin et al., 2003), first exposure to 

antiretroviral treatment (Wit et al., 2002) and significant CD4 cell gains following HAART 

initiation (Sulkowski et al., 2000; Sulkowski et al., 2002). More recently, an association between 

the presence of advanced stages of liver fibrosis and greater risk of hepatotoxicity has been 

reported (Aranzabal et al., 2005). The mechanism for this observation is unclear but it could be 

the consequence of compromised hepatic clearance with subsequent drug overexposure in 

patients with cirrhosis (Barreiro et al., 2007). Chronic hepatitis B and/or hepatitis C infection has 

also been found as risk factors in different studies (Vincent et al., 2008). 
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Hepatitis B and hepatitis C Viruses (HBV and HCV) 

Hepatitis B and hepatitis C viruses are two of the five hepatitis viruses (HAV to HEV) causing 

hepatitis ranging from asymptomatic and inapparent to fulminant and fatal acute infections 

common to all types, on the one hand, and from subclinical persistent infections to rapidly 

progressive chronic liver disease with cirrhosis and even hepatocellular carcinoma, common to 

the bloodborne types (HBV, HCV, and HDV), on the other (Dienstag and Isselbacher, 2005). 

Hepatitis B virus is a DNA virus with a remarkably compact genomic structure which is small, 

circular, 3200-basepair in size. It is now recognized as one of a family of animal viruses, 

hepadnaviruses (hepatotropic DNA viruses), and is classified as hepadnavirus type 1. It replicate 

in the liver but exist in extrahepatic sites, contain their own endogenous DNA polymerase, have 

partially double-stranded and partially single-stranded genomes, are associated with acute and 

chronic hepatitis and hepatocellular carcinoma, and rely on a replicative strategy unique among 

DNA viruses but typical of retroviruses. Instead of DNA replication directly from a DNA 

template, hepadnaviruses rely on reverse transcription (effected by the DNA polymerase) of 

minus-strand DNA from a “pregenomic”RNA intermediate. Then plus-strand DNA is 

transcribed from the minus- strand DNA template by the DNA- dependent DNA polymerase and 

converted in the hepatocyte nucleus to a covalently closed circular DNA, which serves as a 

template for messenger RNA and pregenomic RNA. Viral proteins are translated by the 

messenger RNA, and the proteins and genome are packaged into virions and secreted from the 

hepatocyte. 

Hepatitis C virus is a linear, single-strand, positivesense, 9600-nucleotide RNA virus, the 

genome of which is similar in organization to that of flaviviruses and pestiviruses; HCV is the 

only member of the genus Hepacivirus in the family Flaviviridae. The HCV genome contains a 

single large open reading frame (gene) that codes for a virus polyprotein of approximately 3000 

amino acids. The 5‟ end of the genome consists of an untranslated region (containing an internal 

ribosomal entry site) adjacent to the genes for structural proteins, the nucleocapsid core protein 

and two envelope glycoproteins, E1 and E2/NS1. The 5‟ untranslated region and core gene are 

highly conserved among genotypes, but the envelope proteins are coded for by the hypervariable 

region, which varies from isolate to isolate and may allow the virus to evade host immunologic 

containment directed at accessible virus-envelope proteins. The 3‟ end of the genome contains 

the genes for nonstructural (NS) proteins. The first reported HCV clone, 5-1-1, and the 
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nucleotide sequence coding for C100-3, the recombinant virus protein used in the first 

immunoassay for antibodies to HCV, reside within the NS4 gene, and the RNA-dependent RNA 

polymerase, through which HCV replicates, is encoded by the NS5 region. 

Evidence suggests that the clinical manifestations and outcomes after liver injury associated with 

viral hepatitis are determined by the immunologic responses of the host. The most experimental 

support HBV associated hepatitis involves cytolytic T cells sensitized specifically to recognize 

host and hepatitis B viral antigens on the liver cell surface. Cell-mediated immune responses and 

elaboration by T cells of antiviral cytokines contribute to the containment of infection and 

pathogenesis of liver injury associated with hepatitis C. 

1.2.1. NRTIs hepatotoxicity  

Mechanisms of drug injury observed with NRTI mainly include mitochondrial toxicity and 

hypersensitivity reactions. Early clinical trial data from the late 1980s demonstrated that NRTI 

may be associated with high rates of moderate to severe hepatotoxicity, ranging from 7% with 

zidovudine, 9–13% with stavudine and 16% with didanosine (Ogedegbe and Sulkowski, 2003). 

Newer NRTI such as emtricitabine, abacavir and tenofovir are associated with a low incidence of 

mild asymptomatic aminotransferase elevations (Birkus, 2002). Mitochondrial toxicity is an 

infrequent but distinctive type of hepatotoxicity associated with the use of NRTI that may evolve 

to acute liver failure with severe hepatomegaly and lactic acidosis (Brinkman et al., 1998). This 

complication generally occurs after several weeks or months of NRTI treatment. However, 

nucleoside analogues differ widely in their propensity to induce mitochondial toxicity. In-vitro 

data support additive or synergistic mitochondrial toxicity of some NRTI combinations (Walker 

et al., 2002) such as stavudine and didanosine (ter Hofstede et al., 2000; Gisolf et al., 2000; 

Walker et al., 2002). 

