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Abstract

The advent of highly active antiretroviral therapy (HAART) has enabled HIV-1
Keywords: Cytokines, infected people to live long and fruitful lives. Since drug and viral mediated
HAART, HIV-1, toxicities are hallmarked by a modulation of patient’s cytokine profiles, we

Hepatotoxicity, Alanine ~ @ssessed the impact of ART on plasma cytokine profiles of HIV-1 patients. Blood
aminotransferases and samples were collected from 68 HAART naive HIV-1 patients at baseline (D0), 30
days (D30) and 180 days (D180) following HAART initiation. Serum levels of
aspartate . ; .
aminotransferases. Alanm_e amlnotre}nsferases (ALT) and aspartate ar_nlnotransferases (AST)_ was
analysis enzymatically.Human Th1/Th2/Thl7 cytokines were measured using a
cytometric bead array assay. Data were analyzed using Graph pad prism 6 and
SSPS.There was a significant increased (p<0.001) in the mean serum levels of both
ALT and AST corresponding with the treatment duration.A negative correlation
was observed between CD4* T cell counts and serum levels of either ALT (-0.522,
p=0.000) or AST (-0.505, p=0.000). The prevalence of hepatotoxicity increased
significantly (P =0.000) and was found to be 0(0.0%), 34(50.0%) and 47(69.1%) at
DO, D30 and D180 respectively. Mean IL-2, IL-6, IL-17A and TNF-a cytokines
were higher in patients with hepatotoxicity compared to patients with no
hepatotoxicity at D30 and D180 with a significant difference (p<0.05) seen only in
IL 17-A and IL 6. The prevalence of hepatotoxicity increased with treatment
duration and was associated with modulations in the human Th1/Th2/Th17
cytokine profile. IL-6 and IL-17A seem to play a significant role in the
pathophysiology of hepatotoxicity. As such they might be used either alone or with
other biomarkers to assess HAART induced hepatotoxicity in our context.

Introduction

The advent of highly active anti-retroviral therapy (HAART) has allowed more people infected with the human
immunodeficiency virus type 1 (HIV-1) to live normal and productive lives [1, 2]. As of 2016, 17 million people
were accessing HAART [1]. HAART functions through suppressing HIV-1 viral load thereby restoring the immune
system [3, 4]. However sustained use of HAART is associated with liver disease (hepatotoxicity) which is reported
to be the most common non-AlIDS related cause of death among HIV-1 infected patients accounting for well over
14% of all deaths [5- 8]. The era of ‘test and treat” with increased availability of different HAART regimes
including various nucleoside/nucleotide analogue reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse
transcriptase inhibitors (NNRTIs), and protease inhibitors (PIs), necessitates a close monitoring of their toxicities to
ensure sustainable long term management of HIV-1 infection in especially low income countries [6, 9,10]. Liver
disease is accompanied by biochemical abnormalities in liver functions which is marked by elevated serum activity
of the two commonly used liver enzymes; alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
that are involved in breakdown of amino acids [9, 10].

Even with the most effective HAART regiment, a key consequent of HIV-1 infection is maintaining the immune
system in perpetual activation. Cytokines are inflammatory mediators that serve important roles in the pathogenesis
of many acute and chronic diseases [11] and include T helper type 1 (Thl), Th2 and Th17 cytokines [12]. Thl
cytokines include the interleukin-2 (IL-2), IL-12, IL-18, interferon (IFN)-¥ and tumor necrosis factor-alpha (TNF-a);
Th2 type cytokines include (IL-4, IL-6, IL-10, IL-13) and Th17 cytokines (IL-17, IL-22, IL-23, IL-1). A number of
studies highlight a critical role of cytokines in the pathogenesis of HIV-1 often culminating in cytokine profile
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dysregulation both in vivo and in vitro [13-16]. Studies addressing these issues included those looking at the impact
of different cytokine on HIV-1 replication [16-18], comparing the cytokine expression profile between HIV-infected
and uninfected donors [15, 19], measuring cytokine production from in vitro infected cells [17, 20] or analysing
cytokines with respect to diagnosis, treatment and vaccine development [19, 21].

Cytokines are produced by virtually all nucleated cell in the body including the Kupffer cells of the liver [11]. A few
studies reveal that there is possible correlation between cytokines and liver damage [12, 22, 23]. Thus an imbalance
in cytokine production plays a key role in the development of liver damage, necro-inflammation, and subsequent
fibrosis [24, 25]. These cytokines activate several pathways such as the apoptotic pathways which result in liver
damage [21, 26]. Examples of the cytokines associated with liver disease include IL-1, IL-6, I1L-12, IL-17, IL-18,
IFN-y, and TNF-a [22-24, 26 and 27]. However the role of cytokine in HAART induced hepatotoxicity must be
clarified to improve patient care. In this study we investigated the relevance of cytokine modulation amongst HIV-1
patients on HAART with and without hepatotoxicity. Results from this study may allow improve therapeutic
approaches involving the modulation of cytokines to attenuate the drug induced hepatotoxicity during antiretroviral
treatment of HIV-1 infected people.

