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Background: To date, there’s no evidence of an increased risk of SARS-CoV-2 infection
or more severe COVID-19 in patients with inflammatory bowel disease (IBD). However,
whether COVID-19 alters the clinical course of IBD or whether IBD treatment affects the
immunological response to SARS-CoV-2 is still under investigation, especially in children.

Aim: To assess the serological response to SARS-CoV-2 in children with IBD, and to
evaluate the impact of COVID-19 on the clinical course of IBD.

Material and Methods: This prospective study enrolled children (0-18 years)
followed-up at the University Hospital of Padova for IBD, who acquired a confirmed
SARS-CoV-2 infection between 02.2020 and 02.2021. The anti-SARS-CoV-2 S-RBD
IgG titer was evaluated at 3 months after infection and compared to that of a control
group of healthy children matched for age, sex, and COVID-19 severity.

Results: Twelve children with IBD (M = 5; median age 14 years) contracted COVID-19
during the study period. 11/12 patients were under immunomodulatory treatment
(4/12 steroids; 6/12 azathioprine; 3/12 anti-TNFs; 2 vedolizumab; 1 ustekinumab).
SARS-CoV-2 infection remained asymptomatic in 4/12 children and caused mild
COVID-19 in the remaining 8. Mean anti-SARS-CoV-2 IgG S-RBD titer was similar
between IBD patients and controls (27.3 + 43.8 vs. 36.8 £ 35.3 KAU/L, p = ns).
No children experienced IBD flares nor required gastroenterological support during the
infection period.

Discussion: Children with IBD can mount a protective humoral response against
SARS-CoV-2, which is comparable to that of their healthy peers regardless of ongoing
immunomodulatory treatment. This study also supports the favorable course of PIBD
during COVID-19 and vice-versa.

Keywords: inflammatory bowel disease, children, COVID-19, immunological response, neutralizing antibodies,
pediatric, SARS-CoV-2, serology
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has spread
globally, evolving into a pandemic and a serious public health
threat across the world (1). When compared to adults, children
and adolescents have a mild COVID-19 course with a good
prognosis (2). However, a small percentage of pediatric subjects
experience life-threatening complications from SARS-CoV-2
infection either in the form of severe or critical COVID-19 (3)
or in the form of a severe hyperinflammatory condition, known
as multisystem inflammatory syndrome in children (MIS-C) (4).

From the beginning of the SARS-CoV-2 emergency, special
attention has been reserved to immunocompromised subjects,
including patients treated for inflammatory bowel disease (IBD)
(5). Despite concerns that patients with IBD could be more
susceptible to COVID-19, there is to date no evidence of an
increased risk of SARS-CoV-2 infection or development of more
severe COVID-19 disease in this patient group compared to the
general population, regardless of ongoing immunosuppressive
therapy (6-8). However, whether immunomodulatory treatment
in IBD affects the degree and the duration of the antibody
response to SARS-CoV-2 infection (and/or vaccination) is still
under investigation, especially in children (9, 10). The induction
of protective immunity to SARS-CoV-2 is critical to contain viral
replication in individual subjects, suppress viral transmission
across the population, and prevent the emergence of novel viral
variants (11, 12). Also, it remains to be determined whether
COVID-19 affects the clinical course of IBD. The documented
intestinal tropism of the virus, combined with the onset of
gastrointestinal symptoms and the high fecal calprotectin levels
observed in COVID-19 patients, has led to the hypothesis that
SARS-CoV-2 infection could trigger bowel inflammation in
subjects with IBD (5, 13, 14). Unfortunately, the overlap between
the clinical manifestations of active IBD and the gastrointestinal
symptoms of COVID-19 make it challenging to prove or disprove
the above speculation during the acute phase of COVID-19 (15).

In the attempt to investigate the consequences of SARS-CoV-2
infection in IBD and vice-versa, we performed a prospective
study aiming to primarily assess the serological response to
SARS-CoV-2 in a cohort of children with IBD and confirmed
COVID-19 and, secondarily, to evaluate the impact of COVID-19
on the clinical course of pediatric IBD (PIBD).

