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Human Immunodeficiency Virus (HIV) has emerged as one of the most devastating
human pandemics with significant morbidity and mortality. A plethora of
physiological factors including haematological status, immunological response, renal
and liver enzymes, sex hormones, vitamin and mineralogical status play significant
role in determining the HIV infection progression and effect of anti-retro viral therapy
(ART). The present study aims to investigate the overall physiological status in HIV
infected individuals prior to ART. The study was conducted as a quasi-experimental
study where HIV infected males and females at Stage I and III of HIV were assessed
for their CD4 count, IL-6 content, biochemical, heamatological, immunological,
hormonal and Vitamin D functions. Marked variations were noticed in majority of the
study variables when compared with the standard defined values. Statistical significant
results were obtained in case of total RBCs content and platelet distribution width
(PDW) when compared within the disease stages along with increasing trend of few
variables with disease progression. It is believed that baseline assessment of
physiological parameters prior to treatment initiation will provide greater
understanding of disease progression with better treatment outcomes.

Introduction
HIV infection has emerged as one of the most
devastating human pandemics with significant
morbidity and mortality. However, with the
advent of antiretroviral therapy (ART) the
course of this pandemic is remarkably altered
therefore enhancing the survival of millions
of HIV positive people (Günthard, et al.,
2016; Broder, 2010; Bor, et al., 2013,
Ndirangu, et al., 2010). It is estimated that
more than 70% of the HIV infected people
will be aged more than 50 years by 2030

(Gayle, and Hill, 2001; Weiss,2003).
Although
antiretroviral
therapy
has
transformed the HIV infection status from
non-curable to treatable and manageable,
complications associated with the disease
course and appearance of associated comorbid conditions still remains a concern for
people living with HIV.
A plethora of physiological factors such as
liver function analysed through the enzymatic
activity, thyroid function, HIV viral load,
immunological status, male and female
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gonadal function, hematologic status, and
cellular injury play significant role in
determining the HIV infection progression
and effect of ART (Barroso, Carlson and
Meynell, 2003). For instance, haematological
abnormalities such as anaemia have been
correlated with the progression of HIV
infection as well as increased morbidity and
mortality of HIV
infected patients
(Munyazesa, et al., 2012). Similarly, overexpression of IL-6 cytokine has been linked
with HIV infection which further contributes
to the B-cell activation (Breen, et al., 1990).
Low
levels
of
testosterone
and
dehydroepiandrosterone
(DHEA)
were
reported to be associated with disease
progression in people with HIV infection
(Wong, et al., 2017). Hypo-vitaminosis D
islinked with the exacerbated inflammation
and immune response and low peripheral
blood CD4+ T-cells in HIV patients resulting
in rapid disease progression and short survival
time for HIV-infected patients (JiménezSousa, et al., 2018). On the contrary,
increased Vitamin D content and Vitamin D
Receptor (VDR) expression were linked with
the natural resistance to HIV-1 infection.

stages and were naïve to HAART were duly
recruited and registered in the study. Inclusion
criteria
for
participants
were
HIV
seropositive, naïve ART, adults with
documented gender and date of birth, no
previous history of enrolling in ART clinical
studies, and voluntarily ready to give a signed
informed consent. The exclusion criteria
include pregnant women, nursing mothers,
age less than 18 years and non-consenting
HIV patients.
Blood collection was done to perform CD4
count, IL-6, biochemical, heamatological,
immunological, hormonal and Vitamin D
analysis using automated analyzers. Data was
analyzed using Graph prism pad software
version 8 and mean value plus SEM was
calculated for each variable. The statistical
output was obtained using One Way ANOVA
followed by Posthoc analysis through Tukey’s
test. Correlation coefficient was determined
using Pearson’s correlation test. P value less
than 0.05 was considered as significant.
Results and Discussion
CD4 count and IL-6 levels in HIV patients

Considering the importance of multiple
physiological variables in the disease
progression as well as treatment outcomes,
assessment of the status of these parameters
before starting the ART may provide great
benefits to the clinicians in designing best
treatment strategies for improved output. The
present study aims to assess the status of
different physiological parameters at two
different stages of HIV infection (Stage 1 and
Stage 3) prior to ART among males and
females HIV patients.
Materials and Methods
The study was conducted as a quasiexperimental study with due approval from
Institutional Ethical Committee (XXXXXX).
HIV positive patients at different disease

