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Abstract
Background: Pancytopenia, a decrease in all three major blood cell types (white blood cells, platelets, and
red blood cells), is a common disorder among individuals living with HIV. It is caused by multiple factors, includ-
ing direct effects of the virus, opportunistic infections, nutritional deficiencies, and antiretroviral therapies. The
prevalence and severity of pancytopenia vary among different populations, but there are limited data regarding
its incidence among HIV patients in Yemen. This study aimed to determine the prevalence of pancytopenia and
its associated factors among HIV-infected individuals attending the HIV Center for Treatment at the Al-Jumhuri
Teaching Hospital Authority in Sana’a, Yemen.
Materials and Methods: The time frame for this cross-sectional study was July 2024–January 2025. There
were 238 HIV-positive individuals, both males and females. Structured questionnaires were used to gather de-
mographic information, and a Sysmex XN-550 hematological analyzer was used to examine blood samples.
SPSS version 26 was used for the statistical analysis, and P < 0.05 was chosen as the significance threshold.
Results: The median age of the patients was 35 years, with males comprising 71.8% of the study population.
Anemia was the most prevalent hematological abnormality, affecting 52.1% of patients, while leukopenia and
thrombocytopenia were observed in 35.3% and 10.5% of cases, respectively. Pancytopenia was the least com-
mon, occurring in 4.2% of the patients. Anemia was more frequent in males (55%) than females (44.8%), but
the difference was not statistically significant (P = 0.157). However, leukopenia was significantly more prevalent
in females (49.3%) than in males (29.8%) (P = 0.005). Thrombocytopenia was observed in 12.3% of males and
6% of females; however, there was no statistically significant change (P = 0.153).
Conclusion: In Yemen, pancytopenia, especially anemia, is common among people with HIV, with a significant
association between female sex and leukopenia. These findings highlight the importance of routine hematolog-
ical monitoring and early intervention in the management of cytopenia in patients with HIV. Further studies are
needed to explore the underlying mechanisms and the impact of antiretroviral therapy on hematological abnor-
malities in this population.
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1. INTRODUCTION

HIV, a positive-sense single-stranded RNA virus, belongs
to the Retroviridae family. This is at odds with two main
types: HIV-1 and HIV-2. In addition, HIV-1 is advanced

into multiple groups and subtypes that are spread across
various regions, whereas HIV-2 tends to have slower pro-
gression and is generally less aggressive than its coun-
terpart [1]. The virus remains a significant global health
challenge; as of the end of 2018, approximately 37.9
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million individuals were reported to be existing with HIV,
and there were 1.7 million new infections documented
worldwide [2]. In Yemen, HIV prevalence is relatively low,
estimated at 4,000 cases (ranging from 2,000 to 11,000)
per 100,000 individuals [3]. However, a recent study
conducted in Al-Hodeidah investigated the prevalence
of HIV infection among high-risk patients with tubercu-
losis. The findings revealed that 10% of patients with
TB were co-infected with HIV [4]. In Yemen, many fac-
tors, including HIV, affect the hematopoietic system of
these individuals, leading to anemia and cytopenias [5,
6], and also affect the immune system, resulting in a
gradual decline in immune function [7]. Disruptions in
the hematopoietic system are frequently observed in in-
dividuals living with HIV [8], and typically manifest as
cytopenia, which refers to a decreased number of blood
cells [9]. Patients with HIV frequently experience hema-
tologic complications, particularly cytopenia, such as
anemia, leukopenia, and thrombocytopenia [10]. These
conditions may arise due to the virus’s direct impact
on the bone marrow, inhibition of bone marrow function
resulting from consequent infections or malignancies, nu-
tritional deficiencies, or adverse effects of antiretroviral
medications [11]. The most prevalent hematological is-
sue in HIV-positive individuals is cytopenia, which can
affect any of the main blood cell lineages and result in
diseases such as leukopenia, thrombocytopenia, and
anemia [12]. These cytopenias have a variety of com-
plicated causes, such as co-infections with hepatitis B
and C viruses, opportunistic infections, direct results of
HIV, and side consequences of medical treatments [13].
The underlying processes of cytopenia can be broadly
categorized into two groups: increased loss or damage
of blood cells in the bloodstream and decreased bone
marrow synthesis of blood cells [14]. The incidence and
severity of these cytopenias tend to increase as HIV infec-
tion worsens and CD4 count declines. This can impact
the effectiveness of highly active antiretroviral therapy
(HAART), possibly leading to increased rates of morbidity
and mortality as well as a negative impact on overall qual-
ity of life [15]. Anemia is the most commonly observed
hematologic disorder in individuals with HIV, affecting
approximately 30% of those who are asymptomatic and
between 75% and 80% of those diagnosed with clinically
acquired immunodeficiency syndrome (AIDS). It is more
prevalent than thrombocytopenia and leukopenia in AIDS
patients. The association of anemia with progression
to AIDS, shorter survival rates, and poor prognosis for
HIV-positive individuals is significant, regardless of their
CD4 cell counts [16]. Anemia in HIV-positive individuals
can be caused by a number of factors, such as oppor-
tunistic infections, chronic illnesses, dietary deficiencies,
and drug side effects. Notably, increasing anemia in
HIV/AIDS patients has been associated with several an-
tiretroviral medications, including zidovudine (AZT) and
stavudine (d4T) [17]. Leukopenia is a common hemato-

