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ABSTRACT 

Background:  
Human immunodeficiency viral infection is 
known to cause haematological 
abnormalities and coagulopathies by 
various mechanisms, especially during its 
late course. Administration of combination 
antiretroviral therapy (cART) could 
positively or negatively affect these 
haematological parameters. Thus, 
determination  of  the  effect  of  cART  on 
haematological variables is required early 
for initiation and monitoring of the disease.  

 

Aim and Objectives:  
The aim of the study was to investigate the 
effect of cART on haematological variables 
among people living with HIV infection 
(PLHIV) in Gombe, Gombe state, Nigeria. 
  
Materials and Methods:  
A case control study design was conducted 
among 180 participants, 120 were PLHIV 
on cART and 60 treatment naïve controls. 
Blood samples were collected for CD4+ cell 
count, viral load and complete blood count 
(CBC)  after  obtaining  informed  consent; 
and  a  questionnaire  was  used  to  collect 
sociodemographic and clinical data. 
  
Results:  
People  living  with  HIV  infection  on  cART 
had significantly higher (p < 0.05) Hb 
(13.01 ± 1.9 vs. 11.2± 2.9g/dl), MCH (33.7 
± 5.0 vs. 28.7 ± 7.5pg), MCV (94.0 ± 11.1 
vs. 81.4 ± 7.5fl), MCHC (35.6 ± 1.9 vs. 33.9 
± 3.6g/dl), and platelets (264.0 ± 106.0 vs. 
245.6 ± 108.8 x109/L) than treatment naïve 
individuals. There was no statistically 
significant difference in WBC count 
between the two groups, neither was there 
a significant difference among the groups 
based on type of cART regimen.  
 
Conclusion:  
This study confirms that, cART has positive 
impact on some haematological variables; 
thus, has the ability to reduce viral load and 
boost immune system of PLHIV. The 
different cART regimens had similar effects 
on the changes in the haematological 
variables 
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INTRODUCTION 
Haematological variables such as 
haemoglobin,  packed  cell  volume  (PCV), 

total white blood cells (WBC), myeloid 
cells,  lymphoid  cells,  thrombocytes,  and 
indeed  all  lineage  of  blood  cells  are  the 
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most common parameters affected among 
people  living  with  HIV  infection  (PLHIV), 
especially during the advanced stage of the 
diseases.[1] Anaemia has been reported to 
be the most common in PLHIV especially 
among those with advanced disease.[2] It 
is independently associated with increased 
morbidity and mortality risk [3], and 
remains the most common problem among 
treatment naïve PLHIV in Sub-Saharan 
Africa  especially,  in  Nigeria,  [4]  which  is 
usually  normocytic-hypochromic  and  it  is 
associated with a low reticulocytes 
count.[5] The causes of anaemia are 
numerous and its pathophysiology involve 
certain  mechanism,  such  as,  decreased 
red  blood  cell  (RBC)  production  by  direct 
effect  of  human  immunodeficiency  virus 
(HIV) infection, effect of opportunistic 
infection, decreased production of 
erythropoietin, increased RBC destruction 
as a result of autoimmune antibodies and 
nutritional  deficiencies  such  as  vitamins 
and  iron  deficiencies  more  especially  in 
developing  countries,  such  as  Nigeria.[6] 
Leucopenia, especially neutropenia is 
frequently observed in advanced stages of 
HIV infection after development of acquired 
immunodeficiency  syndrome  (AIDS),  and 
has been associated with certain types of 
antiretroviral medication used to treat HIV 
infection.[7] Thrombocytopenia 
characterized by low platelets count below 
150x109/l  also  frequently  occur  in  people 
living with HIV infection.[8] The 
pathogenesis  of  thrombocytopenia  in  HIV 
infection is not fully understood but 
probable mechanisms reported are 
destruction of thrombocytes, either caused 
by non-specific deposition of circulating 
immune complex on the circulating 
platelets or presence of specific anti-
thrombocytes antibodies, as well as direct 
infection  of  megakaryocyte  by  HIV  which 
probably lead to decrease in thrombocytes 
production.[9]  
Haematological variables (Packed cell 
volume, total white blood cell count, 

haemoglobin, platelet count, differential 
white blood cells count and total red blood 
cells count) have not been studied among 
PLHIV in Gombe State, Nigeria.  This study 
is aimed at providing valuable information 
for effective diagnosis, therapeutic and 
prophylactic procedures, as well as 
understanding of the aetiology and 
pathogenesis of effect of cART on 
haematological variables. 

