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Background

The global prevalence of human immunodeficiency virus 
(HIV) infection is estimated at over 76 million, with the 
infection contributing to more than 35 million deaths world-
wide since its emergence.1 By the end of 2018, about 
37.9 million people1 and 36.2 million adults and 1.8 million 
children age <15 years were living with HIV across the 
globe according to a 2019 report of UNAIDS, while the new 
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infection rate was showing a decline by an estimated 23% 
from 2010.2 Besides, sub-Saharan Africa remains among the 
most affected regions by the pandemic, with more than 4.2% 
of individuals estimated to be living with HIV,1 and the 
annual number of new infections in Ethiopia has shown a 
declining trend since 2002. Over the past two decades, HIV 
prevalence has decreased from 3.3% in 2000 to 0.9% in 
2017, and AIDS-related deaths from 83,000 in 2000 to 
15,600 in 2017. However, the number of HIV infections 
among adult Ethiopians was estimated at 722,248 in 2017, 
increasing by 3748 from 2016.1,3

Following transmission and cell entrance, HIV undergoes 
rapid intracellular replication and elicits activation of the host 
immune system, characterized by the release of pro-inflam-
matory cytokines and chemokine, polyclonal B-cell activa-
tion, and progressive depletion of CD4+ T-cells. The virus is 
also capable of attaching itself to CD4 negative blood cells 
such as erythrocytes, in the presence of complement receptor 
type 1 (CR1) also known as C3b/C4b receptor or CD35.4,5 
This chronic immune activation and inflammation contribute 
to the clinical progression and disease outcomes of infected 
individuals.1,6 Although clinical outcomes of HIV infection 
are broad, a range of hematologic abnormalities especially 
cytopenias (anemia, leukopenia, neutropenia, and thrombocy-
topenia) are commonly identified as the first and frequent 
clinical complications of the infection irrespective of disease 
symptoms.1,7–9

Although a spectrum of hematological abnormalities such 
as peripheral and bone marrow cytopenia (anemia, leukope-
nia or neutropenia, and thrombocytopenia), and dysfunction 
of plasma coagulation pathways1,9–13 is mainly caused by the 
virus itself in HIV-infected individuals, other factors and 
conditions such as OIs, immune mechanisms, associated 
malignancies, and antiretroviral (ARV) drugs have also been 
documented to have the potential to influence all hematopoi-
etic cell lines through either abnormal cytokine expression 
and/or alteration of the bone marrow microenvironment.8

Studies suggest that cytopenias especially anemia1,8,11,14–25 
(prevalence ranging from 1.3% to 95% globally,21 and 23.9% to 
38.0% (31.0% pooled) in Ethiopia19 before or at the start of 
highly active antiretroviral therapy (HAART)) would frequently 
occur in HIV-1 infected patients, mainly during advanced stages 
of the disease. The occurrence and magnitude of these hemato-
logic abnormalities are likely dependent on the level of viral 
replication, associated with worsening of the clinical conditions 
in late-stage AIDS patients with high-level viremia. This would 
limit the use of antibacterial and antiviral drugs, suggesting the 
involvement of multiple pathogenic mechanisms.8,25

The cause of anemia in HIV infection is multifacto-
rial,18,22,26,27 and it was found to be dependent on the stage of 
HIV disease, age, sex, pregnancy status, and occurrence of 
OIs.22 Yet, chronic diseases, OIs and parasitic infections, 
immune-related hematopoietic defects, decreased erythro-
poietin concentrations, and use of chemotherapeutic agents 
are among the conditions that are well-described as potential  

contributing factors for the development of HIV-related ane-
mia.22,26,27 Additional but uncommon and might be co-inci-
dental mechanisms include micronutrient deficiencies and 
autoimmune destruction of red blood cells (RBCs).20 
Besides, the prevalence of anemia before and after  
HAART initiation differed significantly according to study 
reports conducted between 2008 and 2017 in various  
parts of Ethiopia, ranging from 11.4% to 56.2%,  
respectively.11,17–19,25,27,28

Apart from cytopenia-associated anemia that is reviewed in 
sufficient detail in preceding paragraphs, leukopenia and throm-
bocytopenia are the second most frequent hematologic compli-
cations of HIV infection that have been reported by several 
studies. However, data related to these abnormalities’ magni-
tude and their association with pertinent factors are limited23 as 
well as for leukocytosis and thrombocytosis as part of hemato-
logical abnormality in HIV infection. Reports of different stud-
ies on the magnitude of leukopenia, neutropenia, and throm- 
bocytopenia are as varied as the geographical location and the 
clinical stage of HIV infection, with prevalence ranging from 
11.7% to 26.8% for leukopenia, 10% to 85% for neutropenia, 
and 7% to 21% for thrombocytopenia.24,26,29–32 While neutrope-
nia appears to result from the interplay of viral toxicity to 
hematopoietic cells, myelosuppressive drugs, secondary infec-
tions, and associated malignancies, the underlying pathologic 
mechanism of thrombocytopenia is decreased platelet (PLT) 
survival caused by increased peripheral PLT destruction medi-
ated by the presence of antiplatelet antibodies and/or PLT-bound 
immune complexes, and impaired PLT production due to bone 
marrow suppression by myelosuppressive medications.33–38

