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                               Abstract 

Cytokine Release Syndrome (CRS) is a severe hyperinflammatory condition characterized by excessive and 
dysregulated cytokine production, leading to systemic immune activation and organ dysfunction. Although most 
commonly associated with immunotherapies, CRS is increasingly recognized in infectious diseases, including Human 
Immunodeficiency Virus (HIV) infection. HIV is marked by persistent immune activation, cytokine imbalance, and 
immune dysregulation, creating a biological milieu conducive to CRS, particularly during acute infection, advanced 
immunosuppression, opportunistic co-infections, and immune reconstitution following antiretroviral therapy 
initiation. Key pathogenic mechanisms include chronic T-cell and monocyte activation, microbial translocation, 
endothelial dysfunction, and impaired immune regulation. Clinically, CRS in HIV ranges from mild inflammatory 
symptoms to life-threatening multisystem involvement, often mimicking sepsis or immune reconstitution 
inflammatory syndrome, thereby complicating diagnosis. Management remains largely supportive and trigger-
directed, with corticosteroids commonly employed in severe cases, while targeted cytokine therapies remain 
investigational. Improved understanding of CRS in HIV is essential for early recognition, risk stratification, and 
development of targeted therapeutic strategies to reduce morbidity and mortality. 
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Introduction 
 
Human Immunodeficiency Virus (HIV) infection 
is characterized by profound and persistent 
immune dysregulation that extends beyond 
progressive immunodeficiency [1-2]. Even in the 
era of effective antiretroviral therapy (ART), 
chronic immune activation and systemic 
inflammation remain central features of HIV 
pathogenesis and are strongly linked to disease 
progression, immune exhaustion, and non-AIDS–
related morbidity and mortality. Within this 
inflammatory landscape, Cytokine Release 
Syndrome (CRS) has emerged as a clinically 
relevant but underrecognized complication of 
HIV infection [3-4].CRS refers to a state of 
excessive and uncontrolled cytokine production 
resulting from heightened immune cell activation. 
It is classically described in association with 
immunotherapeutic interventions, such as 
chimeric antigen receptor (CAR) T-cell therapy; 
however, similar hyperinflammatory syndromes 
are increasingly reported in infectious diseases. In 
HIV infection, the continuous interaction between 
viral replication, host immune responses, and 
environmental triggers creates conditions that 
closely resemble the immunopathological 
processes observed in CRS. Episodes of abrupt 
cytokine surges may occur during acute HIV 
seroconversion, advanced untreated disease, 
initiation of ART, or in the presence of 
opportunistic infections and HIV-associated 
malignancies [5-6]. 
The immunological basis of CRS in HIV is 
multifactorial. Early disruption of the gut mucosal 
barrier facilitates microbial translocation, leading 
to sustained activation of innate immune 
pathways and excessive production of pro-
inflammatory cytokines such as interleukin-6, 
tumor necrosis factor-alpha, and interferon-
gamma. Concurrently, HIV-driven depletion and 
dysfunction of CD4⁺ T cells impair immune 
regulation, while activated monocytes and 
macrophages serve as major amplifiers of 
inflammatory signaling. This imbalance between 
immune activation and immune control 
predisposes individuals living with HIV to 
exaggerated inflammatory responses that can 
escalate into CRS [7-9].Clinically, CRS in HIV 

presents with a broad and often nonspecific 
spectrum of manifestations, including fever, 
hemodynamic instability, and multi-organ 
dysfunction. These features overlap significantly 
with sepsis, immune reconstitution inflammatory 
syndrome (IRIS), and severe opportunistic 
infections, making diagnosis particularly 
challenging, especially in resource-limited 
settings where advanced immunological assays 
are unavailable. As a result, CRS may be 
underdiagnosed or misclassified, contributing to 
delayed or suboptimal management [10-
11].Despite growing recognition of inflammation 
as a key driver of HIV-associated morbidity, CRS 
has not been systematically integrated into HIV 
clinical frameworks. A clearer conceptualization 
of CRS in the context of HIV infection is essential 
to improve clinical recognition, refine diagnostic 
approaches, and guide therapeutic decision-
making. This narrative review aims to synthesize 
current evidence on the immunopathogenesis and 
clinical implications of CRS in HIV infection, 
highlighting gaps in knowledge and identifying 
opportunities for future research and targeted 
intervention. 
 