MATERIAL AND METHODS 
This was a case control study design 
conducted from April to September, 2018 
on  180  participants  ranging  from  18-65 
years, age and sex matched after obtaining 
ethical approval from research and ethics 
committee, Federal Teaching Hospital 
Gombe (ref: NHREC/25/10/2018). 
Sociodemographic data, type and duration 
of treatment with cART were obtained 
using a standardized self-administered 
questionnaire.  One  hundred  and  twenty 
were  HIV  sero-positive subjects  on  cART 
and  60  were  HIV-sero-positive  treatment 
naïve  as  control  group.  Three  aliquots  of 
5mls of blood samples were collected from 
ante-cubital  vein  under  aseptic  technique 
separately into three ethylenediamine 
tetra-acetic acid (EDTA) sample bottles for 
HIV viral load (HIV-mRNA), complete blood 
count (CBC) and CD4 cell count 
respectively, after obtaining informed 
consent from all the participants. CD4 cell 
count  was  obtained  from  the  BD-FACS 
Analyzer, while the HIV viral load was 
assessed  using  real  time  PCR  machine 
(COBAS Ampliprep and COBAS Tagman-
96 by Roche). The haematological 
parameters (CBC) were obtained using 
haematology  auto  analyzer  Sysmex  KX-2 
1N (five-part differential). In addition to that, 
peripheral blood film was made and stained 
using  Leishman’s  stain  for  morphological 
studies. The procedure for all the analyses 
was followed as indicated in the 
manufacturer’s user manual. 
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The  data  obtained  from  the  participants 
was entered into a spread sheet and 
analysed using IBM SPSS version 20.0.0 
(IBM  Corp.  2011).  Categorical  variables 
such  as  age  group,  sex  distribution  and 
clinical history were presented as 
proportions  using  bar  charts.  Quantitative 
variables such as age, duration of HIV and 
HAART therapy, CD4 count, 
haematological  variable,  such  as  packed 
cells volume (PCV), haemoglobin (Hb) 
concentration, total white blood cells count 
(WBC), platelet count, differential and viral 
load,  were  also  presented  as  mean  and 
standard deviation. Comparison of 
categorical variables between various 
study  groups  was  done  using  chi-square 
statistics.  For  continuous  variables, mean 
difference between two groups was 
compared using Student’s t test, while 
comparison among more than two groups 
was  conducted  using  ANOVA.  Pearson’s 
correlation was used to assess association 
between  CD4  count  cell,  haematological 
variables, viral load and duration of cART 
therapy. Probability value of less than 0.05 
was  considered  statistically  significant  in 
this study. 

RESULTS 
A  total  number  of  180  participants  were 
enrolled into this current study comprising 
of 120 PLHIV subjects on cART and 60 age 
and sex-matched seropositive treatment 
naïve controls. There were 99 (82.5%) of 
subjects placed on first and third regimens, 
while 21 (17.5%) were on second regimen. 
The mean age of the participants was 
36.1years  (±11.6)  with  a  range  of  18-65 
years. Male constituted 48.9% while 
females 51.   
 
