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Abstract: Celiac disease (CD) has a high prevalence but remains largely underdiagnosed. Although
extensive studies have confirmed that children with CD do not have an increased risk of severe
COVID-19, public health regulations associated with the SARS-CoV-2 pandemic may have exacer-
bated this problem. The aim of this study was to assess the effect of SARS-CoV-2 on the number of
new-onset CD cases. Additionally, the role of SARS-CoV-2 in autoimmune diseases and its influence
on clinical practice in pediatric gastroenterology were briefly reviewed. We described the data from
the hospital electronic registry of new-onset CD, during the COVID-19 pandemic and 2 years before.
A total of 423 children were diagnosed with CD between March 2018 and February 2022: 228 in
the 2-year pre-COVID-19 period and 195 during the pandemic. The number of patients during the
COVID-19 pandemic was 14.5% lower than in the previous years. The quarterly comparison of
CD diagnoses showed a reduction in all quarters. A reduction in diagnoses during the lockdown
and in the following months was evident and not compensated thereafter. This is the first study to
evaluate the impact of SARS-CoV-2 on the diagnosis of CD in children. Further studies are necessary
to improve the system of biopsy-sparing diagnosis and to evaluate the effect of the diagnostic delay.
Special attention should be given to the implementation of telemedicine services.

Keywords: celiac disease; COVID-19; SARS-CoV-2; pandemic; pediatric gastroenterology; lockdown;
gluten free diet; coeliac; gluten disorder

1. Introduction

Celiac disease is a chronic immune-mediated disease triggered by the ingestion of
gluten in genetically susceptible individuals. Clinical symptoms are heterogeneous due to
gastrointestinal and extraintestinal disorders. The etiopathogenesis of CD is multifactorial,
involving both environmental and genetic factors. Environmental exposure during child-
hood plays an important role in the development of CD and other autoimmune disorders.
A virus infection may lead to an autoimmune disorder via various pathogenic mecha-
nisms [1]. Viruses can disrupt virus–host intestinal immune homeostasis and initiate loss
of oral tolerance and TH1 immunity to gluten [2]. Several viruses have been investigated
as triggering mechanisms including adenovirus, enteroviruses, hepatitis C virus, reovirus,
and rotavirus [3].

Despite epidemiological evidence of associations between SARS-CoV-2 and an in-
creased incidence of autoimmune disorders in children such as diabetes type 1 [4] and
multisystem inflammatory syndrome [5], little is known about the effect of the COVID-19
pandemic on the incidence of CD.
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Children are less commonly affected by COVID-19 than adults and usually exhibit mild
symptoms [6]. This variation in clinical presentation might be explained by the different
innate and adaptive immune responses, the presence of pre-existing cross-reactive T-cell
response to seasonal coronaviruses (not SARS-CoV-2), and lower rates of comorbidities
associated with severe COVID-19 in childhood [7].

There is general agreement that the consequences of SARS-CoV-2 infection in celiacs
are more related to quality of life than to organ damage [8]. Preliminary data from the
International Coronavirus and Celiac Disease Reporting Database showed that CD serology
and adherence to a gluten-free diet (GFD) were not associated with severe outcomes [9].
These results were confirmed by subsequent studies, which did not find a correlation
between COVID-19 and CD, reporting a similar clinical course in celiac and nonceliac
patients, especially in those compliant with the GFD [10,11].

Due to the SARS-CoV-2 pandemic and the consequent limitations of endoscopic pro-
cedures and general access to hospitals, several practical recommendations have been
proposed for the diagnosis and follow-up of CD in this period. A biopsy-sparing approach
was proposed for the diagnosis of CD in adults [12,13]; for children, a reduction to ≥5–7.5
times of the upper limit normal of the antitransglutaminase IgA threshold was consid-
ered [14–16]. Due to the exponential growth of the incidence of SARS-CoV-2 infection and
the consequent risk of the collapse of the national health system, the Italian government
implemented containment policies aimed at mitigating the spread of the disease. These
policies included a general lockdown issued on 9 March 2020. This resolution remained in
place until 3 May 2020 and implied that all people in the country had to remain confined
to their homes. These containment policies and fear of SARS-CoV-2 infection may have
affected the process of CD diagnosis in the last two years, especially during the period
of lockdown.

The aim of this study was to assess the effect of SARS-CoV-2 on the number of new-
onset CD cases in a tertiary pediatric center. Additionally, we discussed the influence of the
COVID-19 pandemic on pediatric clinical practice in gastroenterology.

2. Materials and Methods

The study was conducted as a retrospective evaluation of all new-onset of CD diag-
nosed by the Department of Gastroenterology of the Giannina Gaslini Children Hospital,
Genoa, during the COVID-19 pandemic (COVID group) and compared with newly diag-
nosed patients in the prepandemic 2-year period (control group). The study was conducted
in accordance with the Declaration of Helsinki and approved by the Ethics Committee of
Liguria (4019/22).

