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Abstract

Cytokine Release Syndrome (CRS) is a systemic hyperinflammatory condition caused by excessive cytokine
production and immune activation. In people living with HIV, CRS can occur during initiation of antiretroviral
therapy (ART), immune reconstitution, or administration of immunomodulatory therapies for co-infections, HIV-
associated malignancies, or experimental interventions. The pathogenesis involves chronic immune activation,
microbial translocation, dysregulated T-cell and monocyte responses, and abrupt immune restoration, which
collectively amplify systemic inflammation. Clinically, CRS ranges from mild fever and fatigue to severe multi-organ
dysfunction, often mimicking sepsis or immune reconstitution inflammatory syndrome (IRIS). Management focuses
on early recognition, supportive care, careful timing of ART, treatment of underlying triggers, and judicious use of
immunosuppressive agents such as corticosteroids, with targeted cytokine inhibitors under investigation.
Understanding CRS in this context is essential for improving patient outcomes and guiding safe implementation of
immune-modulating therapies in HIV.
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Introduction

Human Immunodeficiency Virus (HIV) infection
is not only characterized by progressive depletion
of CD4* T cells and immunodeficiency but also
by persistent immune activation and systemic
inflammation [1-2]. Even in the era of effective
antiretroviral therapy (ART), low-level viral
replication, microbial translocation, and immune
dysregulation sustain chronic inflammatory states
that predispose individuals to exaggerated
immune responses. Within this context, Cytokine
Release Syndrome (CRS), a severe
hyperinflammatory condition driven by excessive
cytokine production, has emerged as an important
but underrecognized complication in HIV-
infected  patients receiving ART or
immunomodulatory therapies [3-4].CRS in HIV-
infected individuals can occur in multiple clinical
scenarios. Initiation of ART in severely
immunosuppressed patients may trigger immune
reconstitution inflammatory syndrome (IRIS),
which closely resembles CRS due to rapid
restoration  of  pathogen-specific =~ immune
responses and sudden surges of pro-inflammatory
cytokines [5-6]. Additionally, the wuse of
immunomodulatory agents—such as checkpoint
inhibitors, cytokine therapies, or biologics
administered for HIV-associated malignancies or
experimental interventions—can further
exacerbate inflammatory pathways, increasing the
risk of CRS. Co-infections and HIV-associated
opportunistic infections serve as additional
triggers, compounding the risk in vulnerable
patients [7-8].

The immunopathogenesis of CRS in this setting is
complex and multifactorial. Persistent T-cell
activation, monocyte and macrophage
hyperresponsiveness, loss of regulatory immune
control, and endothelial dysfunction converge to
amplify cytokine-mediated inflammation.
Microbial translocation from the damaged gut
mucosa and elevated pro-inflammatory cytokines
such as interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-a), and interferon-gamma
(IFN-y) further prime the immune system for
hyperactivation. These mechanisms create a
delicate ~ balance in  which  therapeutic
interventions intended to restore immune function
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or target malignancy may inadvertently trigger
systemic inflammatory cascades [9-10].Clinically,
CRS presents along a spectrum ranging from
mild, nonspecific symptoms such as fever,
malaise, and myalgia, to life-threatening multi-
organ dysfunction involving the cardiovascular,
pulmonary, renal, hepatic, and central nervous
systems. Its nonspecific presentation and overlap
with sepsis, IRIS, opportunistic infections, and
drug reactions complicate timely recognition,
making early identification and intervention a
critical challenge.