People living with HIV infection (PLHIV) on 
cART had significantly increased (p < 0.05) 
Hb  (13.1  ±  1.9g/dl),  PCV  (0.36  ±  0.05l/l) 
MCV (94.0 ± 11.1f/l) MCH (33.7 ± 5.0pg), 

MCHC (35.6 ± 1.9g/dl) and platelet count 
(264.0 ± 106.0 x 10 /l) when compared with ⁹
treatment naïve Hb (11.2 ± 2.9g/dl), 
PCV(0.32  ±  0.07l/l),  MCV  (81.4  ±  7.5fl), 
MCH (28.7 ± 7.5pg), MCHC (33.9 ± 3.6g/dl) 
and platelet count (245.6 ± 108.8 x 10 /l). ⁹
There was no statistically significant 
difference observed in total white blood cell 
count of the two groups (Table 1).  

There  was  also  no  statistically  significant 
difference in the haematological variables 
observed  based on  the  types of  cART 
among treatment experienced group, 
except for basophils (p = 0.026; Figure 1). 

People living with HIV infection on cART for 
more than 12 months had the highest CD4 
count (651 ± 249 cells/µl), while 1-6months 
had  the  lowest  CD4  count  (536  ±  228 
cells/µl).  Viral  load  count  was  seen  to  be 
highest among those on cART for 1-
6months (1064 ± 31.0 cp/ml), while lowest 
value  was  observed  in  12  months  and 
above (42.74 ± 6.9 cp/ml) (Table 2).   
 
People  living  with  HIV  on  cART  for  6-
12months  had  the  highest  platelet  count, 
while  3-6months  had the  lowest  count  as 
seen in the Figure 2. 
 
DISCUSSION 
The findings from this present study 
showed that, basically the response to 
combination  antiretroviral  therapy  (cART) 
was  generally  good  among  people  living 
with HIV infection (PLHIV) on cART. This 
positive effect observed among those 
taking cART could be due to mean 
reduction in viraemia resulted from the 
positive effect of the antiretroviral therapy, 
which allows the generation of naïve CD4 
and haemopoietic progenitor cells through 
cell division. Patients on cART had 
significantly higher CD4 count when 
compared  with  treatment  naïve  controls. 
This is commensurate to other similar 
findings, where the percentage of CD4 cell 
count was reported to have increased from 
12.9% to 23.7% after six months on 
cART.[10,11] 
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Table 1: Comparison of the mean CD4 count and viral load of 120 PLHIV on cART based on 
duration of treatment 
 
 
 
 
 
 
 
 
 
 
 
 

 
Statistical significance set at P ≤ 0.05 (using student test followed by Turkey post hoc test) 
 
 

Haematological  measured  variables  such 
as haematocrit (PCV), haemoglobin 
concentration (Hb), monocytes count, 
MCV, MCH and MCHC were observed to 
be significantly increased among PLHIV on 
cART when compared with treatment naïve 
PLHIV.  The  increase  in  some  of  these 
haematological variables in this study may 
likely be due to the reduction in viral load, 
decreased destructions of mature 
haematopoietic  cells  of  multiple  lineages, 
relieve  of  bone  marrow  from  suppression 
by the mediated abnormal cytokines 
generated from the direct infection by the 
HIV infection itself and improvement in the 
blunted erythropoietin response among 
PLHIV on cART.[12] These findings are in 
contrast with studies by other researchers, 
who  have  reported  abnormal  decrease  in 
haematocrit, haemoglobin 
concentration[13,14],  red  cell  indices  and 
total RBC count, leading to anaemia 
among PLHIV on cART.[15] Possible 
explanation to these differences of the 
results might likely be due to differences in 
the cART regimen, side effect, 
environmental factors, differences in study 
population, socio-demographic 
characteristics  of  the  study  subjects  and 
methodology.  The  significant  increase  in 
MCV  and  macrocytosis  observed  among 
people on cART, may be essentially due to 
inhibition of cellular DNA synthesis by the 
effect  of  cART,  which  results  in  impaired 
synthesis  of  erythrocytes  precursor  cells 

