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WHAT IS ALREADY KNOWN
n	 MIS-C is a systemic multi-inflammatory syndrome 
temporally associated with SARS-CoV-2 infection.
n	 The virus has been detected in 30%-40% of faecal 
samples from children with acute COVID-19, but the re-
sidual infectivity of the virus, transmitted by faeces, is 
not clear. The SARS-CoV-2 presence in the wastewater is 
used to track the infection diffusion.
n	 No data are currently available regarding the presence 
of SARS-CoV-2 in stools of paediatric patients with MIS-C. 

WHAT THIS STUDY ADDS
n	 SARS-CoV-2 is detectable in more than 10% of chil-
dren with MIS-C up to >21 days from the presumed con-
tact with the virus. 
n	 Confirmation of the presence of SARS-CoV-2 in larger 
samples of patients with MIS-C and assessment of the 
contagiousness of the virus in the same samples could 
help define the appropriate intrahospital isolation meas-
ures to be taken for patients with MIS-C, as there is no 
specific guidance yet.

ABSTRACT

BACKGROUND: Multisystem Inflammatory Syndrome in 
Children (MIS-C) is a rare but severe illness associated with 
SARS-CoV-2 infection. A dysregulated immune response is 
recognized as the main pathogenic mechanism. Previous 
studies demonstrated the presence of SARS-CoV-2 RNA in 
faeces of almost one-third of patients with COVID-19, while 
data are currently missing about MIS-C.
OBJECTIVES: to evaluate faecal sample positivity to SARS-
CoV-2 in MIS-C and to compare the positivity rate between 
MIS-C and COVID-19 hospitalised children. 
DESIGN: observational descriptive study with prospective 
patient enrollment.
SETTING AND PARTICIPANTS: the SARS-CoV-2 positivity 
was evaluated in stool samples obtained in a prospective 
series of 63 paediatric patients admitted to Regina Marghe-
rita Children’s Hospital (Azienda Ospedaliero Universitaria – 
Città della Salute e della Scienza, Turin, Northern Italy) with 
diagnosis of MIS-C (N. 31) or COVID-19 (N. 32), during the 
first year of pandemic emergency. The real-time reverse tran-

scription polymerase chain reaction (real-time RT-PCR), was 
performed using a validated kit measuring 3 target SARS-
CoV-2 genes: E gene, N gene, and ORF1ab gene
MAIN OUTCOME MEASURES: SARS-CoV-2 stool positivity 
and concomitant gastrointestinal symptoms.
RESULTS: overall, 16/63 (25%) stool samples revealed the 
presence of SARS-CoV-2 mRNA. In patients with COVID-19, 
faecal samples were collected 8 days as median (IQR 7) after 
the presumed viral exposure and were positive in 12/31 
(39%; 95%CI 23.2-56.2); among children with MIS-C, 
stools were collected 27.5 days as median (IQR 26.25) after 
presumed contact and the positivity rate was 12.5% (95%CI 
4.4-27.0) (4/32). More than 80% of the children with MIS-C 
presented gastrointestinal symptoms, but the frequency of 
gastrointestinal symptoms in patients with positive stools for 
SARS-CoV-2 RNA is not higher than patients tested negat-
ive (p=0.092).
CONCLUSIONS: MIS-C patients frequently experienced 
gastrointestinal symptoms, confirming the intestinal involve-
ment in MIS-C already described in the literature. The pres-
ence of SARS-CoV-2 mRNA in faecal samples is confirmed in 
more than 10% of MIS-C patients and stool positivity was 
also detected many days after presumed first contact with 
the virus. This data suggests the possibility of tracing SARS-
COV-2 also in faeces for a better description of its circulation 
and spread in the environment.

