JOURNAL OF HEALTHCARE SCIENCES

Volume 5 Issue 7 2025, Article ID: JOHS2025001074
http://dx.doi.org/10.52533/JOHS.2025.50709
e-ISSN: 1658-8967

= JOURNAL OF
HEALTHCARE
SCIENCES

Review

Persistent Hyperinflammation in Children with Adenovirus
Pneumonia Requiring Intensive Support

Salah Alzanbagi'®, Zaki Alhothli2, Mubarak Alazemi®, Hamad Alshammy*, Sulaiman Alosaimi*, Ahmed
Alhejalili®, Manar Almutairi®

! Department of Pediatrics, Al Aziziyah Children Hospital, Jeddah, Saudi Arabia
2 Department of Pediatrics' King Salman Medical City, Medinah, Saudi Arabia

% Department of Pediatrics, Al-Adan Hospital, Aldaher, Kuwait

* Department of Pediatrics, Jaber Al-Ahmad Hospital, Zahra, Kuwait

® College of Medicine, Jordan University of Since and Technology, Irbid, Jordan
% College of Medicine, Arabian Gulf University, Manama, Kingdom of Bahrain

Correspondence should be addressed to Salah Mohammed Alzanbagi, Department of Pediatrics, Al
Aziziyah Children Hospital, Jeddah, Saudi Arabia. Email: salahalzanbagi@gmail.com

Copyright © 2025 Salah Mohammed Alzanbagi, this is an open-access article distributed under the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Received: 07 July 2025, Accepted: 22 July 2025, Published 22 July 2025.

Abstract

Human adenovirus (HAdV) is one of the most common causes of pneumonia in children. It can lead to severe
adenovirus pneumonia, increasing the risk of serious complications, morbidity, and mortality. Both innate and
adaptive immunity systems respond to adenovirus infection. However, this immune response may be excessive,
causing a pathologic immune condition called ‘hyperinflammation’. Evidence on mechanisms and management
of hyperinflammation in children with adenovirus pneumonia is lacking. The aim of this review is to explore
current evidence that involves data on persistent hyperinflammation in children with adenovirus pneumonia
requiring intensive support. In the early phase, adenovirus pneumonia is characterized by non-specific symptoms
such as fever, wheezing, and cough. This infection may induce hyperinflammation that can further worsen the
condition, leading to severe adenovirus pneumonia that may require intensive support. Excessive cytokine release
may occur, resulting in what’s described “cytokine storm”, leading to hypoxia, vascular leakage, pulmonary
edema, and potentially acute respiratory distress syndrome. These cytokines include interleukin-1o (IL-1a), IL-
1B, IL-6, IL-8, IL-12, IFN-y, IFN-a2, and tumor necrosis factor (TNF). Various approaches were introduced to
mitigate the effects of hyperinflammation, including blood purification, glucocorticoids, and immunoglobulins.
Further research is urgently needed to elucidate the immunopathology of adenovirus-induced hyperinflammation
and to establish evidence-based treatment protocols tailored to the pediatric population.
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Introduction

Human adenovirus (HAdV) is a common cause of
pediatric pneumonia, accounting for 4%-19% of all
pediatric pneumonia cases (1), 5%—-10% of all lower
respiratory tract infections in children, and 2%-5%
of all respiratory illnesses in children (2, 3). It
commonly occurs in children aged 6 months to 5
years (4). The incidence of severe adenovirus
pneumonia is about 32% of all pediatric severe
pneumonias (5). Severe adenovirus pneumonia
typically manifests dyspnea, high fever, wheezing,
hypoxia, and multisystem disorders (1, 5).
However, early diagnosis of HAdV through
nonspecific clinical symptoms is difficult because
children's immune systems, particularly their
humoral immunity, are still underdeveloped, and
they are more vulnerable to severe infections (6).
This immaturity helps explain the higher mortality
rates and the increased likelihood of progression to
severe disease with potentially serious long-term
complications (7).

Both adaptive and innate immunity systems are
activated in response to HAdV infection (8). The
infection can induce the secretion of IL-1, IL-2,
TNF, macrophage inflammatory protein, and
macrophage inflammatory protein (9). These
cytokines have an antiviral function and limit the
amplification and spread of the virus. Natural killer
cells are also activated to attack cells infected with
virus (10). On the other hand, viral components
suppress the transcription of interferon-inducible
genes, a process that promotes viral replication (11).

