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Abstract
Background: Cytokine storm syndrome (CSS) in pediatric patients with severe viral infections is a life-threatening hyper-inflammatory response leading 
to multi-organ dysfunction. Despite growing recognition, limited data exists on its clinical phenotype and therapeutic strategies in children.Objective: 
To describe the phenotypic features, diagnostic findings, and outcomes of pediatric patients with viral-induced CSS treated at a tertiary care hospital 
using advanced immunomodulatory therapies.Methods: We conducted a retrospective analysis of eleven previously healthy children admitted to Al Jalila 
Children’s Hospital from October 2022 to October 2024. Demographics, viral etiology, biomarkers, imaging, and treatment responses were evaluated.
Results: Patients presented with systemic inflammation, respiratory distress, and frequent cardiovascular involvement. All patients received intravenous 
immunoglobulin; six required corticosteroids, and four received biologic agents including anakinra, tocilizumab, or ruxolitinib. All patients showed clinical 
resolution without long-term complications.Conclusion: Early identification of CSS and timely implementation of targeted immunomodulatory therapy 
in pediatric patients with severe viral infections may significantly improve outcomes. These findings highlight the need for diagnostic vigilance and a 
multidisciplinary treatment approach in managing pediatric CSS.
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INTRODUCTION 

Cytokine storm syndrome (CSS), a cascade of inflammatory 
reactions that create extensive tissue damage and multi-
organ dysfunction, is becoming more widely identified in 

circumstances of severe pediatric viral infections.   A excessive 
level of pro-inflammatory cytokines, which sets off a series of 
inflammatory reactions that cause severe tissue damage and multi-
organ failure, is what defines CSS1. The COVID-19 pandemic has 
recently brought CSS in pediatric patients back into the spotlight 
due to research showing that a subset of children infected with 
SARS-CoV-2 develop a hyper-inflammatory syndrome known as 
multisystem inflammatory syndrome in children (MIS-C), which 
shares many characteristics with CSS2-5. Because their health 
can rapidly deteriorate, it is crucial to identify CSS in young 
patients with viral infections. Therefore, early recognition of this 
hyperinflammatory syndrome is crucial for guiding efficient timely 
immunomodulatory therapy.

However, there is still no precise medical characterization of the 
CSS caused by viral illnesses in pediatric kids, in particular when 
it comes to immunomodulatory treatment.  This retrospective 
analysis of case series intends to analyze the clinical features, 
lab abnormalities, therapeutic management and responses, and 
phenotypic patterns of CSS among the included cases.

METHODOLOGY

Study design and setting

This study was a retropsective case series that was undertaken at 
Al Jalila Childrens’ Hospital (AJCH), a tretiery referal hospital in the 
United Arab Emarite throughout two years from October/2022 to 
2024.
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Inclusion and exclusion crtiteria

All admitted children aged from 0-12 years with proven 
viral infection and evidence of hyperinflammatory state 
that is consistant with disagnosis of CSS defined by 
rise in inflammotary markers and indicators of organ 
involovement. Whereas, all children with autoimmune 
disease, immunodefeciency, hereditary hyperinflammatory 
syndromes, or malignant disorders were excluded.  
Additionally, all cases with inadequate or missing medical 
records or laboratory data were not included.

Data collection

Demographic data such as age and gender were gathered 
from medical resords.  To describe phenotypic trends that 
might help in diagnostic and treatment decisions in similar 
scenarios, we carefully reviewed a variety of clinical data.  
The information gathered included viral test results to 
confirm the existence of specific infections in addition to a 
thorough immunoglobulin profile (IgG, IgM, and IgA) and 
lymphocyte subsets to assess the condition of the immune 
response. 

Inflammatory markers, including procalcitonin (PCT), 
ferritin, fibrinogen, D-dimer, lactate dehydrogenase (LDH), 
coagulation profile, cardiac enzymes, C-reactive protein 
(CRP), brain natriuretic peptide (BNP), liver, and renal 
functions, were evaluated to assess the degree of the 
inflammatory response. Chest X-rays and echocardiograms 
(ECHO) were used to evaluate pulmonary involvement and 
any associated cardiovascular problems, both of which are 
common in juvenile CSS. 

