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Abstract

Background: Anemia is a serious blood disorder characterized by the bone marrow's inability to produce new
blood cells, which can be either acquired or inherited. Exposure to viral infections can lead to anemia, including
diseases caused by parvovirus B19, Epstein-Barr virus, cytomegalovirus, human immunodeficiency virus,
hepatitis C virus, varicella-zoster virus, and SARS-CoV-2. While these infections are often subclinical in
immunocompetent individuals, they can become critical and cause anemia in high-risk populations, such as
immunocompromised individuals or those with underlying conditions like sickle cell disease, particularly in
infants and pregnant women.

Materials and Methods: The search was performed using PubMed and Google Scholar for articles published from
2000 to 2024.The primary search string was: ("anemia™ OR "erythroid aplasia™) AND ("virus" OR "viral infection"),
"Parvovirus B19", "Human Immunodeficiency Virus" OR "HIV", "Hepatitis C Virus" OR "HCV", "SARS-CoV-2"
OR "COVID-19", "Varicella-Zoster Virus" OR "VZV", "Cytomegalovirus" OR "CMV", and "Epstein-Barr Virus"
OR "EBV".

Results: Viral infections are important causes of anemia, through various mechanisms. Parvovirus B19 causes
aplastic anemia by targeting red blood cell precursors, while HIV leads to anemia through chronic disease.
Hepatitis C causes anemia via bone marrow suppression. SARS-CoV-2 disrupts iron metabolism through
inflammation. Other viruses like CMV mainly cause anemia in immunocompromised patients.

Conclusion: This article aims to review the evidence regarding virus-induced anemia, detailing mechanisms
such as erythroid progenitor cytotoxicity, chronic inflammation, and treatment-related haemolysis. Diagnostic
strategies, ranging from serological assays to pathognomonic bone marrow findings, are discussed to assist
laboratory science professionals and clinical specialists in diagnosing, treating, and managing patients with
anemia.
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Introduction anemia, including genetic conditions, autoimmune

diseases, exposure to certain chemicals or medications,
Anemia is a hematological disorder characterized by and infections, particularly viral infections 2. This
the bone marrow's failure to produce a sufficient review aims to (1) examine the data related to anemia
number of blood cells 2. There are several causes of and viral infections, (2) clearly define pathogen-
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specific processes, and (3) describe diagnostic
approaches. Additionally, we searched for any
pathognomonic signs associated with each viral
infection linked to anemia. Furthermore, we outlined
the mechanisms of each virus and its respective
diagnostic criteria.

A wide range of viral infections has been related to
anemia, each exhibiting distinct biological behaviors
that disrupt hematopoiesis. A diverse array of viruses,
including parvovirus B19 (B19V), Epstein-Barr virus
(EBV), cytomegalovirus (CMV), human
immunodeficiency virus (HIV), hepatitis C virus
(HCV), varicella-zoster virus (VZV), and SARS-
CoV-2 2.5 have been identified as potential causes
of anemia. These viruses can particularly affect
individuals with underlying health conditions.
Understanding how to approach and diagnose anemia
in patients infected with these viruses is crucial for
their treatment.

