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ABSTRACT
Objective: This work was designed to study the impact of HIV and anti-retroviral therapy on some haematological and haemor-
heological parameters. 
Method: Two hundred and fifty three subjects aged 18 – 60 years; comprising; 85 HIV patients on ART, 90 not on ART and 
78 age-matched apparently healthy HIV negative controls were recruited. CD4+ count, Haematocrit, Mean corpuscular volume 
(MCV), Mean corpuscular haemoglobin (MCH), Mean corpuscular haemoglobin concentration (MCHC), red cell distribution 
width (RDW), Whole blood viscosity (WBV), plasma viscosity (PV) and plasma fibrinogen were assayed.
Result: WBV, PV, plasma fibrinogen, RDW and MCV were significantly higher in HIV-positive subjects on ART and those not 
on ART compared to the controls (p<0.05). While HCT and CD4+ count, were significantly lower in HIV-positive subjects on ART 
and those not on ART compared to the controls (p<0.05). MCH and CD4 count were significantly higher in HIV subjects on ART 
than non-ART subjects (P<0.05). MCV was significantly higher in female than males on ART and non-ART (P<0.05). HCT was 
significantly higher in males than females in subjects not on ART and the control subjects (P<0.05). Plasma fibrinogen was sig-
nificantly higher in females than males on ART and control subjects while MCH and CD4 count were higher in male than female 
control subjects (P<0.05 respectively). 
Conclusion: The increase in WBV, PV and Plasma fibrinogen indicates an altered haemorheology while the decrease in HCT, 
MCH and MCHC is a pointer to anaemia known to be prevalent in HIV patients. The reduction in CD4 indicates the immunosup-
pressed state of the patients.
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INTRODUCTION

Since its identification in 1981, Human immunodeficien-
cy virus (HIV) infection and associated Acquired immune 
deficiency syndrome (AIDS) remain a major burden 
globally [1]. Nigeria has the second highest number of 
people living with Human immunodeficiency virus (3.1 
million) next to South Africa (5.6 million). It accounts 
for 10% of the global Human immunodeficiency virus 
burden. In patients infected with Human immunodefi-In patients infected with Human immunodefi-
ciency virus, the prevalence of cardiovascular risk fac-

tors is greater than in the general population. Both the 
Human immunodeficiency virus infection itself and the 
anti-retroviral treatment play a role in the development 
of cardiovascular event [2]. 

Haemorheology is the study of the flow properties of 
blood and its elements. There is increasing evidence that 
flow properties of blood are among the main determin-
ants of proper tissue perfusion, and alteration in these 
properties play significant role in disease processes. 
Whole blood viscosity is the property of the fluidity and 
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internal friction of blood. Increased viscosity may be one 
mechanism by which all major risk markers may pro-
mote cardiovascular disease [3]. Generally, changes in 
whole blood viscosity have been reported in several hu-
man cardiovascular diseases indicating that blood viscos-
ity may be a major cardiovascular risk factor. Men have 
been shown to have higher blood viscosity than women, 
largely because of their higher hematocrit. Plasma vis-
cosity is the intrinsic flow resistance of plasma. Increased 
plasma viscosity and whole-blood viscosity are observed 
in primary hyperlipoproteinemias as well as in second-
ary hyperlipoproteinemias such as diabetes mellitus and 
the nephrotic syndrome [3]. Plasma viscosity is primarily 
dependent on the concentration of plasma proteins, es-
pecially fibrinogen and it is not affected by anaemia [4]. 
According to [5], elevated plasma fibrinogen levels may 
be regarded as an independent cardiovascular risk factor. 
Cardiovascular disease is associated with high fibrinogen 
and lipid fractions leading to an increase of both plasma 
and whole blood viscosity as well as raised aggregability 
of blood cells [6].