Materials and method

Study Population and Site

This was a longitudinal study comparing Th1/Th2/Th17 cytokines in HIV-1 treated patients with or without
hepatotoxicity in five HIV-1 outpatient treatment centers in the Northwest Region (NWR) of Cameroon. These
centres were; Ndop, Santa, Bali and Bafut District Hospitals and the Regional Hospital Bamenda. These sites were
chosen because they represent the different population background of the entire region. Ndop, Bali and Bafut are
rural areas from the Northern, Eastern and Western areas of the NWR. Bamenda is an urban area close to Santa
which is a rural area and share boundaries with the western region of Cameroon. This study received ethical
clearance from the Cameroon National Ethical Committee (No 2016/01/689/CE/CNERSH/SP) and administrative
authorization from the Ministry of Public Health of Cameroon. Screened and recruited participants were followed
for up for a period of 24 weeks from February 2016 to November 2016 with blood being collected at initiation (DO),
30 (D30) and 180 (D180) days after antiretroviral initiation. These patients were initiated on first line HAART
consisting of 2 nucleoside reverse transcriptase inhibitor in combination with a non nucleoside reverse transcriptase
inhibitor. This include either; Zidovudine/Lamivudine/Efavirenz (AZT+3TC+EFV) or
Zidovudine/Lamivudine/Nevirapine (AZT+3TC+NVP ) or Tenefovir/lamivudine/Efavirenz (TDF+3TC+EFV ) and
co-trimoxazole based on the Ministry of Public Health ART initiation criteria guidelines as proposed by WHO [28].
All drugs were provided free of charge from the Cameroon National AIDS control program.

Blood Samples

Venous blood was collected by trained institutional phlebotomist dedicated for research. Eight ml of venous blood
was collected in uniquely coded tubes. Then 3ml and 5ml were transferred into dry and ethylenediaminetetraacetic
acid (EDTA) test tubes to obtain serum and plasma respectively. Assays for serologic markers of HIV-1, hepatitis B
virus (HBV) and hepatitis C virus (HCV) were determined using an ELISA technique. Serum transaminases were
measured same day and the harvested plasma was stored at -80°C for cytokine measurement.

Measurement of Transaminases (AST and ALT)

The liver transaminases enzymes; were measured using spectrophometer as described by International Federation of
Clinical Chemistry (IFCC) protocol of 2002 [29] using SPINREACT commercial kits (SPAIN) guided by the
controls [30].

Cytokines levels

Cytokines were measured by the Cytometric Bead Array (CBA) flow cytometry using the Human Th1/Th2/Th17
CBA kit (Cat. No. 560484, BD Biosciences, California) as described by [18]. This allowed for the simultaneous
detection of IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y and IL-17A.

Statistical Analysis

Data was analyzed using SPSS version 20 (Armonk, NY, USA.) and Graph Pad Prism 6 (GraphPad Software, San
Diego, CA, USA). SPSS was used to determine the hepatotoxicity proportions of categorical data using the chi
square test and ANOVA test to determine the difference in mean transaminases. Mean differences between two
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groups were determined using Mann-Whitney (U) of unpaired t test data while comparison among the 3 groups of
treatment duration was done using non-parametric Kruskal Wallis test (H). P<0.05 was considered statistically
significant.

Results

Study Population characteristics:

100 ARV naive HIV-1 infected people were screened and a total of 68 (68%) participants were recruited in this
study. Amongst the participants 35(51.1%) were males with mean aged 35.4 (IQR; 18-61 — 42.50) years old and
33(48.5%) female with mean aged 36.2 (IQR; 18-57) years. The majority of participants received TDF+3TC+EFV
drug regimen (n = 48, 70.6%). The median helper CD4 T cell counts were not significantly higher in the participants
who were placed on AZT+3TC+NVP therapy 214.9 (18-498). Helper CD4* T cell categorization included a
majority of participants 39(IQR; 57.3%) with severe immunosuppression (>200 cells/fmm?). The median BMI in
kg/m? counts were significantly higher in the female participants (31.1 kg/m?) than their male counterpart (24.1
kg/m?). Baseline mean (SEM) ALT and AST were higher in males than in females. However all values were within
the normal ranges (Table 1).

Table 1: Demographic data of patients by degree of immunosuppresion

Variable Participants (n=68)

degree of immunosuppresion (n: | Severe Advanced Mild

%) immunosuppression immunosuppression immunosuppression
{<200 cells/mm?} {200-349 cells/mm?3} {350-499 cells/mm?}
(40:58.8) (16:23.5) (12:17.7)

Gender :Female (33:48.5) 15(45.5) 11(33.3) 7(21.2)

Male (35:51.5) 25(71.4) 5(14.3) 5(14.3)

Age :<35years (33:48.5) 16(48.5) 10(30.3) 7(21.2)

>35years (35:51.5) 24(68.6) 6(17.1) 5(14.3)

ART type

TDF+3TC+EFV (48:70.6) 29(60.4) 11(22.9) 8(16.7)

AZT+3TC+EFV (12:17.6) 7(58.3) 3(25.0) 2(16.7)

AZT+3TC+NVP (8:11.8) 4(50.0) 2(25.0) 2(25.0)

Median age in years (IQR) 36.5 (18-61) 33.3 (18-56) 37.3 (26-57)

Median ALT in U/L (IQR) 24.2 (4.1-39.6) 25.9 (16.0-35.3) 24.9 (10.7- 39.9)

Median AST in U/L (IQR) 27.0 (6.9-38.0) 27.6 (10.5-34.7) 25.2 (10.0-31.8)

Median BMI in kg/m? (IQR) 24.8 (14.5-43.0) 32.3(17.2-88.3) 28.9 (21.7-57.3)

Median CD4 count in cells/mm? 91.8(8-191.) 278.8 (216-341) 410.1 (356-498)

IQR)

Prevalence of Hepatotoxicity:

Antiretroviral therapy is usually associated with liver injury marked by a corresponding increase in liver enzymes
which could be used to track hepatotoxicity [31]. In this study AST and ALT levels were used with severe
hepatotoxicity considered as degree 3 and 4 changes in AST or ALT levels [31, 32].