We extracted the data of all new CD diagnoses in the two groups from the hospital’s
electronic registry used for mandatory communication to the regional health system. Only
children younger than 18 years of age with a first confirmed diagnosis between 1 March
2018 and 28 February 2022 were included in the analysis. All diagnoses were confirmed
by histological examination of duodenal biopsies or according to the 2020 clinical cri-
teria of the European Society for Pediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN) [17]. All new diagnoses were re-evaluated by the same pediatric gastroen-
terologist (AC). Patients with potential or suspected CD in which the diagnostic protocol
was still ongoing were excluded.

The mean number per trimester was calculated for newly diagnosed patients in the
prepandemic period (1 March 2018, to 29 February 2020) and compared with the number
of patients diagnosed during the pandemic period (1 March 2020 to 28 February 2022).
Descriptive statistics are presented as frequencies, percentages, means, and standard devia-
tions (SDs). The chi-square test was used to compare the frequency of newly diagnosed
patients during the prepandemic and pandemic periods. To evaluate the presence of au-
tocorrelation in the time distribution of diagnoses the Ljung–Box test for time series was
applied. This test examines, for each lag (period of time = month), the autocorrelation
by asymptotic approximation of the chi-squared. A p value < 0.05 (nonstationary signal)
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is consistent with a nonindependent distribution of residuals, which then exhibit serial
correlation. Statistical analysis was performed using SPSS statistical software (version 28.0,
IBM Corp., Armonk, NY, USA).

3. Results

A total of 423 children were diagnosed with CD between March 2018 and February
2022 at our pediatric regional center: 228 in the 2-year pre-COVID-19, and 195 during
the COVID-19 pandemic period. The total number of patients during the two years of
the COVID-19 pandemic was 14.5% lower than in the two previous years. The quarterly
comparison of CD diagnoses in the pre-COVID-19 period (pool of trimesters from March
2018 to February 2020) vs. the corresponding trimesters of the COVID-19 pandemic period
(March 2020–February 2022) showed a nonstatistically significant reduction in diagnoses in
all trimesters, more evident in the first part of 2020 (−41.7%, −46.9%, and −31.4%) and, to
a lesser extent, in 2021 (Figure 1).
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Figure 1. Quarterly comparison of CD diagnoses in the pre-COVID-19 period (pool of trimesters
from March 2018 to February 2020) vs. the corresponding trimesters of the COVID-19 pandemic
period (March 2020–February 2022).

A more detailed description of monthly CD diagnoses showed a reduction in the
rate during the period of the first lockdown and in the following months, until the mini
lockdown in October 2020, which roughly correspond to the first and second waves of the
pandemic. In particular, no CD diagnoses were reported between late March and late May
2020. This period corresponded to the first legal lockdown (a stay-at-home order) with a
shutdown of all activities. A stable, lower number of diagnoses was noted thereafter. No
evidence of recovery of missing diagnoses was detected (Figure 2). The quarterly diagnosis
rates for the same time frames are shown in Supplementary Figure S1.

The time series analysis of data, i.e., the ability of each trimester to predict the number
of new diagnoses in the following trimester, revealed a clear tendency to reduce the degree
of autocorrelation between trimesters in the period immediately before the first lockdown
(Ljung–Box test borderline significant). The approximation to zero of the autocorrelation
factor (ACF) at the end of the observation revealed the likely end of the perturbation,
confirming the lack of recovery for missing diagnoses (Figure 3).
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4. Discussion

The discussion of the extent to which the SARS-CoV-2 pandemic has affected the
ability of referent clinical centers to diagnose new cases of CD and, in general, of the
changes in the clinical practice for pediatric gastroenterologists is divided into two sections.

4.1. The Influence of SARS-CoV-2 Pandemic on Pediatric Gastroenterology Clinical Practice

Recent studies demonstrated that patients with inflammatory bowel disease (IBD)
have no risk or are at low risk of developing COVID-19 [18]. Similarly, patients with CD do
not seem to have an increased risk of COVID-19 compared with the general population, and,
if infected, their disease course is similar to that of the general population [11]. However,
the COVID-19 pandemic has had a major effect on pediatric gastroenterology practice [19],
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and a potentially life-threatening delay in the diagnosis of celiac disease was also reported
in a young child [20].

According to existing data, during the pandemic period, the numbers of both clinic
visits for gastrointestinal disorders and new hospital admissions through the emergency
departments have drastically decreased [21,22]. In addition, due to diagnostic delays, an
increased rate of complicated appendicitis, pyloric stenosis, sepsis, and cancer has been re-
ported [23–25]. Despite medical services provided by national and regional health systems
being guaranteed during the pandemic period (at least for clinical emergencies), during
lockdown periods, the access to hospital and clinics was limited to visits that could not be
delayed. On 20 March 2020, the Italian Federation of Societies of Diseases of the Digestive
System suspended ordinary outpatient activities, limiting access to nondeferrable emer-
gency cases and cancer patients [26]. In April 2020, the European Society of Gastrointestinal
Endoscopy and the European Society of Gastroenterology and Endoscopy Nurses and
Associates published a position paper stating that gastrointestinal endoscopy units should
strongly consider temporarily postponing elective, nonurgent endoscopy procedures [15].
Up to 90% of the visits in March and April 2020 were postponed, and many were switched
to telemedicine [27].