Different predictors of hematological abnormality were 
reported among HIV-infected individuals before and after 
the initiation of HAART. Lower CD4+ T-cell counts, WHO 
clinical stage of disease, duration of HIV infection, HAART 
naïve or experienced, different HAART regimens, adher-
ence, and duration, sex, concomitant intestinal parasite (IP) 
infections, and nutritional deficiencies were repeatedly 
reported as being the main predictors for the occurrences of 
those abnormalities.1,8,11,14–26

Early use of HAART improves the clinical, hematologi-
cal, and immunological profiles of patients, delays the pro-
gression of the disease, and improves survival of 
HIV-positive individuals, this later contributes to reducing 
viral transmission.11,39 Findings of previous studies in 
Ethiopia demonstrated significant differences in measured 
values of hematologic parameters (RBCs, white blood cell 
(WBC), PLT, hemoglobin (Hgb), hematocrit (Hct), mean 
cell volume, and corpuscular hemoglobin (MCV and MCH), 
mean corpuscular hemoglobin concentration (MCHC)), and 
immunologic parameter (CD4+ T-cell counts) observed 
between pre-HAART and on HAART individuals. 
Furthermore, findings of these studies documented a pro-
found decrease in the occurrence of anemia (an increase in 
RBC, Hgb, and Hct), leukopenia, red cell distribution width 
(RDW), and thrombocytopenia associated with subsequent 
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increase in MCV, MCH, and CD4+ T-cell counts11,17–19,25,29,30 
among HIV cases adhering to ART, supporting that early 
initiation of HAART improves hematological and immuno-
logical parameters.11,39–41

Cognizant of the differences in clinical decisions as to 
when to start antiretroviral therapy (ART) and the recently 
diminishing attention given to the advantage of early initia-
tion of ART to HIV-infected persons, recent attention has 
fallen in answering when to start ART, Ethiopia started 
implementing the “test and treat” policy for early initiation 
of ART in 2017 as recommended by WHO.42 Studies reported 
in 2018 in Ethiopia after this implementation indicated that 
77.2% thrombocytopenia and 72.8% anemia recovery rate 
have been documented after initiation of HAART by “test 
and treat” guideline.18,43 However, several common serious 
adverse effects associated with ART, including azido thymi-
dine class (AZT)-associated hematological abnormalities 
have been observed.5

It is important to monitor the change in all blood cell lines 
during HIV infection, for potential detection of the develop-
ment of immuno-hematological abnormalities and make the 
necessary clinical interventions to avoid subsequent comor-
bidity.44 Although several studies were conducted to describe 
the prevalence of hematological abnormalities (especially 
anemia) among HAART naïve and experienced HIV-positive 
individuals in different populations, the magnitude, change 
of hematological abnormalities, and associated factors 
before and after HAART initiation is not well documented 
and reported in Ethiopia. Therefore, this study aimed to 
determine abnormalities in hematological profiles and asso-
ciated factors among adult HIV-positive individuals before 
and after initiation of HAART at Madda Walabu University 
Goba Referral Hospital, southwest Ethiopia.

Methods

Study setting

This facility-based cross-sectional study was conducted at 
Madda Walabu University Goba Referral Hospital, from 1 
April to 30 June 2018. The hospital is located 445 km south-
east of the capital Addis Ababa and has offered medical ser-
vices as a teaching and referral hospital for 921,311 average 
individuals in the catchment area of southeast Ethiopia since 
2014. The hospital provides HIV/AIDS interventions, 
including free diagnosis, treatment, and monitoring.45 A total 
of 308 HIV-positive adults on HAART follow-up during the 
recruitment period were enrolled in this study. Socio-
demographic and clinical data were collected using a struc-
tured questionnaire prepared and validated against literature 
reviews for the data collection. Hematological and immuno-
logical parameters (peripheral blood cells and CD4+ T-cell 
counts and white cell differentials), blood film for hemopar-
asites (mainly malaria), and stool examinations for IP detec-
tion and identifications were performed on blood and stool 

samples collected at the time of enrollment. All pre-HAART 
immuno-hematological and clinical data were collected ret-
rospectively from patients’ medical records for comparison. 
The total number of sample population 308 was determined 
using a single population proportion formula (number of par-
ticipants or n = Zα/2

2 × p × (1 − p)/d2), as Zα/2 is the critical 
value of the normal distribution at α/2 (e.g. for a confidence 
level of 95%, α is 0.05 and the critical value is 1.96), d is the 
margin of error of 5%, p is the sample proportion taken from 
a previous study46 29.7% of anemia prevalence,29 and all par-
ticipants were included in this study by implementing con-
venient sampling technique.

Inclusion and exclusion criteria

HIV-positive adults aged ⩾18 years, individuals on HAART 
treatment and follow-up during the study period, voluntarily 
gave written informed consent were included. Pregnant 
women, individuals on treatment for any hematological 
abnormalities during the previous 3 months, those taking 
vitamins and iron supplementation at the time of sampling, 
patients on HAART for less than 3 months, and individuals 
who had received a blood transfusion for the last 3 months 
were excluded.

