Arch Pediatr Infect Dis. 2024 April; 12(2): e135959. https://doi.org[10.5812[apid-135959.

Published online: 2024 April 13. Research Article

Co-detection of Human Herpes Viruses in Cerebrospinal Fluid Samples
of Pediatric Patients with Multi-System Inflammatory Syndrome: A
Single Center Experience in Isfahan, Iran

Hamid Rahimi Hajiabadi!, Rana Saleh 2 Niloofar Javadi 3, Amin Dehghan 3, Atefeh Sadeghizadeh #,
Sharareh Moghim ®>, Maryam Khalili °, Zahra Pourmoghaddas (&)

! pediatric Cardiovascular Research Center, Cardiovascular Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran
2 Department of Pediatric Infectious Disease, Isfahan University of Medical Sciences, Isfahan, Iran

3 student Research Committee, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

4 Department of Pediatric Intensive Care, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

5 Department of Bacteriology and Virology, Faculty of Medicine, Isfahan University of Medical Siences, Isfahan, Iran

*Correspandingauthor: Pediatric Cardiovascular Research Center, Cardiovascular Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran. Email:
zahrapormoghadas@yahoo.com

Received 2023 March 23; Revised 2024 February 26; Accepted 2024 February 27.
This is an expression of concern about the following article: Expression of Concern for Co-detection of Human Herpes Viruses in Cerebrospinal Fluid

Samples of Pediatric Patients with Multi-system Inflammatory Syndrome: A Single Center Experience in Isfahan, Iran [Arch Pediatr Infect Dis. 2024;12(2):
e135959)]

Abstract

Background: Since December 2019, the Coronavirus disease 2019 (COVID-19) pandemic has impacted the world, including
neurologic manifestations among its effects. Additionally, some studies have reported the reactivation of various viruses in
patients diagnosed with COVID-19.

Objectives: This study aimed to investigate the viral infection patterns of common viruses that cause encephalitis in patients
diagnosed with the concurrence of multi-system inflammatory syndrome in children (MIS-C) and encephalitis.

Methods: This cross-sectional study was conducted from February 2020 to May 2021. Children diagnosed with both MIS-C and
encephalitis were included. Cerebrospinal fluid (CSF) samples were collected from each participant for a biochemistry panel
and polymerase chain reaction (PCR) assays for varicella-zoster virus (VZV), cytomegalovirus (CMV), herpes simplex virus (HSV),
Epstein-Barr virus (EBV), adenovirus, and influenza virus. Furthermore, patients underwent neuroimaging studies, including
magnetic resonance imaging and computed tomography.

Results: Thirteen patients with MIS-C and encephalitis were enrolled. Viral detection in CSF samples through PCR assays was
successful in six patients. EBV and HSV were detected in four and two patients, respectively. The median age of these six children
was 44 months, with four being male. Follow-up visits after six months showed that their quality of life had returned to normal.

Conclusions: This study highlighted the co-occurrence of HSV and EBV reactivation with MIS-C. Although viral reactivations,
unlike primary infections, resolved spontaneously in our cohort. Consequently, the reactivation of viruses due to MIS-C may
open new avenues for future research.
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1. Background (SARS-CoV-2), responsible for COVID-19, has led to a wide
array of manifestations and complications, including

Almost four years have passed since the World Health pulmonary involvement, acute respiratory distress
Organization (WHO) declared the coronavirus disease
2019 (COVID-19) a pandemic (1). Throughout this period,

the severe acute respiratory syndrome coronavirus 2

syndrome (ARDS), multi-organ failure, and death (2).

One manifestation of SARS-CoV-2 infection is the
multisystem inflammatory syndrome in children (MIS-
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Q) ).

adolescents, is temporally associated with COVID-19 and

This syndrome, observed in children and

is  characterized by laboratory evidence of
inflammation, multisystem organ involvement, fever,
and epidemiological or laboratory evidence of SARS-
CoV-2 infection in individuals under 19 years of age (4,
5). Its etiology remains uncertain, though it is proposed
to be a post-infectious manifestation stemming from an
abnormal immune response (6). Furthermore, SARS-
CoV-2 can lead to a broad spectrum of neurological
involvements, including Guillain-Barre syndrome,
transverse myelitis, reversible cerebral vasoconstriction
syndrome, and encephalitis (7, 8).

Additionally, while studies have identified various
viruses like Epstein-Barr virus (EBV) and Varicella zoster
virus (VZV) in COVID-19 patients, there has not been a
significant association found between COVID-19-
associated viruses and neurological complications (9,
10).

As the number of MIS-C cases grows, the occurrence
of life-threatening neurological complications, such as
encephalitis, has increased (6).

2. Objectives

Given the link between viral reactivation and SARS-
CoV-2
encephalitis as a manifestation of SARS-CoV-2 infection,

infection, along with the presentation of
our study aims to investigate the reactivation of
different viruses in children experiencing concurrent
COVID-19 and encephalitis.