In figure 1a, a significantly inverse correlation is observed between helper CD4* T cell counts and ALT (-0.522, p=
0.000) and AST (-0.505, p=0.000). On the other hand, mean AST values were higher than ALT values at D30 and
D180. Mean ALT (F= 9.95; p= 0.000) and AST increased significantly (F=11.60; p=0.000) with the duration of
treatment (figurelb).
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Figure 1a: Correlation of CD4 T-cell counts with ALT and AST at DO
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Figure 1b: Variation of mean ALT (U/L) and AST (U/L) during the study duration

The prevalence of hepatotoxicity using ALT was 23(33.82%) and 35(51.47%) and that of AST was 24(35.28%) and
37(54.41%) at D30 and D180 respectively. In figure 2a and figure 2b below, Grades 1, 2, 3 and 4 hepatotoxicity as
classified using ALT and AST respectively, were highest at D180 compared to Day30 and this differences were
statistically significant (p<0.001). Based on either ALT or AST or both, the prevalence of hepatotoxicity increased
significantly (¥?=41.93, P =0.000) with treatment duration and was found to be 0(0.0%), 34(50.0%) and 47(69.1%)
at DO, D30 and D180 respectively. Severe hepatotoxicity that requires close clinical follow up (defined by Grades 3
and 4 toxicity of either ALT or AST or both) was found to be 15(22.1%) and 27(39.7%) at D30 and D180
respectively. Clients with severe immunosuppression registered the highest prevalence of hepatotoxicity (Grade 1 to
4) compared to those with mild immunosuppression using ALT and AST as shown on figure 2c and 2d respectively.
However this difference were not significant (ALT; y? =2.5, P=0.87 and AST; y?=4.6, P=0.59).
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Figure 2a: Prevalence of Hepatotoxicity Grade as classified using ALT
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Figure 2b: Prevalence of Hepatotoxicity Grade as classified using AST
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Figure 2c: Assessing degree of immune suppression with hepatotoxicity grade as classified by ALT at D180
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Figure 2d: Assessing degree of immune suppression with hepatotoxicity grade as classified by AST at D180

Variation of mean Cytokines during the entire study duration

A three-by-three Kruskal Wallis test was used to assess normal concentration of mean IL-2, IL-4, IL-6, I1L-10, IL-
17A, IFN-y and TNF-a cytokines levels at different treatment durations (D0, D30 and D180). IL-4 was undetectable
in any of the samples. When mean cytokine levels at baseline and D180 were compared, a non significant (p>0.05)
negative Pearson correlation (-r) was seen in mean IL-2, IL-6, IFN-y and TNF-a while a positive Pearson correlat
ion was seen with I1L-10 and IL-17A. However, only IL-17A showed a significant difference p= 0.04 (Table 2).

Table 2: Pearson correlation of cytokine at DO and D180

CYTOKINE 1L2 I1L6 1L10 1L17 TNF-a IFN- vy
Pearson correlation | -.036 -0.109 0.123 0.049 -0.239 -0.032
P value 0.77 0.38 0.32 0.04 0.69 0.80

Comparison between treatment duration showed no statistical significant difference (p>0.05) with IFN-y, TNF-a,
IL-6 and IL-2 while a statistical significant difference (p<0.05) was seen with IL-10 and IL-17A. Analysis of this
figure also showed that IFN-y and IL-17A values decrease with increase in the duration of treatment while cytokines
IL-2, IL-6 and TNF-o decreases at D30 and later on increases by D180. In addition IL-10 increases at D30 and later
on decreases by D180 (Figure 3).

81



Engineering Letters || ISSN 1816-0948 || VOL_17 ISSUE_02 2026

Il DC W p3c [ D180

g H=0.287 P=0.88 = 4 H= 1.67 P=0.43
k- 23
=z 2 f 2 T
=
i §
[+
Treatment Duration Treatment Duration
T 4 H= 8.65 P=0.013 2 H= 6.85 P=0.03
g 1
g2 <
d d -
1 =
g, : 8 .
Treatment Duration Treatment Duration

15 = 3.88 P=0.14
H= 4.9 P=0.08

Nl _ESSHN

Treatment Duration Treatment Duration

Hean L-2pgim
i
_|

Mean L6 (pg/ml)

Figure 3: Influence of treatment duration on Mean cytokine variation

Comparison of mean Cytokines between patients with and without hepatotoxicity

Mean plasma concentrations of TNF-a, IFN-y, IL-17A, IL-6 and IL-2, were higher in HIV-1 patients presenting
with hepatotoxicity compared to those without hepatotoxicity at D30 (Figure 4a). On the other hand, mean plasma
concentrations of TNF-a, IL-17A, IL-10, IL-6 and IL-2 cytokines increased in HIV-1 patients presenting with
hepatotoxicity compared to those without hepatotoxicity at D180 (Figure 4b). With the exception of 17-A and IL 6
cytokines that showed significant difference (p <0.05) at D30 and D180, these differences were not statistically

different.
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Figure 4a: Mean cytokine variation between patients presented with and without hepatotoxicity at day 30
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Figure 4b: Mean cytokine variation between patients presented with and without hepatotoxicity at day 180

Discussion

Liver disease is an emerging challenge in the clinical management of HIV-1 infection especially with an ever
increasing HAART coverage. The majority of antiretroviral drugs have been associated with liver injury leading to
elevated liver enzyme and consequent hepatotoxicity [31-34].

