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Background: Immunohematological abnormalities among human immunodeficiency virus-infected patients are common abnormal-
ities associated with severe depletion of the immune system, covering a stage of acute syndrome to an advanced disease. The greatest 
impact was observed in the low- and middle-income countries. However, in Ethiopia, little attention has been paid, and only limited 
published information exists regarding immunohematological abnormalities among individuals receiving highly active antiretroviral 
treatment.
Objective: This study aimed to assess changes in immunological and hematological parameters in HIV-infected patients receiving 
HAART for at least six months at the antiretroviral therapy clinic of Yabelo Hospital, Borena, Ethiopia.
Methods: A cross-sectional study was conducted from February to July 2021 using convenient sampling to recruit 333 participants. 
Sociodemographic data and clinical characteristics were collected using a pretested questionnaire. Baseline data were extracted from 
medical records and after six month immunohematological measurements were performed on blood samples collected during the study 
period. Data analysis was performed using SPSS version 25. Descriptive analysis was performed, and the results are presented as 
numbers and percentages or means ± SD. A paired t-test was used to compare the mean values of the immunohematological 
parameters before and after six of taking HAART. Statistical significance was set at P < 0.05.
Results: The prevalence of anemia, leucopenia, neutropenia, lymphopenia and thrombocytopenia were 47.4%, 73.3%, 58.3%, 76.9% 
and 3.3% before initiation of HAART and 23.1%, 36.4%, 23.4%, 35.7% and 2.4% after initiation of HAART, respectively; Compared 
to baseline, there was also a significant decrease in the rate of Immunosuppression (CD4 < 350) from 62.2% at base line to 20.7% after 
HAART initiation.
Conclusion: Immunohematological profile of the patients improved after the initiation of HAART. The observation of large 
proportion of immunosuppressed individuals at baseline warrants advocating for HIV testing in the pastoralist community so that 
infected patients could benefit from early initiation of HAART.
Keywords: HIV, highly active antiretroviral therapy, immunohematological abnormalities

Introduction
Human immunodeficiency virus (HIV) infection is characterized by severe depletion of the immune system, covering the 
stages of acute syndrome to an advanced disease (Acquired Immunodeficiency Syndrome-AIDS). The greatest impact is 
observed in low- and middle-income countries where an estimated 90% of the global HIV-infected population live; sub- 
Saharan Africa is the most affected area of world while South-East Asia is the second most affected.1–3

Immunohematological abnormalities in HIV patients are due to diverse reasons which include immune-mediated 
destruction of cells, direct cytopathic effects of the virus, secondary to various infections, neoplasms, and drug toxicity.4 

The most prevalent haematological disorder observed in adults with HIV infection is anemia. Incidences of anemia are 
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particularly high in patients with late stages of the disease and a reduced CD4+ T cell count. The virus replicates in 
T cells and in turn reduces the growth of bone marrow progenitors, thus suppressing hemopoiesis.5 Anemia and 
neutropenia are generally caused by inadequate blood cell production because of bone marrow suppression by HIV 
infection mediated by abnormal cytokine expression and alteration of the bone marrow microenvironment.6,7

Among hematological abnormalities, neutropenia is commonly observed after development of AIDS, and has been 
associated with types of HAART medications used to treat HIV infection.8 Colony growth hormones of the progenitor 
cells decreased in patients taking HAART, this leads to decreased production of granulocyte and monocytes produced by 
the infected cells known to suppress neutrophil production.9 On the other hand, thrombocytopenia could be seen from 
increased platelets destruction and decreased platelet production by the HIV-infected megakaryocytic cells. Like other 
immunohematological abnormalities, decreased CD4 count also manifest due to HIV using CD4 receptor as site of 
attachment and replication.8–10

Understanding immunohematological outcomes is essential for evaluating treatment and prognosis during the follow- 
up of patients with HIV. Highly active antiretroviral therapy (HAART) is a combined therapy used in HIV-positive 
patients to radically lengthen the time to AIDS development and/or progression to death in HIV-infected people. The 
major mechanism of action of HAART is the inhibition of plasma HIV levels, which promotes an increase in CD4 
T-lymphocyte count and function. The aim is inhibiting viral replication while minimizing the toxicities and side effects 
associated with the available drugs. Using HAART, proper growth in children can be promoted, and the survival of all 
HIV-infected patients can be prolonged by reducing their level of illness and improving their quality of life.11

HAART significantly improves immunohematological changes in HIV-infected individuals. Published data on this 
outcome are scarce in the Southern Region of Ethiopia, particularly in the Borana Zone. Distinguishing the changes in 
the immunohematological profiles during treatment can help caregivers and physicians prevent most adverse effects and 
adequately manage patients. Moreover, our findings can serve as reference and input material for policymakers in the 
study area, not to mention further research conducted in the region as well as around the globe.