Parvovirus B19

Evidence: Parvovirus B19 (B19V) is a single-
stranded DNA virus that exclusively infects humans.
It is a significant pathogen responsible for a wide
range of clinical manifestations, particularly anemia.
Two similar studies involving 26 patients ¢ and 27
patients °2 with aplastic anemia were conducted to
examine the levels of B19V IgM and DNA. Among
the 26 patients, twenty-four tested positive for B19V
IgM, and thirteen had detectable B19V DNA. In the
group of 27 patients, DNA was detected in 10
individuals, while IgM was identified in 11. Although
B19V infection is typically minor in healthy
individuals, the prevalence of B19V infection
increases in specific populations, such as those
affected by underlying conditions, such as sickle cell
disease  (SCD)!, or individuals who are
immunocompromised?®, for example, organ transplant
recipients®®, as well as in children and pregnant
women. Studies have shown that B19V infection is a
major cause of aplastic crisis, a condition that halts red
blood cell (RBC) production and leads to severe
anemia*. E. Kaitlynn Allen ! states that in patients,
particularly children, with SCD, B19V infection can
result in an aplastic crisis and subsequently lead to
anemia. Additionally, another study 5 examined 322
pediatric patients with SCD for the presence of B19V.
The results show that among the 322 patients, 113
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tested positive for 1gG, while 119 tested positive for
IgM at enrolment. Individuals with
immunocompromised conditions, like
immunodeficiency syndrome (AIDS), are particularly
at risk of B19V infection 28 %, In this case, in one study
0, 113 HIV-positive patients were tested for the
presence of B19V DNA, as well as for anti-B19V IgM
and IgG antibodies. The results showed that, out of the
113 patients, nineteen tested positive for B19V DNA,
three had IgM antibodies, and seven had IgG
antibodies. In transplant recipients, B19V infection is a
significant cause of severe anemia, particularly among
kidney, liver, and renal transplant recipients 17 %8, In a
study 7, researchers virologically examined 38
transplant recipients with anemia who received renal
transplants from donors. The results demonstrated an
active B19V infection following renal transplantation
in 12 of the 38 recipients who presented with anemia.
In pregnant women, while 30-50% are susceptible to
B19V, only a small percentage will actually become
infected with the virus %. Fetal infection by B19V is a
common cause of fetal anemia and non-immune
hydrops fetalis, which can lead to fetal death 3. The risk
of hydrops is higher if the infection occurs during the
first trimester or between 13 and 20 weeks of gestation
32 A study %2 investigated possible relations between
B19V infection and fetal mortality and spontaneous
abortion due to anemia. In this study, 100 placental
tissues with unknown causes of fetal death were
examined for the presence of B19V DNA. The results
indicated that 6 out of 100 cases were positive for
B19V. The researchers concluded that the infection can
affect the fetus because fetal tissues express the viral P
antigen receptor, which may lead to anemia, hydrops,
and even high-output cardiac failure >*. Currently, there
are no specific treatments available for B19V infection
in pregnant women; however, counselling for non-
immune mothers and actively monitoring maternal
infections may help reduce mortality 5.

Mechanism: The mechanism of anemia induced by
B19V is multifaceted, involving direct viral
cytotoxicity to erythroid progenitor cells, disruption of
the cell cycle, and an often inadequate immune
response that allows for persistent viral replication 2.
B19V primarily causes anemia through its selective
infection of human erythroid progenitor cells 3,
facilitated by its binding to the P antigen receptor on
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Figure 1. The mechanism through which Parvovirus B19 induces cell death in erythroid progenitor cells.

these cells. The NS1 protein induces the expression of
P21/WAF1, a cyclin-dependent kinase inhibitor,
resulting in G1 arrest. Furthermore, NS1 promotes
both G1/G2 cell cycle arrest and apoptosis (Figure 1);
this leads to transient RBC aplasia, particularly in
patients with  haemolytic  disorders 5% 8.,
Consequently, there is a rapid decline in
erythropoiesis, which clinically manifests as a
transient aplastic crisis in patients with haemolytic
disorders and potentially as chronic red cell aplasia in
immunocompromised individuals 53 8

Diagnosing: There are several tests for B19V-related
anemia shown in Table 1. Besides detecting anti-B19
IgM/IgA antibodies and B19V DNA viral loads, a
pathognomonic sign for diagnosing B19V-induced
anemia is the presence of pure erythroid hypoplasia
observed in a bone marrow biopsy. This is particularly
evident in cases of transient aplastic crisis.
Additionally, the biopsy may reveal giant
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pronormoblasts?® with intranuclear inclusions and
surrounding cytoplasmic clearing, characteristic of
parvovirus B19 infection (Figure 2).

Figure 2. An enormous pronormoblast may be seen in the
bone marrow, as indicated by the yellow arrow.
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Table 1. Several tests for diagnosing the presence of B19V in anemic patients.

Diagnostic Marker Detected Clinical Relevance References
Method

Normocytic, normochromic anemia with low  Help distinguish different
Complete Blood  reticulocyte count types of anemia (78)

Count (CBC)

Peripheral
Blood Smear

Bone marrow
biopsy

Serological
Assays (ELISA)  (past)

Real-time PCR  Detect low B19 viral loads

Abnormal RBC shapes(e.g., poikilocytosis)

Erythroid hypoplasia, giant pronormoblasts

Parvovirus B19-specific IgM (acute) and 1gG

May represent possible
hemolysis or bone marrow (82)
dysfunction.

Confirms parvovirus B19

infection by showing

characteristic giant (14)
pronormoblasts.

Distinguishes recent from

past infection in

immunocompetent patients.

In immunocompromised (37)
patients, IgM/1gG may

appear 10-12 days and 2

weeks post-infection.

Preferred method for

detecting active infection, (18)
especially in

immunocompromised

patients.

