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Anemia and thrombocytopenia are frequent hematological abnormalities in patients with human immunodeficiency virus (HIV) infection and have been
associated with increased morbidity and mortality.
However, there is a paucity of data on the prevalence
and correlates of these hematological abnormalities
among HIV infected adults in Ethiopia. The aim of
this study was to determine the prevalence and correlates of anemia and thrombocytopenia in a cohort
of HIV-1 infected adults in northwest Ethiopia.
Methods
A total of 320 HIV-infected adults were enrolled
into the study, from March 2016 to July 2016.
Sociodemographic and clinical characteristics of the
study participants were recorded. Blood samples
were collected from each patient to determine hematological and immunological parameters. A binary
logistic regression model was fitted to identify factors associated with each hematological abnormality.
The odds ratio with a 95% confidence interval was
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calculated. A p-value <0.05 was considered statistically significant.
Results
Out of 320 HIV-1 positive participants, 203
(63.4%) were female. Overall, anemia was found
in 25% (95% CI: 20.23 - 29.8%) of the study participants, of whom 2.5% (n=2) had severe and
21.2% (n=17) had moderate anemia. About
83.8% (67/80) anemic patients were on highly
active antiretroviral therapy (HAART) for a minimum of six months, and 31 of them were receiving Zidovudine (AZT)-based HAART regimen.
Multivariable logistic regression analysis
showed that being HAART-naïve (AOR= 5.5,
95% CI: 1.5-19.9) and having CD4 count below
200 cells/µl (AOR= 2.4, 95% CI: 1.3-4.9) were independent and significant predictors of anemia. Thrombocytopenia was noted in 6.3%
(95% CI: 3.58-8.9%) of the study participants.
Sixty percent of thrombocytopenic (n=12) subjects were over the age of 40 years.
Conclusion
We found an overall high prevalence of anemia
in the cohort of HIV-infected adults in northwest
Ethiopia. HAART naïve subjects and those with
CD4 count less than 200 cells/µl were found to
be at higher risk for developing anemia. This data
has an important implication for management of
hematological abnormalities in HIV patients and
highlights the need for early initiation of HAART
to reduce the burden of anemia.


BACKGROUND
Human immunodeficiency virus (HIV) is a retrovirus which can be transmitted via sexual intercourse, shared intravenous drug paraphernalia, and mother-to-child transmission (1). As
to UNAIDS estimation, in 2013 an estimated 35
million people were living with HIV worldwide.

Sub-Saharan Africa accounted for 71% of the
global burden of HIV infection. According to this
estimate, ten countries that include South Africa
(25%), Nigeria (13%), Mozambique (6%), Uganda
(6%), Tanzania (6%), Zambia (4%), Zimbabwe
(6%), Kenya (6%), Malawi (4%) and Ethiopia (3%)
accounted for almost 80% of all people living
with HIV in Sub-Saharan Africa (2, 3).
Human immunodeficiency virus (HIV) infection is associated with profound hematological abnormalities. Anemia is one of the major
hematological problems, frequently observed
in patients with HIV infection. It has been estimated to vary from 30% to 95%, with the
greatest burden in patients with advanced disease (4-6). The etiology of anemia in HIV patients may be related to factors such as opportunistic infections, HIV-associated neoplastic
diseases, HIV medications, and the virus itself
(7-10). HIV has shown to induce anemia either
by direct infection of hematopoietic progenitor cells or by inducing autoantibody against
erythropoietin, thus, blunting the physiological response to this cytokine (11).
Anemia has been associated with diverse
consequences that compromise the quality
of life and survival of HIV patients that leads
to fatigue, congestive cardiac failure, and an
increased risk of HIV-associated dementia
(12, 13). Furthermore, anemia has been correlated with accelerated disease progression,
deteriorated clinical outcomes, and increased
mortality (14). Studies in large cohorts of HIV
patients showed that anemia associated with
a high risk of mortality irrespective of the first
CD4 count and opportunistic infections. On the
other hand, recovery from anemia has been
demonstrated to correlate with improved survival (15-16). Therefore, it is vital to monitor
the magnitude and associated factors of anemia in this vulnerable group, particularly in
poor settings to improve therapeutic options
and disease management.
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Thrombocytopenia is another hematological
complication that occurs in HIV patients. The
prevalence of thrombocytopenia ranges from
4-40% in different study settings, and it was
found to associate with all stages of the disease
(17-19). It has also been linked to an increased
morbidity and mortality of HIV patients, due to
its association with risks of bleeding in different tissues. Mechanisms of thrombocytopenia
development in the context of HIV-infection
include immune-mediated destructions of
platelets, toxic effects of HIV medications, and
impaired hematopoiesis (20, 21). A decline in
platelet count has been associated with increased viral load and predicted a rapid decline of CD4 cells count (22). Several studies
have reported that highly active antiretroviral
therapy (HAART) has reduced the prevalence
of thrombocytopenia (23, 24). However, there
are also considerable numbers of reports that
showed an ongoing occurrence of this hematological abnormality even in patients receiving HAART (25).
Although hematological abnormalities of different blood cell lineages in HIV-infected adults
have been widely reported, there is a paucity of
data on the prevalence and correlates of anemia and thrombocytopenia from Ethiopia. We
hypothesize that the risk factors for anemia and
thrombocytopenia in our setting could be different from those in developed countries due
to the prevailing high rates of parasitic infections and nutritional factors. Therefore, this
study sought to investigate the prevalence and
correlates of anemia and thrombocytopenia in
a cohort of HIV-1 infected adults in northwest
Ethiopia.
MATERIALS AND METHODS
Study design and settings
This cross-sectional study was conducted from
March 2016 to July 2016 in an out-patient

