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ABSTRACT

Aims: The immune system and some of the organs of HIV positive patients may be
subject of some disruptions caused by Anti-Retroviral Treatment (ART). This study has
been initiated in order to assess the impact of ART on the immunological and
hematological parameters of People Living with HIV (PLHIV) followed at Institute Pasteur
of Ivory Coast (IPIC).

Methodology: This cross-sectional study took place from August 2012 to August 2013 on
45 HIV-positive patients under first line ART, aged from 19 to 63 years of both genders
with 30 women and 15 men. Three therapeutic treatments have been used during the
study and are: the determination of CD4+ T-lymphocytes and the blood cells count have
been determined before the beginning of ART. Profiles for CD4+ and blood cells count
were studied every 15 days (D15), 6 months (M6) and 12 months (M12) after taking ART.
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Results: This study showed that CD4+ T-lymphocytes count was lower at first than 200
cells/mm?®, has increased significantly from (P< 0.0001) to values greater than 350
cellssmm? and restored the level of hemoglobin to its standard values after one year of
antiretroviral treatment. With the exception of the TDF+FTC+EFV, all therapeutic
combinations showed a neutropenia and a macrocytosis. These anomalies could be
related to the presence of lamivudine (3TC) in the therapeutic combinations.

Conclusion: This study showed that the ART restore the immune system, but could be a
cause of anemia in the long term. Consequently, their use by HIV positives
patients should be accompanied by some anti-anaemic treatment.

Keywords: HIV; anti-retroviral treatment; CD4+; blood cells count; Institute Pasteur of Ivory
Coast.

1. INTRODUCTION

In the world and particularly in Sub-Saharan Africa, HIV/AIDS is a real public health
problem. The number of people living with human immunodeficiency virus (HIV) worldwide
was estimated to be 34 million in 2011 [1]. In 2011, more than 69% of HIV positives
patients were residing in sub-Saharan Africa, a region that represents only 12% of the world
population [2]. The sub-Saharan Africa therefore remains the region most severely affected
in the world [3]. In Ivory Coast, the prevalence of HIV/AIDS is of 3.4% [4].

The Highly Active Antiretroviral Therapy (HAART) formed with the combination of ART drugs
constitutes the current therapeutic arsenal [2]. The role of these ART is to make
undetectable the viral load in plasma below the threshold of detection (50 cells/ml), in order
to avoid the opportunistic diseases and the resistors [5]. However, morbidity from other
chronic conditions such as kidney, liver and heart disease is increasing [6,7]. The use of
ART by people living with HIV (PLHIV) often causes disturbances on immune system and
certain organsas the spinal cord, the liver and the kidney pulling certain diseases such as
anemia, neutropenia, lymphopenia, thrombocytopenia, hepatitis and renal insufficiency.

In lvory Coast, the government in its fight against this pandemic set up a national policy of
coverage of HIV-positives patients [8] by using regimens recommended in National
Guideline for Adult HIV and AIDS Treatment and Care. So, the other structures and non-
governmental organization directed their fight in this sense [9]. This coverage is only based
on the biological and psychosocial follow-ups of the PLHIV as well as therapeutic. According
to the ministry of Health of Ivory Coast, a HIV-positive patient is eligible in the antiretroviral
treatment (ART) when CD4+ T-lymphocytes countis lower than 350 cells/mm?® [8] or patient
makes one or several opportunist diseases such as tuberculosis, zoster etc. The Institute
Pasteur of lvory Coast used six first-line therapeutic combinations for the follow-up of adults
HIV-positives patients (more than 18 years) of period from August 2012 to August 2013.
Among these HAARTS, four belonged to the family of 2 nucleoside reverse transcriptase
inhibitors (2NRTI) + 1 non-nucleoside inhibitor reverse transcriptase inhibitor (LINNRTI) used
only for the treatment of PLHIV1. A combination belonged to the family of 2 nucleoside
reverse transcriptase inhibitors (2NRTI) + 1 protease inhibitor (1IP). The last combination
belonged to the family of 3 nucleoside reverse transcriptase inhibitors (SNRTI). These two
last regimens are used both for the treatment of HIV-2 [8] and HIV-1. These therapeutic
regimens change according to the health of PLHIV as he made renal insufficiency, anaemia,
hepatitis, etc.
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This study is therefore proposed to clarify the influence of ART on the immunological and
haematological parameters of HIV-positives patients from the Institute Pasteur of Ivory
Coast.