Therapeutic options included the use of antivirals 
when needed, immunomodulatory medications (such 
as corticosteroids, interleukin-6 inhibitors, and other 
biologics), and supportive care methods like mechanical 
breathing and inotropic support.  These treatments were 
assessed for their ability to lower inflammation, alleviate 
respiratory and cardiac problems, and ultimately improve 
patient outcomes. Cases of CSS were defined by elevated 
pro-inflammatory cytokines and clinical evidence of multiple 
organ involvement with abnormalities in test markers.  At 
least two elveted biomarkers and indications of organ failure 
were present in every patient that was considered.

Intravenous immunoglobulins (IVIG), corticosteroids, and a 
variety of biological drugs, including JAK1/2 inhibitors, IL-1 
receptor antagonists, and IL-6 receptor antagonists, were 
documented as therapeutic interventions. Antigoagulants 
and supportive care were also provided for the included 
individuals. 

Clinical improvement without long term complication was 
the primary outcome of this research study.  Whereas time 
of admission and normalization of laboratory biomarkers 

were the secondary outcomes. This study used anonymized data 
from a retrospective chart review. According to institutional rules, 
consent was already waived.

RESULTS

Demographic and clinical characteristic of the included patients 

Eleven cases—six females and five males—were hospitalized 
to AJCH during a two-year period with viral infections that were 
worsened by severe cytokine storms. The patients had previously 
been healthy.  The age range was two weeks to nine years, with 
over half (n=6, 55.5%) being under two years old.  All included 
patients presented with significant manifistations compatible with 
diagnosis of CSS.

Among the eleven children who were diagnosed with viral-induced 
CSS, six patients (54.4%) necessitating admission to the critical 
care unit with significant respiratory, circulatory, and systemic 
inflammatory response. 

Polymerase chain reaction (PCR), a highly sensitive and specific 
technique that enabled precise identification of the infecting 
pathogens, was used to identify viruses. Precise pathogen 
identification was made possible by this method, guaranteeing 
suitable antiviral treatment and isolation measures for viral 
infections. 

A dengue virus infection was identified in two patients, both of 
whom had severe systemic inflammatory response such as multi-
organ failure and noticeable hemodynamic instability. Three 
patients had adenovirus infection, and all three had serious 
respiratory symptoms, such as acute complicated pneumonia, 
necessitating mechanical ventilation.

In one case, influenza B was found, and in another, parainfluenza 
virus, one patient who had influenza A and subsequently 
developed pneumonia secondary to Streptococcus pneumoniae. 
which probably made the inflammatory response worse and made 
managing him more difficult, two more cases had Respiratory 
syncytial virus (RSV), and lastly one case had Human metapneumo 
virus (HMP) infection Table 1.   

The occurrence of cytokine storm in each of the eleven patients 
was evaluated using biomarker analysis in addition to viral testing. 
The diagnosis of cytokine storm syndrome was supported by 
elevated levels of important inflammatory biomarkers, including 
procalcitonin, ferritin, interleukin-6 (IL-6), and C-reactive protein 
(CRP), which were all consistent with a hyper-inflammatory 
response. Together with the clinical presentation, these biomarkers 
were essential in helping to direct each patient’s treatment and 

management.