3. Methods

3.1. Patients and Sample Collection

This study is an analytical cross-sectional research
project conducted at Imam Hussain Pediatric Hospital
in Isfahan, Iran, from February 2020 to May 2021. It
included patients diagnosed with COVID-19-associated
MIS-C exhibiting (CNS)
involvement as part of the MIS-C criteria organ impacts.

central nervous system
The diagnosis of MIS-C was established by fulfilling
all the following criteria (11), in addition to the prior

identification of SARS-CoV-2 through a nasopharyngeal

polymerase chain reaction (PCR) test (PT.COVID.100,
PISHTAZ TEB, 2020) or an elevated antibody titer related
to COVID-19: (a) Fever (lasting more than 24 hours or
documented to be > 38 Celsius); (b) laboratory evidence
of inflammation, including reduced lymphocyte and
albumin levels or elevated counts of neutrophils, CRP,
ESR, ferritin, and LDH; (c)
hospitalization; (d) involvement of multiple systems (>

illness necessitating

2 organs), such as cardiac, renal, respiratory,
gastrointestinal, circulatory, skin, and nervous systems;
(e) absence of any alternative diagnoses that could

explain the symptoms.

Central nervous system involvement was defined by
one major criterion and at least two minor criteria (12):
The major criterion includes altered mental status
(characterized by a reduced or altered level of
consciousness, lethargy, or personality changes) lasting
> 24 hours without an identifiable alternative cause; the
minor criteria include fever >38° C (100.4°F) recorded
within 72 hours before or after presentation;
generalized or partial seizures not fully attributable to a
pre-existing seizure disorder; new-onset focal
neurologic findings; CSF WBC count > 5/mm"3; brain
parenchyma abnormalities on neuroimaging indicative
of encephalitis that are either new compared to
previous studies or appear acutely onset; and
abnormalities on electroencephalography consistent

with encephalitis, not explained by another condition.
Cerebrospinal fluid (CSF) samples were collected to
exclude other potential diagnoses, such as bacterial
infections. Cerebrospinal fluid cultures and smears were
negative for all patients. All patients were treated
according to the Iranian treatment protocol for children
with MIS-C (13), which included 2 gfkg of intravenous
(IVIG)
consecutive days, 5 mg/kg of aspirin taken orally daily

immunoglobulin administered over two
for 8 weeks, 1 mg/kg of enoxaparin administered
subcutaneously daily during hospitalization, 10 mg of
famotidine taken orally daily, and 2 mglkg of
prednisolone given daily during the hospital stay. The
prednisolone dose was tapered over 4 weeks following
discharge. The samples were collected with stringent
sterile techniques to prevent contamination. PCR tests

for viral particles were performed retrospectively on the
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patients' samples using two different methods, both
confirming the presence of viral particles.

Written informed consent was obtained from the
patients' parents after the study was fully explained to
them. This study received approval from the ethics
committee of Isfahan University of Medical Sciences,
with the ethical code number: IRMULMED.REC.

3.2. Data Collection

Initial CSF analysis involved measuring white blood
cells, red blood cells, glucose, and protein levels. The
collected CSF samples underwent PCR testing to identify
viral genomes, including those of the varicella-zoster
virus (VZV), cytomegalovirus (CMV), herpes simplex
virus (HSV), Epstein-Barr virus (EBV), adenovirus, and
influenza virus. Demographic, clinical, laboratory, and
follow-up data were collected for all cases. Data
collection followed the guidelines outlined in the WHO
record paper for MIS-C, titled Global COVID-19 Clinical
Platform (14).

Data were gathered from medical records following
patient hospitalization. Senior pediatric residents
verified all data. Furthermore, a trained radiologist, who
was blind to the patients' conditions and severity,
reported on brain magnetic resonance imaging (MRI)
results. Follow-up visits at four-week and six-month
intervals were conducted to assess the patients'
conditions and any complications. The Pediatric Quality
of Life Inventory (PedsQL) was utilized to evaluate
quality of life during the six-month follow-up. The
Persian version of the PedsQL is consistent with the
original version and varies according to the child's age
(15,16).

4. Results

Thirteen patients diagnosed with MIS-C and CNS
involvement, presenting as encephalitis, were admitted
to our hospital from February 2020 to May 2021. Prior to
receiving antibiotics, intravenous immune globulin
(IVIG), or corticosteroids, all patients underwent a
lumbar puncture. The viral genome was detected via
PCR in the CSF of six patients. The median age was 44
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months, with eight patients being male. None had any
pre-existing neurological or systemic diseases, and all
were fully vaccinated according to the Iranian
vaccination protocol. No cases of immunodeficiency
were observed. Among the patients with positive CSF
PCR for viruses (PCR+ group), four were male (compared
to 3 out of 7 in the PCR- group, P-value = 0.592). The
median age of the PCR- group was 46 months, with four
being male. A positive SARS-CoV-2 CSF PCR case was

found among all cases.

