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Abstract
In Human immunodeficiency virus infected (HIV+) patients, deregulation of
regulatory T (Treg) cells can be deleterious for the development of an efficient anti-HIV specific immune response with an inappropriate immune activation despite anti-retroviral therapy (ART). In addition, infection and ART
have the potential to cause hematological and biochemical abnormalities that
can lead to the discontinuation of ART. The aim of this study was to assess
hematological, biochemical and immunological abnormalities in HIV+ patients’ naïve to ART and 6 months after ART initiation. In a cross-sectional
study, 11 HIV+ patients and 09 healthy individuals (control group) were voluntarily recruited. At inclusion, blood samples were taken before administration of ART. All hematological, biochemical, immunological parameters and
viral load were measured and assessed at inclusion (M0) and three and/or six
months later (M3, M6). Higher level of white blood cells and CD4+ T lymphocytes (p = 0.032, 0.038 respectively) were observed in HIV+ patients. ART
also had significantly effect on the level of red blood cells (p = 0.04) and Hb
(p = 0.015). The inflammatory markers, erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP) that were significantly increased by HIV infection, tended to decrease for ESR and revert to levels similar to those of control for CRP. Analysis of CD4+CD25+ cells and CD4+Foxp3+CD25+ showed
significantly elevated levels of activated form of all CD4+ cells and Treg cells.
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Interestingly, six months after initiation of ART, the average percentage of
CD4+CD25+ was not significantly different from control group (p = 0.382).
Our study provides information about the evolution of the activated form of
all CD4 cells and Treg cells and points out the necessity to monitor hematological and biochemical parameters in order to detect and prevent toxicity,
improve the quality of life and reduce the risk of mortality.
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1. Introduction
Human immunodeficiency virus (HIV) is an RNA retrovirus that infects immune cells and uses the host cell transcriptional and translational machineries to
proliferate and undermine the health of the host. Infection with HIV is characterized by progressive immunodeficiency, immune activation and depletion of
CD4+ cells [1]. This virus causes progressive impairment of the immune system,
leading to increased susceptibility to infections, tumors and the fatal condition,
called acquired immunodeficiency syndrome (AIDS) [2].
By 2019 there were nearly 38.0 million people globally living with HIV/AIDS,
with an increasing trend and a shift towards the younger population [3]. Disease progression in HIV-infected patients can be delayed by treatment with
anti-retroviral therapy (ART). It results in diminished viral replication and
increased number of CD4+ cells [4]. The treatment of HIV infection is a life-long
undertaking, and therapeutic benefit can be limited by the evolution of
drug-resistant virus and long-term toxicity resulting in treatment failure. However, the infection remains currently incurable and lifetime treatment is required
due to the viral persistence in latent reservoirs that are not accessible to ART and
not detectable by the immune system [5] [6]. More so, the patients receiving
ART will experience significant side effects. ART is known to be toxic to liver
and bone marrow, in several studies the relationship of HIV viruses and anti-retroviral drug effect on several parameters has been reported [7] [8]. Hematological and metabolic abnormalities are frequent among HIV+ infected patients and may be directly attributed to the virus. The abnormalities may be
caused by opportunistic infections, neoplasms that cause bone marrow suppression or haemolysis though that can be corrected, prevented and improved by
treatment with ART [9].
Regulatory T (Treg) cells are a subset of CD4+ T cells that control hyper
activation of the immune system due to their suppressive capacity [10]. They are
known to modulate the host response to viral infections, but their role in HIV
pathogenesis is still controversial and studies on Treg deregulation and function
in HIV+ patients have shown dual impacts [11] [12]. The pathogenic role of
Tregs in HIV infection is still unclear. Treg-induced suppression can be deleteDOI: 10.4236/aid.2021.112012
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rious for the development of an efficient anti-HIV specific immune response, but
it may be also helpful in preventing an inappropriate immune activation [13].
Therefore, high levels of Treg in HIV+ patients are related to reduce immune activation. However, a high level of Treg is related to a high viremia associated with
poor immune restoration and persistence of the HIV reservoir [13] [14] [15].
ART remains the best course of action in the management of HIV cases; nevertheless, ART related abnormalities complicate diseases management. These
adverse effects during ART sometimes cause the change or suspension of therapy and account for therapy non-adherence by patients [16]. As a result, side effects of ART are a public health concern with an increased number of people
living with HIV, and concern an immense importance to health policy makers in
Burkina Faso. Unfortunately, data on the side effects of ART on Burkinabe patients are scarce. Therefore, this study sought to assess hematological, inflammatory and biochemical abnormalities in HIV+ patients’ naïve to ART and 6
months after ART initiation and the evolution of their immunological responses.