Notably eight children had abnormal echocardiogram (72.7%), 
four of whom were admitted to pediatric ICU and subsequently 
improved. Seven out of eleven (63.6%) developed pulmonary 
complications including necrotizing pneumonia in one case these 
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Table 1.Demographic and clinical characteristic of the 
included patients

Characteristic N (%)

Age (median) range 2 (11 days-9 years)

Gender (male) 5 (45.5)

Diagnosis on admission  

RSV with coronary dilatation 1 (9.1)

Dengue  2 (18.2)

Adenovirus/RSV rhino  2 (18.2)

Parainfluenza/rhino 1 (9.1)

Human metapneumovirus 1 (9.1)

Adenovirus pneumonia 1 (9.1)

RSV pneumonia  1 (9.1)

Influenza A with strep pneumonia    1 (9.1)

Influenza B with bilateral 
pneumonia

1 (9.1)

were abnormalities which suggested cytokine-mediated 
cardiac involvement, included reduced left ventricular 
ejection fraction, pericardial effusion, and myocardial 
dysfunction features. These results highlight how the 
cytokine storm in pediatric patients is systemic, often 
affecting the cardiovascular and pulmonary systems. Table 
2 shows a more thorough summary of the Laboratory 
characteristics, biomarker analysis, and imaging findings 

of the included patients 

Treatment of the included children & outcomes

All eleven pediatric patients with viral-induced CSS received 
IVIG as part of their treatment. The immunomodulatory 
qualities of IVIG, a commonly used therapeutic drug, aid 
in regulating the hyperactive immune response linked to 
cytokine storms. The purpose of IVIG in this group was to 
provide passive immunity and lessen the inflammatory 
cascade, both of which are essential in situations involving 
severe viral infections and cytokine dysregulation. 

Due to the severity of the inflammatory response 
observed in some patients, corticosteroid treatment was 
initiated. In total, six patients received corticosteroids 
along side IVIG. Corticosteroids are frequently used to 
reduce inflammation and inhibit the overactive immune 
response. In order to successfully alleviate the negative 
consequences of the cytokine storm and stop more tissue 
damage, corticosteroids can decrease the production of 
pro-inflammatory cytokines.

Among the six patients who received steroids, two 
patients even after receiving steroids continued to 
deteriorate clinically and in laboratory markers so 
were given biologic treatments, demonstrating the 
increasing significance of targeted immunotherapies 

in the management of cytokine storms. The interleukin-1 (IL-1) 
receptor antagonist Anakinra. By inhibiting the actions of IL-1, a 
crucial mediator in the cytokine storm pathway, anakinra has been 
demonstrated to lower inflammation. Anakinra helps to restore 
immunological homeostasis and lessen the harm brought on by 
excessive inflammation by blocking this pro-inflammatory cytokine.  
Additionally, among the two patients who received anakinra one 
improved but other one had to be given Janus kinase (JAK) inhibitor 
(Ruxolitinib), another biologic drug employed in this cohort. JAK1 
and JAK2, which are implicated in the signaling pathways of multiple 
cytokines, including those that cause the inflammatory response 
observed in cytokine storm, are inhibited by ruxolitinib. Ruxolitinib 
may be able to lessen cytokine-driven inflammation and the 
symptoms of cytokine storm syndrome by specifically targeting this 
pathway.

One patient who didn’t improve with steroids received tocilizumab, 
an antagonist of the interleukin-6 (IL-6) receptor. Tocilizumab 
effectively inhibits the function of IL-6, which is a key factor in 
triggering the inflammatory response in cytokine storm. This 
reduces inflammation and enhances clinical results. Tocilizumab’s 
use in this group was justified by its capacity to target a crucial 
cytokine implicated in immunological dysregulation brought on by 
viruses.

Five patients received aspirin as part of their anticoagulant 
treatment and one received clopidogrel as he was Glucose 6 
phosphate dehydrogenase deficient. Because the cytokine storm 
can cause a procoagulant condition, aspirin is frequently used to 
prevent thromboembolic events. Aspirin helped lower the risk of 
vascular problems, which are frequently observed in cases of severe 
viral infections and cytokine-induced inflammation, by preventing 
platelet aggregation and lowering the chance of clot formation.

All patients including the six patients those were admitted to PICU 
exhibited notable clinical improvement after these treatment 
procedures. After obtaining the proper follow-up care, they were 
later sent home in stable health. The multidisciplinary treatment 
approach was successful in handling these difficult patients, as 
evidenced by the follow-up examinations that showed no long-term 
effects or sequelae associated with the initial viral infection or the 
cytokine storm.