In order to eliminate confounding factors that could effects the cytokine profile participants reporting any home or
hospital base treatment for fever were excluded. Participants taking alcohol or with concurrent infections like HBV,
HCV and malaria were excluded from the study. Thus during screening and recruitment efforts were made to reduce
potential bias arising from other previously reported sources of inflammatory cytokines [35-43].

In this study the transaminases (ALT and AST) as previously reported [31- 34] increased with treatment duration.
Toxicity linked to HAART as revealed by an increased in transaminases levels is time dependent [33-37]. Abnormal
levels of liver enzymes may be caused by multiple factors, including toxic medication, coinfection with hepatitis C
virus (HCV) or hepatitis B virus (HBV) [38, 39, 44-48].

ARV drugs induced direct toxicity to the liver through drug metabolism via the cytochrome pathways, idiosyncratic
polymorphisms of the enzymatic complexes, hypersensitivity reactions, mitochondrial toxicity or by activating death
receptors and intracellular stress pathways [36, 49,50].The severity of hepatotoxicity ranges from transient increase
(grade 1 and grade 2) to severe increase in levels (grade 3 and grade 4) that may lead to hepatic failure and death [6,
9, 33]. The increased prevalence of hepatotoxicity from 0(0.0%) at DO to 34(50.0%) at D30 and 47(69.1%) at D180
is evidence that the use of HAART causes hepatotoxicity in HIV patients [32, 34, 38].
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Evaluation of CD4 count level is a vital tool in the management of HIV-1 infection. With the progressive loss of
CDA4*T cells in HIV infection, the dysfunction in the T cells compartment is reflected by cytokine expression [13].
The negative correlation between CD4* T cell count and transaminase levels is probably due to the fact that a
reduction in CD4* lymphocytes results to an increased in protein (e.g lipopolysaccharide) turnover which act as a
pro-inflammatory and pro-fibrotic substance on the liver resulting in a rise in the liver enzymes [9].

The negative correlation observed between treatment duration and levels of IL-2, IL-6, IFN- y and TNF-a probably
indicate that increased cytokine production was a consequent of chronic stimulation of T cells by HIV. A decrease in
INF-y seen at the end of this study is similar to previous studies carried elsewhere [51, 52]. Treatment with HAART
is known to significantly inhibit viral replication and consequently decrease production of INF-y [52]. Considering
participants with hepatotoxicity, mean IFN—y levels were higher at D30 compared to D180. This down regulation
therefore shows no correlation between IFN-y and hepatotoxicity. This result is similar to those carried out in
patients with chronic hepatitis B which is the leading cause of liver disease [23, 53]. Studies in rats and humans have
shown that, IFN-y, TNF- o and IL-6, stimulate hepatocytes leading to activation of transduction pathways which are
implicated in hepatocellular death during liver diseases and injuries [11, 26, 27]. However, there is need to examine
the roles of these cytokines during HAART induced hepatotoxicity.

In this study mean plasma TNF- o decreased at D30 and later increases at D180. In addition we recorded an
insignificant increase in TNF- o values in participants with hepatotoxicity which was similar to previous reports [26,
54, 55]. This is most probably because TNF- a regulates viral replication. Although our study did not demonstrate
any significant changes in TNF-a levels between participants with and without hepatotoxicity, the high levels of
TNF-o in people with hepatotoxicity is supportive of the fact that TNF- o may also induce hepatotoxicity. Further
investigations is necessary to determine if TNF- a is expressed on hepatic cells considering that TNF—a is an
inflammatory cytokine which triggers the production of additional cytokines such as IL-6 and has been shown to be
significantly higher in patients with hepatotoxicity [11, 56].

A significant decrease (p=0.001) in mean IL-17A levels study duration, and between participants with and without
hepatotoxicity at D30 and D180 contradicts previous studies [57, 58]. The decrease in IL-17A is because Th17 cells
that produce IL-17A are highly susceptible to HIV and thus are depleted with the use of HAART [59]. The
significant increase seen in patients with hepatotoxicity is because depletion of Th17 cells may impair the mucosal
protection that leads to increase amount of bacterial products, such as lipopolysaccharide (LPS) getting into the
general circulation. LPS has been shown to elicit significant inflammatory response that mediates Kupffer cells
activation and thus causes liver damage [8, 24, 27]. Thus this result indicates that IL-17A is associated with
hepatotoxicity. Previous studies have shown that elevated IL-10 levels are associated with disease progression,
increase viral load and decrease in CD4* T-cells [16, 18]. The decrease in IL- 10 level seen at D180 confirms the
relevance of high levels of IL-10 in regulating viral replication and inhibiting disease progression thus boosting the
effect of HAART [60, 61]. Although the difference was not significant, increase level of IL -10 seen at D180 can be
attributed to a reduction hepatotoxicity. It has been reported that the liver is the main source of IL-10 which
probably plays a major role in chronic liver diseases [55, 61, 62]. Furthermore the positive correlation observed
between IL-10 and AST in patients with chronic hepatitis B (CHB) is a clear indication that IL-10 can also be
secreted in patients with HAART induced hepatotoxicity [23]. As such future studies using a larger population with
longer treatment duration needs to be carried out to confirm these findings. Decrease plasma levels of IL-6 on D30
and an increase by D180 can be attributed to hepatotoxicity since the prevalence of hepatotoxicity was highest at
D180. The high level of IL-6 might be due to the fact that IL-6 is a key factor in liver regeneration [24]. In addition
other studies have also demonstrated the importance of 1L-6 during the course of the liver infection [11, 26, 54].