Materials and Methods
Study Setting, Design and Study Population
This cross-sectional study was conducted at the Yabelo General Hospital, Borana, Ethiopia, from February to July 2021. 
Borena is located at 567 km South of Addis Ababa and its capital is Yabelo town. There are one governmental general 
hospital and one health center in the town. The hospital provides ART service for HIV positive individuals. Primary and 
secondary clinical data of the study participants were collected using a pretested standardized questionnaire. The sample 
size was calculated using a single-population proportion formula and a correction formula for a finite population, to 
recruit 333 study participants using a convenient sampling technique. HIV-positive patients who were receiving HAART 
for at least six months and provided informed consent were included in the study. However, patients taking vitamins and 
iron supplements at the time of sampling, pregnant women, and those who had received a blood transfusion within the 
last 4 months were excluded.

Data Collection and Quality Assurance
Baseline complete blood count, CD4 and other clinical and demographic data of the study participants before HAART 
initiation were extracted from the medical record books. Socio-demographic and clinical data pertinent to our study after 
at least 6 months of initiation of HAART were collected using a trained data collector. Blood samples were collected 
once in the mornings to minimize diurnal variation when patients come for their routine care using Ethylene diamine 
tetra acetic acid (EDTA) tube and complete blood count (CBC) was analyzed using Sysmex XE-2100 hematology 
analyzer (Sysmex, Kobe, Japan). BD FACS PRESTO machine (BD Biosciences, San Jose, California) was used to count 
CD4+ T cells to detect the immunological abnormalities. The performance of both analyzers was verified by running 
quality control samples. The quality of the data was assured by designing a pretested standardized questionnaire that was 
prepared in English and translated to Afan Oromo (native language for the people in Borana, Ethiopia). Besides, standard 
operating procedures (SOPs) were strictly followed and all reagents were checked for expiration dates.
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Statistical Analysis
For analysis, the data were coded, cleaned, entered into EpiData version 3.1 and analyzed using SPSS version 25 (IBM® 

SPSS®, IBM Corp., Armonk, NY, USA). Descriptive analysis was performed, and the results are presented as numbers 
and percentages or means ± SD. A paired t-test was used to compare the mean values of the immunohematological 
parameters before and after six months of taking HAART. Bivariate and multivariable analyses were used to determine 
the associations between parameters and factors. Statistical significance was set at p < 0.05.

Ethical Consideration
This study was approved by the Department Research and Ethics Review Committee (DRERC) of the Department of 
Medical Laboratory Sciences, Addis Ababa University. After a letter of cooperation was sent to Borana Health Bureau, 
the Institutional Review Board of the Borana Health Bureau also approved the study and wrote support letter to Yabelo 
General Hospital for the study to proceed. Written informed consent was obtained from all the participants. This study 
was conducted in accordance with the principles of the Declaration of Helsinki.

Results
Socio-Demographic Characteristics
A total of 333 individuals aged 18 years and above, of whom 170 (51.1%) male and 163 (48.9%) females were included 
in the study, with 100% response rate. The majority of these participants were between the ages of 29–38 followed by 
18–28 years with a mean age and standard deviation of 32.83 and 9.48 years. In regards to the marital status, educational 
level, and occupation of the participants; 151 (45.3%) of them were married, 112 (33.6%) had no formal education, and 
85 (25.5%) were housewives. More than half of them were urban residents 195 (58.6%) (Table 1).

