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Abstract
Background: Human Immunodeficiency Virus reduces immune status and diminishes haematological values causing
decreased or ineffective haematopoiesis in HIV-infected individuals.
Aim: To evaluate haematoimmunological, erythropoietic growth factor and virological status in HIV-patients.
Methodology: This study was carried out at Federal Teaching Hospital, Ido-Ekiti. One hundred samples each were collected
from HIV positive subjects on ART and ART-naïve, one hundred samples were collected from apparently healthy individuals as
control. Six milliliters of whole blood were collected from each subject; 3mls of whole blood was dispensed into K2EDTA bottle
for immediate analysis of haematological parameters using haematology analyzer, CD4 and CD8 count were analyzed using
flow cytometer. The remaining 3ml of blood was dispensed into plain bottle, serum was extracted for erythropoietin analysis
using enzyme-linked immunosorbent assay technique and viral load using polymerase chain reaction.
Results: Mean values of RBC indices CD4, CD4/CD8, EPO, TWBC and LYM among ART-naïve were significantly lower (p<0.05)
compared to ART and control subjects. Mean values of CD8, VL, NEU, MONO, EOSIN and BASO in ART-naïve were significantly
higher (p<0.05) compared to ART and control subjects.
Conclusion: HIV infection suppresses erythropoietic growth factor, haematoimmunological, and virological parameters as
observed in the study. However, there is an improvement in HIV subjects on ART compared with ART-naïve, this suggested that
there is positive response to antiretroviral therapy in HIV patients.
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Abbreviations: HCT: Haematocrit; LYM: Lymphocytes;

NEU: Neutrophlis; MONO: Monocyte; EOSIN: Eosinophil;
BASO: Basophil; EPO: Erythropoietin; VL: Viral Load; CD4:
Cluster Of Differentiation 4; CD8: Cluster Of Differentiation
8; MCV: Mean Cell Volume; MCH: Mean Cell Haemoglobin;
MCHC: Mean Cell Haemoglobin Concentration; RDW: Red
Cell Distribution Width;, HB: Haemoglobin Concentration;
RBC: Red Blood Cell; TWBC: Total White Cell Count; K2EDTA:

Di-Potassium Ethylene Enthylene-Diamine Tetra-Acetic Acid;
SD: Standard Deviation: ART: Antiretroviral Therapy.