Incidents of unexplained liver disease in HIV-infected individuals have recently been reported in 

which clinical manifestations of portal hypertension are often predominant. Didanosine exposure 

seems to be involved in almost all and nodular regenerative hyperplasia is a frequent histological 

finding (Maida et al., 2006, Mallet et al., 2007).  
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1.2.2.  NNRTIs hepatotoxicity 

Although registration trials of NVP or EFV demonstrated acceptable toxicity profiles, 

postmarketing reports of severe hepatotoxicity associated with nevirapine have focused attention 

on this particular agent. Two distinct patterns of drug injury associated with EFV use have 

emerged: hypersensitivity reactions and direct drug related toxicity (Gonzalez et al., 2002). 

Hypersensitivity reactions: In patients taking NVP, the overall incidence of symptomatic events 

involving the liver enzymes is approximately 5% (Stern et al., 2003; Ritchie et al., 2006). 

However, severe liver toxicity, occurring with early latency, has been reported in HIV-infected 

and HIV-seronegative individuals. In an HIV treatment trial assessing the efficacy and safety of 

Emtriva, a higher incidence of hepatotoxicity was observed in patients assigned to the NVP arm 

than in those in the EFV arm (Sanne, 2000). Hepatotoxicity predominated in black women, often 

in association with rash and fever and was consistent with a drug hypersensitivity reaction. 

Further analysis revealed that these events appeared to be linked to nevirapine use in women 

with CD4 cell counts >250 cells/ml, emphasizing the importance of host immunity and 

neoantigen recognition in hypersensitivity reactions (Leith et al., 2005). Boehringer-Ingelheim 

subsequently released a warning on the risk of severe liver toxicity, in some occasions with fatal 

outcome, and currently only recommends the use of NVP in women with a CD4 cell count <250 

cells/ml and in men with <400 cells/ml. Interestingly, a recent study has refuted the role of 

immunocompetence as a risk factor for nevirapine toxicity (Manfredi and Calza, 2006). 

Other risk factors for nevirapine-associated hepatotoxicity include low body mass index (Sanne 

et al., 2005) and host genetics; persons with an HLA-DRB1*0101 background have an increased 

propensity for developing nevirapine-associated hypersensitivity (De Maat et al., 2007; Johnson 

et al., 2002; Martin et al., 2005). 

Idiosyncratic drug-related toxicity: In other studies, a different pattern of drug injury with NVP 

use has emerged, with onset of liver enzyme elevations occurring beyond 16 weeks of therapy, 

consistent with direct or idiosyncratic host-mediated liver injury (Martı´nez et al., 2000; 

Sulkowski et al., 2002; Martı´n et al., 2003). This late onset of hepatotoxicity with NNRTI is 

more common in patients with underlying chronic viral Hepatitis B Virus, Hepatitis C Virus   

(HBV) and/or (HBC) infection, as has been described with many other antiretroviral agents.  
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In patient populations that vary in terms of chronic viral hepatitis prevalence, NNRTI-associated 

liver injury can vary from 15% (Sulkowski et al., 2002) to as low as 3% (Palmon et al, 2002). 

Specific genetic polymorphisms of metabolizing enzymes and drug transporters may also 

increase the risk of this complication (Rotger et al., 2005; Ritchie et al., 2006).  

It should be highlighted that hepatotoxicity with either NVP or EFV does not appear to increase 

the risk of developing liver injury on exposure to the alternative NNRTI (Soriano et al., 2000; 

Manosuthi et al., 2006). The current study emphasizes more on NNRTIs, particularly on the 

hepatotoxicity of EFV and NVP. 

1.2.3. Protease inhibitors 

The phenomenon of hepatotoxicity became more evident after the introduction of PI drugs. Rates 

of hepatotoxicity from registration trials of various PI have ranged from 1% to 9.5%, but few 

patients had serious liver-related outcomes (Sulkowski, 2004). In comparison with other drugs in 

its class, full-dose ritonavir has consistently been shown to be more hepatotoxic (Sulkowski et 

al., 2000; Bonfanti et al., 2001; Wit et al., 2002). However, the use of low-dose ritonavir for 

pharmacokinetic boosting of other PI drugs appears to be safe (Cooper et al., 2002).  

Although there are a few case reports of liver-related toxicity with indinavir, these were in 

association with advanced liver disease; dose reduction is recommended in patients with 

cirrhosis. Several cases of clinical hepatitis and hepatic decompensation, including some 

fatalities, have been associated with the use of tipranavir, particularly in patients with chronic 

HCV infection (Kandula et al., 2005; Hicks et al., 2006). Nelfinavir, saquinavir, atazanavir, 

fosamprenavir, lopinavir and darunavir are associated with a relatively safer liver toxicity profile 

(Vincent et al., 2008).  APV has occasionally been associated with drug-related hypersensitivity 

reactions but only sporadically with severe hepatotoxicity (Goodgame et al., 2000). 

1.3. Significance of the study  

The use of combination drug regimens is likely to cause hepatotoxicity. Thus, it is essential to 

evaluate the frequency, type and magnitude of hepatotoxicity in HIV patients on ART in order to 

determine risk status in our population. The findings of the present study are anticipated to cast 

light on the importance of measuring liver function tests (LFTs) for patients on ART and could 

also be a stepping stone for future large scale prospective studies in the country. 
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1.4. Hypothesis   

This study hypothesized that there is high prevalence of hepatotoxicity in Ethiopian HIV infected 

patients receiving HAART when the duration of therapy increases. 

1.5. Objective of the study  

1.5.1. General objective  

The general objective of the study is to assess the liver functions of HIV-infected patients 

receiving HAART at TASH. 

1.5.2. Specific objectives 

1. To assess the changes of liver function parameters of HIV-infected patients receiving 

HAART as compared to control values from the local laboratory of TASH. 

