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Abstract
The outbreak of COVID-19 and SARS-CoV-2 infection is spreading worldwide as the first coronavirus pandemic. The
clinical picture is variable but flu-like symptoms are common with bilateral interstitial pneumonia being the most
frightening presentation. No specific therapies nor vaccine have been developed to date and the only way to limit
the virus diffusion is by modifying one’s lifestyle limiting social life and following strict hygienic precautions. No data
is available on the risk of COVID-19 and its outcomes in celiac disease (CeD). The restrictions applied to counter
COVID-19 can impact on CeD treatment and gluten-free dieting, the only available therapy for CeD. With the present
manuscript, we aim to support gastroenterologists and nutritionists in the management of CeD patients in the new
pandemic scenario, being conscious that availability and local situations are extremely various.
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Background
During the dramatic coronavirus (COVID-19) pandemic,
many Italian patients affected by celiac disease (CeD)
have asked gastroenterologists about their possible risk
of SARS-CoV-2 infection and if their condition would in
any way make the lung disease worse [1]. Actually, little
is known about Severe Acute Respiratory Syndrome—
CoronaVirus 2 (SARS-CoV-2) infection, especially
among Western populations, and if and how subjects
with an on-going autoimmune disorder (e.g. CeD) [2]
are affected. From this point of view, CeD is considered
a long-life autoimmune disorder of the small bowel (SB)
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caused by the ingestion of gluten-containing food in
genetically susceptible subjects carrying the HLA DQ2
and/or DQ8 haplotypes and affecting approximately 1%
of the general population [3]. The main hallmarks of CeD
are the serological presence of autoantibodies (anti tissue
transglutaminase and anti endomysial IgA) and duodenal
atrophy, characterised by villous shortening, crypt hyperplasia and increased intra-epithelial lymphocytes (IELs)
[4]. Being one of the most common autoimmune diseases (approximately 0.5% of the general population can
be affected by CeD) [5], the possibility of any interaction
between SARS-CoV-2 infection and the immune system
of CeD subjects could be clinically and epidemiologically
relevant. Nowadays, no data and no indications are present about this important issue.
The present study aims to give practical indications
derived from the real life of a single CeD center (the
Center for Prevention and Diagnosis of Celiac Disease,

© The Author(s) 2020, corrected publication 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a
credit line to the data.

Elli et al. BMC Gastroenterology

(2020) 20:387

Fondazione IRCCS Ca’ Granda, Milan) in a COVID-19
high-incidence area and convey some proposals to stratify CeD patients.