MATERIALS AND METHODS
Study Design and Population

A single-center, prospective, observational study was conducted
on pediatric patients (aged 0-18 years old at February 2020) with
a diagnosis of Crohn’s disease (CD), ulcerative colitis (UC), or
unclassified inflammatory bowel disease (IBDU) followed at the
Department of Women’s and Children’s Health (W&CHD) of
the University Hospital of Padova, a tertiary referral pediatric
hospital and a regional center for PIBD in the North-East of Italy.

All the subjects of the cohort who acquired a SARS-CoV-2
infection from the February 21, 2020 (date of the first case of
COVID-19 diagnosed in Italy) to February 28, 2021 were enrolled

in the study after obtainment of the informed consent from the
parents or legally authorized representatives.

Case Definition

Patients were included in the study if satisfying the WHO
definition of confirmed SARS-CoV-2 infection following either
a positive Nucleic Acid Amplification Test (NAAT) or a positive
SARS-CoV-2 antigen-rapid diagnostic test (RDT) and contact
with a probable or confirmed COVID-19 case or cluster (16).

Patients were also included in the study if satisfying the
WHO criteria for probable SARS-CoV-2 infection (i.e., a patient
who meets COVID-19 clinical criteria and is a contact of a
probable or confirmed COVID-19 case or cluster) in adjunct
to a positive serological test obtained after the resolution of
symptoms (16, 17).

In confirmed COVID-19 cases, SARS-CoV-2 infection was
dated either from the first positive diagnostic test (NAAT or
RDT) or from the onset of symptoms. In serologically identified
COVID-19 patients, SARS-CoV-2 infection was dated back to
the onset of symptoms after the close contact with a probable or
confirmed COVID-19 case or cluster.

The severity of COVID-19 was scored as mild, moderate,
severe, or critical following the WHO classification based
on clinical features, laboratory testing, and chest radiograph
imaging (when available). Severe COVID-19 is defined by oxygen
saturation <90% on room air or by signs of severe respiratory
distress. Critical COVID-19 is defined by the criteria for acute
respiratory distress syndrome (ARDS), sepsis, septic shock,
or other conditions that would require the provision of life-
sustaining therapies such as mechanical ventilation (invasive or
non-invasive) or vasopressor therapy, or by a disease resulting in
death (18).

Data Collection

PIBD patients with SARS-CoV-2 infection were actively
identified by in-person or phone interviews with the parents,
inquiring about SARS-CoV-2 testing, COVID-19 diagnosis,
COVID-19 symptoms, close contacts with probable or confirmed
COVID-19 cases, and quarantine assignments.

All  patients  experiencing the acute onset of
gastroenterological symptoms in the context of IBD remission or
a worsening of gastroenterological symptoms in comparison to
baseline underwent a NAAT or a RDT. Moreover, a surveillance
NAAT was performed in all PIBD patients at the time of biologic
drug infusions or endoscopic check-ups, and in case of hospital
admission or emergency department visits.

A standardized questionnaire was used to collect all
data related to SARS-CoV-2 infection, including diagnostic
modalities, date of diagnosis, source and duration of infection,
clinical manifestations, duration of symptoms, clinical outcome,
infection management, need for hospital admission or anti-viral
treatment. The impact of COVID-19 on the course and the
management of IBD was also investigated, inquiring each patient
for disease activity before, at the time and after SARS-CoV-2
infection [remission was defined by a PCDAI (19) score <10
for CD, and a PUCAI score (20) <10 for UC and IBDU],
fecal calprotectin levels before and after SARS-CoV-2 infection
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(the cut-off value of 250-300pg/g was considered predictive
of mucosal inflammation) (21), modifications of IBD treatment
during the infection, and possible variations on scheduled
hospital admissions, endoscopic procedures or outpatient visits.

Demographic data (age, gender, ethnicity) and all the
information concerning the patients medical history, with
particular regard to IBD [date of diagnosis, disease type (22),
extent, and disease behavior (23) and treatment], were obtained
through clinical file revision.

Collected data were entered into a password-protected Excel
database and analyzed anonymously.

At 3 months from the SARS-CoV-2 infection onset, all
IBD patients received a gastroenterology and infectious diseases
clinical evaluation along with a blood sample collection for
SARS-CoV-2 serology testing.