Table 3 Shows extensive information on the individual interventions 
utilized, patient responses to the treatment techniques and clinical 
outcomes for each patient. 

DISCUSSION

The recent cases of viral-induced cytokine storm syndrome (CSS) 
at Al Jalila Children’s Hospital reveal a number of critical clinical, 
laboratory findings and demographic aspects in the management 
of severe viral infections in children. Notably, the age distribution 
of the patients, with more than half (55.5%) under the age of two, 
illustrates the higher vulnerability of younger children to severe 
immunological responses, as previously observed as detailed 
previously6. Viral infections such as influenza virus, respiratory 
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Table 2. Laboratory characteristics, biomarker analysis, and 
imaging findings of the included patients

Laboratory, biomarker analysis N (%) 

WBC (high level) 4 (36.4)

Absolute Neutrophil Count (high level) 1 (9.1)

Platelets count (high) 1 (9.1)

Platelets count (low) 2 (18.2)

CRP (high) 7 (63.6)

Procalcitonin 10 (90.9)

Erythrocyte sedimentation rates (high) 7 (636)

Ferritin (high) 11 (100)

Fibrinogen (high) 10 (90.9)

Pro BNP 5 (45.5)

IL 1 (high)* 1 (9.1)

IL 6** 2 (18.2)

COVID  antibodies (positive) 9 (81.8)

ECHO (abnormal) 6 (54.5)

Blood culture (Streptococcus pneumonia) 1 (9.1)

Urine culture (Achromobacter dentrificans) 1 (9.1)

Respiratory culture (Enterobacter cloacae 
complex)

1 (9.1)

Chest X ray (abnormal findings)        6 (54.5)

***ECG (abnormal) 8 (72.7)  
*Done for one patient               ** D one for 4 patient           *** 
echocardiogram

syncytial virus (RSV), adenovirus, and dengue virus were 
prevalent among these patients, consistent with previous 
research indicating that viral infections can cause severe 
inflammatory responses, particularly in immunologically 
immature populations referred by other researchers7-10. 

The prevalence of complex co-infections, such as rhinovirus 
and adenovirus in one patient, highlights the difficulty of 
managing multi-pathogen infections, which aggravate the 
cytokine response and complicate treatment options4,11-13. 

Furthermore, examples of dengue virus infection resulting 
in multi-organ failure and hemodynamic instability 
demonstrate the systemic impact of certain viral 
infections, as well as the vital necessity for immediate, 
aggressive care as per other researchers14.. The necessity 
for mechanical ventilation in patients with severe 
adenovirus-related respiratory symptoms highlights the 
importance of early detection and intensive respiratory 
assistance in treating severe viral infections in children15.

These findings advance our understanding of the intricacies 
of viral infections in young children, emphasizing the 
importance of prompt diagnosis and multidisciplinary 
therapy in improving patient outcomes.

The numerous viral pathogens found in these pediatric patients 
highlight the complexities of handling viral-induced CSS, especially 
when co-infections are present. The detection of respiratory 
pathogens such as human metapneumovirus (hMPV), influenza 
B, parainfluenza virus, and influenza A, as well as Streptococcus 
pneumoniae co-infection, emphasizes the importance of viral-
bacterial interactions in complicating clinical outcomes16-19.

Notably, the presence of bacterial superinfection caused by 
Streptococcus pneumoniae in influenza A resulted in more severe 
clinical development, a condition well described in respiratory 
illnesses20-21. The use of polymerase chain reaction (PCR) technology 
proved crucial in precisely identifying viral diseases, allowing for 
targeted antiviral therapies and infection control measures. This 
emphasizes the significance of molecular diagnostics in determining 
optimal therapeutic strategies22. Biomarker analysis validated 
the diagnosis of cytokine storm, with high levels of procalcitonin, 
ferritin, interleukin-6 (IL-6), and C-reactive protein (CRP), all of 
which indicate a hyper-inflammatory state23.