setting, in the antiretroviral treatment (ART)
clinic of the University of Gondar Hospital. The
hospital provides medical services, including
HIV care and treatment, for about five million
people in northwest Ethiopia. The ART for HIV
has been available in the hospital since 2005
and the regimen consisted of a combination of
nucleoside and non-nucleoside reverse transcriptase inhibitors (NRTI and NNRTI). As of
2014, there were about 10,000 HIV-positive patients with ongoing follow-up at the University
of Gondar hospital ART clinic, of which 6000
were on combination ART. Gondar is located
in North of Lake Tana and Southwest of the
Siemen Mountains. It has a latitude and longitude of 12°36’N 37°28’E with an elevation of
2133 meters above sea level.
Study population and sampling
The sample size was determined based on a single population formula, considering the previously reported 20.7% prevalence of anemia
(19), with 95% confidence interval (CI) and 5%
margin of error. A total of 320 HIV-infected adults
were selected by a systematic random sampling
technique in an outpatient setting and provided
the necessary information and samples. On a
daily basis, an average of 15 adult HIV-children
patients were getting service at ART Clinic of
University of Gondar Referral Hospital.
A total of 1200 study participants were estimated
to visit the ART clinic during the study period. The
study participants were chosen at regular intervals from their sequence of ART clinic visit at approximate sampling interval of four (1,200/320).
The first sample order to be included in the study
was selected by lottery from the first four order
of adult HIV-infected who were visiting ART clinic. Thereafter, at every 4th interval study participants were included in the study until the total
sample was achieved.
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The study populations were all HIV-infected
adults who were on follow-up at the ART clinic
of the University of Gondar Hospital during the
study period. HIV-infected adults with chronic
renal failure, pregnancy, cancer, and a history
of blood transfusion (within three months) and
radiotherapy/cytotoxic chemotherapy (within two months) prior to data collection were
excluded.
Information regarding socio-demographics of
the study participants was collected using pretested questionnaires as pretesting is the means
to test the consistency, validity and reliability of
the survey questions before the commencement of data collection. Variables were chosen
for inclusion based on their clinical relevance,
and included age, sex, marital status, residence,
occupation, and education levels. Clinical data
were extracted from patients’ charts.
Laboratory procedures
About 4 mL of venous blood was collected in
EDTA vacutainer tubes from each participant
in the morning, from 8:00 am to 11:00 am, and
processed within three hours of collection.
Hematological parameters were determined
by a Cell-Dyn® 1800 (Abbott Laboratories,
USA) which was standardized against a 4C®
Plus blood control. Immunological parameters were analyzed using the BD FACSCount™
system (Becton Dickinson, San Jose, CA, USA).
Performances of the instruments were controlled by running control samples prior to
the test samples.
Definitions of study outcomes
The laboratory limits for hematological abnormalities were defined based on WHO criteria as
follows (26): anemia in men was defined as an
adjusted hemoglobin (Hb) concentration <13 g/
dL (11.0–12.9 g/dL=mild; 8.0– 10.9 g/ dL= moderate, and <8.0 g/dL=severe), whereas anemia in non-pregnant women was defined as an