Our data also reveal that IL-2 increases in participants with hepatotoxicity compared to those without hepatotoxicity
at D30 and D180. During treatment, viral replication is significantly inhibited and thus subsequent reduction of I1L-2
[51, 63]. Thus the high prevalence of hepatotoxicity at D180 might contribute to the observed high level of IL-2.
Thus there is a probability that 1L-2 can affect hepatic cells implying that it determination might be useful in the
management of HAART induced hepatotoxicity.

Conclusions and Recommendation

Data from this study supports the fact that increased prevalence of hepatotoxicity during the course of HAART is
associated with modulation of plasma levels of Human Th1/Th2/Th17 cytokines. Increasing levels of someHuman
Th1/Th2/Th17 cytokines including IL-2, IL-6, IL-10, and TNF-a, and IL-17A probably suggests liver damage. On
the other hand IL- 6 and IL-17A seem to play a significant role in the pathophysiology of hepatotoxicity. Thus
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plasma cytokine profile associated with HAART induced hepatotoxicity might be used either alone or with other
biomarkers to assess HAART induced hepatotoxicity.

Acknowledgments

We express profound gratitude to all the participants for without them this study would not have been possible. We
acknowledge all the staff working in the laboratory and HIV units of the study sites for their collaboration and
cooperation that has made this study a success. We would like to thank the staff of the Microbiology and
Immunology laboratory of CIRCB for the laboratory assistance given during this study.

Funding/Support
This project was funded by CIRCB, an EDTCP Grant (TA.2010.40200.016), TWAS (12059RG/bio/af/ac_G), and
Grand Challenge Canada Grant (0121-01) to Dr. Godwin W. Nchinda

Abbreviations

ALT: Alanine aminotransferases, AST: Aspartate aminotransferases, AZT+3TC+NVP:
Zidovudine/Lamivudine/Nevirapine, AZT+3TC+EFV: Zidovudine/Lamivudine/Efavirenz, BMI: Body Mass index,
CBA: cytometric bead array, D: day, HAART: highly active antiretroviral therapy, IL: interleukin, (IFN)-x:
interferon gamma, SEM: standard error of the mean TDF+3TC+EFV: Tenefovir/Lamivudine/Efavirenz;, TNF-a:
tumor necrosis factor-alpha

Conflict of Interests: The authors declare no conflict of interests
regarding the publication of this paper.

Ethics approval and consent to participate
This study protocol was reviewed and approved by the National Ethics Committee of Cameroon approved the study
protocols (N®2016/01/685/CF/CNERSH/SP), and all patients gave their written consent.

References

1. http://www.unaids.org/en/resources/documents/

2. http:/iwww.who.int/mediacentre/factsheets/fs360/en/

3. Teklay G, Legesse B, Legesse M. Adverse Effects and Regimen Switch among Patients on Antiretroviral
Treatment in a Resource Limited Setting in Ethiopia. J Pharmacovigilance 2013; 1: 115.

4. Masenyetse LJ, Manda SO, Mwambi HG. An assessment of adverse drug reactions among HIV positive
patients receiving antiretroviral treatment in South Africa. AIDS Res Ther2015;12:6.

5. Abrescia N, D'Abbraccio M, Figoni M, Busto A, Maddaloni A, Marco M. Hepatotoxicity of antiretroviral
drugs. Curr pharm Des 11: 3697-3710.

6. Crane M, Iser D, Lewin SR. 2012. Human immunodeficiency virus infection and the liver. World J of
Hepatol 2005; 4: 91-98.

7. Palella FJ Jr, Baker RK, Moorman AC, Chmiel JS, Wood KC, Brooks JT, Holmberg SD, HIV outpatient
study investigation. Mortality in the highly active antiretroviral therapy era: changing causes of death and
disease in the HIV outpatient study. Journal of Acquire Immune Defici Syndr 2006; 43(1) 27-34.

8. Smith C, Sabin CA, Lundgren JD. “Factors associated with specific causes of death amongst HIV-positive
individuals in the D:A:D Study,” AIDS 2010; 24(10):1537-1548.

9. Shiferaw MB, Tulu KT, Zegeye AM, Wubante AA. Liver Enzymes Abnormalities among Highly Active
Antiretroviral Therapy Experienced and HAART Naive HIV-1 Infected Patients at Debre Tabor Hospital,
North West Ethiopia: A Comparative Cross-Sectional Study. AIDS Res Treat 2016; 2016.Article ID
1985452, 7 pages

10. Sterling RK, Chiu S, Snider K, Nixon D. The prevalence and risk factors for abnormal liver enzymes in
HIV-positive patients without hepatitis B or C coinfections. Dig Dis Sci 2008; 53:1375-1382.