These biomarkers, combined with clinical presentations, were 
critical in guiding treatment methods, proving inflammation’s 
significance in CSS pathogenesis. The echocardiography findings 
of left ventricular failure, pericardial effusion, and myocardial 
dysfunction in four out of the six patients admitted to PICU highlight 
the systemic nature of the cytokine storm, with the cardiovascular 
system being especially vulnerable24. These findings highlight the 
necessity of monitoring several organ systems, especially the heart 
and lungs, in critically unwell young patients with viral infections. 
Finally, the use of precise viral diagnoses, biomarker profiling, and 
imaging proved critical in controlling these patients and improving 
patient outcomes.

In the current study at AJCH, treatment of pediatric patients with 
viral-induced CSS using a combination of immunomodulatory 
medications was aimed at reducing the hyper-inflammatory 
response. All eleven patients received IVIG, a well-known therapy 
for immunological dysregulation during cytokine storms. Previous 
research has extensively documented IVIG’s potential to modify 
immune function by providing passive immunity and reducing 
excessive inflammation5,23. Corticosteroids were also used to 
minimize the inflammatory cascade, with their ability to suppress 
the generation of pro-inflammatory cytokines supporting their 
utility in preventing tissue damage in severe viral infections25.

The use of biologic medications in four individuals represents a 
significant advancement in the management of cytokine storm. 
Anakinra, an interleukin-1 receptor antagonist, was utilized in two 
patients to reduce inflammation, an approach that has shown 
promise in situations with overactive immune responses26. The 
use of ruxolitinib, a Janus kinase (JAK) inhibitor, in another patient 
demonstrates the growing significance of targeted immunotherapies 
in treating cytokine storms by selectively blocking cytokine signaling 
pathways involved in inflammation27. Tocilizumab, an IL-6 receptor 
antagonist, was also employed, taking advantage of its capacity 
to block IL-6, a critical mediator in cytokine-driven inflammation, 
an approach that has gained popularity in the treatment of 
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Table 3. Therapeutic management and outcomes of the 
included patients  

Therapy N (%) 

IVIG 11 (100)

Steroids 6 (54.5)

Anakinra 2 (18.2)

Acetyl salicylic acid 5 (45.5)

Tocilizumab 1 (9.1)

Clopedogril 1 (9.1)

 Ruxolitinib 1 (9.1)

PICU Admission 6 (54.5)

Oxygen required 5 (45.5)

Outcome*  

Good & discharged 11 (100)

candidate for heart, lung transplant 1 (9.1) 

Hospital stay (mean & range) days 24.2 ( 3-81)*Good 
clinical outcomes 
based on biomarker 
normalization which was 
correlated with clinical 
recovery 

*Good clinical outcomes based on biomarker normalization 
which was correlated with clinical recovery 
inflammatory disorders such as cytokine storms28.

Furthermore, using aspirin as primary anticoagulant in 
five patients was critical in minimizing thromboembolic 
consequences, as cytokine storms are frequently 
associated with a procoagulant condition4. Surprisingly, all 

eleven patients showed significant clinical improvement, with no 
long-term consequences from treatment. This accomplishment 
emphasizes the value of a multidisciplinary approach that 
includes immunotherapy, supportive care, and anticoagulation in 
the treatment of severe pediatric viral infections accompanied by 
cytokine storms.

Limitations

This study is constrained by its retrospective, single-center design 
and limited sample size. The absence of standardized cytokine 
profiling and lack of long-term biomarker follow-up may impact 
the generalizability of the results. Future prospective, multicenter 
studies are needed to confirm the therapeutic efficacy and to 
establish optimal timing and selection of interventions.

CONCLUSION

These findings offer valuable insights into the management of 
pediatric cytokine storm syndrome, highlighting the potential 
benefits of individualized, immune-targeted therapies; such as 
IVIG, corticosteroids, and biologic agents in children with severe 
viral infections. The complete recovery of all patients without 
long-term complications emphasizes the promise of early, 
targeted intervention in enhancing both survival and functional 
outcomes.
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