logical disorder found in individuals with HIV, resulting
from various factors including the direct effects of the
HIV virus, autoimmune diseases, cancers, antiretroviral
therapy (ART), and opportunistic infections. Its preva-
lence among patients can reach as high as 26.8%, and
it is associated with adverse outcomes related to HIV,
including increased mortality and morbidity associated
with AIDS [18]. Research has indicated that worsening
HIV conditions, such as advancing clinical stages and
lower CD4+ cell counts, are linked to a greater risk of
developing leukopenia, particularly in individuals who
have not yet begun antiretroviral treatment [19]. The
most prevalent type of leukopenia is neutropenia, which
affects up to 70% of people with severe AIDS and 5%
to 30% of those with early symptomatic HIV infection
[13]. Numerous reasons, such as the direct effects of the
HIV virus, autoimmune diseases, opportunistic infections,
malignancies, and drugs used to treat HIV and associ-
ated illnesses, can induce neutropenia in people with HIV.
These include cotrimoxazole and other medications that
can inhibit bone marrow function, as well as antiretro-
viral treatments, especially those that include AZT [20].
Thrombocytopenia is a prevalent hematological condi-
tion that affects 4%–40% of people with HIV at every
stage of the illness. This condition arises from either
reduced platelet production or increased destruction of
platelets, with immune thrombocytopenic purpura being
the leading cause [5]. The immune system’s role in the
shortened lifespan of platelets involves more than just the
elimination of platelets marked by antibodies in the retic-
uloendothelial system; it also includes impaired T-cell
responses, activation of the complement cascade, and
clearance of platelets that are coated with immunoglob-
ulins [21]. A significant decrease in CD4+ cell counts,
worse quality of life, and higher rates of morbidity and
death are associated with thrombocytopenia. Throm-
bocytopenia in untreated HIV patients is significantly
associated with immunosuppression and advanced clin-
ical stages [17]. Despite the existing research on the
prevalence of pancytopenia in HIV-infected populations,
there is a lack of studies examining this issue among in-
dividuals living with HIV in Yemen. Therefore, this study
aimed to determine the prevalence of pancytopenia in
HIV-infected individuals.

2. SUBJECTS AND METHODS
2.1. Study Design
This is a cross-sectional study conducted at the HIV
center at the Republican Teaching Hospital Authority in
Sana’a City from July 2024 to January 2025.

2.2. Sample Size
The sample consisted of 238 participants, including both
males and females. It was determined using the Open
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Epi program (version 2.3.1) with a 95% confidence level.
The expected prevalence of HIV was 19.1%, based on
the study by Fan et al.[9], along with a design effect of 1
and study power of 80%.

2.3. Data Collection
Demographic information such as age, sex, and mar-
ital status was obtained from each individual using a
questionnaire.

2.4. Sample Collection
Blood samples were obtained by venipuncture using 3
ml sterile disposable syringes and needles. The blood
was then dispensed into Ethylene Diamine Tetraacetic
acid (EDTA) tubes, which were used for complete blood
count (CBC) analysis using the Sysmex XN-550.

2.5. Statistical Analysis
The collected data were analyzed using the Statisti-
cal Package for Social Sciences (SPSS) version 26
(LEAD Technologies, Inc., USA). Quantitative data are
expressed as median (minimum(min)-maximum(max)) ,
while qualitative data are expressed as percentages.