The most common initial symptoms in both the
PCR+ and PCR- groups were nausea (6 and 7 cases, 100%),
seizures (5 and 5 cases, 83% and 71% respectively),
diarrhea, and loss of consciousness (3 and 4 cases, 50%
and 57% respectively). Physical examinations revealed
tachycardia in 2 cases in the PCR+ group and 4 in the
PCR- group. Tachypnea was reported in only one patient
from the PCR+ group. Skin rash was observed in 5 cases
in the PCR+ group and 4 in the PCR- group (83% and 57%,
respectively). Neck rigidity and Brudzinski's sign were
noted in 2 and 3 patients of the PCR+ and PCR- groups,
respectively. Lymphadenopathy and edema were
present in two patients from each group. Laboratory
data comparison between the PCR+ and PCR- groups is
detailed in Table 1.

Cerebrospinal fluid smears and cultures for all
patients were negative. However, the viral genome was
detected via PCR in the PCR+ group, with EBV found in
four cases and HSV in two cases. Brain imaging was
conducted for all patients, with Figures 1 and 2
displaying MRI scans for patients 1 and 4, respectively.
Additionally, electroencephalography, performed for
three patients in the PCR+ group, showed normal
Table 2 presents
laboratory, and imaging findings for the PCR+ group.

results. demographic, clinical,

Given that the detection of viral genomes in CSF
samples was done retrospectively, all patients were
treated according to the Iranian treatment protocol for
children with COVID-19, irrespective of the presence of
concurrent CSF infections; no patient received antiviral
therapy. The median [first and third quartiles] duration
of hospitalization was 8.5 days (range 6 - 17 days). The

illness severity in the cases studied was moderate,
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Table 1. Comparison of Laboratory Findings of PCR+ and PCR- Groups *

Group
Parameter P-Value P
PCR+ (of 6 Cases) PCR- (of 7 Cases)
Lymphopenia 4(66.6) 5(71.42) >0.999
Leukopenia 0 0 >0.999
Elevated C-reactive protein 6(100) 6(85.71) >0.999
Elevated ferritin 2(333) 3(42.85) >0.999
Elevated d-dimer 3(50) 3(42.85) >0.999
Anemia 3(50) 2(28.57) 0.592
Thrombocytopenia 4(66.6) 3(42.85) 0.592
Thrombocytosis 2(333) 1(14.28) 0.559
Positive blood cultures 0 0 >0.999
Abnormal liver function tests 2(333) 4(57.14) 0.592
Elevated troponin 3(50) 4(57.14) >0.999
Elevated lactate dehydrogenase 2(333) 3(42.85) >0.999
CSF analysis
Low glucose (< % simultaneous blood glucose) 4(16.6) 3(342.85) 0.592
Protein (> 40 mg/dl) 0 0.461
Leukocyte (=5 cellsjmm?) 4(66.6) 2(28.57) 0.286
Neutrophil dominancy 2(333) 0 0.192
Values are expressed as No. (%).
b Fisher’s exact test.
Table 2. Demographic, Clinical, Laboratory and Imaging Findings in Patients with Co-occurrence of MIS-C and Encephalitis in the PCR+ Group
:’Stlem Age Sex  Symptoms Signs Lab Tests CSF Analysis IE(S:; Brain MRI
3
Fever, Nausea, Seizure, . WBC:180 /mm’; Left frontal
1 7y Male  Diarrhea Headache, Tachycardia, Lymphadenopathy ilevatgd ]Qth’, Lygggh&peer::z PMN: 2 9%3 High EBV  leptomeningitis and
Loss of consciousness nemia, thrombocytopeni Protein; Low cerebritis
Glucose
1y5 Fever, Nausea, Seizure, Hand and foot edema, Skin rash, Elevated CRP, Thrombocytosis,
2 mo traelle Headache Conjunctivitis Elevated ferritin and D-dimer LlozmallesH LE/otnal
. . Elevated CRP, Anemia, WBC: 5 [mm?;
3 36 Male Fnger,hNausea, HyPgiené‘On’ Sk"? rA‘?h'AN?tth. Thrombocytosis, Elevated PMN: 60%; Low EBV  Normal
mo 1arrhea rigidity, on]unctlw 15, Aglitation troponin and LDH Glucose
Elevated CRP, Lymphopenia, 3 5
; ; ; ; ’ iae WBC: 11 /mm?; EBV;
1yl Fever, Nausea, Seizure, Tachycardia, Tachypnea, Seizure, Anemia, Thrombocytopenia; . o O haliti
< mo Male Loss of consciousness  Skin rash Elevated troponin, LDH, AST, ALT PMN: 90%; Low (521253 EIRIED
and D-dimer Glucose
3 . . . .
5 13’ Female nger, Nausela Skin rash, Conjunctivitis, Elevated CRP, Lymphopema, Normal CSF EBV  Normal
Diarrhea, Seizure Lymphadenopathy Thrombocytopenia
mo
Neck rigidity, Skin rash, Elevated CRP, Lymphopenia, 3
6 B Mal Fever, Nausea, Seizure, ~Conjunctivitis, Lymphadenopathy, Thrombocytopenia, Elevated WBCESO /r.nm ) M Nommel
y € | oss of consciousness  Hand and foot edema, Brudzinski’s troponin, D-dimer, ferritin, LDH, PIIVIN' 40%; Low
sign, Hypotension ALT and AST glucose