Keywords: SARS-CoV-2, stools, COVID-19, MIS-C, SARS-CoV-2 
infection, children

RIASSUNTO

INTRODUZIONE: la sindrome infiammatoria multisistemi-
ca in età pediatrica (MIS-C) correlata a SARS-CoV-2 è una 
manifestazione rara, ma grave e potenzialmente fatale, che 
è stata descritta in letteratura a partire dall’aprile 2020. La 
patogenesi non è ancora del tutto chiarita. La tempistica 
di esordio, a 2-4 settimane dall’infezione acuta da SARS-
CoV-2, suggerisce che siano coinvolti meccanismi di tipo im-
muno-mediato post-infettivo, piuttosto che un meccanismo 
virale diretto. Numerosi studi precedenti hanno dimostrato 
la presenza di mRNA di SARS-CoV-2 in un terzo delle feci di 
bambini affetti da COVID-19, mentre non sono presenti dati 
su pazienti affetti da MIS-C.
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OBIETTIVI: valutare la positività di SARS-CoV-2 su campioni 
fecali di bambini con diagnosi di MIS-C a confronto con casi 
pediatrici di COVID-19. 
DISEGNO: studio osservazionale descrittivo con arruolamen-
to prospettico dei pazienti.
SETTING E PARTECIPANTI: la ricerca diretta di SARS-CoV-2 
su campioni di feci è stata effettuata in una serie di 63 pa-
zienti pediatrici ricoverati presso l’Ospedale infantile Regina 
Margherita dell’Azienda ospedaliero-universitaria Città della 
Salute e della Scienza di Torino con diagnosi di MIS-C (n. 31) 
o COVID-19 (n. 32) durante il primo anno di emergenza pan-
demica. La positività a SARS-CoV-2 è stata valutata con test 
molecolare real-time (Reverse Transcription and Polymerase 
Chain Reaction, RT-PCR) utilizzando un kit validato e valu-
tando la presenza di tre geni target di SARS-CoV-2: gene E, 
gene N e gene ORF1ab. 
PRINCIPALI MISURE DI OUTCOME: positività delle feci a 
mRNA di SARS-CoV-2 e presenza di sintomi gastrointestinali 
(dolore addominale, diarrea, nausea e/o vomito).
RISULTATI: la ricerca dei geni di SARS-CoV-2 nelle feci con 
RT-PCR ha messo in evidenza positività in 16/63 (25%) cam-
pioni raccolti. Nei pazienti con COVID-19, i campioni feca-

li sono stati raccolti 8 giorni (mediana, IQR 7) dopo la pre-
sunta esposizione al virus e sono risultati positivi nel 39% 
(IC95% 23.2-56.2) dei casi (12/31); nei pazienti con MIS-C, 
le feci sono state raccolte 27,5 giorni (mediana, IQR 26,25) 
dopo il presunto contatto e il tasso di positività è stato del 
12,5% (IC95% 4,4-27,0) (4/32). La presenza di sintomi ga-
strointestinali è stata osservata in più dell’80% dei pazien-
ti affetti da MIS-C, ma non risulta più frequente nei pazienti 
con feci positive per SARS-CoV-2 rispetto ai pazienti con feci 
negative (p=0,092).
CONCLUSIONI: i pazienti con diagnosi di MIS-C hanno sof-
ferto con elevata frequenza di sintomi gastrointestinali, con-
fermando il coinvolgimento intestinale già descritto in lette-
ratura. È confermata la presenza di mRNA di SARS-CoV-2 in 
più del 10% dei campioni fecali di pazienti affetti da MIS-C, 
anche dopo numerosi giorni dal presunto contatto con il vi-
rus. Questi dati sottolineano l’opportunità di tracciare la pre-
senza del virus anche nelle feci al fine di descriverne meglio 
la circolazione e la diffusione nell’ambiente. 