Table 1 Socio-Demographic Characteristics of HIV 
Patients Taking HAART for at Least 6 Months at Yabelo 
General Hospital, Borana Ethiopia, 2021

Variables Frequency and Percentile  
Number (%)

Age
18–28 122 (36.6)

29–38 129 (38.7)

39–48 53 (15.9)
49–58 24 (7.2)

>=59 5 (1.5)

Sex
Male 170 (51.1)

Female 163 (48.9)

Religion
Protestant 97 (36.6)
Orthodox 81 (38.7)

Muslim 79 (15.9)

Catholic 42 (7.2)
Wakefata 34 (1.5)

Marital status
Single 70 (21)

Married 151 (45.3)

Divorced 54 (16.2)
Widowed 58 (17.4)

(Continued)
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Clinical Characteristics
Before initiation of HAART, approximately 151 (45.3%) of the study participants were in WHO clinical stage I, while the rest 
of the patients were 95 (28.5%), 61 (18.3%), and 26 (7.8%) were in WHO clinical stages II, III, and IV, respectively. However, 
after taking HAART for at least six months, almost all of the study participants were in WHO clinical stage I, 330 (99.1%), the 
remaining 3 patients (0.9%) were in Stage II. The results revealed an increase in the mean BMI of the study participants; 20.14 
before starting HAART and 22.19 after taking HAART for at least six months. It was found that 271 (81.6%) participants had 
no history of opportunistic infections. Of these patients, 31 (50%) had pulmonary tuberculosis, 18 (29.04%) had severe 
bacterial pneumonia, and 13 (20.96%) had extra pulmonary tuberculosis. Functional status at base line indicated that 278 
(83.5%) were working patients. Treatment interruptions were 114 (34.2%) at different points of follow-up (Table 2).

Hematological and Immunological Values Before and After at Least Six Months of 
HAART
WBC has changed from 4.106 ±0.970 to 4.995 ±1.34 (109/l); there was an increase in Hgb concentration from 12.38 ± 
1.77 to 13.22 ± 1.81 (g/d[); MCV has changed from 87.57 ± 11.63 to 89.99 ± 8.87 (fl); also platelet shows change from 
243.3 ± 52.59 to 292.18 ± 60.539 (109/l) and CD4 changed from 356.56 ± 212.32 to 583.7 ± 238.25 cells/mm3 resulting 
in a mean change of 227.14 cells/μL.

The study revealed a significant change in hematological parameters (WBC, Hgb, MCV, and CD4) after the use of 
HAART for at least six months of initiation of HAART (P = 0.0001), with the exception of MCHC (p = 0.706) (Table 3).

Hematological Abnormalities Before and After at Least Six Months of HAART
According to WHO classification of anemia based on Hgb concentration, 158 (47.4%) were anemic at baseline, and the 
magnitude decreased to 77 (23.1%) after at least 6 months of HAART initiation. When data were analyzed by severity, at 
base line of the 158 anemic study participants majority of them had mild 142 (89.9%) anemia, while 10 (6.3%) moderate, 
and 6(3.8%) severe. However, after taking HAART for at least six months, while the prevalence of anemia decreased 
from 47.4% to 23.1%, the severity remained almost same where 71 (92.2%), 2(2.6%),4 (5.2%) had mild, moderate, and 
severe anemia, respectively (Table 4).

Table 1 (Continued). 

Variables Frequency and Percentile  
Number (%)

Education level
No formal education 112 (33.6)

Can read and write 49 (14.7)

Primary education 87 (26.1)
Secondary education 61 (18.3)

Higher Education 24 (7.2)

Occupation
House wife 85 (25.5)

Employee 54 (16.2)
Student 54 (16.2)

Merchant 76 (22.8)

Daily laborer 36 (10.8)
Farmer 16 (4.8)

Others 12 (3.6)

Residence
Urban 195 (58.6)
Rural 138 (41.4)
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Other hematological abnormalities like leukopenia (WBC < 4000cells/μL), Neutropenia (Neutrophil < 1500cells/μL; 
<40%), lymphopenia (lymphocyte <1000cells/μL; <20%) and thrombocytopenia (PLT < 150,000cells/μL) has shown 
changes in prevalence between baseline and at least 6 months after therapy. Accordingly rates of leukopenia is reduced 
from 244 (73.3%) to 121 (36.3%), lymphopenia from 256 (76.9%) to 119 (35.7%), and thrombocytopenia from 11 
(3.3%) to 8(2.4%). In contrast, Neutropenia increased from 78 (23.4%) to 194 (58.3%) (Table 4).