2. MATERIALS AND METHODS
2.1 The Study Population

The study population was constituted by the HIV-positive patients and followed in the unit of
Clinical Investigation (UIC) of the Institute Pasteur of Ivory Coast. This study took place from
August 2012 to August 2013 on 45 HIV-positives patients under antiretroviral treatment.
Among these patients, there were 15 men and 30 women is a sex ratio of 1/2. The average
age of the patients was 38.37+£9.93 with extremes of 19 and 63 years. The age group
between 31-40 years was represented in 42.22% of the cases. The clinical and
immunological stages of HIV patients were not considered.

On 45 studied patients, 40 patients were carriers of the HIV-1 either 88.89%, 4 patients were
carriers of the HIV-2 or 8.89% and only patient was expanding of the two-tier VIH1+2 or
2.22%. Patients have received several regimens and therapeutic combinations during the
study period (Table 1).

According to the Table 1, three HAART were used during the follow-up what are 2
nucleoside reverse transcriptase inhibitors + 1 non-nucleoside reverse transcriptase inhibitor
(2 NRTI+1NNRTI);2 nucleoside reverse transcriptase inhibitors + 1 protease inhibitor (2
NRTI+1IP) and 3 nucleoside reverse transcriptase inhibitors (3 NRTI). The greater part of
the patients was under 2NRTI+1NNRTI (86.66 %of the cases). The association of molecules
AZT+3TC+NVP was the regimen the most used by the majority of the patients. These ART
have been taken from the first day without ART (DO0) until the 12" month (M12) after taking
ART.

2.1.1 Inclusion criteria

The adults HIV-positive patients (18 years and more) diagnosed positives to HIV during the
period of study were included in this study, with an initial evaluation and under antiretroviral
treatment (ART).

2.1.1.1 Exclusion criteria
The patients having only data at the initial assessment and with treatment for opportunistic

infections; the children (0 to 17 years) and the pregnant women were excluded from the
study.
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Table 1. Distribution of patients according to the drawings and therapeutic combinations used during f ollow up

Families HAART DO D15 M6 M12
Effective Frequency Effective  Frequency Effective Frequency Effective Frequency
(PLHIV) (%) (PLHIV) (%) (PLHIV) (%) (PLHIV) (%)

2NRTI TDF+FTC+EFV 4 8.88 4 8.88 4 8.88 4 8.88

+ DAT+3TC+NVP 2 4.44 2 4.44 2 4.44 2 4.44

INNRTL azT+3TCenve 32 71.11 29 64.44 28 62.22 28 62.22

AZT+3TC+EFV 4 8.88 5 11.11 5 11.11 5 11.11
2NRTI +1IP  AZT+3TC+LP/RT 2 4.44 3 6.66 4 8.88 4 8.88
3NRTI AZT+3TC+ABC 1 2.22 2 4.44 2 4.44 2 4.44

2 NRTI +1INNRTI = 2 nucleoside reverse transcriptase inhibitors + 1 non-nucleosidereverse transcriptase inhibitor, 2 NRTI+1IP =2 nucleoside
reverse transcriptase inhibitors + 1 protease inhibitor, 3NRTI = 3 nucleoside reverse transcriptase inhibitors, PLHIV = People living with HIV
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2.1.2 Apparatus and reagents used

The cytometer flow BD FACSCalibur (Becton Dickinson or BD, USA) was used for
enumeration of CD4+T-lymphocytes [10,11]. With respect to the determination of
the serology for HIV and the serotyping, respectively have been used the reagents that
are the DETERMINE® HIV-1/2 (DETERMINE, USA) and the GENIE™ Ill HIV-1/HIV-2 (USA)
[12]. The blood count has been done on the globular counter SYSMEX XT-1800i (Sysmex
GmbH, Germany).