Human immunodeficiency virus

Evidence: Human immunodeficiency virus (HIV) is a
member of the Retroviridae family, characterized by
two copies of a single-stranded RNA genome encased
in a capsid, which is surrounded by a plasma
membrane. Anemia is the most prevalent
haematological abnormality observed in HIV-positive
patients 8. Various types of anemia are commonly
observed in individuals infected with HIV, including
anemia of chronic disease, iron deficiency anemia
(IDA), hypochromic microcytic anemia, macrocytic
anemia, normocytic normochromic anemia, and
vitamin B12 deficiency anemia®, as well as immune
haemolytic anemia®. In a study*?, 73 HIV-positive
children were examined to confirm the presence and
type of anemia. The results demonstrated that 47 of
the 73 children had anemia, with 26% experiencing
mild anemia, 60% moderate anemia, and 15% severe
anemia. Among the 47 affected children, the
following types of anemia were identified:
hypochromic microcytic (40%), macrocytic (32%),
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and normocytic normochromic (28%). In the same
study®?, 55 HIV-infected patients were examined.
Among these patients, anemia was present in 45
individuals, with the following types identified:
normocytic normochromic anemia (66.66%), iron
deficiency anemia (37.77%), and anemia of chronic
disease (62.22%). In an Ethiopian study %3, the overall
prevalence of anemia was found to be 34.6% among
individuals living with HIV/AIDS. In this study,
researchers reported that approximately 5% of
participants had severe anemia, 15.6% had moderate
anemia, and 14% had mild anemia. A cross-sectional
study conducted in Iran % found that 46% of HIV-
positive participants exhibited mild anemia, with an
overall prevalence of anemia at 71%. Normocytic
anemia, characterized by a decreased reticulocyte
count, was the most commonly observed type. In a
study conducted in Nepal®®, the estimated prevalence of
anemia was 66.7%, with mild anemia at 14.3%,
moderate anemia at 40.5%, and severe anemia at
11.9%. Similarly, a study in Ethiopia® reported that
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Table 2. Several tests for diagnosing HIV in anemic patients.

Viral Infections Associated with Anemia

Step Action HI1V-Specific Considerations References
Initial Complete blood count, reticulocyte count HIV patients often present with normocytic (24)
Assessment normochromic anemia; can be

hyporegenerative with low reticulocyte count
Iron Status Serum iron, total iron-binding capacity HIV patients with anemia show significantly (45)
Evaluation (TIBC), transferrin saturation, ferritin lower transferrin saturation and serum iron
compared to HIV patients without anemia
Specialized Erythrocyte zinc protoporphyrin (ZPP), serum  Serum hepcidin and erythrocyte ZPP levels ?3)
Biomarkers hepcidin could help detect iron deficiency anemia in
HIV-positive patients
CD4 Count Measure CD4 lymphocyte count, determine Higher prevalence of anemia with lower CD4 (91)
Assessment HIV stage counts; guides diagnostic approach based on
disease stage
Medication Evaluate current medications, especially AZT  Zidovudine (AZT) is particularly associated (86)
Review with anemia in HIV-positive patients
EPO Level Measurement of serum EPO concentrationsin ~ HIV infection increases the risk of chronic (19)

HIV patients with anemia (range: 9-3,390
mU/mL), particularly in those with AIDS
receiving zidovudine (ZDV)

kidney disease, which reduces EPO synthesis
and exacerbates anemia due to insufficient
erythropoietin production

approximately 5% of participants had severe anemia,
15.6% had moderate anemia, and 14% had mild
anemia. Finally, a study in Indonesia " enrolled a total
of 243 HIV-infected patients, including both those
receiving antiretroviral therapy (ART) and those who
were ART-naive. The prevalence of anemia among
ART-naive patients was 60.8%, while it was 40.3% in
patients receiving ART.