11. Neuman MG. 2003. Cytokines-central factors in alcoholic liver disease. Alcohol Res Health 27: 307-316.

12. Deng YQ, Zhao H, Ma AL, Zhou JY, Xie SB, Zhang XQ, Zhang DZ, Xie Q, Zhang G, Shang J, Cheng J,
Zhao WF, Zou ZQ, Zhang MX, and Gui-Qiang Wang, MD, China HepB Related Fibrosis Assessment
Research Group. Selected Cytokines Serve as Potential Biomarkers for Predicting Liver Inflammation and

86


http://support.minitab.com/en-us/minitab/17/topic-library/basic-statistics-and-graphs/hypothesis-tests/tests-of-means/what-is-the-standard-error-of-the-mean/
http://www.unaids.org/en/resources/documents
http://www.who.int/mediacentre/factsheets/fs360/en/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4349753/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palella%20FJ%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=16878047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=16878047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moorman%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=16878047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chmiel%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=16878047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wood%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=16878047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4349753/

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.
29.
30.
3L
32.
33.

34.

35.

Engineering Letters || ISSN 1816-0948 || VOL_17 ISSUE_02 2026

Fibrosis in Chronic Hepatitis B Patients With Normal to Mildly Elevated Aminotransferases. Medicine
2015; 94: €2003.

Kang W, Li Y, Zhuang Y, Zhao K, Zhao K, Huang D, Sun Y. Dynamic analysis of Th1/Th2 cytokine
concentration during antiretroviral therapy of HIV-1/HCV co-infected Patients. BMC Infect Dis 2012;
12:102.

Spear GT, Alves ME, Cohen MH, Bremer J, Landay AL. Relationship of HIV RNA and cytokines in saliva
from HIV-infected individuals. FEMS Immunol Med Microbiol 2005; 45: 129-136.

Osakwe CE, Bleotu C, Chifiriuc MC, Grancea C, Otelea D, Paraschiv S, Petrea S, Dinu M, Baicus C,
Streinu-Cercel A, Lazar V. TH1/TH2 cytokine levels as an indicator for disease progression in human
immunodeficiency virus type 1 infection and response to antiretroviral therapy. Rom. Arch. Microbiol.
Immunol 69: 2010; 24-34.

de Medeiros RM, Valverde-Villegas JM, Junqueira DM, Graf T, Lindenau JD, de Mello MG, Vianna P,
Almeida SEM, Chies JRB. Rapid and Slow Progressors Show Increased IL-6 and IL-10 Levels in the Pre-
AIDS Stage of HIV Infection. PLoS One 2016; 11: e0156163.

Bahbouhi B, Landay A, Al-Harthi L. 2004. Dynamics of cytokine expression in HIV productively infected
primary CD4+ T cells. Blood 103: 4581-4587.

Roberts L, Passmore Jas, Williamson C, Little F, Bebell Lm, Mlisana K, Burgers Aw , Loggerenberg FV,
Walzl G, Siawaya JFD, Karim QA and Karim SSA. Plasma cytokine levels during acute HIV-1 infection
predict HIV disease progression. AIDS2010; 24:819-31.

Williams A, Steffens F, Reinecke C, Meyer D. The Th1/Th2/Thl7 cytokine profile of HIV-infected
individuals: a multivariate cytokinomics approach. Cytokine 2013; 61: 521-526.

Nittayananta W, Amornthatree K, Kemapunmanus M, Talungchit S, Sriplung H. 2014. Expression of oral
cytokines in HIV-infected subjects with long-term use of antiretroviral therapy. Oral Dis 20: e57-64.
Katsikis PD, Mueller YM, Villinger F. The cytokine network of acute HIV infection: a promising target for
vaccines and therapy to reduce viral set-point? PLoS Pathog 2011; 7: e1002055.

Akcam FZ, Tigli A, Kaya O, Ciris M, Vural H. Cytokine levels and histopathology in chronic hepatitis B
and chronic hepatitis C. J interferon cytokine Res 2012; 32: 570-574.

Lian JQ, Yang XF, Zhao RR, Zhao YY, Li Y. Expression profiles of circulating cytokines, chemokines and
immune cells in patients with hepatitis B virus infection. Hepat Mon 2014; 14: 18892,

Galun E, Axelrod JH. The role of cytokines in liver failure and regeneration: potential new molecular
therapies. BBA 2002; 1592: 345-358.

Seki E, Schwabe R. Hepatic inflammation and fibrosis: functional links and key pathways. Hepatology
2015; 61: 1066-1079.

Liu Q. Role of cytokines in the pathophysiology of acute-on-chronic liver failure. Blood Purifi 2009; 28:
331-341.

Cosgrove BD, King BM, Hasan MA, Alexopoulos LG, Farazi PA Hendriks BS, Griffith LG, Sorger PK,
Tidor B, Xu JJ, Lauffenburger DA. Synergistic drug-cytokine induction of hepatocellular death as an in
vitro approach for the study of inflammation-associated idiosyncratic drug hepatotoxicity. Toxicol Appl
Pharmacol 2010; 237: 317-330.

Ministry of Public Health. 2014. National guideline of the prevention and management of HIV in
Cameroon. Page 90

http://www.ifcc.org/media/412784/S5/

http://www.spinreact.com/en/products/clinical_chemistry.html/

Osakunor D, Obirikorang C, Fianu V, Asare |, Dakorah M. Hepatic Enzyme Alterations in HIV Patients on
Antiretroviral Therapy: A Case-Control Study in a Hospital Setting in Ghana. PLOS ONE 2015; 10(8)
e0134449

Fokunang CN, Banin AN, Kouanfack C, Ngogang JY. Evaluation of hepatotoxicity and nephrotoxicity in
HIV patients on highly active anti-retroviral therapy. J AIDS HIV Res 2010; 2(3): 048-057.