A total of 17 male and 14 females’ samples
were analyzed from Stage 1 whereas 18 male
and 13 female samples were studied from
Stage 3. In Stage 1 HIV patients, the mean
age of males and females were 37.29 ± 12.31
and 30.57 ± 9.64 years whereas in stage 3
HIV it was 32.39 ± 11.48 and 30.69 ± 9.99
years respectively. Figure 1 demonstrated the
CD4+ count at Stage 1 and 3. In both the
stages an overall decrease in the CD4 count
from normal range of 500 – 1500 per cubic
mm was noticed however, no significant
differences were obtained in comparison with
each other. While in males a decreasing trend
in CD4 count was noticed when compared
between Stage 1 and 3, interestingly vice a
versa was noticed in case of females.
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Alterations in IL-6 levels at Stage 1 and Stage
3 of HIV were represented in Figure 2. In
comparison to the reported normal range of
IL-6 (5-15 pg/mL), a sharp over expression of
IL-6 content was noticed in both the stages of
HIV males and females, however alike CD4
this difference was statistically nonsignificant when compared among each other.
Further, while in males an increased IL-6
expression was found both in comparison to
females as well as at Stage 3 in comparison to
Stage 1, no major changes were observed in
case of females.
Hematological Status in HIV patients
Differences in hematological cells status at
Stage 1 and 3 of HIV prior to ART are
demonstrated in Table 1. An overall decrease
in hemoglobin content was noticed in males
and females at both disease stages when
compared with the standard normal range.
However, there was no significant difference
in haemoglobin content among the Stage 1
and 3 males and females.
In case of total Red Blood Cells (RBCs)
content, while in males an overall reduced
content was noticed at both disease stages
when compared with standard normal range
(4.7-6.1million cells/L), it was found to be
within standard normal range (4.2-5.4 million
cells/L) among females. The statistical
analysis shows significant decrease in total
RBC content between male at stage 3 HIV
and females at stage 1 HIV pre-ART
(##P<0.01) and male vs female at stage 3 HIV
($$P<0.01). Unlike RBCs content, the
associated red blood cell indices - mean
corpuscular hemoglobin (MCH) and mean
corpuscular
hemoglobin
concentration
(MCHC) showed no deviation either in
comparison to the standard range or within
the study groups. However, another
associated red blood index, mean corpuscular
volume (MCV) showed an overall marginal

decrease from standard normal range of 8096fL/red cell, however no statistical
significant changes were recorded within the
study groups. Another parameter among the
RBC test include Red Cell Distribution Width
(RDW) showed no deviations both in case of
standard values as well as within study
groups.
The standard normal value of Total
Leukocyte Count (TLC) is 4000 – 11000 per
microliter. While an overall elevated TLC
content was found among males at both
disease stages, marked reduction was noticed
between Stage 1 and Stage 3. In case of
females, while in Stage 1 remarkable increase
in the TLC content more than the standard
range was found, it was decreased at Stage 3.
Further, in males much higher TLC was seen
in both disease stages when compared with
females, however no statistical significance
was obtained in any of the cases. Similarly, an
acute overall loss of neutrophils, lymphocytes
and eosinophils count was noticed at all
disease stages when compared with standard
values indicating the disease progression.
However, it was found to be statistically
insignificant when compared between Stage 1
and 3 HIV males and females. On the
contrary, platelet count was found to be
within standard normal range of 1.5 – 4.5
Lakh/ul in all the groups. Although, no
statistical significant difference was obtained,
a clear reduction in the platelet content with
disease progression was noticed both in case
of males and females naïve HIV patients.
Alike platelet count, similar trend was noticed
in Platelet Distribution Width (PDW) with all
values lying within standard range of 8.3 – 25
fL. Further, a marginal reduction was also
noticed with disease progression with
significant statistical difference between
Stage 1 male and Stage 3 female. While no
major deviations were noticed in Mean
Platelet Volume (MPV) values both in terms
of standard values as well as within the
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disease stage, partial increase in Large
Platelet Concentration Ratio (LPCR) content
was noticed with disease progression among
male and female HIV patients. However,
none of the variables showed statistical
significant difference. In case of PCT, an
overall increase was noticed when compared
with standard range of 0.15 – 0.62%, albeit no
major differences between the study groups.
Vitamin D and Sex Hormones Content in
HIV naïve patients
Figure 3 illustrated the status of Vitamin D
levels in males and females HIV patients at
Stage 1 and Stage 3. Irrespective of the
disease status, Vitamin D levels were noticed
to be deficient in both males and females
when compared with the defined ranges
where < 20 ng/mL is considered to be
deficient. Further, no statistical significant
differences were seen when compared
between gender or disease level.
Level of estrogen and testosterone in female
and male HIV patients respectively showed
no significant changes when compared
between Stage 1 and Stage 3 of HIV disease
(Figure 4).
Biochemical parameters in HIV naïve
patients
Table 2 represented the biochemical tests
outcomes assessed in HIV naïve patients at
Stage 1 and 3. The general renal functioning
was assessed through uric acid, urea, protein,
albumin and creatinine. No significant
deviations were noticed in case of albumin
and creatinine both in terms of standard
normal range as well as within the studies
groups. On the contrary, while protein content
was found to be slightly elevated, marked
increase in urea and uric acid was noticed
when compared with the normal standard
range. However, no statistical significant

