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Abnormal liver function tests s are common in Human Immunodeficiency Virus type 1 (HIV-1) infected individuals,
especially in those with hepatitis viruses co-infection. The treatment of HIV infection with highly active antiretroviral
therapy (HAART) has reduced the morbidity and mortality of infected individuals but may cause possible adverse drug
reactions and hepatotoxicity. In this study we evaluated enzymes biomarkers of liver function in HIV-1 seropositive subjects
who are treatment naive and those who are on HAART for at least 4 months and correlated the values with clusters of
differentiation (CD4). A total of 150 subjects were randomly recruited for the study which included; 50 HIV positive
subjects HAART-naive (aged 36.4+1.5 years), 50 HIV positive subjects on HAART (aged 38.4+1.6years) and 50 HIV
negative (aged 36.4+1.4years) control subjects. Serum liver function enzymes were analyzed using Selectra ProS Chemistry
Analyzer (Puteaux, France) and CD4 cell count was determined using Partec cyflow counter (Gorlitz, Germany). Serum
ALP (p<0.001), AST (p=0.023), ALT (p<0.0.001) and GGTP (p<0.001) were significantly higher in HIV positive subjects
than controls while CD4 cell count (p<0.001) was significantly lower in HIV positive subjects than controls. Serum AST
(p=0.044) was lower while CD4 (p=0.006) was higher in those on HAART than HAART naive while ALP, ALT and GGTP
activities were not significantly different. There was no significant correlation between any of the measured enzymes and
CD4 in HIV positive HAART naive and HAART subjects. HIV positive subjects are at risk of liver disease but treatment
with modern antiretroviral therapy may not contribute to liver pathology in HIV infection without hepatitis B virus (HBV)
or hepatitis C virus (HCV) co-infections.
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Introduction

Human Immunodeficiency Virus (HIV) infection is a
major global public health issue with 1.2million deaths
recorded from HIV-related 2014 [1].
Approximately 36.9 million people were living with HIV at

causes in

the end of 2014 with 2 million new infections reported
globally in 2014[1]. Sub-Sahara Africa is the most affected
region, accounting for 70% of cases globally. The
prevalence of HIV among adults aged 15-49years in
Nigeria was estimated to be 3.2% [2]. Abnormal liver

function test parameters are common in HIV-1 infected

individuals. The pathogenic mechanisms of liver injury
remain controversial thereby making diagnosis and
management difficult [3].HIV infection may be associated
with direct inflammation of hepatocytes resulting in liver
damage. Antiretroviral therapy, immune-allergic reaction
and cytotoxicity exacerbated by underlying liver disease.
Other hepatic viruses’ co-infections, neoplasm, parasitic
infection and non-antiretroviral therapeutic drugs may also
cause liver damage in HIV infection [4]. Co-infection with
hepatitis B virus (HBV), hepatitis C virus (HCV) or both
could also make situation worse due to cytotoxicity of the

viral hepatitis.
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The introduction and use of highly active antiretroviral
therapy (HAART) in the management of HIV infection has
reduced the morbidity and mortality of infected individuals
but has raised the concern of possible adverse drug
reactions and hepatotoxicity [4]. Antiretroviral drugs that
are commonly administered include nucleoside reverse
transcriptase inhibitors (NRTIs), non-nucleoside reverse
transcriptase inhibitors (NNRTIs) and protease inhibitors
(PIs) [5].

Several studies have been carried out elsewhere that
revealed the impact of antiretroviral therapy on liver
function [3,4]. Before the introduction of HAART, the most
common cause of liver dysfunction was AIDS-related
neoplasm [6]. However with the advent of HAART, the
spectrum of liver disease among HIV infected patients
have shifted to concomitant infection with HBV, HCV,
medication-related hepatotoxicity, alcohol abuse and
non-alcoholic fatty liver disease [7,8]. Hepatotoxicity is a
relatively common adverse drug reaction that usually
results in the discontinuation of treatment in HIV positive
patients. The non-nucleoside reverse transcriptase
inhibitors (NNRTIs) such as Niverapine, most commonly
result in either direct drug toxicity or hypersensitivity
reactions [9]. Nucleoside reverse transcriptase inhibitors
(NRTIs) such as Stavudine and Zidovudine have been
associated with mitochondrial toxicity due to their ability
to inhibit the enzyme, mitochondrial polymerase y [10].