2. Materials and Methods
Study population
All participants were recruited according to a protocol that was presented to
the clinical ethics committees for health research of Burkina Faso. The sample
analysis was based on a routine clinical anonymized process. Written informed
consent was obtained from all the participants, and the study has been done in
accordance with good clinical practice. The study was conducted between June
2015 and May 2016 and samples were freshly processed on the day of collection.
Two groups of participants were investigated. The first group consisted of 11
patients infected with HIV-1 HIV+. The inclusion criteria for this group were
being infected by HIV-1 only and naïve to ART. The second group consisted of
09 healthy individuals as control group. This group consists of people not infected with HIV and in apparent good health. Patients co-infected with HIV-1
and HIV-2, as well as HIV-1 patients with another infectious disease, were not
included in the study.
The positive or negative diagnostic of HIV-1 was obtained by using the national algorithm for HIV-1 diagnosis based on a combination of two simple
rapid HIV assays: DetermineTM HIV-1/2 (Inverness Medical) and SD Bioline
HIV 1/2 3.0 (Standard Diagnostics Inc.). All eligible participants included were
at least 18 years of age.
Participants were visited at entry (M0), 3 mouths (M3) and/or 6 mouths (M6)
after ART initiation with nucleoside reverse transcriptase inhibitors (NRTIs)
and non-nucleoside reverse transcriptase inhibitors (NNRTIs) and measurements were taken at the same time point.
Hematological and biochemical analysis
The samples consisted of the withdrawing of 5 mL of venous blood from each
patient into an ethylenediaminetetraacetic acid (EDTA) tube for hematological
analysis. Citrate anticoagulation tubes were used for erythrocyte sedimentation
DOI: 10.4236/aid.2021.112012
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rate (ESR), and non-anticoagulation tubes for biochemical analysis.
Blood samples collected in EDTA tube were analyzed using hematology analyzer PENTRA NEXUS DX (HORIBA) following the manufacturer’s instructions.
The count of white blood cell count (WBC, 103/mm3), lymphocytes (103/mm3), red
blood cell (RBC, 103/mm3), platelets (pLT, 103/mm3) and hemoglobin (Hb, g/dl)
have been done.
ESR was assessed by taking 2 ml of blood, diluted in 0.5 ml of Trisodium Citrate solution using the Westergren pipette that was filled to a zero mark and
mounted on a stand with the time adjusted to exactly 1 hour for the red cell to
sediment. The column of the sedimented red cells was read at exactly 1 hour and
results were reported in mm/hour.
For the biochemical analysis, serum was separated by centrifugation at 500*g
for 5 minutes (min) and performed on the biochemical analyzer ARCHITECT
c4000 (ABBOTT). Alanine transaminase (ALT U/L, normal values 0 - 34 U/L),
aspartate transaminase (AST U/L, normal values 0 - 31 U/L), glycaemia (GLY
mmol/L, normal values 4.10 - 6.10 mmol/L), C-reactive protein (CRP,) and creatinine (Creat µmol/L, normal values 65 - 120 µmol/L for men and 50 - 100 µmol
for women), were detected from the serum samples.
Flow Cytometry Analysis, gating strategy and staining method
Measurements of CD4 counts were performed in HIV+ patients and controls
at the three time points (M0, M3, M6). Absolute count of CD4+ cells was done
using FACS Calibur flow cytometry with CellQuest software (BD Biosciences,
USA). Interested lymphocytes subsets were determined by 3-color flow cytometry according to a Single-Platform Absolute Count Methodology. Determination
of lymphocyte subsets and preparation of cells for ﬂow cytometry was performed
as described below.
Briefly, 100 µL of whole blood were stained with various combinations of optimal staining concentrations of fluoroisothiocyanate (FITC) conjugated-CD3 or
CD25, phycoerythrin (pE) conjugated-FoxP3, and PE/Dy647 conjugated-CD4 or
CD45. All antibodies were from BD Biosciences, CA, USA and the incubation
was for 15 min at room temperature in the dark. After staining, 2 ml of lysing
solution were added in order to lyse erythrocytes for 10 min at room temperature in the dark. The mixture was then centrifuged 5 min at 540*g at room temperature and cells were washed two times with 2 ml of phosphate-buffered saline
(pBS) at room temperature. After washes, the cells were re-suspended in 1 ml of
PBS and analyzed.
The antibodies and fluorochromes used for lymphocytes subpopulations
analysis are shown in Table 1. The relative numbers (percentage gated) of immune subsets were determined using Flow-Count method (CYFLOW).
Table 1. Antibodies and fluorochromes.
Antibodies-fluorochromes

DOI: 10.4236/aid.2021.112012
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CD3-FITC/CD45-PE-647