SARS‑CoV‑2 infection and interactions
with the gluten susceptible genetic
and inflammatory environment
SARS-CoV-2 was identified as the causative pathogen of
an interstitial pneumonia outbreak in Wuhan (China).
SARS-CoV-2 is characterized by a non-segmented,
single-strand, positive-sense RNA genome; humanto-human transmission fuelled by respiratory droplets
represents the main cause of inter-human diffusion,
although a fecal–oral route and transmission by fomites
cannot be ruled out [6–8]. Angiotensin-converting
enzyme 2 receptor (ACE2) protein is the cell receptor for
SARS-CoV-2 entrance into host cells [7]. The COVID-19
clinical picture being dominated by flu-like symptoms,
and illness is more severe in cases of older age, smoking
and presence of co-morbidities (e.g. chronic obstructive
pulmonary disease, diabetes, hypertension, coronary
heart disease, cerebrovascular disease, hepatitis B infection, cancer, chronic renal disease, immune-deficiency).
To diagnose COVID-19, the reverse transcription polymerase chain reaction (RT-PCR) of specimens from the
respiratory tract is recommended [9].
Different viral and celiac biological factors could
potentially interact. Starting from genetics, the combination of HLA-DQA1*0501 and DQB1*0201 generates
the HLA-DQ2.5 heterodimer, present in more than 90%
of CeD patients, whereas the remaining patients carry
the HLA-DQ8 heterodimer, encoded by DQA1*03 (α
chain) and DQB1*0302 (β chain) [10]. HLA class II molecules are essential for antigen presentation to CD4 + T
helper lymphocytes, since the combination of the α and
β chains creates a groove that hosts the peptides, which
are going to trigger the T-cell response [11]. Although
HLA-DQ2 has a reduced ability to interact with co-factor DM compared to other class-II molecules [12], suggesting a deteriorated presentation of the antigen to T
helper cells and this, in turn, could influence the antiviral response of DQ2 positive individuals, up to now there
is very contrasting data on the presence of an altered
immune response to viruses in CeD patients. Moreover,
it should be remembered that viruses are preferentially
presented through HLA class I molecules and that the
DQ2 heterodimer is present in about 25%-30% of the
Caucasian population, and thus possible alterations due
to the presence of this specific HLA could affect not only
CeD patients but also other carriers [11]. Although CeD
patients show an immune response comparable to that
of the general population, the hepatitis B virus (HBV)
vaccine is the only exception to this statement [13]. The
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reason of HBV vaccination’s failure in CD patients has
not yet been thoroughly explained but polymorphisms in
the human leukocyte antigen (HLA) have a crucial role
[13].
A very recent and interesting in-vitro study has analyzed the role of DM in the processing of various peptides bound to DQ2, and the resulting activation of
specific T-cell clones; apart from gluten peptides, the
study has evaluated viral peptides derived from HSV
type 2, hemagglutinin protein from H1N1 and human
papillomavirus type 16 (HPV16). In presence of high
expression of DM in DQ2 antigen-presenting cells, the
activation of the T-cell response to the virus peptides was
increased, and this could be important since some virus
infections are able to “naturally” raise DM expression in
the infected cells [14]. The presence of a specific HLA
associated with a more severe COVID-19 infection has
also been investigated in the attempt to identify possible
predictive factors. However, the results have not clarified
the issue, since different inclusion criteria and endpoints
have been evaluated. A small study identified an association between some specific HLA (B*27:07, DRB1*15:01
and DQB1*06:02) and the presence of COVID-19 infection [15], whereas a larger study, which used a GWAS
approach to identify severity-associated genes and performed on Italian and Spanish patients, did not report
a significant role of the HLA region (Ellinghouse et al.)
[16]. Interestingly, in the same study, two regions were
detected as significantly associated with a more severe
clinical picture, namely the AB0 blood group, and
the 3p21.31 locus which harbors a cytokine/chemochine cluster. Interestingly, a locus predisposing to CeD
(CELIAC9) has been mapped to 3p21, but the COVID-19
risk allele GA of the polymorphism rs11385942 is associated with reduced expression of CXCR6 and increased
expression of SLC6A20, such genes being different from
those directly involved in CeD.
CeD is generally characterized by a pro-inflammatory
status and variants within the CTLA4, IL2, IL18 and IL21
loci have been associated with CeD susceptibility [11, 17].
CeD-associated inflammation is characterized by high
IL21, IFNγ and IL17a [18]. Up-regulation of IL15 expression in the SB mucosa has become a hallmark of active
CeD. Moreover, IL15 stimulates IL21 production in the
enteric mucosa, further sustaining a pro-inflammatory
environment. A question is raised here: in the COVID-19
pandemic may CeD-associated inflammation contribute
to a higher degree of susceptibility to SARS-CoV-2 infection or predispose to more severe viral infection? Recent
evidence suggests that a subgroup of patients with severe
COVID-19 infection shows cytokine storm syndrome
[19]. COVID-19 infection is characterized by increased
IL2, IL7, granulocyte-colony stimulating factor, IFNγ
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inducible protein 10, monocyte chemoattractant protein 1, macrophage inflammatory protein 1α, and TNFα.
Moreover, higher levels of IL6 were shown to be predictive of COVID-19 death, further suggesting that mortality was associated with hyper-inflammation and cytokine
storm [20]. Whether the perturbation of ILs prompted
by the viral infection worsens symptoms in CeD patients,
or interacts with the pre-existent inflammatory status, is
unknown. Further molecular analysis is needed to clarify if the variants in CeD-associated inflammatory factors are associated to any increased risk of a more severe
COVID-19 status.
Factors potentially influencing SARS-CoV-2 infection
in CeD patients is reported in Table 1.