adjusted Hb <12.0 g/dL (11.0–11.9 g/ dL=mild,
8.0–10.9 g/dL=moderate, and <8.0 g/dL=severe).
Anemia was further defined based on mean
corpuscular volume (MCV); as microcytic for
MCV value <80 fL, normocytic if it was between
80-100 fL and macrocytic if MCV was >100 fL.
Furthermore, it was defined as hypochromic if
mean corpuscular hemoglobin (MCH) was <27
pg. Thrombocytopenia was defined as platelets
count (PLT) < 150,000 cells/µL (19).
Data analysis
Data analysis was performed using SPSS version 20 statistical package software (SPSS Inc.,
Chicago, IL). Descriptive statistics as percentages, mean, median, IQR and standard deviation were applied as appropriate. Bivariate and
multivariable logistic regression analyses were
performed to determine the association between variables. Odds ratio and its 95% confidence intervals were calculated to determine
the strength of association between hematological abnormalities and relevant socio-demographic and clinical factors.
Variables having p-value less than or equals to
0.2 in univariable binary logistic regression analysis were fitted to the final multivariable logistic regression model. P-values less than 0.05 in
multivariable logistic regression analysis were
considered statistically significant.
Ethical approval
The study was ethically approved by the
Institutional Review Board of the University of
Gondar. All subjects provided written informed
consent for their participation. To ensure the
confidentiality of participants and their information, no patient identifiers were included in
the dataset. Laboratory findings of study participants were communicated with the responsible clinicians at the ART Clinic. This study
was performed according to the declaration of
Helsinki.
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RESULTS
Socio-demographic and clinical
characteristics of study participants
A total of 320 HIV positive adults were recruited into this study, of which 203 (63.4%) were
female with a female-to-male ratio of 1.7. The
Demographic and clinical characteristics of the
study participants are shown in Table 1.
Table 1

The median age was 38 years (IQR: 27-49 years),
and the median CD4+ T lymphocytes count was
412 cells/mm3 (IQR: 91-733). Most of the participants (94.4%) included in this study were on
HAART containing combinations of three drugs;
two NRTIs and one NNRTIs.
Zidovudine (AZT) containing drugs were found
to be the most frequently used ART regimen in

Sociodemographic and clinical characteristics of study subjects
at ART clinic of the University of Gondar Hospital, northwest Ethiopia
Characteristics

Sex

Age, years

Marital status

Residence

Educational status

HAART status

Number (%)

Male

117 (36.6)

Female

203 (63.4)

18- 30

50 (15.6)

31-40

157 (49.1)

>40

113 (35.3)

Median (IQR)

38.0 (27-49)

Married

194 (60.6)

Single/divorced

126 (39.4)

Urban

280 (87.5)

Rural

40 (12.5)

Unable to read and write

134 (41.9)

Primary education

65 (20.3)

Secondary education

82 (25.6)

Tertiary education

39 (12.2)

On HAART

302 (94.4)

HAART-Naïve

18 (5.6)
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HAART duration, years (n=302)

HAART regimen (n=302)

Median (IQR)

6.0 (4.0)

Stavudine (d4T) based

49 (16.2)

Zidovudine (AZT) based

157 (52.0)

Tenofovir (TDF) based

96 (31.8)

Mean (SD)

431.1 (243.9)

Median (IQR)

410 (91-733)

I

296 (92.5)

II-IV

24 (7.5)

CD4 count (cell/µl)