2. To assess regimen-specific impact of HAART on liver toxicity. 

3. To assess the specific time-dependent regimen impact of the different HAART regimens 

on liver toxicity. 

4. To assess the nature of correlation among the LFTs tests used. 

5. To assess the possible worsening due to different types of co-infections and/or comorbid 

cancers.  
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2. Materials and Methods 

2.1. Study Design 

A cross sectional retrospective study was conducted on medical records of HIV infected patients 

receiving HAART.  

2.2. Study Subject 

All HIV-infected patients receiving HAART at VCT center of TASH were included for the 

study. The main group of the study was HIV-infected patients on HAART which were 

subdivided according to regimen of treatment: patients taking NVP based regimen and those 

taking EFV based. The duration of the treatment was from 1-18 month.  

2.3. Study Area 

The study was conducted in ART clinic in collaboration with voluntary counseling and testing 

(VCT) center of TASH in Addis Ababa from June 2009 to August 2010.  

2.4. Sample Size Determination 

The sample size for the present study was determined based on the standard formula for 

determination of sample size for estimating proportion. In this study the proportion of HIV 

patients is taken as 4.6% [Hoffmann et al, 2007], and assuming a 95% confidence interval and 

1.5% marginal error, the calculated sample size required for the study is estimated to be 750. 

n= p (1­p) (Zα/2/E) 
2 

Where: n is sample size, p is proportion, Z is confidence interval, and E is marginal error 

(Daniel, 1995). 

2.5. Data Collection  

All necessary information was collected from patient‟s medical record available at TASH using 

non-probability sampling method on structured formats (Annex I) consisting parts for collection 

of data on demographic characteristics (age and sex) and laboratory investigations (CD4
+
 cells 

count, ALT, AST, ALP, Total Bilirubin) about sampled individuals. 
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2.6. Selection and exclusion criteria 

2.6.1. Inclusion criteria  

- All HIV patients, above the ages of 18 who are receiving HAART in VCT center of 

TASH since 1997 EC were selected.  

2.6.2. Exclusion criteria 

- Those with age below 18 

- women who were pregnant 

- Those who drink alcohol frequently  

- Those who are on other medications  

- Those who were infected with hepatitis B and C, and tuberclosis were excluded.  

2.7. Specimen Collection and storage 

The blood collection was done in the morning 8 to 11 AM, after 8 to 12 hours overnight fasting. 

About 10 ml venous blood was collected aseptically from each study participant into two tubes: a 

5 ml vacutainer plain tube and a 5 ml vacutainer di-Sodium-EDTA anti-coagulated tube. Each 

blood specimen vial was labeled with the Study participant lab serial number.  

Serum was separated from the plain tube with centrifugation at 3500 rpm (1000g) for 10 min 

following coagulation at room temperature for a minimum of 2 hours minute standing upright. 

The serum was separated into a sterile test tube aseptically using sterile Pasteur pipettes and 

Clinical Chemistry assay was done immediately.  

2.8. Methods for biochemical investigations 

2.8.1. Assessment of the Alanine Transaminase (ALT) 

 Principle: The method utilizes a coupled reaction involving pyridoxal phosphate (PLP) and 

lactate dehydrogenase (LDH) at 37
 o
C with continuous monitoring of the decrease in absorbance 

at 340 nm due to consumption of NADH.H
+
. Serum free from hemolysis (erythrocyte is a source 

of ALT) is used. Maintaining substrate concentration in excess, as well as stable temperature, are 

also critical for accurate enzyme analysis. Stability of the enzyme activity can be maintained by 

refrigeration of the sample for up to 3 days and freezing the sample for up to 30 days. In the first 
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reaction, ALT reversibly converts alanine into pyruvate couple with conversion of α-

ketoglutarate into glutamate in the presence of PLP. In the second reaction, pyruvate reacts with 

NADH.H
+
 to produce lactate and NAD

+
 catalyzed by lactate dehydrogenase. The normal range is 

8 - 45 U/L for adults (Dufour et al 2000a and b; Arneson and Brickell, 2007).  

+ ↔ +  

    α-Ketoglutarate          L-Alanine                                 L-Glutamate                    Pyruvate 

+  ↔ +     

      Pyruvate                                      L-Lactate    

Figure 2.1: Reaction principle for the determination of alanine aminotransferase (ALT) 

Reagents:  

Reagent 1: TRIS buffer pH 7.5, 110 mM/L containing L-alanine, 600 mM/L and LDH, 1500 

U/L.  

Reagent 2: Alpha-ketoglutarate, 16 mM/L and NADH, 0.24 mM/L.  

Working reagent: 10 volumes of reagent 1 are mixed with one volume of reagent 2.  

Procedure:   

1. All reagents and samples were brought to room temperature.  

2. 100 µL of serum and 1 mL of working reagent were mixed. 

3. Incubation of the mixture at 37 
o
C had taken place for 1 minute. 

4. Using distilled water as blank the spectrophotometer was adjusted to zero at 340 nm.   

5. The change of absorbance per minute (A/min) was measured for a period of 3 minutes 

was recorded at 340 nm. When A/min exceeds 0.150, the test was repeated using serum 

diluted 1/10 with saline solution (9 g/L) and the result was multiplied by 10. 