Introduction

The amount of Human Immunodeficiency Virus (HIV)
in the blood (specifically the number of copies of HIVRNA) is called viral load. Human Immunodeficiency Virus
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(HIV) infection reduces immune status and diminishes
haematological values causing decreased or ineffective
haematopoiesis in HIV-infected individuals [1]. Viral load
represents how quickly HIV is replicating, when people are
first infected with HIV infection, the HIV viral load increases
rapidly [2] after about 3 to 6 months, even without treatment,
it drops to a lower level, which remains constant, called the
set point. HIV-RNA viral load indicates how contagious the
infection is, how fast the CD4 count is likely to decrease and
how fast symptoms are likely to appear [3]. During successful
treatment, the viral load decreases to very low or undetectable
levels (less than about 20 to 40 copies per microliter of blood).
However, inactive (latent) HIV infection is still present within
cells and if treatment is stopped, HIV starts replicating and
the viral load increases. An increase in the viral load during
treatment may indicate that HIV has developed resistance
to drug treatment; the person is not taking the prescribed
drugs or both [4]. Absolute CD4+ lymphocytes are a primary
target of the human immunodeficiency virus (HIV), which
helps to determine how well the immune system can protect
the body from infections and how severe the damage done by
the HIV infection, CD4 count falls below about 200 cells per
microliter of blood make the immune system becomes less
able to fight certain infections. However, CD4 counts below
50 cells per microliter of blood are particularly dangerous
because additional opportunistic infections that can rapidly
cause severe weight loss, blindness, or death commonly
occur. (CD8) T cell is a cytotoxic T Lymphocytes that destroy
virally infected cells and remain inactivated when there
is no foreign antigen. It contributes to the eradication of
intracellular infections and to the control of many chronic
infections like HIV/AIDS [5].
In HIV infected patients, CD4/CD8 ratio and CD8+
T-lymphocyte counts have been suggested as prognostic
markers for mortality, in addition to viral load and CD4
count. During HIV infection, CD8 cells increases as HIV is
progressing in response to HIV infection. HIV replication
leads to activation of the innate and adaptive immune system,
generating an inflammatory environment making CD8 T
cell increasing [6]. An elevated CD8 cell count is associated
with an increased risk of HIV treatment failure especially
for patients who initially achieve an undetectable viral load
[7,8]. The CD4/CD8 ratio is considered a marker of disease
progression in HIV/AIDS, and is often found to be inverted
meaning that there are less CD4 cells than CD8 cells, resulting
in a ratio of less than 1. Low CD4/CD8 ratios were also found
to be associated with increased morbidity and mortality in
HIV infection [9,10]. CD8 cells are often increased, especially
in less advanced stages of AIDS. Combination of lowered CD4
counts and increased CD8 counts are commonly thought
to occur only in people diagnosed HIV positive [11,12].
The primary action of Erythropoietin (EPO) is to promote
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the proliferation and differentiation of the colony-forming
unit-erythroid (CFU-E) and other erythroid progenitors.
Haematological abnormalities are common occurrence
in individuals diagnosed with human immunodeficiency
virus, the commonest of these haematological
abnormalities reported by several studies include: anaemia,
thrombocytopenia and leucopenia [13]. Associated risk
factors for these haematological abnormalities both prior
to starting ART and while on ART could include HIVrelated bone-marrow suppression, myelosuppression from
antiretroviral drugs such as zidovudine and opportunistic
infections [14].
Erythropoietin level in HIV-infected patients showed
that the levels of erythropoietin failed to rise commensurate
with increasing anaemia, suggested that insufficient
amounts of erythropoietin cause anaemia due to direct effect
of HIV infection on marrow progenitor cells [15]. Adebola, et
al. reported that non-HIV infected anaemic subjects had an
expected EPO rise whereas the HIV infected anaemic subjects
showed no significant expected rise in serum EPO levels,
this confirmed that there is an inappropriate EPO response
to anaemia in HIV infected patients. There is blunted
response to EPO in HIV infected patients who have anaemia,
this suggested that a blunting of the EPO response may be
involved in the pathogenesis of the HIV-related anaemia
[16]. The primary goal of ART is to suppress HIV RNA lower
than the detection level of the assay within six months on
treatment to restore immunologic and haematological
function, reduces morbidity and mortality and vertical
transmission [7]. Positive effect of ART in the reduction of
viral load, decreased destruction of mature haematopoietic
cells of multiple lineages, an improvement in the blunted
erythropoietin response and decreased incidences of
opportunistic infections while on ART will improve overall
quality of life expectant among HIV patients [17]. The
aim of this study was to evaluate haematoimmunological,
erythropoietic growth factor and virological status in HIVpatients.

Materials and Methods
Study Design

This study was carried out at Federal Teaching Hospital,
Ido Ekiti, Nigeria. One hundred samples each was collected
from HIV positive subjects on ART and HIV positive subjects
ART naïve. One hundred samples were collected from
apparently healthy individuals as control for the study.
Consented subjects were re-screened for HIV infection for
the purpose of the study to confirm their HIV status using
serial algorithm method. Subject’s consent was sort for
through an informed consent form and ethical approval was
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Haematological Parameters

obtained from Federal Teaching Hospital, Ido-Ekiti.

Sample Collection and Sample Preparation

Six milliliters (6ml) of whole blood was collected from
each consented subject, 3ml was dispensed into K2EDTA
bottle for immediate analysis of haematological parameters,
CD4 count, CD8 count and HIV screening. The remaining 3ml
of blood was dispensed into plain bottle, allowed to clot and
centrifuged at 2500 revolution per minute for 5minutes to
extract the serum into another plain vial, stored at -400C for
the analysis of erythropoietin and viral load.

Methodology

Haematological parameter was analyzed using
Haematology Analyzer (Sysmex XN 350 five parts) following
Manufacture’s instruction.

Analysis Of CD4 and CD8 Count Using Flow
Cytometry (Cyflow Counter)

Research samples for CD4 and CD8 count was prepared
and run on the Partec cyflow counter (Partec flow cytometer,
GMBH, Munster, Germany) according to the manual
instructions.