Factors promoting infection susceptibility in celiac
patients
It is critically uncertain whether in 2020 CeD subjects
present a higher generic risk of infection as compared to
the general population and, if present, it is extremely low.
This is due to the absence of novel studies investigating
recently diagnosed populations; most of the published
data is about patients who lived and were diagnosed
some decades ago when diagnostic criteria and patient
phenotypes were so far different from the current ones.
Moreover, the published databases are not able to exclude
patients affected by refractory CeD (RCeD), a subset of
patients carrying an extremely high mortality risk due to
malignancy and infective events. However, different studies have investigated this issue with conflicting results.
Overall, the slightly increased mortality of CeD (OR 1.24,
95% CI 1.19–1.30) is principally fuelled by the increased
risk of lymphoma (mainly intestinal lymphoma) [21].
The literature has focused its attention on the risk of
bacterial infection; a general increased risk of sepsis has
been found in CeD (HR 1.6, 95% CI 1.20–1.90) apparently linked to pneumococcal infection (HR 2.5, 95% CI
1.20–5.10) [22]. Furthermore, an increased risk of tuberculosis in CeD has been occasionally reported (HR 3.74,
95% CI 2.14–6.53) [23]. It is actually extremely uncertain
whether these findings lead to increased mortality. The

data about viral infection appears more controversial
with some recent studies indicating the absence of risk to
develop influenza or herpes zoster, independently of the
presence of villous atrophy as a bio-marker of active disease [24].
The physio-pathological mechanism underlying this
theoretical infection risk in CeD seems mainly connected to hyposplenism. The immune role played by the
spleen is extremely important mostly in maintaining the
pool of IgM memory B-cells (CD27+) which develop
in the spleen marginal zone. Memory B-cells warrant a
T-independent response against encapsulated bacteria
through IgM antibodies production, mainly Streptococcus pneumoniae, Neisseria meningitidis and Hemophylus
influenzae [25]. The estimated prevalence of hyposplenism in CeD patients is 19–80%, with some studies reporting an association between hyposplenism and other
autoimmune diseases and malignant complications in
CeD patients [26]. Hyposplenism affects only adult CeD
patients and it seems to correlate with gluten exposure.
In fact, the longer the patient has been exposed to diets
containing gluten, the higher is the probability of hyposplenism [25]. For the aforementioned reasons the clinical course of CeD patients with hyposplenism is often
characterized by complications and more severe progression. Hyposplenism may be defined by low IgM memory B-cells as well as increased pitted red cells (> 4%)
and Howell-Jolly bodies, which are consequences of a
defective spleen filtering function of erythrocytes [27].
However, given the difficulty to test such parameters,
abdominal ultrasound is a valid substitute, because of the
existing association between a small spleen (< 7–8 cm)
and reduced splenic function [28]. Nevertheless, today
there are no guidelines supporting physicians to evaluate the splenic function systematically in CeD patients,
due to data inconclusiveness. Furthermore, the international CeD guidelines do not include pneumococcal vaccination. An interesting exception is represented by the
British Society of Gastroenterology, which in 2014 introduced such vaccination as a grade-C recommendation
for CeD patients [29].

Table 1 Factors that theoretically could influence SARS-CoV-2 infection in celiac disease
HLA status

There is no data suggesting that there is an altered immune response against SARS-CoV-2 virus

Immunological environment and hyposplenism

There is no evidence that ILs status or their genetic variants in CeD could have any influence.
Similarly, hyposplenism may not be considered as a risk factor in this case

Mucosal atrophy

In case of treated and responsive CeD the mucosal state does not seem to have a role

Malabsorption and/or micronutrients deficiencies

Vitamins deficit may lead to increased susceptibility to infections. Although there is no evidence
concerning COVID-19, verify the nutritional state and ensure that their alimentary intake is reasonable