WHO clinical stage

CD4: Cluster of differentiation 4; HAART: highly active antiretroviral therapy; IQR: Interquartile Range;
SD: standard Deviation; WHO: World Health Organization

our setting (52%), followed by a Tenofovir (TDF)
based regimen (31.8%).
Prevalence and correlates of anemia
Overall, anemia was found in 25% (95% CI: 20.23
- 29.8%) of the study participants, of which 2.5%
(n=2) had severe and 21.3% (n=17) moderate
anemia. In terms of RBCs morphologic classification of anemia, 7.5% (n=6) were microcyticnormochromic, 47.5% (n=38) normocytic-normochromic and 45% macrocytic-normochromic
(Table 2).
Out of the 80 anemic patients, 67 were on HAART
for a minimum of six months (Table 3), and 31 of
them were receiving AZT-based HAART regimen.
Bivariate and multivariable binary logistic regression analyses were performed to identify risk factors for anemia in HIV-infected adults. Variables
like age, sex, residence, occupation, current
CD4+ T lymphocytes count, co-morbidities with
other infections, alcohol abuse, history of surgery, WHO stage, HAART status, HAART regimen,
and HAART duration were included in the analysis. After controlling confounders, we found that
being HAART-naïve (AOR= 5.5, 95% CI: 1.5-19.9)

and having CD4 count less than 200 cells/µl
(AOR= 2.4, 95% CI: 1.3-4.9) were independent
and significant predictors of anemia (Table 3).
Prevalence and correlates
of thrombocytopenia
Thrombocytopenia was detected in 6.3% (95%
CI: 3.58-8.9%) of the study participants (Table
2). All of the thrombocytopenic subjects were
on HAART, and 60% (n=12) were in the age
group of above 40 years (Table 4).
We analyzed factors associated with the thrombocytopenia among HIV-infected patients in a
logistic regression model. As depicted in table 4,
none of the variables were significantly associated with thrombocytopenia.
DISCUSSION
Anemia and thrombocytopenia are frequent
hematological abnormalities in patients with
HIV, and have been associated with increased
morbidity and mortality.
These abnormalities can be reversed by proper care and treatment. Results from the present study revealed that having low CD4+ T cells
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Table 2

Prevalence of anemia and thrombocytopenia
in cohort of HIV-infected adults in Gondar, northwest Ethiopia
Characteristics

Number (%)

Overall Anemia, N=320

80 (25)
Mild

61 (76.2)

Moderate

17 (21.3)

Severe

2 (2.5)

Microcytic-normochromic

6 (7.5)

Normocytic-normochromic

38 (47.5)

Macrocytic-normochromic

36 (45.0)

Severity of Anemia, n=80

MCV-MCH, n=80

Thrombocytopenia, N=320

20 (6.3)

MCV: mean cell volume; MCH: mean cell hemoglobin.

count (<200cells/mm3) and being HAART-naïve
were significantly associated with an increased
risk of developing anemia. Although it was not
statistically significant, thrombocytopenia was
more frequent in subjects over the age of 40
years.

Therefore, the observed dissimilarities in the
prevalence of anemia could be ascribed to variations in the study population with respect to
their HIV clinical stages, and other sociodemographic factors.

The overall prevalence of anemia in this study
was 25%, with the majority of subjects having
mild to moderate anemia. This prevalence rate
was within similar range with those in previously published reports from Jimma (23.1%), Debre
Tabor (23%), and Gondar (20.7%), Ethiopia (19,
27, 28).

Furthermore, majorities of the subjects in our
study had received HAART (94%) for a minimum
of six months. Thus, the relatively lower prevalence rate of anemia in this study could be attributed to the effect of HAART suppression of
viral load, which might have improved erythropoiesis and/or reduced destruction of hematopoietic cells (24).

However, it was considerably lower when compared to the 37% prevalence rates in West Africa
cohort, 65.5% in India, and 60.6% in Nigeria (2931). The difference between our finding and
others may be explained by the fact that in our
study, the proportion of subjects with an advanced stage of HIV was very small.