Serological Assay

The serological response to SARS-CoV-2 infection was evaluated
in PIBD patients with confirmed COVID-19 at 3 months after
infection employing a commercially available chemiluminescent
immunoassay (CLIA) measuring the IgG antibody titer
against the receptor-binding domain (RBD) of the spike (S)
protein in human serum (anti-SARS-CoV-2 S-RBD IgG; Snibe
Diagnostics, New Industries Biomedical Engineering Co.,
Shenzhen, China) (2, 3). According to the manufacturer’s
instructions, all analyses were performed using a magnetic
microbead separation technology (MAGLUMI™2000 Plus,
Snibe Diagnostics). Results were expressed in arbitrary
units. The electrochemiluminescence signal from the
reaction product was considered positive when >1.0
kAU/L in accordance with the cuf-off recommended by the
manufacturer (24).

Control Group and Case-Control Study

The anti-SARS-CoV-2 S-RBD IgG titles of IBD patients in
our cohort were matched 1:4 for age, sex, and COVID-19
severity with a control group of healthy children convalescent
after SARS-CoV-2 infection. This control group was recruited
from the COVID-19 Family Cluster Follow-up Outpatient Clinic
(CovFC) program of the University Hospital of Padova, which
included the measurement of anti-SARS-CoV-2 S-RBD IgG in
healthy children (0-18 years old) at 3 months after SARS-CoV-2
infection (25, 26). The Institutional Review Board approved
the CovFC study protocol, and parents or legally authorized
representatives of the children included in the control group
provided written informed consent to use clinical data for
research purposes.

Statistical Analysis

Descriptive statistics were used to summarize the basic
demographic and clinical characteristics of the study
population. Data were summarized as mean =+ standard
deviation or median and interquartile range for quantitative
variables, as counts and percentages for categorical
variables. The normality of quantitative variables was
checked with the Shapiro-Wilk test. Quantitative variables

were compared across groups with independent t-test
and categorical variables with x2 or Fisher exact test,
as appropriate. Significance was set at p-value <0.05.
Analyses were performed using SPSS 23.0 (IBM Corporation,
Armonk, NY).

RESULTS

Pediatric IBD Patients With SARS-CoV-2

Infection

Eighty-four pediatric patients with IBD (median age 14 years,
range 1-18 years, IQR 12.25-17 years) were in follow-up at
the W&CHD of the University Hospital of Padova between
the 21st of February 2020 and the 28th of February 2021
(Table S1). None of them received any anti-SARS-CoV-2
vaccination as, in Italy, no vaccine against COVID-19 was
available for pediatric patients before March 2021 (27). Twelve
children (M = 5; median age 15 years, range 12-18 years,
IQR 14-17 years) contracted a SARS-CoV-2 infection during
the study period and were enrolled in the study. Nine
out of these twelve children were affected by CD, one
by UC and two by IBDU. At the time of SARS-CoV-2
infection, half of the patients (6/12) were on azathioprine
treatment, and one-third (4/12) were on steroids. Three children
were treated with anti-TNF agents (2 with adalimumab and
one with infliximab), two with vedolizumab, and one with
ustekinumab (Table 1). In all patients, the IBD treatment
was continued without interruption for the entire duration
of COVID-109.

Clinical Course of SARS-CoV-2 Infection in

Children With IBD

The diagnosis of SARS-CoV-2 infection was based on a
positive NAAT in eleven children (91.7%) and on a positive
serological test in a single child who experienced fever during the
cohabitation with a confirmed COVID-19 relative (8.3%). Ten
out of twelve patients (83.3%) contracted the infection after close
contact with a COVID-19 subject, respectively in the household
(n = 7), healthcare (n = 1), or community (n = 2) setting,
while the source of infection was unknown in two patients
(Table 1).

SARS-CoV-2 infection remained asymptomatic in four out
of twelve children and caused a mild COVID-19 in the
remaining eight. The most common complaints were constituted
by fatigue, headache, and upper respiratory symptoms (cold,
cough, sore throat). Gastroenterological symptoms occurred
in three patients: nausea in one and acute diarrhea in two.
Apart from the sporadic use of antipyretic or anti-inflammatory
drugs, none of the symptomatic patients required anti-viral
treatment or hospitalization for COVID-19, and all promptly
recovered without sequelae after an average of 5.1 days (SD 3.7)
from symptoms onset. The average time from the first positive
diagnostic test to the first negative test was 17.2 days (SD 10.1)
(Table 2).
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TABLE 1 | Demographics and clinical characteristics of SARS-CoV-2 cases within our pediatric IBD cohort.