Immunopathogenesis of Cytokine Release
Syndrome in HIV Patients Receiving ART
and Immunomodulatory Therapies

The immunopathogenesis of Cytokine Release
Syndrome (CRS) in HIV-infected patients
receiving antiretroviral therapy (ART) and
immunomodulatory interventions is complex and
multifactorial, reflecting the interplay between
chronic viral-induced immune dysregulation and
therapy-induced  immune  activation. HIV
infection establishes a persistent inflammatory
milieu characterized by continuous T-cell and
monocyte activation, microbial translocation, and
impaired  regulatory = mechanisms,  which
collectively prime the host immune system for
exaggerated cytokine responses [11-12].Early in
HIV infection, depletion of CD4* T cells in the
gut-associated lymphoid tissue disrupts mucosal
barrier integrity, permitting translocation of
bacterial products such as lipopolysaccharides
into systemic circulation. These microbial
components stimulate innate immune cells,
including monocytes, macrophages, and dendritic
cells, through pattern recognition receptors like
Toll-like  receptors, leading to sustained
production of pro-inflammatory cytokines,
including interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-a), and interferon-gamma
(IFN-y). Chronic exposure to these cytokines
establishes a state of immune
hyperresponsiveness that heightens susceptibility
to CRS [13-14].

In patients initiating ART, particularly those with
advanced immunosuppression, rapid immune
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reconstitution can trigger immune reconstitution
inflammatory syndrome (IRIS), a phenomenon
closely resembling CRS. The abrupt restoration of
pathogen-specific T-cell responses and enhanced
cytokine production during IRIS can escalate into
systemic hyperinflammation, manifesting as
fever, organ dysfunction, and vascular instability.
ART-mediated immune recovery, while beneficial
for long-term viral suppression, can therefore
paradoxically precipitate CRS in susceptible
individuals [15-16].The addition of
immunomodulatory therapies—including
checkpoint inhibitors, cytokine-based therapies,
or biologics used to treat HIV-associated
malignancies or opportunistic infections—can
further amplify this hyperinflammatory state.
These interventions enhance T-cell activation or
innate immune responsiveness, potentially
overwhelming existing regulatory mechanisms
and triggering massive cytokine release.
Monocytes and macrophages act as central
amplifiers, releasing large quantities of IL-6,
TNF-a, and IL-1B, which drive endothelial
activation, capillary leak, hypotension, and multi-
organ  dysfunction. Dysregulated adaptive
immunity, including exhausted or overactivated
CD4* and CD8" T cells and impaired regulatory
T-cell function, contributes to uncontrolled
inflammation and prevents adequate restraint of
the cytokine cascade [17-18].Endothelial
dysfunction and vascular permeability serve as
critical downstream mediators of organ injury in
CRS. Excessive cytokine signaling disrupts
endothelial integrity, leading to hypotension,
tissue edema, and compromised organ perfusion.
This  vascular  involvement  links  the
immunopathogenesis of CRS to the observed
clinical manifestations of multi-organ dysfunction
in HIV  patients undergoing ART or
immunomodulatory therapy.

Clinical Manifestations of Cytokine Release
Syndrome in HIV Patients Receiving ART
and Immunomodulatory Therapies

Cytokine Release Syndrome (CRS) in HIV-
infected patients receiving antiretroviral therapy
(ART) or immunomodulatory interventions
presents with a broad and often nonspecific
spectrum of clinical features, reflecting systemic
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hyperinflammation. The manifestations range
from mild constitutional symptoms to severe
multi-organ dysfunction, making recognition
particularly challenging in the context of HIV,
where fever, fatigue, and malaise may already be
common due to underlying infection or immune
dysregulation [19-20].Early-stage CRS typically
presents with systemic inflammatory signs such
as persistent fever, chills, fatigue, myalgia, and
anorexia. These nonspecific symptoms may
develop abruptly or progress gradually and often
precede more severe organ involvement.
Clinicians must maintain a high index of
suspicion, particularly when symptoms occur
soon after ART initiation, during immune
reconstitution, or following administration of
immunomodulatory therapies [21].