Abbreviations: Y, years, mo, months; CRP, C- reactive protein; WBC, white blood cell; CSF, cerebrospinal fluid; PMN, polymorphonuclear; EBV, Epstein-Barr virus; HSV, herpes
simplex virus; CT scan, computed tomography scan; MRI, magnetic resonance imaging; LDH, lactate dehydrogenase; AST, Aspartate transaminase; ALT, Alanine transaminase;

CRP, C-reactive protein.

necessitating hospitalization, but none required ICU

admission or experienced shock.

All patients received IVIG at a dose of 2 mg/kg. At the
4-week follow-up, case 4 reported experiencing seizures.

Additionally, speech disorders and hearing loss were
noted during the 4-week follow-up for case 6. These two
complications had resolved by the 6-month follow-up.
No other complications were reported at either the four-

Arch Pediatr Infect Dis. 2024; 12(2): e135959.
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Figure 1. Brain MRI with and without contrast: Increased signal intensity in left rectus gyrusis seen along with adjacent leptomeningeal enhancement.after contrast
injection,there is no evidence of enhancing lesion. Impression: Left frontal leptomeningitis and cerebritis.

week or six-month follow-ups. Quality of life
assessments using the PedsQL indicated that these

patients' quality of life was normal after six months.
5. Discussion

Recent studies have indicated that neurological
involvement might be common in patients with MIS-C,
although the clinical syndrome remains poorly defined.
Some patients with MIS-C can exhibit acute encephalitis
characterized by

rapid-onset  encephalopathy,

occasionally accompanied by focal neurological signs

Arch Pediatr Infect Dis. 2024; 12(2): e135959.

(6, 17). In our study, we assessed 13 MIS-C patients who
exhibited CNS involvement manifesting as encephalitis,
an organ involvement criterion of MIS-C. Cerebrospinal
fluid (samples from these patients were subjected to
PCR testing for various viruses, revealing the presence of
2 types of viruses in 6 patients' CSF samples: EBV in four
cases and HSV in two cases. There have been numerous
reports of latent virus reactivation during infections or
other diseases (9, 18, 19). EBV reactivation has been
associated with autoimmune diseases or cancers (9) and
has also been reported in COVID-19 patients (18). The
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Figure 2. Brain MRI: Evidence of high signal intensityof both mesial temporal and right parietal lobe is seen with restriction /diffusion is seen. Impression: Encephalitis.

prevalence of EBV DNAemia in healthy individuals varies
across studies (20, 21). Brooks et al. reported EBV
DNAemia in 20% of patients with COVID-19 compared to
14% in the healthy population (22). Bernal and
Whitehurst found that EBV DNA prevalence was higher
among COVID-19 positive patients (27.1%) compared to
healthy individuals (12.5%) (23). There have been
suggestions that EBV reactivation may relate to post-
COVID-19 syndrome or a severe course of COVID-19 (18,
24). Additionally, it has been shown that the transfection
of COVID-19 anti-spike protein is associated with the
reactivation of gamma-herpesviruses (25, 26). However,
a recent study by Hoeggerl et al. reported no difference
in EBV-specific antibody levels between patients with
post-COVID-19 syndrome and healthy individuals (27).
Additionally, case studies have indicated that herpes
simplex virus (HSV) reactivation is not exclusive to
COVID-19 patients but also occurs in those with other
viral and bacterial infections. Luyt et al. observed that

HSV reactivation rates in patients with COVID-19 exceed
those in patients with influenza (28). Chiesa et al. noted
mucocutaneous herpes simplex virus reactivation in
adult COVID-19 patients (29). Shanshal and Ahmed
with COVID-19 might
experience up to three HSV outbreaks during their
illness (30). Alharthy et al. documented a case of HSV

reported that individuals

and SARS-CoV-2 co-infection in an HIV-positive patient
(31), and Patel et al. described a case of encephalitis with
varicella-zoster virus (VZV) in a COVID-19 patient (10).
Previously, HSV reactivation was also seen during
Mycoplasma infections (32).