2.2 Sampling and Determination of the Serology for HIV

Between 7:00 and 9:00 am venous blood samples of starved HIV-positives patients, were
taken in dry tubes, in EDTA tubes and in oxalate fluoride tubes to the first day before taking
the ART(DO) andto 15 days (D15), 6 months (M6) and 12 months (M12) after taking
ART. The sample room was kept at 20+2°C.

The Whole blood in dry tubes was centrifuged rapidly in a centrifuge JOUAN BR4i® brand
(Buckinghamshire, England) at 3000 rev/min for 10 min to obtain serum. A part of this serum
was used for the detection of antibodies to HIV-1 and antibodies against HIV-2 with the test
immune-chromatographic DETERMINE® HIV-1/2 [13]. The serum has also been used to test
of HIV serotyping, with GENIE™ Il HIV-1/HIV-2 test. This test uses the immune-
chromatography and immune-concentration in combination [13]. The other part of serum
was aliquoted and stored at -80°C for further studies.

2.3 CD4+T lymphocytes Count and Complete Blood Cou  nt

The whole blood collected in EDTA tubes was used the same day within 4 hours after
harvesting to make the CD4+ T-lymphocytes count with the flow cytometerin stream
BD FACScalibur, [14] and the complete blood counts (CBC) using the SYSMEX XT-1800i
(Sysmex GmbH, Germany). The normal values are represented in Table 2. Any variation of
these standard values reflects the presence of an imbalance.

Table 2. Normal values of different biological para  meters [10]

Immunological parameters and haematological Normal values (15 Years and more)
Absolute value of CD4+ 400-1750 Cells/mm3
Red blood cells (GR) 3.8-6.0 (10% pl)
Hemoglobin (HBG) 11.5-18 G/l
Haematocrit (HCT) 37-54%
Mean corpuscular volume (MCV) 80-95 FI
Mean corpuscular hemoglobin content (MCH) 27-32 PG
Mean corpuscular hemoglobin concentration (MCHC) 32-36 G/dI
platelets 150-400 (10°%/ pl)
White blood cells (WBC) 4-10 (10% pl)
Absolute value of neutrophils 1.8 -7 (10% pl)
Absolute value of lymphocytes 0.4 -4 (10% pl)
Absolute value of monocytes 0.1-1 (10% pi)
Absolute value of eosinophils 0.1-0.6 (10°/ pl)
Absolute value of the Basophilic 00.1 (10 pl)
Patients have received several regimens and therapeutic combinations during the study period
(Table 2)
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2.4 Statistical Analysis

Descriptive statistics for basic characteristics of the HIV-positives patients were carried out
and univariate analyses, where Pearson chi-square tests were performed to test
associations between HIV serotype, ARTs and biological parameters. Due to the small
population size, the non-parametric Dunnett test was performed to assess differences
between the therapeutic regimens. A multiple logistic regression analysis was used to
determine the predictor for this study. The result was considered statistically significant if the
p value was less than 0.05 (P<0.05). Statistical analyses were performed by using Graph
Pad Prism V5.01 software (Graph Pad, Washington, USA).

3. RESULTS

3.1 Influence of HAART Used on Biological Parameter s Depending on the
Type of HIV

3.1.1 Influence of combinations TDF+FTC+EFV, DA4T+3T C+NVP, AZT+3TC+NVP,
AZT+3TC+EFV on patients HIV-1 blood cells count

The results revealed a significant increase (P<0.05) of CD4+ T-lymphocytes count (Table 3).
The average rates of white blood cells, neutrophils, eosinophils and red blood cells showed
non-significant decrease (Table 3). No change was found in the rate of eosinophils,
monocytes and basophils. Lymphocytes, haemoglobin, haematocrit, Mean corpuscular
volume (MCV), Mean corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin
concentration (MCHC), and the platelets have experienced a non-significant increase of their
average rate (Table 3).

3.1.2 Influence of combinations AZT+3TC+LP/RT and A ZT+3TC+ABC on the patients
HIV-2 blood cells count

The Table 3 showed a significant increase (P<0.05) of the average rate of the CD4 T-
lymphocytes induced by HAART combinations used in patients infected with HIV2. The
average rates of white blood cells, neutrophils, eosinophils, lymphocytes, monocytes, the
haemoglobin, MCV, MCH, MCHC, and the platelets, have experienced a non-significant
increase. The red blood cells and the haematocrit have experienced a non-significant
decrease. However the basophils have not experienced any variation in their average
rates among these same patients (Table 3).