The immune response in some cases of HAdV
infection can be pathological in lungs and
systemically. This pathological immune response is
described as ‘hyperinflammation’ and results in
immune-mediated end-organ damage that can
compromise gas exchange (12). This abnormal
immune response can lead to pneumonia and acute
respiratory distress syndrome (ARDS) that requires
mechanical ventilation. It also can lead to failure of
other organs, contributing to global deaths due to
pneumonia (13).

The mechanisms and effects of hyperinflammation
in children with adenovirus pneumonia are still
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unclear. Thus, the aim of this review is to explore
current evidence that discusses persistent
hyperinflammation in children with adenovirus
pneumonia that requires intensive support,
highlighting various interventions introduced to
manage this condition.

Methods

A comprehensive literature search was conducted in
Medline (via PubMed), Scopus, and Web of Science
databases up to June 1, 2025. Medical Subject
Headings (MeSH) and relevant free-text keywords
were used to identify synonyms. Boolean operators
(AND’, OR’) were applied to combine search terms
in alignment with guidance from the Cochrane
Handbook for Systematic Reviews of Interventions.
Key search terms included: ‘“Adenovirus” OR
“Adenovirus Pneumonia” OR “Pneumonia” AND
“Hyperinflammation” OR “Persistent
Hyperinflammation” OR “Cytokine Storm” OR
AND “Children” OR “Pediatrics”. Summaries and
duplicates of the found studies were exported and
removed by EndNoteX8. Any study that discusses
the persistent hyperinflammation in children with
adenovirus pneumonia requiring intensive support
and published in peer-reviewed journals was
included. All languages are included. Full-text
articles, case series, and abstracts with the related
topics are included. Case reports, comments, animal
studies and letters were excluded.

Discussion
Clinical Features of Adenovirus Pneumonia

The most significant predictors of severe HAdV
pneumonia in children are wheezing, fever duration
>4.5 days, serum ferritin (SF) >139.60 ng/mL, and
neutrophil percentage (NEUT%) >47.60. It is
associated with high mortality, morbidity, and long-
term complications in 14-60% of cases (14, 15).
Thus, it is critical to identify and manage HAdV
pneumonia early since there is no specific antiviral
treatment, especially for its severe form (16, 17).

There are no statistically significant gender
differences in the susceptibility of infection with
HAdV, as the male-to-female ratio is 1.15:1(18).
Although some studies suggest boys may be more
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susceptible (19), further large-scale studies are
needed. Global reports state that it most commonly
affects children under 5 years (84.2%) (18).
Notably, 26% of severe cases were reported in
children >5 years old, indicating an increased risk of
critical illness in older children; however, this
finding is inconsistent between studies (20).

The incubation period of HAdV is 3-8 days,
manifested with high fever, cough, and wheezing
(18). The duration of fever is significantly longer in
severe cases, indicating that prolonged fever (>7
days) is correlated with severity of the disease (18).
A recent study further narrowed the risk threshold
to >4.5 days. Furthermore, wheezing, especially if
persistent, is more common in Severe cases
(24.76%) and indicates poor prognosis. HAdV may
also lead to systemic adverse effects, including
coagulation disorders, electrolyte imbalances, and
liver injury. These systemic adverse effects are also
more prevalent in severe cases, highlighting the
need for monitoring for multisystem involvement
(21).

The auscultatory findings of HAdV pneumonia may
appear after radiographic changes, making imaging
a critical tool for early diagnosis. In non-severe
cases, X-rays can be useful as they can detect
pulmonary texture thickening, while in severe cases
(20), CT scans can detect higher rates of
consolidation, pleural effusion, and atelectasis.
Therefore, CT is recommended for assessing
complications or when clinical and imaging
findings are discordant (22). Lab findings in severe
cases typically show elevated inflammatory
markers, including WBC, NEUT%, CRP, IL-6, SF,
ESR, IgG, IgA, and IgM.