Presence of a refractory celiac disease

The presence of this state may significantly worsen the COVID-19 outcome, inflammatory damage
and malabsorption being usually present in a severe form
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A defective nutritional status is frequently observed in
CeD patients [30]. Folate, vitamin B12 and vitamin D play
the most important role among all nutrients in affecting
the immune system. In fact, the lack of them is associated
with a higher risk of respiratory infections (e.g. influenza)
and a generally reduced immunocompetence [31]. It is
doubtful if mild iron-deficiency anemia (frequently present in CeD) would be a risk factor for viral infections.
Moreover, CeD patients generally show an increased
intestinal permeability, which has been held responsible
for increasing the risk of multiple organ failure in critically ill patients [32]. Such a connection has not yet been
described for CeD patients, but it is conceivable that such
a condition helps the pathogens’ entry. Emilsson et al.
[24] have showed that the healing of intestinal mucosa
or persistent villous atrophy after GFD do not seem to
influence the risk of infection. The increased permeability seems to affect not only the intestinal mucosa but also
the respiratory tract, which may as well increase the risk
of airborne infections [32].
A special scenario is represented by RCeD, a rare CeD
complication characterized by malabsorption and villous atrophy despite a strict GFD [29]. RCeD can be
subdivided in two forms (RCeD-1 and RCeD-2) on the
basis of the immunophenotype of intra-epithelial lymphocytes (IELs), RCeD-2 being the more severe. RCeD
symptoms are diarrhea, involuntary weight loss, general malaise, anemia, hypoalbuminemia, vitamin deficiencies and concomitant autoimmune disorders [33].
Malnutrition due to protein-losing enteropathy can be
relevant, compromising the patient’s performance status. Furthermore, RCeD patients are usually treated
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with immunosuppressive drugs [29]. These aspects
make RCeD at risk of infective complications the same
way as other conditions requiring chronic immune suppression, such as inflammatory bowel disease (IBD) or
transplanted patients [34–36]. Although not conclusive,
the data about COVID-19 and RCeD do not report any
increased risk in those fragile patients [37]. This issue
could be addressed by the use of an international epidemiological registry, actually absent.
Albeit difficult to draw, a theoretical risk stratification of CeD patients for SARS-CoV-2 infection has been
reported in Fig. 1.

Lifestyle and gluten‑free dietary advice
In the present COVID-19 crisis the main solution
adopted to contain viral spread has been social distancing or quarantine. Staying at home is a good way to have
time to “eat well and stay well”, and follow a correct gluten-free Mediterranean diet (MeD-GFD) [38]. In Italy the
dietary pattern is characterized by MeD traditions, which
provide for the daily consumption of a large amount of
wholegrains, plant foods (vegetables, fresh fruits, legumes, nuts, olive oil, herbs and spices), fish, a moderate
intake of dairy products, meat, eggs, sugars and wine
[39]. MeD has contributed to protect and prevent against
such chronic diseases as cardiovascular, respiratory diseases, type-2 diabetes, cancer and obesity, and has been
associated with scarcer all-cause mortality rates [40, 41].
Some of the positive effects in which the MeD is involved,
regard the intake of phytochemical compounds present
in vegetable foods, such as antioxidants [42, 43]. They are
metabolized by the intestinal microbiota and are thought