and delayed nuclear maturation in the bone 
marrow subsequently leading to 
macrocytosis.[16,17] The haematocrit, 
haemoglobin  concentration,  RBC  counts 
were significantly lower among treatment-
naïve in this current study. This is probably 
due  to  decreased  RBC production  by  the 
direct  effect  of  HIV  infection  itself  on  the 
bone marrow and other haemopoietic 
organs, effect of opportunistic infection, 
decreased production of erythropoietin, 
increased destruction of RBC as a result of 
mediated  autoimmune  antibodies  on  the 
red  cells  and  nutritional  deficiencies  such 
as vitamins and iron deficiencies.[18] This 
finding is in agreement with previous 
studies  reported  by  Adane  et  al  (2012) 
which showed 49.5% of the sample 
population had anaemia [19]. This finding 
is also in accordance with the study 
reported by Enawgaw (2014) and Akinbami 
(2010), which also reported anaemia 
among treatment-naïve patients. [7,18]  
Basophil count was significantly higher 
among  people  on  cART  when  compared 
with treatment naïve patients. This 
increase in the relative percentage of 
basophils  among  PLHIV  on  cART  might 
probably be due to allergic reaction caused 
by  the  side  effect  of  the  drugs.  [20]  This 
finding  is  in  accordance  with  studies  by 
Enawgaw (2014) and Jiang (2015), which 
reported an increase in basophil 
counts.[7,21] Other haematological 
variables also did not differ statistically in

Duration on 
cART 

CD4 count 
(cells/uL) 

Viral load 
(cp/ml) 

P-value 

More than 12 
months 

651 (± 249) 42.74 (± 74)                 0.020 

6 to 12 months                 607 (± 347) 112 (± 15.8) 0.021 

1 to 6 months 536 (± 228) 1064 (±31.0) 0.026 
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Table 2: Comparison of haematological variables of PLHIV on cART and treatment naïve 
controls 

       HIV Status  

Parameter  PLHIV on 
cART 
n = 120 

Treatment Naïve  
PLHIV Controls 
n = 60 

  P-value 

PCV (l/l) 0.36 ± 0.05 0.32 ± 0.07  <0.001 

Haemoglobin (g/dl) 13.1 ± 1.9  11.2 ± 2.9  <0.001 

Total WBC (x10 9/l) 5.31 ± 1.61 5.49 ± 2.77  0.569 

RBC (x10 12/l) 3.98 ± 0.67  3.79 ± 0.98  0.002 

Platelet (x10 9/l) 263.9 ± 106.0 243.3 ± 108.1  0.223 

Neutrophil (%) 

Neutrophil (abs) 

47.7 ± 12.3 

2.61 ± 2.38 

50.2 ± 19.2 

3.01 ± 1.39 

 0.229 

0.090 

Lymphocyte (%) 

Lymphocyte (abs) 

47.25 ± 11.97 

2.44 ± 0.75 

43.8 ± 17.4 

2.12 ± 0.96 

 0.117 

0.081 

Monocyte (%) 

Monocytes (abs) 

2.53 ± 1.45  

0.132 ± 0.084 

1.67 ± 0.86 

0.132 ± 0.148 

 <0.001 

0.066 

Basophil (%) 

Basophil (abs)         

0.05 ± 0.22 

1.87 ± 0.04 

2.47 ± 2.05 

0.89 ± 0.20 

 0.015 

0.073 

Eosinophil (%) 

Eosinophil (abs) 

2.53 ± 1.9 

0.131 ± 0.098 

0.25 ± 0.8  

0.090 ± 0.073 

 0.001 

<0.001 

MCV (fl) 94.0 ± 11.1  81.3 ± 7.1  <0.001 

MCHC (g/dl) 35.6 ± 1.9  33.94 ± 3.63   <0.001 

MCH (pg) 33.7 ± 5.0  28.8 ± 7.6  <0.001 

Statistical significance set at P ≤ 0.05 (using student t test followed by Turkey post hoc) 
 

this current study, however, PLHIV on 
cART for over six to 12 months had 
significantly higher platelet counts than 
those  who  have  been  on  cART  for  3-6 
months. 
An improvement in platelets count, while 
on cART seen in this study, may be due to 
a decrease in non-specific deposition of 
circulating immune complexes on platelets 