Telemedicine has shown great potential for coping with the difficulty of providing
medical assistance in this period, although it cannot fully replace clinical practice and may
create health inequalities based on income and access to e-technology.

4.2. The Influence of SARS-CoV-2 Pandemic on the Frequency of New Diagnoses of CD in a
Pediatric Gastroenterology Tertiary Center

In the last decades, the number of patients diagnosed with CD has increased world-
wide due to improved diagnostic protocols, as well as the expansion of the knowledge,
recognition, and testing for the disease [28,29]. The number of CD patients diagnosed in
Italy increased from 66,398 in 2007 to 233,147 in the 2020. In the same period, the preva-
lence of diagnosis progressively increased from 0.11% to 0.39%, with a downtrend in new
diagnoses since 2017. Nevertheless, these figures are still far from the expected prevalence
of 1–2% resulting from cohort studies [30]. Several scientific publications appeared on CD
during the pandemic, although the influence of the infection on the incidence of CD is
unclear, and data are still lacking. Here, we describe the effect of the COVID-19 pandemic
on the rate of new CD diagnoses in pediatric patients. To the best of our knowledge, no
study has yet been published evaluating this topic.

There are many possible causes of CD underdiagnosis in children described in our
study. Our department serves as a regional referral center for CD for all Ligurian provinces,
and there were fewer referrals from other secondary centers and fewer hospital visits
during the pandemic. In Liguria, the prevalence of diagnosis progressively increased from
0.33% (+247 cases in 2017) to 0.34% (+116 cases in 2018)–0.36 (+233 cases in 2019) to 0.38%
(+210 cases 2020). However, in Italy, the uptrend in the number of CD diagnoses over
the years has been fluctuating in recent years: +4.1% (+8134 cases in 2017), +3.7% (+7678
cases in 2018), +5.2% (+11,179 cases in 2019), and 3.4% (+7729 cases in 2020). Therefore, the
result of underdiagnosis in the COVID-19 pandemic period could have also been related to
fluctuations in the number of diagnoses present even before COVID-19.

During the lockdown periods in Italy, corresponding to the waves of SARS-CoV-2
infections, a drastic reduction in endoscopic procedures performed for suspected CD
(−55.1%) and other gastrointestinal disorders were reported. The same study also observed
a significant reduction in the total number of endoscopies performed for common symp-
toms of CD, such as recurrent abdominal pain (−54.7%), anemia (−39.4%), weight loss
(−38.1%), and dyspepsia (−49.8%) [31]. A possible CD diagnostic delay can certainly be
attributed to decreased access to healthcare, although the fear of COVID-19, as reported for
other diseases [23,32], may have contributed. The hospital routine endoscopic activities for
the confirmation of CD diagnosis in patients who were not compliant with the serologic
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parameters of the ESPGHAN guideline restarted in late September 2020, contributing to
the partial recovery of diagnosis in the last part of that year.

On the other hand, an absolute reduction in the number of newly diagnosed patients
may have also been related to new factors that are currently unknown. Growing evi-
dence supports the role of individual and environmental exposome in the incidence of
autoimmune diseases [33,34]. Several birth cohort studies have reported the association of
gastrointestinal infections with transglutaminase antibody seroconversion and an increased
risk of CD later in life [35,36]. Virus infections are a possible factor responsible for the
seasonality in the risk of CD, and vaccination against viruses such as the rotavirus are con-
sidered to have a protective effect [37]. Importantly, these mechanisms are often promoted
by asymptomatic and self-limiting gastrointestinal virus infections during childhood [2,38].
During the COVID-19 period, many hygienic measures were implemented, including the
use of face masks, social distancing, and travel restrictions. As a result, the transmission
of other viruses was also largely reduced; therefore, it may have led to a decrease in the
prevalence of some autoimmune diseases triggered by infections. Despite the fact that
exposure to SARS-CoV-2 may initiate gastrointestinal inflammation supports the hypoth-
esis that SARS-CoV-2 may trigger autoimmune mechanisms in genetically predisposed
subjects [39–41], a protective effect of SARS-CoV-2 infection on the occurrence of CD cannot
be excluded a priori. Some human leukocyte antigens are implicated in the autoimmune
reactivity triggered by the viruses [42–44], other than the resulting protective effect against
some viral diseases such as HIV and dengue [45,46]. Furthermore, during the lockdown,
the reduction in environmental pollution and the changes in diet and lifestyles may have
positively influenced the complex homeostasis between the microbiome and the immune
system and, therefore, may have had a protective effect on the onset of autoimmune dis-
eases, including CD. Some dietary and lifestyle habits, such as fresh food consumption and
routine physical activity, are positively correlated with time spent at home [47,48].

Cellular and epidemiological studies are needed to understand the possible involve-
ment of the SARS-CoV-2 in the etiopathogenesis of CD.