The Haematologic manifestations of Human immuno-
deficiency virus infection are well-recognized as major 
complication of the disease and may be clinically impor-
tant in many patients. The physiopathology of Human 
immunodeficiency virus-associated anaemia may involve 
three basic mechanisms: decreased Red Blood Cell pro-
duction, increased Red Blood Cell destruction, and inef-
fective Red Blood Cell production. Red cell distribution 
width is an automated measure of the heterogeneity of 
red blood cell sizes (e.g. anisocytosis) and routinely per-
formed as part of a complete blood cell counts. Red cell 
distribution width is used in the differential diagnosis of 
anemia. Red cell distribution width which also indicates 
the degree of anisocytosis is currently considered a new 
marker of inflammatory activity. A high level of red blood 
cell distribution width is a novel prognostic marker that 
may reflect an underlying inflammatory state. Recently, 
a series of studies have demonstrated that red blood cell 
distribution width can serve as a novel, independent pre-
dictor of prognosis in patients with cardiovascular dis-
eases [7].

This study was therefore aimed at studying the impact of 
Human immunodeficiency virus infection and anti-retro-
viral therapy on some haematological and haemorheo-
logical parameters of Human immunodeficiency virus 
patients.

MATERIALS AND METHOD

SUBJECTS SELECTION
A total of one hundred and seventy-five (175) HIV-pos-
itive subjects (60 males and115 females) between the 
ages of 18-60yrs were recruited for this study from the 

Voluntary Counselling and Testing (VCT) centre in Delta 
State Government Hospital and Sage Clinic both in War-
ri, Delta State. Eighty five (85) were on Anti-retroviral 
drugs and Ninety (90) were not on anti-retroviral ther-
apy. Seventy-eight (78) apparently healthy age-matched 
HIV sero-negative participants were also recruited as 
controls (30 males and 48 females).

Ethical approval was obtained from the Ethics committee 
of Delta State Hospital Management board and informed 
consent was obtained from all participants that were in-
volved in this study. 

Inclusion criteria were HIV positive patients on antiret-
roviral therapy (ART) at the duration of three months to 
thirty-eight months, HIV positive patient not on ART and 
HIV negative patients as control subjects. Exclusion cri-
teria were Pregnant women, subjects with known bleed-
ing or clotting disorders, including history of deep vein 
thrombosis, Concurrent malignancy requiring cytotoxic 
chemotherapy or radiation therapy, Patient less than 
18years or above 60 years of age and subjects that de-
clined from participating in the study. 

SAMPLE COLLECTION

Six (6) millilitres of blood was collected from the ante-
cubital fossa of each subject, 4ml was dispensed into 
EDTA container for CD4 count, haematological and 
haemorheological parameters, the remaining 2ml into 
plain containers (chemically clean plastic tube), which 
was allowed to clot and serum used for serum viscosity 
and HIV screening. 

METHODS

HIV 1/2 RAPID TEST KIT BY IMMUNOCHROMA-
TOGRAPHY
Determine HIV ½ test strips (Alere medical company Ltd, 
Japan, 2013, lot No: 53427K100)

Fifty microliter (50µL) of plasma sample was dispensed 
into the specimen pad of the test strip. The reaction was 
allowed for 15 minutes. The appearance of distinct red 
lines on the test and control regions of the kit suggests 
a positive HIV test. While only one distinct red line in 
the control region suggested a negative result. Appear-
ance of the distinct red line on the control region will 
validates the result without which the kit was assumed 
non-functional.

STAT PAK HIV ½ test kit (CHEMBIO DIAGNOSTIC 
SYSTEMS INC., USA 2012, lot No: HIV070612)
The test kit was placed on a flat surface; 5µL sample loop 
provided for the specimen was used to touch the sam-
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ple allowing the opening of the loop to fill with plasma 
which was then placed into the sample pad. Three (3) 
drops of the buffer drop-wise was added to the sample 
in the sample well. Result was read after 10 minutes of 
adding the buffer.

UNI-GOLD HIV ½ test kit (TRINITY BIOTECH PLC, 
Ireland 2013, lot HIV3100204)
The test device was removed from the protective wrap-
per. Over the sample port 60µL of serum was added. Also 
two drops of wash buffer reagent was added to the sam-
ple on its port. Result was read after 10 minutes.