3.2 Influence of Different Types of HAART on the Av erage Rates
of Immunological Parameters (CD4+T-lymphocytes)

The results showed an increase in the number of CD4+ T-lymphocytes regardless the
regimen used during the follow-up. This increase was significant (P<0.0001) to M12
compared to DO or the average number of CD4+ T-lymphocytes was less than 350cells/mm?®
(Table 4). However, the increase of CD4+ T-lymphocytes with the combination therapy
DAT+3TC+NVP has been slow. Therefore, accordin% to Table 4, it has not allowed us to
reach a number greater than or equal to 350 cells/mm® to M12 (216 cells/mm?).
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Types of HIV Average for the HIV1 (40) Average for the HIV2 (4)

DO D15 M6 M12 DO J15 M6 M12
T lymphocytes CD4+ (cells/mm3) 145.57+#123.52  207.93%+150.52 276.3+217.78 488.3£333.19*  125.75+83.12 302+179.60 253.7+168.97 481.3+172.44*
White blood cells (WBC) (10°/ul) 4.24+2.18 3.77+1.46 3.48+0.74 3.78+1.22 2.69+0.78 4.56 £1.98 4.1+0.86 4.12+1.10
Neutrophils (10°/ul) 1.97+1.61 1.65+1.03 1.37+0.68 1.61+0.80 1.18+0.38 2.31+0.75 1.7 +0.57 1.33+0.61
Lymphocytes (10%/ul) 1.49 +0.79 1.43+0.68 1.44+0.40 1.63+0.59 1.04+0.29 1.44 +0.94 1.45+0.63 2.05+0.48
Monocytes (10%/ul) 0.76+1.61 0.45+0.23 0.33 +0.09 0.35+0.12 0.440.14 0.48 +0.15 0.37+0.08 0.42 +0.09
Eosinophils (10°/ul) 0.240.19 0.25+0.19 0.23+0.19 0.15 +0.13 0.07+0.02 0.32 +0.12 0.57+0.46 0.31 +0.29
Basophils (10°/ul) 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
Red blood cells (10°/ul) 4.16+0.93 3.56+0.74 3.55+0.62 3.73+0.68 4.85+0.70 4+0.14 4.0340.77 4.19 +0.98
Haemoglobin (g/dI) 10.91+2.14 9.34+1.82 11.55+1.77 11.66 +1.38 11.45+0.77 10.55+0.35 11.6+1.16 12.1 £1.04
Haematocrit % (HCT) 35.44+7.06 30.9+6.36 35.8615.41 36.69 +4.19 39.2+4.24 32.7 +0.42 36.82+3.86 37.63+3.80
MCV (FL) 84.96+14.23 86.27+11.53 98.42+20.36 99.94+13.72 80.95+ 2.89 81.8 +1.83 92.62+10.89 91.6 +11.84
MCH (pg) 26.68+3.96 26.43+3.21 32.55+4.48 31.84+5.03 23.7+1.20 26.4 £1.83 29.25#4.11 46.3 £32.78
MCHC (g/dl) 30.77+2.10 30.78+2.33 32.06 +1.54 31.81+1.72 29.25+1.20 32.25+1.48 31.52+0.78 32.2+1.8
Platelet (10°/ul) 216.05+88.67 273.83£79.92 228.29+54.49  249.3+143.18 119.5+23.33 307.5+54.4  227+50.83 253.33 + 88.57

*=P< 0.05; ** = P< 0.001; *** = P<0.0001; A(n) : has indicated the combination therapy and n = the number of patients, DO= initial assessment; D15=15 days; M6 = 6 months and M12 = 12 months after
taking ART, MCV = Mean corpuscular volume; MCH=Mean corpuscular hemoglobin; MCHC= Mean corpuscular hemoglobin concentration

Table 4. The average number of lymphocytes TCD4+ functions in the follow-up periods and of the triple therapy