Pathogenesis of Adenovirus Pneumonia

HAdV infection is typically self-limiting and
resolves in 7-10 days without medical treatment and
without significant effect on inflammatory markers
(16). However, some species such as HAdV-B14p1,
HAdV-B7, and HAdV-B3 may lead to severe
respiratory diseases, including acute respiratory
distress syndrome and pneumonia, and significant
immune changes (16). Increased levels of pro-
inflammatory cytokines and chemokines were
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observed in the plasma, serum, and bronchoalveolar
lavage fluid of immunocompetent children and
adults with pneumonia caused by HAdV-B3 and B7
(23). These cytokines include IL-1a, IL-1pB, IL-6,
IL-8, IL-12, IFN-y, IFN-02, and TNF-a, while
chemokines include CCL2, CCL3, and CXCL10
(24-27). These responses are systemic and
stereotypic, with prolonged increases of these
cytokines in severe cases (>2 weeks), while levels
dropped by day 14 in milder infections (25). The
severity of HAdV in pediatrics is correlated with the
high levels of the pro-inflammatory cytokine levels
(25).

Once the adenovirus enters the body, the Fcy
receptors on dendritic cells and macrophages
recognize virus-antibody complexes, resulting in
endocytosis (6). Then the viral DNA interacts with
Toll-like receptor 9 (TLR9) inside the cells, which
activates the MyD88-dependent pathway, inducing
the release of cytokines via MAPK/AP-1 and NF-
kB signaling (28, 29). Scavenger receptor A also
activates the immune system through cellular
endocytosis (30). Furthermore, danger-associated
molecular patterns (DAMPs) and pathogen-
associated molecular patterns (PAMPS) bind to
receptors, including CD36 and TLR, activating NF-
kB, which activates NLRP3 inflammasomes and
AIM2. These engage with ASC and caspase-1,
converting pro-IL-1 to IL-1B and inducing
inflammation (31, 32).

Previous evidence has been focused on canonical
inflammasomes like AIM2 and NLRP3 (28, 33, 34).
A recent study investigated the activation of
noncanonical inflammasomes during HAdV
infection, particularly caspase-4 and caspase-5 (35).
The study performed an analysis of GEO datasets
and found increased expression of caspase-4 and
caspase-5 in pediatric patients with adenovirus
pneumonia, which correlates with disease severity.
The study also used THP-1-derived macrophages as
an in vitro model and found that HAdV-3 infection
activated intracellular caspase-4 and caspase-5,
induced GSDMD cleavage and macrophage
pyroptosis, and silenced caspase-4/5 reduced
GSDMD cleavage and virus release, without
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affecting viral entry or replication, suggesting
pyroptosis facilitates virion egress (35).

The study also explored the signaling pathways and
showed that STING signaling contributed to
canonical inflammasome activation but not to
noncanonical caspase-4/5 activation. The NF-xB
and TLR9 pathways have been shown to play a key
role in triggering the expression and cleavage of
caspase-4/5 (35). This was confirmed by NF-xB
inhibitor experiments. Thus, the study suggested
that TLR9-NF-xB signaling, not STING, is the
primary driver of noncanonical inflammasome
activation in HAdV infection.

Although the canonical and noncanonical
inflammasomes independently induce pyroptosis,
both can act synergistically in some infections. This
occurs when caspases-4/5/11 induce K* efflux,
which activates NLRP3 (31). In contrast, caspase-1
can activate IL-18, which primes caspase-11 via
IFN-y (36). Notably, caspase-11 is not necessarily
essential for caspase-1 activation, as it depends on
the pathogen (37). Therefore, the study stated that
HAdV-3  infection  activates  noncanonical
inflammasomes, including caspase-4 and caspase-5,
causing macrophage pyroptosis and enhanced virus
release. Silencing these caspases decreased virus
titers in vitro, highlighting their role in viral
dissemination. Furthermore, clinical severity of
infection is correlated with high caspase-4/5
expression, making them potential biomarkers for
adenovirus pneumonia prognosis (35). Mechanisms
of adenovirus entry to human cells and body
immune response are shown in Figure 1.

Hyperinflammation in Adenovirus Infection

Adenovirus pneumonia in pediatrics may lead to
persistent hyperinflammation, causing indirect
tissue damage primarily by activating the host
immune system. Cytokines play a pivotal role in

regulating immune response against different
viruses, including adenovirus; however, an
abnormal excessive activation of cytokines

“cytokine storm” can lead to serious harm to the
human body (6). This cytokine storm may result in
apoptosis of alveolar endothelial and epithelial cells
and disruption of the alveolar-capillary barrier,
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leading to hypoxia, vascular leakage, pulmonary
edema, and potentially acute respiratory distress
syndrome (38). The lungs start to repair in the late
phase of adenovirus infection through the
accumulation of macrophages secreting growth
factors, including transforming growth factor-beta
(TGF-B) and epidermal growth factor (39).