2.6. Ethics Statements
Before providing written consent, all individuals who par-
ticipated in this study received a consent form and pro-
vided details regarding the experimental protocols. Ap-
proval for this study was obtained from the Committee
of Postgraduate Studies and Scientific Research of the
Faculty of Medicine and Health Science.

3. RESULTS
The median age of the HIV-infected patients in our study
was 35 years (interquartile range= 1-65 years). The
majority belonged to the age group of 30-39 years (34%),
followed by those aged 40-49 years (24.8%) and 18-29
years (24.4%). Patients aged ≥50 years accounted for
12.6%, whereas those aged <18 years were the least
frequent (4.2%). Most HIV-infected patients were male
(71.8%), while females constituted 28.2% of the study
population. Regarding marital status, the majority were
married (66.4%), followed by single individuals (30.3%),
whereas divorced patients were the least common (3.4%)
(Table 1).

The median hemoglobin level among HIV-infected pa-
tients was 12.4 g/dL. The median RBC count was 4.7
×1012/L, while the WBC count 4.8 ×109/L. Regarding dif-
ferential white blood cell counts, the median neutrophil
count was 2.2 ×109/L, lymphocytes were 1.6 ×109/L,
monocytes were 0.4 ×109/L, eosinophils were 0.1 ×109/L,
and basophils were the least frequent at 0.0 ×109/L. The

Table 1. Demographic characteristic of study population
Age (years) median (min-max) 35 (1-65)
Age group n(%)

<18 10(4.2%)
18-29 58(24.4%)
30-39 81(34%)
40-49 59(24.8%)
≥50 30(12.6%)

Gender n(%)
Male 171(71.8%)

Female 67(28.2%)
Marital Status n(%)

Single 72(30.3%)
Married 158(66.4%)
Divorced 8(3.4%)

Table 2. Hematological parameter in HIV infected individual
Variable Median(min-max)
Hemoglobin (g/dl) 12.4 (4.7-211)
RBCS (×1012/L) 4.7 (1.7-8.75)
WBC (×109/L) 4.8 (1.2-24.1)
Absolute Neutrophil count (×109/L) 2.2 (0.65-23.86)
Absolute Lymphocyte count (×109/L) 1.6 (0.15-10.18)
Absolute Monocyte count (×109/L) 0.4 (0.0-2.75)
Absolute Eosinophil count (×109/L) 0.1 (0.0-3.69)
Absolute Basophil count (×109/L) 0.0 (0.0-0.13)
PLT COUNT (×109/L) 269.5 (22-801)

median platelet count was 269.5 ×109/L (Table 2).

Among HIV-infected patients, anemia was the most
prevalent hematological abnormality, affecting 52.1%
of cases, while 47.9% had normal hemoglobin levels.
Leukopenia was observed in 35.3% of patients, whereas
64.7% had normal white blood cell counts. Thrombocy-
topenia was present in 10.5% of patients, while the ma-
jority (89.5%) had normal platelet counts. Pancytopenia,
characterized by the simultaneous presence of anemia,
leukopenia, and thrombocytopenia, was the least com-
mon, affecting only 4.2% of patients, while 95.8% did not
exhibit pancytopenia (Table 3).

Among HIV-infected patients, anemia was more com-
mon in males (55%) than in females (44.8%), though
the difference was not statistically significant (p=0.157).
Leucopenia was significantly more prevalent in females
(49.3%) compared to males (29.8%), with a p-value
of 0.005, indicating a statistically significant difference.
Thrombocytopenia was observed in 12.3% of males and
6% of females, but this difference was not statistically
significant (p=0.153) (Table 4).