differences were obtained in any of the renal
parameters.
The liver functioning among HIV naïve
patients were assessed through bilirubin,
serum glutamate oxaloacetate transaminase
(SGOT),
serum
glutamic
pyruvate
transaminase
(SGPT)
and
alkaline
phosphatase (ALP) enzymes. While the total
bilirubin content was found to be within the
normal standard range of 0.1-1.2mg/dL,
marked increase was noticed in direct
bilirubin measurement when compared with
standard value which is less than 0.3 mg/dL.
Marked elevation in SGOT and ALP content
was noticed when compared with standard
defined values. Further, elevation in these
enzymes were observed with disease
progression both in males and females in case
of ALP whereas in males only in case of
SGOT. On the contrary, SGPT levels were
found to be within normal standard range of
7-56 units/L serum, except for Stage 3 HIV
males where a nominal increase in enzyme
activity was found. However, similar to renal
functioning assays no statistical significant
differences were obtained in any of the liver
enzymes activity.
An overall elevated triglycerides level was
recorded in HIV naïve patients when
compared with the normal value which is less
than 150 mg/dL. An increase in their levels
was recorded with disease progression,
however no statistical significant changes
were found. In case of plasma glucose level
also no deviations both in terms of normal
range as well as within the groups were
noticed.
Correlations
Significant associations between CD4 count,
Vitamin D, sex hormones, hematological, and
biochemical parameters at different HIV
stages in male and female HIV patients were
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also studied using Pearson’s correlation. In
females who were at Stage 1 of HIV, a single
negative correlation between eosinophils and
direct bilirubin content (r = 0.680, p =
0.00744) was obtained.
However, in case of males at Stage 1 of HIV
several correlations were obtained. Positive
association was obtained between IL-6 and
SGOT (r=0.798, p=0.0001), PCT and direct
bilirubin (r=0.523, p=0.031), SGOT and urea
(r=0.738, p=0.0007). On the contrary,
negative correlation was found between
hemoglobin and ALP (r= - 0.507, p = 0.037,
eosinophil and direct bilirubin (r= - 0.502, p =
0.040).Similarly, in females who were at
Stage 3 of HIV, negative correlation was
obtained between CD4+ count and urea (r = 0.607, p = 0.028).On the contrary, positive
correlation was found in between eosinophils
content and MCV (r =0.785, p = 0.001).
In males who were at Stage 3 of HIV, a total
of 7 positive correlations were found. The
PCT values were positively correlated to
direct bilirubin content as well as to the urea
with r = 0.599, p = 0.008 and r = 0.687, p =
0.0016 respectively. Direct bilirubin content
was positively correlated to Uric acid and
urea content with r = 0.548, p = 0.018 and r =
0.602, p = 0.008 respectively. SGPT was
positively correlated with urea and
triglycerides with r = 0.524, p = 0.026 and r =
0.631, p = 0.005 respectively. SGOT was
positively correlated with urea (r = 0.770, p =
0.0002). On the other side, a total of 3
negative correlations between total RBCs and
SGOT (r = - 0.666, p = 0.002), SGPT (r = 0.679, p = 0.0019) and Urea (r = -0.735, p =
0.0004).
The present study demonstrated the
physiological status of HIV naïve males and
females at Stage 1 and Stage 3 of HIV.
According to the WHO clinical classification,
HIV can be categorized into four stages viz.

