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Abstract

Hemolytic disorders are a significant yet often underrecognized complication in people living with HIV (PLHIV).
These disorders result from premature destruction of red blood cells due to multifactorial causes including immune
dysregulation, opportunistic infections, and adverse drug reactions. HIV-associated hemolytic anemia encompasses
autoimmune hemolytic anemia (AIHA), drug-induced hemolysis, and infection-related hemolysis, each presenting
unique diagnostic and therapeutic challenges. Clinically, HIV-associated hemolytic disorders manifest with symptoms
such as fatigue, pallor, jaundice, and splenomegaly, often accompanied by laboratory evidence of anemia with
markers of increased red cell destruction. Diagnosis relies heavily on clinical suspicion supported by laboratory tests
including peripheral blood smear, direct antiglobulin (Coombs) test, and hemolytic markers like lactate
dehydrogenase, bilirubin, and haptoglobin. Differentiating between autoimmune, drug-induced, and infectious
etiologies is crucial for targeted treatment, which may range from immunosuppression and withdrawal of offending
drugs to antimicrobial therapy and supportive care. Management of hemolytic anemia in HIV requires a
comprehensive approach tailored to the underlying cause and severity. Corticosteroids remain the mainstay of therapy
for AIHA, while cessation of the causative drug is critical in drug-induced cases. Optimizing antiretroviral therapy to
control HIV replication and immune activation plays a pivotal role in reducing hemolytic episodes. Addressing co-
infections and nutritional deficiencies further supports recovery. Early recognition and individualized treatment
strategies improve patient outcomes, highlighting the importance of integrating hemolytic disorder management into
routine HIV care.
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Introduction

Human immunodeficiency virus (HIV) infection
remains a major global public health challenge,
affecting millions of people worldwide. Despite
significant advances in antiretroviral therapy (ART)
that have transformed HIV from a fatal illness to a
chronic manageable condition, many complications
continue to affect the quality of life and survival of
people living with HIV (PLHIV). Among these
complications, hematologic abnormalities are
common and often underappreciated contributors to
morbidity. Hemolytic disorders, characterized by
premature destruction of red blood cells (RBCs),
represent an  important subset of these
abnormalities, with significant clinical implications
[1-5].Hemolytic anemia in HIV-infected individuals
may arise from a variety of causes including
immune-mediated mechanisms, direct viral effects,
opportunistic infections, and drug toxicity. HIV
itself is known to cause immune dysregulation,
leading to the production of autoantibodies that
target RBCs, resulting in autoimmune hemolytic
anemia (AIHA). Additionally, the chronic
inflammatory state induced by HIV infection can
disrupt normal erythropoiesis and increase red cell
destruction. Understanding these
pathophysiological processes is essential for
clinicians to recognize and manage hemolytic
complications effectively [6-9].Furthermore, the
spectrum of hemolytic disorders in HIV is
broadened by the effects of co-infections, which are
common in this population. Infections such as
malaria, parvovirus B19, cytomegalovirus (CMV),
and tuberculosis can directly or indirectly cause
hemolysis. For example, malaria parasites invade
and destroy red blood cells, whereas parvovirus
B19 can induce aplastic crises by targeting
erythroid precursors in the bone marrow. These
infections complicate the clinical picture and may
necessitate specific interventions alongside standard
HIV care [10-13].

In addition to infections, pharmacological agents
used in HIV treatment and prophylaxis can
contribute to hemolysis. Drugs such as certain
antiretroviral agents (e.g., zidovudine),
sulfonamides, and antibiotics have been implicated
in inducing hemolytic anemia through immune or
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non-immune mechanisms. Notably, individuals
with glucose-6-phosphate dehydrogenase (G6PD)
deficiency are particularly vulnerable to oxidative
drug-induced hemolysis, highlighting the need for
careful medication selection and monitoring in this
subgroup [14-15].Clinically, hemolytic anemia can
present with nonspecific symptoms including
fatigue, pallor, jaundice, and dark urine, which can
overlap with other HIV-related conditions.
Laboratory investigations play a pivotal role in
diagnosis, with the direct antiglobulin test (Coombs
test) being critical for confirming autoimmune
hemolysis. Additional tests such as peripheral blood
smear, lactate dehydrogenase (LDH), bilirubin, and
haptoglobin levels aid in characterizing the type and
severity of hemolysis [16-17].Management of HIV-
associated hemolytic disorders is complex and
requires a multidisciplinary approach. It involves
addressing the underlying cause, whether immune-
mediated, infectious, or drug-related, alongside
supportive care to manage anemia symptoms.
Immunosuppressive therapies like corticosteroids
are effective for AIHA, whereas drug-induced cases
require discontinuation of the offending agent.
Optimal control of HIV with ART is fundamental to
reducing immune activation and preventing
hemolytic episodes [18-19].