Studies have also implicated viral hepatitis as the leading
cause of death among HIV infected individuals [11,12].
HBV and HCV infections are common among HIV
of the shared
transmission. In a retrospective study involving 200 HIV
patients in Benin City, 25.5% tested positive for HBV and
3% tested positive for HCV [13]. HCV co-infection

increases progressively to cirrhosis, decompensated liver

positive patients because routes of

disease, hepatocellular carcinoma and death [14,15]. HBV
co-infection has also been shown to increase the risk of
cirrhosis, end-stage liver disease and death especially in
patients with low CD4 count and alcohol abuse [16].
Abnormal liver function enzymes (aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
(ALP),
transpeptidase (GGTP)) are common and are reported to
occur in 40-60% of patients on the current HAART

regimen even without HBV or HCV co-infection [17-19],

alkaline  phosphatase gamma  glutamyl

and the management of abnormal liver function remains a
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challenge [20]. Emphasis has been placed on liver disease
in HIV infected patients co-infected with HBV or HCV
infection with little or no attention to other causes of liver
diseases in those without HBV or HCV [21,22]. Studies
that have associated liver enzymes with disease severity in
HIV-infected HBV or HCV
co-infection, are scarce in our setting. In this study we

individuals ~ without
evaluated some biomarkers of liver function in HIV-1
seropositive subjects who are treatment free and those who
are on treatment with HAART for at least 4months and
correlated the values with clusters of differentiation (CD4).

Subjects and Methods

Study participants

confirmed HIV-1
seropositive subjects recruited from the HIV outpatient
clinic of the Central Hospital, Benin City. A total of 150
subjects were randomly recruited for the study which
included; 50 HIV positive subjects not on HAART
treatment (aged 36.4%1.5 years), 50 HIV positive subjects
on HAART treatment (aged 38.4+1.6years) and 50 HIV
negative healthy individuals (36.4+1.4years) which were

The study participants were

used as controls.

Inclusion and exclusion criteria

Clinical and demographic data were obtained from the
participants by the use of structured questionnaires.
Individuals who were below 18 years of age or with
medical history of diabetes, hypertension and tuberculosis
were excluded from the study. Those who drink alcohol or
study. The
participants were screened for hepatitis B and C infection

smoked were also excluded from the

and those that tested positive to hepatitis B surface antigen
(HBsAg) and HCV were excluded from the study.

Ethical Consideration

All participants gave informed consent before enrolment
and only those who agreed to be part of the research and
met the inclusion and exclusion criteria were recruited in to
the study. The study protocol was reviewed and approved
by the Edo State Ministry of Health (code HM.1208/112;
dated 12" May 2016).

Specimen Preparation
Five ml of venous blood was collected with 2mL
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dispensed into an EDTA container and 3mLwas emptied
into plain plastic container. The blood specimen in the
plain container was allowed to clot at room temperature for
30 minutes. It was spun at 3000rpm for 10minutes and the
serum was separated into another plain plastic container.
The serum was kept frozen at -20°C until analyzed for
biomarkers of liver function. The whole blood Sample in
the EDTA container was used to analyze for CD4 cell

count.

Laboratory analyses

Immunologic Analysis: Hepatitis B surface antigen
(HBsAg) and HCV antibody screening were carried out
(Clinotech
diagnostics, Canada). The HIV status of control subjects

using the rapid antibody screening Kkits
was confirmed using two HIV rapid antibody test kits;
Determine® and Unigold® kits (Trinity Biotech, USA).
The CD4 cell count was determined using Partec cyflow
counter (Gorlitz, Germany).

The liver function enzymes (AST, ALT, ALP and GGTP)
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confidence interval, 2-tailed p < 0.05 was considered to be

statistically significant.

Results

Gender distribution of the study participants showed that

87 (87%) were women while 23(23%) were men. Among
the control subjects, 32(64%) were women while 18(36%)
were men. The age and gender distribution of the study
population is shown in table 1 and figure 1.
Table 2 and figure 2showed the comparison of the
measured variables in the HIV positive subjects (those on
HAART and those not on HAART treatments) with the
control subjects. Serum ALP (p<0.001), AST (p=0.023),
ALT (p<0.0.001) and GGTP (p<0.001) were significantly
higher in HIV positive subjects than controls while CD4
cell count (p<0.001) was significantly lower in HIV
positive subjects than controls.