Calculation: ALT concentration (U/L) was calculated using the following formula: 
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ALT activity (U/L) = A/min X (TV/SV) X (10
6
/є) = ∆A/min X 1746 

Where: A/min = the change of absorbance per minute,  

TV = the total volume,  

SV = the specimen volume, and  

є = the molar absorpitivity for NADH (6.3 X 10
3
 mol

-1
. cm

-1
) 

2.8.2. Assessment of the Aspartate Transaminase (AST) 

Principle: The method utilizes a coupled reaction involving pyridoxal phosphate (PLP) and 

malate dehydrogenase at 37
 o

C (rate of the product formation differs with temperature) with 

continuous monitoring of the decrease in absorbance at 340 nm due to consumption of 

NADH.H
+
. Serum free from hemolysis (erythrocyte is a source of AST) is used. Alcohol and 

drugs such as opiates, salicylates, or ampicillin may increase AST activity. In the first reaction, 

AST reversibly converts aspartate into oxaloacetate; coupled with conversion of α-ketoglutarate 

into glutamate, in the presence of PLP. In the second reaction, the produced oxaloacetate reacts 

with NADH.H
+
 to produce malate and NAD

+
 catalyzed by malate dehydrogenase. The rate of 

decrease in UV absorbance due to NADH.H
+
 is monitored at 340 nm. The normal range for 

adults is 8 - 40 U/L (Dufour et al 2000a and b; Arneson and Brickell, 2007).  

+  ↔ +  

   α-Ketoglutarate             L-Aspartate                      L-Glutamate                   Oxaloacetate 

+ 
 
↔ +  

                          Oxaloacetate                                                  L-Malate  

Figure 2.2: Reaction principle for the determination of aspartate aminotransferase (AST) 
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Reagents:  

Reagent-1: TRIS buffer pH 7.8, 88 mM/L; L-aspartate, 260 mM/L; and malate dehydrogenase, 

900 U/L.  

Reagent-2: Alpha-ketoglutarate, 12 mM/L and NADH, 0.24 mM/L.  

Working reagent: 10 volumes of reagent 1 are mixed with one volume of reagent2  

Procedure:  

1. All reagents and samples were brought to room temperature.  

2. 100 µL of serum and 1 mL of working reagent were mixed. 

3. Incubation of the mixture had taken place at 37 
o
C for 1 minute. 

4. Using distilled water as blank the spectrophotometer was adjusted to zero at 340 nm. 

5. The change of absorbance per minute (A/min) for a period of 3 minutes were recorded. 

When A/min exceeds 0.150, the test was repeated using serum diluted 1/10 with saline 

solution (NaCl 9 g/L) and the result was multiplied by 10.  

Calculation: The AST level (U/L) was calculated using the following formula: 

AST activity (U/L) = A/min X (TV/SV) X (10
6
/є) = A/min X 1746 

Where: A/min = the change of absorbance per minute,  

TV = the total volume,  

SV = the specimen volume, and  

є = the molar absorpitivity for NADH (6.3 X 10
3
 mol

-1
. cm

-1
) 

2.8.3. Assessment of the Alkaline Phosphatase (ALP) 

Principle: The modified method of Bowers and McComb is utilized based on the ability of ALP 

to hydrolyze 4-nitrophenyl phosphate into 4-nitrophenoxide in presence of water and Mg
2+

 at pH 

10.3 and 37
 o

C with continuous or endpoint monitoring of the increase in absorbance at 405 nm 

due to production of 4-nitrophenoxide. Maintaining substrate concentration in excess, as well as 

stable temperature, are critical for accurate enzyme analysis. There may be slight variation due to 

gender. Serum within less than 3 hours of collection may be used. Analysis of fresh serum is 

preferred since serum show alkalinity increases over time and leads to consequent time-

dependent increases in ALP activity. Since lipids, hemoglobin, or bilirubin absorb light at 405 
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nm, they may interfere. Since ALP is found in high concentration in hepatobiliary cells, 

inflammation or obstruction of the biliary ducts (cholestasis, i.e., obstruction of the flow of bile) 

and disruption of their cells causes the release of ALP into the circulation to a level 3 - 10 times 

the normal levels. The normal range for adult male ranges from 80 – 306 U/L and 80 – 306 U/L 

in adult females (Dufour et al ,2000a and b; Arneson and Brickell, 2007). 

           4 – nitrophenyl phosphate + H2O → 4- nitrophenoxide +Pi  

 

Figure 2.3: Reaction principle for the determination of Alkaline phosphatase (ALP) 

Reagents:  

Reagent-1: DEA buffer pH 10.2, 1.25 mM/L and magnesium chloride 0.625 mM/L.  

Reagent-2: 4-nitrophenylphosphate 50 mM/L.  

Working reagent: 4 volumes of reagent 1 are mixed with one volume of reagent 2.  

Procedure:  

1. All reagents and sapmples ware brought to room temperature.  

2. 20 µL of serum was mixed with 1 mL of working reagent  

3. The mixture was incubated at 37 
o
C for 1 minute. 

4. Using distilled water as blank the spectrophotometer was adjusted to zero at 405 nm.  
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5. The change of absorbance per minute (A/min) for a period of 3 minutes was recorded. 

When A/min exceeds 0.250, the test was repeated using serum diluted 1/10 with saline 

solution (9 g/L) and the result was multiplied by 10.  