or a decrease in viraemia leading to little 
or no destruction of megakaryocyte by 
direct HIV infection. This is consistent with 
other studies that reported significant 
increase in platelet count over time among 
PLHIV on cART.[22,23] A study by Leticia 
et al (2014) in Southeastern Nigeria, 
reported an increase in the median 
platelet count after six months by about 
9.4% among PLHIV on cART [23]. 
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Figure 1: The distribution of haematological parameters of PLHIV based on first and third 
line (n = 99) and second line (n = 21) cART regimens (* p = 0.026)  
 
 

 

(*statistically significant; p = 0.002) 
 
Figure 2: Platelet count variation of 120 PLHIV based on duration of cART  
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The overall improvement in the 
haematological abnormalities seen among 
PLHIV  on  cART,  in  this  study  and  other 
findings  may  be  attributed  to  the  positive 
effect of cART on the reduction of viral load, 
decreased destructions of mature 
haemopoietic cells of multiple lineages, 
blunted increased in erythropoietin, 
resulting in the restoration of the immune 
status among PLHIV on cART. 
 
CONCLUSSION 
This study confirms that combination 
antiretroviral therapy has a positive effect 

on some haematological variables, 
reduces viral load and restores some 
haematopoietic  activities.  The  changes  in 
the  haematological  variables  were  similar 
for patients on the different cART 
regimens. 
 
Conflict of Interest: None 
 
Authors’ Contributions:  
All authors have participated in all stages of 
the research, from conceptualization, data 
collection, data analysis to the 
development of the manuscript.

 
  
 
 
 
REFERENCES 

 
1. Kircholoff F, Silvestri G. Haematopoiesis cause 

of HIV-associated dysfunction. J clin invest. 
2018; 118:1622-1625 

2. Belperio PS, Rhew DC. Prevalence and 
outcomes of Anaemia in individual with Human 
immunodeficiency Virus; a systematic review of 
the literature. Am J med. 2014; 116:27-43  

3. De-santis GC, Brunetta DM, Vilar FG. 
Haematological abnormality in HIV infected 
patients. Internl J infect Dis. 2011; 2(15):808-811 

4. Van-Rie A, Westtreich D, Sanne I. Tuberculosis 
in patients receiving antiretroviral treatment; 
incidence, risk factors and prevention strategies. 
J Acquired immune defsynd. 2011; 56:349-355. 

5. Evans RH, Scandden A.C. Haematological 
aspect  of  HIV  infection.  Baillieres  best  practice 
Resource, Clin Haematol. 2000; 13:215-230. 

6. Antelman  GT,  Msamanga  D,  Spiegelman  ET, 
Urassa R, Narh DJ. Nutritional factors and 
infectious disease contribute to anaemia among 
pregnant women with Human immunodeficiency 
virus in Tanzania. J Nutr. 2000; 130:1950-1957  

7. Enawgaw B, Alem B, Addis Z, Melku M. 
Haematological changes in HIV infected patients. 
J med virol. 2014; 7(4):150-154. 

8. Firnhaber C, Smeaton L, Saukila N. Comparison 
of Anaemia, Thrombocytopenia and neutropenia 
at the initiation of antiretroviral therapy in Africa, 
Asia and the America. Intern J infect dis. 2010; 
3:1088-1092  

9. Aragaopm, M., Marques A, H. Thrombocytopenia 
associated  with  HIV/AIDS  patients.  Brazilian  J  
Acquired ImmunSynd. 2005; 4:165-188 

10. Bello IM, Gashau F, Kida SH, Ajayi B. 
Relationship between some haematological 
abnormalities, degree of immunosuppression 
and viral load in treatment of naïve HIV infected 
patients: East med health J. 2012; 19(4):362-368  

11. Bolton-  Moore  C,  Mubiana-Mbewe  M,  Canfrell 
RA. Clinical outcome and CD4 cell Response in 

children receiving antiretroviral therapy at 
primary health care facilities in Zambia. J Infect 
Dis. 2010; 298(16):1888-1899. 