TGF-B has a role in fibroblast-to-myofibroblast
differentiation, epithelial-mesenchymal transition
(40), and apoptosis of type 11 alveolar epithelial cells
(41). The consequences of these actions are
fibroblast  proliferation, extracellular — matrix
deposition, and reduction of surfactant, leading to
airway fibrosis and possibly post-infectious
bronchiolitis obliterans (PIBO).

Treatment of Adenovirus Pneumonia

As mentioned above, it is critical to early
identification and management of adenovirus
infection. In the early phase, general treatment is
recommended, including isolation to prevent cross-
infection, fever reduction, and organ function
monitoring (heart, liver, kidneys) (6). Cidofovir is a
broad-spectrum antiviral that should also be
administered, as it inhibits viral DNA polymerase;
however, it is nephrotoxic and suppresses bone
marrow (16, 42). Ribavirin has shown some
efficacy, but it lacks strong clinical support (43, 44).
Brincidofovir is a lipid-conjugated cidofovir with
lower toxicity; it is more effective in hematopoietic
stem cell transplantation patients (45). In vitro
experiments showed that heparin and derivatives
inhibit viral entry and cytokine activity (IL-6, IFN-
v), but risks like bleeding require further trials (46,
47).

These patients may also need respiratory support
and bronchoalveolar lavage (BAL); choosing
whether noninvasive or invasive ventilation is more
appropriate depends on severity. High-flow nasal
cannula can provide humidified oxygen with fewer
complications compared to invasive ventilation
(48). Bronchoscopy and BAL are typically used to
remove mucus plugs, thus improving diagnosis and
recovery; however, benefits in mild versus severe
cases remain debatable (49). Extracorporeal
membrane oxygenation (ECMO) is always an
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option for refractory cases unresponsive to
ventilation. Its survival rate in newborns is 13.6%

Pt
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and 51% in children. Notably, delayed ECMO is
associated with increased mortality (50).

Immune reaction
Innm Immune Response

Figure 1: Mechanism of adenovirus entry to human cells and body immune response (6).

Treatment of hyperinflammation

Various interventions have been introduced to
manage hyperinflammation in children with
adenovirus pneumonia, such as blood purification
and immunoregulation therapy. Blood purification
can selectively get rid of inflammatory cytokines
and mitigate the harm to the body. Therefore, it can
prevent excessive immunity and achieve therapeutic
purposes (51). Blood purification can also manage
fluid overload associated with adenovirus-induced
organ dysfunction (52). Avoiding this in early stages
can reduce the duration of mechanical ventilation,
morbidity, and mortality (53). However, evidence
supporting blood purification effectiveness is still
lacking, particularly in children with adenovirus
pneumonia.

Various immunoregulation therapies are available,
including glucocorticoids, intravenous
immunoglobulin, and monoclonal antibodies (6).
Immunoglobulin is a group of immune proteins
produced by B lymphocytes, mainly composed of
IgG. These proteins can bind and inactivate
inflammatory factors like IL-1 and TNF-a,
achieving an anti-inflammation purpose. They also
block intercellular interactions mediated by cell
surface receptors, achieving an important
immunoregulatory function; however, their exact
effect and mechanisms still need further
clarification (54).

On the other hand, glucocorticoids are known to
have immunoregulatory, anti-inflammatory, and
antishock  effects. Early administration of
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glucocorticoids in these cases has been shown to
enhance the success rate of treatment (55), decrease
the requirement for invasive ventilation, reduce the
incidence of ARDS, and reduce inpatient mortality
(56). However, the associated side effects, including
water and sodium retention and infection, make the
decision of whether and how to administer
glucocorticoids in  clinical practice require
comprehensive  judgment (56). Furthermore,
clinical trials on using virus-specific T lymphocyte
transplantation have shown positive results in
children  infected with  adenovirus  after
hematopoietic stem cell transplantation (57).