Fig. 1 Risk assessment for SARS-CoV-2 infection and development of COVID-19 in celiac patients
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to modulate the gut barrier function and immune
response, helping to build strength against pathogenic
microbes [44–46]. Some of the important molecules for
their antioxidant action are: glutathione, ascorbic acid,
vitamins A, D, E, polyphenols, omega-3, zinc, selenium,
amino acids [47]. As well as vitamins, polyphenols,
omega-3, a few minerals (zinc, selenium) and amino
acids (glutamine, arginine, tryptophan) found in foods,
have immunostimulant activity of potential help [48, 49].
In this context it appears essential to follow a balanced,
healthy, MeD, because strong imbalances in the diet, as
well as treatment with antibiotics or infections, can disturb the balance of the intestinal microbiota, so as to
alter its composition and promote the growth of potentially pathogenic constituents. This condition, known as
dysbiosis, can also cause alterations in the regulation of
the immune system, which normally prevents the development of inflammatory reactions in our gut; dysbiosis
is very often associated with inflammation [50]. As a consequence, it is essential to monitor MeD-GFD [38]; the
advice provided by nutritionists is always to prefer a “natural” GFD, avoiding the processed GF foods, especially
in the current COVID-19 scenario. It is recommended
to choose the entire variety of GF cereals and pseudocereals: rice, maize, buckwheat, quinoa, amaranth, which
can be consumed as wholegrains and/or can be used to
make flour to cook home-made gluten free bread, cake,
biscuits, pizza. These products should be preferred and
chosen to limit the ultra-processed/industrial GF foods,
during this lockdown period for which home stay for
social distancing, limited supermarket visits and keeping a balanced healthy diet and domestic lifestyle are
recommended. To keep healthy in the context of a GFD,
it is correct to include: milk and dairy products, preferring partially skimmed milk, yoghurt and light cheeses,
in particular yoghurt is a great source of natural probiotics together with such cheeses as mozzarella, robiola,
ricotta, cottage cheese (‘crescenza’, ‘fior di latte’), goat
cheese, feta; white meat (chicken, rabbit, turkey) and less
frequently red meat (beef and pork); fish, preferring codfish, seabass, sardines, anchovies, limiting swordfish and
tuna and cephalopods, squid and octopus. As to legumes,
it is advisable to try and increase their consumption and
to associate them with cereals as a main course; to have
a high fibre intake through fresh fruits and vegetables,
up to by a total of 5 portions per day; to use extra-virgin
olive oil (EVO) and limit salt, promoting instead the use
of herbs and spices. All the listed naturally GF foods are
easily available in supermarkets, an important service
during forced- isolation conditions (with the advice to
limit one’s food shopping frequency to once a week).
Performing physical exercise every day is crucial for
a correct lifestyle. In order to contain the virus in this

Page 5 of 9

global pandemic it is important to do exercise at home,
to maintain a physical routine and to limit any damage
due to sedentary behaviour, such as spending long time
sitting (smart working, watching television, playing videogames, using mobile devices). Exercise can be various:
walking around the house, stairs or ladder climbing,
weight-lifting, squats, strengthening, stretching, balance
and control, yoga or use of aerobic equipment such as a
treadmill or cyclette. Spending this critical period in a
safe home environment may also contemplate some practice of e-health, such as video-exercises from the TV or
via mobile devices as good help for fitness and mental
health. It may suffice to spend 30 min on moderate physical activity or 20 min on intense physical exercise, everyday [51].

Monitoring gluten‑free dieting and clinical status
during SARS‑CoV‑2 infection
A very useful method to support and monitor CeD
patients in quarantine or during lockdown may be
through telemedicine, which is a set of medical and
computer-based techniques to deliver healthcare to
patients remotely [52, 53]. As demonstrated by Siniscalchi et al. [54] this type of consultation appear to be
positively accepted by CeD patients during COVID-19
outbreak. In spite of the reduction of face-to-face consultations as required for containing the risk of infection spreading and because healthcare facilities can be
a means of contagion and nutritional services must be
maintained during quarantine, “tele-nutrition” appears
to be a useful tool. There has been interest in video
consultations, which are already being tested in many
countries as part of their national digital health strategies [55]. In the literature it is evident that the videoconsulting of patients at home as regards nutritional
counselling may be appropriate, because personal
examination is not strictly necessary and nutritional
advice can be easily offered to patients during the video
face-to-face consultation. Nowadays, for nutritional
counselling, as well as for many other domains, videoconsultation may offer a strong opportunity to handle
patients in the mid of a great crisis. Furthermore, the
availability of novel point-of-care (POC) testing may
be of help during telemedicine counselling. Patients
can verify the correctness of their GFD by themselves
via POC tests that detect the presence of gluten peptides in urine [56], They can then discuss the test result
with their nutritionist and/or gastroenterologist during a later telemedicine session. These tests can also
be repeated during lockdown and quarantine to verify
GF products of uncertain quality. CeD activity can be
monitored by means of POC tests detecting anti transglutaminase and/or anti gliadin antibodies, routinely
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considered as non-invasive bio-markers to monitor
the CeD activity status [57, 58]. In case of suspected
CeD complications and impossibility to hospitalise the
patient, endoscopic investigation of the small bowel
(where usually CeD complications are localised) may
be carried out via a panoramic-view endoscopic capsule with no external recording system (Capsocam System, USA) [59, 60]. Such a capsule can be sent to the
patient, ingested and resent to the gastroenterologist
after expulsion in the stools, without need to travel or
invasive investigations causing the emission of potentially infective droplets [60]. Furthermore, thanks to its
sensitivity in detecting small-bowel mucosal atrophy,
capsule endoscopy may also be used to diagnose CeD
without upper endoscopy and duodenal biopsy [59, 61].
In case of anti tissue transglutaminase IgA 10x, a no
biopsy/endoscopy strategy to diagnose CeD in adults
could be used (similarly to the pediatric guidelines)
[62, 63]; this possibility has been recently suggested by
the British Society of Gastroenterology BSG to reduce
the number of upper endoscopies during COVID-19
outbreak
(https://w ww.bsg.org.uk/covid-19-advice/
covid-1 9-s pecifi c-n on-b iopsy- p rotocol-g uidan ce-for-
those-with-suspected-coeliac-disease/).
A roadmap to manage CeD patients at COVID-19
times is proposed in Fig. 2.