Data collection, analysis, and interpretation

Data on socio-demographic, clinical characteristics, and past 
medical history of the study participants were collected using 
a validated structured questionnaire administered during an 
interview, and review of medical records (Attached as supple-
mental material).1,17–19,30,47,48 All anthropometric measure-
ments (values used to compute body mass index (BMI)) were 
taken twice and the mean value was used for analysis. Four 
milliliters (4 mL) of venous blood was collected through direct 
venipuncture using a BD Vacutainer® (BD Biosciences, NJ, 
USA) EDTA containing tubes. Hematological complete/full 
blood count (CBC/FBC): total and differential WBC count, 
RBC count, Hgb, Hct, MCV, MCH, MCHC, RDW, and PLT 
counts and immunological (CD4+ T-cell counts) parameters 
were assayed by CELL-DYN 1800® (Abbott Laboratories 
Diagnostics Division, USA), and BD FACSPresto™ (BD 
Biosciences, NJ, USA) machines, respectively.

Cytopenia is a reduction of any of the peripheral blood 
cell lines, resulting in leukopenia, anemia, neutropenia, and 
thrombocytopenia.49 Anemia was defined as a Hgb value 
<130 g/L for adult males and <120 g/L for non-pregnant 
women. Severity was classified as mild (110–119 g/L for 
women and 110–129 g/L for men), moderate (80–109 g/L for 
both sexes), and severe (<80 g/L for both sexes).50 
Microcytosis was defined as MCV <80 fL and hypochromic 
as MCHC <310 g/L. Leukopenia is a total leukocyte/white 
cell count (TWBC) <4 × 109/L and thrombocytopenia a PLT 
count <150 × 109/L.49 Both thick and thin blood films were 
prepared and stained using Giemsa stain for hemoparasite 
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detections and identification. A stool sample was also col-
lected from each participant using a standard stool cup, sent 
to the medical parasitology laboratory, and examined using 
the direct wet mount for the detection of IPs. All data were 
checked for completeness, clarity, and consistency before 
any analysis.

Quality assurance

The questionnaire was validated by review of literature 
and translated into the local language. A 3-day training 
was also given to all data collectors on the data collection 
tools, methodology, and maintaining quality to minimize 
technical and observer biases. Laboratory activities were 
performed in strict adherence to the manufacturer’s 
instructions and laboratory standard operating procedures 
(SOPs). Reagents used were checked for their expiry date 
and prepared according to the manufacturer’s instruc-
tions. Daily tri-level commercial control material (low, 
medium, and high value) was used for the hematology 
analyzer to check the accuracy and precision of all hema-
tological parameters results, while all hematology result 
flags were subjected to manual differential and peripheral 
morphology examinations to confirm the result. Besides, 
instrument quality control and process controls were 
implemented for the FACSPresto™ machine. Instrument 
QC, which runs automatically, is a test that makes sure 
that the machine is operating properly every time it turns 
on, while process controls are based on liquid control 
materials that are processed like patient samples to moni-
tor the performance of the system. Two independent labo-
ratory technicians read all the blood films and stool wet 
mount slides, under the supervision of the principal inves-
tigator. Known malaria-positive blood films stained inter-
mittently to validate the staining characteristics and 
technicians’ performance.

Statistics

Data were entered into EpiData version 3.1 (EpiData 
Association, Odense, Denmark) and exported to SPSS ver-
sion 20.0 (IBM® SPSS®, IBM Corp., Armonk, NY, USA) 
statistical software for analysis. Simple frequency summa-
ries, binary and multiple logistic regression models, and 
paired t-tests were performed. Binary logistic regression 
analysis was performed for all potentially explanatory var-
iables to investigate the relation between hematologic 
abnormalities with HAART, like WHO clinical stage, age, 
sex, type and duration of HAART regimen, IP, as well as 
the CD4+ T-cell count at pre-HAART and on HAART. 
Multivariate logistic regression analysis was performed 
for variables significantly associated with HAART after 
binary regression analysis by considering p < 0.25. All 
p-values < 0.05 were considered to be statistically signifi-
cant. The regression analysis method was used as a method 

of checking the fitness of the model using a validation pro-
cess of analysis, such as the goodness of fit of regression.

Ethical considerations

Ethical clearance and permission to conduct this study was 
obtained from Jimma University, Institute of Health 
Institutional Ethical Review Board and Clinical Director of 
Madda Walabu University Goba Referral Hospital, respec-
tively. Specimens collected from the participants were ana-
lyzed only for the intended purpose of this study. Abnormal 
and positive results of study participants obtained from labo-
ratory investigations were promptly reported to the treating 
physician. All clinical data and laboratory findings of the 
study participants were kept confidential and used for the 
sole purpose of this study.

Consent to participate

After the study aim, risks and benefits, and right to withdraw 
were described to participants, a written informed consent 
was obtained from each of them.

