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Abstract

Background: A variety of hematological manifestations are seen at every stage of human immunodeficiency virus (HIV) 
infection, and they often pose a great challenge in the comprehensive management of acquired immunodeficiency 
syndrome. Anemia is the most common hematological abnormality associated with HIV infection. The severity and the 
incidence of cytopenia are usually correlated with the stage of the disease and underlying immune status if interpreted 
cautiously, especially if the patient is on regular follow‑up. The primary objective of the present study was to understand 
the spectrum of hematological abnormalities in HIV‑infected patients, whereas the secondary objective was to evaluate 
the correlation of hematological abnormalities with absolute CD4 count and HIV viral load. Materials and Methods: 
The present cross‑sectional descriptive study was conducted on 100 patients, aged 18 years and above, diagnosed 
with HIV infection and confirmed by Western blot or ELISA method. Both inpatients and outpatients at our tertiary care 
hospital were included in the study. Results: Individuals with high viral load and low CD4 count had a higher prevalence 
of anemia. There was a statistically significant and directly proportionate decrease in the absolute CD4 count as the 
hemoglobin levels decreased (P = 0.004). In the present study, normocytic normochromic blood picture and anemia of 
chronic disease blood picture were more prevalent among the study participants. Individuals with high viral load and CD4 
count <200 cells/mm3 had a higher rate of occurrence of coinfections. The correlation of absolute neutrophil count and 
thrombocytopenia with absolute CD4 count and HIV viral load was not statistically significant. Conclusions: Complete 
blood counts and peripheral smear observations were significantly correlated with high HIV viral load and lower absolute 
CD4 cell counts and therefore can be suggested as economical alternatives for the evaluation of the status of HIV disease 
stage and its progression.
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INTRODUCTION
A variety of hematological manifestations are seen at every 
stage of human immunodeficiency virus  (HIV) infection/
acquired immunodeficiency syndrome  (AIDS), and 
they often pose a great challenge in the comprehensive 
management of AIDS. Hematological abnormalities and 
their complications are the most common causes of 
mortality and morbidity in HIV‑infected individuals.[1] They 
hinder the treatment directed at HIV and the opportunistic 
infections and malignancies of AIDS. The hematological 
abnormalities have also been reported to augment the risk 
of bacterial infections and affect the quality of life.

Anemia is the most common hematological abnormality 
associated with HIV infection. This, in turn, is attributed 
to the abnormal cytosine expression and alteration in 
bone marrow microenvironment.[2] On the other hand, 
thrombocytopenia occurs by immune‑mediated destruction 
of the platelets, in addition to inadequate platelet 
production. Other causes of cytopenia in these patients 
include treatment‑related adverse events or secondary to 
the opportunistic infections or neoplasms or preexisting 
or coexisting medical issues. HIV‑infected patients with 
cytopenia require bone marrow examination to determine 
the cause of cytopenia and also to direct appropriate 
therapy. The severity and the incidence of cytopenia are 
usually correlated with the stage of the disease.[1,3,4] These 
manifestations also reflect the underlying immune status 
if interpreted cautiously, especially if the patient is on 
regular follow‑up. Hematological abnormalities can be the 
initial presentation of HIV infection. Patients might be 
asymptomatic due to the HIV infection and the reason for 
referral to a physician is usually the abnormal blood count 
or lymphoid disorders. By considering the possibility of 
HIV infection, there is an opportunity to diagnose and 
treat the patients earlier and prevent the transmission of 
infection. Hematological abnormalities might be the direct 
result of HIV infection or due to secondary infections, 
neoplasms, and side effects of the therapy. Early diagnosis 
and treatment for hematological abnormalities are key 
factors that contribute to reduction in the morbidity and 
mortality. Despite the availability of numerous reports on 
HIV in India, the focus on the hematological manifestations 
appeared to be limited. Most of the available data are from 
the West, which might not be directly applicable to the 
Indian population. Hence, the present study was conducted 
with the primary objective to understand the spectrum of 
hematological abnormalities in HIV patients among the 
Indian population, whereas the secondary objective was to 
evaluate the correlation of hematological abnormalities with 
absolute CD4 count and HIV viral load.

MATERIALS AND METHODS
The present cross‑sectional study was conducted on 
100  patients, aged 18  years and above, diagnosed with 

HIV infection and confirmed by Western blot or ELISA 
method. Written informed consent was obtained from 
all the participants who expressed their willingness to 
participate in the study. Both inpatients and outpatients 
at the institution  (PSG Institute of Medical Sciences 
and Research) were included in the study. Patients who 
refused to give consent and did not have a complete 
profile of investigations were excluded from the study.