In addition, immune restoration by HAART could
also play a role by decreasing the incidence of
opportunistic infections. Taken together, in spite
of the relatively low prevalence rate, the result
of this study showed that anemia is still a public health concern in the cohort of HIV-infected
adults in the study area.
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Table 3

Variables

Bivariate and multivariable binary logistic regression analysis
of associated factors for anemia in cohort of HIV-infected adults
in Gondar, northwest Ethiopia
Anemia
Yes (%)

No (%)

COR (95% CI)

P-value

AOR (95% CI)

P-value

HAART
Yes

67 (22.2)

235 (77.8)

1.0

-

1.0

-

No

13 (72.2)

5 (27.8)

9.1 (3.1-26.5)

<0.001

5.5 (1.5-19.9)

0.01

WHO clinical stage
I

68 (23.0)

228 (77.0)

1.0

-

1.0

-

II-IV

12 (50.0)

12 (50.0)

3.4 (1.4-7.8)

0.005

1.3 (0.4-4.1)

0.68

CD4 count
<200

24 (47.1)

27 (52.9)

3.4 (1.8-6.3)

<0.001

2.4 (1.3-4.9)

0.008

>200

56 (20.9)

212 (79.1)

1.0

-

1.0

-

CI: confidence interval; COR: crude odds ratio; AOR: adjusted odds ratio; HAART: highly active antiretroviral therapy;
WHO: World Health Organization.

In this study, normocytic-normochromic anemia
was predominant. This was comparable with previous studies (19, 32). Furthermore, our result
showed that macrocytic-normocytic anemia was
found to be the second common type of anemia,
45 % (n=36). This could be due to the well-established effect of AZT on the MCV, as the majority
of anemic cases in this study were receiving AZT
based regimens (35/67) (33).
This study revealed that HIV-infected adults with
CD4 count less than 200 cells/µl were at higher
risk of developing anemia (AOR= 2.4, 95% CI:
1.3-4.9). This could be due to erythropoietic dysfunction resulting from the increased viral load
as immunity deteriorates. However, we could
not verify the effect of viral load on the risk of

developing anemia as data on this parameter is
lacking.
Similarly, being HAART-naïve was significantly associated with a risk of developing anemia as previously described (14, 15, 24). It is of note that
all but 5 non-anemic study participants were on
HAART. This may substantiate the role of HAART
in reducing the risk of developing anemia.
Collectively, our data suggesting that there is a
need for routine monitoring of HIV patients for
anemia, particularly HAART-naïve subjects and
those with CD4 count <200 cells/µl.
The overall prevalence of thrombocytopenia in
this study was 6.3%, which was similar to the
previous report from Ethiopia (19).
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Table 4

Bivariate and multivariable binary logistic regression analysis
of sociodemographic and clinical risk factors for thrombocytopenia
in cohort of HIV-infected adults in Gondar, northwest Ethiopia
Thrombocytopenia

Variables

Yes (%)

No (%)

COR(95%CI)

P value

AOR (95%CI)

P-Value

Sex
Male

11(9.4)

106(90.6)

2.2(0.9-5.6)

0.08

1.7(0.7-4.5)

0.27

Female

9(4.4)

194(95.6)

1.00

-

1.00

-

Age category
<30 years

2(4.0)

48(96.0)

1.00

-

1.00

-

30-40 years

6(3.8)

151(96.2)

1.0(0.2-4.9)

0.90

0.8(0.2-4.3)

0.81

>40 years

12(10.6)

101(89.4)

2.9(0.6-13.2)

0.1

2.6(0.5-13.1)

0.25

CD4 count
<200

5(9.8)

46(90.2)

1.8(0.6-5.3)

0.2

0.4(0.2-1.4)

0.16

>200

15(5.6)

253(94.4)

1.00

-

1.00

-

CI: confidence interval; CD4: cluster of differentiation 4; COR: crude odds ratio; AOR: adjusted odds ratio.