Viral Load Analysis

HIV Screening Test
Human immunodeficiency virus was diagnosed using
serial algorithm method. Determine HIV-1/2 (Abbott
Diagnostic Division, Belgium/Luxemburg), Uni-Gold HIV Kit
(Trinity Biotech, Wicklow Bay, Ireland) and Chembio HIV ½
Stat-PakTM Assay. Patients reactive to antibody screening
tests were considered positive and recruited into the study;
the test was carried out according to the manufacturer’s
instruction.

Results

Extracted plasma was used to estimate HIV-RNA viral
load analysis using polymerase chain reaction (PCR), the
procedure was follow as describe in the manual.

Erythropoietin

Erythropoietin (EPO) was estimated using enzymelinked immunosorbent assay (ELISA) kit; the procedure was
followed as described in the manual ALPCO (2018).

Groups

RBC(×109/l)

HB(g/dl)

HCT(%)

MCV(fl)

MCH(pg)

MCHC(g/dl)

RDW(%)

Control N=100

5.03±0.42

13.87±1.12

40.37±3.71

89.49±4.87

30.34±2.00

34.65±0.63

16.4±1.18

Art-Naïve N=100
Art N=100

3.28±0.79

4.34±1.25

8.18±2.55

27.03±32.50

0.00*

0.00*

12.05±4.31

F(P-Value)

99.50(0.00*)

96.14(0.00*)

Control Vs Art

0.00*

0.00*

Control Vs ArtNaïve

Art- Naïve Vs Art

0.00*

0.00*

0.00*

83.48±9.67

39.38±32.17 97.92±14.61
7.87(0.00*)
0.95

0.02*

32.32±1.54

18.5±4.21

32.21±3.75

33.79±2.75

15.72±3.10

0.00*

0.00*

0.00*

0.00*

0.00*

0.00*

0.00*

0.00*

47.67(0.00*) 14.58(0.00*) 40.17(0.00*) 21.45(0.00*)
0.00*

Table 1: Mean±SD of Red Cell indices in HIV Infected and Control Subjects.
Table 1 shows comparison of mean±SD of red cell indices
in control, ART-naïve and ART subject. The parameters include
red blood cell count (RBC), haemoglobin (Hb) haematocrit
(HCT), mean cell volume (MCV), mean cell haemoglobin
(MCH), mean cell haemoglobin concentration (MCHC) and
red cell distribution width (RDW). The mean±SD of RBC
3.28± 0.79 in ART- naïve was significantly lower (p<0.05)
compared to 5.03± 0.42 and 4.34± 1.25 in control and ART
respectively (F-value 99.50; p-value 0.00). The mean±SD of
Hb 8.18± 2.55 in ART naïve was significantly lower (p <0.05)
compared to13.87± 1.12 and 12.05± 4.31 in control and ART
respectively (F value 96.14: p-value 0.00). The mean±SD of

28.37±3.14

0.71

0.01*

0.01*

HCT 27.03± 32.50 in ART-naïve was significantly lower (p<
0.05) compared to 40.37± 3.71 and 39.38±32.17 in control
and ART respectively (F-value 7.87; p-value 0.00). The
mean±SD of MCV 83.48± 9.67 in ART naïve was significantly
lower (p<0.05) compared to 89.49± 4.87 and 97.92 + 14.61
in control and ART respectively (F-value 47.67; p-value
0.00). The Mean ± SD of MCH 28.37± 3.14 in ART-naïve was
significantly lower (p<0.05) compared to 30.54 ± 2.00 and
30.21 ± 3.75 in control and ART respectively (F value 14.58;
p-value0.00). The mean±SD of MCHC 32.32± 1.54 in ART-naïve
was significant lower (p<0.05) compared to 34.65± 0.63 and
33.79± 2.75 in control and ART respectively (F-value 40.17;
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p-value 0.00). The mean±SD of RDW 15.72± 3.10 in ART was
significantly lower (p<0.05) compared to 16.40±1.18 and
18.50± 4.29 in control and ART- naïve respectively (F-value
21.45; p-value 0.00). However, multiple comparison between
ART-naïve and control shows that mean±SD of RBC, Hb, HCT,
MCV, MCH and MCHC in ART-naïve were significantly lower
(P<0.05) compared to control. Mean±SD of RDW in control
was significantly lower (p<0.05) in ART-naive. Multiple
comparison between control and ART shows that, mean±SD
of RBC, Hb and MCHC in ART were significantly lower
(p<0.05) compared to control, however mean± SD of HCT,
MCH, and RDW in ART were lower compare to control, the
comparison shows no significant difference (P<0.05). Mean±
SD of MCV in ART was significantly higher (P<0.05) compare
to control. Multiple comparison between ART- naïve and ART
shows that mean±SD of RBC, HB, HCT, MCV, MCH and MCHC
in ART were significantly higher (p<0.05) compared to ARTnaïve. However, mean±SD of RDW in ART was significantly
lower (p<0.05) compared to ART-naïve.