All patients were investigated with a complete hemogram 
that included estimation of hemoglobin level, red cell 
indices  (mean corpuscular volume, mean corpuscular 
hemoglobin, and mean corpuscular hemoglobin 
concentration), red cell distribution width, total leukocyte 
count, differential leukocyte count, platelet count, 
reticulocyte count, and peripheral smear examination. 
Further to determine the cause of hematological abnormality, 
indirect bilirubin level, serum iron, total iron‑binding 
capacity, fasting serum Vitamin B12, serum folic acid, stool 
occult blood, upper gastrointestinal endoscopy, colonoscopy, 
and bone marrow examination were done accordingly.

Statistical analysis
The data were analyzed using Microsoft Excel 2010 and 
Statistical Package for the Social Sciences version 19.0 
(Armonk, NY: IBM Corp.). A predictive value of <0.05 was 
considered statistically significant.

RESULTS
Complete hemogram
In the present study conducted on 100  patients, 
81  patients were treatment naive and 19 were on 
antiretroviral therapy  (ART). Individuals with high viral 
load and low CD4 count  <200  cells/mm3 had a higher 
prevalence of anemia. Table  1 shows the comparison 
of absolute CD4 count and HIV viral load of groups of 
patients of varying hemoglobin levels. Individuals with 
high viral load and low CD4 count <200 cells/mm3 had a 
higher prevalence of anemia. Severe anemia was noted in 
about 71.4% of individuals with CD4 count  <200  cells/
µL, 28.6% among CD4 count 200–500 cells/mm3, and 26% 
among CD4 count  >500  cells/mm3  [Table  1]. There was a 
statistically significant and directly proportionate decrease 
in the absolute CD4 count as the hemoglobin levels 
decreased  (P = 0.004).

Likewise, the comparison of HIV viral load in groups 
of patients of varying hemoglobin levels showed a 
statistically significant increase in the viral load as the 
hemoglobin levels decreased  (P  =  0.000). Severe anemia 
was noted in about 85.7% of individuals among HIV viral 
load  >1000 copies/ml [Table  1].

In the present study, there were 81 treatment‑naive 
individuals. Hence, the data analysis was done separately 
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for the treatment‑naive patients. Treatment‑naive 
individuals with high viral load and low CD4 count 
<200  cells/mm3 had a higher prevalence of anemia. 
Severe anemia was noted in about 66.7% of individuals 
among CD4 count <200 cells/mm3 and 33.3% among CD4 
count 200–500  cells/mm3. Severe anemia was noted in 
83.3% of participants with HIV viral load >1000 copies/
ml. Severe anemia was not reported in treatment‑naive 
patients with CD4 count >500  cells/mm3 and HIV 
viral load <200 copies/ml [Table  1]. The differences 
observed in hemoglobin count in treatment‑naive patients 
between different groups of HIV viral load  (P  =  0.000) 
and absolute CD4 count  (P  =  0.008) were statistically 
significant.

Comparison of platelet count and absolute neutrophil 
counts in varying categories of absolute CD4 count 
and HIV viral load showed insignificant associations 
in both total study population and treatment‑naive 
patients  [Tables  2 and 3].

Type of anemia
In the present study, normocytic normochromic blood 
picture was noted in majority of the patients. Among 
the types of anemia, anemia of chronic disease blood 

picture  (35.8%) was more prevalent among the study 
participants. Iron‑deficiency and Vitamin B12‑deficiency 
anemia were noted in about 8.6% and 2% of the study 
participants, respectively. Hemolytic anemia was not 
observed. Nearly ten patients presented with pancytopenia. 
Among the individuals on ART, the patients who were on 
zidovudine‑based therapy had normocytic normochromic 
anemia with macrocytosis.

Bone marrow biopsy
In the current study, bone marrow biopsy was done 
among five patients. The bone marrow picture in 
three participants was erythroid hyperplasia with mild 
dyserythropoiesis, megakaryocytic hyperplasia, and 
mild increase in plasma cells which were suggestive of 
HIV infection. In the other two participants, immune 
thrombocytopenia was observed.

Coinfections
Comparison of occurrence of coinfections in various 
categories of absolute CD4 count and HIV viral load 
showed statistically significant differences  (P  =  0.000). 
In individuals with high viral load and low CD4 
count  <200  cells/mm3, a higher rate of occurrence of 
coinfections was observed.