TReg Cells

CD4 PE Dy647/CD25-FITC/FOXP3-PE
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A no-labelled negative control was used for each sample. Forward and side scatter
histogram was used to define the lymphocytes populations. CD4 cells and CD45 cells
were gated. Then, the expression of CD25 on CD4+ cells (CD25/CD4+) cells,
FOXP3 on CD4 (FOXP3/CD4), FOXP3 on CD25 (FOXP3/CD25) was determined.
The results of CD25+ and FOXP3+ cells were expressed as percentage of CD4+
cells. Data were collected using a Partec CYFLOW cytometer and analyzed with
the FLOMAX software.
For intracellular staining, Anti-FoxP3 antibody was used to identify and enumerate CD4+CD25+FoxP3+ regulatory T cells. To achieve this, 100 µL of the
whole blood was added in 1 mL of cold, freshly prepared Fixation/ Permeabilization Solution. The mix was incubated for 20 minutes in the dark in room temperature. Cells were then washed by adding 2 mL of cold buffer and centrifuged
at 250*g for 5 minutes at 4˚C. The supernatant was completely aspirated and
cells were fixed by adding 2 ml of 1X Human FoxP3 Buffer A for 10 minutes at
room temperature in dark. The mix was centrifuged at 500*g for 5 min to remove fixative. Cells were washed with 2 ml of BD Pharmamingen Stain Buffer,
and centrifuged 500*g for 5 minutes to remove the buffer.
For cell permeabilization, the pellet was gently re-suspended in residual volume of BD Pharmingen Stain Buffer and 0.5 ml of permeabilization solution
were added. The mix was vortexed and incubated for 30 minutes at room temperature protected from light. After incubation, cells were washed two-time with
2 ml of BD Pharmingen Stain Buffer and centrifuged at 500*g during 5 min at
room temperature to remove buffer. Conjugated FoxP3 antibody at appropriate
concentrations was then added to re-suspend the pellet that was gently shaked
and incubated for 30 min in the dark at room temperature. Cells were washed
once more and re-suspended in wash buffer and analyzed immediately.
Viral load measurements (VL)
HIV-RNA viral load was measured in HIV-infected patients at M0 and M6.
The COBAS® AmpliPrep /COBAS® TaqMan® HIV-1 Test was used for automated viral load analysis. The test can quantitate HIV-1 RNA over the range of
48 - 10,000,000 copies/mL. One copy of HIV-1 RNA is equivalent to 1.7 ± 0.1
International Units (IU) based on the WHO 1st International Standard for
HIV-1 RNA for Nucleic Acid-Based Techniques (NAT) (NIBSC 97/656) [17].

Specimen Preparation
The COBAS® AmpliPrep/COBAS® TaqMan® HIV-1 Test utilizes automated
specimen preparation on the COBAS® AmpliPrep Instrument by a generic silica-based capture technique. Extraction, amplification, and detection for plasma
specimens were made followed the Cobas Amplicor manufacturer’s standard
preparation guidelines. Briefly, 850 μl of plasma specimen was lysed by incubation at elevated temperature with a protease and chaotropic lysis/binding buffer
that releases nucleic acids and protects the released HIV-1 RNA from RNases in
plasma. Protease and a known number of HIV-1 QS Armored RNA molecules
are introduced into each specimen along with the lysis reagent and magnetic
glass particles. Subsequently, the mixture is incubated and the HIV-1 RNA and
DOI: 10.4236/aid.2021.112012
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HIV-1 QS RNA are bound to the surface of the magnetic glass particles. Unbound substances, such as salts, proteins and other cellular impurities, are removed by washing the magnetic glass particles. After separating the magnetic
glass particles and completing the washing steps, the adsorbed nucleic acids are
eluted at elevated temperature with an aqueous solution [17].

Reverse Transcription and PCR Amplification
The reverse transcription and PCR amplification reaction are performed with
the thermostable recombinant enzyme Thermus specie DNA Polymerase (Z05).
In the presence of manganese (Mn2+) and under the appropriate buffer conditions, Z05 has both reverse transcriptase and DNA polymerase activity. This allows both reverse transcription and PCR amplification to occur together with
real-time detection of the amplicon. Processed specimens are added to the amplification mixture in amplification tubes (K-tubes) in which both reverse transcription and PCR amplification occur. The reaction mixture is heated to allow a
downstream primer to anneal specifically to the HIV-1 target RNA and to the
HIV-1 QS RNA. In the presence of Mn2+ and excess deoxynucleotide triphosphates (dNTPs), including deoxyadenosine, deoxyguanosine, deoxycytidine,
deoxyuridine and deoxythymidine triphosphates, Z05 polymerase extends the
annealed primers forming a DNA strand complementary to the RNA target [17].
Statistical analysis and data management
Statistical analyses were carried out using the GraphPad Prism statistical
package software version 6.00 for Windows (GraphPad Software, La Jolla California USA). Mann-Whitney test was performed to compare cell populations
and biochemical markers between healthy individuals (control) and HIV-1+ individuals and to assess differences for non-normally distributed continuous variables. The data are represented as the median ± interquartile range (IQR) except for lymphocytes sub-populations data. All HIV-1 RNA levels in plasma
specimens were transformed to log10 values. Median viral load measurements
and interquartile range were calculated for each specimen and time point. Differences were considered significant for p-values ≤ 0.05.
Ethics consideration
The study protocol was presented to the Ethics Committee of health science in
Burkina Faso and the study was conducted according to the Declaration of Helsinki. All participants gave written informed consent to take part in this study
after having read the study information sheet and having any questions answered. The privacy rights of human subjects were observed at all times.