Fig. 2 Flowchart for managing CeD patients during the pandemic
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Conclusions
With the present manuscript we intend to help gastroenterologists and nutritionists in supporting their CeD
patients during the COVID-19 outbreak. In Table 2 some
key questions and possible answers are provided. We are
conscious about the peculiarity of the historical period
and that indications and organizational arrangements
may change according to the local availability of resources
and the specific national health system. However, it is our
opinion that the general indications derived from a CeD
center managing more than 3,000 CeD patients in an area
heavily hit by SARS-CoV-2 infection may be of assistance
to those practitioners who unfortunately are facing the
same troublesome situation. The first step regards the
stratification of patients, distinguishing those who can
be managed by means of telemedicine (online systems
can be different and depending on local resources) and
be educated about lifestyle and GFD dieting during social
distancing or over possible quarantine (Figs. 1 and 2).
From this point of view, a rapid online service to address
the patients’ doubts about GFD should be implemented
together with the use of POC tests for urinary gluten
peptides and serological antibodies. If feasible, face-toface online sessions should be devoted to those patients
starting GFD at this emergency time. Based on evidence
the administration of vitamins to patients presenting a
multiple-vitamin deficit is important. Particular attention
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Table 2 Key-question and answers
Question

What do I tell to the patients

General COVID Advice

Actually there is no evidence that celiac disease represents a COVID-19 risk factor. Proven risk factors for COVID19 remain old age, hypertension, diabetes, coronary artery disease, pulmonary disease, chronic kidney disease,
high body mass index

What about hyposplenism

Reassure patients that functional hyposplenism does not pose any greater risk

Refractory celiac disease

Although unknown, patients with refractory celiac disease and/or taking immunosoppressive/chemotherapic
agents may present an increased risk for COVID-19; thus, they should pay attention to distancing and shielding

Telecon clinics

In all cases telemedicine and gastroenterological/nutritional video-consulting can support the patient

Dietary advice including Mediterranean and gluten-free dietary
regimens

Improve the diet, in particular follow a gluten-free Mediterranean diet, increasing the intake of antioxidant micronutrients

should be paid to those patients who are affected by
RCeD-1 or RCeD-2, following an immunosuppressive
therapy: such patients should be closely monitored by
means of telemedicine and hospital access should be limited as much as possible, with blood tests and endoscopic
investigation postponed whenever possible or being carried out by capsule endoscopy.
Abbreviations
CD: Celiac disease; COVID-19: Coronavirus disease 2019; GFD: Gluten-free
diet; RCeD: Refractory celiac disease; SARS-CoV-2: Severe acute respiratory
syndrome (from) coronavirus 2.
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