It's important to recognize that MIS-C is linked to
immune dysregulation, including lymphopenia and
elevated levels of interleukin-1 and TNF-alpha (33). Such
immune dysregulations and inflammatory cytokines
may trigger the reactivation of herpes simplex virus
from latency to epithelial surfaces. Consequently, HSV
replication and its lytic stage on epithelial surfaces lead

Arch Pediatr Infect Dis. 2024; 12(2): e135959.
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to the presence of HSV DNA in the blood and CSE
Consistent with previous findings, we report pediatric
cases with MIS-C alongside EBV or HSV reactivation in
the CSF, treated following the MIS-C protocol. An
appropriate therapeutic regimen for MIS-C was
administered to our patients, but antiviral treatment for
encephalitis was not pursued. Considering the favorable
6-month outcomes and the absence of virus-specific
manifestations, such as typical skin lesions, it appears
that detecting viral genomes results from virus
reactivation rather than primary infection.

Our study faced several limitations, including
missing data due to its retrospective design, suggesting
the need for future prospective studies. Additionally, the
relatively small sample size could be overcome by
conducting multi-center studies. Given the novelty of
MIS-C and its manifestations, extended follow-up for
these patients is warranted. Moreover, additional
diagnostic evaluations may be necessary.

5.1. Conclusions

This study identified reactivation of viruses, notably
EBV and HSV, in pediatric patients with concurrent
multisystem inflammatory syndrome and encephalitis
associated with SARS-CoV-2 infection. These findings
suggest virus reactivation rather than primary
infection. Thus, virus reactivation in patients with MIS-C
could open new avenues for future research and the

development of therapeutic strategies.

Footnotes

Authors' Contribution: Study concept and design: R.S.
and Z.P; analysis and interpretation of data: A.D. and
N.J.; drafting of the manuscript: A.S.; critical revision of
the manuscript for important intellectual content: Z.P.
and R.S.

Conflict of Interests: The authors declare that they
have no competing interests.

Data Availability: The dataset presented in the study is
available on request from the corresponding author
during submission or after publication.

Arch Pediatr Infect Dis. 2024; 12(2): e135959.

Ethical Approval: The present study was reviewed and
approved by the ethics committee of Isfahan University
of Medical Sciences with the ethical code number:
IR.MULMED.REC.

Funding/Support: This study was supported in part by
grant 51669 from the Isfahan University of Medical
Sciences.

Informed Consent: Written informed consent was
obtained from the patients' parents after the study was
fully explained to them.

References

1. Kim L, Whitaker M, O'Halloran A, Kambhampati A, Chai SJ, Reingold
A, et al. Hospitalization Rates and Characteristics of Children Aged
less than 18 Years Hospitalized with Laboratory-Confirmed COVID-19 -
COVID-NET, 14 States, March 1-July 25, 2020. MMWR Morb Mortal Wkly
Rep. 2020;69(32):1081-8. [PubMed ID: 32790664]. [PubMed Central ID:
PMC7440125]. https://doi.org/10.15585/mmwr.mm6932e3.

2. Zhang L, Huang B, Xia H, Fan H, Zhu M, Zhu L, et al. Retrospective
analysis of clinical features in 134 coronavirus disease 2019 cases.
Epidemiol Infect. 2020;148. €199. [PubMed ID: 32878654]. [PubMed
Central ID: PMC7487751]. https://doi.org[10.1017/S0950268820002010.

3. Jiang L, Tang K, Levin M, Irfan O, Morris SK, Wilson K, et al. COVID-19
and multisystem inflammatory syndrome in children and
adolescents. Lancet Infect Dis. 2020;20(11):e276-88. [PubMed ID:
32818434]. [PubMed Central ID: PMC7431129)].
https://doi.org[10.1016/S1473-3099(20)30651-4.

4. Henderson LA, Canna SW, Friedman KG, Gorelik M, Lapidus SK, Bassiri
H, et al. American College of Rheumatology Clinical Guidance for
Multisystem Inflammatory Syndrome in Children Associated With
SARS-CoV-2 and Hyperinflammation in Pediatric COVID-19: Version 1.
Arthritis Rheumatol. 2020;72(11):1791-805. [PubMed ID: 32705809].
[PubMed Central ID: PMC7405113]. https://doi.org/10.1002/art.41454.

5. Chen TH. Neurological involvement associated with COVID-19
infection in children. J Neurol Sci. 2020;418:117096. [PubMed ID:
32823135]. [PubMed Central ID: PMC7423535].
https://doi.org/10.1016/j.jns.2020.117096.

6. Olivotto S, Basso E, Lavatelli R, Previtali R, Parenti L, Fiori L, et al.
Acute encephalitis in pediatric multisystem inflammatory syndrome
associated with COVID-19. Eur | Paediatr Neurol. 2021;34:84-90.
[PubMed ID: 34425479]. [PubMed Central ID: PMC8339542].
https://doi.org/10.1016/j.ejpn.2021.07.010.