Parole chiave: SARS-CoV-2, MIS-C, feci, COVID-19, età pediatrica
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BACKGROUND AND OBJECTIVES 
Multisystem inflammatory syndrome in children (MIS-C) 
is a rare but severe illness associated with SARS-CoV-2 
infection firstly described in April 2020, approximately 
one month after the first COVID-19 outbreak.1,2 The 
incidence in COVID-19 hotspot area has been estimated 
at 2 per 100,000 persons aged <21 years.3 MIS-C usually 
develops after the infection rather than during the acute 
stage of the disease, suggesting a dysregulated immune 
response (i.e., continuous activation of adaptive immune 
responses driven by persisting antigen presentation) as 
the primary pathogenic mechanism.3,4 Only one-third 
of reported cases presents a positive reverse transcription 
polymerase chain reaction (RT-PCR) for SARS-CoV-2 
on nasal swab; on the other hand, serology for SARS-
CoV-2 results positive in the majority of cases.5,6 MIS-C 
clinical presentation, characterized by multi-organ in-
volvement, commonly involves gastrointestinal signs and 
symptoms.7-9 To the best of the Authors’ knowledge, few 
data are present in literature regarding the detection of 
SARS-CoV-2 mRNA in faecal samples of patients with 
MIS-C,10 even if biospecimen collection methods for 
children were recently recommended.11 
This is an observational descriptive study that aims to de-
tect SARS-CoV-2 mRNA in faecal samples of prospect-
ively enrolled patients who matched Centre for Disease 
Control and Prevention (CDC) case definition criteria 
for MIS-C.12

MATERIALS AND METHODS
Patients aged below 15 years, with no comorbidities, 
providing a faecal sample for SARS-CoV-2 assessment, 
admitted to the major tertiary care paediatric hospital 
in Piedmont Region (Northern Italy), Regina Margher-
ita Children’s Hospital (Azienda Ospedaliera Universit-
aria - Città della Salute e della Scienza, Turin), during the 
first year of pandemic (from 15 April 2020 to 29 Feb-
ruary 2021) with a diagnosis of MIS-C (according to 
CDC criteria)12 were enrolled. As comparison group, 
patients aged below 15 years and admitted in the same 
period in the same hospital or followed-up in the out-
patient department for a diagnosis of COVID-19 (pos-
itive nasopharyngeal swab) and without comorbidities 
were enrolled.
Written informed consent was obtained from the par-
ents of patients and an official approval was obtained 
from the Institutional Ethical Committee (Città della 
Salute e della Scienza di Torino, protocol number 
00564/2020).
For each patient enrolled in the study, SARS-CoV-2 stool 
positivity was evaluated. Moreover, demographic data, 
clinical presentation (with a specific focus on gastrointest-
inal symptoms recorded during the acute phase of both 
COVID-19 and MIS-C diseases), and time from SARS-
CoV-2 infection to faecal sample collection were re-
gistered (Table 1A). The time from the presumptive con-
tact with the virus was defined as follow:
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■■ when available, the date of the first positive SARS-
CoV-2 nasopharyngeal swab with the addiction of 5 days 
as typical incubation period was considered;13 
■■ for patients with MIS-C without previous positive 

swab and ascertained intra-familial exposure to SARS-
CoV-2, the date of the first positive SARS-CoV-2 swab 
of familial contacts was considered; 
■■ for patients with MIS-C without positive swab and 

untested intra-familial exposure, 15 days as the min-
imum time to produce specific antibodies from exposure 
were considered.
Faecal samples were obtained at the first stool emission 
after hospital admission when possible (for 7 COVID-19 
patients, faecal sample was collected at the first control 
visit) and after having obtained written informed con-
sent by the caregiver. They were stored at -80°C im-
mediately after collection, until the extraction and ana-
lysis were performed in the lab (Hygiene Section, Public 
Health and Paediatric Department, University of Turin). 
Extraction of total mRNA from faecal samples was per-
formed with a commercialized kit (Power Microbiome 
RNA kit, QIAGEN). The extracted mRNA was quan-
tified using a NanoQuant Plate (TECAN Trading AG, 
Switzerland), which allows quantification using a spec-
trophotometer read at 260 nm. The spectrophotometer 
used was the TECAN Infinite 200 PRO, and the soft-
ware was i-Control (version 1.11.10). The RNA qual-
ity was tested both by spectrophotometer analysis (mean 