Table 3. Prevalence of hematological abnormalities among
HIV infected individuals

Variable Yes No
Anemia 124 (52.1%) 114 (47.9%)
Leucopenia 84 (35.3%) 154 (64.7%)
Thrombocytopenia 25 (10.5%) 213 (89.5%)
Pancytopenia 10 (4.2%) 228 (95.8%)
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Table 4. Sex distribution of hematological abnormalities
among HIV infected individuals

Parameters Male Female p-value
Anemia
Yes 94 (55%) 30 (44.8%) 0.157
No 77 (45%) 37 (55.2%)
Leucopenia
Yes 51 (29.8%) 33 (49.3%) 0.005
No 120 (70.2) 34 (50.7%)
Thrombocytopenia
Yes 21 (12.3%) 4 (6%) 0.153
No 150 (87.7%) 63 (94%)

4. DISCUSSION

Cytopenia, whether isolated or involving multiple lin-
eages resulting from ineffective hematopoiesis or height-
ened peripheral destruction, are prevalent hematological
abnormalities observed in individuals living with HIV [11].
This study examined the prevalence of pancytopenia
among antiretroviral-naïve adult HIV-positive individu-
als receiving care at the HIV center of the Republican
Teaching Hospital Authority in Sana’a City. The find-
ings revealed that anemia affected 51.1% of patients,
while thrombocytopenia and leukopenia were observed
in 35.3% and 10.5% of patients, respectively. Addition-
ally, more than half of the participants (67.6%) exhibited
at least one form of cytopenia, including anemia, throm-
bocytopenia, or leukopenia. These findings align with
the results of a study by Fiseha and Ebrahim [17]. Ane-
mia emerged as the most common cytopenia in this
study, affecting 51.1% of antiretroviral-naive HIV patients
at the start of antiretroviral therapy. Previous studies
have documented anemia in > 60% of patients [22, 23].
Comparatively lower anemia prevalence rates have been
observed in other studies, including 22% in India [24],
35% in Ethiopia [25], 47.8% in Uganda [26], and 57.5%
in Nigeria [27]. However, this study reported a lower
prevalence than several investigations of anemia among
ART-naive patients. For example, a 2011 study by Jo-
hannessen et al. in rural Tanzania revealed a prevalence
of 77.4% among ART-naive HIV-positive individuals [28],
while a study by Dikshit et al. in India revealed anemia
in 65.5% of the participants [22]. Furthermore, among
ART-naïve HIV-positive individuals in Ethiopia, Daka et
al. reported an even greater incidence of 86.5% [29].
The antiretroviral-naive HIV patients in this study had
a leukopenia prevalence of 35.3%, which is in line with
findings from other studies [30]. Estimates of the preva-
lence of leucopenia in ART-naive patients range from
10% to 44% [31, 32]. According to a study conducted in
northern Ethiopia, 9.0% of ART-naive patients had throm-
bocytopenia and 16.6% had leukopenia [33]. Similarly, a
study conducted in Uganda discovered that 8.3% of pa-
tients had thrombocytopenia and 24.3% had leukopenia
[25]. Leukopenia and thrombocytopenia were observed
in 26.8% and 16.1% of ART-naive patients, respectively,
in a Nigerian population in a 2010 study by Akinsegun

et al. [34]. In this study, leukopenia was independently
predicted by the female sex. Approximately 10.5% of
patients presented with thrombocytopenia at the start of
ART. This observation aligns with studies conducted in
Uganda, which reported a rate of thrombocytopenia in
HIV-infected patients who had not previously received
ART of 8.5%. [25]. Nonetheless, this figure was lower
than the 18.7% prevalence documented in Northeast
Ethiopia [18], as well as in studies from Tanzania [35],
India [36], and China [29]. In contrast, it was higher than
the 5.9% prevalence found in Northwest Ethiopia [37].
These variations may be attributed to differences in study
populations, sample sizes, research methodologies, and
criteria used to define thrombocytopenia.

5. CONCLUSION
This study highlights the considerable prevalence of
hematological abnormalities among HIV-infected individ-
uals attending the HIV Center at the Republican Teaching
Hospital Authority in Sana’a, Yemen. Anemia was the
most common abnormality, affecting more than half of
the participants, followed by leukopenia and thrombocy-
topenia. Although less frequent, pancytopenia was still
present in a notable proportion of patients. These find-
ings indicate a significant association between female
sex and leukopenia, suggesting potential sex-specific
vulnerabilities to hematological complications. These re-
sults underscore the importance of routine hematological
monitoring in HIV-positive individuals to facilitate early de-
tection and management of cytopenia. Further research
is needed to explore the underlying mechanisms that
contribute to these hematological abnormalities, particu-
larly the impact of antiretroviral therapy and opportunistic
infections. Implementation of proactive screening and
intervention strategies could improve the overall health
outcomes and quality of life of people living with HIV in
Yemen.
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