Calculation: The ALP activity in U/L is calculated using the following formula:  

ALP activity (U/L) = A/min x (TV/SV) x (10
6
/є) = ∆A/min x 8095 

Where: A/min = the change of absorbance per minute, 

 TV = the total volume,  

SV = the specimen volume,  

є = the molar absorpitivity for NADH (6.3 X 10
3
 mol

-1
. cm

-1
) 

2.8.4. Assessment of the bilirubin level 

Principle: The detection of the three forms of bilirubin (glucuronic acid-unconjugated, 

glucuronic acid-conjugated and albumin-bound) depends largely on the difference in their water 

solubility. The fast and direct reacting glucuronic acid-conjugated and albumin-bound delta 

bilirubins are soluble in water. The less water soluble glucuronic acid-unconjugated requires a 

reaction accelerator - usually an alcohol that is mostly methanol or sodium benzoate-caffeine 

mixture - that facilitate solubilizing bilirubin. Therefore, the so called "Direct Bilirubin" reflects 

serum, plasma, spinal fluid, or urine level of glucuronic acid-conjugated and albumin-bound 

bilirubin. The "Total Bilirubin" reflects the serum, plasma, spinal fluid, or urine level of all 

forms of bilirubin including the "Indirect Glucuronic acid-Unconjugated Bilirubin" measured 

after the addition of the accelerator. A diazonium salt, e.g., diazotized sulfanilic acid reacts with 

bilirubin to produce the colored azobilirubin. Lipemia may falsely elevate bilirubin 

measurement. Bilirubin may be broken down by light or heat and sample should be protected 

from these environmental conditions. The normal range for adult total bilirubin is 0.1 - 0.8 

mg/dL (Dufour et al 2000a and b; Arneson and Brickell, 2007). 
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Figure 2.4: Reaction principle for the determination of bilirubin 

Reagents:  

Reagent-1: 3% methanol, 0.24 mM HCL and 29 mM Sulphanilic acid.  

Reagent-2: 11.6 mM sodium nitrite.  

Working reagent for total bilirubin is prepared by adding of 1 mL reagent 2 with 4 mL of 

reagent1. 

Procedure:  

Pipette in to reaction cell 

(cuvette) 

Standard  Sample Sample blank 

All samples and reagents were brought to room temprature 

Standard 100 µl -  -  

Sample -  100 µl 100 µl 

Reagent 1 1 ml 1 ml 1 ml 

Working reagent 1 ml 1 ml - 

Mixed thoroughly, allowed to stand for 2 minits at room temprature, The absorbance was 

measure against sample and reagent blanked at 540 nm. 

Calculation: The bilirubin concentration was calculated form the following equation, 

Cs = As – Asb X Cst /Ast 

Where: Cs is concentration of sample 

Cst = concentration of the standard 

As = absorbance of sample 

Asb = absorbance of sample blank  

Ast = the absorbance of standard     
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2.9. Statistical analysis 

All the data collected were coded and entered into Excel data sheet on computer. Double entry 

method was applied to preserve data quality. Analysis was done using the statistical package for 

the Social Science (SPSS Cary, NC, USA) version 13.  Statistical analysis was performed as 

follows: base line characteristics were compared between NVP and EFV groups using x
2
 test for 

categorical variables and Mann-Whitney test for continuous variables. Counts and percentages of 

patients were also used. The Spearman rank correlation coefficient was used to establish the 

degree of correlation between continuous variables and multivariant logistic regression was used 

to test if age and sex are risk factors for hepatotoxicity. Since the data collection is non 

parametric, the results are expressed in median. The minimum level of statistical significance 

was set at p-value 0.05.   

2.10. Ethical Clearance 

The ethical clearance was obtained from the Institutional Research Board (IRB) of the Addis 

Ababa University Faculty of Medicine. In order to maintain the confidentiality, a nurse (unlinked 

to the research) collected the necessary clinical information from the patient's clinical data record 

and each patient was assigned a number code. Laboratory data was collected from the log book 

of the Black Lion hospital laboratory by the investigator.  
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3. Results 

3.1. Characteristics of patients in NVP and EFV groups before the 

start of HAART 

Seven hundred fifty HIV positive patients who were on HAART were included in the study. Of 

these 521 were receiving NVP based regimen while 229 were receiving EFV based regimen. In 

both drug regimen groups, the proportion of female was higher than that of male. The median 

values of all variables: CD4, ALT, AST, ALP, TB in the two groups did not differ significantly 

(Table 3.1).  

Table 3.1: Characteristics of variables for NVP and EFV groups before the start of HAART 

Variables  NVP EFV P – value  

Median Age (years) 35 (30 – 40) 35 (30 – 40) 0.45 

Male 

Female 

n (%) 

P - value 

194 (37.2%) 

327 (62.8%) 

521 (69.5%) 

0.001 

95 (41.5%) 

134 (58.5%) 

229 (30.5%) 

0.001 

0.0001 

0.0001 

0.0001 

CD4 (cells/ml
3
) 122 (71 – 173) 101 (53 – 170) 0.08 

ALT (U/L) 24 (15 – 34) 27 (17 – 48) 0.06 

AST (U/L) 30 (22 – 42) 34 (23 – 54) 0.07 

ALP (U/L) 188 (158 – 255) 199 (142 – 283) 0.77 

TB (U/L) 0.60 (0.50 – 0.60) 0.60 (0.40 – 0.70) 0.72 

Note: All figures for LFTs and age are present in median, while for male and female are 

in counts 
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3.2. Population distribution and LFT median values before the 

start of HAART 

Table 3.2 presents population distribution and median values of LFTs before the start of HAART 

of those patients who were receiving different combinations of ART drugs, 1a (n = 340), 1b (n = 

92), 1c (n =181) and 1d (n = 137). 1a and 1c are NVP based while 1b and 1d are EFV based 

combination regimens. 