Families Molecules CD4+ (cells/mm3)
Tracking periods
DO D15 M6 M 12
2 NRTI+1INNRTI TDF+FTC+EFVY 248.5+270.69 277+198.79 272.33 +133.16 896.33 + 157.19 ***
D4T+3TC+NVvP*? 91.5+127.98 2 203.5+284.96 ** 208.5 + 284.96 2167 **
AZT+3TC+NVP?® 144.14+98.72 214.52+143.81 293.68 + 248.52 435.95 + 339.76 ***
AZT+3TC+EFV® 110.8491.33 102+56.15 235.2 +110.20 476.5 £21.1 ***
2 NRTI+1IP AZT+3TC+LP/RT®W 103.75+80.88 199.33+106.60 116.33 + 10.40 543.25 + 121.78 ***
3 NRTI AZT+3TC+ABC™? 110.5+1.41 *# 429°146+197.98 2 356" **

*** = P<0.0001;A(n) : has indicated the combination therapy and n the number of patients, The absence of values indicates that patients have missed their appointments, 2 NRTI +1NNRTI = 2 nucleoside
reverse transcriptase inhibitors + 1 non-nucleosid reversetranscriptase inhibitor, 2 NRTI+1IP =2 nucleoside reverse transcriptase inhibitors + 1 protease inhibitor, 3NRTI = 3 nucleoside reverse

transcriptase inhibitors, DO= initial assessment; D15=15 days; M6 = 6 months and M12 = 12 months after taking ART
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Table 5. Average values of haematological parameter s according to therapeutic regimens AZT+3TC+LP/RT a nd AZT +3TC+ABC

Types of triple therapy AZT+3TC+LP/RT®Y AZT+3TC+ABC "2

DO D15 M6 M12 DO D15 M6 M12
White blood cells (10%/ul) 3.11+0.90 4.39+1.42 3.08+1.01 3.09+1.38 4.63% 3.169 4.38+1.21%7 4.24W
Neutrophils (10*/ul) 1.56+1.05 1.95+1.20 1.17+0.16 1.36+0.58 2.09% 1.78¥ 1.98+0.60"? 0.96%"
Lymphocytes (10%ul) 0.93+0.30 1.34+0.71 1.01+0.38 1.62+0.79 1.43% 0.77% 1.26+1.01%2 2.17%
Monocytes (10°/ul) 0.47+0.12 0.58 0.39+0,05 0.37+0.10 0.39%@ 0.379 0.39+0.09%? 0.45%
Eosinophils (10%ul) 0.18+0.13 0.48+0.32 0.14+0.10 0.2240.13 0.71@ 0.249 0.74+0.70%? 0.66"
Basophils (10%/ul) 0.0 +0.0 0.0 0.0 0.0 +0.0 0.0+0.0 0.01@ 0.0@ 0.0+0.0*? 0.0®
Red blood cells (10%/ul) 4.18+0.87 3.68+0.59 3.2+1.04 3.9+1.24 4179 3.99 4.1+0.31%2 3.78W
Haemoglobin (g/dl) 10.47+1.21 10.03+0.46 10.46+3.63 11.6+0.88 12.4¥ 10.8¥ 11.70+1.41%2 12.8%
Haematocrit % (HCT) 33.77+6.78 31.1+1.65 37.53+4.03 36.8+4.04 34,29 32.49 36.6+3.67"% 37.7%
MCV (FL) 80.82+4.64 85.86+13.28 102.2+23.74 98.53+21.28* 82 83.1¥ 95.5+11.17"? 99,7 #wx
MCH (pg) 25.35+2.27 27.63+3.55 31.4+7.00 31.03+7.20** 29.7% 27.7% 30.55+4.17 &2 83.9W7”
MCHC (g/dl) 31.4+2.77 32.3+1.73 30.76+0.83 31.56+1.01 36.39 33.3@ 31.95+0.63 2 34"
Platelets (10%/ul) 177.7583.35 232.66+35.0 180.33+39.5 186.33+55.58 295%@ 346% 265.5+20.50 2 344Y