Pathophysiology of HIV-Associated Hemolytic
Disorders

The pathophysiology of hemolytic disorders in
people living with HIV (PLHIV) is multifactorial,
involving immune dysregulation, direct viral
effects, opportunistic infections, and drug-induced
toxicity. HIV infection profoundly alters the
immune system, leading to aberrant B-cell
activation and the production of autoantibodies
against red blood cells (RBCs). This autoimmune
response is a central mechanism in the development
of autoimmune hemolytic anemia (AIHA), where
immunoglobulin G (IgG) antibodies bind to RBC
surface antigens, marking them for destruction by
splenic  macrophages through extravascular
hemolysis. Complement activation may also play a
role, leading to intravascular hemolysis in some
cases [20-21].Beyond immune-mediated
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destruction, HIV can directly impair erythropoiesis
by infecting bone marrow stromal cells and
progenitor cells, resulting in ineffective red blood
cell production. Chronic inflammation driven by
persistent viral replication and cytokine release
(e.g., tumor necrosis factor-alpha, interleukin-1)
further suppresses erythropoietin production and
disrupts iron metabolism, contributing to anemia of
chronic disease and exacerbating hemolysis.

The cumulative effect is both decreased RBC
production and increased RBC destruction
[23].Opportunistic infections common in advanced
HIV disease also contribute significantly to

hemolytic disorders. For example, malaria parasites
invade and lyse RBCs, while parvovirus B19 infects
erythroid progenitors causing aplastic crises that
worsen anemia. Cytomegalovirus (CMV) and
Mycobacterium tuberculosis may infiltrate the bone
marrow, causing marrow suppression and
hemolysis. Furthermore, several medications used
in HIV treatment and prophylaxis, including
zidovudine, sulfonamides, and dapsone, can cause
hemolysis either by inducing oxidative stress or by
triggering immune-mediated red cell destruction,
especially in individuals with glucose-6-phosphate
dehydrogenase (G6PD) deficiency [24]. Together,
these mechanisms create a complex interplay that
results in the varied clinical spectrum of HIV-
associated hemolytic disorders (Table 1).

Table 1: Pathophysiology of HIV-Associated Hemolytic Disorders

Mechanism Description Examples/Notes
Autoimmune Immune-mediated destruction of RBCs by Autoimmune Hemolytic Anemia
Hemolysis autoantibodies (IgG) leading to extravascular | (AIHA); positive direct Coombs

hemolysis. test
Complement- Activation of the complement system causing | Occasionally seen in severe AIHA
Mediated Hemolysis | intravascular RBC lysis.
Direct Viral Effects | HIV infection of bone marrow stromal and Ineffective erythropoiesis; bone
progenitor cells impairs erythropoiesis and marrow suppression
RBC survival.
Chronic Cytokine-induced suppression of Elevated TNF-a, IL-1, and IFN-y
Inflammation erythropoietin and disruption of iron impair RBC production
metabolism (anemia of chronic disease).
Opportunistic Infectious agents cause RBC destruction or Malaria (RBC lysis), Parvovirus
Infections bone marrow suppression. B19 (aplastic crisis), CMV
Drug-Induced Oxidative or immune-mediated hemolysis Zidovudine, sulfonamides,
Hemolysis triggered by medications. dapsone; risk increased in G6PD
deficiency
Nutritional Deficiency of folate or vitamin B12 affecting | Common in advanced HIV due to
Deficiencies RBC production and maturation. malabsorption or poor intake

Clinical Presentation and Diagnosis

Patients with HIV-associated hemolytic disorders
often present with symptoms reflecting anemia and
increased red blood cell (RBC) destruction.
Common clinical features include fatigue, pallor,
dyspnea on exertion, and tachycardia, which are
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typical of anemia. In hemolysis, patients may also
exhibit jaundice due to increased breakdown of
hemoglobin, dark or cola-colored urine from
hemoglobinuria, splenomegaly from enhanced
clearance  of antibody-coated RBCs, and
occasionally abdominal pain. The severity of
symptoms varies depending on the degree of
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hemolysis, the underlying cause, and the patient’s
overall immune status [25].Laboratory evaluation is
essential for diagnosis and to differentiate the type
and cause of hemolytic anemia. Initial blood work
often reveals anemia with a reticulocytosis,
indicating bone marrow response to RBC loss.