Table 2. Comparison of measured variables in the HIV positive subjects with

were assayed using Selectra ProS Chemistry Analyzer Controls
(Puteaux, France). i .
Measured HIV positive | HIV  negative
Table 1. Age and sex distribution of the HIV positive and control subjects P-values
Subjects Males Females | Mean Age Parameters subjects (n=100) subjects (n=50)
HIV positive subjects on ART 8(16%) 42(84%) 38.4+1.67
CD4(cells/mm?) 444.87+33.84 939.20+23.67 0.000
HIV positive ART naive subjects 15(30%) 35(70%) 36.4+1.48
K ALP (U/L) 230.69+18.12 92.76+7.21 0.000
Control subjects 18(36%) 32(64%) 36.4+1.41
AST(U/L) 27.51£2.62 21.08+0.96 0.023
90
ALT(U/L) 33.50+2.74 25.18+1.63 0.010
80
76 GGT (U/L) 104.15+18.38 35.02+1.39 0.000
& CD4: Cluster of differentiation; ALP: Alkaline phosphatase; ALT: Alanine amino
50 — transferase; AST: Aspartate amino transferase; GGT: Gamma glutamyl
40 WFemales transpeptidase
Age(Yrs)
30—
1000
20 +—
900
10
800
0 1
HIV +ve on HAART HIV +ve HAART-naive HIV -ve controls 700

F

—

g. 1 showing the percentage gender distribution of study participants

Statistical analysis

Data were analyzed using Statistical Package for Social
Science (SPSS) version 21. Continuous data were given as
mean + standard error of mean, while categorical data were
given as percentages. One-way ANOVA was used to
compare data in all groups while student t - test was used to

compare values in each group with controls. At 95 %

600
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200 BHIV-ve

300

200 -

100

0 -

CD4(cell/mm2  ALP(U/L) AST(U/L)

ALT(U/L)

GGT(U/L)

Fig. 2 showing the comparison of measured parameters between HIV positive and

HIV negative subjects.
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Table 3 and figure 3 showed the comparison of measured
liver enzymes activities and CD4 cells between HIV
positive subjects on HAART, HAART- naive and controls.
Serum AST (p=0.044) was significantly lower while CD4
(p=0.006) was significantly higher in those on HAART
than HAART naive subjects. Serum ALP, ALT and GGTP
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activities were not significantly different.

Table 4 showed the correlation of measured enzymes
with CD4 count (an index of disease severity) in HIV
positive subjects.. There was no significant correlation
between any of the measured enzymes with CD4 in HIV
positive HAART naive and HAART subjects.

Table 3: Comparison of measured variables in the HIV positive ART naive, HIV positive on HAART and controls.

Parameters HIV negative subjects (n=50) HIV Positive HAART naive subjects (n=50) | HIV positive subjects on HAART (n=50) P-Values
CD4(cells/mm?’) 939.20423.67* 352.10+42.86" 537.64+49 38% 0.001
ALP (UL) 92.76+7.21° 254.80+29.13° 206.58+21.31° 0.001
AST(U/L) 21.08+0.96" 32.76+4.02° 22264320 0.023
ALT(U/L) 25.18+1.63 38.32+4.61¢ 28.6842.86% 0.010
GGT (UL) 35.02+1.39 101.32423.59° 106.98428 43 0.001

CD4: Cluster of differentiation; ALP: Alkaline phosphatase; ALT: Alanine amino transferase; AST: Aspartate amino transferase; GGT: Gamma glutamyl transpeptidase,

b=P<0.001; ¢=P=0.023; d=P=0.010; e=P=0.006;f=0.044;a=P>0.05.

1000

W HIV -ve controls

W HIV tve HAART naive

HIV +ve on HAART

Fig. 3 showing the comparison of measured parameters among HIV positive

HAART naive, HIV positive on HAART and HIV negative control subjects.

Discussion

The results indicated that liver enzyme activities were
significantly higher in HIV positive than HIV negative
subjects. On the other hand, ALP, AST and ALT activities
were higher in HIV positive HAART naive than HIV
positive on HAART while GGT was higher in HIV positive
on HAART than HAART naive but the different was not
statistically ~ significant. ~There was nonsignificant
correlation between CD4 cell counts and measured liver
enzymes activities. This may be an indication of no
association between abnormal liver enzymes activities and

CD4 as well as the use of HAART in HIV management.