Table 3.2: Population distribution and LFT characteristics before the start of HAART 

 

Drug type 

 

n 

Median value of LFTs before the start of HAART 

ALT (U/L) AST (U/L) ALP (U/L) TB (U/L) 

1a 340 23 31 189 0.6 

1b 92 37 34 229 0.6 

1c 181 24 29 189 0.5 

1d 137 23 36 188 0.55 

3.3. Population distribution and duration of therapy 

Of the total patients included in the study 45.3%, 20.8%, 22.9%, and 10.9% were on their 3
rd

, 6
th

, 

12
th

 and 18
th

 months of therapy respectively (Table 3.3). At each duration of therapy,a greater 

number of patients was on NVP treatment than EFV.  

Table 3.3: Population distribution and duration of therapy 

Duration of therapy 

(month) 

Drug type   

n (%) NVP EFV 

3
rd

 249 (73.2)  91 (26.8) 340 (45.3) 

6
th

 98 (62.8) 58 (37.2) 156 (20.8) 

12
th

 109 (63.4) 63 (36.6) 172 (22.9) 

18
th

 65 (79.3) 17 (20.3) 82 (10.9) 
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3.4. Proportion of patients receiving NVP and EFV with in each 

hepatotoxicity grade  

Of the 750 patients recruited for the study, data for the liver function tests were available as, for 

ALT, 703 (93.7%); for AST, 702 (93.6%); for ALP, 652 (86.9%) and for TB, 655 (87.3%). 

Among the population for which data was available for liver function tests, ALT, AST, ALP and 

TB, 7.3%, 10.5%, 8.9% and 4.1% respectively had developed hepatotoxicity (1 – 4 grades). 

The proportion of patients with in each hepatotoxicity grade is higher for NVP users as 

compared to EFV group (Figure 3.1). In addition, the table shows that more severe 

hepatotoxicity (grade 3 and 4) cases were seen in NVP users: ALT, 4 patients; AST, 5 patients; 

ALP, 1 patient and TB, 3 patients than EFV in which only one case of Grade 3 hepatotoxicity for 

ALT was observed.  

3.5. Proportion of patients at different duration of therapy       

receiving NVP and EFV  

Figure 3.2 shows proportion of patients on different duration of intake of NVP based regimen 

with the trend of hepatotoxicity. Results before the start of therapy showed higher proportion of 

patients in each hepatotoxicty grades and it generally decreased with time. After initiation of 

therapy, severe cases of hepatotoxicity were reported at 3
rd

 and 12
th

 month of duration of therapy 

for all LFTs. Values of ALT, AST, ALP and TB showed 3, 4, 1 and 2 severe hepatotoxicity 

cases at the 3
rd

 month of therapy, respectively, while at 12
th

 month, there was one case each as 

ALT, AST and TB measured. Like wise in those taking EFV based HAART, proportion of all 

grades of hepatotoxicity is higher before start of therapy decreasing with time. After initiation of 

therapy, only one case of severe hepatotoxicity at 12
th

 month for ALT enzyme was found, as 

illustrated in Figure 3.3.  

3.6. The change of LFTs with duration of therapy and HAART types 

The median values of all LFTs were below the UNL level. No hepatotoxicity was indicated in all 

cases of the drugs with time as can be seen from Figure 3.4.  
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                             Figure 3.1 A                                                                                   Figure 3.1 B 
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                                       Figure 3.1 C                                                             Figure 3.1 D 

Figure 3.1: Proportion of patients taking NVP and EFV based regimen in the four hepatotoxicity grades: 

A for ALT, B for AST, C for ALP and D for T 
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                                          Figure 3.3 C                                                             Figure 3.3 D 

Figure 3.2: Hepatotoxicity of NVP and duration of therapy for the four LFTs: A- ALT, B- AST, C- ALP 

and D- TB 
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Figure 3.3: Hepatotoxicity EFV and duration of therapy for the four LFTs, A- ALT, B- AST, C- ALP 

and D- TB 
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Figure 3.4: Pattern LFTs change with time for the four drugs: A – ALT, B – AST, C – ALP and D – TB  
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3.7. Correlation of pattern of change of the four LFTs with each other  

As can be seen in  Table 3.7, there was a positive correlation between the LFTs with significant difference 

(p < 0.05) but the correlation seen between TB and other LFTs was not significant (p > 0.05).  

Table 3.4: Correlation of the four LFTs with each other in patients who have already started HAART  

Enzyme  ALT AST ALP TB 

ALT r 1 0.592 0.184 0.08 

p - 0.0001 0.0001 0.07 

AST r 0.592 1 0.245 0.05 

p 0.0001 - 0.0001 0.27 

ALP r 0.184 0.245 1 0.08 

p 0.0001 0.0001 - 0.08 

TB r 0.079 0.048 0.077 1 

p 0.069 0.267 0.075 - 

3.8. Risk factor association of hepatotoxicity of NVP based regimen with 

sex and age  

Table 3.8 shows the association of sex and age with hepatotoxicity as calculated by multivariant logistic 

regression test. Neither of the variables was found to be risk factor for hepatotoxicity as can be seen from 

odd‟s ratio (OR). 