260/280 ratio: 1.93±0.20) and by gel electrophoresis to 
control no excessive nucleic acids fragmentation. Extrac-
ted nucleic acids were stored at –80°C until molecular 
analysis was performed.
The real-time RT-PCR was performed using the Novel 
Coronavirus (2019-nCoV) Real-Time Multiplex RT-
PCR kit from LifeRiver Ltd., and CFX Instruments 
(Bio-Rad, Hercules, CA, USA) following the suggested 
thermal protocol included in the kit instructions and ac-
cording to literature data.14 The assay measures simul-
taneously 3 target genes: SARS-CoV-2 E gene, N gene, 
ORF1ab gene according to international validated test-
ing protocols.14,15

Data elaboration and statistical analyses
The statistical analysis was performed using IBM SPSS 
statistics package 27.0. A descriptive analysis of the vari-
ables was conducted. The data were reported as abso-
lute numbers and percentages for categorical variables, as 
means and standard deviations for continuous variables. 
Moreover, the subjects were divided into two groups 
based on the diagnosis: COVID-19 or MIS-C. Differ-
ences between COVID-19 and MIS-C children were 
assessed using the chi2 test with Fisher’s correction for 
categorical variables and Mann-Whitney test for con-
tinuous variables. The Spearman rank-order correlation 
coefficient was also determined to assess the relationships 
between variables. 

COVID-19 
(N. 31)

MIS-C 
(N. 32) p-value

A

Gender 
Female 14 45.2 14 43.8

0.910
Male 17 54.8 18 56.2

Ethnicity 

Africans 4 12.9 4 12.5

0.394
Caucasian 26 83.9 26 81.25

Chinese 1 3.2 0 0

Hispanic 0 0 2 6.25

Age years 5.61 ±5.03 7.94 ±3.93 0.037

Antibodies against  
SARS-CoV-2*

IgG  (+) NA NA 27 96

IgG  (–) NA 1 4

Nasopharyngeal swab
Pos (+) 31 100 10 31.2

<0.001
Neg (–) 0 0% 22 68.7

Estimated time 
from the SARS-CoV-2 
contact

days 14.3 ±15.9 29.4 (±21.0) <0.001

B

Extracted RNA from 
stool µg/µL 120.3 ±159.0 56.0 ±78.9 0.021

Gastrointestinal 
symptoms

No 22 71 6 (18.75) 18.75
<0.001

Yes 9 29 26 (81.25) 81.25

SARS-CoV-2 RNA in 
stool

Neg (-) 19 61.3 28 (87.5) 87.5
0.017

Pos (+) 12 38.7 4 (12.5) 12.5

Table 1. (A) Demographic characteristics, 
(B) gastrointestinal symptoms, and SARS-
CoV-2 collected data of the two cohorts of 
patients. Continuous variables are expressed 
as mean and standard deviation (SD); the 
categorical variables are expressed as abso-
lute numbers and percentages.
Tabella 1. Dati raccolti dalle due coorti di 
pazienti e riferiti a (A) caratteristiche de-
mografiche, (B) sintomi gastrointestinali e 
positività per SARS-CoV-2. Le variabili conti-
nue sono espresse come media e deviazione 
standard (SD); le variabili categoriche sono 
espresse come numeri assoluti e percentuali.