Baseline Immunosuppression Level by Age Category in HIV Patients Before and After 
at Least Six Months of HAART
Of the total study participants, 207 (62.2%) had immune suppression (decrements in CD4 count < 350 cells/µL) at 
initiation of HAART, of which 95 (45.9%) had severe immune suppression as defined by CD4 < 200 cells/μL. There was 
also increment in CD4 count after initiation of HAART, which revealed a decreased immune suppression 69 (20.7%) 
while severe immunodeficiency decreased from 45.9% to 20.7% (Table 4).

Table 2 Clinical Characteristics of Adult HIV Patients Taking HAART for 
at Least Months at Yabelo General Hospital, Borana, Ethiopia, 2021

Variables Frequency and Percentile  
Number (%)

Initial WHO Clinical stage
Stage I 151 (45.3)
Stage II 95 (28.5)

Stage III 61 (18.3)

Stage IV 26 (7.8)

Current WHO clinical Stage
Stage I 330 (99.1)

Stage II 3 (0.9)

Initial BMI
18.5–24.99 269 (80.8)

<18.49 54 (16.2)
>25 10 (3)

Current BMI
18.5–24.99 225 (67.6)

<18.49 52 (15.6)

>25 56 (16.8)

Treatment interruption
Yes 114 (34.2)
No 219 (65.8)

Functional status at base line
Working 278 (83.5)

Ambulatory 41 (12.3)

Bedridden 14 (4.2)

History of opportunistic infection
Yes 62 (18.6)
No 271 (81.4)

Type of opportunistic infection
Severe bacterial pneumonia 18 (29.04)

Pulmonary tuberculosis 31 (50.0)

Extra pulmonary tuberculosis 13 (20.96)
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Table 3 Hematological and Immunological Parameters of Adult HIV-Positive Individuals Before and After Initiation of 
HAAART at Yabelo General Hospital, South Ethiopia, 2021

Parameters Before Initiation of  
HAART (n= 333) 

Mean ± SD

After Six Months of HAART  
Initiation (n= 333) 

Mean ± SD

t-value (95% *CI) P-value

WBC (×109 /l) 4.106 ±0.970 4.995 ±1.34 −12.186 (−1.03277–(−0.74567)) 0.0001

LC (×109 /l) 1.097 ±0.589 1.588 ±0.70 −11.637 (−574,007–(−40,801)) 0.0001

ANC (×109/l) 2.180±1.212 1.540 ±0.86 −10.536 (0.52105–0.76027) 0.0001

RBC (×1012/l) 3.929±0.835 4.482±0.65 −10.805 (−0.65432–(−45,277)) 0.0001

Hgb (g/dl) 12.38±1.77 13.22±1.81 −6.926 (−1.09739–(−0.61192)) 0.0001

HCT (%) 36.372±5.60 39.92±6.32 −8.775 (−4.34832–(−2.7557)) 0.0001

MCV (fl) 87.57±11.63 89.99±8.87 −4.054 (−3.59256–(−1.24522)) 0.0001

MCH (pg) 29.24±3.67 31.33±4.89 −6.16 (−2.74833–(−1.41791)) 0.001

MCHC (g/l) 31.99±2.84 32.06±2.22 −0.378 (−43,077–(0.29191)) 0.706

PLT (×109 /l) 243.3±52.59 292.18±60.539 −14.597 (−55.467–(−42.293)) 0.0001

CD4 (Cells/mm3) 356.56±212.32 583.7±238.25 −16.613 (−254.04–(−200.247)) 0.0001

Table 4 Prevalence of Immunohematological Abnormalities of Adult HIV Patients Taking 
HAART for at Least 6 Months at Yabelo General Hospital Borana, Ethiopia, 2021

Hematological Disorder Before Initiation of HAART 
Number (%)

After 6 Months of Initiation of  
HAART Number (%)

Anemia 158(47.4) 77 (23.1)

Mild 142(89.9) 71(92.2)

Moderate 10(6.3) 2(2.6)
Severe 6(3.8) 4(5.2)

Anemia
Male 78(50) 32(43.7)

Female 80(50) 45(56.3)

Leucopenia 244(73.3) 121(36.3)

Male 132(54.1) 55(45.5)

Female 112(45.9) 66(54.5)

Neutropenia 78(23.4) 194(58.3)

Male 43(55.1) 103(53.1)
Female 35(44.9) 91(46.9)

Lymphopenia 256(76.9) 119(35.7)

Male 136(53.1) 58(48.7)

Female 120(46.9) 61(37.4)

Thrombocytopenia 11(3.3) 8(2.4)

Male 4(36.4) 5(62.5)
Female 7(63.6) 3(37.5)

Immunodeficiency 207(62.2%) 69(20.7%)
Severe 95(45.9%) 18(26.1%)

Mild 112(54.1%) 51(73.9%)
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The majority of the study participants had a CD4 count of <350 cells/μL, regardless of age category. Specifically, 
12.9%, 11.4%, 6.9% of the participants in the age groups 29–38, 18–28, and 39–48 years, respectively, were in the CD4 
count 200–349 cells/μL category. Severe immunodeficiency (CD4 < 200 cells/μL) was predominant in the older age 
groups of 49–58 and >59 years.