Table 3.5: Risk factors for hepatotoxicy 

Parameters Variables OR CI (95%) p - value 

ALT Sex 0.88 0.44 – 1.74 0.71 

Age 0.84 0.37 – 1.91 0.67 

AST Sex 0.77 0.43 – 1.35 0.36 

Age 0.26 0.77 – 2.60 0.26 

ALP Sex 0.89 0.48 – 1.68 0.73 

Age 0.81 0.38 – 1.72 0.59 

TB Sex 0.83 0.28 – 2.42 0.73 

Age 0.79 0.21 – 2.94 0.73 
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4. Discussion  

4.1. Hepatotoxicity of NVP and EFV based regimens  

In this study, it was found that there were patients with hepatotoxicity, even though the larger proportion 

of the population was in normal range. Most of the hepatotoxity cases were found to be in NVP user 

population when compared with EFV users. This is in agreement with Van et al., (2004), who compared 

the frequency of efavirenz- and nevirapine-induced toxicity in which 1217 naive patients were assigned to 

receive nevirapine 200 mg/12 h, nevirapine 400 mg/24 h, efavirenz 600 mg/24 h or nevirapine 400 

mg/day in combination with efavirenz 800 mg/day, for 48 weeks. The subgroup of patients treated with 

efavirenz presented hypertransaminasaemia of grade 3 or above, according to ACTG criteria, with the 

lowest frequency of all the arms (4.5%), whereas the patients treated with nevirapine-based ART, once 

and twice per day, presented frequencies of 13.2% and 7.8%, respectively. One patient assigned 

nevirapine twice daily died due to an episode of fulminant hepatitis attributed to the use of this 

antiretroviral drug. There were no liver-related deaths in those subjects treated with efavirenz.  

In our study, patients with severe hepatotoxicity grades were NVP users 4 (0.8%) out of 496 patient more 

than EFV users (0.5%) out of 207 patients. The NEFA trial evaluating the strategy of replacing a protease 

inhibitor (PI) by nevirapine, efavirenz or abacavir in patients with suitable virological control, only 0.6% 

of the patients who received efavirenz showed grade 3 or 4 hepatotoxicity compared with 4% of those 

treated with nevirapine. The trial evaluated the grade of hepatotoxicity using the ACTG definition. None 

of the patients treated with efavirenz and 3% of those treated with nevirapine suspended therapy due to 

increased ALT and/or AST (Martinez et al., 2003). The Johns Hopkins University in Baltimore, USA, 

also prospectively analyzed the incidence of severe liver toxicity in 568 patients treated with efavirenz or 

nevirapine. Of those who received efavirenz, 8% had severe hepatotoxicity, compared with 15.8% in the 

nevirapine group (Martin-Carbonero et al., 2003). Of the 298 patients included in the Spanish cohort from 

the Hospital Carlos III, who had received NNRTI-based ART six of the 136 (4%) patients receiving 

efavirenz and 20 (12%) of the 162 receiving nevirapine developed severe hypertransaminasaemia 

(Sulkowski et al., 2002). In a prospective cohort study carried out in Italy, 14 in which patients treated 

with either of the two NNRTI were followed up for 18 months, 17% and 52% of patients who received 

efavirenz and nevirapine, respectively, presented increased levels of ALT and/or AST of at least twice 

baseline (Manfredi et al., 2006).  Another recent survey of Sulkowski, (2003), regarding 312 patients 

prescribed EFV and 256 prescribed NVP demonstrated severe hepatotoxicity in 15.6% of the NVP-treated 

group versus 8% of patients receiving EFV.  
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4.2. Impact of the duration of therapy on hepatotoxicity of NVP and 

EFV 

The impact of the duration of HAART was also assessed for both patients taking NVP and EFV based 

regimen in this study. After the start of therapy, patients at 3
rd

 month after treatment happen to show 

higher proportion of hepatotoxicity grade than the rest of duration of therapy. Non-nucleoside reverse 

transcriptase inhibitors in general can cause hepatitis in the first 2-3 months of therapy, sometimes as part 

of a hypersensitivity reaction (Martinez et al., 2001).  This actually extends up to 12 month (Nathwani 

and Kaplowitz, 2006). In Evy Yunihastuti et al., (2009) study, the highest incidence of heepatotoxicity 

was observed during the first three months after starting HAART. The median duration of treatment 

before the detection of grade 3-4 liver enzyme elevation was 20 weeks (minimum-maximum 2-80 weeks). 

A warning has been recently added to the product information in Europe and the USA advising clinicians 

to monitor liver chemistry tests during the first 8-12 weeks of therapy because of it causes fulminant 

hepatitis leading to hepatic failure and death, and with later onset of direct drug-related hepatotoxicity 

leading to liver enzymes elevations (Boehringer-Ingelheim International, 2004).  

Two types of antiretroviral-associated hepatotoxicity are actually discussed: an early and a late onset. The 

early occurring form (less than 12 weeks after initiation of therapy) frequently goes along with rash, 

eosinophilia, fever and arthralgia and seems to be based on an immunemediated mechanism. The second 

form with a late onset (after more than 12 weeks of therapy) is supposed to rely on an intrinsic toxic effect 

of the drug (Martinez et al. 2002).  

According to Law et al., (2003), cohort study, antiretroviral therapy was not permanently modified or 

stopped in any of the 40 patients who experienced severe hepatotoxicity. At week 48 following 

commencement of trial antiretroviral therapy, all 40 patients were receiving their original antiretroviral 

regimen assigned at baseline. Despite development of severe hepatotoxicity, and continuation of original 

antiretroviral therapy regimens, median ALT level in these patients had returned towards baseline level 

by week 48. No episodes of clinical acute hepatitis or deaths related to severe hepatotoxicity were seen in 

these patients during the study period. This may explain the decrease in LFTs after 3
rd 

month through out 

the 18
th
 month in our study. The reason could be because hepatocytes promote mechanisms of 

cytoprotection, such as the formation of heat shock proteins, which protect the liver against toxic 

metabolites (Bissell et al., 2001). Heat-shock proteins, or molecular chaperones, are proteins induced by 

various forms of stress including drugs and are important for normal folding of nascent proteins, for 

protein degradation, and intracellular trafficking. As such, they may exert cytoprotective functions and 

underlie a tolerance towards potentially damaging toxicants. Although no human polymorphisms in these 

proteins related to idiosyncratic drug reactions have been described to date, an increase in heat shock 
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proteins may help the liver adapt to and minimize drug cytotoxicity. This cytoprotective response may 

explain the spontaneous normalization of liver enzymes that may occur despite maintenance of HAART 

(Bissell et al., 2001). Alternatively, the rise and fall of serum aminotransferase concentrations after 

initiation of medications may be related to a phenomenon of „adaptation‟, whereby liver function tests 

normalize despite ongoing drug exposure (Kaplowitz, 2004). This pattern of liver enzyme changes 

following commencement of antiretroviral therapy is also consistent with other studies (den Brinker et al., 

2000; Gisolf et al., 2000; Bruck et al., 2008; Haas et al., 2006; Ritchie et al., 2006). 