Results

Socio-demographic and clinical characteristics of 
study participants

A total of 308 HIV-positive adults (160 males and 148 
females) were enrolled in this study, with 73.7% of them 
were within 30–49 years of age, while only 11.7% and 
14.6% of them were within 18–29 years and ⩾50 years of 
age, respectively. Rural dwelling participants (82.1), indi-
viduals living with the country’s low to medium monthly 
average income (76.6%), and peoples living in more or less 
large family size (2–10 individuals, 74.3%) account for a 
higher number of overall participants. Whereas 13.6% of 
participants unable to read and write, 64.6% completed ele-
mentary education, and 22.8% of individuals completed 
secondary and higher education. Most of the total individu-
als were married (47.7%), with 22.7% single, 14.3% 
divorced, and 15.3% of them were widowed.

Before the start of HAART medications 20.2% (26/129; 
179 unrecorded) of participants had one or more OIs (can-
didiasis 8/129 (6.2%), herpes zoster 6/129 (4.7%), pneumo-
nia 6/129 (4.7%), tuberculosis 3/129 (2.3%), and skin 
infections 3/129 (2.3%)) after review of retrospective medi-
cal records. This number significantly declined to 4.5% 
(14/308) after initiation of HAART, although all these OIs 
(candidiasis 7/308 (2.3%), herpes zoster 3/308 (1%), pneu-
monia 2/308 (0.6%), and tuberculosis 2/308 (0.6%)) were 
reported as previous infections. Diabetes mellitus and 
hypertension comorbidity was found in 6.5% and 5.2% of 
participants, respectively, while 32.8% (101/308) of indi-
viduals diagnosed with one or more IPs co-infections were 
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detected after stool sample screening (Ascaris lumbricoides 
42 (13.6%), Hookworm species 24 (7.8%), Trichuris trichi-
ura 15 (4.9%), Taenia species 11 (3.6%), and Strongyloides 
stercoralis 9 (2.9%)). But only 5/308 (1.6%) participants 
were positive for hemoparasite infection after blood film 
screening (Plasmodium vivax 4/308 (1.3%) and Plasmodium 
falciparum 1/308 (0.3%)).

CD4+ T-cell counts of <200 cells/µL significantly found 
in patients before the start of HAART, while the total CD4+ 
T-cell increased after the start of ART medications. Similarly, 
many underweight patients recovered after the commence-
ment of medication. More than half (52%) of patients were 
taking ZDV, 3TC, NVR regimen, and the majority of patients 
were taking ART medications for the last 49–60 months 
(Table 1).

Immuno-hematological parameters

Red blood cell counts and RDW were relatively higher 
before initiation of HAART, while total lymphocyte count 
(TLC), CD4+ T-cell, Hgb, Hct, MCV, MCH, and PLT counts 
were significantly increased after initiation of HAART 
(p < 0.05). There were significant mean value differences of 

these hematologic parameters before and after initiation of 
HAART (p < 0.05) (Table 2).

Hematologic abnormalities

Before initiation of HAART, the prevalence of anemia, leu-
kopenia, neutropenia, lymphopenia, and thrombocytopenia 
was 31.8%, 18.2%, 15.6%, 2.9%, and 11.4%, respectively, 
while these cytopenias changed to 14.6%, 24%, 17.9%, 3.6%, 
and 4.5% after initiation of HAART. Normocytic normochro-
mic anemia (53.1%) was common in patients before HAART 
initiation followed by microcytic hypochromic anemia 
(30.6%), whereas macrocytic normochromic anemia (64.4%) 
and normocytic normochromic anemias (16.3%) turn out to 
be prevalent after initiation of HAART (Table 3).

Relationship between CD4+ T-cell counts and 
hematological abnormalities

Overall, the incidence of hematological abnormalities increased 
with a decrease in CD4+ T-cell counts. Patients demonstrating 
a CD4+ T-cell count of <200 cells/µL are more likely to 
develop anemia, leukopenia, and neutropenia before the start 

Table 1.  Clinical characteristics of HIV-positive individuals before and after initiation of HAART at Madda Walabu University Goba 
Referral Hospital, southeast Ethiopia, 1 April–30 June 2018 (n = 308).

Variables Before HAART On HAART

n % n %

CD4+ T-cells/
µLa

<200 113 36.7 43 14.0
200–500 125 40.6 107 34.7
˃500 70 22.7 158 51.3

BMI (kg/m2)a <18.5 152 49.4 50 16.2
18.5–24.9 115 37.3 244 79.2
⩾25 25 8.1 14 4.6
BMI not recorded 16 5.2  

WHO clinical 
stagea

I 204 66.2 245 79.5
II 70 22.7 35 11.4
III 22 7.2 21 6.8
IV 12 3.9 7 2.3

HAART regimena ZDV, 3TC, EFV – – 61 19.8
ZDV, 3TC, NVR – – 160 52
TDF, 3TC, EFV – – 37 12
TDF, 3TC, NVP – – 48 15.6
TDF, 3TC, LPV/r – – 2 0.6

HAART duration 3–12 months – – 9 2.9
13–24 months – – 48 15.6
25–36 months – – 61 19.8
37–48 months – – 18 5.8
49–60 months – – 119 38.6
>60 months – – 53 17.3

aCD: cluster of differentiation; BMI: body mass index; HAART: highly active antiretroviral therapy; WHO: World Health Organization; ZDV: 
zidovudine;3TC: lamivudine; NVP: nevirapine; TDF: tenofovir; EFV: efavirenz; LPV/r: lopinavir/ritonavir.
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of HAART medication, whereas these abnormalities signifi-
cantly decreased after initiation of HAART. However, there 
was no significant association observed between hematologi-
cal abnormalities and different categories of CD4+ T-cell 
counts in HIV-positive individuals on HAART (p < 0.05) 
(Table 4).