Immunopathogenesis of Cytokine Release 
Syndrome in HIV Infection 
 
The immunopathogenesis of Cytokine Release 
Syndrome (CRS) in HIV infection is rooted in the 
virus’s unique capacity to induce persistent 
immune activation and disrupt immune regulatory 
mechanisms. Unlike transient inflammatory 
responses seen in most acute infections, HIV 
establishes a chronic state of immune stimulation 
that primes the host for exaggerated cytokine 
responses when additional immunological triggers 
are encountered. This persistent inflammatory 
environment provides the biological foundation 
upon which CRS can develop [12-14].Early in 
HIV infection, massive depletion of CD4⁺ T cells 
occurs within the gut-associated lymphoid tissue, 
leading to breakdown of mucosal integrity. This 
damage permits translocation of microbial 
products, such as lipopolysaccharides and 
bacterial DNA, into the systemic circulation. 
These microbial products activate innate immune 
cells through pattern recognition receptors, 
including Toll-like receptors, resulting in  
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sustained production of pro-inflammatory 
cytokines. Interleukin-6, tumor necrosis factor-
alpha, interleukin-1β, and type I and II interferons 
become chronically elevated, creating a state of 
immune hyperresponsiveness that predisposes to 
CRS [15-16]. 
 
Monocytes and macrophages are central drivers 
of cytokine amplification in HIV-associated CRS. 
HIV infection skews these cells toward a pro-
inflammatory phenotype, characterized by 
heightened responsiveness to secondary stimuli. 
Activated monocytes produce large quantities of 
interleukin-6 and tumor necrosis factor-alpha, key 
mediators implicated in vascular permeability, 
hypotension, and organ dysfunction. In advanced 
HIV disease, the regulatory mechanisms that 
normally constrain monocyte activation are 
impaired, allowing inflammatory cascades to 
proceed unchecked [17-19].Adaptive immune 
dysregulation further contributes to CRS 
pathogenesis. Persistent antigenic stimulation 
leads to chronic activation and exhaustion of 
CD4⁺ and CD8⁺ T cells. While exhausted T cells 
display impaired antiviral function, they continue 
to secrete inflammatory cytokines, particularly 
interferon-gamma, thereby perpetuating systemic 
inflammation. Concurrent loss of regulatory T-
cell function diminishes immune tolerance and 
fails to restrain excessive cytokine production, 
tipping the balance toward hyperinflammation 
[20]. 
 
The initiation of antiretroviral therapy represents 
a critical immunological turning point in HIV 
infection. In individuals with advanced 
immunosuppression, rapid restoration of immune 
function can trigger immune reconstitution 
inflammatory syndrome, a clinical entity that 
shares significant overlap with CRS. The sudden 
resurgence of pathogen-specific immune 
responses results in abrupt cytokine surges, driven 
by reactivated T cells and macrophages 
responding to residual antigens. This immune 
reconstitution–associated inflammation can 
escalate into a CRS-like state, particularly in the 
presence of opportunistic infections 
[21].Endothelial activation and dysfunction 
represent downstream consequences of excessive 
cytokine release in HIV-associated CRS. Pro- 

 
 
inflammatory cytokines promote endothelial 
permeability, coagulation abnormalities, and 
microvascular injury, contributing to hypotension 
and multi-organ involvement. These vascular 
changes not only amplify systemic inflammation 
but also link CRS to the increased cardiovascular 
and thromboembolic risks observed in people 
living with HIV [22-24]. 
 
Clinical Manifestations of Cytokine Release 
Syndrome in HIV Infection 
 
The clinical manifestations of Cytokine Release 
Syndrome (CRS) in HIV infection are diverse, 
nonspecific, and often overlap with other 
inflammatory and infectious complications 
commonly encountered in people living with 
HIV. This overlap contributes to underrecognition 
of CRS, particularly in patients with advanced 
disease, opportunistic infections, or those 
undergoing immune reconstitution following 
initiation of antiretroviral therapy [25].CRS in 
HIV typically presents with constitutional 
symptoms driven by systemic inflammation. 
Persistent or high-grade fever is the most frequent 
early feature, often accompanied by fatigue, 
malaise, myalgia, and anorexia. These symptoms 
may appear abruptly or evolve over days and are 
frequently indistinguishable from acute infections 
or sepsis. In HIV-infected individuals with 
chronic immune activation, even minor 
immunological triggers may precipitate a rapid 
escalation of symptoms [26]. 
 