Mechanism: The mechanisms of anemia in
individuals with HIV are complex and multifaceted,
involving alterations in cytokine production that
subsequently affect haematopoiesis’, decreased
erythropoietin ~ (EPO)  concentrations!®,  and
opportunistic ~ infectious  agents  such  as
Mycobacterium avium complex and parvovirus B19,
which can lead to red cell aplasia in HIV patients %
8570 Nutritional deficiencies, including those of iron,
folate, vitamin B12, and vitamin A, have also been
linked to anemia associated with HIV infection™. A
hallmark of HIV infections_is chronic inflammation,
which disrupts iron homeostasis, adversely affecting
erythropoiesis and contributing to the development of
anemia®3. Direct viral effects on bone marrow function
further cause deficiencies in red blood cell production.
T-cells infected with HIV can directly suppress the
growth of progenitor cells in the bone marrow,
negatively impacting haematopoiesis and leading to
anemia’®"4. One study explained that anemia induced
by antiretroviral medication, particularly zidovudine,
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is a significant concern due to its bone marrow-
suppressive effects. Approximately 22% of anemia
cases in HIV-positive patients have been attributed to
zidovudine-induced anemia 5% 8, Zidovudine has the
destructive effect of causing anemia, and research
demonstrates that the duration of zidovudine use
correlates with the severity of anemia in individuals
living with HIV?, Additionally, several studies have
suggested a relationship between viral load and anemia;
however, this relationship remains poorly understood.
According to one study®, viral load profiles
investigated in drug users with asymptomatic HIV
infections found no direct association between viral
load and anemia®°.

Diagnosing: Various types of HIV-induced anemia
diagnoses are presented in Table 2. However, there is
no specific pathognomonic sign for diagnosing HIV-
induced anemia. Nevertheless, certain markers play a
significant role in the diagnosis of this condition, such
as hepcidin levels, EPO levels, and CD4 lymphocyte
counts 194591,

Hepatitis C Virus

Evidence: Hepatitis C Virus (HCV) is a member of the
Flaviviridae family. Anemia is one of the most common
and significant  haematological  abnormalities
associated with HCV, particularly during treatment,
such as blood transfusion®. According to a study in
Egypt, 200 pregnant women with a history of bad
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pregnancy were investigated for possible HCV
infection; in this study, anemia was diagnosed in
pregnant women with a hemoglobin level below 11
gm/dl®. The prevalence of anemia due to HCV
infection is persistently greater in patients, especially
those undergoing dialysis, than in the general
population’, Studies evaluating the frequency of
pancytopenia in patients with chronic viral liver
disease, like HCV, have found significant rates of
occurrence, with some reports indicating prevalence
rates of around 28.57%°%2. Interestingly, some studies
have found higher endogenous erythropoietin levels in
hemodialysis patients with HCV infection compared
to those without infection, suggesting complex
interactions between HCV, kidney function, and
erythropoiesis . Additionally, in the treatment of
HCV-infected patients, ribavirin-induced haemolytic
anemia is frequently seen, which is directly correlated
with the dosage of Ribavirin and exacerbated by
interferon-induced bone marrow suppression*6:97,
Hepatitis-associated aplastic anemia (HAAA):
Also, hepatitis-associated aplastic anemia (HAAA) is
a distinct variant of aplastic anemia in which
pancytopenia appears two to three months after an
acute attack of hepatitis. HAAA occurs most
frequently in young male children and is lethal if left
untreated. The etiology of this syndrome is proposed
to be attributed to various hepatitis and non-hepatitis
viruses such as HAV, HBV, CMV, EBV, HCV, HDV,
HEV, and HGV, which have been associated with this
set of symptoms 7°. Due to evidence, the mechanism
of HAAA includes a severe imbalance of the T cell
immune system and an effective response to
immunosuppressive therapy®°. Diagnosis
encompasses blood profiling, viral serological marker
assessment, immune function evaluation, and
examination of bone marrow hypocellularity. Patients
diagnosed with HAAA have undergone treatment via
bone marrow or haematopoietic cell transplantation
from an HLA-matched donor; in the absence of such
a donor, immunosuppressive therapy has been
employed?.