4.3. Risk factors for hepatotoxicity of NVP associated with sex and age 

With regard to nevirapine in particular, some factors are associated with severe liver toxicity during 

therapy in many studies. Among the risk factors are sex and age. In current study, risk factors for all 

patients with at least grade 1 hepatotoxicity was determined and by multivariant logistic regression it was 

found that both were not risk factors for hepatotoxicity of NVP. Although this is supported by different 

studies (Reisler et al., 2001; Bartlett, 2001; Miguez-Burbano et al., 2001; Hernandez et al., 2000; Mark et 

al., 2002; Brück et al., 2008), older age and female sex is associated with hepatotoxicity in other studies. 

Why women have a higher incidence of liver enzyme elevation than men is unclear but, certainly, the 

effect of gender does not seem to be related to lower body weight in female patients (Wit et al., 2002). 

Multivariant analysis by Biglino et al., (2000) and Hoffman-Terry et al., (2000) several factors in addition 

to age and sex were related to the development of acute hepatic disease. Puott and colleagues, (2000), 

from Brescia also examined the incidence, etiology, and outcome of "life-threatening" hepatotoxicity in 

755 previously treatment-naive patients receiving combination antiretroviral therapy. The investigators 

defined life-threatening as the development of liver failure or 10-fold elevations of LFTs (or 5-fold 

elevations if initially abnormal). They documented 26 cases of life-threatening hepatotoxicity, for an 

incidence of 4.2 per 100 person-years of treatment. Significant risk factors included age older than 35 

years. The result in current study may be because of the fact that study populations included in the study 

are mostly in similar age group.  

4.4. Correlation of pattern of changes of the four LFTs with each other  

As can be expected the correlation of the three liver enzymes and bilirubin with each other is significantly 

positive except for TB correlation with the rest of parameters which was insignificant. Any injury to 

Hepatocytes increases the level of ALT, AST and ALP in blood simeltaneously. Bilirubin raises when 

only there is cholestatic liver disease. Martinz et al., (2001) also found very high correlation between 

ALT and AST (correlation coefficient 0.83) and no correlation between TB and the rest of LFTs.  
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5. Limitations of the study  
1. Data on LFTs of patients, who has not started HAART yet, was not available as a control 

group for the study. 

2. The effect of comorbid diseases on hepatotoxicity was not assessed because there was no 

enough number of samples available.  

6. Conclusion  
In conclusion, it is suggested that hepatotoxicity is more common in patients receiving NVP based 

regimens than EFV based regimens. In addition, early hepatotoxicity is more, when both NVP and EFV 

drugs are used, rather than late hepatotoxicity i.e., the effect of hepatotoxicity decreases with time. On the 

other hand, sex and age are not risk factors for hepatotoxicity of NVP.  

7. Recommendations  
 As NVP happen to cause hepatotoxicity more, close monitoring of patients is needed.  

 Frequent monitoring of liver enzymes after initiation antiretroviral therapy is recommended 

because of sever early hepatotoxicity was resulted from the study.  
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ANNEX 

DATA COLLECTION FORMAT 

Addis Ababa University, Faculty of Medicine 

Department of Biochemistry 

Data collection format prepared for the study of liver function in HIV-infected patients receiving 

combination antiretroviral therapy in Tikur Anbassa Specialized Hospital.  

                                                                                                                 

1. Patient Identification:                                                                Format No. ______ 

     1.1 Patient unique ART No. ___________ Sex:  Male____    Female____ Age______ 

     1.2 Address:  Region _________________ Woreda/Subcity ___________ Kebele ___ 

2. Clinical Data:  

2.1 Date of HIV positive confirmed ___/___/_____ (dd/mm/yy) 

      2.1 When the patient is medically eligible and ready for HAART __/__/_ (dd/mm/yy) 

      2.1 Recommend type of HAART (dose/code): __________________________ 

3. Patient HAART follow up: 

Follow up 

date 

(dd/mm/yy) 

Months 

on 

HAART 

WHO 

Stage1-

4 

HAART 

Other 

Illness 

Other 

medication 

dispensed Dispense 

(dose/code) 

Side 

effect 

Reason 

for 

change 
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4. Laboratory Investigation Results: 

Date of 

test done 

(dd/mm/y

y) 

Month

s on 

diseas

e at 

test 

Month

s on 

HAAR

T at 

test 

CD4/m

m
3
 

ALT,  

mg/d

L 

AST,  

mg/d

L 

ALP,  

mg/d

L 

Total 

Bilirubi

n  

mg/dL 

Direct 

Bilirubi

n  

mg/dL 

Total 

protei

n 

g/dL 

Albumi

n 

g/dL 

           

           

           

           

           

           

           

           

ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline   phosphatase; CD4, 

Cluster of differentiation four. 

 

  

 

 

 

 

 