As previously mentioned, cytokine storms are a key
mechanism  underlying  severe  adenovirus
pneumonia. Therefore, monoclonal antibodies
targeting pro-inflammatory cytokines, such as TNF-
a and IL-6, have been proposed as potential
therapeutic options (6). During the COVID-19
pandemic, some studies observed that patients who
received TNF inhibitors tended to have improved
outcomes (58, 59). However, the use of these agents
in viral infections remains controversial. One major
concern is that TNF-a inhibition may increase the
risk of secondary bacterial or fungal infections, and
the full range of side effects in the context of viral
illnesses is not yet well understood (60).

Conclusion

Adenovirus pneumonia in children is often
complicated by a hyperinflammatory response that
contributes to significant morbidity, mortality, and
long-term respiratory sequelae. While various
immune pathways, including canonical and
noncanonical inflammasome activation, have been
implicated, the precise mechanisms underlying
persistent  hyperinflammation remain  poorly
understood. Current therapeutic strategies such as
blood purification, immunoglobulin therapy, and
cytokine-targeted monoclonal antibodies show
promise but lack robust pediatric-specific clinical
evidence. Therefore, further research is urgently
needed to elucidate the immunopathology of
adenovirus-induced hyperinflammation and to
establish  evidence-based treatment protocols
tailored to the pediatric population.

Journal of Healthcare Sciences

Disclosures
Author contributions

All authors have reviewed the final version to be
published and agreed to be accountable for all
aspects of the work.

Ethics statement
Non-applicable.

Consent for publications
Not applicable.

Data availability

All data is provided within the manuscript.

Conflict of interest

The authors declare no competing interest.

Funding

All authors have declared that no financial support
was received from any organization for the
submitted work.

Acknowledgements

Not applicable.

References

1. Li L, Woo YY, de Bruyne JA, Nathan AM, Kee
SY, Chan YF, et al. Epidemiology, clinical
presentation and respiratory sequelae of adenovirus
pneumonia in children in Kuala Lumpur, Malaysia.
PloS one. 2018;13(10):e0205795.

2. Liu C, Xiao Y, Zhang J, Ren L, Li J, Xie Z, et al.
Adenovirus infection in children with acute lower
respiratory tract infections in Beijing, China, 2007
to 2012. BMC infectious diseases. 2015;15:408.

3. Jain S, Williams DJ, Arnold SR, Ampofo K,
Bramley AM, Reed C, et al. Community-acquired
pneumonia requiring hospitalization among U.S.
children. The New England journal of medicine.
2015;372(9):835-45.

4. Wang X, Tan X, Li Q. The difference in clinical
features and prognosis of severe adenoviral
pneumonia in children of different ages. Journal of
medical virology. 2022;94(7):3303-11.

314

http://dx.doi.org/10.52533/JOHS.2025.50709



http://dx.doi.org/10.52533/JOHS.2025.50709

5. Xie L, Zhang B, Zhou J, Huang H, Zeng S, Liu
Q, et al. Human adenovirus load in respiratory tract
secretions are predictors for disease severity in
children with human adenovirus pneumonia.
Virology journal. 2018;15(1):123.

6. Zhang J, Zhu Y, Zhou Y, Gao F, Qiu X, Li J, et
al. Pediatric adenovirus pneumonia: clinical
practice and current treatment. Frontiers in
medicine. 2023;10:1207568.

7. Ko JH, Woo HT, Oh HS, Moon SM, Choi JY,
Lim JU, et al. Ongoing outbreak of human
adenovirus-associated acute respiratory illness in
the Republic of Korea military, 2013 to 2018. The
Korean  journal of internal medicine.
2021;36(1):205-13.

8. Biserni GB, Dondi A, Masetti R, Bandini J,
Dormi A, Conti F, et al. Immune Response against
Adenovirus in Acute Upper Respiratory Tract
Infections in  Immunocompetent  Children.
Vaccines. 2020;8(4).

9. Lion T. Adenovirus infections in
immunocompetent and  immunocompromised
patients. Clinical microbiology  reviews.

2014;27(3):441-62.

10. Guidotti LG, Chisari FV. Noncytolytic control
of viral infections by the innate and adaptive
immune response. Annual review of immunology.
2001;19:65-91.

11. Chahal JS, Gallagher C, DeHart CJ, Flint SJ.
The repression domain of the E1B 55-kilodalton
protein participates in countering interferon-
induced inhibition of adenovirus replication.
Journal of virology. 2013;87(8):4432-44.