Mechanism: HCV can manifest as various types of
anemia, including anemia of chronic disease, through
multiple mechanisms that range from direct viral
effects to complications induced by treatment. HCV
can directly impact haematopoiesis through its effects
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on the bone marrow &’. It is believed that HCV attaches
to particular receptors and enters cells through
endocytosis, potentially disrupting normal cellular
processes. Following the uncoating process, the viral
genome is translated into a precursor polyprotein, while
viral RNA is produced by a polymerase complex
encoded by the virus. Both of these processes can
disrupt host cell functions. The direct impact of the
Hepatitis C virus (HCV) on host cells may contribute to
the onset of anemia by impairing erythropoiesis and
altering normal cellular metabolic processes. In
addition to HCV infection, it can also trigger immune-
mediated processes that contribute to anemia®®. The
immunopathogenesis of liver disease in HIV/HCV co-
infected patients is a process that can affect
hematological parameters, including RBC counts.
Several studies have demonstrated that HI\VV worsens
the course of HCV infection, potentially exacerbating
hematological complications, including anemia®.
Furthermore, chronic HCV infection can lead to the
development of mixed cryoglobulinemia type II, which
is associated with immune complex formation and
potential impacts on blood cell production . Even so,
in patients with liver dysfunction due to HCV, reduced
production of erythropoietin and altered iron
metabolism can contribute to anemia °. The liver plays
a crucial role in the production of proteins involved in
iron metabolism and erythropoiesis, and HCV-related
liver damage can interfere with these processes. At
last, in cases of chronic HCV, treatment with interferon
and Ribavirin can exacerbate bone marrow suppression,
leading to significant anemia®. The suppression
primarily affects the erythroid lineage in the bone
marrow, resulting in insufficient production of red
blood cells. The mechanisms involved include the
inhibition of erythroid colony-forming units by
inflammatory cytokines, such as interferon-gamma,
which disrupt normal erythropoiesis and lead to
anemia®.

Diagnosing: Numerous laboratory tests are essential
for confirming the diagnosis and identifying the
underlying cause and severity of HCV-induced anemia,
as shown in Table 3. However, there is no
pathognomonic sign for diagnosing HCV-induced
anemia.
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Table 3. Several essential tests for diagnosing HCV in patients with anemia.

Test Type Clinical Significance References
Complete Blood Count  Primary diagnostic tool for detecting the presence and severity of anemia; may present  (73)
(CBC) with low hemoglobin levels
Reticulocyte Count Low reticulocyte counts may indicate impaired bone marrow response (46)

Iron Studies Evaluates iron status and helps differentiate anemia types (e.g., iron deficiency vs. (41)

anemia of chronic disease)
Erythropoietin (EPO)
Levels red blood cell production
Liver Function Tests

Measures EPO production; may be elevated in HCV-infected patients due to impaired (10)

Assesses the extent of liver damage, which may correlate with anemia; liver (38)

transaminases such as ALT are significantly higher in HCV-positive patients compared

to HCV-negative individuals
Serological and

Molecular Diagnosis complications such as anemia

Detects anti-HCV antibodies and HCV RNA,; correlates with hematological (39)

SARS-CoV-2 virus

Evidence: COVID-19, the disease caused by the
single-stranded RNA virus named SARS-CoV-2, has
been linked to various hematological abnormalities,
including anemia **. A study & found that among 353
patients with an average age of 54.54 + 18.28 years
who were diagnosed with SARS-CoV-2 infection, 118
(41.93%) were affected by anemia. Anemia may be a
pre-existing condition in many COVID-19 patients, as
well as a complication that develops during the course
8, The risk of severe COVID-19 increases in inherited
anemias, such as sickle cell disease and B-thalassemia,
due to the factors such as chronic inflammation, iron
overload, and comorbidities*’. Zhou et al.,}%? found
that anemia in 15% of 191 patients hospitalized with
COVID-19; however, these anemic patients had a
greater frequency of comorbidities such as arterial
cardiovascular disease, hypertension, and chronic
kidney disease. Other researchers reported anemia in
35.5% of 222 hospitalized patients®, and another
study showed anemia in 61% of their 206 hospitalized
COVID-19 patients®. Anemia was reported in
33.25% of COVID-19 patients in a Nepalese study?’,
and another investigation reported anemia in 51.8% of
older COVID-19 patients®.

Mechanism: The connection between SARS-CoV-2
and anemia involves many pathways, ranging from
inflammatory dysregulation to direct hematological
consequences. SARS-CoV-2 produces a
hyperinflammatory condition defined by increased
cytokines (e.g., IL-6, TNF-a), which affect iron
homeostasis.  Pro-inflammatory  cytokines raise
hepcidin levels, a hormone that limits iron absorption
in the gut and stores iron in macrophages. This results
in chronic disease, characterized by low blood iron,
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normal/high  ferritin levels, and reduced
erythropoiesis®* #7192, This mechanism aligns with the
classic anemia of chronic disease, where inflammation-
induced iron restriction leads to
normocytic/normochromic  anemia®. SARS-CoV-2
may infect erythroid precursor cells via ACE2 receptors
or decrease bone marrow function, resulting in reduced
RBC production. There are some indications that viral
RNA % has been found in hematopoietic stem cells,
which signifies lymphopenia and anemia are common
in severe COVID-19 cases, indicating bone marrow
suppression 7.