Factors associated with hematological 
abnormalities

HIV-positive individuals before HAART with CD4+ T-cell 
counts <200cells/µL were 4.2 times and 3.2 times more 
likely to develop anemia and leukopenia, respectively, than 
those who had CD4+ T-cell counts/µL ˃500 (Table 5). 
Besides, female HIV-positive individuals, those with IP 
infections, and WHO clinical stage IV patients had 2.6 
(p = 0.048, adjusted odds ratio (AOR) = 2.6, 95% confidence 
interval (CI) = 1.3–4.8), 2.5 (p = 0.048, AOR = 2.5, 95% 
CI = 1.1–7.4), and 2.4 (p = 0.038, AOR = 2.4, 95% CI = 1.4–
4.8) times more likely to develop anemia, respectively, than 
male individuals, without IP infections, and in other WHO 
clinical stages ( I, II, and III). HAART taking HIV-positive 
individuals on ZDV, 3TC, and NVP therapy were 3.2 times 
more likely to develop anemia than individuals on other 
HAART regimens (p = 0.001, AOR = 3.2, 95% CI = 2.2–7.5). 
These factors were assessed for other hematological abnor-
malities (leukopenia, neutropenia, lymphopenia, and throm-
bocytopenia); however, no statistically significant 
associations were identified (Table 6).

Discussion

The prevalence of cytopenias in this study was anemia 31.8% 
versus 14.6%, leukopenia 18.2% versus 24%, neutropenia 
15.6% versus 17.9%, lymphopenia 2.9% versus 3.6%, throm-
bocytopenia 11.4% versus 4.5%, and lower CD4+ T-cell 
counts 36.7% versus 14% before and after HAART initiation, 
respectively. Cytopenia as a result of anemia and thrombocy-
topenia was higher at pre-HAART, while leukopenia was 

Table 2.  Immuno-hematological parameters of HIV-positive individuals before and after HAART initiation at Madda Walabu University 
Goba Referral Hospital, southeast Ethiopia, 1 April–30 June 2018 (n = 308).

Parameters Before HAART On HAART p-value t-value (95% CI*)

(Mean ± SD) (Mean ± SD)

WBC (×109/L) 5.6 ± 2.6 5.7 ± 1.6 0.716 −1.21 (0.13–(−0.56))
TLC (×109/L) 1.9 ± 1.9 2.2 ± 0.9 0.001* 2.86 (0.067–0.37)
ANC (×109/L) 3.1 ± 1.9 3.0 ± 1.9 0.481 −0.71 (−0.42–0.12)
RBC (×1012/L) 4.2 ± 0.8 4.0 ± 0.8 0.044* −1.86 (−0.26–0.01)
Hgb (g/L) 122 ± 25 136 ± 28 0.001* 7.08 (1.09–1.93)
Hct (L/L) 0.34 ± 0.068 0.38 ± 0.076 0.001* 7.10 (2.99–5.29)
MCV (fL) 90.9 ± 11.9 94.2 ± 9.9 0.001* 3.79 (1.57–4.96)
MCH (pg) 32.3 ± 5.0 33.3 ± 5.1 0.011* 2.56 (0.23–1.78)
MCHC (g/L) 348 ± 25 350 ± 30 0.380 0.88 (−0.23–0.60)
RDW (CV %) 15.2 ± 1.4 14.3 ± 2.1 0.001* −5.99 (0.14–(−1.15))
PLT (×109/L) 242.4 ± 109.7 273.6 ± 117 0.001* 3.47 (13.48–50.00)
CD4+ T-cells (cells/µL) 363.7 ± 275.6 520.2 ± 264.6 0.001* 7.18 (113.74–199.25)

HAART: highly active antiretroviral therapy; CI: confidence interval; WBC: white blood cell; TLC: total lymphocyte count; ANC: absolute neutrophil 
count; RBC: red blood cell; Hgb: hemoglobin; Hct: hematocrit; MCV: mean cell volume; MCH: mean cell hemoglobin; MCHC: mean corpuscular hemo-
globin concentration; RDW: red cell distribution width; PLT: platelet; fL: femtoliter; pg: pictograms; CV: coefficient of variation percentage; CD: cluster 
of differentiation.
*Level of significance (p < 0.05).

Table 3.  Prevalence of hematological abnormalities of HIV-
positive individual before and on HAART at Madda Walabu 
University Goba Referral Hospital, southeast Ethiopia, 1 April to 
30 June 2018 (n = 308).