3. Results
Patient’s characteristic at inclusion
A total of 20 subjects, women and men, with an age range of 21 to 52 years
and a median age of 30 years (mean age 33) were enrolled in the study. Most
participants were city dwellers living in Ouagadougou. Among these 20 persons,
11 were HIV+ individuals and 9 healthy individuals who were not infected by
HIV and considered as a control group. HIV+ individuals were recruited at the
DOI: 10.4236/aid.2021.112012
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time of diagnosis just before starting antiretroviral treatment.
Control patients age was ranged from 21 to 31 years with an average of 26.2 ±
2.6 years and HIV+ patients’ age was from 25 to 52 years with an average of 32.0
± 7.8. Analysis of patient gender shows that 33% were women in control patients, while 82% were women in HIV+ patients (Table 2). All controls participants claimed to be in good health and denied any immediate, acute medical issues. The participant’s occupation, education and past medical history were neither investigated nor documented.
Analysis of whole blood leukocyte count showed a significant difference between control patients and HIV+ patients before starting ART (p = 0.002). The
absolute lymphocytes cells (p = 0.048) and CD4 T cell (p < 0.0001) numbers at
sampling were greatly and significantly lower in HIV+ individuals in comparison to the healthy individuals. Analysis of RBC and hemoglobin level also
showed a significantly lower value in HIV+ patients (p = 0.0002 and p = 0.0004
respectively). However, we did not find a significant difference in the platelets
count between the two populations.
Biochemical parameters analysis at baseline has shown a significant difference
between controls and HIV+ subjects for ALT (p = 0.024), however there is no
difference in the level of AST (p = 0.87). Serum creatinine, which is one of biomarkers for renal disorders diagnosis, shown a rate of 78.00 µmol/l [65.50 88.00] in HIV+ patients versus 68.40 µmol/l [57.15 - 73.50] in control patients (p
= 0.06).
Inflammatory markers analysis showed significantly higher inflammation
status among HIV patients compared with the control group. All the inflammation parameters we analyzed were higher in HIV+ patients than in the control
group. We found the greatest differences for ESR 6.0 [4.0 - 9.0] in the control
group versus 27.0 [22.8 - 34.0] for HIV patients, p < 0.0001. CRP was also significantly increased in HIV+ patients in comparison with non-infected group
with respectively 1.4 [0.8 - 2.0] and 2.7 [1.2 - 3.5], p = 0.026 (Table 3).
Table 2. Sociodemographic characteristics of HIV+-infected and healthy individuals
enrolled for the study.
Frequency or median value Proportion (%)

Control

Sex

Frequency

%

Male

6.0

67.0

Female

3.0

33.0

Median [Q1 - Q3]
Age (years)

Sex

HIV+ Patients

26.0 [25.5 - 27.5]

Male

2.0

18.2

Female

9.0

81.8

Median [Q1 - Q3]
Age (years)

DOI: 10.4236/aid.2021.112012
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Table 3. Baseline characteristics of HIV+-infected and healthy individuals enrolled for
the study at sampling.
Control
Median [Q1 - Q3]

HIV Patient
Median [Q1 - Q3]

Control vs HIV
Patient p-value

N

9

11

-

WBCs (103 cells/µl)

4.4 [2.8 - 4.7]

3.0 [2.1 - 3.8]

0.002*

Lymphocytes (103 cells/µl)

1.8 [1.3 - 2.5]

1.4 [1.0 - 1.9]

0.048*

CD4 (cells count/µl)

864.0 [623.0 - 1153.0]

294.0 [124.3 - 418.5]

< 0.0001*

RBCs (106 cells/µl)

5.2 [4.8 - 5.4]

3.6 [3.0 - 4.3]

0.0002*

Hb (g/dl)

14.8 [13.3 - 15.8]

9.8 [8.9 - 11.3]

0.0004*

Platelets (103 cells/µl)

234.0 [192.5 - 299.5]

228.0 [162.0 - 277.0]

0.65

ESR

6.0 [4.0 - 9.0]

27.0 [22.8 - 34.0]

< 0.0001*

CRP

1.4 [0.8 - 2.0]

2.7 [1.2 - 3.5]

0.026*

GLY (mmol/l)

4.1 [3.6 - 4.7]

4.19 [3.6 - 14.9]

0.66

Creat (µmol/l)

68.40 [57.15 - 73.50]

78.00 [65.50 - 88.00]

0.06

AST (UI/L)

25 [19.5 - 27.5]

25 [14 - 37]

0.87

ALT (UI/L)

14 [11.25 - 18]

22 [16 - 30]

0.024*

*p < 0.05, Q1: quartile 1, Q3: quartile 3, WBCs = White Blood Cells, RBCs = Red Blood Cells, Hb = Hemoglobin, ESR = Erythrocyte Sedimentation Rate, CRP = C-reactive protein, GLY = glycaemia, Creat =
creatinine, AST = ASpartate Transaminase, ALT = ALanine Transaminase.