Diagnosing: While there are no pathognomonic signs
for SARS-CoV-2-associated anemia, diagnosing using
a combination of standard hematological tests and
markers of systemic inflammation or viral impact is the
key to detecting the presence of anemia caused by
SARS-CoV-2, as shown in Table 4.

Varicella-zoster virus

Evidence: Varicella-zoster virus (VZV) is a double-
stranded DNA virus that is strongly cell-associated and
a neurotropic alpha herpesvirus that only infects
humans and causes specific disorders °. Several case
studies provide possible evidence of an association
between VZV and anemia through various pathways
and syndromes.

Disseminated VZV infection in  AA-PNH
syndrome: In one case report, a 26-year-old man with
aplastic anemia-paroxysmal nocturnal hemoglobinuria
(AA-PNH) syndrome died from a disseminated VZV
infection while on immunosuppressive medication
(cyclosporine and corticosteroids). The study highlights
that VZV can directly infect hematopoietic cells,
thereby increasing cytopenias in conditions such as
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Table 4. Several tests for diagnosing the presence of SARS-CoV-2 in anemic patients.
Diagnosing Method Key Finding Clinical Significance References
Complete Blood Decreased hemoglobin (<13 g/dL  Anemia prevalence in COVID-19 ranges from 20— (36)
Count (CBC) in men, <12 g/dL in women); low  50%, often normocytic/normochromic; severity
RBC count correlates with poor prognosis

Reticulocyte Count  Reticulocytopenia observed in
70% of severe COVID-19 cases

Iron Studies & Low serum iron, elevated ferritin
Inflammation (hyperferritinemia), high CRP
Markers

Serological / SARS-CoV-2 RNA (PCR) or
Molecular Tests antigen detection; anti-SARS-

CoV-2 antibodies

Indicates bone marrow suppression due to I1L-6— (36)
driven inflammation or direct viral effects on

erythropoiesis

Helps differentiate iron deficiency anemia from (102)
anemia of chronic disease (ACD); hyperferritinemia
correlates with severe COVID-19

Confirms active infection or past exposure; anemia (51)
may correlate with viral load or prolonged

inflammation

AA-PNH. Finally, the study highlights the
vulnerability of immunocompromised patients to life-
threatening VZV consequences, which worsen pre-
existing anemia and cytopenias®. Another case
study® reports that systemic inflammation caused by
VZV reactivation can decrease erythropoiesis or
enhance red blood cell death.

Autoimmune Hemolytic Anemia (AIHA) Secondary
to Varicella: Following a varicella infection, an 11-
year-old girl had severe AIHA, which included
hemoglobin levels as low as 3.8 g/dL, jaundice, and
high LDH. A positive direct Coombs test confirmed
the diagnosis. Steroids and blood transfusions were
used to treat the patient, who eventually recovered.
This emphasizes VZV's role in inducing autoimmune
destruction of red blood cells, particularly in pediatric
populations®.

VZV Reactivation Reverses Pure Red Cell Aplasia
(PRCA): A 34-year-old lady with PRCA (marked by
severe anemia and the absence of erythroid precursors
in bone marrow) went into remission following a
herpes zoster infection. Her hemoglobin returned to
normal after VZV antiviral therapy, without the need
for transfusions. This counterintuitive outcome
suggests that VZV may enhance bone marrow
regeneration in immunosuppressed individuals;
however, the underlying mechanism remains
unknown®.

Coinfection with VZV and hemolytic anemia: An 84-
year-old lady with steroid-dependent hemolytic
anemia died from pneumonia caused by coinfection
with VZV and Pneumocystis jirovecii. While VZV
was not the main cause of her anemia, her
immunosuppression (due to continuous steroids)
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permitted significant systemic VZV reactivation,
aggravating her underlying hematologic disease®.
Mechanism: Possible mechanisms by which varicella-
zoster virus (VZV) contributes to anemia, according to
case studies, are a diverse range from bone marrow
suppression to immune-mediated haemolysis. In terms
of bone marrow suppression, VZV directly infects
haematopoietic cells, thereby disrupting bone marrow
function. This is especially critical in patients with
aplastic anemia-paroxysmal nocturnal hemoglobinuria
(AA-PNH) syndrome®. VZV infection can induce
systemic inflammation, which may contribute to the
development of anemia through various mechanisms,
including hepcidin-mediated iron dysregulation,
inflammatory cytokine-mediated (e.g., IL-1B, IFN-y)
inhibition of erythropoiesis, and reduced erythrocyte
lifespan 2. VZV reactivation worsens anemia in
patients with nutritional deficiencies (e.g., vitamin B12)
or autoimmune conditions (e.g., pernicious anemia) by
compounding RBC production defects®. A case study
suggests that VZV can trigger AIHA through molecular
mimicry or immune dysregulation®. The study also
notes that in infants with severe vitamin B12
deficiency, VZV infection may precipitate a hemolytic
crisis by destabilizing RBC membranes or accelerating
RBC destruction®,