* data available only for 28 patients with MIS-C 
(serological tests by enzyme-linked immunosorbent 
assays, ELISA) / dati disponibili solo per 28 panzien-
ti con MIS-C (test sierologici condotti con metodo 
ELISA)
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RESULTS
Overall, 28 females and 35 males, aged 1 month to 15 
years, were prospectively enrolled in the study (Table 
1A). Among 31 patients with COVID-19, 24 were en-
rolled during the acute stage of the disease and 7 at the 
follow-up in outpatients’ clinics after hospitalization. 
Demographic and clinical characteristics of patients are 
reported in Table 1A. The age of the COVID-19 in-
cluded patients is lower than MIS-C, as reported in the 
literature.3 
Data regarding IgG against SARS-CoV-2 were available for 
28/32 patients with MIS-C, as 4 children were enrolled be-
fore the development of validated methods (i.e., serological 
tests by enzyme-linked immunosorbent assays, ELISA); 
27/28 (96%) children with MIS-C had a positive serology, 
confirming past infection. 
Gastrointestinal symptoms (i.e., at least one among ab-
dominal pain, nausea, vomiting or diarrhoea) were re-
ported during hospitalization for the acute phase of the 
diseases in 9/31 (29%) patients with COVID-19 and 
26/32 (81%) children with MIS-C (p <0.001). Over-
all, 16/63 (25%) faecal samples revealed the presence of 
SARS-CoV-2 RNA. The extracted RNA concentration 
was meanly 17.6 ± 25.6 µg/mg stool and varied in a wide 
range of quantity (from 3 to >790 ng/µg faeces). 
Considering the whole sample (N. 63), time from pre-
sumptive viral exposure was 14 days (median, IQR 26) 
in patients with negative stools and 8 days (median, 
IQR 16.50) in patients with positive stools (p=0.110). 
Moreover, cycle threshold values (Ct)) observed for each 

SARS-CoV-2 gene correlated with the estimated days 
from the contact (Spearman’s rho 0.309 and p=0.014 
for ORF1ab; 0.269 and p=0.033 for N gene; 0.301 and 
p=0.016 for E gene), showing a presumably lower con-
centration of the virus when the time from the contact 
is longer. Indeed, a significant difference is observed 
between the Ct in MIS-C (2 cycles higher) and the 
COVID-19 (35.2 ± 2.6 vs 32.9 ± 3.9 p= 0.022 for OR-
F1ab; 34.6 ± 3.0 vs 32.5 ± 4.2, p=0.015 for N gene; 35.4 
± 4.4 vs 33.2 ± 5.5, p=0.021 for E gene). 
The positivity rate of stools was comparable in patients 
with or without gastrointestinal clinical involvement, 
37.5% (6/35) vs 35% (10/28), p=0.092.
In patients with COVID-19, faecal samples were collec-
ted 8 days as median (IQR 7) after the presumed viral ex-
posure and were positive in 12/31 (39%, 95%CI 23.2-
56.2); among children with MIS-C, stools were collected 
27.5 days as median (IQR 26.25) after presumed con-
tact and the positivity rate was 12.5% (4/31) (95%CI 
4.4-27.0) (Table 1B). Positive stools of patients with 
MIS-C were collected at 27, 36, 43, and 72 days from 
presumptive primary infection (Figure 1); in the latter, 
concomitant serology for SARS-CoV-2 resulted negative, 
but the exposure to a confirmed COVID-19 case was as-
certained.

DISCUSSION
Multisystem inflammatory syndrome in children is a 
severe emerging illness affecting paediatric patients, tem-
porally related to SARS-CoV-2 infection.1,2 The SARS-

Figure 1. Distribution of the samples concerning the estimated time from the SARS-CoV-2 contact causing the following COVID-19 or MIS-C and stool positivity (red).
Figura 1. Distribuzione dei campioni sul tempo stimato dal contatto col virus SARS-CoV-2 che ha causato la malattia COVID-19 oppure MIS-C e campione di feci 
positivo (rosso). 
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■■ finally, the small sample size and the significant differ-
ence in collection time from exposure between the two 
groups could have a potential impact on the results and 
on their interpretation. 
Nevertheless, in the present study, more than 10% of 
MIS-C patients tested positive for SARS-CoV-2 mRNA 
in faeces, while the rate of patients with acute COVID-19 
and faecal SARS-CoV-2 positivity was consistent with 
previously reported data,25 confirming the reliability of 
the methods used in this study. 