CD 4+ T CELL COUNT (Partec, Germany)
Twenty microlitre (20µL) sequestrated blood was col-
lected into a partec test tube (Rohren tube). Then 20µL 
of CD4+ T cell antibody will be added into same tube. 
The content was mixed and incubated in the dark for 15 
minutes at room temperature. 800µL of CD4 buffer was 
then added to the mixture in the tube and mixed gently. 
The partec tube was then plunged on the Cyflow counter 
and the CD4+ T cell count displayed as peak and inter-
preted as figures.

RED CELL INDICES (using DIRUI BCC-3000B 
Auto Haematology Analyser)
Haematocrit (HCT), Mean Corpuscular Volume (MCV), 
Mean Corpuscular Haemoglobin (MCH), Mean Corpus-
cular Haemoglobin Concentration (MCHC) and Red Cell 
Distribution Width (RDW) was analysed using DIRUI 
BCC-3000B Auto Haematology Analyser. The procedure 
was according to manufacturers’ instruction.

WHOLE BLOOD VISCOCITY AND PLASMA VIS-
COSITY
Whole Blood Viscosity (WBV) and Plasma Viscosity (PV) 
were carried out by a modification of the method of Reid 
and Ugwu [8]. 

PLASMA FIBRINOGEN ESTIMATION
Fibrinogen was estimated using the method of miller et 
al [9]. 

STATISTICAL ANALYSIS
The results were statistically analysed using the Sta-
tistical Package for Social Sciences (SPSS) version 21. 
Data were expressed as mean ± SD. Analysis of vari-
ance (ANOVA) was used to compare differences among 
groups, while student t-test was used to compare the dif-
ferences between groups. Values were considered signifi-
cant at P<0.05.

RESULTS

The mean values of HCT (%) was significantly lower 
in HIV-positive subjects (ART and non-ART) compared 
with control subjects (p<0.05). Similarly, mean ± S.D 
RDW (%) was significantly higher in HIV-positive sub-
jects (ART and non-ART) compared with control subjects 
(p<0.05). The mean of MCV (fl) in HIV-positive subjects 
(ART and non-ART) was significantly higher than control 
subjects (p<0.05). Similarly, MCH (pg) and MCHC (g/
dl) of HIV-positive subjects on ART and non-ART were 
significantly lower compared with corresponding values 
in the control (p<0.05). The mean ± S.D of MCH (pg) 
was significantly higher in HIV-positive on ART com-
pared with the corresponding values in HIV-positive not 
on ART (p<0.05) (Table 1).

CD+ count (cells/µL) was significantly lower in HIV-posi-
tive subjects (ART and non-ART) compared with control 
subjects (p<0.05). Similarly, the mean values of whole 
blood viscosity, plasma viscosity and plasma fibrinogen 
were significantly higher in HIV-positive subjects (ART 
and non-ART) compared with control subjects (p<0.05). 
The mean of CD+ count (cells/µL) was significantly high-
er in HIV-positive subjects on ART compared with HIV-
positive subjects not on ART (p<0.05) (Table 2).

The mean ± S.D of MCV was significantly higher in fe-
male subjects on ART than the male subjects. Similar-
ly, in non-ART subjects, HCT was significantly higher 
in males than females while MCV was higher in males 
than females non-ART subjects. Moreover, HCT and MCV 
were significantly higher in males than the female con-
trols (Table 3).

There was a significantly higher mean values in plasma 
fibrinogen (g/L) when compared between HIV-positive 
female and male subjects not on ART as well as in the 
control subjects. (p<0.05). The mean values of CD4 
count was significantly higher in male controls compared 
to the female controls (P<0.05) (Table 4).