Among the limitations of the study, it should be considered that our data were from
administrative records and, therefore, are more prone to error, especially for the exact timing
of diagnosis. However, the delay between diagnosis and administrative communication is
generally no longer than a few weeks, limiting the effect of this discrepancy. Our results on
the pediatric population are in line with national data published by the Minister of Health
on the general population. However, this is a retrospective monocentric study; therefore,
its application cannot be generalized, especially for adults or to the national population.
In fact, many adult gastroenterology units in Italy were converted to COVID-19 units for
a long time, healthcare staff did not have sufficient personal protective equipment, and
operating rooms were reserved to support intensive care units.

It would be important to compare our data with those of other countries where, during
the pandemic emergency, even in adulthood, diagnosis was performed without biopsy in a
large number of cases. To the best of our knowledge, no data are available from other centers
performing CD diagnosis with a biopsy-sparing protocol in adults, as recommended by the
interim indication of the British Society of Gastroenterology (BSG) [12], or in symptomatic
children using the threshold of ×7.5 times the value of the norm of antitransglutaminase
IgA, as recommended by the interim indications of the Italian Association of Pediatric
Gastroenterology, Nutrition and Hepatology [49].

As recommended by the Italian Ministry of Health, almost all centers have imple-
mented the use of telemedicine in the diagnosis and follow-up of CD. The SARS-CoV-2
pandemic was the first occasion in Italy in which doctors and patients carried out perma-
nent remote consultations. This innovation has proved to be very useful, documented by
the fact that the large majority of patients who have relied on remote counseling services
for disease monitoring reported being satisfied. This suggests that teleconsultation may
become standard in CD healthcare.
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5. Conclusions

While extensive studies have confirmed that children with CD do not have an increased
risk of severe COVID-19, much less has been reported on the diagnostic delay during the
COVID-19 pandemic, which has contributed to a decrease in the CD diagnosis rate. The
prevalence of undiagnosed CD is still high; therefore, it will be necessary to reduce the gap
caused by the pandemic to prevent the number of undiagnosed people from increasing
even farther. We reported, for the first time, data on the diagnostic delay in CD children
during the pandemic period.

The careful evaluation of the trends in pediatric gastrointestinal diseases during
the COVID-19 pandemic, including the study of outcomes and the consequences of the
diagnostic delay, should be a priority for both physicians and administrators. Multicenter
retrospective and prospective studies are still necessary to quantify the gap, to improve the
system of biopsy-sparing diagnosis, to facilitate access to the protocols, and to evaluate the
possible damage caused by diagnostic delay in the coming years and whether there will be
a rebound in diagnoses. Interventions may be required to fill the diagnostic gap of CD.

Although the pandemic has helped to demonstrate the usefulness and feasibility of
telemedicine, the permanent and widespread adoption of telemedicine services is complex
and must be tailored according to the clinical case.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu15030559/s1, Figure S1: Quarterly diagnosis rates between
March 2018 and February 2022.

Author Contributions: Conceptualization, M.C. and A.C. (Angela Calvi); methodology, S.P. and S.B.;
formal analysis, S.P. and S.B.; investigation, data curation and writing—review, F.M., N.Z., S.A., A.C.
(Andrea Chiaro) and P.G.; writing—original draft preparation, M.C. and F.C.; writing—review and
editing, S.B.; supervision, A.C. (Andrea Chiaro), P.G. and S.B.; funding acquisition, P.G. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Italian Ministry of Health (“Ricerca Corrente”).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Liguria (4019/22).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Smatti, M.K.; Cyprian, F.S.; Nasrallah, G.K.; Al Thani, A.A.; Almishal, R.O.; Yassine, H.M. Viruses and Autoimmunity: A Review

on the Potential Interaction and Molecular Mechanisms. Viruses 2019, 11, 762. [CrossRef] [PubMed]
2. Bouziat, R.; Hinterleitner, R.; Brown, J.J.; Stencel-Baerenwald, J.E.; Ikizler, M.; Mayassi, T.; Meisel, M.; Kim, S.M.; Discepolo, V.;

Pruijssers, A.J.; et al. Reovirus infection triggers inflammatory responses to dietary antigens and development of celiac disease.
Science 2017, 356, 44–50. [CrossRef] [PubMed]

3. Plot, L.; Amital, H. Infectious associations of Celiac disease. Autoimmun. Rev. 2009, 8, 316–319. [CrossRef] [PubMed]
4. Gottesman, B.L.; Yu, J.; Tanaka, C.; Longhurst, C.A.; Kim, J.J. Incidence of New-Onset Type 1 Diabetes Among US Children

During the COVID-19 Global Pandemic. JAMA Pediatr. 2022, 176, 414–415. [CrossRef]
5. Verdoni, L.; Mazza, A.; Gervasoni, A.; Martelli, L.; Ruggeri, M.; Ciuffreda, M.; Bonanomi, E.; D’Antiga, L. An outbreak of severe

Kawasaki-like disease at the Italian epicentre of the SARS-CoV-2 epidemic: An observational cohort study. Lancet 2020, 395,
1771–1778. [CrossRef] [PubMed]

6. Viner, R.M.; Mytton, O.T.; Bonell, C.; Melendez-Torres, G.J.; Ward, J.; Hudson, L.; Waddington, C.; Thomas, J.; Russell, S.; van der
Klis, F.; et al. Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared with Adults: A Systematic
Review and Meta-analysis. JAMA Pediatr. 2021, 175, 143–156. [CrossRef] [PubMed]