Table  1: Comparison of absolute CD4 count and human immunodeficiency virus viral load in groups of 
patients with varying hemoglobin level
Hemoglobin count Absolute CD4 count  (%) HIV viral load  (%)

>500 
cells/mm3

200‑500 
cells/mm3

<200 
cells/mm3

P >200 
copies/ml

200‑1000 
copies/ml

<1000 
copies/ml

P

Treatment naïve  (g/dl)
>12 17  (39.5) 13  (30.2) 13  (30.2) 0.008** 29  (67.4) 1  (2.3) 13  (30.2) 0.000**
10‑12 3  (15.8) 3  (15.8) 13  (68.4) 6  (31.6) 0 13  (68.4)
8‑10 0 3  (23.1) 10  (76.9) 0 0 13  (100.0)
<8 0 2  (33.3) 4  (66.7) 0 1  (16.7) 5  (83.3)

On HAART  (g/dl)
>12 21  (39.6) 14  (26.4) 18  (34.0) 0.004** 38  (71.7) 1  (1.9) 14  (26.4) 0.000**
10‑12 5  (22.7) 4  (18.2) 13  (59.1) 9  (40.9) 0 13  (59.1)
8‑10 0 3  (16.7) 15  (83.3) 1  (5.6) 0 17  (94.4)
<8 0 2  (28.6) 5  (71.4) 0 1  (14.3) 6  (85.7)

**P<0.05 is considered to be statistically significant. HAART=Highly active antiretroviral therapy; HIV=Human immunodeficiency virus

Table  2: Comparison of absolute CD4 count and human immunodeficiency virus viral load in groups of 
patients with varying platelet level
Platelet count Absolute CD4 count  (%) HIV viral load  (%)

>500 
cells/mm3

200‑500 
cells/mm3

<200 
cells/mm3

P >200 
copies/ml

200‑1000 
copies/ml

<1000 
copies/ml

P

Treatment naïve  (cells/mm3)
50,000‑100,000 20  (25.0) 21  (26.3) 39  (48.8) 0.595 35  (43.8) 2  (2.5) 43  (53.8) 0.653
20,000‑500,000 0 0 0 0 0 0
<20,000 0 0 1  (100.0) 0 0 1  (100.0)

On HAART  (cells/mm3)
50,000‑100,000 26  (27.7) 22  (23.4) 46  (48.9) 0.511 47  (50.0) 2  (2.1) 45  (47.9) 0.560
20,000‑50,000 0 0  (o) 1  (100.0) 0 0 1  (100.0)
<20,000 0 1  (20) 4  (80.0) 1  (20) 0 4  (80.0)

HAART=Highly active antiretroviral therapy; HIV=Human immunodeficiency virus
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Among the coinfections, pulmonary tuberculosis 
was predominant and it was about 25% of the total 
infections. The other coinfections observed were 
extrapulmonary tuberculosis  (11%), central nervous system 
toxoplasmosis  (4 individuals), oral candidiasis  (8%), and 
esophageal candidiasis  (5%). Other coinfections  (<5%) 
noted were Pneumocystis jiroveci infection, nocardiosis, 
and herpes simplex infection. Hepatitis B coinfection was 
noted in about 2% of the total population.

DISCUSSION
Many studies have been conducted across India on HIV 
manifestations and various aspects have been addressed. 
However, the focus on the hematological manifestations 
was very limited. Most of the available data are from 
the Western studies and may not be directly applicable 
to the Indian population. Hence, the present study was 
an attempt to understand the profile of hematological 
abnormalities in HIV infection in a South Indian 
population. The study looked into the hematological 
manifestations and their correlation with viral markers.

HIV is a retrovirus affecting immunity, impairing the 
immune function, thereby resulting in opportunistic 
infections and malignancies. The hallmark of HIV 
infection is decreasing the activity and number of 
CD4+  T lymphocytes. Furthermore, it impedes other cell 
lineages and tissues. Cytopenias have been noted even 
without highly active antiretroviral therapy  (HAART) or 
opportunistic infections and malignancies, proving that 
HIV infection is directly associated in causing these 
hematological derangements.

The present study among HIV‑infected individuals from 
South India showed the prevalence of anemia to be 47%. 
The incidence and severity of anemia, thrombocytopenia, 
and neutropenia reflect the underlying immune status, if 
interpreted cautiously. It will be of great benefit, especially 
if the patient is on regular follow‑up. Cytopenias are 
the leading cause of morbidity and mortality in HIV 
patients. Hence, it is necessary to identify and treat for 

hematological abnormalities to reduce the morbidity and 
mortality.