*=P< 0.05; ** = P< 0.001; *** = P<0.0001; A(n): has indicated the combination therapy and n = the number of patients, DO= initial assessment; D15=15 days; M6 = 6 months and M12 = 12 months after taking ART, MCV = Mean
corpuscular volume; MCH =Mean corpuscular hemoglobin content; MCHC = Mean corpuscular hemoglobin concentration

Table 6. Average values of haematological parameter s according to therapeutic regimens D4T+3TC+NVP and  AZT+3TC+NEV

Types of HAART D4T+3TC+NVP"? AZT+3TC+NEV™Y

DO D15 M6 M12 DO D15 M6 M12
White blood cells (10%/ul) 6.04+6.39"7 2.25W 2.38W 3.51@ 4.22+2.14 3.51+1.21 3.34+0.62 3.67+0.99
Neutrophils (10*/ul) 3.19+3.35 2 1.36" 1.14W 0.68% 1.82+1.63 1.35+0.78 1.26+0.59 1.59+0.65
Lymphocytes (10%ul) 2.24+2 6242 0.41% 0.87% 2.33@ 1.54+0.68 1.5+0.69 1.42+0.40 1.59+0.57
Monocytes (10°/ul) 0.54+0.47%? 0.25W 0.27% 0.41% 0.89+1.92 0.4+0.19 0.32+0.10 0.34+0.11
Eosinophils (10%ul) 0.05+0.06 2 0.23% 0.1 0.09% 0.2240.21 0.25+0.20 0.2340.18 0.15+0.14
Basophils (10%/ul) 0.01+0.01 *? oW oW o 0+0 0+0 0+0 00
Red blood cells (10°/ul) 3.42+0.79 2 3.4 3.429 3.97? 4.15+0.91 3.63+0.64 3.7+0.60 3.69+0.75
Haemoglobin (g/dl) 8.6+1.69 2 9.1 8.0" 12.6¥ 10.94+2.03 9.56+1.40 11.4+1.95 11.78+1.42
Haematocrit % (HCT) 27.446.36"? 29.5W 30.6Y 39.1@ 35.3646.64 30.56+4.43 35.29+5.80 36.51+4.56
MCV (FL) 80+0.14 2 86.8" 89.5W 98.51) wi 84.6+16.33 85.03+10.27 98.02+23.34 101.07+14.58%**
MCH (pg) 25.25+0.91? 26.8Y 23.49 31,79 26.83 +4.14 26.58+3.08 32.97+4.82 32.6 +5.08**
MCHC (g/dl) 31.5+1.13 *? 30.8Y 26.1Y 32,29 30.77 +1.95 31.32+1.45 32.26+1.65 32.22+1.32
Platelets (10%/ul) 331.5+154.852 304" 276 205%@ 203.73+79.46 253.9+71.26 223.27452.25 256.55+163.70

*=P< 0.05; ** = P< 0.001; ** = P<0.0001; A(n) : has indicated the combination therapy and n = the number of patients, DO= initial assessment; D15=15 days; M6 = 6 months and M12 = 12 months after taking ART, MCV = Mean
corpuscular volume; MCH =Mean corpuscular hemoglobin content; MCHC = Mean corpuscular hemoglobin concentration
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Table 7. Average values of haematological parameters according to therapeutic regimens AZT+3TC+EFV and TDF+FTC+EFV