Mean values of RBC indices among ART-naïve were
lower compared to ART and control subjects. p≤0.05
was considered significant, p>0.05 was considered not
significant, F-value = mean±SD of parameters was compared
using ANOVA. RBC(×109/l).

Table 2 shows the mean±SD of CD4, CD8, CD4/CD8, VL
and EPO in control, ART-naïve and ART subject.The mean±
Groups

CD4(cells/µl)

CD8(cells/µl)

Control N=100

746.22±67.29

292.04(0.00*)

Art- Naïve N=100

298.54±123.24

Art N=100

422.52±187.54

Control Vs Art

0.00*

F (P-Value)

Control Vs Art-Naïve
Art-Naïve Vs Art

0.00*

0.00*

SD of CD4 298.54±123.24 in ART-naïve was significantly
lower (p<0.05) compared to 7746.22±67.29 and 422.52±
187.54 in control and ART respectively (F-value 292.04;
p-value 0.00). The mean±SD of CD8 794.81±225.68 in ARTnaïve was significantly higher (p<0.05) compared to 591.01±
56.87 and 654.55±190.21 in control and ART respectively
(F-value 36.11; p-value 0.00). The mean±SD of CD4/CD8
0.38±0.08 in ART-naïve was significantly lower (p<0.05)
compared to 1.27±0.09 and 0.59±0.16 in control and ART
respectively (F-value 1663.00; p<0.00). The mean±SD of VL
130610.00±86647.32 in ART-naïve was significantly higher
(p<0.05) compared to 91518.00±30807.97 in ART (F-value
159.35; p value 0.00). The mean± SD of EPO 2.18±0.81 in
ART-naïve was significantly lower (p<0.05) compared to
7.26±0.87 and 3.32± 0.94 in control and ART respectively
(F-value 924.58; p-value 0.00). Multiple comparison between
control and ART-naïve shows that mean±SD of CD4, CD4/
CD8 and EPO in ART-naïve were significantly lower (p<0.05)
compared to control, however; mean±SD of CD8 and VL in
ART-naïve were significantly higher (p<0.05) compared
to control. Multiple comparison between control and ART
show that, mean±SD of CD4, CD4/CD8 and EPO in ART were
significantly lower (p<0.05) compared to control however;
mean±SD of CD8 and VL in ART were significantly higher (p
<0.05) compared to control mean±SD of CD4, CD4/CD8 and
EPO in ART were significantly higher (p<0.05) compared to
ART-naïve, however mean± SD of CD8 and VL in ART were
significantly lower (p<0.05) compared to ART- naïve.
CD4/CD8

VL (copies/ml)

EPO (lU/L)

591.01±56.987

1.27±0.09

-

7.26±0.87

36.11(0.00*)

1663.00(0.00*)

159.35(0.00*)

924.58(0.00*)

0.00*

0.00*

0.00*

0.00*

794.81±225.68

654.55±190.21
0.00*

0.01*

0.38±0.08

130610.00±86647.32

0.00*

0.00*

0.59±0.16
0.00*

91518±30807.97

Table 2: Mean±SD of CD4, CD8, CD4/CD8, VL and EPO in HIV Infected and Control Subjects.
Mean values of CD4, CD4/CD8 and EPO in ART-naïve
were lower compared to ART and control subjects. Mean
values of CD8 and VL in ART-naïve were higher compared to
ART and control subjects. p≤0.05 was considered significant,
p>0.05 was considered not significant, F-value = mean±SD of
parameters was compared using ANOVA.