Cardiovascular involvement is common in
moderate to severe CRS. Patients may exhibit
tachycardia, hypotension, and signs of capillary
leak, which reflect cytokine-mediated endothelial
dysfunction. In severe cases, hypotension may
progress to circulatory instability requiring
intensive supportive care. Pulmonary
manifestations, including dyspnea, hypoxemia,
and acute respiratory distress, often arise
secondary to increased vascular permeability and
pulmonary inflammation. These features may
mimic  opportunistic  infections such as
Pneumocystis  pneumonia or  tuberculosis,
complicating differential diagnosis [22-23].Multi-
organ involvement extends to hepatic and renal
systems. Elevated transaminases, cholestasis, and
hepatomegaly may indicate cytokine-driven
hepatic inflammation, while acute kidney injury
can result from hypotension, endothelial injury, or
immune-mediated renal  inflammation. In
addition, hematologic abnormalities, such as
cytopenias or coagulopathy, may be observed,
reflecting the systemic impact of inflammatory
cytokines on bone marrow and coagulation
pathways [24].

Neurological manifestations, though less frequent,
are associated with severe CRS and include
headache, confusion, altered mental status, and
reduced consciousness, reflecting
neuroinflammation and blood-brain barrier
disruption. These features may be particularly
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difficult to distinguish from HIV-associated
neurocognitive disorders, CNS infections, or
drug-related  toxicities  [25].The  temporal
relationship between therapy initiation and
symptom onset is a key diagnostic clue. In
patients starting ART, CRS-like presentations
may overlap with immune reconstitution
inflammatory syndrome (IRIS), where sudden
restoration of pathogen-specific immunity triggers
exaggerated cytokine release. Similarly, the use of
immunomodulatory therapies, such as checkpoint
inhibitors or biologics, may precipitate abrupt
inflammatory responses, leading to CRS [26].

Diagnostic Considerations of Cytokine
Release Syndrome in HIV Patients
Receiving ART and Immunomodulatory
Therapies

Diagnosing Cytokine Release Syndrome (CRS) in
HIV-infected patients receiving antiretroviral
therapy (ART) or immunomodulatory
interventions presents unique challenges due to
overlapping clinical features with opportunistic
infections, drug reactions, and immune
reconstitution inflammatory syndrome (IRIS).
The nonspecific presentation—fever, malaise,
myalgia, hypotension, and multi-organ
involvement—requires careful clinical evaluation
to differentiate CRS from other causes of
systemic inflammation [27].A high index of
suspicion is critical, particularly in patients who
develop abrupt or disproportionate inflammatory
symptoms following ART initiation, immune
restoration, or administration of
immunomodulatory therapies. The timing of
symptom onset relative to therapy is often a key
diagnostic clue: CRS typically emerges within
days to weeks of these immune-modulating
interventions, while other infections or drug
reactions may follow different temporal patterns
[28].

Laboratory investigations provide supportive but
not definitive evidence of CRS. Elevated
inflammatory markers, including C-reactive
protein (CRP), ferritin, D-dimer, and lactate
dehydrogenase (LDH), reflect systemic immune
activation.  Cytokine  profiling—particularly
elevated interleukin-6 (IL-6), interleukin-1p, and
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tumor necrosis factor-alpha (TNF-o)—can
strengthen the diagnosis, though these assays are
rarely available in routine clinical practice and
lack standardized thresholds for HIV-associated
CRS. Hematologic abnormalities such as
cytopenias, coagulopathy, and transaminitis may
indicate the extent of systemic involvement
[29].Exclusion of alternative etiologies is
essential. Comprehensive evaluation for bacterial,
viral, fungal, and mycobacterial infections is
mandatory, as these remain common triggers of
fever and organ dysfunction in HIV-infected
patients. Drug reactions and adverse effects from
ART or immunomodulatory agents must also be
considered. In patients recently started on ART,
distinguishing CRS from IRIS is particularly
challenging, as both conditions share overlapping
immunopathogenic mechanisms and clinical
manifestations. Serial monitoring of inflammatory
markers, organ function, and clinical trajectory
can aid in differentiation and in assessing disease
severity [29-30].Currently, no standardized
diagnostic criteria for CRS exist in HIV-infected
populations, and grading systems developed for
immunotherapy-associated CRS are not validated
in this context. This underscores the need for
clinical judgment, careful patient monitoring, and
a multidisciplinary approach involving infectious
disease specialists, immunologists, and critical
care providers.