DISCUSSION

Haematological abnormalities are among the most com-
mon abnormalities of HIV infection which involves all lin-
eages of blood cells [10]. HIV infection affects haemato-HIV infection affects haemato-
logical indices of patients regardless of age, sex and ART 
[11]. This study generally observed a significant increase 
in the MCV and RDW as well as a significant decrease in 
HCT, in HIV-positive subject on ART and HIV-positive sub-
jects not on ART compared to the control subjects, while 
MCH and MCHC was significantly decreased in non-ART 
subjects compared to the control. These might be sug-
gestive of macrocytic hypochromic anaemia. The cause 
of HIV-related anaemia is known to be multi-factorial. It 
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may result from the indirect effects of HIV infection, ad-
verse reactions to medications, opportunistic infections 
or neoplasm; nutritional causes such as anorexia or mal-
absorption; or metabolic disorders associated with HIV 
[12]. HIV may directly affect bone marrow stromal cells, 
leading to decreased production of red blood cells and 
other bone marrow elements [13]. Other study showed 
that soluble factors like HIV proteins and cytokines may 
inhibit the growth of haematopoietic cells in the bone 
marrow [14]. Moreover, MCH was significantly higher in 
HIV-positive subjects on ART than those not on ART this 
serves to confirm the effectiveness of ART in improving 
the quality of life of HIV patients.

HIV-positive patients (on ART and non-ART) had a re-
duced haematocrit compared to the control. This con-
firms the preponderance of anaemia in HIV patients. 
Haematocrit was significantly lower in HIV-positive fe-
male subjects not on ART than their male counterpart. 
This is in agreement with previous findings [15]. HCT 
was also lower in female than male control; this could be 
due to the fact that males normally have a higher HCT 
than females.

MCV was significantly higher in HIV patients (ART and 
non-ART) than control, signifying the likelihood of de-
veloping macrocytic anaemia. This is supported by a 
previous finding that reported low levels of vitamin B12 
[16] and folate deficiency [17, 18] in HIV infected pa-
tients. Elevated MCV could be associated with the use 
of zidovudine (AZT) or stavudine (d4T) [19]. Thus the 
elevated MCV observed in patients on ART in this study 
could therefore be attributed to antiretroviral drug use. 
MCV was also significantly higher in females than males 
in both ART and those not on ART. The reason for this is 
not apparent.

RDW was observed to be significantly higher in HIV-posi-
tive subject on ART and those not on ART compared with 
the control subjects. This could be as a result of nutri-
tional deficiency of various causes in this group. Previ-
ous studies [20, 21], also attributed these high values of 
RDW to an underlying inflammatory state that leads to 
impaired erythrocyte maturation and anisocytosis. This 
can exacerbate oxidative and inflammatory stress, which 
is a potential mechanism for the increased cardiovascu-
lar risk in this condition [22, 23].

CD4 T- cell count serves as the major clinical indicator of 
immune-competence in patients with HIV infection and 
hence usually the most important consideration in deci-
sion to initiate ART [24]. This study showed a significant 
reduction in CD4 count in HIV-positive subjects both on 
ART and those not on ART compared with the control 
subjects. This could be explained by the finding that HIV 
attacks and destroys cells with the CD4 antigen [25].

Altered blood flow is believed to contribute to microvas-
cular disease and thus, studying the rheological behav-
iour of formed elements in the blood may provide insight 
into the pathogenesis of the microvascular abnormali-
ties associated with HIV disease. Whole blood viscosity, 
plasma viscosity, haematocrit and plasma fibrinogen are 
known to influence in vivo blood flow.

In this study, there were significant increase in whole 
blood viscosity, plasma viscosity, plasma fibrinogen in 
HIV-positive subjects on ART and those not on ART com-
pared to the control subjects. Similarly, there was a sig-
nificantly higher value of plasma fibrinogen in female 
control and in subjects not on ART compared with the 
males. 

ART has been known to improve immunity and haema-
tocrit values [26]. Thus, the placement of these patients 
on ART may improve their haematocrit value and in turn 
improve their whole blood viscosity. The increase plasma 
viscosity observed among HIV-positive patients in this 
study correlates with the observed increase in the plasma 
fibrinogen concentration. Fibrinogen concentration sig-
nificantly affects plasma viscosity. These findings agree 
with earlier reports [25, 27, 28]. Clinically an increase in 
plasma fibrinogen (and by extension plasma viscosity) is 
a risk factor for Cardiovascular disease [29, 30].