7. Dowell, A.C.; Butler, M.S.; Jinks, E.; Tut, G.; Lancaster, T.; Sylla, P.; Begum, J.; Bruton, R.; Pearce, H.; Verma, K.; et al. Children
develop robust and sustained cross-reactive spike-specific immune responses to SARS-CoV-2 infection. Nat. Immunol. 2022, 23,
40–49. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/nu15030559/s1
https://www.mdpi.com/article/10.3390/nu15030559/s1
http://doi.org/10.3390/v11080762
http://www.ncbi.nlm.nih.gov/pubmed/31430946
http://doi.org/10.1126/science.aah5298
http://www.ncbi.nlm.nih.gov/pubmed/28386004
http://doi.org/10.1016/j.autrev.2008.10.001
http://www.ncbi.nlm.nih.gov/pubmed/18973831
http://doi.org/10.1001/jamapediatrics.2021.5801
http://doi.org/10.1016/S0140-6736(20)31103-X
http://www.ncbi.nlm.nih.gov/pubmed/32410760
http://doi.org/10.1001/jamapediatrics.2020.4573
http://www.ncbi.nlm.nih.gov/pubmed/32975552
http://doi.org/10.1038/s41590-021-01089-8
http://www.ncbi.nlm.nih.gov/pubmed/34937928


Nutrients 2023, 15, 559 8 of 9

8. Gokden, Y.; Hot, S.; Adas, M.; Ogutmen Koc, D.; Atak, S.; Hot, A.B. Celiac disease and COVID-19 pandemic: Should we worry?
Acta Gastroenterol. Belg. 2020, 83, 517–525. [PubMed]

9. Uche-Anya, E.; Husby, S.; Kaplan, G.G.; Underwood, F.E.; Green, P.H.R.; Lebwohl, B. An International Reporting Registry
of Patients with Celiac Disease and COVID-19: Initial Results From SECURE-CELIAC. Clin. Gastroenterol. Hepatol. 2021, 19,
2435–2437.e4. [CrossRef] [PubMed]

10. Gasbarrini, G.; Dionisi, T.; Corazza, G.R.; Aronico, N.; Cammarota, G.; Ianiro, G.; De Vitis, I.; Candelli, M.; Mancarella, F.A.;
Simeoni, S.; et al. COVID-19 in celiac disease: A multicentric retrospective cohort study. Eur. Rev. Med. Pharmacol. Sci. 2021, 25,
4400–4404. [CrossRef] [PubMed]

11. Schiepatti, A.; Alimenti, E.; Maimaris, S.; Nicolardi, M.L.; Manzella La Barbera, F.; Baiardi, P.; Biagi, F. Prevalence, incidence and
clinical features of SARS-CoV-2 infection in adult coeliac patients. Eur. J. Gastroenterol. Hepatol. 2021, 33, 1361–1366. [CrossRef]
[PubMed]

12. Paul, S.P.; Lau, W.S.; Khan, Z.H.; Heaton, P.A. Letter: No-biopsy pathway for diagnosing adult coeliac disease. Aliment Pharmacol.
Ther. 2021, 53, 357–358. [CrossRef] [PubMed]

13. Penny, H.A.; Raju, S.A.; Lau, M.S.; Marks, L.J.; Baggus, E.M.; Bai, J.C.; Bassotti, G.; Bontkes, H.J.; Carroccio, A.; Danciu, M.;
et al. Accuracy of a no-biopsy approach for the diagnosis of coeliac disease across different adult cohorts. Gut 2021, 70, 876–883.
[CrossRef] [PubMed]

14. Elli, L.; Barisani, D.; Vaira, V.; Bardella, M.T.; Topa, M.; Vecchi, M.; Doneda, L.; Scricciolo, A.; Lombardo, V.; Roncoroni, L. How to
manage celiac disease and gluten-free diet during the COVID-19 era: Proposals from a tertiary referral center in a high-incidence
scenario. BMC Gastroenterol. 2020, 20, 87. [CrossRef]

15. Gralnek, I.M.; Hassan, C.; Beilenhoff, U.; Antonelli, G.; Ebigbo, A.; Pellisè, M.; Arvanitakis, M.; Bhandari, P.; Bisschops, R.; Van
Hooft, J.E.; et al. ESGE and ESGENA Position Statement on gastrointestinal endoscopy and the COVID-19 pandemic. Endoscopy
2020, 52, 483–490. [CrossRef]

16. Trovato, C.M.; Montuori, M.; Cucchiara, S.; Oliva, S. ESPGHAN ‘biopsy-sparing’ guidelines for celiac disease in children with
low antitransglutaminase during COVID-19. Eur. J. Gastroenterol. Hepatol. 2020, 32, 1523–1526. [CrossRef]

17. Husby, S.; Koletzko, S.; Korponay-Szabó, I.; Kurppa, K.; Mearin, M.L.; Ribes-Koninckx, C.; Shamir, R.; Troncone, R.; Auricchio, R.;
Castillejo, G.; et al. European Society Paediatric Gastroenterology, Hepatology and Nutrition Guidelines for Diagnosing Coeliac
Disease 2020. J. Pediatr. Gastroenterol. Nutr. 2020, 70, 141–156. [CrossRef]