7. Pilotto A, Masciocchi S, Volonghi 1, del Zotto E, Magni E, De Giuli V, et
al. The clinical spectrum of encephalitis in COVID-19 disease: the
ENCOVID multicentre study. Medrxiv. 2020:2020.06.19.20133991.

8. Sadeghizadeh A, Pourmoghaddas Z, Zandifar A, Tara SZ, Rahimi H,
Saleh R, et al. Reversible Cerebral Vasoconstriction Syndrome and
Multisystem Inflammatory Syndrome in Children With COVID-19.
Pediatr Neurol. 2022;129:1-6. [PubMed ID: 35124533]. [PubMed Central
ID: PMC8730706]. https://doi.org/10.1016/j.pediatrneurol.2021.12.013.


http://www.ncbi.nlm.nih.gov/pubmed/32790664
https://www.ncbi.nlm.nih.gov/pmc/PMC7440125
https://doi.org/10.15585/mmwr.mm6932e3
http://www.ncbi.nlm.nih.gov/pubmed/32878654
https://www.ncbi.nlm.nih.gov/pmc/PMC7487751
https://doi.org/10.1017/S0950268820002010
http://www.ncbi.nlm.nih.gov/pubmed/32818434
https://www.ncbi.nlm.nih.gov/pmc/PMC7431129
https://doi.org/10.1016/S1473-3099(20)30651-4
http://www.ncbi.nlm.nih.gov/pubmed/32705809
https://www.ncbi.nlm.nih.gov/pmc/PMC7405113
https://doi.org/10.1002/art.41454
http://www.ncbi.nlm.nih.gov/pubmed/32823135
https://www.ncbi.nlm.nih.gov/pmc/PMC7423535
https://doi.org/10.1016/j.jns.2020.117096
http://www.ncbi.nlm.nih.gov/pubmed/34425479
https://www.ncbi.nlm.nih.gov/pmc/PMC8339542
https://doi.org/10.1016/j.ejpn.2021.07.010
http://www.ncbi.nlm.nih.gov/pubmed/35124533
https://www.ncbi.nlm.nih.gov/pmc/PMC8730706
https://doi.org/10.1016/j.pediatrneurol.2021.12.013

Rahimi Hajiabadi H et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kerr JR. Epstein-Barr virus (EBV) reactivation and therapeutic
inhibitors. J Clin Pathol. 2019;72(10):651-8. [PubMed ID: 31315893].
https://doi.org/10.1136/jclinpath-2019-205822.

Patel P, Undavia A, Choudry R, Zhang Y, Prabhu AM. COVID-19
associated with concomitant varicella zoster viral encephalitis.
Neurology: Clinical Practice. 2021;11(2):€219-21.

World Health Organization. Multisystem inflammatory syndrome in
children and adolescents with COVID-19. 2020. Available from:
https:[[www.who.int/publications/i/item/multisystem-inflammatory-
syndrome-in-children-and-adolescents-with-covid-19.

Venkatesan A, Tunkel AR, Bloch KC, Lauring AS, Sejvar ], Bitnun A, et
al. Case definitions, diagnostic algorithms, and priorities in
encephalitis: consensus statement of the international encephalitis
consortium. Clin Infect Dis. 2013;57(8):1114-28. [PubMed ID: 23861361].
[PubMed Central ID: PMC3783060]. https://doi.org[10.1093/cid/cit458.

Ziaee V, Assari R, Mamishi S, Zeinaloo A, Mohammadpour M,
Malekzadeh I, et al. An algorithmic approach to multisystem
inflammatory syndrome in children with COVID-19:
children’s medical center protocol. Iranian Journal of Pediatrics.
2020;30(5).

tehran

World Health Organization. Case report form for suspected cases of
multisystem inflammatory syndrome (MIS) in children and
adolescents temporally related to COVID-19. 2020. Available from:
https:/[www.who.int/docs/default-source/coronaviruse/final-misc-
crf-18-may-2020-who.pdf.

Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQL 4.0 as a pediatric
population health measure: feasibility, reliability, and validity.
Ambul  Pediatr. 2003;3(6):329-41. [PubMed ID: 14616041].
https://doi.org[10.1367/1539-4409(2003)0032.0.c0;2.

Mohamadian H, Akbari H, Gilasi H, Gharlipour Z, Moazami A,
Aghajani M, et al. Validation of pediatric quality of life questionnaire
(PedsQL) in Kashan city. / llam Univ Med Sci. 2014;22(3):10-8.

Abel D, Shen MY, Abid Z, Hennigan C, Boneparth A, Miller EH, et al.
Encephalopathy and bilateral thalamic lesions in a child with MIS-C
associated with COVID-19. Neurology. 2020;95(16):745-8. [PubMed ID:
32847953]. [PubMed Central ID: PMC7713782].
https://doi.org/10.1212/WNL.0000000000010652.