IBD case Age at Sex Ethnicity IBD I1BD IBD activity Fecal calprotectin Relevant Reason for Contact setting COVID-19 COVID-19 Viral COVID-19 SARS-CoV-2 Timing of Impact on IBD
SARS-CoV-2 type therapy (PCDAI/PUCAI) before/after COVID-19 comorbidities  testing severity S-RBD IgG  serology management
infection (years) before/after COVID-19 (ug/g) (days)* (KuA/L) (days)§
1 12 M Caucasian 1BDU None Remission  Remission >2,100 1,924 PSC, Hashimoto Close contact Health care Mild Fever, fatigue, 9 Complete 145 156 Delayed
0) 0) thyroiditis headache, recovery endoscopy
hypogeusia, sore
throat, nausea
2 13 F Caucasian  CD UST, PDN  Remission  Remission >2,100 441 PSC, NAFLD Close contact Household Asymptomatic None 16 Complete 20,03 159 Delayed visit and
®) (7.5) recovery biologic drug
administration
3 14 F Arab-Berber CD ADA, PEN Mild (22.5) Mild (22.5) >2,100 603 Sacroileitis Close contact Household Asymptomatic None 11 Complete 4,7 172 None
recovery
4 14 F Arab-Berber CD AZA, PEN Remission  Remission 137 <40 None Close contact Household Asymptomatic None 11 Complete 36,5 172 None
() (7.5) recovery
5 14 M Caucasian  IBDU AZA, PDN  Remission  Remission 28 79 ASC/AH COVID-19 Community Mild Headache, 10 Complete 21.4 89 None
0) 0) symptoms anosmia, ageusia, recovery
rhinitis, sore throat
6 14 M Caucasian CD VDZ, PDN  Mild (20) Remission >2,100 126 Arthritis, partial  Close contact Community Mild Fatigue, cough 33 Complete 3,505 98 None
0) IgA deficiency recovery
7 16 M Caucasian  CD AZA Remission  Remission 474 162 None Close contact Household Mild Headache, 10 Complete 2,5 112 Delayed visit
) 0) ageusia, rhinitis recovery
8 16 F Caucasian  RCU IFX, AZA, Remission Remission >2,100 =2,100 None COVID-19 Household Mild Fever, fatigue, 34 Complete 2,794 109 Delayed visit and
5-ASA 0) 5) symptoms headache, recovery biologic drug
hyposmia, cough, administration
rhinitis, diarrhea
9 17 F Caucasian CD AZA Remission  Remission 28 249 None Close contact Household Mild Fever, cough, sore NA Complete 82,2 76 None
() 0) throat, abdominal recovery
pain, diarrhea
10 17 M Caucasian  CD VDZ, PDN, Remission Remission 2,075 1,117 HLA-B27 negative Close contact Household Mild Cough, rhinitis 27 Complete 1,74 128 Delayed visit and
MTX (7.5) 0) spondyloarthritis recovery biologic drug
administration
11 18 F Caucasian  CD ADA, PEN Remission  Remission 310 461 None COVID-19 Unknown Mild Fatigue, NA Complete 55 149 None
0) 0) symptoms dysgeusia recovery
12 18 F Caucasian  CD AZA Remission  Remission 300 NA None Screening Unknown Asymptomatic None 11 Complete 1,681 132 Delayed
0) (5) recovery endoscopy

Close contact (of a confirmed COVID-19 case) refers to high-risk exposure, according to the European Center for Disease Prevention and Control (ECDC).

*Viral clearance reflects the time from the first positive diagnostic test to the first negative test.