Analysis of hematological and biochemical parameters in HIV patients
after ART initiation
Six months after starting ART, HIV patients had significantly higher level of
WBCs and CD4+ T lymphocytes (p = 0.033 and 0.038 respectively) in comparison with the level at inclusion. ART also significantly increased the number of
RBCs (p = 0.04) and Hb (p = 0.015). In contrast, platelet had modestly higher
level after six mouth of ART (Table 4). Comparison of hematological parameters in HIV patients six months after ART initiation with control individuals
showed that there is no difference between the two groups for the level of leukocytes and total lymphocytes even if the CD4 level remains low compared to
control group (Table 5).
Analysis of biochemical parameters after six months of ART, showed that the
level of ALT was at 23 U/L [19.0 - 35.5] at M6 compared to a rate of 22 U/L [16.0
- 30.0] found at M0. Comparison of ALT of HIV+ patients at M6 versus controls
group showed significant elevated levels of ALT even after ART, 14 U/L [11.25 18] for control and 23 U/L [19 - 35.5] for HIV+ patients (p < 0.001). However,
there was no significant difference in the serum levels for AST (Table 5). Analysis of creatinine level showed that the rate in HIV+ patients was at 78.00 µmol/l
[65.50 - 88.00] at M0. This value decreased to 63.40 [58.35 - 72.31] after 6
months of ART (Table 3).
DOI: 10.4236/aid.2021.112012
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Table 4. Evolution of hematological and biochemical parameters in HIV patients during
the different times points.
M0 vs M6
HIV Patient M0
HIV Patient M3
HIV Patient M6
HIV Patient
Median [Q1 - Q3] Median [Q1 - Q3] Median [Q1 - Q3]
p-value
N

11

9

9

-

WBCs (103 cells/ul)

3.0 [2.1 - 3.8]

3.7 [3.2 - 4.3]

4.1 [3.0 - 5.4]

0.033*

Lymphocytes
(103 cells/ul)

1.4 [1.0 - 1.9]

1.8 [1.3 - 2.1]

1.8 [1.3 - 2.2]

0.16

CD4 (cells count/μl)

294.0 [124.3 - 418.5] 450.0 [395.5 - 530.5] 458.0 [401.5 - 543.8]

0.038*

RBC (106 cells/ul)

3.6 [3.0 - 4.3]

4.1 [3.2 - 4.3]

4.2 [3.9 - 4.5]

0.04*

Hb (g/dl)

9.8 [8.9 - 11.3]

12.2 [11.7 - 12.4]

12.1 [11.7 - 12.5]

0.015*

Platelets (10 cells/µl) 228.0 [162.0 - 277.0] 235.0 [165.0 - 258.0] 235.0 [198.0 - 350.0]

0.65

3

ESR

27.0 [22.8 - 34.0]

28.0 [19.0 - 38.0]

20.0 [14.0 - 35.0]

0.24

CRP

2.7 [1.3 - 3.7]

1.5 [1.3 - 2.3]

1.13 [1.3 - 3.7]

0.033*

GLY(mmol/l)

4.19 [3.61 - 4.9]

4.47 [3.98 - 5.24]

4.69 [4.56 - 5.26]

0.099

Creat (µmol/l)

78.00 [65.50 - 88.00] 65.45 [57.85 - 76.39] 63.40 [58.35 - 72.31]

AST (U/L)

25.0 [14.0 - 37.0]

24.5 [16.75 - 36.25] 27.00 [22.50 - 33.50]

ALT (U/L)

22.0 [16.0 - 30.0]

20.0 [13.75 - 29.50]

23.0 [19.0 - 35.5]

0.094
0.52
0.42

*p < 0.05, Q1: quartile 1, Q3: quartile 3, WBCs = White Blood Cells, RBCs = Red Blood Cells, Hb = Hemoglobin, ESR = Erythrocyte Sedimentation Rate, CRP = C-reactive protein, GLY = glycaemia, Creat =
creatinine, AST = ASpartate Transaminase, ALT = ALanine Transaminase.