Chen T, Song ], Liu H, Zheng H, Chen C. Positive Epstein-Barr virus
detection in coronavirus disease 2019 (COVID-19) patients. Sci Rep.
2021;11(1):10902. [PubMed ID: 34035353]. [PubMed Central ID:
PMC8149409]. https://doi.org/10.1038/s41598-021-90351-y.

Walton AH, Muenzer T, Rasche D, Boomer JS, Sato B, Brownstein BH,
et al. Reactivation of multiple viruses in patients with sepsis. PLoS
One. 2014;9(2). €98819. [PubMed ID: 24919177]. [PubMed Central ID:
PMC4053360]. https://doi.org/10.1371/journal.pone.0098819.

Smatti MK, Yassine HM, AbuOdeh R, AlMarawani A, Taleb SA, Althani
AA, et al. Prevalence and molecular profiling of Epstein Barr virus
(EBV) among healthy blood donors from different nationalities in
Qatar. PLoS One. 2017;12(12). e0189033. [PubMed ID: 29228016].
[PubMed Central ID: PMC5724864].
https://doi.org/10.1371/journal.pone.0189033.

Sousa H, Silva ], Azevedo L, Pinto-Correia AL, Catarino R, Pinto D, et al.
Epstein-Barr virus in healthy individuals from Portugal. Acta Médica

22.

23.

24.

25.

26.

27.

28.

20.

30.

31

32.

Portuguesa. 2011;24(5):707-12.

Brooks B, Tancredi C, Song Y, Mogus AT, Huang MW, Zhu H, et al.
Epstein-Barr Virus and Human Herpesvirus-6 Reactivation in Acute
COVID-19 Patients. Viruses. 2022;14(9). [PubMed ID: 36146679].
[PubMed Central ID: PMC9504756]. https://doi.org/10.3390/v14091872.

Bernal KDE, Whitehurst CB. Incidence of Epstein-Barr virus
reactivation is elevated in COVID-19 patients. Virus Res.
2023;334:199157. [PubMed ID: 37364815]. [PubMed Central ID:
PMC10292739]. https://doi.org[10.1016/j.virusres.2023.199157.

Paolucci S, Cassaniti I, Novazzi F, Fiorina L, Piralla A, Comolli G, et al.
EBV DNA increase in COVID-19 patients with impaired lymphocyte
subpopulation count. Int J Infect Dis. 2021;104:315-9. [PubMed ID:
33359064]. [PubMed Central ID: PMC7833117].
https://doi.org/10.1016/j.ijid.2020.12.051.

Chen ], Dai L, Barrett L, James ], Plaisance-Bonstaff K, Post SR, et al.
SARS-CoV-2 proteins and anti-COVID-19 drugs lytic
reactivation of an oncogenic virus. Commun Biol. 2021;4(1):682.
[PubMed ID: 34083759]. [PubMed Central ID: PMC8175744].
https://doi.org/10.1038/s42003-021-02220-z.

induce

Herzum A, Trave I, D'Agostino F, Burlando M, Cozzani E, Parodi A.
Epstein-Barr virus reactivation after COVID-19 vaccination in a young
immunocompetent man: a case report. Clin Exp Vaccine Res.
2022;11(2):222-5. [PubMed ID: 35799871]. [PubMed Central ID:
PM(C9200649]. https:[/doi.org[10.7774/cevr.2022.11.2.222.

Hoeggerl AD, Nunhofer V, Lauth W, Badstuber N, Held N,
Zimmermann G, et al. Epstein-Barr virus reactivation is not causative
for post-COVID-19-syndrome in individuals with asymptomatic or
mild SARS-CoV-2 disease course. BMC Infect Dis. 2023;23(1):800.
[PubMed ID: 37968601]. [PubMed Central ID: PMC10652630].
https://doi.org[10.1186/s12879-023-08820-w.

Luyt CE, Burrel S, Mokrani D, Pineton de Chambrun M, Luyt D,
Chommeloux ], et al. Herpesviridae lung reactivation and infection
in patients with severe COVID-19 or influenza virus pneumonia: a
comparative study. Ann Intensive Care. 2022;12(1):87. [PubMed ID:
36153427]. [PubMed Central ID: PMC9509504].
https://doi.org[10.1186/s13613-022-01062-0.

Chiesa AF, Pallanza M, Martinetti G, Lanzi F, Previsdomini M,
Pagnamenta A, et al. Herpes simplex virus reactivation in patients
with COVID-19 and acute respiratory distress syndrome: a
prospective cohort Antiviral

2022;27(1):13596535211068600.

study. Therapy.

Shanshal M, Ahmed HS. COVID-19 and Herpes Simplex Virus
Infection: A Cross-Sectional Study. Cureus. 2021;13(9). €18022.
[PubMed ID: 34667693]. [PubMed Central ID: PMC8520410].
https://doi.org[10.7759/cureus.18022.