As CRS progresses, cardiovascular manifestations 
become prominent. Patients may develop 
tachycardia, hypotension, and signs of capillary 
leak, reflecting cytokine-mediated endothelial 
dysfunction. Hypotension may range from mild to 
severe and, in advanced cases, can lead to 
circulatory instability requiring intensive 
supportive care. These features are particularly 
concerning in individuals with advanced HIV 
disease or concurrent infections, where 
physiological reserves are limited 
[27].Respiratory involvement is common and may 
manifest as tachypnea, hypoxemia, or acute lung 
injury. Elevated cytokine levels promote 
increased vascular permeability within the 
pulmonary microcirculation, resulting in  
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interstitial edema and impaired gas exchange. 
Clinically, this may mimic pneumonia or acute 
respiratory distress syndrome, especially in 
patients with coexisting pulmonary opportunistic 
infections such as tuberculosis or Pneumocystis 
pneumonia [28-30]. 
 
Hepatic and renal dysfunction are frequently 
observed in moderate to severe CRS. Hepatic 
involvement may present with elevated 
transaminases, cholestasis, or hepatomegaly, 
reflecting inflammatory injury and altered hepatic 
perfusion. Renal manifestations range from mild 
creatinine elevation to acute kidney injury, driven 
by hypotension, cytokine-induced endothelial 
damage, and immune-mediated renal 
inflammation. These organ dysfunctions 
significantly worsen prognosis if not promptly 
recognized and managed [31].Neurological 
manifestations, though less common, represent 
severe CRS involvement. Patients may exhibit 
headache, confusion, altered mental status, or 
reduced consciousness, reflecting 
neuroinflammation and disruption of the blood–
brain barrier. In individuals with HIV, these 
symptoms pose diagnostic challenges, as they 
overlap with central nervous system infections 
and HIV-associated neurocognitive disorders 
[32].In the context of immune reconstitution 
inflammatory syndrome, CRS-like manifestations 
may emerge shortly after initiation of 
antiretroviral therapy. These presentations are 
often marked by exaggerated inflammatory 
responses at sites of previous or occult infections, 
accompanied by systemic symptoms and organ 
dysfunction. The temporal relationship with ART 
initiation serves as a key clinical clue, although 
definitive distinction between IRIS and CRS 
remains challenging. 
 
Diagnostic Considerations in Cytokine Release 
Syndrome Associated with HIV Infection 
 
Diagnosing Cytokine Release Syndrome (CRS) in 
the context of HIV infection is particularly 
challenging due to its nonspecific clinical 
presentation and significant overlap with other 
common HIV-related conditions. Fever, systemic 
inflammation, and organ dysfunction—hallmark 
features of CRS—are also characteristic of sepsis,  

 
 
opportunistic infections, immune reconstitution 
inflammatory syndrome (IRIS), and HIV-
associated malignancies. As a result, CRS in 
people living with HIV is likely underdiagnosed 
or misclassified, especially in resource-limited 
settings [33].A high index of clinical suspicion is 
essential for diagnosis. CRS should be considered 
in HIV-infected individuals who present with 
persistent or rapidly escalating inflammatory 
symptoms that are disproportionate to identified 
infectious or structural causes. Temporal patterns 
provide important diagnostic clues, particularly 
the onset of symptoms following initiation of 
antiretroviral therapy, during acute HIV 
seroconversion, or in the setting of known 
opportunistic infections or malignancies 
undergoing treatment [34]. 
 
Laboratory evaluation plays a supportive but not 
definitive role in diagnosis. Elevated 
inflammatory markers such as C-reactive protein, 
ferritin, erythrocyte sedimentation rate, and D-
dimer are commonly observed and reflect 
systemic immune activation. Among cytokines, 
interleukin-6 is frequently elevated and correlates 
with disease severity in CRS; however, routine 
cytokine profiling is often unavailable and lacks 
standardized thresholds in HIV-associated CRS. 
Cytopenias, transaminitis, coagulopathy, and 
elevated lactate levels may further support the 
presence of a hyperinflammatory state 
[35].Exclusion of alternative diagnoses is a 
critical component of the diagnostic process. 
Comprehensive evaluation for bacterial, viral, 
fungal, and mycobacterial infections is 
mandatory, as untreated infections remain a 
leading cause of inflammation and mortality in 
HIV. Similarly, careful assessment for IRIS is 
required, particularly in patients recently initiated 
on ART, as IRIS and CRS share overlapping 
immunopathological features and clinical 
manifestations [36]. 
 