18. Tripathi, K.; Godoy Brewer, G.; Thu Nguyen, M.; Singh, Y.; Saleh Ismail, M.; Sauk, J.S.; Parian, A.M.; Limketkai, B.N. COVID-19
and Outcomes in Patients with Inflammatory Bowel Disease: Systematic Review and Meta-Analysis. Inflamm. Bowel Dis. 2022, 28,
1265–1279. [CrossRef]

19. Maida, M.; Sferrazza, S.; Savarino, E.; Ricciardiello, L.; Repici, A.; Morisco, F.; Furnari, M.; Fuccio, L.; Morreale, G.C.; Vitello,
A.; et al. Impact of the COVID-19 pandemic on Gastroenterology Divisions in Italy: A national survey. Dig. Liver Dis. 2020, 52,
808–815. [CrossRef]

20. Catassi, G.N.; Vallorani, M.; Cerioni, F.; Lionetti, E.; Catassi, C. A negative fallout of COVID-19 lockdown in Italy: Life-threatening
delay in the diagnosis of celiac disease. Dig. Liver Dis. 2020, 52, 1092–1093. [CrossRef] [PubMed]

21. Pelletier, J.H.; Rakkar, J.; Au, A.K.; Fuhrman, D.; Clark, R.S.B.; Horvat, C.M. Trends in US Pediatric Hospital Admissions in 2020
Compared with the Decade Before the COVID-19 Pandemic. JAMA Netw. Open 2021, 4, e2037227. [CrossRef] [PubMed]

22. Nourazari, S.; Davis, S.R.; Granovsky, R.; Austin, R.; Straff, D.J.; Joseph, J.W.; Sanchez, L.D. Decreased hospital admissions
through emergency departments during the COVID-19 pandemic. Am. J. Emerg. Med. 2021, 42, 203–210. [CrossRef] [PubMed]

23. Pines, J.M.; Zocchi, M.S.; Black, B.S.; Carlson, J.N.; Celedon, P.; Moghtaderi, A.; Venkat, A.; US Acute Care Solutions Research
Group. Characterizing pediatric emergency department visits during the COVID-19 pandemic. Am. J. Emerg. Med. 2021, 41,
201–204. [CrossRef] [PubMed]

24. Rahmati, M.; Keshvari, M.; Mirnasuri, S.; Yon, D.K.; Lee, S.W.; Il Shin, J.; Smith, L. The global impact of COVID-19 pandemic on
the incidence of pediatric new-onset type 1 diabetes and ketoacidosis: A systematic review and meta-analysis. J. Med. Virol. 2022,
94, 5112–5127. [CrossRef] [PubMed]

25. Ding, Y.Y.; Ramakrishna, S.; Long, A.H.; Phillips, C.A.; Montiel-Esparza, R.; Diorio, C.J.; Bailey, L.C.; Maude, S.L.; Aplenc, R.;
Batra, V.; et al. Delayed cancer diagnoses and high mortality in children during the COVID-19 pandemic. Pediatr. Blood Cancer
2020, 67, e28427. [CrossRef] [PubMed]

26. Federazione Italiana delle Società delle Malattie dell’Apparato Digerente. COVID-19: Consigli FISMAD per l’assistenza ai
pazienti con malattie dell’apparato digerente e per gli operatori sanitari in Gastroenterologia. Available online: https://fismad.it/
wp-content/uploads/2020/03/COVID-19_FISMAD.pdf (accessed on 10 November 2022).

27. Kriem, J.; Rahhal, R. COVID-19 pandemic and challenges in pediatric gastroenterology practice. World J. Gastroenterol. 2020, 26,
5387–5394. [CrossRef]

28. Lebwohl, B.; Rubio-Tapia, A. Epidemiology, Presentation, and Diagnosis of Celiac Disease. Gastroenterology 2021, 160, 63–75.
[CrossRef]