However, it is lower when compared with 26%
rate in Australia (22), 17.4% in Uganda (34), and
20% in Iran (35). This is probably due to higher
proportions of subjects with previously established risk factors for thrombocytopenia such as
advanced HIV disease, injection drug users or
low compliance to HAART regimen in the aforementioned studies. Furthermore, most of our
study subjects were on HAART with over half of
the participants receiving AZT containing combination antiretroviral drug.
Therefore, the low prevalence of thrombocytopenia in this study could also be partially attributed to the role of HAART in restoring platelets

count (36). Similar to other reports, we found
a high prevalence of thrombocytopenia in subjects over the age of 40 years (19, 37). This could
be related to increased cases of myelodysplasia
in older patients (22, 37).
This study has some limitations in that we lack
data on the prevalence of helminth infections
like hookworm, one of the risk factors for anemia in sub-Sahara Africa.
Besides, inconsistencies of cut-of value to define anemia and thrombocytopenia between
different studies have imposed some limitation
in comparing our estimate with other studies.
However, given that very few anemic patients
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(12/80) were from a rural area (i.e., high-risk
area for helminths infection), the contribution
of this parameter to anemia could be minimal.
In addition, our study lacks data on economic
status and lifestyle of the study participants
which might affect their hematologic profiles.
CONCLUSION
In conclusion, we found an overall high burden
of anemia in the cohort of HIV-infected adults
in northwest Ethiopia. HAART naïve subjects
and those with CD4 counts less than 200 cells/
µl were found to be at higher risk for developing anemia. Therefore, routine monitoring of
at risk groups for anemia and early initiation of
HAART could be beneficial to reduce the burden
of these hematological abnormalities.

MG, MM; Analyzed the data: TD, DD, MM; interpreted results: TD, DD, MW, MG, MM. All authors contributed to the writing and editing of
the manuscript and approved the final version.
Availability of data and materials
The datasets analyzed during the current study
are available from the corresponding author on
reasonable request.
Funding
No specific funding was received for this work.
Competing interests
The authors have declared that no competing
interests exist.
REFERENCES
1. Greene WC. The molecular biology of human immunodeficiency virus type 1 infection. N Engl J Med. 1991;
324(5):308-17.



Abbreviations
AOR: Adjusted odds ratio
CD4: Cluster of differentiation 4
CI: Confidence interval
COR: Crude odds ratio
HAART: Highly active antiretroviral therapy
HIV: Human Immunodeficiency Virus
MCH: mean cell hemoglobin
MCV: mean cell volume
WHO: World Health Organization

2. UNAIDS. Joint United Nations Programme on HIV/
AIDS: The Gap Report; 2014. Accessed at: http://files.
unaids.org/en/media/unaids/contentassets/documents/
unaidspublication/2014/UNAIDS_Gap_report_en.pdf;
Accessed on 8 March, 2018
3. Maartens G, Celum C, Lewin SR. HIV infection: epidemiology, pathogenesis, treatment, and prevention. Lancet. 2014; 384(9939):258-71.
4. Mir N, Costello C, Luckit J, Lindley R. HIV-disease and
bone marrow changes: A study of 60 cases. Eur J Haematol. 1989; 42(4):339-43.
5. Ifudu O. Maximizing response to erythropoietin in
treating HIV-associated anemia. Cleve Clin J Med. 2001;
68(7):643-8.



Acknowledgments
The authors are very grateful to Tadlo Wond
magegn, Asnakew Belete, Eyoel Kassa and
Mulualem Lemma, and all counselling nurses at
ART clinic of the University of Gondar Hospital for
their unreserved support during data collection.
Authors’ Contributions
Conceived and designed the experiments: TD,
DD; performed the experiments: TD, DD, MW,

6. Groopman JE. Management of hematologic complications of human immunodeficiency virus infection. Rev Infect Dis. 1990; 12(5):931-7.
7. Semba RD, Gray GE. Pathogenesis of anemia during human immunodeficiency virus infection. J Investig
Med. 2001;49(3):225–239.
8. Miller MF, Humphrey JH, Iliff PJ, Malaba LC, Mbuya
NV, Stoltzfus RJ et al. Neonatal erythropoiesis and subsequent anemia in HIV-positive and HIV-negative Zimbabwean babies during the first year of life: a longitudinal
study. BMC Infect Dis. 2006; 6:1.