Stage I (asymptomatic with persistent
generalized lymphadenopathy), Stage II
(unexplained
weight
loss,
recurrent
respiratory tract infections and oral ulceration,
herpes zoster, angular cheilitis, popular
pruritic eruptions, seborrhoeic dermatitis, and
fungal nail infections), Stage 3 (unexplained
severe weight loss, chronic diarrhea,
persistent fever and oral candidiasis, oral
hairy leukoplakia, pulmonary tuberculosis,
severe bacterial infections, acute necrotizing
ulcerative
stomatitis,
gingivitis
or
periodontitis, unexplained anaemia (<8 g/dl),
neutropaenia (<0.5 × 109 per litre), and/or
chronic thrombocytopaenia (<50 × 109 per
litre); Stage IV (HIV wasting syndrome;
pneumocystis and bacterial pneumonia,
herpes infection, oesophageal candidiasis,
extrapulmonary
tuberculosis
and
cryptococcosis,
Kaposi’s
sarcoma,
cytomegalovirus infection, central nervous
system
toxoplasmosis,
non-tuberculous
mycobacterial
infection,
multifocal
leukoencephalopathy,
chronic
cryptosporidiosis and isosporiasis, mycosis
and septicaemia, lymphoma and invasive
cervical carcinoma, leishmaniasis, HIVassociated nephropathy, cardiomyopathy,
encephalopathy) (WHO, 2006).
In the present study an overall decrease in the
CD4 count was noticed in males and females
HIV patients at both the stages, however there
was no significant difference between them.
Role of CD4 cell count as a marker in the
assessment of patient’s immune status,
prognosis of disease progression, life
expectancy or mortality as well as ART
treatment and its adherence is widely reported
(Eholie, et al., 2016; Hogg, et al., 2001;
Johnson, et al., 2013; Bock, et al., 2016). In
case of ART treatment initiation, two large
randomized trials together with recent WHO
guidelines revealed that early administration
of ART at CD4 cell counts above 500 can
effectively reduce
HIV
transmission,
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morbidity and mortality (Lundgren, et al.,
2015; Danel, et al., 2015; Cohen, et al., 2016;
World Health Organization, 2015). In the
present study, CD4 count ranges from 343 –
436 thereby indicating the eligibility for
treatment initiation. Further, the present
results also demonstrated the higher CD4
count in females at least in Stage 3 on one
side and faster of CD4 cells in males
suggesting enhanced disease progression in
males. This is in corroboration with previous
published reports where females were
reported to have higher mean CD4 cell count
than the males (Torpey, et al., 2009;
Baveewo, et al., 2011).
Marked over expression of IL-6 content was
noticed in both the stages of HIV males and
females when compared with standard normal
values, however alike CD4 this difference
was statistically non-significant when
compared among each other. Similar
outcomes were reported in previous studies
with significant increase in plasma IL-6 levels
in HIV seropositive patients in comparison to
seronegative individuals (de Medeiros, et al.,
2016; Mugwe, et al., 2016). Increased IL-6
expression in HIV naïve patients has been
attributed to the increased availability of HIV
particles in the pre-HAART stage and is
already been associated with morbidity,
mortality and development of opportunistic
infections (Lafeuillade, et al., 1991; Duprez,
et al., 2012; Kuller, et al., 2008; Fuster, et al.,
2014).
Another study outcome was an increased IL-6
expression in males when compared with
females and within Stage 1 and 3, however no
major changes were observed in case of
females. This could be justified with another
study finding where significant increase in IL6 levels with time was found in HIV naïve
patients whose CD4 count decreases more
progressively than with relatively stable CD4