Table 5. Comparison of hematological and biochemical parameters in HIV patients six
months after ART initiation compared with control individuals.
Control
Median [Q1 - Q3]

HIV Patient M6
Median [Q1 - Q3]

Control vs HIV Patient
M6 (p-value)

N

9

9

-

WBCs (10 cells/ul)

4.4 [2.8 - 4.7]

4.1 [3.0 - 5.4]

0.56

Lymphocytes
(103 cells/ul)

1.8 [1.3 - 2.5]

1.8 [1.3 - 2.2]

0.65

CD4 (cells count/µl)

864.0 [623.0 - 1153.0]

458.0 [401.5 - 543.8]

0.0016*

RBCs (10 cells/µl)

5.2 [4.8 - 5.4]

4.2 [3.9 - 4.5]

0.0025*

Hb (g/dl)

14.8 [13.3 - 15.8]

12.1 [11.7 - 12.5]

0.0079*

Platelets (103 cells/µl)

234.0 [192.5 - 299.5]

235.0 [198.0 - 350.0]

0.68

ESR

6.0 [4.0 - 9.0]

20.0 [14.0 - 35.0]

0.0002*

CRP

1.4 [0.8 - 2.0]

1.13 [1.3 - 3.7]

0.91

GLY (mmol/l)

4.1 [3.6 - 4.7]

4.69 [4.56 - 5.26]

0.035*

Creat (µmol/l)

68.40 [57.15 - 73.50]

63.40 [58.35 - 72.31]

0.91

AST (U/L)

25 [19.5 - 27.5]

27.00 [22.50 - 33.50]

0.33

ALT (U/L)

14 [11.25 - 18.0]

23 [19.0 - 35.5]

0.001*

3

6

*p < 0.05, Q1: quartile 1, Q3: quartile 3, WBCs = White Blood Cells, RBCs = Red Blood Cells, Hb = Hemoglobin, ESR = Erythrocyte Sedimentation Rate, CRP = C-reactive protein, GLY = glycaemia, Creat =
creatinine, AST = ASpartate Transaminase, ALT = ALanine Transaminase.
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Inflammatory Markers in HIV patients after ART
The inflammatory markers, ESR and CRP, that were significantly increased by
HIV infection tended to decrease for ESR and revert to levels similar to those of
uninfected controls for CRP. In fact, ESR level that was at 27.0 [22.8 - 34.0] for
HIV+ patients’ at inclusion, decreased at 20.0 [14.0 - 35.0] after 6 months of
ART (Table 4). CRP level also that was at 2.7 [1.2 - 3.5] µmol/l for HIV+ patients decreased at 1.13 [1.3 - 3.7] after 6 months of ART. CRP level at M6 was
similar to control group with CRP level at 1.4 [0.8 - 2.0] (p = 0.9090) (Table 5).
Evolution of CD4 count and viral load during patient’s monitoring
HIV+ individuals were recruited before starting antiretroviral treatment and
TCD4 lymphocyte count increased upon initiation of ART. The CD4 count,
which was at 208 cells/ml (23 - 368 cells/ml) at M0 rose 458 cells/ml (401.5 543.8 cells/ml) at M6; p < 0.0016 (Table 5). Viral load analysis before ART
showed a median of plasma viral load at 4.2 [3.2 - 5.4] copies/ml. After 6 mouths
of ART, viral load median decreased from 4.2 HIV-RNA log10 copies/ml at M0,
to 2.5 HIV-RNA log10 copies/ml. We also noticed that 36.4% of patients had
viral load undetectable after 6 months of ART compared to 20.0% at inclusion
(Table 6).
Analysis of lymphocytes sub-populations in HIV patients compared with
control individuals after ART
To determine immune activation in HIV+ patients, CD4+ cells expressing
CD25+ were measured in HIV+ patients and control group at inclusion and 6
months after ART. We noticed that the average percentage of CD4+CD25+ in
HIV patients at initiation of ART (M0) was higher than controls. Indeed the average percentage of CD4+CD25+ of control group was at 4.51 ± 1.07 compared
to M0 Patients with the percentage of the subpopulation at 13.02 ± 1.89 (p =
0.0005). Six months after initiation of ART, average percentage of CD4+CD25+
was at 6.02 ± 1.65 which was not significantly different from control group (p =
0.38) as shown in Table 7. Analysis of Treg subpopulation and their activated
form did not show a difference between HIV+ patient and control group.
Table 6. Evolution of viral load in HIV patients six months after ART initiation.
Viral load
(log10 copies/ml)

M0
N(%)

M3
N(%)

M6
N(%)

Median [Q1 - Q3]

4.2 [3.2 - 5.4]

3.7 [2.3 - 4.4]

2.5 [1.7 - 5.2]

Undetectable

2 (20.0)

2 (18.2)

4 (36.4)

Total

10

11

11

Table 7. Proportions of TCD4+/CD25+/CD25+FOXP3+ cells.
CD4+ CD25+ (%)

Mean ± SEM

CD4+ FOXP3+ (%)

Control

M0

M6

4.51 ± 1.06

13.02 ± 1.89

6.02 ± 1.65
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Control

M0

11.79 ± 3.46 5.99 ± 2.88
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14.79 ± 5.63