29. Lechtman, N.; Shamir, R.; Cohen, S.; Chodick, G.; Kariv, R.; Supino-Rosin, L.; Weintraub, Y.; Yerushalmy-Feler, A.; Ben Tov, A.
Increased incidence of coeliac disease autoimmunity rate in Israel: A 9-year analysis of population-based data. Aliment Pharmacol.
Ther. 2021, 53, 696–703. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/33321006
http://doi.org/10.1016/j.cgh.2021.06.016
http://www.ncbi.nlm.nih.gov/pubmed/34146715
http://doi.org/10.26355/eurrev_202106_26150
http://www.ncbi.nlm.nih.gov/pubmed/34227075
http://doi.org/10.1097/MEG.0000000000001969
http://www.ncbi.nlm.nih.gov/pubmed/33399400
http://doi.org/10.1111/apt.16133
http://www.ncbi.nlm.nih.gov/pubmed/33368504
http://doi.org/10.1136/gutjnl-2020-320913
http://www.ncbi.nlm.nih.gov/pubmed/33139268
http://doi.org/10.1186/s12876-020-01524-4
http://doi.org/10.1055/a-1155-6229
http://doi.org/10.1097/MEG.0000000000001924
http://doi.org/10.1097/MPG.0000000000002497
http://doi.org/10.1093/ibd/izab236
http://doi.org/10.1016/j.dld.2020.05.017
http://doi.org/10.1016/j.dld.2020.05.016
http://www.ncbi.nlm.nih.gov/pubmed/32425730
http://doi.org/10.1001/jamanetworkopen.2020.37227
http://www.ncbi.nlm.nih.gov/pubmed/33576819
http://doi.org/10.1016/j.ajem.2020.11.029
http://www.ncbi.nlm.nih.gov/pubmed/33279331
http://doi.org/10.1016/j.ajem.2020.11.037
http://www.ncbi.nlm.nih.gov/pubmed/33257144
http://doi.org/10.1002/jmv.27996
http://www.ncbi.nlm.nih.gov/pubmed/35831242
http://doi.org/10.1002/pbc.28427
http://www.ncbi.nlm.nih.gov/pubmed/32588960
https://fismad.it/wp-content/uploads/2020/03/COVID-19_FISMAD.pdf
https://fismad.it/wp-content/uploads/2020/03/COVID-19_FISMAD.pdf
http://doi.org/10.3748/wjg.v26.i36.5387
http://doi.org/10.1053/j.gastro.2020.06.098
http://doi.org/10.1111/apt.16282


Nutrients 2023, 15, 559 9 of 9

30. Gatti, S.; Lionetti, E.; Balanzoni, L.; Verma, A.K.; Galeazzi, T.; Gesuita, R.; Scattolo, N.; Cinquetti, M.; Fasano, A.; Catassi, C.; et al.
Increased Prevalence of Celiac Disease in School-age Children in Italy. Clin. Gastroenterol. Hepatol. 2020, 18, 596–603. [CrossRef]

31. Renzo, S.; Scarallo, L.; Antoniello, L.M.; Bramuzzo, M.; Chiaro, A.; Cisarò, F.; Contini, A.C.I.; De Angelis, G.L.; De Angelis, P.; Di
Nardo, G.; et al. Impact of COVID-19 pandemic on pediatric endoscopy: A multicenter study on behalf of the SIGENP Endoscopy
Working Group. Dig. Liver Dis. 2022, 54, 572–579. [CrossRef]

32. Lazzerini, M.; Barbi, E.; Apicella, A.; Marchetti, F.; Cardinale, F.; Trobia, G. Delayed access or provision of care in Italy resulting
from fear of COVID-19. Lancet Child Adolesc. Health 2020, 4, e10–e11. [CrossRef]

33. Morales, J.S.; Valenzuela, P.L.; Castillo-García, A.; Butragueño, J.; Jiménez-Pavón, D.; Carrera-Bastos, P.; Lucia, A. The Exposome
and Immune Health in Times of the COVID-19 Pandemic. Nutrients 2021, 14, 24. [CrossRef]

34. Vojdani, A.; Vojdani, E.; Rosenberg, A.Z.; Shoenfeld, Y. The Role of Exposomes in the Pathophysiology of Autoimmune Diseases
II: Pathogens. Pathophysiology 2022, 29, 243–280. [CrossRef] [PubMed]

35. Myléus, A.; Hernell, O.; Gothefors, L.; Hammarström, M.L.; Persson, L.Å.; Stenlund, H.; Ivarsson, A. Early infections are
associated with increased risk for celiac disease: An incident case-referent study. BMC Pediatr. 2012, 12, 194. [CrossRef]

36. Canova, C.; Zabeo, V.; Pitter, G.; Romor, P.; Baldovin, T.; Zanotti, R.; Simonato, L. Association of maternal education, early
infections, and antibiotic use with celiac disease: A population-based birth cohort study in northeastern Italy. Am. J. Epidemiol.
2014, 180, 76–85. [CrossRef]

37. Kemppainen, K.M.; Lynch, K.F.; Liu, E.; Lönnrot, M.; Simell, V.; Briese, T.; Koletzko, S.; Hagopian, W.; Rewers, M.; She, J.X.; et al.
Factors That Increase Risk of Celiac Disease Autoimmunity After a Gastrointestinal Infection in Early Life. Clin. Gastroenterol.
Hepatol. 2017, 15, 694–702.e5. [CrossRef]

38. Tye-Din, J.A.; Galipeau, H.J.; Agardh, D. Celiac Disease: A Review of Current Concepts in Pathogenesis, Prevention, and Novel
Therapies. Front. Pediatr. 2018, 6, 350. [CrossRef] [PubMed]

39. Kothandaraman, N.; Rengaraj, A.; Xue, B.; Yew, W.S.; Velan, S.S.; Karnani, N.; Leow, M.K.S. COVID-19 endocrinopathy with
hindsight from SARS. Am. J. Physiol. Endocrinol. Metab. 2021, 320, E139–E150. [CrossRef] [PubMed]