Ayelagbe OG, Akerele OP, Onuegbu, AJ, Oparinde DP. Drug Hepatotoxicity in HIV Patients on Highly
Active Antiretroviral Therapy [HAART] in Southwest Nigeria. IOSR-JDMS 2014;13:67-70.

Wambani JR, Ogola PE, Arika WM, Rachuonyo HO, Kemboi NG, Lihana R and Burugu MW. Anti-
Retroviral Drug Hepatotoxicity and Risk Factors in HIV Patients with or Without Hepatitis B and C: A
Review. J Infect Dis Ther 2015; 3:258.

Gongalves RM, Scopel KKG, Bastos MS, Ferreira MU. Cytokine Balance in Human Malaria: Does
Plasmodium vivax Elicit More Inflammatory Responses than Plasmodium falciparum? PLoS ONE 2012; 7:
244394,

87


https://www.ncbi.nlm.nih.gov/pmc/journals/36/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paraschiv%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21053781
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petrea%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21053781
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dinu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21053781
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C4%83icu%C5%9F%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21053781
https://www.ncbi.nlm.nih.gov/pubmed/?term=Streinu-Cercel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21053781
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laz%C4%83r%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21053781
http://www.ifcc.org/media/412784/S5
http://www.spinreact.com/en/products/clinical_chemistry.html

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51

52.

53.

54.

55.
56.

Engineering Letters || ISSN 1816-0948 || VOL_17 ISSUE_02 2026

Noone C, Parkinson M, Dowling DJ, Aldridge A, Kirwan P, Molloy SF, Asaolu SO, Holland C, O'Neill SM.
Plasma cytokines, chemokines and cellular immune responses in pre-school Nigerian children infected with
Plasmodium falciparum. Malar J 2013; 12: 5.

Ngala RA, Opoku D, Asare G. Effects of HIV infection and HAART on the liver of HIV patients. Trends
med res 2015; 10(1):1-11

Wenderlein D, Scarcella P, Zimba I, Luhanga R, Mancinelli S, Marazzi MC, Buonomo E,Orlando S,
Palombi L and Liotta G . Antiretroviral Treatment-Associated Hepatotoxicity and Anemia in Patients
Receiving Stavudine or Zidovudine Containing Regimens in Sub-Saharan African Settings. J AIDS Clin Res
2016; 7: 537.

Alsalhen K, Abdalsalam R. Effect of cigarette smoking on liver functions: a comparative study conducted
among smokers and non-smokers male in El-beida City, Libya. ICPJ 2014, 3(7): 291-295

Abdul-Razaq S, Ahmed B. Effect of cigarette smoking on liver function test and some other related
parameters. Zanco J Med Sci 2013; 17(3):556-562.

Jang E, Jeong S, Hwang S, Kim H, Ahn S, Lee J, Lee SH , Park YS , Hwang JH , Kim JW , Kim N and Lee
DH. Effects of coffee, smoking, and alcohol on liver function tests: a comprehensive cross-sectional study.
BMC Gastroenterology 2012; 12(145)

Park E, Lim M, Oh J, Cho H, Bae M, Yun EH, Kim D, Shin HR. Independent and Supra-Additive Effects of
Alcohol Consumption, Cigarette Smoking, and Metabolic Syndrome on the Elevation of Serum Liver
Enzyme Levels. PLoS ONE2013; 8(5):e63439.

Niemeld O, Alatalo P. Biomarkers of alcohol consumption and related liver disease. Scand J Clin Lab
Invest 2010; 70(5):305-312.

Abongwa LE, Anthony KN, Nantia A, Stanley S, Vera N, Balan H, Fokunang C,Torimiro J and OkemoP.
Hepatotoxicity and Anaemia Co-morbidity in TreatedHIV Patients in Fundong Subdivision in theNorthwest
Region of Cameroon.Microbiology Research Journal International 2017;18(5):1-10.

Hamza M, Maifada Y, Mijinyawa M, Muhammad B, Musa B, Nalado A, Mijinyawa M, Muhammad B,
GarbaH . Prevalence and risk factors for hepatotoxicity among patients with HIV/AIDS on highly active
antiretroviral therapy in North-Western Nigeria. Sub-Saharan Afr J Med 2014, 1(4):175.

Clark R. 2008. Considerations for the antiretroviral management of women in 2008. Womens Health
(Lond) 4(5): 465-477.

Sterling R, Chiu S, Snider K, Nixon D. The Prevalence and Risk Factors for Abnormal Liver Enzymes in
HIV-Positive Patients without Hepatitis B or C Coinfections. Dig Dis Sci 2007; 53(5):1375-1382.
Wondemagegn M, Bokretsion G, Ambahun C, Genetu A, Bayeh A. Hepatotoxicity and associated risk
factors in HIV-infected patients receiving antiretroviral therapy at Felegehiwot referral hospital,
Bahirdar, Ethiopia. Ethiop J Health Sci 2013, 23(3):217-226

Navarro VJ, Barnhart H, Bonkovsky HL, Davern T, Fontana RJ. Liver injury from herbals and dietary
supplements in the U.S. Drug-Induced Liver Injury Network. Hepatology 2014, 60:1399-1408.