Imaging and organ-specific investigations may 
assist in assessing the extent of systemic 
involvement but are rarely diagnostic of CRS 
itself. Radiographic findings often reflect 
secondary inflammatory damage rather than a 
primary pathological process. In severe cases, 
trends in inflammatory markers and clinical  
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deterioration despite appropriate antimicrobial 
therapy may strengthen the suspicion of CRS 
[37].Importantly, there are currently no 
universally accepted diagnostic criteria for CRS 
in infectious diseases, including HIV. Existing 
CRS grading systems developed for 
immunotherapy-associated CRS may provide a 
conceptual framework but lack validation in HIV 
populations. This diagnostic gap underscores the 
need for context-specific criteria that integrate 
clinical severity, inflammatory biomarkers, and 
HIV-related factors [38]. 
 
Therapeutic and Management Implications of 
Cytokine Release Syndrome in HIV Infection 
 
The management of Cytokine Release Syndrome 
(CRS) in HIV infection is complex and requires a 
nuanced approach that balances control of 
excessive inflammation with preservation of host 
immune defense. Unlike immunotherapy-
associated CRS, for which standardized treatment 
algorithms exist, HIV-associated CRS lacks 
clearly defined management guidelines. 
Consequently, therapeutic decisions are largely 
individualized and driven by clinical severity, 
underlying triggers, and the patient’s 
immunological status [39].The cornerstone of 
management is prompt identification and 
treatment of precipitating factors. Opportunistic 
infections, co-infections, and HIV-associated 
malignancies frequently act as triggers for CRS 
and must be aggressively investigated and 
appropriately treated. Optimization of 
antiretroviral therapy is equally critical. In 
patients not yet on ART, initiation of therapy 
must be carefully timed and monitored, 
particularly in those with advanced 
immunosuppression, to minimize the risk of 
excessive inflammatory responses. In individuals 
already receiving ART, adherence and virologic 
suppression should be reassessed to reduce 
ongoing immune activation [40]. 
 
Supportive care remains fundamental in all cases 
of CRS. Management of fever, maintenance of 
hemodynamic stability, and monitoring of organ 
function are essential, particularly in moderate to 
severe disease. Patients with hypotension, 
hypoxemia, or evolving organ dysfunction may  

 
 
require intensive care support. Early recognition 
of clinical deterioration and escalation of care are 
crucial to improving outcomes 
[41].Immunomodulatory therapy plays a central 
role in severe or progressive CRS. Corticosteroids 
are the most commonly used agents, particularly 
in CRS associated with immune reconstitution 
inflammatory syndrome. By broadly suppressing 
cytokine production and immune activation, 
corticosteroids can rapidly ameliorate symptoms 
and prevent further organ damage. However, their 
use must be carefully weighed against the risk of 
secondary infections, especially in severely 
immunocompromised individuals [42]. 
 
Targeted cytokine inhibition represents a 
promising but largely investigational approach in 
HIV-associated CRS. Therapies aimed at key 
inflammatory mediators, such as interleukin-6 or 
interleukin-1, have shown efficacy in other CRS 
contexts but remain insufficiently studied in 
people living with HIV. Concerns regarding 
immunosuppression, drug–drug interactions with 
ART, and cost limit widespread adoption, 
particularly in resource-constrained settings. 
Nevertheless, these agents may offer future 
therapeutic options for refractory or life-
threatening cases [43].Close clinical monitoring is 
essential throughout the course of CRS 
management. Serial assessment of inflammatory 
markers, organ function, and clinical status helps 
guide treatment decisions and tapering of 
immunosuppressive therapy. Multidisciplinary 
collaboration among infectious disease specialists, 
immunologists, and critical care teams enhances 
comprehensive care and risk mitigation. 
 

Conclusion 
 
Cytokine Release Syndrome represents an 
important yet underrecognized manifestation of 
immune dysregulation in HIV infection. Driven 
by chronic immune activation, microbial 
translocation, impaired immune regulation, and 
abrupt immune restoration, CRS reflects an 
extreme end of the HIV-associated inflammatory 
spectrum rather than a distinct pathological entity. 
Its clinical presentation is heterogeneous and 
often indistinguishable from sepsis, opportunistic 
infections, or immune reconstitution  
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inflammatory syndrome, contributing to 
diagnostic and therapeutic challenges.Recognition 
of CRS in people living with HIV has significant 
clinical implications. Early identification and 
appropriate management can mitigate progression 
to severe organ dysfunction and reduce mortality, 
particularly in individuals with advanced disease 
or concurrent infections. Current management 
strategies rely largely on supportive care, 
treatment of underlying triggers, and cautious use 
of immunomodulatory therapies, underscoring the 
absence of standardized, HIV-specific guidelines. 
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