Table 3 shows comparison of mean±SD of total white
blood cell (TWBC), neutophil (NEU), Lymphocyte (LYM),
monocyte (MONO), eosinophil (EOSIN) and basophil (BASO)
in control, ART-naïve and ART subject. The mean ±SD of TWBC
4.18± 1.41 in ART-naïve was significantly lower (p<0.05)

0.00*

2.18±0.81

3.32±0.94
0.00*

0.00*

compared to 6.27± 0.98 and 5.13± 1.34 in control and ART
respectively (F-value68 .95; p-value 0.00). The mean±SD of
NEU 38.03± 10.78 in ART was significantly lower (p<0.05)
compared to 57.16± 5.56 and 54.65± 11.11 in control and
ART-naive respectively (F-value 11985; p value0.00). The
mean± SD of LYM 37.40± 9.03 in ART- naïve was significantly
lower (p<0.05) compared to 41.50± 5.58 and 58.25±9.76 in
control and ART respectively (F-value 176.97; p-value 0.00).
The mean± SD of MONO in ART-naive was significantly higher
(p<0.05) compared to 1.90± 0.77 and 2.92± 2.41 in control
and ART respectively (F value 29.23; p-value 0.00). The
mean± SD of EOSIN in ART was significantly higher (p<0.05)
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compared to 1.36± 0.50 and 3.45± 3.19 in control and in
ART-naïve respectively (F value 3.78; p-value 0.00). The
mean± SD of BASO in ART-naïve was not significantly higher
(p>0.05) compared to 1.00± 0.00 and 1.17± 0.39 in control
and ART respectively (F-value 0.24; p-value 0.79). Multiple
comparison between control and ART-naïve showed that
mean±SD of TWBC and LYM in ART-naïve were significantly
lower (p<0.05) compared to control. However, mean±SD
of NEU in ART-naïve was not significantly lower (p>0.05)
compared to control. Mean±SD of MONO and EOSIN in ARTnaïve were significantly higher (p<0.05) compared to control.
Mean±SD of BASO in ART-naïve was not significantly higher
Groups

TWBC((×109/l)

NEU(%)

Control N=100

6.27±0.98

F (P-Value)

Art- Naïve Vs Art

Art- Naïve N=100
Art N=100

Control Vs Art-Naïve
Control Vs Art

(p>0.05) compared to control.Multiple comparison between
control and ART shows that mean±SD of TWBC and NEU in
ART were significantly lower (p<0.05) compared to control.
Mean±SD of LYM, MONO and EOSIN in ART were significantly
higher (p<0.05) compared to control. Mean±SD of BASO in
ART was not significantly higher (p>0.05) compared to
control. Multiple comparison between ART and ART-naïve
shows that mean±SD of TWBC and LYM, in ART-naïve were
significantly higher (p<0.05) compared to ART. Mean± SD
of NEU and MONO in ART were significantly lower (p<0.05)
compared to ART- naïve. Mean± SD of EOSIN in ART was not
significantly lower (p>0.05) compared to ART-naïve.
LYM(%)

MONO(%)

EOSIN(%)

BASO(%)

57.16±5.56

41.50±5.58

1.90±0.50

1.36±0.50

1.00±0.00

68.95(*0.00)

119.85(0.00*)

176.97(0.00*)

29.23(0.00*)

3.78(0.00*)

0.24(0.79)

0.00*

0.00*

0.00*

0.00*

0.63

0.92

4.18±1.41

5.13±1.34
0.00*

0.00*

54.65±11.11

38.03±10.78
0.11

0.00*

37.40±9.03

58.25±9.76
0.00*

0.00*

Table 3: Mean±SD of White Blood Cell Counts in HIV Infected and Control Subjects.
Mean values of TWBC and LYM in ART-naïve were lower
compared to ART and control subjects. Mean values of NEU,
MONO, EOSIN and BASO in ART-naïve were higher compared
to ART and control subjects. p≤0.05 was considered
significant, p>0.05 was considered not significant, F-value =
mean±SD of parameters was compared using ANOVA.