This observation was consistent with previous studies in
sub-Sahara Africa [23,24]. Dusingize et al[23] reported that
HIV associated liver damage may occur in HAART-naive
subjects. The authors observed that despite the prevalence
of liver transaminase abnormalities were higher in HIV
positive subjects with CD4 <200 compared to those with
CD4 >350, the difference was not statistically significant
[23]. This indicated that elevated liver enzymes are mainly
due to HIV infection rather than HIV disease progression
as additional contributing factor. Similarly, a study of
outpatients in Ugandan observed that the risk of clinically
significant hepatotoxicity was low in both HIV positive
subjects on HAART and HAART-naive [24]. The level of
enzymes activities in our study is lower than those reported
in studies from America, Europe and Asia [3,25-28]. The
reason for the differences may be the absence of HBV or
HCV co-infection in our study population. It was reported
that HIV positive subjects from developed countries are
more likely to have chronic hepatitis co-infection which
could contribute to severe liver pathologies [29].
Conversely, studies elsewhere suggested that 27% of HIV
infected subjects had abnormal liver function tests 6
months after the commencement of HAART [26], which
thus indicated that the abnormal LFTs may be due to
HAART treatment. Ebot et al[30] in a study of HIV

positive subjects in Douala, Cameroon reported that serum
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ALP and GGT activities in HIV/AIDs patients on HAART
were significantly higher than HAART-naive patients. The
authors concluded that both HIV infection and treatment
with HAART are associated with liver injury. We did not
observe any significant difference in the liver enzymes
activities between HIV positive subjects on HAART and
HAART naive subjects. The observed elevation in the
activities of measured liver enzymes may be attributed to
HIV infection.

Table 4: Correlation of CD4 count with the measured variables in HIV positive

subjects
Correlations R-values P-Values
HIV Positive subjects HAART naive
CD4/ALP -0.156 0.121
CD4/AST 0.113 0.262
CD4/ALT -0.268 0.07
CD4/GGT -0.100 0.323
HIV Positive subjects on HAART
CD4/ALP -0.142 0.20
CD4/AST -0.100 0.30
CD4/ALT -0.248 0.09
CD4/GGT 0.158 0.18

Various mechanisms have been proposed to explain liver
pathology in HIV infection, such as liver cell apoptosis
(induced by Caspase 2,7), mitochondrial dysfunction by
decreasing mitochondrial DNA in cells or by changing the
mitochondrial membrane by HIV proteins which could
cause cytopathic effect on the cells bearing CD4 receptors
such as helper T-cells, macrophages, microglial cells,
B-lymphocytes, haematopoietic stem cells, rectal mucosal
cells and liver sinusoidal epithelial cells [31]. Pathogenesis
of liver fibrosis can be explained by direct effect on
hepatocytes, hepatic stellate cells and Kupffer cells. Studies
have shown that the Kupffer cells of the liver are directly
infected by HIV [32] and

in-vitro[33,34,35] studies. Some authors have suggested

infection both in-vivo
that HIV infection of Kupffer cells may result in productive
infection [3]. HIV can also influence hepatocyte apoptosis
in-vitro via gp120 signaling through CXCR4 in the absence

of infection. HIV infection of the gastrointestinal tract may
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lead to increased permeability of the intestinal walls to
bacterial endotoxins such as lipopolysaccharide (LPS). The
elevation of LPS has been implicated in liver disease
[36,37]. An
elevation in lipopolysaccharides in HIV can stimulate

progression in alcoholic liver diseases
hepatocytes, Kupffer cells and hepatic stellate cells to
produce proinflammatory cytokines and chemokines
(tumour necrosis factor o, transforming growth factor p and
interleukins) which attract activated lymphocytes to the
liver and thus drive fibrosis [3]. Kupffer cells are the main
cell type in the liver that responds to LPS. Under
physiological conditions, Kupffer cells remain tolerant to
repeated LPS stimulation but increased LPS contributes to
progression of liver disease in HIV-infected patients
[38,39].

The nonsignificant correlation between liver enzymes
and CD4 cells count among our study population was not
in agreement with the study from Tamil Nadu, India [3].
The authors significant 1inverse correlation
between CD4 cell count and abnormal LFTs based on their
observation of elevated activities of some liver enzymes in
HIV positive subjects with different strata of CD4 cell

counts.

observed

The limitations of this study are relatively small sample
size, majority of the recruited subjects were women
because females may be more open than the males in their
quest for prevention, treatment and support such that data
presented may not reflect the entire population. Also, the
baseline data prior to the commencement of ART could not
be obtained for HIV positive subjects on HAART due to
non-availability of records.

In conclusion, liver enzymes activities in HIV infected
subjects were significantly higher in HIV positive subjects
than controls, and there was no significant difference in
levels of enzymes activities between HIV positive subjects
with or without HAART treatment. There was also no
significant correlation between liver enzymes activities and
CD4 cell counts. HIV positive patients are at risk of liver
disease but treatment with modern antiretroviral therapy
may not contribute to liver pathology in HIV infection
without HBV or HCV co-infections.
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