CONCLUSIONS
In the considered cohort, SARS-CoV-2 was detectable in 
more than 10% of children with MIS-C up to >21 days 
from the presumed contact with the virus (21 days is the 
time limit for isolation of SARS-CoV-2 infected subjects 
with persistently positive molecular testing and no residual 
symptoms, introduced by the Italian Ministry of Health). 
If confirmed on larger case series, these data could add 
additional knowledge regarding the presence and dura-
tion of positive faecal samples in children with MIS-C. 
Regarding the intra-hospital setting, the confirmation of 
the presence of SARS-CoV-2 in larger sampling of MIS-C 
patients and the concomitant evaluation of virus viabil-
ity and contagiousness could help to define appropriate 
intra-hospital isolation measures. These strategies, which 
have not been applied so far, include personal equipment 
and infection control procedures to be adopted for this 
type of patients during the in-hospital care. 
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CoV-2 attachment site, i.e., the angiotensin-convert-
ing enzyme 2 (ACE-2 receptor), is widely expressed also 
in the gut.16-20 Previous studies have already demon-
strated the presence of SARS-CoV-2 mRNA in fae-
ces of almost one third of symptomatic patients with 
COVID-19,17,21-25 both adults and children. Prolonged 
persistence of SARS-CoV-2 mRNA in stools have been 
already described.16,26-28 The contagiousness of the virus 
in the stool and the possible faecal-oral route of trans-
mission remain unproven,21,29-33 even if in the 35% of 
positive samples the virus is vital.34 The presence of the 
virus in the faeces can be used to track the spreading of 
the infection.35 Such principle constitutes the basis of 
the waste-water epidemiology and of the SARS-CoV-2 
waste-water surveillance today active in Italy and in the 
European Community,35 as in other countries.36

Children, compared to adults, have a higher ACE-2 ex-
pression in the gut17 and present a higher ACE expres-
sion inside the intestine than in the respiratory tract;25 

these data may explain both the higher proportion of 
gastrointestinal symptoms and the higher percentage of 
positive faeces in the paediatric than in the adult form of 
COVID-19.17 
MIS-C clinical presentation, characterized by mul-
ti-organ involvement, commonly includes gastrointest-
inal signs and symptoms. According to literature,7-9 in 
the cohort considered in the present study, diarrhoea, 
nausea, vomiting or abdominal pain were more fre-
quent in patients with MIS-C compared to children with 
COVID-19 (p< 0.001).
However, to the best of the Authors’ knowledge, data re-
garding the presence of the virus in the gut of patients 
with MIS-C is lacking. This study would like to fill such 
knowledge gap, although it has several limitations, in-
cluding
■■ the conventional but arbitrary estimated method ap-

plied to define the time from exposure to SARS-CoV-2;
■■ not perfectly comparability between the two groups of 

subjects (for example considering age);
■■ a limited real-time faeces sampling for some patients, 

due both to the slow intestinal transit in MIS-C subjects 
and to the limited length of stay for COVID-19 patients, 
although the study was designed to obtain stool sampling 
at the first emission after admission;

REFERENCES
1.	 Carbajal R, Lorrot M, Levy Y, et al. Multisystem inflammatory syndrome in children 

rose and fell with the first wave of the COVID-19 pandemic in France. Acta Paediatr 
2021;110(3):922-32.

2.	 Blumenthal JA, Burns JP. Epidemiology of Multisystem Inflammatory Syndrome in 
Children: A Step Closer to Understanding Who, Where, and When. JAMA Pediatr 
2021;175(8):783-85.

3.	 Rafferty MS, Burrows H, Joseph JP, Leveille J, Nihtianova S, Amirian ES. Multisys-

tem inflammatory syndrome in children (MIS-C) and the coronavirus pandemic: 
Current knowledge and implications for public health. J Infect Public Health 
2021;14(4):484-94.

4.	 Gruber CN, Patel RS, Trachtman R, et al. Mapping Systemic Inflammation and An-
tibody Responses in Multisystem Inflammatory Syndrome in Children (MIS-C). Cell 
2020;183(4):982-95.e14.