CONCLUSION

Conclusively, HIV and ART have effects on both the 
haematological and haemorheological parameters of 
HIV-positive patients. The increase in WBV, PV and Plas-
ma fibrinogen indicates an altered haemorheology which 
is a risk factor for cardiovascular abnormalities in HIV 
patients while the decrease in HCT, MCH and MCHC is 
a pointer to anaemia known to be prevalent in HIV pa-
tients. The reduction in CD4 indicates immunosuppres-
sant in the patients. 

RECOMMENDATION

HIV-positive subject should therefore be assessed for 
haemorheologic (whole blood and plasma viscosity and 
plasma fibrinogen), haematologic (full blood count with 
red cell indices inclusive) before enrolment for HAART 
and periodically during therapy given their incidence, 
potential for morbidity and possible cardiovascular risk.

Viral load assay with haemorheology is necessary to as-
certain possible effect of viraemia on these parameters.
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Table 1: mean ± SD of haematocrit (%) and red cell indices among HIV-positive subjects on ART, HIV-posi-
tive subjects not on ART and control subjects.

Groups Haematocrit (%) MCV (fl) MCH (pg) MCHC (g/dl)) RDW (%)

HIV/ART
(N=85)      (1)

34.02±5.58 85.06±10.02 29.70±2.49 34.03±1.77 15.12±1.49

HIV
(N=90)      (2)

33.97±5.73 84.96±6.53 28.44±2.56 33.59±1.49 15.04±1.12

CONTROL
(N=78)       (3)

36.54±4.42 81.68±3.92 30.50±3.05 34.47±1.14 14.62±0.59

F (P) Value 6.221(0.002*) 5.571(0.004*) 12.612(0.000*) 7.215(0.000*) 4.503(0.012*)

1 vs. 2 0.998 0.996 0.003* 0.183 0.909

1 vs. 3 0.005* 0.013* 0.167 0.141 0.013*

2 vs. 3 0.004* 0.000* 0.000* 0.000* 0.007*

Significant at p<0.05

F (P) Value: mean ± SD of HCT (%), MCV (fl), MCH (pg), MCHC (g/dl) and RDW (%)) compared among HIV positive subjects 
on ART, HIV positive subjects not on ART  and control subjects using ANOVA. 
1 vs. 2 (P Value): mean ± SD compared between HIV-positive subjects on ART and  HIV positive subjects not on ART using 
Student’s t-test.
1 vs. 3 (P Value): mean ± SD compared between HIV-positive subjects on ART and control subjects using Student’s t-test.
2 vs. 3 (P Value): mean ± SD compared between HIV-positive subjects not on ART and control subjects using Student’s t-
test.

Table 2:  Mean ± SD of CD4 count (cells/µL) and Haemorheology among HIV-positive subjects on ART, HIV-
positive subjects not on ART and control subjects.

GROUP CD4Count
(cells/µl)

Whole Blood 
Viscosity

Plasma Viscosity Plasma Fibrinogen (g/l)

HIV/ART
(N=85)   (1)

363.14±228.94 3.38±0.34 1.91±0.31 3.13±0.62

HIV
(N=90)   (2)

480.54±245.63 3.40±0.31 1.94±0.26 3.07±0.73

Control
(N=78)   (3)

991.49±346.62 3.16±0.20 1.76±0.20 2.37±0.25

F (P) Value 183.453(0.000*) 18.237(0.000*) 11.853(0.000*) 43.146(0.000*)

1 vs. 2 0.004* 0.912 0.690 0.818

1 vs. 3 0.000* 0.000* 0.000* 0.000*

2 vs. 3 0.000* 0.000* 0.000* 0.000*

Significant at p<0.05
F (P) Value: mean ± SD of CD4 count (cells/µL) and Whole blood viscosity, plasma viscosity and plasma fibrinogen (g/L)) compared among HIV-
positive subjects on ART, HIV-positive subjects not on ART and control subjects using ANOVA.
1 vs. 2 (P Value): mean ± SD compared between HIV-positive subjects on ART and HIV-positive subject not on ART using Student’s t-test.
1 vs. 3 (P Value): mean ± SD compared between HIV-positive subjects on ART and control subject using Student’s t-test.