§Timing of serology refers to the number of days elapsed from disease onset (the day when the symptoms started, or of the first positive nasopharyngeal swab in asymptomatic cases) to serological test.
5-ASA, Mesalazine; ADA, Adalimumab; AlH, autoimmune hepatitis; ASC, autoimmune sclerosing cholangitis; AZA, Azathioprine; CD, Crohn’s disease; F, female; IBD; inflammatory bowel disease; IBDU, inflammatory bowel disease
unclassified; IFX, Infliximab, M, male; MTX, methotrexate; N/A, not available; NAFLD, Nonalcoholic Fatty Liver Disease; PCDAI, Pediatric Crohn’s Disease Activity Index; PDN, prednisone; PEN, partial enteral nutrition; PSC, primary
sclerosing cholangitis; PUCAI, Pediatric Ulcerative Colitis Activity Index; UC, Ulcerative Colitis; UST, Ustekinumab; VDZ, Vedolizumab; WHO, World Health Organization.
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TABLE 2 | Demographics, COVID-19 clinical and serological features of pediatric IBD patients vs. healthy children with SARS-CoV-2 infection.

Cases Controls p-value
(n=12) (n =48)
Mean (SD) Median (IQR) Mean (SD) Median
(IQR)
Age (years) 15.3(2) 15 (14-17) 17.3(9.5) 13(10.3-25.3) 0.169
Male 5 41.7 20 4.7 1.000
n % n %
COVID-19 WHO classification 1.000
Asymptomatic 4 33.3 15 31.3
Mild 8 66.7 33 68.8
Moderate or more 0 0 0 0
COVID-19 5.1(3.7) 3 (2.25-9.25) 5.2(4.1) 5.2 4.1) 0.972
symptom duration (days)
Viral clearance time (days) 17.2 (10.1) 11 (10-28.5) 15.1 (5.8) 13 (10-18.5) 0.548
Collection time 129.3 (32.8) 130 (100.8-158.3) 129.5 (19.3) 133 (11-143.5) 0.985
(days from infection)
IgG title (KAU/L) 27.3 (43.8) 5.1 (2.6-32.7) 31.7 (33) 24.5 (12.7-39.5) 0.700

Serological Response to SARS-CoV-2
Infection in Children With IBD in
Comparison to a Control Group of Healthy
Children

The immunological response to SARS-CoV-2 infection of our
cohort of twelve PIBD patients was compared to a control group
of forty-eight healthy children convalescent after COVID-19.
The control group was similar according to age, sex, COVID-19
severity, duration of symptoms, and the time between the initial
positive to the first negative diagnostic test (Table 2). Each IBD
patient was combined to 4 selected controls matched for age, sex,
and COVID-19 severity.

SARS-CoV-2 serology was evaluated in both groups 3 months
after infection (129 =+ 31 days vs. 115 =+ 21 days from infection
in cases and controls, respectively; p = 0.985; Figure 1A and
Table 2). The mean anti-SARS-CoV-2 IgG S-RBD title was
similar between IBD patients and healthy children (27.3 =+
43.8 kAU/L vs. 36.8 £+ 35.3 kKAU/L, p = 0.451; Figure 1B and
Table 2). Since cases with outlier levels of IgG were present
(i.e., patients 1 and 9), outlier controls were also included. No
clinical, demographic, and comorbidity differences were reported
between outliers and other subjects.

Impact of SARS-CoV-2 Infection on IBD

Clinical Course and Management

At the time of SARS-CoV-2 infection, IBD was in remission in
ten out of twelve patients, and mild CD symptoms were present
in two children. Of these two, one had a persistent mildly active
CD after COVID-19 recovery, while all the other children were in
clinical remission following infection. No children experienced
an IBD flare nor required gastroenterological support during the
infection period. Fecal calprotectin, measured at 3 months after
SARS-CoV-2 infection and compared to pre-COVID-19 levels,
did not significantly worsen in any patient but remained stable

or improved in six and four subjects, respectively. No patient had
the IBD treatment interrupted, but three patients experienced a
delay in biologic drug infusions due to COVID-19 confinement
measures. Similarly, scheduled endoscopic reassessments and
outpatient visits were postponed in two and four patients,
respectively (Table 1).