Control

M0

7.42 ± 2.22 15.45 ± 7.82
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10.27 ± 5.36
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4. Discussion
An HIV infection is still a major public health problem especially in developing
countries. This infection affects the entire society with an impact in the socio-economic status of individuals, families and communities [18]. ART has
helped in suppressing human immunodeficiency viral replication to undetectable levels which have considerably improved the prognosis of this infection by
repairing immune system and regulating opportunistic infections [19]. However,
the treatment exhibited some side effects, notably the hematological and biochemical abnormalities observed in the patients under treatment. In this study,
we sought to assess the evolution of hematological, inflammatory and biochemical parameters in HIV+ patients’ naïve to ART and 6 months after ART initiation as well as the evolution of their immunological responses after ART. The
main activities were the monitoring of biochemical, hematological, virological
and immunological parameters in HIV positive patients under ART in Ouagadougou (Burkina Faso).
The study has been conducted between June 2015 and April 2016 in Ouagadougou (Burkina Faso). The majority of the HIV patients were women (82%).
These women are aged below 40 years; this is keeping with the international’s estimates for Burkina Faso [3] showing that in sub-Saharan Africa, five in six new
infections among adolescents aged 15 - 19 years are among girls. After inclusion
in the study, all patients received ART consisting of nucleoside reverse transcriptase inhibitors (NRTIs) and non-nucleoside reverse transcriptase inhibitors
(NNRTI), as mentioned in the national guidelines and WHO recommendation
for HIV patients monitoring [20].
Anemia is a common hematological abnormality in HIV+ patients and has
been shown to predict disease progression and mortality [21] [22]. But until
now, the exact mechanism by which HIV in vivo alters the microenvironment in
the bone marrow to inhibit hematopoiesis and directly lead to decreased blood
cells remains unclear. In this study, we observed an overall effect of ART on hematological parameters in HIV+ patients. After 6 months of ART, patient had
shown a significant increase in Hb value (p = 0.015). This is in line with the
works of Odunukwe et al. and Ebonyi et al. who noted an increase in hemoglobin and RBC in patients on ART [23] [24] [25]. We also observed a significant
increase of total Leukocyte count, T CD4 lymphocytes. These data are consistent with the work of Odunukwe et al. (2005), Enawgaw and al. (2014). Odunukwe et al. (2005) found a significant increase in total leukocyte in addition
to Hb count after ART initiation. On contrary, Enawgaw and al. found a significant increase in Hb level and T CD4+ lymphocytes without significant increase in leukocyte count [9] [23]. Some drugs such as Zidovudine, a known
reverse transcriptase drug has been implicated as an inducer of cytopenias in
HIV patients [26]. But, in our study, we did not observe cytopenia after ART
initiation. This may be because, in Burkina Faso, the first line of ART includes a
combination of Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTI’s) and
Nucleoside Reverse Transcriptase Inhibitors (NRTI’s). Thus treatment, is a
DOI: 10.4236/aid.2021.112012
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combined of two Nucleoside Reverse Transcriptase Inhibitors (NRTI’s) and
Non-Nucleoside Reverse Transcriptase. Another factors such as the study population, socio-demographic characteristics and the design methods employed may
account for the decrease in cytopenias after ART initiation as show in other studies
[27].
In patients infected with HIV, liver dysfunction is the most common cause of
death unrelated to AIDS, accounting for 14% - 18% of all deaths. Almost half of
the deaths in hospitalized HIV-infected patients on ART have been attributed to
liver dysfunction [28] [29]. Nevirapin has been reported as eosinophilia, granulopenia, jaundice and increased enzymes associated to liver function abnormality [30]. We then analyzed biochemical abnormalities of liver function such as
elevated levels of liver enzymes involved in breakdown of amino acids, ALT and
AST. Theses enzymes reflect liver cell injury and indicate liver disease [31]. In
this study, we recorded significant elevated levels (p < 0.001) of ALT after six
months of ART even if value is included in the normal range. However, there
was no significant difference in the serum levels for AST. Some factors that can
explain abnormalities of liver enzyme in HIV patients include opportunistic infections, AIDS related neoplasms, concomitant infection with chronic hepatitis
C virus, chronic hepatitis B virus, alcohol abuse, and nonalcoholic fatty liver
disease [32] [33]. In addition, ART is also a major contributing factor to liver
disease. The possible explanation to the elevated levels of ALT after ART in our
study could be due to the type of ART drugs that may cause direct mitochondrial toxicity of the liver as well as other organs leading to liver failure and lactic
acidosis [34] or the presence of other infection [33]. Antiretroviral drug-related
liver injury is defined by elevations in liver enzymes in patient serum; with ALT
characteristically greater than AST. It is one of the greatest causes of treatment
discontinuation in HIV-infected patients. Its prevention and management are
therefore very important among HIV-infected patients who are to be placed on
ART [30] [35].
Metabolism and excretion of waste products comprising drug metabolites are
one of the major roles of the kidney and the ability of the kidneys to function
appropriately is impaired by HIV infection and ART therapy. Renal failure
usually manifests as proximal tubular injury with related reduction in glomerular filtration and patients often develop glycosuria, increased serum creatinine
and low serum phosphate tubular proteinuria [36]. ART drug, Tenofovir, a
known Nucleotide Reverse Transcriptase Inhibitor (NRTI) drug has been implicated in the accumulation of those metabolites in the proximal renal tubule
through the activity of kidney-specific organic anion transporters [7] [37] [38].
Through our results, we found that serum creatinine which is one of biomarkers
for diagnosing renal disorders were not significantly elevated after ART, in opposition of that was found by Alfano et al. 2019 [37]. Only, the rate of the
glycaemia test showed that HIV positive patients have values that are significantly (p < 0.0354) greater compared to that of the control.
The mechanisms underlying the regulation of immune activation and imDOI: 10.4236/aid.2021.112012
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mune exhaustion of T cells are unclear and regulatory T cells have been investigated in HIV-1 infected subjects with conflicting results [11] [12] [13] [14] [15].
In most studies, the removal of activated T CD4 cells (CD4+CD25+) from cultures of peripheral or lymphoid leukocytes from HIV+ infected patients’ results
in an increase in virus-specific immune responses in vitro [39] [40]. Suggesting
that, Treg cells by suppressing virus-specific immunity may contribute to uncontrolled viral replication, therefore potentially playing a detrimental role in
human viral infection [41]. In our study, the percentage of CD4+CD25+ T cells
in the total CD4+ T cell population of the HIV+ patients was significantly higher
as compared to healthy controls. Immune activation is meant to eliminate pathogens. However, sometimes activation becomes unspeciﬁc, switching something supposedly useful into damage. This double-edged sword seems especially
important concerning HIV, as immune activation has been proved to be associated with disease progression [42] and might be part of the causal and not
well-understood relationship between CD4 + cell loss, HIV viraemia and immune activation. In addition, we observed a decrease in the proportion of
CD4+CD25+ T cells six months after ART initiation. This could have a beneficial effect on the immune response against HIV with an advantage on the outcome of the disease. Our data suggest that T cell depletion is not only associated
with hyperactivated T cells, but also an increased number of regulatory T cells.
Indeed, the proportion of CD4+CD25+FoxP3+ Treg population in HIV patients
that was higher at M0 decreased after 6 mouths of ART. The proportion of
CD4+CD25+FoxP3+ Treg population at M6 tends to reach the value of controls
patients.
The standard approach for monitoring treatment outcomes in patients on
ART is the measurement of HIV-load over time. In our study, at baseline,
significantly higher median plasma HIV-1 RNA level of 4.2 [3.2 - 5.4] copies/ml
have been observed. After 6 months of ART initiation, median plasma HIV-1
RNA rapidly declined in the HIV+ patients to 2.5 [1.7 - 5.2] copies/ml. Thus, after initiation of ART, median plasma HIV-1 RNA rapidly declined in the group
of HIV+ with 36.4% of patients who had HIV-1 RNA levels below the limit of
detection. This decrease in viral load is a result of the effectiveness of ART in
preventing the replication of HIV. Ideally, therapy initiation results in a decrease
in plasma HIV-1 RNA to undetectable levels for the majority of patients. However, patients have heterogeneous immunological responses to therapy that may
explain the viral load which is still detectable for the majority of patient even if
the viral load are decreased [43]. In addition the baseline HIV-load level before
ART initiation and treatment interruption during ART also influencing the viral
load and the persistent high viral load in most cases is due to non-adherence
[44].