Abnormalities Before HAART, n (%) On HAART, n (%)

Anemia 98 (31.8) 45 (14.6)
  Male 54 (55.1) 13 (28.9)
  Female 44 (44.9) 32 (71.1)
Severe anemia 3 (3.1) 1 (2.2)
Moderate anemia 42 (42.9) 8 (17.8)
Mild anemia 53 (54.1) 36 (80)
Leukopenia 56 (18.2) 74 (24)
  Male 26 (46.4) 34 (46.9)
  Female 30 (53.6) 40 (54.1)
Neutropenia 48 (15.6) 55 (17.9)
  Male 22 (45.8) 27 (49.1)
  Female 26 (54.2) 28 (50.9)
Lymphopenia 9 (2.9) 11 (3.6)
  Male 4 (44.4) 6 (54.5)
  Female 5 (54.6) 5 (45.5)
Thrombocytopenia 35 (11.4) 14 (4.5)
  Male 22 (62.9) 6 (42.9)
  Female 13 (37.1) 8 (57.1)

HAART: highly active antiretroviral therapy.
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higher after initiation of HAART. CD4+ T-cell counts 
<200 cells/µL was identified as a significant risk factor for 
cytopenia (anemia, leukopenia, and neutropenia) before 
HAART initiation, whereas HAART regimen (ZDV, 3TC, 
and NVP), WHO clinical stage IV, female sex, and concomi-
tant IP infections predict the likelihood development of ane-
mia after initiation of HAART.

Anemia prevalence before and after HAART initiation in 
this study is consistent with findings to other similar studies in 
Ethiopia11,17–19,25,29,30 indicating that, even though anemia is 
still a public health problem, the decrease in the prevalence of 
anemia after HAART initiation is attributed to the positive 
effect of the treatment on the differentiation and survival of 
RBCs, decreases the viral load, and reduces the frequency of 
OIs.51,52 Normocytic normochromic anemia was the most com-
mon type of anemia observed similar to other Ethiopia study 
reports,29,53 with macrocytic normochromic (Macrocytosis) 

anemia found to be the second common type mainly after ini-
tiation therapy. This is concurrent with the findings of India31 
and Ethiopia.16,54 This could be due to the effect of AZT on 
MCV as the majority of anemic patients were receiving zido-
vudine-based regimens, which is responsible for the develop-
ment of macrocytosis associated with bone marrow toxicity.55 
Cytopenia especially anemia was significantly associated with 
WHO clinical stage IV disease, in patients taking HAART 
regimen of (ZDV, 3TC, and NVP), with female HIV-positive 
patients, and those patients with IP infection on HAART, simi-
lar to multiple study reports.1,4,8,16,18,23,24,28,56

Disease progression in HIV is related to OIs and the devel-
opment of anemia. The common cause of severe anemia in 
HIV is atypical mycobacterial infection.27 Parvovirus B19 
infection can also induce anemia as the virus selectively 
infects erythrocyte precursor resulting in pure red cell  
aplasia.57 Kaposi’s sarcoma, lymphoma, or gastrointestinal 

Table 4.  Association of CD4+ T-cell counts with cytopenia in HIV-positive individuals at Madda Walabu University Goba Referral 
Hospital, southeast Ethiopia, 1 April to 30 June 2018 (n = 308).

Hematological 
abnormalities

CD4 counts (cells/µL) before HAART Hematological 
abnormalities

CD4 counts (cells/µL) after HAART

<200 200–500 ˃500 p-value <200 200–500 ˃500 p-value

Anemia 50 (47.2%) 35 (28%) 13 (16.9%) 0.001* Anemia 4 (9.3%) 19 (17.6%) 22 (13.9%) 0.783
Leukopenia 25 (23.6%) 28 (22.4%) 3 (3.9%) 0.001* Leukopenia 9 (20.9%) 19 (17.8%) 46 (29.3%) 0.176
Lymphopenia 2 (1.9%) 6 (4.8%) 1 (1.3%) 0.263 Lymphopenia 1 (2.3%) 3 (2.8%) 7 (4.5%) 0.785
Neutropenia 21 (19.8%) 24 (19.2%) 3 (3.9%) 0.005* Neutropenia 6 (14%) 18 (16.7%) 31 (19.7%) 0.274
Thrombocytopenia 15 (14.2%) 14 (11.2%) 6 (7.8%) 0.772 Thrombocytopenia 3 (7%) 4 (3.7%) 7 (4.5%) 0.346

CD: cluster of differentiation; HAART: highly active antiretroviral therapy.
*Level of significance (p < 0.05).

Table 5.  Factors associated with anemia and leukopenia in HIV-positive individuals before HAART at Madda Walabu University Goba 
Referral Hospital, southeast Ethiopia, 1 April to 30 June 2018 (n = 308).