12. Hay KA, Hanafi LA, Li D, Gust J, Liles WC,
Wurfel MM, et al. Kinetics and biomarkers of
severe cytokine release syndrome after CD19
chimeric antigen receptor-modified T-cell therapy.
Blood. 2017;130(21):2295-306.

13. Koenecke A, Powell M, Xiong R, Shen Z,
Fischer N, Huqg S, et al. Alpha-1 adrenergic receptor
antagonists to prevent hyperinflammation and death
from lower respiratory tract infection. eLife.
2021;10.

Journal of Healthcare Sciences

14. Shieh WJ. Human adenovirus infections in
pediatric population - An update on clinico-
pathologic  correlation.  Biomedical journal.
2022;45(1):38-49.

15. Park JW, Lee KJ, Lee KH, Lee SH, Cho JR, Mo
JW, et al. Hospital Outbreaks of Middle East
Respiratory Syndrome, Daejeon, South Korea,
2015. Emerging infectious diseases.
2017;23(6):898-905.

16. Lynch JP, 3rd, Kajon AE. Adenovirus:
Epidemiology, Global Spread of Novel Serotypes,
and Advances in Treatment and Prevention.
Seminars in respiratory and critical care medicine.
2016;37(4):586-602.

17. Gu J, Su QQ, Zuo TT, Chen YB. Adenovirus
diseases: a systematic review and meta-analysis of
228 case reports. Infection. 2021;49(1):1-13.

18. Zhong H, Dong X. Analysis of Clinical
Characteristics and Risk Factors of Severe
Adenovirus Pneumonia in Children. Frontiers in
pediatrics. 2021;9:566797.

19. Lou Q, Zhang SX, Yuan L. Clinical analysis of

adenovirus pneumonia with pulmonary
consolidation and atelectasis in children. The
Journal of international medical research.

2021;49(2):300060521990244.

20. Wang N, Fang Y, Dong H, Wang L, Hou M,
Wang W, et al. Clinical features and prediction of
risk factors for severe adenovirus pneumonia in
children. Translational pediatrics. 2024;13(1):63-
71.

21. Gutierrez Sanchez LH, Shiau H, Baker JM,
Saaybi S, Buchfellner M, Britt W, et al. A Case
Series of Children with Acute Hepatitis and Human
Adenovirus Infection. The New England journal of
medicine. 2022;387(7):620-30.

22. Wang Y, Peng Y. Imaging features of
adenovirus pneumonia in children. Chinese
Pediatric Emergency Medicine. 2019:725-8.

23. Atasheva S, Shayakhmetov DM. Cytokine
Responses to Adenovirus and Adenovirus Vectors.
Viruses. 2022;14(5).

315

http://dx.doi.org/10.52533/JOHS.2025.50709



http://dx.doi.org/10.52533/JOHS.2025.50709

24. Fan H, Lu B, Cao C, LiH, Yang D, Huang L, et
al. Plasma TNFSF13B and TNFSF14 Function as
Inflammatory Indicators of Severe Adenovirus
Pneumonia in Pediatric Patients. Frontiers in
immunology. 2020;11:614781.

25. LiJ, Wei J, Xu Z, Jiang C, Li M, Chen J, et al.
Cytokine/Chemokine  Expression Is Closely
Associated Disease Severity of Human Adenovirus
Infections in Immunocompetent Adults and Predicts
Disease Progression. Frontiers in immunology.
2021;12:691879.

26. Chen Q, Liu J, Liang W, Chen Y, Dou M, Liu
Z, et al. Clinical Features, Replication Competence,
and Innate Immune Responses of Human
Adenovirus Type 7 Infection. The Journal of
infectious diseases. 2021;223(8):1390-9.

27. Qi L, Wang Y, Wang H, Deng J. Adenovirus 7
Induces Interlukin-6 Expression in Human Airway
Epithelial Cells via p38/NF-kB Signaling Pathway.
Frontiers in immunology. 2020;11:551413.

28. Eichholz K, Bru T, Tran TT, Fernandes P,
Welles H, Mennechet FJ, et al. Immune-Complexed
Adenovirus Induce AlIM2-Mediated Pyroptosis in
Human Dendritic Cells. PL0S pathogens.
2016;12(9):e1005871.

29. Liu T, Zhang L, Joo D, Sun SC. NF-«B signaling
in inflammation. Signal transduction and targeted
therapy. 2017;2:17023-.