Page 45

eJIFCC2018Vol29No1pp036-047

Tekalign Deressa, Debasu Damtie, Meseret Workineh, Meaza Genetu, Mulugeta Melku
Anemia and thrombocytopenia in the cohort of HIV-infected adults in northwest Ethiopia

9. Richman DD, Fischl MA, Grieco MH, Gottleib MS, Volderding PA, Laskin OL, et al. The toxicity of azidothymidine (AZT) in the treatment of patients with AIDS and
AIDS-related complex. A double-blinded, placebo-controlled trial. N Engl J Med 1987; 317(4):192-7.
10. Kosalaraksa P, Bunupuradah T, Vonthanak S, Wiangnon S, Hansudewechakul R, Vibol U, et al. Prevalence
of anemia and underlying iron status in naive antiretroviral therapy HIV-infected children with moderate immune suppression. AIDS Res Hum Retroviruses. 2012;
28(12):1679-86.
11. Tsiakalos A, Routsias JG, Kordossis T, Moutsopoulos
HM, Tzioufas AG, Sipsas NV. Fine epitope specificity of
antierythropoietin antibodies reveals molecular mimicry
with HIV-1 p17 protein: a pathogenetic mechanism for
HIV-1-related anemia. J Infect Dis. 2011; 204(6):902-11.
12. Semba RD, Martin BK, Kempen JH, Thorne JE, Wu AW,
Ocular Complications of AIDS Research Group. The impact
of anemia on energy and physical functioning in individuals with AIDS. Arch Intern Med. 2005; 165(19):2229-36.
13. Smith RE Jr. The clinical and economic Burden of Anemia. Am J Manag Care. 2010; 16(Suppl):S59-66.
14. Mocroft A, Kirk O, Barton SE, Dietrich M, Proenca R,
Colebunders R, et al. Anaemia is an independent predictive marker for clinical prognosis in HIV-infected patients
from across Europe. EuroSIDA study group. AIDS. 1999;
13(8):943-50.
15. Sullivan PS, Hanson DL, Chu SY, Jones JL, Ward JW. Epidemiology of Anemia in Human Immunodeficiency Virus
(HIV)-Infected Persons: Results From the Multistate Adult
and Adolescent Spectrum of HIV Disease Surveillance
Project. Blood 1998; 91(1):301-8.
16. Abrams DI, Steinhart C, Frascino R. Epoetin alfa therapy for anaemia in HIV-infected patients: impact on quality
of life. Int J STD AIDS. 2000; 11(10):659-65.
17. Sloand EM, Klein HG, Banks SM, Vareldzis B, Merritt S,
Pierce P. Epidemiology of thrombocytopenia in HIV infection. Eur J Haematol. 1992; 48(3):168-72.
18. Firnhaber C, Smeaton L, Saukila N, Flanigan T, Gangakhedkar R,Kumwenda J, et al. Comparisons of anemia,
thrombocytopenia, and neutropenia at initiation of HIV
antiretroviral therapy in Africa, Asia, and the Americas.
Int J Infect Dis. 2010; 14(12):e1088-92.
19. Enawgaw B, Alem M, Addis Z, Melku M. Determination of hematological and immunological parameters
among HIV positive patients taking highly active antiretroviral treatment and treatment naïve in the antiretroviral therapy clinic of Gondar University Hospital, Gondar,
Northwest Ethiopia: a comparative cross-sectional study.
BMC Hematol. 2014 14:8.