Types of HAART AZT+3TC+EFV® TDF+FTC+EFV®

DO D15 M6 M12 DO D15 M6 M12
White blood cells (10°/ul)  3.65+1.02 3.08+1.90 3.45+0.85 2.38+0.26 3.59+0.62 3.45+1.31 4.59 +0.75 4.97 +1.46
Neutrophils (10°/ul) 1.81+0.90 1.99 1.34+0.85 0.87+0.69 1.87+0.77 3.10.77 2.32 +1.37 2.39 +0.59
Lymphocytes (10%/ul) 1.26+0.51 1.09+0.41 1.46+0.36 1.22+0.44 1.27+0.10 1.66 +0.66 1.72+0.27 1.91+0.48
Monocytes (10°/ul) 0.51+0.21 0.31%0.10 0.350.08 0.24+0.05 0.34%0.10 0.82 +0.14 0.43 0.01 0.54 +0.10
Eosinophils (10°/ul) 0.16+0.08 0.3 0.28+0.27 0.05+0.04 0.1+0.09 0.24 +0.27 0.11 #0.11 0.13 +0.07
Basophils (10°/ul) 0+0 0.01+0.01 0.02+0 0+0 0+0 0.01 +0 00 0+0
Red blood cells (10°/ul) 4.1+0.84 3.33+2.45 3.64+0.20 3.70+0.44 4.77+1.29 3.45 +0.40 3.77 +0.51 4.06 +0.26
Haemoglobin (g/dl) 11.28+1.69 8.56+6.57 12.06+0.83 12.15+0.49 11.443.62 8.45 +1.44 11.8 +1.75 10.87+0.62
Haematocrit % (HCT) 36.92+7.86 30.5+16.8 37.4+2.29 38.4+2.82 38.2249.71 33.42 ¥12.23 37.4646.92 36.65+3.28
MVC (FL) 90.4+8.91 99.95+23.12 103.06+4.60 103.95+4.87**  80.67+7.45 82.42 ¥11.81 93.6+12.45 90.5+12.19%***
MCH (pg) 27.92+3.62 25.620.84 33,08+0,99 32.95+2.61* 24.12+4.07 24.6 +4.29 28.56+4.28 26.85+3.39**
MCHC (g/dl) 30.86+2.06 26.45%7.00 32,14+0,71 31.65+1.06 29.9+3.85 29.28 +2.29 30,4620,70 29,7242,55
Platelets (10°/ul) 227.8+110.22 362+149.90 271,6456,87 283+9.89 239.75+87.26 350.25 +25.92 224 +7,93 230,25+54,79

*=P< 0.05; ** = P< 0.001; *** = P<0.0001; A(n) : has indicated the combination therapy and n = the number of patients, DO= initial assessment; D15=15 days; M6 = 6 months and M12 = 12 months after
taking ART, MCV = Mean corpuscular volume; MCH =Mean corpuscular hemoglobin content; MCHC = Mean corpuscular hemoglobin concentration
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3.3 Influence of HAART on the Average Rates of Haem atological Parameters

Tables 5, 6 and 7 showed a non-significant variation of the average rates of white blood cells
(GB), basophils, monocytes, eosinophils, platelets, hematocrit and MCH during the follow-
up in all the therapeutic regimen used.

With the exception of the TDF+FTC+EFV, all therapeutic combinations have resulted in a
decrease in the number of neutrophils (above Tables 5, 6 and 7). Table 5 showed non-
significant increase of totals lymphocytes count with the therapeutic regimens 2NRTI+1IP
and 3NRTI. With regard to the red cells, the results have revealed non-significant decrease
of red blood cells count regardless of the therapeutic regimen. However, haemoglobin
known non-significant increase reaching the interval of standard values (Tables 5, 6 and
7). The rates have increased significantly forthem average MVC (P<0.0001) and
MCH (P<0.001) regardless of the regimen used (Tables 5, 6 and 7).

4. DISCUSSION

The analysis of the results showed a very significant increase (p<0.0001)in average rates of
CD4+ T-lymphocytes for all triple combination therapies, after one year of treatment. HIV-
positives patients under the combination TDF+FTC+EFV had 248.5 + 270.69 cellsimm3 the
first day before taking the ART(DO)and after twelve months under, CD4+ T-lymphocytes
count was: 896.33 + 157.19 cellssmm? of blood; either an increase CD4+T-lymphocytes
more than 647.83 cells/mm? of blood (p<0.0001).Results of CD4+T-lymphocytes count of
combination DAT+3TC+NVP were 91.5 + 127.98 cells/mm® of blood to DO and 208.5 +
284.96 cells/mm?®, after six months under ART, either a significant increase from p<0.0001.
In effect, these results corroborate those of Coulibaly et al. and Tumbarello et al. [15,16]
which showed a significant increase of CD4+T-lymphocytes count between initial
assessment and the 6th month of treatment of HIV-positives patients under
DAT+3TC+NVP.This increase of CD4 T-lymphocytes count in the time would be due to the
fact that the antiretroviral treatment (ART) have managed to block the replication of the virus
in the body of HIV-positives patients. Consequently, ART could be stimulated the synthesis
of a large number of CD4+ T-lymphocytes in the primary and secondary lymphoid organs
such as the bone marrow, lymph nodes and the spleen [17]. The use of ART has enabled
an immune restoration.