30. Greber UF, Flatt JW. Adenovirus Entry: From
Infection to Immunity. Annual review of virology.
2019;6(1):177-97.

31. Huang Y, Xu W, Zhou R. NLRP3
inflammasome activation and cell death. Cellular &
molecular immunology. 2021;18(9):2114-27.

32. Sharma BR, Kanneganti TD. NLRP3
inflammasome in cancer and metabolic diseases.
Nature immunology. 2021;22(5):550-9.

33. Barlan AU, Griffin TM, McGuire KA, Wiethoff
CM. Adenovirus membrane penetration activates
the NLRP3 inflammasome. Journal of virology.
2011;85(1):146-55.

Journal of Healthcare Sciences

34. Labzin LI, Bottermann M, Rodriguez-Silvestre
P, Foss S, Andersen JT, Vaysburd M, et al.
Antibody and DNA sensing pathways converge to
activate the inflammasome during primary human
macrophage infection. The EMBO journal.
2019;38(21):€101365.

35. Li L, Fan H, Zhou J, Xu X, Yang D, Wu M, et
al. Human adenovirus infection induces pulmonary
inflammatory damage by triggering noncanonical
inflammasomes  activation and  macrophage
pyroptosis. Frontiers in immunology.
2023;14:1169968.

36. Aachoui Y, Kajiwara Y, Leaf IA, Mao D, Ting
JP, Coers J, et al. Canonical Inflammasomes Drive
IFN-y to Prime Caspase-11 in Defense against a
Cytosol-Invasive Bacterium. Cell host & microbe.
2015;18(3):320-32.

37. Akhter A, Caution K, Abu Khweek A, Tazi M,
Abdulrahman BA, Abdelaziz DH, et al. Caspase-11
promotes the fusion of phagosomes harboring
pathogenic bacteria with lysosomes by modulating
actin polymerization. Immunity. 2012;37(1):35-47.

38. Sun X, Wang T, Cai D, Hu Z, Chen J, Liao H, et
al. Cytokine storm intervention in the early stages of
COVID-19 pneumonia. Cytokine & growth factor
reviews. 2020;53:38-42.

39. Aschner Y, Downey GP. Transforming Growth
Factor-B: Master Regulator of the Respiratory
System in Health and Disease. American journal of
respiratory cell and molecular  biology.
2016;54(5):647-55.

40. Trop-Steinberg S, Azar Y. AP-1 Expression and
its Clinical Relevance in Immune Disorders and
Cancer. The American journal of the medical
sciences. 2017;353(5):474-83.

41. Parker MW, Rossi D, Peterson M, Smith K,
Sikstrom K, White ES, et al. Fibrotic extracellular
matrix activates a profibrotic positive feedback
loop. The Journal of clinical investigation.
2014;124(4):1622-35.

42. Kim SJ, Kim K, Park SB, Hong DJ, Jhun BW.
Outcomes of early administration of cidofovir in
non-immunocompromised patients with severe

316

http://dx.doi.org/10.52533/JOHS.2025.50709



http://dx.doi.org/10.52533/JOHS.2025.50709

adenovirus pneumonia. PloS one.

2015:10(4):e0122642.

43. Yoon BW, Song YG, Lee SH. Severe
community-acquired adenovirus pneumonia treated
with oral ribavirin: a case report. BMC research
notes. 2017;10(1):47.

44. Ison MG. Antiviral Treatments. Clinics in chest
medicine. 2017;38(1):139-53.

45. Alvarez-Cardona JJ, Whited LK, Chemaly RF.
Brincidofovir: understanding its unique profile and
potential role against adenovirus and other viral
infections. Future microbiology. 2020;15:389-400.

46. Skidmore M, Kajaste-Rudnitski A, Wells N,
Guimond S, Rudd T, Vicenzi E, et al. Inhibition of
Influenza H5N1 invasion by modified heparin
derivatives. Med Chem Commun. 2014;6.

47. Mese K, Bunz O, Volkwein W, Vemulapalli
SPB, Zhang W, Schellhorn S, et al. Enhanced
Antiviral Function of Magnesium Chloride-
Modified Heparin on a Broad Spectrum of Viruses.
International journal of molecular sciences.
2021;22(18).

48. Clayton JA, Slain KN, Shein SL, Cheifetz IM.
High flow nasal cannula in the pediatric intensive
care unit. Expert review of respiratory medicine.
2022;16(4):409-17.