20. Li Z, Nardi MA, Karpatkin S. Role of molecular mimicry
to HIV-1 peptides in HIV-1-related immunologic thrombocytopenia. Blood. 2005; 106(2): 572-6.
21. Alexaki A, Wigdahl B. HIV-1 infection of bone marrow hematopoietic progenitor cells and their role in
trafficking and viral dissemination. PLoS Pathog. 2008;
4(12):e1000215.
22. Nicolle M, Levy S, Amrhein E, Schmitt MP, Partisani
M, Rey D, et al. Normal platelet numbers correlate with
plasma viral load and CD4+ cell counts in HIV-1 infection.
Eur J Haematol. 1998; 61(3):216-17.
23. Ambler KL, Vickars LM, Leger CS, Foltz LM, Montaner
JS, Harris M, et al. Clinical features, treatment, and outcome of HIV-associated immune thrombocytopenia in
the HAART era. Adv Hematol 2012; 2012:910954.
24. Servais J, Nkoghe D, Schmit JC, Arendt V, Robert I,
Staub T, et al. HIV-associated hematologic disorders are
correlated with plasma viral load and improve under
highly active antiretroviral therapy. J Acquir Immune Defic Syndr. 2001; 28(3):221-5.
25. Vannappagari V, Nkhoma ET, Atashili J, St. Laurent S,
Zhao H. Prevalence, severity, and duration of thrombocytopenia among HIV patients in the era of highly active
antiretroviral therapy. Platelets. 2011; 22(8):611-8.
26. WHO: Haemoglobin concentration for diagnosis of
anemia and assessment of severity. Vitamin and Mineral
Nutrition Information System. Geneva, World Health Organization, 2011 (WHO / NMH / NHD / MNM / 11.1)
(http://www.who.int/vmnis/indicators/haemoglobin.
pdf, accessed [26.05.2017]).
27. Melese H, Wassie MM, Woldie H, Tadesse A, Mesfin
N. Anemia among adult HIV patients in Ethiopia: a hospital-based cross-sectional study. HIV/AIDS(Auckl). 2017;9:
25-30.
28. Gedefaw L, Yemane T, Sahlemariam Z, Yilma D. Anemia and Risk Factors in HAART Naıve and HAART Experienced HIV Positive Persons in South West Ethiopia: A
Comparative Study. PLoS ONE. 2013; 8(8): e72202.
29. Zhou J, Jaquet A, Bissagnene E, Musick B, WoolsKaloustian K, Maxwell N, et al. Short-term risk of anaemia
following initiation of combination antiretroviral treatment in HIV-infected patients in countries in sub-Saharan
Africa, Asia-Pacific, and central and South America. J Int
AIDS Soc. 2012; 15(1):5.
30. Dikshit B, Wanchu A, Sachdeva RK, Sharma A, Das R.
Profile of hematological abnormalities of Indian HIV infected individuals. BMC Blood Disord. 2009; 9:5.
31. Omoregie R, Omokaro EU, Palmer O, Ogefere HO, Egbeobauwaye A, Adegue JE, et al. Prevalence of anemia
among HIV-infected patients in Benin City, Nigeria. Tanzan J Health Res. 2009; 11(1): 1-4.

Page 46

eJIFCC2018Vol29No1pp036-047

Tekalign Deressa, Debasu Damtie, Meseret Workineh, Meaza Genetu, Mulugeta Melku
Anemia and thrombocytopenia in the cohort of HIV-infected adults in northwest Ethiopia

32. Akinbami A, Oshinaike O, Adeyemo T, Adediran A,
Dosunmu O, Dada M, et al. Hematologic abnormalities in
treatment-naïve HIV patients, Lagos, Nigeria. Infect Dis:
Res Treat. 2010; 3: IDRT.S6033.
33. Ssali F, Stöhr W, Munderi P, Reid A, Walker AS, Gibb
DM, et al. Prevalence, incidence and predictors of severe anaemia with zidovudine-containing regimens in
African adults with HIV infection within the DART trial.
Antivir Ther. 2006; 11(6):741-9.
34. Taremwa IM, Muyindike WR, Muwanguzi EN, Boum
Y, Natukunda B. Prevalence of HI V-related thrombocytopenia among clients at Mbarara Regional Referral

Hospital, Mbarara, southwestern Uganda. J Blood
Med. 2015; 6:109-113.
35. Alaei K, Alaei A, Mansoori D. Thrombocytopenia
in HIV-infected patients, Islamic Republic of Iran. East
Mediterr Health J. 2000; 8(6): 758-64.
36. Montaner JS, Le T, Fanning M, Gelmon K, Tsoukas
C, Falutz J, et al. The effect of zidovudine on platelet
count in HIV-infected individuals. J Acquir Immune
Defic Syndr. 1990; 3(6):565-70.
37. Shen Y, Wang J, Wang J, Shen J, Qi T, Song W, et al.
A cross-sectional study of leukopenia and thrombocytopenia among Chinese adults with newly diagnosed
HIV/AIDS. BioSci Trends. 2015; 9(2):91-96.

Page 47

eJIFCC2018Vol29No1pp036-047