The white blood cells, monocytes and neutrophils counts reduced not significantly, totals
lymphocytes count showed non-significant increase for all combinations. Our results are
consistent with those of Nantaya et al. [18] who found a leukopenia and neutropenia in HIV-
positives patients under antiretroviral treatment in Lubumbashi. The eosinophils and
basophils counts showed no variation during the follow [19]. Contrary to combination TDF +
FTC + EFV, white blood cells count was 3.59 x 103/pIiO.62 of blood to initial assessment.
After twelve months under ART, their number was 4.97 x 103/pl +1.46 either a not significant
increase. Neutrophils, monocytes, lymphocytes, eosinophils, basophils showed also a
significant increase. The decrease in average rates of white blood cells could be related to
the decline of neutrophils and monocytes counts. In effect, neutrophils, monocytes,
basophils, lymphocytes are white bloods cells. Combinations containing lamivudine (3TC)
could be responsible for white blood cells decrease [8]. In addition, the increase in average
rates of total lymphocytes could be linked to the very significant increase (p<0.0001) of
CD4+ T-lymphocyte count. Therefore, the immune defenses of HIV-positives patients could
be strengthened. In effect, CD4+T-lymphocytes play the role of central cells of the
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immunity, because they trigger the immune response specific to the body (cellular and
humoral) [20]. Thus, during the infection, the monocytes which play the role of presenter’s
cells of antigens (CPA)show the fragments of antigens associated with the major
histocompatibility complex (MHC) class Il to the CD4+T-lymphocyte. TheCD4+T-
lymphocytes stimulate the secretion of cytokines (interleukins-2, 4, 5 and 6; interferon-
gamma, OSB 1 and 2) which motivate the proliferation and differentiation of T-lymphocytes
(response to mediation cellular) and B (response to mediation Tcell) [20].

According to the results, the HAART drugs would have no influence on the rate of
eosinophils and basophils in the blood total. Therefore, the triple combination therapies used
will not act on the biosynthesis of these two blood cells [19].

HAART can succeed only if anemia installed before ARV treatment was corrected because
the HAART induced a decrease of the average rate of red blood cells. The reduction in red
blood cells obtained in this study would be due to the fact that the ART drugs would affect
the renal metabolism, especially at the level of the regulation of the hormone
erythropoietin [19]. The HAART used therefore cause regenerator anemia [21,22]. Also the
non-increase rate of hematocritand the significant increase average rate of Mean
corpuscular volume (MCV) found, would it be directly relate to the decrease of the average
rate of red blood cells. In addition, the increase in the MVC could be responsible for a
macrocytose (red blood cells of large size caused by folic acid deficiency [22].

The macrocytose occurs in patients using the combinations containing the lamivudine (3TC)
[19]. This anomaly leads to long to anemia which is explained by the increase in the average
rate of haemoglobin in the blood [23,24] as was shown the results of this present study.

5. CONCLUSION

The results obtained have showed that the HAART increased significantly the rate of
CD4+T-lymphocytes to values greater than 350 cellss/mm?® of blood. At the level of the
complete blood count, the ART have restored haemoglobin at its standard values. However,
ART have misled neutropenia and a macrocytose leading to anemia in patients using the
triple combination therapies containing lamivudine (3TC). Therefore, the HIV-positives
patients should be also treated with anti-anemic compounds.

CONSENT

Informed consent was obtained from HIV-positives patients before taking blood samples for
testing.

ETHICAL APPROVAL

This study has been examined and approved by the ethics committee of Ivory Coast through
Institute Pasteur and have therefore been performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki.

This study follows the charter of Institute Pasteur based on the law established on article
L.1121-2 of the Code of Public Health which states that the interest of people that are
amenable to biomedical research always takes precedence over only the interests of
science and society. This study is based on results of medically prescribed tests of the
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names, data source or clinic history of patients), collected specifically for research purposes
by one of the authors.
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