Studies done worldwide reveal that the prevalence of 
anemia in HIV‑infected persons has been found to be 
as high as 63%–95%; they also reveal that anemia is 
more common than thrombocytopenia or leukopenia. In 
a US‑based study, Mildvan et  al. noted the prevalence 
of anemia in 9690 HIV‑infected individuals and showed 
that 39.5%  (1721) of patients receiving no ART and 
35.5%  (7252) of patients receiving HAART were anemic. 
They found that anemia was more prevalent among men 
and patients with CD4  <200  cells/mm3.[5] Reasons for 
anemia were found to be decreased production because 
of associated infections, ART drugs, low erythropoietin 
levels, or HIV infection per se. Furthermore, red blood cell 
lysis due to autoimmune hemolytic anemia, disseminated 
intravascular coagulation or thrombotic microangiopathy, 
and nutritional deficiencies were causes for anemia.[6] 
The most common reason for anemia in HIV patients is 
the anemia of chronic disease. In the Multistate Adult 
and Adolescent Spectrum of HIV Disease Surveillance 
Project, Sullivan et  al. analyzed cytopenia in 32,867 
individuals affected by HIV infection. They showed that 
anemia occurrence increased with the clinical severity 
of the disease.[7] About 3% of HIV patients developed 
anemia at 1‑year follow‑up, compared to 12% among those 
who had immunologic AIDS that is CD4 count  <200/
mm3 and 37% among those with clinical AIDS.[8] Among 
cytopenia, anemia in an HIV‑infected individual was 
significantly correlated with higher mortality.[1] However, 
on the contrary, decreased risk of death was noted in 
those who recovered from anemia. Although the levels 
of serum erythropoietin may be high in these patients, 
the response to anemia was blunted compared to those 
with uncomplicated iron‑deficiency anemia of comparable 
severity.[9]

Drug treatment and the subsequent complications were 
also the common reasons for anemia among HIV patients. 
Zidovudine is the most common among the ART drug 
to cause anemia. It inhibits the in  vitro erythroid colony 

Table  3: Comparison of absolute CD4 count and human immunodeficiency virus viral load in groups of 
patients with varying absolute neutrophil count levels
Absolute neutrophil count Absolute CD4 count  (%) HIV viral load  (%)

>500 
cells/mm3

200‑500 
cells/mm3

<200 
cells/mm3

P >200 
copies/ml

200-1000 
copies/ml

<1000 
copies/ml

P

Treatment naïve  (cells/mm3)
1000‑1500 20  (27.0) 20  (27.0) 34  (45.9) 0.345 35  (47.3) 2  (2.7) 37  (50.0) 0.168
500‑1000 0 1  (16.7) 5  (83.3) 0 0 6  (100.0)
<500 0 0 1  (100.0) 0 0 1  (100.0)

On HAART  (cells/mm3)
1000‑1500 26  (28.3) 22  (23.9) 44  (47.8) 0.266 48  (52.2) 2  (2.2) 42  (45.7) 0.069
500‑1000 0 1  (16.7) 5  (83.3) 0 0 6  (100.0)
<500 0 0 2  (100.0) 0 0 2  (100.0)

HAART=Highly active antiretroviral therapy; HIV=Human immunodeficiency virus
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formation. It does it in a dose‑dependent manner.[10] 
Following zidovudine intake, macrocytosis develops 
within weeks. Macrocytosis in these patients also acts 
as a useful marker of drug compliance. It was noted that 
serum Vitamin B12 levels were often low in HIV‑infected 
patients. However, only few patients presented with 
true Vitamin B12 deficiency. Mycobacterium avium 
complex, Mycobacterium tuberculosis, and Histoplasma 
capsulatum caused anemia in AIDS patients by bone 
marrow infiltration.

In the current study, anemia was more prevalent in 
individuals with high HIV viral load and low absolute CD4 
count. The present finding was concurrent with numerous 
studies conducted globally.[5.11,12] Low hemoglobin count 
was observed in both treatment‑naive HIV patients 
and patients on HAART therapy.[11,12] Low hemoglobin 
levels were also found to correlate significantly with the 
increased severity of the disease and poor prognosis as 
in other studies.[1,3,4,13] Normocytic normochromic anemia 
was the common finding among the blood picture of HIV 
patients in the present study and was concurrent with the 
report of Evans and Scadden.[14] The severity of anemia 
was significantly correlated with high HIV viral load and 
low absolute CD4 count. The abovementioned findings 
were consistent with the study done by Volberding et  al., 
who reported that more severe levels of anemia are found 
among HIV‑positive patients presenting with low CD4 
counts.[15]