Therapeutic and Management Implications
of Cytokine Release Syndrome in HIV
Patients Receiving ART and
Immunomodulatory Therapies

The management of Cytokine Release Syndrome
(CRS) in HIV-infected patients receiving
antiretroviral therapy (ART) or
immunomodulatory interventions is complex and

must  balance  suppression of  harmful
inflammation with preservation of immune
function.  Unlike CRS  associated  with

immunotherapies in oncology, there are no
standardized treatment guidelines specifically for
HIV-associated CRS, making individualized
clinical decision-making essential [31-32].The
cornerstone of management is early recognition
and prompt treatment of precipitating factors.
Opportunistic infections, co-infections, and HIV-
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associated malignancies are common triggers and
should be aggressively investigated and treated.
Optimization of ART is also critical; in patients
not yet on therapy, careful timing of initiation and
monitoring are necessary to reduce the risk of
immune reconstitution—related
hyperinflammation. For patients already on ART,
ensuring adherence and viral suppression can help
limit ongoing immune activation and mitigate
further cytokine surges [33-34].

Supportive care is a fundamental component of
therapy. Patients may require close monitoring of
vital  signs, fluid resuscitation, oxygen
supplementation, and intensive care support for
cardiovascular or respiratory instability. Multi-
organ involvement—yparticularly renal, hepatic, or
neurological—necessitates careful monitoring and
early intervention to prevent irreversible damage
[35-36].Immunomodulatory therapy plays a
central role in patients with severe or progressive
CRS. Corticosteroids are the most widely used
agents, especially in cases associated with
immune reconstitution inflammatory syndrome,
due to their ability to broadly suppress cytokine
production and reduce systemic inflammation.
However, corticosteroid use must be carefully
balanced against the increased risk of secondary
infections and delayed wviral clearance,
particularly in severely immunocompromised
individuals 37-38].

Targeted cytokine inhibitors, such as interleukin-6
(IL-6) receptor antagonists or interleukin-1 (IL-1)
blockers, represent emerging therapeutic options.
While evidence from oncology and experimental
studies  suggests efficacy in  controlling
hyperinflammatory states, their use in HIV-
infected patients remains largely investigational.
Considerations include potential
immunosuppressive effects, drug—drug
interactions with ART, and limited availability in

resource-constrained settings [39-
41].Multidisciplinary care is essential for
optimizing outcomes. Collaboration among

infectious disease specialists, immunologists, and
critical care teams facilitates comprehensive
assessment, early recognition of clinical
deterioration, and timely intervention. Serial
monitoring of inflammatory markers, organ
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function, and patient response guides therapy
adjustment and tapering of immunosuppressive
agents [42-43].

Conclusion

Cytokine Release Syndrome (CRS) in HIV-
infected patients receiving antiretroviral therapy
(ART) and immunomodulatory interventions
represents a significant manifestation of immune
dysregulation, arising from the convergence of
chronic HIV-driven inflammation, therapy-
induced immune restoration, and immune-
enhancing treatments. Its clinical presentation is
highly variable, ranging from mild systemic
symptoms to severe multi-organ dysfunction,
often overlapping with opportunistic infections,
drug reactions, and immune reconstitution
inflammatory syndrome (IRIS).Early recognition
of CRS is critical, as timely intervention can
prevent progression to life-threatening
complications. Management requires a
multifaceted approach that includes supportive
care, treatment of underlying triggers, careful
modulation of ART initiation or continuation, and
judicious use of immunosuppressive agents such
as corticosteroids. Emerging targeted therapies
against key cytokines, such as IL-6 inhibitors,
offer ~ promising  avenues  but  remain
investigational in this context.Future research
should focus on establishing standardized
diagnostic criteria, identifying reliable
biomarkers, and evaluating targeted therapeutic
strategies specific to HIV-associated CRS.
Integrating CRS awareness into HIV care
frameworks will improve early detection, enable
precise risk stratification, and optimize the safe
use of immunomodulatory therapies, ultimately
enhancing outcomes for people living with HIV.
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