count (de Medeiros, et. al., 2016). In our case,
we have seen that males have much higher
rate of CD4 count decrease and IL-6 level
increase than females further suggesting
higher disease progression rate.
Cytopenias are widely evident in HIV
condition with further disease progression. In
the present study, aneamic conditions as
evident by reduced haemoglobin and RBCs
content was found in HIV naïve males and
females at both disease stages when compared
with the standard normal range. This is in
accordance with previous reports where
anemia is reported to be one of the most
prevalent cytopenias associated with HIV
(Igbeneghu, et al., 2014).
Further, lack of gender difference was
observed in case of haemoglobin loss and
microcytic anemia suggesting iron deficiency
as not the primary cause of anemia in the
present study population. However, converse
to the majority of previous studies, the present
study found more RBCs loss in males when
compared to females, further justifying the
association between prevalence of anemia
with the degree of immunosuppression
(Igbeneghu, et al., 2014; Bleyere, et al., 2013;
Sullivan, et al., 1998; Akinbami, et al., 2010;
Masaisa et al., 2011).
In case of White Blood Cells (WBCs) status,
although an overall marked elevation in TLC
content was found at both disease stages, it was
found to be reduced with disease progression.
This is in accordance with previous published
reports where high WBCs content was revealed
in HIV naïve patients (Ratnam, et al., 2017).
Further, an overall decrease in neutrophils
(neutropenia), lymphocytes (lymphopenia), and
eosinophils were noticed in the study which is
in concomitance with previous studies (Fekene,
et al., 2018; Kusfa, et al., 2017; Katemba, et al.,
2018).
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Table.1 Comparative Analysis of Red Blood Cell and White Blood Cells Indices among Stage 1
and 3 male and female patients prior to ART
Hematological Parameters
Haemoglobin (g/dL)
Total RBC count (millions/L)
MCV (fL/red cell)
MCH (pg/red cell)
MCHC (g/dL)
RDW (%)
RDWA
TLC (per µL)
Neutrophils (mm3)
Lymphocytes (per µL)
Eosinophils (per µL)
Platelet Count (Lacs per µL)
PDW (fL)
MPV (fL)
LPCR
PCT (%)

Stage 1
Male
Female
11.42 ± 2.31
10.64 ± 1.73
4.24 ± 0.67
4.71 ± 0.5
74.86 ± 8.49
74.16 ± 5.22
26.87 ± 2.80
27.26 ± 2.96
35.01 ± 1.99
34.08 ± 0.75
13.65 ± 2.10
12.85 ± 1.24
63.24 ± 30
46.90 ±15.01
25947.06 ±
11157.14 ±
28304.84
19289.08
60.64 ± 9.17 60.36 ±10.83
32.66 ± 7.69 33.14 ±11.09
3.02 ± 2.16
2.64 ± 0.63
4.59 ± 12.00
2.12 ± 1.21
13.46 ± 2.35
12.04 ± 1.64
10.35 ± 1.23
10.91 ± 0.81
10.27 ± 6.13
10.58 ± 6.88
24.69 ± 10.48
29.10 ± 9.95

Stage 3
Male
Female
10.63 ± 1.78
11.75 ± 2.50
3.89 ± 0.64##
4.70 ± 0.72$$
76.15 ± 7.29
76.23 ± 8.89
27.08 ± 2.95
27.68 ± 2.92
34.04 ± 1.16
34.83 ± 1.24
14.03 ± 1.63
13.27 ± 1.33
58.84 ±25.51
59.14 ± 30.71
15500 ±
6738.46 ±
23866.66
1832.37
62.32 ± 6.92
65.69 ± 11.35
33.54 ± 8.07
33.62 ± 8.09
3.24 ± 2.93
3.15 ± 1.72
1.95 ± 1.12
1.96 ± 0.78
12.77 ± 2.12
11.40 ± 0.74*
10.41 ± 1.19
10.36 ± 1.27
12.42 ± 7.20
13.22 ± 8.68
25.13 ± 9.22
25.07 ± 11.73

Data represented as Mean ± SEM. Statistical analysis was performed using One Way ANOVA. *P<0.05 male at
stage 1 HIV and females at stage 3 HIV; ##P<0.01 male at stage 3 HIV and females at stage 1 HIV; $$P<0.01 male vs
female at stage 3 HIV

Table.2 Comparative Analysis of the biochemical tests data perform to study the renal function
among Stage 1 and 3 male and female patients prior to ART
Biochemical Parameters
Proteins (g/dL)
Albumin (g/dL)
Uric acid (mg/dL)
Urea (mg/dL)
Creatinine (mg/dL)
Bilirubin, Total (mg/dL)
Bilirubin, Direct (mg/dL)
Bilirubin, Indirect
SGOT (units/L serum)
SGPT(units/L serum)
Alkaline Phosphatase (IU/L)
Triglycerides (mg/dL)
Plasma Glucose Random
(mg/dL)

Stage 1
Male
Female
8.76 ± 1
8.61 ± 0.93
3.45 ± 0.64
3.42 ± 0.65
8.36 ± 1.73
7.30 ± 1.53
32.89 ±14.35
33 ± 5.76
1.1 ± 0.26
0.96 ± 0.41
0.64 ± 0.28
0.74 ± 0.35
0.49 ± 0.17
0.47 ± 0.17
0.39 ± 0.05
0.37 ± 0.11
47.35 ±29.27
46.64 ±23.83
46.62 ±29.11
36.14 ±14.97
451.41±320.76
296.54±263.80
223.91± 88.92
222.99± 99.55
99.85 ± 16.51
96.49 ± 37.32