Alharthy A, Faqihi F, Noor A, Memish ZA, Karakitsos D. Co-infection of
human immunodeficiency virus, herpes simplex virus-2 and SARS-
CoV-2 in a patient with false-negative real-time polymerase chain
reaction results. Singapore medical journal. 2022;63(6):345.

Eisenhut M. Mycoplasma pneumoniae encephalitis and reactivation
of herpes simplex virus. Pediatrics. 2007;119(6):1256-7. author reply
1257-8. [PubMed ID: 17545405]. https://doi.org/10.1542/peds.2007-0616.

Arch Pediatr Infect Dis. 2024; 12(2): e135959.


http://www.ncbi.nlm.nih.gov/pubmed/31315893
https://doi.org/10.1136/jclinpath-2019-205822
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
http://www.ncbi.nlm.nih.gov/pubmed/23861361
https://www.ncbi.nlm.nih.gov/pmc/PMC3783060
https://doi.org/10.1093/cid/cit458
https://www.who.int/docs/default-source/coronaviruse/final--misc-crf-18-may-2020-who.pdf
https://www.who.int/docs/default-source/coronaviruse/final--misc-crf-18-may-2020-who.pdf
http://www.ncbi.nlm.nih.gov/pubmed/14616041
https://doi.org/10.1367/1539-4409(2003)003%3C0329:tpaapp%3E2.0.co;2
http://www.ncbi.nlm.nih.gov/pubmed/32847953
https://www.ncbi.nlm.nih.gov/pmc/PMC7713782
https://doi.org/10.1212/WNL.0000000000010652
http://www.ncbi.nlm.nih.gov/pubmed/34035353
https://www.ncbi.nlm.nih.gov/pmc/PMC8149409
https://doi.org/10.1038/s41598-021-90351-y
http://www.ncbi.nlm.nih.gov/pubmed/24919177
https://www.ncbi.nlm.nih.gov/pmc/PMC4053360
https://doi.org/10.1371/journal.pone.0098819
http://www.ncbi.nlm.nih.gov/pubmed/29228016
https://www.ncbi.nlm.nih.gov/pmc/PMC5724864
https://doi.org/10.1371/journal.pone.0189033
http://www.ncbi.nlm.nih.gov/pubmed/36146679
https://www.ncbi.nlm.nih.gov/pmc/PMC9504756
https://doi.org/10.3390/v14091872
http://www.ncbi.nlm.nih.gov/pubmed/37364815
https://www.ncbi.nlm.nih.gov/pmc/PMC10292739
https://doi.org/10.1016/j.virusres.2023.199157
http://www.ncbi.nlm.nih.gov/pubmed/33359064
https://www.ncbi.nlm.nih.gov/pmc/PMC7833117
https://doi.org/10.1016/j.ijid.2020.12.051
http://www.ncbi.nlm.nih.gov/pubmed/34083759
https://www.ncbi.nlm.nih.gov/pmc/PMC8175744
https://doi.org/10.1038/s42003-021-02220-z
http://www.ncbi.nlm.nih.gov/pubmed/35799871
https://www.ncbi.nlm.nih.gov/pmc/PMC9200649
https://doi.org/10.7774/cevr.2022.11.2.222
http://www.ncbi.nlm.nih.gov/pubmed/37968601
https://www.ncbi.nlm.nih.gov/pmc/PMC10652630
https://doi.org/10.1186/s12879-023-08820-w
http://www.ncbi.nlm.nih.gov/pubmed/36153427
https://www.ncbi.nlm.nih.gov/pmc/PMC9509504
https://doi.org/10.1186/s13613-022-01062-0
http://www.ncbi.nlm.nih.gov/pubmed/34667693
https://www.ncbi.nlm.nih.gov/pmc/PMC8520410
https://doi.org/10.7759/cureus.18022
http://www.ncbi.nlm.nih.gov/pubmed/17545405
https://doi.org/10.1542/peds.2007-0616

Rahimi Hajiabadi H et al.

33. Sharma C, Ganigara M, Galeotti C, Burns ], Berganza FM, Hayes DA, et [PubMed ID: 34716418]. [PubMed Central ID: PMC8554518].
al. Multisystem inflammatory syndrome in children and Kawasaki https:|/doi.org[10.1038/s41584-021-00709-9.
disease: a critical comparison. Nat Rev Rheumatol. 2021;17(12):731-48.

Arch Pediatr Infect Dis. 2024; 12(2): e135959. 9


http://www.ncbi.nlm.nih.gov/pubmed/34716418
https://www.ncbi.nlm.nih.gov/pmc/PMC8554518
https://doi.org/10.1038/s41584-021-00709-9
http://www.ncbi.nlm.nih.gov/pubmed/34716418
https://www.ncbi.nlm.nih.gov/pmc/PMC8554518
https://doi.org/10.1038/s41584-021-00709-9