DISCUSSION

Our prospective study shows that children with PIBD under
treatment with immunomodulatory agents can mount a humoral
immunological response against SARS-CoV-2 comparable to
that of a control group of healthy subjects matched for age,
sex and COVID-19 severity. Our data also provide further
evidence for the overall benign course of COVID-19 in PIBD
patients regardless of immunosuppressive therapy, and show that
SARS-CoV-2 infection does not negatively influence the course of
IBD in children previously co-affected with COVID-19.
Specifically, in our cohort of children with IBD, we described
the clinical course of COVID-19 in twelve children, most of
whom were receiving an immunomodulatory treatment either
as a monotherapy or a drug combination. In all cases, the
ongoing IBD treatment was continued without interruption for
the entire COVID-19 duration according to currently available
recommendations (28-30). All of our patients presented an
asymptomatic infection or a mild COVID-19, and none required
hospitalization. These results align with the most extensive study
on PIBD (including 209 patients from the SECURE-IBD registry
and the COVID-19 database of the Pediatric IBD Porto group),
which reported a low risk of severe COVID-19 even in children
receiving biologics and/or other immune-suppressive therapies
(8). Moreover, corticosteroid therapy, assumed by a third of our
patients, was not associated with a worse COVID-19 outcome,
differently from that reported in some adult IBD studies (5, 7, 8,
31-33). Gastrointestinal symptoms arose in 25% of the patients,
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FIGURE 1 | (A) Time(days) from baseline to sera collection of controls and cases. (B) IgG S-RBD title (kAU/L) of controls and cases. Median and IQR are reported.
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similarly to that reported in the above-mentioned international
cohort of children with IBD (8). Diarrhea occurred in 17% of our
patients, a percentage comparable to that of the other reported
pediatric and adult IBD patients with COVID-19 (13 and 20%,
respectively), but higher than that reported in the non-IBD
population (4% and 7-10% in children and adults, respectively)
(2, 5, 8, 34).

In adult and pediatric immunocompetent subjects, the natural
infection with SARS-CoV-2 initiates a humoral immune response
that produces antibodies against specific viral antigens (21, 26,
35-37). Among the latter, antibodies against the receptor-binding
domain (RBD) within the S protein, which binds the cellular
receptor for viral entry (ACE2), constitute the primary source
of neutralizing antibodies (i.e., able to inhibit viral replication in
vitro) and are considered a reliable measure to assess anti-viral
immunity (24, 38, 39). Indeed, the appearance of neutralizing
antibodies is associated with viral clearance and their absence
with an increased risk of fatal outcomes (35, 39). The kinetic
of antibody response shows large interindividual variability and
varies significantly depending on multiple factors such as patient
age, sex and immune status, COVID-19 severity, and testing
system (17, 26, 37, 38, 40-44).

In our cohort of PIBD patients, all children with COVID-19
developed anti-SARS-CoV-2 S-RBD antibodies. Moreover,
independently from the ongoing IBD treatment, the titer of
anti-spike antibodies resulted similar to a control population
of healthy children matched for age, sex, and COVID-19
severity. These results are in agreement with the observation
that immunocompromised adult IBD patients with COVID-19
can develop a serologic response comparable to that of age-
matched healthy controls (45). They are also in line with a
recent study reporting a high rate of seroconversion (85%)
in immunocompromised PIBD patients (n = 12, median
age 10 years, range 2-17 years) at a median time of 8 weeks
after SARS-CoV-2 infection (46). Our results differ, however,
from the study of Dailey et al. who reported lower titers of
anti-SARS-CoV-2 S-RBD antibodies in pediatric and young
adult IBD patients (n = 44, median age 18 years, range 11-26

years) in comparison to a control group of non-IBD children
and adults (47). The different outcome may be related to the
diverse characteristics of control groups: in the study of Dailey’s
et al. control subjects consisted of non-IBD children hospitalized
with SARS-CoV-2 infection and of non-IBD adults with mild to
moderate COVID-19, while we compared PIBD patients 1:4 to
healthy children matched for age, sex, and COVID-19 severity.

Contrarily to adult IBD reports (9) but similarly to another
PIBD study (47), we did not observe different levels of anti-
SARS-CoV-2 antibodies between children treated with anti-TNFs
and children receiving other biologics or immunomodulatory
drugs, probably due to the small size of our patient population.
We also did not observe serological differences relative to
COVID-19 severity since all patients in our cohort had a
mild form of disease. Notably, children with high antibody
titers (ie., IgG outliers) were observed in both the IBD
and the control group, likely reflecting immunological inter-
individual variability.