5. Conclusion
Taken together, results from this study showed that ART therapy does not adversely affect the hematological indices of the study population. But we noticed
DOI: 10.4236/aid.2021.112012
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that prevalence of anemia, leucopoenia, lymphopenia were significantly decreased after ART. Furthermore, the viral loads of participants also significantly
decreased. However, serum liver enzymes ALT important for diagnosing drug
induced liver toxicity showed highly significant elevated levels. Serum creatinine,
a biomarker for diagnosing renal disorders, was not significantly elevated after
ART. In our population, a high Treg percentage measured at ART introduction
was associated with a lower CD4+. In summary, results from this study provide
additional information to healthcare providers to regularly monitor hematological and biochemical indicators of HIV patients on ART, to detect and prevent
toxicity early enough to improve the quality of life and reduce the risk of mortality. In a low-income setting like Burkina Faso, results from this study are important in clinical practice and patient care, given that in-depth understanding from
this study will help healthcare providers to give much attention to HIV/AIDS
patients taking ART. Clinicians thus must also recommend regular laboratory
checks up for HIV+ patients to reduce abnormalities induced by antiretroviral
drugs. The percentage of Tregs can’t be used in clinical practice, but in association with CD4 nadir, can detect patients at risk for immunologic nonresponse or
disorders.
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