5.	 Henderson LA, Canna SW, Friedman KG, et al. American College of Rheumatology 



Epidemiol Prev 2021; 45 (6):In press. doi: 10.19191/EP21.6.120

www.epiprev.it

 anno 45 (6) novembre-dicembre 2021

r a s s e g n e  e  a r t i c o l i

45

Clinical Guidance for Multisystem Inflammatory Syndrome in Children Associated 
With SARS–CoV‐2 and Hyperinflammation in Pediatric COVID‐19: Version 1. Arth-
ritis Rheumatol 2020;72(11):1791-805.

6.	 Rostad CA, Chahroudi A, Mantus G, et al. Quantitative SARS-CoV-2 Serology in 
Children with Multisystem Inflammatory Syndrome (MIS-C). Pediatrics 2020;146(6): 
e2020018242.

7.	 Lee IC, Huo TI, Huang YH. Gastrointestinal and liver manifestations in patients with 
COVID-19. J Chin Med Assoc 2020;83(6):521-23.

8.	 Aronoff SC, Hall A, Del Vecchio MT. The Natural History of Severe Acute Respiratory 
Syndrome Coronavirus 2-Related Multisystem Inflammatory Syndrome in Children: 
A Systematic Review. J Pediatric Infect Dis Soc 2020;9(6):746-51.

9.	 Radia T, Williams N, Agrawal P, et al. Multi-system inflammatory syndrome in chil-
dren & adolescents (MIS-C): A systematic review of clinical features and presenta-
tion. Paediatric Respir Rev 2021;38:51-57.

10.	Yonker LM, Gilboa T, Ogata AF, et al. Multisystem inflammatory syndrome in 
children is driven by zonulin-dependent loss of gut mucosal barrier. J Clin Inves 
2021;131(14):e149633.

11.	 Lima R, Gootking EF, De la Flor D, et al. Establishment of a pediatric COVID-19 
biorepository: unique considerations and opportunities for studying the impact of 
the COVID-19 pandemic on children. BMC Med Res Methodol 2020;20(1):228.

12.	CDC WHO. UpToDate. CDC and WHO case definitions of multisystem inflammat-
ory syndrome in children. Available from: https://www.uptodate.com/contents/im-
age?imageKey=PEDS%2F128201

13.	Zimmermann P, Curtis N. Coronavirus infections in children including COVID-19: An 
overview of the epidemiology, clinical features, diagnosis, treatment and prevention 
options in children. Pediatr Infect Dis J 2020;39(5):355-68.

14.	Mesoraca A, Margiotti K, Viola A, Cima A, Sparacino D, Giorlandino C. Evaluation of 
SARS-CoV-2 viral RNA in faecal samples. Virol J 2020;17(1):86.

15.	Corman VM, Landt O, Kaiser M, et al. Detection of 2019 novel coronavirus (2019-
nCoV) by real-time RT-PCR. Euro Surveill 2020;25(3):2000045.

16.	Canani RB, Comegna M, Paparo L, et al. Comparative Evaluation of Nasal and Small 
Intestine Expression of ACE2, TMPRSS2 and ACE1 and in Children and in Adults. 
SSRN Electron J 2020. doi:10.2139/ssrn.3714641.

17.	Wong MC, Huang J, Lai C, Ng R, Chan FKL, Chan PKS. Detection of SARS-CoV-2 
RNA in faecal specimens of patients with confirmed COVID-19: A meta-analysis. J 
Infect 2020;81(2):e31-38.

18.	Zhang, H. et al. Specific ACE2 expression in small intestinal enterocytes may cause 
gastrointestinal symptoms and injury after 2019-nCoV infection. Int. J. Infect. Dis. 
96, 19–24 (2020). Available from: https://ssrn.com/abstract=3714641

19.	da Luz BB, Turin de Oliveira NM, Dos Santos IWF, et al. An overview of the gut side 
of the SARS-CoV-2 infection. Intest Res 2021;19(4):379-85.