In contrast to the baseline data, the majority of the participants after taking HAART for at least 6 months were 
found in the CD4 > 500 cells/μL category, irrespective of age category, although the highest proportion was 
observed in the age group 18–28 years where 71.3% were in the CD4 > 500 cells/μL category. The proportion of 
patients with severe immunosuppression of CD4 < 200 cells/μL increased with increasing age category which is 
12.3%, 21.7%, 24.5%, 33.3%, and 40.0% for the age groups 18–28, 29–38, 39–48, 49–58 and >59 years, 
respectively (Figure 1).

Factors Associated with Anemia
We further analyzed factors associated with current anemia using the logistic regression model. Those variables with 
P ≤0.20 in the bivariate analysis were used as a cutoff value to determine candidates for multivariable logistic regression. 
Based on the above assumption, treatment interruption, type of opportunistic infection, BMI, sex, WHO clinical staging, 
residence, and educational status were candidate variables for multivariable analysis. Among the variables included in the 
final model, sex and treatment interruption were associated with current anemia. Those individuals with BMI less than 
18.49 are more likely to develop anemia (5.4 times) [OR=5.428) 95% CI, 1.425–20.674] when compared to those with 
normal BMI, and female patients were more likely to have anemia when compared to male patients [OR=2.02 (95% CI, 
1.164–3.503]. Besides, those patients with treatment interruption were more likely to be anemic than those that do not 
[OR=1.835 (95% CI, 1.003–3.359)] (Table 5).

Figure 1 Prevalence of immunosuppressed Adult HIV patients with age category that had been taking HAART for at least 6 months at Yabelo General Hospital, Borana, 
Ethiopia, 2020.
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Table 5 Factors Associated with Anemia After Taking HAART for at Least Six Month at Yabelo General Hospital, South Ethiopia, 2021

Variables Anemia COR (95% CI) P –value AOR(95% CI) P-value

Yes 
Number (%)

NO 
Number (%)

Treatment interruption
Yes 19(16.7) 95(83.3) 0.555(0.312–0.988) 0.046* 0.545(0.298–0.997) 0.049*

No 58(26.5) 161(73.5) 1 1

Types of opportunistic
Severe bacterial pneumonia 5(27.8) 13(72.2) 1.270(0.436–3.699) 0.661 1.454(0.478–4.424) 0.510

Pulmonary tuberculosis 3(9.7) 28(90.3) 0.354(0.104–1.202) 0.096 0.356(0.101–1.247) 0.106
Extra pulmonary tuberculosis 6(46.2) 7(53.8) 2.830(0.918–8.728) 0.070 2.988(0.937–9.533) 0.064

No opportunistic infection 63(23.2) 208(76.8) 1 1

Current BMI
18.5–24.9 61(22.7) 208(77.3) 1 1

<18.49 5(50) 5(50) 3.410(0.956–12.166) 0.059 5.428(1.425–20.674) 0.013*
>24.99 11(20.4) 43(79.6) 0.872(0.424–1.794) 0.710 0.955(0.452–2.030) 0.905

Age
18–28 26(21.3) 96(78.7) 1

29–38 31(24) 98(76) 0.856(0.473–1.548) 0.607

39–48 11(14.3) 42(79.2) 1.034(0.468–2.285) 0.934
>49 9(31) 20(69) 0.602(0.245–1.478) 0.268

Sex
Male 32(18.8) 138(81.2) 1 1

Female 45(27.6) 118(72.4) 1.646(0.982–2.754) 0.059 2.02(1.164–3.503) 0.012*

WHO stage Current
Stage 1 75(23) 251(76.9) 0.747(0.142–3.929)
Stage 2 02(28.6) 5(71.4) 1 0.731