Discussion

In this present study, mean value of red cell indices in
HIV-infected ART-naïve subjects were significantly lower
compared to HIV-infected on ART and control subjects.
Findings in this study were similar to Gedefaw, and Okafor
report. They reported that decrease in red cell indices in
ART-naïve subjects compared to ART and control subjects
were due to effect of HIV infection causing decrease in red
blood cell production, increase in red blood cell destruction
and ineffective production of red cells [18,19]. Supporting
findings in this study, Ballah reported that HIV infection
alters red blood cell membrane fluidity these changes disrupt
erythrocyte membrane stability, thus promoting haemolysis
and ultimately anaemia [4]. Percentage of anaemia in
HIV ART-naïve is higher compared to HIV subjects on ART
and control subjects.Similar to the findings in this study,
Volberding reported that the degree of anaemia in HIVinfected subjects is fairly related to immunosuppression and
HIV disease stages. Haemoglobin concentrations decrease
significantly with increasing markers of disease progression

5.96±4.98

2.92±2.41
0.00*

0.00*

3.45±3.19

4.11±3.73
0.00*

0.00*

1.25±0.62

1.17±0.39
0.38

0.34

[20]. In this study, absolute CD4 count, CD4/CD8 ratio and
erythropoietin were lower in ART-naïve subjects compared
to ART and control subjects, while CD8 and viral load were
higher in ART-naïve subjects compared to ART and control
subjects. Findings in this present study was consistent with
Wiredu report, he reported that the pathogenic effect of
HIV virus resulted in significantly low mean levels of CD4
count and CD4/CD8 ratio among HIV patients ART naïve
compared to ART and control group [21]. Findings in this
study was supported with the fact that, in early HIV infection
CD8+ T-cell numbers tend to increase reflecting expansion of
memory CD8+ T cells. HIV patients ART-naive had decreased
CD4 cell counts and increased CD8 cell, making the CD4/
CD8 ratio lower. However, after treatment, the majority of
patients will experience CD4 cell recovery but not followed
by CD8 cell decline [10]. As observed in this study, CD8 cell
expansions persist until far advance stage of HIV disease,
CD8+ T cell expand more extensively than CD4+ T cells
during immune response. High viral load reported in this
study among ART-naïve compared to HIV subjects on ART
indicate that, HIV-virus is at work making copies of it causing
the disease to progress quickly. CD4/CD8 ratio is predictive
of subsequent disease progression, a favorable ratio (>1.0)
is a clear sign of immunologic health that is strongly
associated with a delayed course to severe CD4 deficiency
[22]. Supporting findings in this study, decrease in CD4/
CD8 ratio was reported lower in HIV ART-naïve compared
to HIV subjects on ART. Erythropoietin level in HIV-infected
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patients showed that the levels of erythropoietin failed to
rise commensurate with increasing anaemia, confirming
the finding in this present study that insufficient amounts
of erythropoietin cause anaemia due to direct effect of HIV
infection on marrow progenitor cells [15].
Supporting the findings in this study, HIV infected
anaemic subjects showed no significant rise in serum EPO
levels, this confirmed that there is an inappropriate EPO
response to anaemia in HIV infected patients, that there is
blunted response to EPO in HIV infected patients who have
anaemia and suggested that ablunting of the EPO response
may be involved in the pathogenesis of the HIV-related
anaemia. The severity of anaemia was found to increase with
the severity of the HIV infection but the level of EPO failed to
increase commensurately, suggesting that one of the reasons
for anaemia in HIV subjects was erythropoietin deficiency
[23]. EPO level decline with advancing HIV disease in WHO
stage 2 and stage 3 as reported in this present study. The
mechanism of anaemia in this study was due to depressed
bone marrow function by HIV infection leading to low
production of erythropoietin as reported in this study, which
resulted into ineffective production of RBC. Supporting the
findings in this study, it was reported that viral load predicts
how fast the disease will progress, while CD4 count, indicate
how much damage the virus has already caused to immune
system HIV. The more HIV in the blood (the higher the HIV
viral load), the faster the CD4 cell count will fall, and the
greater the risk of becoming ill because of HIV infection [24].
In this present study, total white cell count and differential
white cell count were lower in HIV ART-naïve compared to
ART and control subjects. It was observed in this study that,
HIV-infected subjects on ART had increase leucopenia and
neutropenia compared to ART-naïve and control subjects.
Similar to early report by Esan that, when patient’s CD4
count decreases prevalence of leucopenia and lymphopenia
increases [25]. In supporting the findings in this study, may
be due to suppression of bone marrow and direct infection
of T cells. This condition reduces the body’s resistance to
many opportunistic infections and the patient becomes more
susceptible to other infections, this condition may become
life-threatening due to low immunity [26].

Haematology International Journal
infected patients to prevent HIV-virus resistance to drugs.
This study also provides alternative surrogate maker for
monitoring progression of HIV/AIDS disease.
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