Parameters Units Anemia, n (%) COR (95% CI) p-value AOR (95% CI) p-value

CD4+ T-cell count (cells/µL) <200 50 (47.2) 3 (1.2–4.8) 0.001* 4.2 (1.4–4.8) 0.04*
200–500 35 (28) 4.3 (1.14–4.6) 0.09 2.1 (2.3–6.3) 0.058
˃500 13 (16.9) 1.00 1.00  

Age (years) 18–29 10 (10.2) 1.0 (1.0–2.7) 0.21 0.4 (0.24–5.6) 0.28
30–39 27 (27.6) 4.1 (3.1–5.7) 0.17 0.9 (0.71–2.7) 0.07
40–49 48 (49) 1.2 (1.1–1.46) 0.05 2.7 (3.2–5.4) 0.82
⩾50 13 (13.3) 1.00 1.00  

Parameters Units Leukopenia, n (%) COR (95% CI) p-value AOR (95% CI) p-value

CD4+ T-cell count (cells/µL) <200 25 (23.6) 0.4 (0.24–0.67) 0.001* 3.2 (2.8–7.9) 0.005*
200–500 28 (22.4) 0.6 (0.26–1.67) 0.058 0.12 (0.16–1.67) 0.09
˃500 3 (3.9) 1.00 1.00  

Age (years) 18–29 10 (10.2) 1.1 (1–1.4) 0.03 0.1 (0.21–2.50) 0.064
30–39 15 (15.3) 2.5 (1.65–3.95) 0.08 2.9 (0.21–2.40) 0.21
40–49 12 (12.2) 3.0 (2.9–6.7) 0.24 1.8 (0.22–0.48) 0.53
⩾50 19 (19.5) 1.00 1.00  

CD: cluster of differentiation; CI: confidence interval; COR: crude odd ratio; AOR: adjusted odd ratio.
1.00: reference group.
*Level of significance (p < 0.05).
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tract bleeding, or parasitic infections can also result in iron 
deficiency as a result of chronic blood loss. HIV enteropathy, 
bacterial, and other viral intestinal infections may also alter 
nutrient absorption through impaired intestinal uptake, lead-
ing to micronutrient deficiency.58,59 Besides, IP infestations 
cause mucosal membrane damage leading to gastrointestinal 
bleeding, and malnutrition caused by parasite consumption of 
digested food. HIV may not directly affect bone marrow 
hematopoietic progenitor pool but indirectly alter cellular and 
cytokine microenvironment and/or through the interaction of 
the virus or viral products with the cell surface resulting in 
defective hematopoietic functions.58 Hematological toxicity 
and myelosuppression are also frequent side effects of ARTs 
and other chemotherapeutic agents. Zidovudine treatment is 
associated with bone marrow suppression and increases the 
risk of anemia development.58,59 The increased prevalence of 
anemia in females could be attributed to menstrual blood loss 
and potential drains on iron stores that occur with pregnancy 
and delivery.58,60

Although the occurrence of leukopenia was found rela-
tively lower at pre-HAART but was found to be the most 
commonly reported abnormality consistent with multiple 
study reports.9,23,30,31,48 On the contrary to other hematologi-
cal abnormalities, the prevalence of leukopenia, neutropenia, 
and lymphopenia showed an increasing pattern after initia-
tion of HAART was in agreement with other reports,1,14,30,31 
but lower than studies conducted in Cameroon and Gondar 
University.8,29 This abnormality could have resulted from the 
use of a zidovudine-containing HAART regimen, which can 
cause leukopenia by suppression of bone marrow production 
and cytotoxicity of T-cells eventually decreasing the survival 
of T-cells.61 Whereas neutropenia and lymphopenia before 
and after initiation of HAART showed some degree of dis-
crepancy from other studies, which might be due to 

the difference in the clinical condition of the patient, study 
population, sample size, and variation in study design attrib-
utable to the use of the same patient in this study.

The prevalence of thrombocytopenia before HAART ini-
tiation was greater than that of HAART taking individuals 
(11.4% vs 4.5%), possibly due to the rapid increase in PLT 
count induced by AZT,62,63 and the association of infection-
induced cytopenia to the effect of early hematopoietic pro-
genitor cells functions and bone marrow suppression.35,64 
This is consistent with studies conducted in Uganda, Nigeria, 
Tanzania, and Ethiopia23,29,30,48,65 but lower than studies con-
ducted in India and Cameroon.8,31 These observed differ-
ences might be due to platelet immune destruction by the 
spleen related to malaria and other blood parasite endemic-
ity, the clinical condition of the patient, the use of different 
study populations, and the ineffective platelet production.

CD4+ T-cell counts <200 cells/µL were found to be asso-
ciated with the major hematological abnormality (cytopenia) 
that might be in association with higher plasma viral load and 
reported mainly as independently associated with an increased 
risk of developing anemia characterized by peripheral immu-
nosuppression and a significant decrease in bone marrow 
hematopoietic activity.44 This is in keeping with studies con-
ducted in India, Cameroon, and Ethiopia.8,17–20,55,56,62,63,66–68 
This progressive depletion in CD4+ T-lymphocytes is the 
fundamental finding during disease advancement, eventually 
leading to marked immunosuppression and development of 
AIDS, causing immunological deterioration of infected indi-
viduals before initiation of treatment, but could also be due to 
the direct and indirect effect of the virus, the toxicity of the 
drugs, and OIs.25,53

Cytopenia recovery rate in this study was found to be 
54% for anemia, 60.5% for thrombocytopenia, and 59.3% 
for previously lowered CD4+ T-cell count which improved 

Table 6.  Factors associated with predictors of anemia in HIV-positive individuals on HAART at Madda Walabu University Goba 
Referral Hospital, southeast Ethiopia, 1 April to 30 June 2018 (n = 308).