Neutropenia was also found in majority of patients 
with high viral load and low CD4 count.[16] Among 
leukopenia, neutropenia was more prevalent in HIV 
patients, ranging from 10% to 30% at later stages of the 
disease. HIV infection leads to bone marrow suppression 
causing decreased granulocyte colony‑stimulating factor 
levels, thereby causing low granulocyte–macrophage 
lineage. This resulted in leukopenia and neutropenia 
in HIV patients. Bone marrow suppressive drugs 
or opportunistic infections might also contribute to 
leukopenia. Moreover, HIV infection per se results in 
lymphopenia at later stages of disease, causing low 
CD4+  lymphocytes. In HIV patients, lower values of 
absolute neutrophil counts were due to granulopoiesis 
inhibition by the HIV virus itself or by bone marrow 
infiltration by infections. Leukopenia was also attributed 
to malignancies, adverse drug reactions, autoimmunity, 
and hypersplenism.

Various studies from developing nations showed a marked 
decline in mortality in HIV patients following HAART 
therapy. An Indian study showed a dramatic decline 
in mortality from 25 to 5 deaths per 100 person years 
in HIV patients between 1997 and 2003 after starting 
HAART therapy.[16] Factors such as older age, baseline low 
CD4 counts, tuberculosis infection at any point of time, 

and ART‑naive status had significant associations with 
mortality.

Thrombocytopenia was noted during the early stages of 
the disease and it was not associated with poor prognosis. 
Thrombocytopenia in HIV infection is due to immune 
complex‑mediated peripheral destruction and antiplatelet 
antibodies. Interestingly, thrombocytopenia is noted as 
the first clinical manifestation in otherwise asymptomatic 
HIV‑infected individuals, whereas neutropenia and anemia 
were mostly noted in the later stages of HIV disease. The 
possible mechanisms considered for thrombocytopenia are 
increased destruction of platelets by immune complexes 
in circulation which nonspecifically get deposited on the 
platelets. Furthermore, thrombocytopenia can be attributed 
to the existence of specific antiplatelet antibodies, as 
well as direct action on megakaryocytic by HIV per se 
causing ineffective platelet production. The incidence of 
thrombocytopenia among HIV patients was about 40%, and 
in 10% of HIV patients, it might be the first sign of AIDS. 
Thrombocytopenia was related to increased morbidity and 
mortality, by accelerating the deterioration of CD4 counts 
and leading to progression to AIDS.

Among all the study participants, anemia was more 
common than thrombocytopenia or neutropenia. In 
treatment‑naive individuals and individuals on ART, 
thrombocytopenia and neutropenia were more prevalent 
among high HIV viral load and low CD4 count <200 cells/
mm3. Immune thrombocytopenic purpura remains the most 
common cause of low platelet count in HIV patients.[17]

Abnormalities in the bone marrow were noted at various 
stages of the HIV disease and more during the later 
stages of the disease. HIV infection in the mesenchymal 
stem cells of bone marrow leads to various bone marrow 
abnormalities.[2] HIV infection leads to a histiocytic 
reaction and further resulting in hemophagocytic syndrome 
and severe pancytopenia. HIV also causes decrease in 
progenitor cells in the bone marrow.[18] As per Paradela 
et  al.’s study, it was reported that bone marrow defects 
in HIV‑infected individuals mainly showed features of 
increased cell counts, granulomatous changes, and some 
amount of dysplasias.[19] Studies conducted in vitro showed 
the direct influence of HIV on mesenchymal cells and 
hematopoietic cell activity.[2]

India has the third largest HIV population with 
2 million people affected, more than 60,000 deaths due 
to AIDS‑related illnesses, and only about 43% receiving 
proper HAART from health sectors. The government spends 
a huge sum of its health budget over HIV treatment and 
prevention. Our study can be considered as a pilot study 
and should be extrapolated to a larger study with case and 
control group selected within the sample, for instance with 
low and high absolute CD4 count and HIV viral load.
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CONCLUSIONS
Most of the available data on HIV infections and 
hematological profiles are from the Western studies, which 
might not be directly applicable to the Indian population. 
The present study looked into the hematological 
manifestations and their correlation with viral markers of 
HIV patients from South India. HIV viral load and absolute 
CD4 count are the most essential biomarkers to identify 
the stage of HIV disease and its progression. However, 
these tests are expensive in both developed and developing 
countries. The results of the present study suggest that 
complete blood counts and peripheral smear can be 
economical alternatives to HIV viral load and absolute 
CD4 cell counts in staging the disease and assessing the 
prognosis.
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