Diagnosing:  However, there is no single
pathognomonic symptom for VZV-induced anemia;
various diagnostic procedures exist for identifying
VZV infection, with PCR and serological assays being
the most commonly employed. PCR is a highly
sensitive test for detecting VZV DNA in a variety of
specimens, including cerebrospinal fluid (CSF),
vesicular fluid from skin lesions, and blood?1% and
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serological tests, such as anti-VZV IgG, play an
important role in diagnosing VZV antibodies,
especially when direct viral detection is difficult 1%,

Cytomegalovirus/Epstein-Barr virus
Cytomegalovirus (CMV) and Epstein-Barr virus
(EBV) are double-stranded DNA  viruses
characterized by an icosahedral nucleocapsid. These
viruses are associated with a range of hematological
and autoimmune disorders, most notably bone marrow
suppression (CMV) and autoimmune hemolysis
(EBV).

Evidence

Cytomegalovirus evidence: CMV is a significant
contributor to anemia, particularly in
immunocompromised individuals and those with
congenital infections. Slavov et al. % examined the
presence of CMV DNA in individuals with sickle cell
disease and beta-thalassemia, both of which are forms
of anemia. The findings show that CMV DNA was
detected in 13.8% of sickle cell patients and 7.6% of
beta-thalassemia major patients. In this study, the
CMV ¢gB2 genotype was more prevalent (90.9%) in
comparison with the gB1 genotype (9.1%). Another
research study conducted in Brazil ® found that CMV
seroprevalence was 89.4% among 470 individuals
with hematological disorders and other types of
anemia. The observed prevalence was 78.9%, with
85% of persons suffering from various hematological
illnesses such as sickle cell anemia, cancer,
hemophilia, and hemoglobinopathies .
Epstein-Barr virus evidence: EBV is common in
anemia, particularly in immune-mediated variants
(AIHA, HAAA), as well as in hematological diseases.
Few studies have examined the frequency of EBV
among individuals with hematological disorders. A
research study °' points out that in patients with
hematological illnesses and those undergoing
hemodialysis, the prevalence rates of anemia were
91.2% and 97.7%, respectively %°. A comprehensive
assessment of 60 patients (1973-2024) with EBV-
associated hemolytic anemia indicated that 52% were
cold-antibody-mediated, 30% were warm-antibody-
mediated, and 3.3% had paroxysmal cold
hemoglobinuria't. Two individuals died with warm-
antibody AIHA?.  According to this literature review,
EBV and CMV may cause immune-mediated
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hemolytic anemia®’. In a Brazilian cohort of 228
hematological patients, 85.09% tested positive for
EBV, with 78.51% testing positive for both EBV and
CMV. Elevated ferritin was associated with EBV
infection (p=0.031) and coinfection (p=0.038),
indicating inflammation-driven anemia ¢. EBV
reactivation increases anemia risk in
immunocompromised  people  (e.g., transplant
recipients, HIV patients) due to immunological
dysregulation and marrow suppression . An
observational research study 3! conducted in India with
120 patients suffering from aplastic anemia discovered
active EBV infection in 20% of the patients. Of this
group, seventeen had severe, five had very severe, and
two had non-severe aplastic anemia. The author
mentioned that at the time of laboratory diagnosis, none
of the EBV IgM-positive individuals had
mononucleosis. Two patients who tested positive for
EBV and were also infected with parvovirus developed
severe aplastic anemia.

Mechanism

While few researchers have confirmed CMV- and
EBV-induced anemia, several case studies have
illustrated how these infections can lead to various
types of anemia, including immune-mediated
mechanisms, direct impacts on hematopoietic cells, and
inflammatory processes.

Possible EBV mechanisms: In terms of immune-
mediated hemolysis (AIHA), a study suggests that EBV
induces autoantibodies against RBC antigens, resulting
in cold agglutinin sickness or warm autoimmune
hemolytic anemia 7. A case report points out that EBV-
associated hepatitis can advance to hepatitis-associated
aplastic anemia (HAAA) &, which is defined by bone
marrow failure. A study explains how EBV
elevates hepcidin, a hormone that inhibits iron
absorption and recycling. This study suggests that
EBV-induced inflammation (e.g., via the IL-6/IL-1B
pathways) causes functional iron deficiency and anemia
of chronic disease?.