2 vs. 3 (P Value): mean ± SD compared between HIV-positive subjects not on ART and control subject using Student’s t-test.



Int J Cur Res Rev   | Vol 7 • Issue 12 • June 2015 30

Ositadinma et. al.: Haemorheology and red cell indices in hiv positive individuals on anti-retroviral therapy in delta state, nigeria

Table 3: mean ± SD of haematocrit (%) and red cell indices among HIV-positive female and male subjects on 
ART, HIV-positive female and male subjects not on ART and control female and male subjects.

Groups Haematocrit(%) MCV (fl) MCH (pg) MCHC (g/dl) RDW (%)

HIV/ART (Female)
(N=55)       

33.39±5.57 87.33±11.06 29.75±2.57 34.14±1.95 15.03±1.47

HIV/ART   (Male)
(N=30)      

35.16±5.52 80.90±5.94 29.61±2.39 33.81±1.38 15.29±1.54

P Value 0.723 0.010* 1.000 0.945 0.970

HIV     (Female)
(N=60)      

31.94±4.93 86.33±6.84 28.11±1.89 33.59±1.41 14.92±0.93

HIV (Male)
(N=30)      

38.03±5.09 82.20±4.89 29.10±3.49 33.59±1.67 15.27±1.41

P Value 0.000* 0.018* 0.694 1.000 0.810

Control (Female)
(N=48)       

34.60±3.60 81.79±3.80 29.38±1.64 34.50±1.05 14.53±0.64

Control (Male)
(N=30)       

39.65±3.81 81.50±4.16 32.29±3.86 34.41±1.29 14.76±0.47

P Value 0.000* 1.000 0.005* 1.000 0.456

• Significant at p<0.05

P Value: mean ± SD of haematocrit (%) and red cell indices (Mean Corpuscular Volume (fl), Mean Corpuscular 
Haemoglobin (pg), Mean Corpuscular Haemoglobin Concentration (g/dl) and Red Cell Distribution Width (%)) 
compared between HIV-positive female and male subjects on ART, HIV-positive female and male subjects not on ART, 
and control female and male subjects using Student’s t-test.

Table 4: mean ± SD of CD4 count (cells/µL) and Haemorheology among HIV-positive female and male on 
ART, HIV-positive female and male not on ART and female and male control subjects.

Group CD4 Count
(cells/µL)

Whole Blood 
Viscosity

Plasma Viscosity Plasma Fibrinogen
(g/dl)

HIV/ART (Female)
(N=55)               

354.07±236.18 3.37±0.36 1.87±0.27 3.17±0.66

HIV/ART (Male)
(N=55)          

379.77±217.97 3.40±0.29 1.98±0.36 3.07±0.55

P Value 0.996 0.998 0.692 0.973

HIV       (Female)
(N=60)           

490.37±266.00 3.40±0.32 1.92±0.21 3.30±0.75

HIV   (Male)
(N=60)  

460.90±201.54 3.41±0.29 1.99±0.32 2.62±0.41

P Value 0.992 1.000 0.898 0.000*

Control (Female)
(N=48)            

917.58±148.69 3.17±0.18 1.71±0.19 2.46±0.26

Control (Male)
(N=48)        

1109.73±163.58 3.13±0.22 1.83±0.20 2.22±0.16

P Value 0.000* 0.949 0.093 0.000*

Significant at p<0.05
Key
P Value: mean ± SD of CD4 count (cells/µL) and Haemorheology (whole blood viscosity, plasma viscosity and plasma fibrino-
gen (g/L)) compared between HIV-positive female and male subjects on ART, HIV-positive female and male subjects not on 
ART and control female and male subjects using Student’s t-test.