40. Louis, T.J.; Qasem, A.; Abdelli, L.S.; Naser, S.A. Extra-Pulmonary Complications in SARS-CoV-2 Infection: A Comprehensive
Multi Organ-System Review. Microorganisms 2022, 10, 153. [CrossRef]

41. Jiang, L.; Tang, K.; Irfan, O.; Li, X.; Zhang, E.; Bhutta, Z. Epidemiology, Clinical Features, and Outcomes of Multisystem
Inflammatory Syndrome in Children (MIS-C) and Adolescents-a Live Systematic Review and Meta-analysis. Curr. Pediatr. Rep.
2022, 10, 19–30. [CrossRef]

42. Dendrou, C.A.; Petersen, J.; Rossjohn, J.; Fugger, L. HLA variation and disease. Nat. Rev. Immunol. 2018, 18, 325–339. [CrossRef]
[PubMed]

43. Castelli, E.C.; de Castro, M.V.; Naslavsky, M.S.; Scliar, M.O.; Silva, N.S.B.; Pereira, R.N.; Ciriaco, V.A.O.; Castro, C.F.B.; Mendes-
Junior, C.T.; Silveira, E.S.; et al. MUC22, HLA-A, and HLA-DOB variants and COVID-19 in resilient super-agers from Brazil.
Front. Immunol. 2022, 13, 975918. [CrossRef] [PubMed]

44. Greco, N.; Meacci, A.; Mora, B.; Vestri, A.; Picarelli, A. Coeliac disease in the COVID-19 pandemic: Does HLA have a protective
effect? Ann. Med. 2022, 54, 617–621. [CrossRef] [PubMed]

45. Stephens, H.A.; Klaythong, R.; Sirikong, M.; Vaughn, D.W.; Green, S.; Kalayanarooj, S.; Endy, T.P.; Libraty, D.H.; Nisalak, A.;
Innis, B.L.; et al. HLA-A and -B allele associations with secondary dengue virus infections correlate with disease severity and the
infecting viral serotype in ethnic Thais. Tissue Antigens 2002, 60, 309–318. [CrossRef] [PubMed]

46. MacDonald, K.S.; Fowke, K.R.; Kimani, J.; Dunand, V.A.; Nagelkerke, N.J.; Ball, T.B.; Oyugi, J.; Njagi, E.; Gaur, L.K.; Brunham,
R.C.; et al. Influence of HLA supertypes on susceptibility and resistance to human immunodeficiency virus type 1 infection. J.
Infect. Dis. 2000, 181, 1581–1589. [CrossRef]

47. Andrianou, X.D.; Konstantinou, C.; Rodríguez-Flores, M.A.; Papadopoulos, F.; Makris, K.C. Population-wide measures due to the
COVID-19 pandemic and exposome changes in the general population of Cyprus in March-May 2020. BMC Public Health 2022, 22,
2279. [CrossRef]

48. Monzani, A.; Lionetti, E.; Felici, E.; Fransos, L.; Azzolina, D.; Rabbone, I.; Catassi, C. Adherence to the Gluten-Free Diet during
the Lockdown for COVID-19 Pandemic: A Web-Based Survey of Italian Subjects with Celiac Disease. Nutrients 2020, 12, 3467.
[CrossRef]

49. Lionetti, E.; Catassi, C.; Lionetti, P. COVID-19 e la malattia celiaca. Giorn. Gastr. Epatol. Nutr. Ped. 2020, XII, 76–80.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.cgh.2019.06.013
http://doi.org/10.1016/j.dld.2022.02.010
http://doi.org/10.1016/S2352-4642(20)30108-5
http://doi.org/10.3390/nu14010024
http://doi.org/10.3390/pathophysiology29020020
http://www.ncbi.nlm.nih.gov/pubmed/35736648
http://doi.org/10.1186/1471-2431-12-194
http://doi.org/10.1093/aje/kwu101
http://doi.org/10.1016/j.cgh.2016.10.033
http://doi.org/10.3389/fped.2018.00350
http://www.ncbi.nlm.nih.gov/pubmed/30519552
http://doi.org/10.1152/ajpendo.00480.2020
http://www.ncbi.nlm.nih.gov/pubmed/33236920
http://doi.org/10.3390/microorganisms10010153
http://doi.org/10.1007/s40124-022-00264-1
http://doi.org/10.1038/nri.2017.143
http://www.ncbi.nlm.nih.gov/pubmed/29292391
http://doi.org/10.3389/fimmu.2022.975918
http://www.ncbi.nlm.nih.gov/pubmed/36389712
http://doi.org/10.1080/07853890.2022.2039955
http://www.ncbi.nlm.nih.gov/pubmed/35175152
http://doi.org/10.1034/j.1399-0039.2002.600405.x
http://www.ncbi.nlm.nih.gov/pubmed/12472660
http://doi.org/10.1086/315472
http://doi.org/10.1186/s12889-022-14468-z
http://doi.org/10.3390/nu12113467

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	The Influence of SARS-CoV-2 Pandemic on Pediatric Gastroenterology Clinical Practice 
	The Influence of SARS-CoV-2 Pandemic on the Frequency of New Diagnoses of CD in a Pediatric Gastroenterology Tertiary Center 

	Conclusions 
	References