12. Yakubu A, Mohammed HY, Isaac IZ, Aminu A. 
Some haematological profile of HIV/AIDS 
patients on  Highly  Active  Antiretroviral  Therapy 
(HAART) in usman Danfodio University Teaching 
Hospital  Sokoto,  North  Western  Nigeria.  Am  J 
SciTech.2014; 2(1):27-32 

13. Idowu CO, Oke OT, Afolayan A. Effect of HAART 
on some haematological variables and CD4 
count among HIV clients. Intern J Biol med Res. 
2013; 4 (3):3265-3270. 

14. Ogbe  PJ,  Idoko  OA,  Ezimah  AC,  Digban  KA, 
Oguntayo BO. Evaluation of iron status in 
anaemia of chronic disease among patients with 
HIV infection. J clin lab med. 2012; 25:7-12 

15. Alem M, Addis Z, Melku M, Enawgaw B. 
Determination of haematological and 
immunological  parameters  among  HIV  positive 
patients  treatment  experienced  and  treatment 
naïve  at  Gondar  university  hospital,  Ethiopia. 
Comparative cross-sectional study. BMC 
haematol. 2014; 14(8):8-114 

16. Wesley  D,  Kufel  A,  Cory  M,  Eric  F,  Cesar  E, 
Christopher D. Nucleoside Reverse 
Transcriptase DNA inhibition associated 
macrocytosis.  International  J  virol  acq  immun 
synd. 2016; 3(1):18-20. 

17. Kin AH, Jang W, Kin Y, Park YJ, Han K. Mean 
Corpuscular Volume (MCV) Values reflect 
therapeutic outcome with Zidovudine among HIV 
patients. J clin lab infect dis. 2013; 27:373-378.  

18. Akinbami A, Oshinaike O, Adeyemi T. 
Haematological Abnormalities in treatment naïve 
HIV patients. Lagos, Nigeria. J Infect Dis 2010; 
3:45-49. 

19. Adane A, Desta K, Bezabeh A. HIV associated 
anaemia before and after initiation of 
antiretroviral therapy at ART centre of Minilik II 
Hospital, Adis Ababa, Ethiopia. Ethiopian Med J. 
2012; 1:13-21. 

Nigerian Journal of Haematology (Nig. J. Haematol.) | Vol. 3 No. 1, January, 2021 www.njhaem.org 20



Aglavdawa G. et al.: Effect of cART on haematological variables 

    

20. Obata  K,  Mukai  K,  Tsujimura  Y,  Ishiwata  K, 
Kawano Y, Minegish Y. Basophils are essential 
initiators of novel type of chronic allergic 
inflammation. Journal of blood physiology 2007; 
119:913-20 

21. Jiang  AP,  Jiang  JF,  Jin  YM,  Wang  J.  Human 
blood circulation basophils among HIV-1 on anti-
retroviral therapy and meditated viral trans-
infection  of  CD4+T  cells.  Intern  J  virol.  2015; 
89:8050-8062. 

22. Leticia OI, Ugochukwu OE, Ifeanyi A, Andrew A, 
Ifeoma UE. The correlation values of CD4 count, 
platelet count, PT, APTT, Fibrinogen and factor 
VIII concentration among HIV positive on HAART 
in Owerri. J Dent Med Sci. 2014; 13(9):94-101. 

23. Ifeanyichukwu N, Ibekilo Sylvester OBO, John A, 
Okeke  O.  Activated  partial  thromplastin  time, 
prothrombin,  thrombin  time  and  platelets  count 
study in HIV seropositve subjects on HAART at 
Nnamdi  Azikiwe  Teaching  Hospital,  Nnewi.  J 
Transl Biomed. 2016; 4:911-916.

 
 

Nigerian Journal of Haematology (Nig. J. Haematol.) | Vol. 3 No. 1, January, 2021 www.njhaem.org 21


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