Stage 3
Male
Female
8.46 ± 1.13
8.62 ± 0.94
3.46 ± 0.49
3.79 ± 0.52
7.67 ± 2.05
9.56 ± 7.63
40.73 ±16.28
31.55 ± 9.32
0.99 ± 0.37
0.79 ± 0.24
0.97 ± 0.54
0.67 ± 0.33
0.53 ± 0.21
0.44 ± 0.21
0.38 ± 0.07
0.39 ± 0.11
62.03 ±36.40
44.08 ± 18.18
58.03 ±36.27
49.71 ± 22.45
584.54±407.23
325.1±151.85
261.22±120.66
229.88±102.3
88.49 ± 14.42
98.55 ± 31.28

Data represented as Mean ± SEM. Statistical analysis was performed using One Way ANOVA. No statistical
differences was obtained
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Fig.1 Differences in CD4 count at Stage 1 and 3 in males and females
800

CD4 count (per cubic mm)

700

600
500

Male

400

Female

300
200

100
0
Stage 1

Stage 3

Data represented as Mean ± SEM. No statistical differences was obtained

Fig.2 Alterations in IL-6 levels at Stage 1 and 3 HIV males and females
450
400

IL-6 (pg/mL)

350
300

250

Male

200

Female

150
100
50
0
Stage 1

Stage 3

Data represented as Mean ± SEM. Statistical analysis was performed using One Way ANOVA. No
statistical differences was obtained

Fig.3 Status of Vitamin D levels in Stage 1 and 3 HIV males and females
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30
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Stage 3
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Data represented as Mean ± SEM. No statistical differences was obtained

Fig.4 Level of estrogen and testosterone in females and males HIV patients
respectively at Stage 1 and 3
900
800

700

ng/dL

600
500
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400

Stage 3

300

200
100
0
Estrogen (females)

Testosterone (Males)

Data represented as Mean ± SEM. No statistical differences was obtained
Biochemical parameters in HIV naïve patients

Neutropenia is majorly attributed to the HIV
induced suppression of bone marrow and
synthesis of antigranulocyte antibodies
leading to abnormal granulopoiesis and
decreased production of granulocyte colony
stimulating factor respectively (Kimura, et al.,
1990; Mauss, et al., 1997). In converse to the
previous studies, the present study reported
normal platelet counts in all disease stages
(Igbeneghu, et al., 2014; Munyazesa, et al.,
2012).
This finding is also in consonance with the
observation
that
the
prevalence
of
thrombocytopenia is independent of the
degree of immunosuppression and clinical
stage of HIV (Adewuyi, et al., 1999;
Akinbami, et al., 2010). The present study
also found an independent positive correlation
between eosinophils content and MCV
suggesting that HIV stage may significantly
contribute in hematological abnormalities
before treatment.
Irrespective of the disease status, the present
study
outcomes
demonstrated
hypo
vitaminosis D in both males and females
when compared with the standard range,