Possible CMV mechanisms: Several case studies
elucidate the potential CMV mechanisms in anemia,
particularly in immunocompromised individuals, where
these mechanisms encompass immune-mediated
hemolytic anemia, bone marrow suppression, and even
direct viral cytotoxicity. CMV infection can trigger
autoimmune responses, where molecular mimicry
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between CMV antigens and RBC surface proteins
may lead to cross-reactive antibodies that target
RBCs, which can lead to immune-mediated hemolytic
anemia °. A study explained how CMV can suppress
erythropoietin (EPO) production that happens when
CMV infects renal interstitial fibroblasts, which are
critical for hypoxia-induced EPO production. This
study highlights that CMV inhibits hypoxia-inducible
factor 2a (HIF-2a), a key regulator of EPO gene
expression, resulting in reduced EPO levels and
subsequent anemia'®. In terms of bone marrow
suppression, CMV infects bone marrow stromal cells,
reducing the production of essential hematopoietic
cytokines like stem cell factor (SCF), granulocyte
colony-stimulating factor (G-CSF), and interleukin-6
(IL-6). This disrupts erythropoiesis and progenitor cell
differentiation ®. CMV can infect hematopoietic
progenitor cells, leading to reduced RBC production.
Although less common, this direct cytopathic effect
has been observed in immunocompromised hosts €,
At last, case studies declare that where CMV
coinfection with viruses (e.g., parvovirus B19) or in
HIV/AIDS or transplant patients, CMV reactivation
often coincides with other infections, which worsen
anemia through combined hemolytic and suppressive
effects % 43,

Diagnosing

Cytomegalovirus Diagnosing: CMV diagnosis
involves a variety of procedures, including molecular
testing, with the gold standard being quantitative PCR
for CMV DNA, which has a sensitivity of
approximately  95% in  immunocompromised
individuals®. Furthermore, viral load levels in the
blood (>1000 IU/mL) suggest an active infection that
requires therapy °'. Serologic tests, such as CMV
IgM/IgG, are also essential; however, they have a
limited sensitivity in immunocompromised hosts 28.
Epstein-Barr virus Diagnosing: The diagnostic
approach for EBV diagnosis is as follows: (1) Positive
VCA IgM + negative EBNA 1gG signifies acute
infection; (2) positive VCA IgG + positive EBNA IgG
indicates past infection 1. The direct Coombs test can
play a significant role in the diagnosis of EBV-related
AIHA patients, where, according to a case study, 52%
of EBV-related AIHA patients were positive on the
direct Coombs test 7. Quantitative EBV DNA PCR
(>1000 copies/ug DNA) is used to detect current
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infection 9.

Conclusion

Viral infections represent a significant and often
underrecognized cause of anemia, with several
pathogens—including B19V, HIV, HCV, SARS-CoV-
2, VzZV, CMV, and EBV—contributing to its
development through various mechanisms. These
viruses impact erythropoiesis by causing direct bone
marrow suppression (e.g., B19V infecting erythroid
progenitors), immune-mediated destruction (e.g., EBV
leading to autoimmune hemolysis), or systemic
inflammation (e.g., SARS-CoV-2 disrupting iron
metabolism via hepcidin). Individuals who are
immunocompromised, those  with  pre-existing
hematologic diseases, and vulnerable groups, including
youngsters and pregnant women, are more sensitive to
viral-induced anemia. Diagnosis necessitates a
multifaceted approach that combines clinical suspicion
with specific laboratory testing such as PCR for viral
identification, serology for immune response
assessment, and bone marrow examination in select
individuals. While certain infections, such as B19V,
have pathognomonic features (e.g., enormous
pronormoblasts), others require more extensive testing
due to overlapping hematologic symptoms. Treatment
methods range from antiviral medicine and
immunosuppression to supportive care. Finally,
increased recognition of viral etiologies in anemia is
critical for early management, particularly in high-risk
patients. Future research should focus on elucidating
unknown processes, refining diagnostic algorithms, and
developing targeted therapeutics to mitigate the
hematologic effects of these infections. By merging
virological and hematological perspectives, doctors
may enhance patient outcomes in cases of virus-
associated anemia.
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