Jaeschke H, Gores GJ, Cederbaum Al, Hinson JA, Pessayre D, Lemasters J, Hinson JA. Mechanisms of
Hepatotoxicity. Toxicological sciences 2002,65, 166—176

Meira DA, Almeida RAMB, Barbosa AN, de Souza LR, Olivo T Henriques RMS, Golim MA, Araujo Jr JP,
Nagoshi LR, Orikaza CM, Calvi SA. Assessment of cytokine values in serum by RT-PCR in HIV-1 infected
individuals with and without highly active antiretroviral therapy (HAART). J. VenomAnim Toxins incl Trop
Dis 2008; 14: 685-702.

Kaur R, Dhakad MS, Goyal R, Bhalla P, Dewan R. Study of TH1/TH2 Cytokine Profiles in HIV/AIDS
Patients in a Tertiary Care Hospital in India. J Med Microb Diagn 2016; 5: 214.

Hoffmann CJ, Charalambous S, Martin DJ, Innes C, Churchyard GJ, Chaisson RE, Grant AD, Fielding
KL, Thio CL. Hepatitis B Virus Infection and Response to Antiretroviral Therapy. ART in a South African
ART Program. Clin Infect Dis 2008; 47: 1479-1485.

Neuman MG, Maor Y, Nanau RM, Melzer E, Mell H, Opris M, Cohen C, and MalnickS. Alcoholic Liver
Disease: Role of Cytokines. Biomolecules 2015; 5: 2023-2034

Zhang L, Wang X. 2006. Interleukin-10 and chronic liver disease. World J Gastroenterol 12: 1681-1685
Hileman CO, Kinley B, Scharen-Guivel V, Melbourne K, Szwarcberg J, Robinson J, Lederman MM,
Mccomsey GA. Differential Reduction in Monocyte Activation and Vascular Inflammation With Integrase
Inhibitor—Based Initial Antiretroviral Therapy Among HIV-Infected Individuals. J Infect Dis?2015;
212:345-54

88


https://www.ncbi.nlm.nih.gov/pubmed/?term=Molloy%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=23294670
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asaolu%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=23294670
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holland%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23294670
https://www.ncbi.nlm.nih.gov/pubmed/?term=O'Neill%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23294670
https://www.ncbi.nlm.nih.gov/pubmed/?term=Navarro%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=25043597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barnhart%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25043597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonkovsky%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=25043597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davern%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25043597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fontana%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=25043597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffmann%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Charalambous%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Innes%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Churchyard%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaisson%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fielding%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fielding%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thio%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=18937580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Opris%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26343741
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26343741
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malnick%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26343741
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25583168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lederman%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=25583168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mccomsey%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=25583168
https://www.ncbi.nlm.nih.gov/pubmed/25583168

57.

58.

59.

60.

61.

62.

63.

Engineering Letters || ISSN 1816-0948 || VOL_17 ISSUE_02 2026

Maek ANW, Buranapraditkun S, Klaewsongkram J, Ruxrungtham K. Increased interleukin-17 production
both in helper T cell subset Th17 and CD4-negative T cells in human immunodeficiency virus infection.
Viral Immunol 2007;20: 66-75.

Yue FY, Merchant A, Kovacs CM, Loutfy M, Persad D, Ostrowski MA. Virus-specific interleukin-17-
producing CD4+ T cells are detectable in early human immunodeficiency virus type 1 infection. J Virol
2008; 82: 6767-771.

Ndhlovu LC, Chapman JM, Jha AR, Snyder-Cappione JE, Pagan M, Leal FE, Boland BS, Norris PJ,
Rosenberg MG, and NixonDF. Suppression of HIV-1 plasma viral load below detection preserves IL-17
producing T cells in HIV-1 infection. AIDS 2008; 22: 990-92.

Stylianou E, Aukrust P, Kvale D, Mdller F, Froland SS. IL-10 in HIV infection: Increasing serum IL-10
levels with disease progression-down-regulatory effect of potent anti-retroviral therapy. Clin Exp Immunol
1999; 116:115-20.

Hawrylowicz CM, O’Garra A. “Potential role of interleukin-10-secreting regulatory T cells in allergy and
asthma”. Nat Rev Immunol 2005; 5: 271-283

Kawaratani H, Tsujimoto T, Douhara A, Takaya H, Moriya K, Namisaki T, Noguchi R, Yoshiji H, Fujimoto
M, and Fukui H. The effect of inflammatory cytokines in alcoholic liver disease. Mediators Inflamm
2013;2013:495156.

Tudela EV, Singh MK, Lagman M, Ly J, Patel N, Ochoa C and Venketaraman V. Cytokine Levels in
Plasma Samples of Individuals with HIV Infection. Austin J Clin Immunol 2014;1: 1003.

89


https://www.ncbi.nlm.nih.gov/pubmed/?term=Maek-A-Nantawat%20W%5BAuthor%5D&cauthor=true&cauthor_uid=17425422
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buranapraditkun%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17425422
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klaewsongkram%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17425422
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruxrungtham%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17425422
https://www.ncbi.nlm.nih.gov/pubmed/17425422
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ostrowski%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=18434403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leal%20FE%5BAuthor%5D&cauthor=true&cauthor_uid=18453860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boland%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=18453860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norris%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=18453860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenberg%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=18453860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nixon%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=18453860