Variables Occurrence Anemia, n (%) COR (95% CI) p-value AOR (95% CI) p-value

Intestinal parasites Yes 35 (77.8%) 10.4 (9.3–15.4) 0.022* 2.5 (1.1–7.4) 0.048*
  No 10 (22.2%) 1.00 1.00  
Sex Female 32 (71.1%) 3.1 (1.8–3.9) 0.04* 2.6 (1.3–4.8) 0.048*

Male 13 (28.9%) 1.00 1.00  
WHO clinical stages I 2 (4.4%) 1.00 1.00  

II 31 (68.9%) 3.0 (2.05–4.7) 0.02 0.2 (0.4–.3) 0.1
III 5 (11.1%) 3.8 (2.2–3.9) 0.007 0.4 (0.02–1.2) 0.5
IV 7 (15.6%) 5.6 (4.1–7.8) 0.029* 2.4 (1.4–4.8) 0.038*

HAART regimen ZDV, 3TC, EFV 3 (6.7%) 19.3 (15.3–23.7) 0.5  
ZDV, 3TC, NVP 23 (51.1%) 5.6 (3.6–8.2) 0.045* 3.2 (2.2–7.5) 0.001*
TDF,3TC, EFV 8 (17.8%) 3.6 (0.02–1.3) 0.9  
TDF,3TC, NVP 11 (24.4%) 3.4 (0.1–2.2) 0.85  
TDF,3TC, LPV/r 1.00 1.00  

CI: confidence interval; WHO: World Health Organization; HAART: highly active antiretroviral therapy; COR: crude odd ratio; AOR: adjusted odd ratio; 
1.00: reference group; ZDV: zidovudine; 3TC: lamivudine; NVP: nevirapine; TDF: tenofovir; EFV: efavirenz; LPV/r: lopinavir/ritonavir.
*Level of significance (p < 0.05).
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after initiation of HAART. HAART initiation was found an 
effective treatment in reverting hematological abnormalities 
(especially cytopenias) in patients without treatment alike to 
other study reports. Besides the profound recovery of CD4+ 
T-cells, total WBCs, neutrophils, lymphocytes, PLTs, and 
Hgb values increased after treatment initiation, except the 
RBCs. Consistent findings were reported in Ethiopia and 
elsewhere, supporting the timely detection of HIV infection 
and early initiation of HAART significantly improve poten-
tial hematological abnormalities (cytopenias)9,11,17–19,25,29,30–38 
showing implementation of “test and treat” pave clinical 
benefits for patients for whom HAART was initiated 
early.19,42,43,69 The decrease in or diminished expected 
increment in RBC count after treatment initiation is explained 
by the cause of medication-induced anemia, as ZDV is 
mainly associated with myelotoxicity possibly by inhibiting 
erythroid precursor cells in the bone marrow leading to 
decreased RBC production manifesting in anemia.44,70,71

Limitations of the study

Data on viral load were incomplete, irregular, with many 
misses which were not included in this study to compare 
hematological abnormalities with. The causes of hemato-
logical abnormalities in HIV infection are multifactorial. 
Thus, this study’s inability to identify all causes of hemato-
logical abnormalities will not permit the cause and effect of 
cytopenias in HIV-infected individuals evaluated. Other 
hematologic abnormalities, such as coagulation profiles and 
hemostatic abnormalities also not assessed in this study due 
to reagent availability. The questionnaires were not pilot-
tested/pre-tested earlier to actual data collection later to the 
preparation and validation.

Conclusion

There was a decline in the prevalence of anemia and throm-
bocytopenia accompanied by a significant increase in CD4+ 
T-cells after the initiation of HAART. The study revealed 
also that the most common hematological abnormalities 
were anemia, leukopenia, and thrombocytopenia. Normocytic 
normochromic anemia was common before HAART, while 
macrocytic normochromic anemia was common after initia-
tion of HAART, and mild anemia was the commonest type of 
anemia in the study. There were statistically significant dif-
ferences in the mean values of RBC, Hgb, Hct, MCV, MCH, 
RDW, TLC, PLT, and CD4+ T-cell counts before and after 
HAART initiation HIV-positive individuals.

The risk factors for hematological abnormalities were dif-
ferent in HIV-positive individuals before HAART than in indi-
viduals on HAART. A CD4+ T-cell count <200 cells/µL was 
only the risk factor of anemia, leukopenia, and neutropenia in 
HIV-positive individuals before HAART. Anemia, leukopenia, 
and neutropenia decreased as CD4+ cell count increased and 
no statistically significant association was found between 

CD4+ cell counts and hematological abnormalities in HIV-
positive individuals on HAART. Female sex, WHO clinical 
stage IV disease, HAART regimen (ZDV, 3TC, and NVP), and 
IP infestation had a statistically significant association with 
anemia in HIV-positive individuals on HAART. Therefore, 
routine monitoring of hematological parameters and risk fac-
tors for any hematological abnormalities including periodic 
screening for IP is recommended to take appropriate clinical 
interventions. Early initiation of ART is beneficial in reducing 
the magnitude of hematological abnormalities in this popula-
tion. Further longitudinal studies with long-term follow-up are 
needed to explore the causes of hematological abnormalities.
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