Peripheral blood smear examination may
demonstrate characteristic findings such as
spherocytes in autoimmune hemolytic anemia

(AIHA) or bite cells and Heinz bodies in oxidative
hemolysis, particularly in glucose-6-phosphate
dehydrogenase (G6PD) deficiency. Elevated lactate
dehydrogenase (LDH) and indirect (unconjugated)
bilirubin levels, along with decreased haptoglobin,
serve as biochemical markers of ongoing hemolysis
[26].A pivotal diagnostic test in suspected
autoimmune hemolysis is the direct antiglobulin test
(DAT or Coombs test), which detects antibodies or
complement proteins attached to the surface of
RBCs. A positive DAT supports the diagnosis of
AIHA, guiding immunosuppressive therapy. Drug-
induced hemolysis is usually suspected based on
clinical history, particularly recent exposure to
known offending agents, and may require drug
withdrawal and monitoring for resolution.
Identification of infectious triggers such as malaria,
parvovirus B19, or cytomegalovirus involves
targeted laboratory testing, including blood smears,
serology, or PCR assays. Comprehensive evaluation
is crucial to establish the etiology and tailor
appropriate management [27-28].

Management Strategies

The management of hemolytic disorders in people
living with HIV (PLHIV) requires a comprehensive
and individualized approach based on the
underlying etiology, severity of anemia, and overall
clinical status. First and foremost, effective control
of HIV infection through antiretroviral therapy
(ART) is paramount. Suppressing viral replication
helps reduce immune activation and the risk of
hemolytic episodes by stabilizing the immune
system [29-30].In cases of autoimmune hemolytic
anemia (AIHA), corticosteroids remain the
cornerstone of treatment. Prednisone or equivalent
glucocorticoids are used to suppress autoantibody
production and reduce red blood cell destruction.
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For patients who do not respond to steroids or
relapse, second-line immunosuppressive agents
such as rituximab, azathioprine, or
cyclophosphamide may be considered. In rare
refractory cases, splenectomy may be an option to
reduce RBC clearance by the spleen. Close
monitoring of hemoglobin levels and hemolytic
markers is essential during therapy [31-32].

Drug-induced hemolysis necessitates prompt
discontinuation of the offending medication, such
as zidovudine or sulfonamides, especially in
patients with glucose-6-phosphate dehydrogenase
(G6PD) deficiency who are prone to oxidative
hemolysis. Supportive care, including blood
transfusions, may be required in cases of severe
anemia. Management of coexisting opportunistic
infections 1is critical, with targeted antimicrobial
therapy for infections like malaria, parvovirus B19,
or cytomegalovirus that can precipitate or
exacerbate hemolysis [33].Supportive measures

such as folate supplementation and careful
monitoring of iron status help support
erythropoiesis  during recovery. Transfusion

decisions should balance benefits against risks such
as alloimmunization and volume overload,
particularly in immunocompromised patients.
Multidisciplinary care involving infectious disease
specialists, hematologists, and primary care
providers optimizes treatment outcomes.
Ultimately, individualized treatment plans, regular
follow-up, and patient education on medication
adherence and potential triggers are key
components inmanaging HIV-associated hemolytic
disorders [34-35].

Conclusion

Hemolytic disorders in people living with HIV
represent a complex interplay of immune
dysregulation, opportunistic infections, and drug-
related toxicities that contribute to significant
morbidity. Autoimmune hemolytic anemia, drug-
induced hemolysis, and infection-associated red
blood cell destruction each pose unique diagnostic
and therapeutic challenges that require careful
evaluation. Early recognition through clinical
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suspicion and targeted laboratory testing, including
direct antiglobulin testing and hemolytic markers, is
essential to guide appropriate management.
Effective treatment hinges on addressing the
underlying cause—whether through
immunosuppressive  therapy for autoimmune
processes, withdrawal of offending drugs, or
targeted antimicrobial treatment for infections—
alongside optimizing antiretroviral therapy to
control HIV replication and immune activation.
Supportive care and vigilant monitoring further
improve patient outcomes. Multidisciplinary
approaches enhance the quality of care and help
mitigate complications related to anemia.
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