In immunocompetent subjects, anti-SARS-CoV-2
(neutralizing) IgG antibodies are detectable for several months
in most persons (17, 26, 39). How long these antibodies persist
after infection in exogenously immunocompromised subjects
is still under investigation (36). In our cohort of children with
IBD, we detected anti-SARS-CoV-2 S-RBD IgG at 3 months
after COVID-19, consistently with the observation of detectable
anti-SARS-CoV-2 antibodies up to 2 months after infection in
adult and pediatric IBD patients treated with biologics (47, 48).
We did not investigate the kinetic of antibody response over
time. Although future studies are needed to assess the persistence
of anti-S RDB antibodies in the long term, the similar viral
clearance time (i.e., time between the initial positive to the first
negative diagnostic test) and the comparable titer of neutralizing
SARS-CoV-2 S-RBD antibodies allow hypothesizing a similar
seroconversion time among children with IBD and healthy
pediatric controls (24).

To date, it remains uncertain whether SARS-CoV-2 infection
affects the clinical course of IBD, especially in children.
As for our cohort, none of our twelve COVID-19 patients
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experienced a disease flare or a worsening of disease activity
after SARS-CoV-2 infection. Likewise, no significant elevation
of fecal calprotectin was documented (neither in those patients
experiencing gastrointestinal symptoms during the acute phase
of COVID-19), but a significant improvement was observed in
one-third of the patients. Moreover, none of the PIBD patients
experiencing a disease flare during the study period tested
positive for SARS-CoV-2. These results are in agreement with
those of a single, recent, study reporting that no children with
IBD (n = 44) suffered a disease flare following SARS-CoV-2
infection (47).

Nevertheless, in our cohort of PIBD children, COVID-19
caused several forced delays in IBD management due to
the containment measures required to avoid SARS-CoV-2
transmission by positive patients. Two children experienced a
delay of planned biologic drug infusions, and another one in the
initiation of biologic treatment. Similarly, scheduled endoscopic
reassessment and outpatient visits were postponed in two and
four patients, respectively. As previously reported (49-51), the
SARS-CoV-2 pandemic is strongly challenging the diagnostic and
therapeutic management of IBD across the globe. Further studies
will be needed to evaluate the long-term impact of the pandemic
on the course of PIBD.

Our study has several limitations. First of all, the small number
of PIBD patients with a confirmed SARS-CoV-2 infection,
all adolescents between 12 and 18 years of age, hampers
the possibility to draw definitive conclusions. Secondly, the
therapeutic heterogeneity among enrolled patients does not allow
to investigate the potential effect of pharmacological treatments
on the serological response against SARS-CoV-2 or to perform
any sub-group analysis. Lastly, the strict adherence to the WHO
definition of confirmed SARS-CoV-2 infection may have resulted
in the lack of recognition of asymptomatic COVID-19 patients
and in an underestimation of eligible patients.

Despite being a small monocentric study, the present work
has several strengths. To the best of our knowledge, this is one
of the very few studies investigating the immunological response
to SARS-CoV-2 and the impact of COVID-19 on IBD course in
pediatric IBD patients (46, 47). Only subjects satisfying the WHO
case definition of confirmed SARS-CoV-2 infection were enrolled
in the study (both in the patient and in the control group). The
serologic response to SARS-COV-2 infection was determined
based on the titers of anti-S-RBD IgG, the primary source of
neutralizing antibodies (24, 38, 39), employing a high performant
diagnostic test (24). The control population of non-IBD subjects
was comparable to the group of IBD patients for demographic,
COVID-19 characteristics, and timing of serological tests.

In conclusion, this prospective study shows that children
with IBD a protective humoral response
against SARS-CoV-2 and further support for the overall

can mount

favorable course of COVID-19 in PIBD (and vice-versa)
regardless of ongoing immunomodulatory treatment.
Further studies are needed to confirm these results in a
broader population of children with IBD, to determine the
longevity of humoral immunity over time, and to assess
the serological response to COVID-19 vaccines in this
patient group.
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