CD4 at current
350–499 12(18.2) 54(81.8) 1
<349 17(25.8) 49(74.2) 1.561(0.678–3.595) 0.295
>500 48(23.9) 153(76.1) 1.106(0.583–2.097) 0.758

Residence
Urban 48(24.6) 147(75.4) 1
Rural 29(21) 109(79) 1.227(0.727–2.071) 0.443

Educational Status
No formal education 30(26.8) 82(73.2) 0.911(0.33–2.512)
Can read and write 11(22.4) 38(77.6) 1.152(0.368–3.607) 0.857

Primary education 14(16.1) 73(83.9) 1.738(0.586–5.152) 0.809

Secondary 16(26.2) 45(73.8) 0.938(0.317–2.777) 0.319
Higher education 6(25) 18(75) 1 0.907

Occupation
House wife 17(20) 68(80) 0.8(0.16–3.996)
Employee 15(22.4) 39(72.2) 1 0.786
Student 7(13) 47(87) 1.343(0.242–7.449) 0.736

Merchant 20(26.3) 56(73.7) 0.56(0.113–2.779) 0.478

Daily labor 10(27.8) 26(72.2) 0.52(0.097–2.802) 0.238
Farmer 8(28.6) 20(71.4) 0.333(0.054–2.067) 0.038*

Note: *Statistically Significant.
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Discussion
Our study investigated immunohematological changes among HIV-positive adults after initiation of HAART for more 
than six months at the Yabelo General Hospital. The study revealed a significant change in hematological parameters 
after the use of HAART for at least six months, with the exception of MCHC. In addition, there was an average increase 
of 227.14 CD4 cells/μL after treatment. The most common abnormalities include anemia, thrombocytopenia, leukopenia, 
lymphopenia, immunosuppression, and neutropenia. Low CD4 count is the most important immunological abnormality. 
Studies have revealed that HAART for at least six month has decreased the prevalence of both hematological and 
immunological abnormalities.12–24

Our finding of anemia at baseline is in line with a study conducted in Addis Ababa, Ethiopia, by Woldeamanuel et al 
in 2018 at Black Lion Specialized Hospital (41.9%) and Assefa et al in 2015 at Zewditu Memorial Hospital (42.9%)22,25 

indicating the effect of HIV infection in the country. The prevalence of anemia before HAART initiation in this study was 
higher than other studies conducted in other parts of Ethiopia in 2014 by Enawgaw et al (29.7%), Tsegaye et al in 2018 at 
Ras Desta Memorial Hospital (24.1%), Daka et al in 2013 at Hawassa University Referral Hospital (23.4%), Damtie et al 
in 2021 at Debre Tabor Comprehensive Specialized Hospital (31.8%), and Uguma et al in 2021 at Goba referral Hospital 
(37.1%).10,13,26–28 This discrepancy might be due to the differences in life style of ART patients, the presence of 
opportunistic infections, and nutritional status of the study participants in the other studies.

The baseline prevalence of anemia in our study was lower than the prevalence reported in 2013 by Denue et al in Nigeria 
(57.5%), Owiredu et al in Ghana with 63% before HAART, and Saha et al with 46% after HAART in 2015 in India.18,29,30 

This discrepancy might be attributed to the differences in the life style, study population, sample size, socio-demographic 
characteristics of study subjects, and variability in the definition of anemia. Relating to the prevalence of anemia after 
receiving HAART for at least six months, our findings were 23.1%. This result is in agreement with study conducted in Addis 
Ababa (20.9%), Debre Tabor (17.4%), and Nigeria (24.3%).23,25,29 This prevalence is higher than that reported in other parts 
of Ethiopia, such as Gondar (11.7%), Addis Ababa (11.4%), and Goba (14.6%).4,22,28 This difference in prevalence may be 
attributed due to life style, altitude, study population, sample size, sociodemographic characteristics of study subjects.