49. Xu XH, Fan HF, Shi TT, Yang DY, Huang L,
Jiang WH, et al. Influence of the timing of
bronchoscopic alveolar lavage on children with
adenovirus pneumonia: a comparative study. BMC
pulmonary medicine. 2021;21(1):363.

50. Ramanathan K, Tan CS, Rycus P, MacLaren G.
Extracorporeal Membrane Oxygenation for Severe
Adenoviral Pneumonia in Neonatal, Pediatric, and
Adult Patients. Pediatric critical care medicine : a
journal of the Society of Critical Care Medicine and
the World Federation of Pediatric Intensive and
Critical Care Societies. 2019;20(11):1078-84.

51. Yigenoglu TN, Ulas T, Dal MS, Korkmaz S,
Erkurt MA, Altuntas F. Extracorporeal blood
purification treatment options for COVID-19: The
role of immunoadsorption. Transfusion and

Journal of Healthcare Sciences

apheresis science :
Apheresis Association :
European Society for
2020;59(4):102855.

official journal of the World
official journal of the
Haemapheresis.

52. Miklaszewska M, Korohoda P, Zachwieja K,
Sobczak A, Kobylarz K, Stefanidis CJ, et al. Factors
affecting mortality in children requiring continuous
renal replacement therapy in pediatric intensive care
unit. Advances in clinical and experimental
medicine official organ Wroclaw Medical
University. 2019;28(5):615-23.

53. Alobaidi R, Morgan C, Basu RK, Stenson E,
Featherstone R, Majumdar SR, et al. Association
Between Fluid Balance and Outcomes in Critically
Il Children: A Systematic Review and Meta-
analysis. JAMA pediatrics. 2018;172(3):257-68.

54. Crowley JC, Gropper MA. IV Immunoglobulin:
A Useful Tool for the Severe Pneumonia Toolbox?
Critical care medicine. 2016;44(1):250-1.

55. Torres A, Sibila O, Ferrer M, Polverino E,
Menendez R, Mensa J, et al. Effect of
corticosteroids on treatment failure among
hospitalized patients with severe community-
acquired pneumonia and high inflammatory

response: a randomized clinical trial. Jama.
2015;313(7):677-86.
56. Rochwerg B. Corticosteroids for severe

community-acquired pneumonia: a story without an
ending. Intensive care medicine. 2022;48(8):1053-
5.

57. Dailey Garnes NJM, Ragoonanan D, Aboulhosn
A. Adenovirus infection and disease in recipients of
hematopoietic cell transplantation. Current opinion
in infectious diseases. 2019;32(6):591-600.

58. Baslilar S, Pehlivan O. Evaluation of factors
affecting the frequency and clinical course of
COVID-19 in patients using anti-TNF-alpha agents.
Revista da Associacao Medica Brasileira (1992).
2021;67(9):1286-92.

59. Hyder Pottoo F, Abu-lzneid T, Mohammad
Ibrahim A, Noushad Javed M, AlHajri N, Hamrouni
AM. Immune system response during Vviral
Infections: Immunomodulators, cytokine storm

317

http://dx.doi.org/10.52533/JOHS.2025.50709



http://dx.doi.org/10.52533/JOHS.2025.50709

(CS) and Immunotherapeutics in COVID-19. Saudi
pharmaceutical journal : SPJ : the official
publication of the Saudi Pharmaceutical Society.
2021;29(2):173-87.

60. Palacios Y, Chavez-Galan L.
Immunosuppressant Therapies in COVID-19: Is the
TNF Axis an Alternative? Pharmaceuticals (Basel,
Switzerland). 2022;15(5).

Journal of Healthcare Sciences

318

http://dx.doi.org/10.52533/JOHS.2025.50709



http://dx.doi.org/10.52533/JOHS.2025.50709

	Persistent Hyperinflammation in Children with Adenovirus Pneumonia Requiring Intensive Support
	Introduction
	Methods
	Discussion
	Clinical Features of Adenovirus Pneumonia
	Pathogenesis of Adenovirus Pneumonia
	Hyperinflammation in Adenovirus Infection
	Treatment of Adenovirus Pneumonia
	Treatment of hyperinflammation

	Conclusion
	Disclosures
	Author contributions
	Ethics statement
	Consent for publications
	Data availability
	Conflict of interest
	Funding
	Acknowledgements

	References