similar to the previous published studies.
These reports revealed insufficient to
deficient vitamin D levels in HIV-1 infected
individuals (Barbosa, Costa, Pinto, 2014;
Thacher, Clarke, 2011; Holick, et al., 2011).
Vitamin D deficiency in HIV infected
individuals were correlated with several
comorbidities and increased predisposition to
several disorders such as osteopenia,
osteoporosis, cardiovascular disease (CVD),
and diabetes mellitus
due to
its
immunomodulatory, anti-inflammatory, and
antimicrobial properties (Lake, Adams, 2011;
Prietl, et al., 2013; Radovic, et al., 2012;
Bander and Parczewski, 2012; Lai, et al.,
2013).
No significant changes in estrogen and
testosterone levels among female and male
HIV patients respectively were found in any
of the disease stage, converse to the previous
published reports where both sex hormones
were reported to be compromised with HIV
infection (Kumari, et al., 2018; Nkiruka, et
al., 2017; Aggarwal, et al., 2018). These
deviations may perhaps due to the disease
status as these studies showed linear
relationship between compromised sex
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hormones and disease status. Further, the
presence of normal estrogen levels in females
can in part explain the low disease status as
estrogen has been reported to be a potent
inhibitor of HIV transcription in latency
models and primary cells (Szotek et al., 2013;
Scully, 2018).
Research outcomes of the present study
demonstrated no significant deviations in
albumin and creatinine content on one side
whereas marked increase in urea and uric acid
was noticed on the other side when compared
with standard reference range. Further, while
in males an increase in urea content was
found with disease stage, similar trend was
noticed in case of uric acid among females.
In-addition, marginal elevation in protein
content was also noticed in all groups.
All these outcomes are in accordance with
recent published reports suggesting renal
insufficiency (Adeleke and Emokpae, 2019;
Devi, et al., 2019). Hyperuricemia has been
extensively reported in HIV infection and
indicates either renal insufficiency or body’s
adaptive mechanism to combat HIVassociated excessive free radicals generation
(Izzedine and Deray, 2007). Similarly,
elevated urea content suggest compromised
filtration process of kidney and pre-renal
uremia attributed either to high protein intake
or hyper catabolic states including muscle
wasting (Eneyew, et al., 2016; Bello, Onunu
and Erah, 2014). The present study further
noticed few independent associations between
urea and other disease covariates at Stage 3.
While in females a negative correlation was
obtained between CD4+ count and urea, in
males urea was positively and negatively
correlated with PCT and total RBCs
respectively.
The liver functioning outcomes of HIV naïve
patients revealed marked increase in direct
bilirubin, SGOT and ALP content at all
disease stages. Further, while ALP was found

to be elevated with disease progression both
in males and females HIV patients, this trend
was noticed among males in case of SGOT.
On the contrary, total bilirubin content and
SGPT was found to be within the normal
standard range in HIV-infected males and
females. These results are in concomitance
with previous published reports where HIV
serostatus was significantly associated with
liver damage markers (Dusingize, et al., 2015;
Agbecha and Ikyernum, 2018; Ebot, et al.,
2015). Multiple direct or indirect mechanisms
were reported to be involved in HIV
associated liver damage. Direct mechanisms
include HIV infection of hepatic cells such as
Kupffer cells, sinusoidal cells, hepatocytes,
hepatic stellate cells via CD4 independent
mechanisms
mainly
receptor-mediated
endocytosis, expression of alternative coreceptors, or hepatic cells apoptosis. Indirect
mechanisms involve HIV induced increased
permeability of bacterial endotoxins such as
lipopolysaccharide in GI tract which in turn
targets liver Kupffer cells. Together, this
results in chronic immune activation as well
as synthesis of pro-inflammatory cytokines by
Kupffer cells with consequent liver disease
progression as also indicated in this study
where ALP and SGOT was increased with
disease stage (review by Crane, et. al., 2012).
Further, liver damage due to indirect
mechanisms were reflected by several
correlations obtained in this study such as
increased direct bilirubin content with
decreased eosinophils amongst HIV infected
males and females at Stage I, positive
association between increased direct bilirubin
content with PCT in HIV infected males at
Stage I and III, and linear positive
relationship between IL-6 and SGOT level in
HIV infected males at Stage I. Further, the
present study also observed an independent
association between anaemia and high urea
content with liver damage markers in males at
both disease stages which may also be
perhaps driven by an increase in circulating
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inflammatory factors.
An overall increase in triglycerides level was
noticed among HIV naïve patients in this
study when compared with the standard
normal range with an increase with disease
progression. Lipid alterations including
elevated serum triglycerides are implicated in
literature among HIV naïve patients which
potentially gets increased with disease
progression.
This may be attributed to several factors such
as altered cytokine levels and steroid
hormones, decreased lipid clearance, and
increased hepatic synthesis of VLDL
(Grunfeld, et al., 1989; Nguemaïm, et al.,
2010; Grunfeld, et al., 1991; Grunfeld and
Feingold, 1992). The relationship between
liver damage and increased triglycerides
content was found in this study where SGOT
was positively correlated with triglycerides.
Further, the present study found normal
plasma glucose level in all study participants.
The major study limitations was the absence
of healthy controls as distinct changes were
found in most of the study variables when
compared with standard defined range,
however these cannot be proved statistically.
Another study limitation is the small sample
size which is not sufficient to reflect the
complete scenario of the HIV population.
Nevertheless, the study provides a glimpse of
the overall physiological status of HIV
patients at two disease stages and strongly
recommends future work in larger HIV
infected population in our country.
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