In the current study, the prevalence of anemia after receiving HAART for at least six months was significantly 
associated with treatment interruption, sex, and BMI greater than 18.99. Female patients were more likely to have anemia 
when compared to male patients which is supported by study done in Dessie, Ethiopia.28 The result of this study has 
shown that leucopenia was the most common hematological abnormality with higher prevalence at before Starting of 
HAART than after taking HAART for at least 6 months (73.3% vs 36.35%), this finding is consistent with the reports of 
various studies affirming the knowledge that the HIV attacks white blood cells of patients.22,29,30

In the current study, the increase in mean WBC count after six months of HAART initiation indicated boosting of the 
immune system (4.106 ±0.970 to 4.995 ±1.34). The finding was supported, by study in Makurdi, Benue state of Nigeria 
which indicated that HAART brings statistically significant increment in WBC from 4.07 ± 0.25×103 /μL at baseline to 
4.76 ± 0.15×103 /μL after ART.29 The increase in WBC count after HAART initiation might be due to an increase in 
hematopoietic progenitor cell growth following a decrease in HIV viral load.26

In contrast with the current findings, other reports have shown a decrease in WBC count after HAART.27 This 
difference may be attributed to the short duration of HAART intake in other studies, as in the initial stage of ART 
initiation; WBC count will be low, which gradually adjusts itself over time.

The prevalence of Neutropenia In the present study was 23.4% before HAART initiation and 58.3% after taking 
HAART for at least six months. This finding contradicts with reports from Gondar (14.8%) and South Korea (10%) at 
base line and 28.3% in Gondar5 and 8.9% in South Korea8 after initiation of HAART. The higher prevalence of 
neutropenia might be attributed to opportunistic and other infections observed in our study.

The present study also revealed differences in mean CD4+ T cell counts before and after HAART initiation (356.56 
±212.32 vs 583.7±238.25cells/μL), with an average increase of 227.14 CD4 cells/μL following treatment. In contrast, 
previous studies conducted at Zewditu Memorial Hospital reported limited increments after HAART (116 ± 69.4 vs 112 ± 
67 cells/μL).6 This can be explained by the policy change since the research was conducted with regard to ART initiation, 
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where treatment is administered regardless of CD4 count in recent years, so that the participants of the current study had 
better initial CD4 counts compared to the earlier studies.

The lower CD4 count at baseline is due to the HIV infection, which decreases the production of CD4+ T cells by 
preventing the maturation of lymphoid precursors. Inhibition of viral replication by HAART is therefore associated with 
improved production of CD4+ T cells.4,17,19,20 Highly active antiviral treatment decreases the plasma viral load after 
taking the medication for at least six months which then increases the CD4 count.5

The prevalence of thrombocytopenia in the present study was high at baseline compared to that in patients on 
HAART for at least six months. Thrombocytopenia was reduced from 3.3 to 2.4% after at least six months of HAART. 
This result is consistent with the findings of a study in India.18 The improvement in thrombocytopenia might be attributed 
to the effect of treatment, in which after HAART initiation, abnormalities of hematopoietic, opportunistic infections, and 
immune causes related to HIV leading to low platelet count could be reverted.27,29

Also, research in Gondar (9% to 4.1%) and Bale (Goba Referral Hospital) (11.4% to 4.5%) has revealed decrease in 
thrombocytopenia after they took HAART for at least six months, but the results were slightly higher than the current 
findings.4,28 The variations in the results observed in this study were attributed to variations in the definition of 
thrombocytopenia, size of the study population, and study design used.

In summary, this study was conducted with the objective of identifying changes in Immuno-hematological parameters 
among adult HIV-positive patients receiving HAART for at least six months in Borana, Yabelo General Hospital. As 
shown in these studies, participants at baseline had significantly higher rates of anemia, thrombocytopenia, and CD4+ 
T lymphocytopenia, which improved dramatically after HAART initiation. The finding of a significant number of 
immunodeficiency, 207 (62.2%) (CD4 count < 350 cells/µL) at initiation of HAART, and severe immunodeficiency in 
95 (45.9%) of them as defined by CD4 < 200 cells/μL indicated quite large number of individuals were living with the 
virus in the study area. This needs critical attention of the local health authorities to encourage people to get HIV tested 
so that the benefit of HAART can be maximized as it is given to those tested positive irrespective of CD4 count.

Conclusion
This study showed that the most common hematologic abnormalities (outcomes) in HIV/AIDS patients were anemia, 
thrombocytopenia, leucopenia, lymphopenia, neutropenia, and thrombocytopenia. Anemia after HAART initiation is 
linked to a number of factors, including treatment interruption, current BMI and sex. In order for infected patients to 
benefit from early commencement of HAART, it is necessary to promote HIV testing and early HAART initiation in the 
pastoralist population due to the observation of a significant percentage of immunosuppressed people at baseline.
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