20.	Ziegler CGK, Allon SJ, Nyquist SK, et al. SARS-CoV-2 Receptor ACE2 Is an Interfer-
on-Stimulated Gene in Human Airway Epithelial Cells and Is Detected in Specific 
Cell Subsets across Tissues. Cell 2020;181(5):1016-35.e19.

21.	Ding S, Liang TJ. Is SARS-CoV-2 Also an Enteric Pathogen with Potential Faecal-
Oral Transmission? A COVID-19 Virological and Clinical Review. Gastroenterology 
2020;159(1):53-61.

22.	Galanopoulos M, Gkeros F, Doukatas A, et al. COVID-19 pandemic: Patho-
physiology and manifestations from the gastrointestinal tract. World J Gastroen-
terol 2020;26(31):4579-88.

23.	Xiong XL, Wong KKY, Chi SQ, et al. Comparative study of the clinical characteristics 
and epidemiological trend of 244 COVID-19 infected children with or without GI 
symptoms. Gut 2021;70(2):436-38.

24.	Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Evidence for Gastrointestinal Infection 
of SARS-CoV-2. Gastroenterology 2020;158(6):1831-33.e3.

25.	Zhang JC, Wang SB, Xue YD. Faecal specimen diagnosis 2019 novel coronavirus–in-
fected pneumonia. J Med Virol 2020;92(6):680-82.

26.	Wu Y, Guo C, Tang L, et al. Prolonged presence of SARS-CoV-2 viral RNA in faecal 
samples. Lancet Gastroenterol Hepatol 2020;5(5):434-35.

27.	Chen Y, Chen L, Deng Q, et al. The presence of SARS-CoV-2 RNA in the feces of 
COVID-19 patients. J Med Virol 2020;92(7):833-40.

28.	Kipkorir V, Cheruiyot I, Ngure B, Misiani M, Munguti J. Prolonged SARS-CoV-2 RNA 
detection in anal/rectal swabs and stool specimens in COVID-19 patients after 
negative conversion in nasopharyngeal RT-PCR test. J Med Virol 2020;92(11): 
2328-31.

29.	Mirjalali H, Nazemalhosseini-Mojarad E, Yadegar A, et al. The Necessity of Stool 
Examination in Asymptomatic Carriers as a Strategic Measure to Control Further 
Spread of SARS-CoV-2. Front Public Health 2020;8:553589.

30.	Godoy MG, Kibenge MJT, Kibenge FSB. SARS-CoV-2 transmission via aquatic food 
animal species or their products: A review. Aquaculture 2021;536:736460.

31.	Xu Y, Liu P, Gu J. Gastrointestinal and liver involvement in patients with COVID-19. 
Lancet Gastroenterol Hepatol 2020:5(9):798-99.

32.	 Scaldaferri F, Ianiro G, Privitera G, et al. The thrilling journey of SARS-CoV-2 into 
the intestine: From pathogenesis to future clinical implications. Inflamm Bowel Dis 
2020;26(9):1306-14.

33.	Heller L, Mota CR, Greco DB. COVID-19 faecal-oral transmission: Are we asking the 
right questions? Sci Total Environ 2020;729:138919.

34.	 van Doorn AS, Meijer B, Frampton CMA, Barclay ML, de Boer NKH. Systematic re-
view with meta-analysis: SARS-CoV-2 stool testing and the potential for faecal-oral 
transmission. Aliment Pharmacol Ther 2020;52(8):1276-88.

35.	Gawlik BM, Tavazzi S, Mariani GSH, Sponar M, Higgins T, Medema GWT. SARS-
CoV-2 Surveillance employing Sewage – Towards a Sentinel System. JRC Tech-
nical Report 2021. Available from: https://publications.jrc.ec.europa.eu/repository/
handle/JRC125065

36.	Kirby AE, Spalding Walters M, Jennings WC, et al. Using Wastewater Surveillance 
Data to Support the COVID-19 Response - United States, 2020-2021. MMWR Morb 
Mortal Wkly Rep 20201;70(36):1242-44.


