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Summary
Background: Coeliac disease is an immune-mediated intestinal disease character-
ised by lifelong intolerance to dietary gluten in genetically predisposed individuals. 
Microbial factors including infections or bacterial microbiota have long been sus-
pected to be involved in the aetiology, but the scientific literature on the topic is 
scattered and heterogeneous.
Aims: To review human observational studies on microbes and coeliac disease
Methods: We identified 135 publications judged relevant. Most studies were cross-
sectional, and prone to reverse causation and other biases. Only a few were prospec-
tive. Cohort studies and longitudinal studies that have sampled biological specimens 
before disease onset are emphasised in the review.
Results: Infections during early childhood were associated with an increased risk of 
subsequent coeliac disease in nine studies , whereas maternal infections during preg-
nancy did not show a clear association. For the most frequently studied microbial 
factors, some evidence for an association was found, including Helicobacter pylori 
(four out of 16 studies), adenovirus (two out of nine studies) and enterovirus (two 
out of six studies). Rotavirus infections have been associated with disease develop-
ment, and rotavirus vaccination may reduce the risk. Among the many studies of 
gut microbiota, most were cross-sectional and, therefore, potentially influenced by 
reverse causation. Only two smaller prospective case-control studies with sampling 
before disease onset were identified; they reported inconsistent findings regarding 
the faecal microbiome.
Conclusions: Several microbes are potentially linked to coeliac disease. As microbial 
factors are amenable to interventions, larger prospective studies are still warranted.

www.wileyonlinelibrary.com/journal/apt
mailto:﻿
https://orcid.org/0000-0001-7826-8646
https://orcid.org/0000-0003-4757-2164
mailto:ketil.stordal@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fapt.16161&domain=pdf&date_stamp=2020-11-18


44  |     STØRDAL et al.

1  | INTRODUC TION

Coeliac disease (CD) is defined as a chronic immune-mediated en-
teropathy which is precipitated by the intake of gluten in genetically 
predisposed individuals.1 The prevalence of CD is increasing world-
wide, which is probably attributed to increased recognition as well 
as a true increase, as demonstrated in population-based screening 
studies.2-4

Genetic factors are clearly important for CD to develop.5-7 Only 
individuals carrying the HLA-DQ2 or DQ8 haplotypes seem to de-
velop CD,8 but these alleles are also highly prevalent in the general 
population of whom the majority will maintain tolerance towards 
gluten. HLA DQ2 or DQ8 molecules and the modification of cer-
tain proline-rich parts of the gluten protein by the enzyme tissue 
transglutaminase (tTG) are cornerstones in the understanding of 
CD aetiology.9,10 In addition, more than 40 genetic variants outside 
the HLA region have been identified, with markedly smaller effects 
on the risk of CD compared to HLA.11,12 Interestingly, many of the 
non-HLA SNPs are located in regulatory regions of genes involved in 
immunity and response to microbes.13 Thus, recent genetic develop-
ments point towards an interaction between genes and microbes in 
the pathogenesis of CD.

The rapid change in occurrence of CD over time cannot be at-
tributed to genes, and clearly indicates a role of environmental 
factors in disease development. Attempts to identify these envi-
ronmental factors have in the past focused on infant diet including 
breastfeeding and timing of gluten introduction14 and, more re-
cently, on the amount of gluten in early childhood.15,16

The gut harbours trillions of microbes, many of which are thought 
to play an important role in health and disease.17 The interaction 
between nutrients and microbes is complex: Microbes may modify 
the immunogenicity of nutrients including gluten peptides, and the 

microbiome is also able to modulate immune responses. Conversely, 
the diet modifies the microbiome.17 It has been hypothesised that 
gluten exposure, alone or together with other factors, leads to life-
long gluten intolerance partially through microbial pathways. An in-
teraction between enteric viruses and bacteria is a recent field of 
research, adding complexity to the role of microbes in disease and 
health.18,19

In a recent experimental study of a rodent model, infection with 
reovirus was shown to suppress regulatory T-cell conversion and in-
duce Th1 immunity towards dietary antigens.20 Murine norovirus was 
shown to induce Th1 immunity, and signs of loss of tolerance in tran-
scriptional profiling from mesenteric lymph nodes was observed.21 
In addition, bacterial peptides from commensal gut bacteria share 
homology with immunogenic gluten peptides, and were able to acti-
vate gliadin-reactive T cells from CD patients.22 This cross-reaction 
suggests that microbial exposure is a potential environmental factor 
in the aetiology of CD. Though the molecular mechanism linking mi-
crobes to development of CD is outside the scope of this review, 
there is an increasing recognition that host genetics, gut microbes 
and dietary gluten can interact in CD development.

Although CD can occur at any age, there is a paucity of longitu-
dinal screening studies in adults. Prospective studies with repeated 
serological screening of children at genetic risk indicate that the ma-
jority of cases develop CD during preschool age.23,24 The peak inci-
dence of developing autoantibodies against tTG, the first sign of the 
peripheral autoimmune response in CD, occurs already at 2-3 years 
of age.15 This suggests that the search for environmental exposures 
should be focused on early life (Figure 1).

The time lag from seroconversion to diagnosis opens the pos-
sibility that factors observed at diagnosis could be a consequence 
of undetected disease as well as being a cause.23,25 Thus, prospec-
tive studies with sample and data collection before development 

F I G U R E  1   Succession of potential environmental influences and events leading to CD with a frequently observed extended time lag 
between appearance of CD antibodies and clinical diagnosis
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of antibodies and repeated antibody screening are highly valuable 
(Figure 1). The wide range in the clinical picture from asymptomatic 
to severe malabsorption also hampers the study of temporal envi-
ronmental factors.

Here we aimed to review human studies of microbial factors as 
potential aetiological factors in CD, with emphasis on results from 
longitudinal studies that have sampled biological specimens before 
disease onset.

2  | SE ARCH STR ATEGY AND SELEC TION 
CRITERIA

We followed the PRISMA guidelines for reviews.
References for this review were identified through searches of 

PubMed with the search terms “Coeliac disease" OR "celiac disease“ 
AND "infection*" OR "microbiota*" OR “microbe*” OR "virus*" OR 
"bacteri*" OR “"microorganism*” OR "parasite*" OR "fung*” OR “heli-
cobacter” until April 1st 2020. Only papers published in English and 
containing original data from human studies were reviewed. Studies 
reporting infections after a diagnosis of CD were not included.

The final list of studies to review was generated on the basis of 
originality and relevance to the scope of this review. In our literature 
search 812 publications were identified, 227 were selected after the 
initial screen and 135 retained in the final screen (Supplement for 
full list of references identified and Figure 2 for a flow chart of pub-
lication selection). Furthermore, we identified 43 relevant additional 
articles through searches of reference lists in the identified publica-
tions as well as the authors' own files.

3  | INFEC TIOUS EPISODES

Studies from several countries have reported an association be-
tween general infections and CD risk. Studies from Sweden 

reported an increased risk of CD in children who had a register-
based diagnosis of systemic neonatal infection26 and a parent-
reported infection concurrent with gluten introduction.27 In the 
population-based nation-wide Norwegian Mother and Child 
study, a higher frequency of parentally reported infections before 
18  months was associated with increased risk of CD, with simi-
lar risk estimates for gastrointestinal or respiratory infections.28 
This finding was later corroborated with German register data on 
medically attended infections the first year of life.29 Again, both 
gastrointestinal and respiratory infections were significantly more 
frequent in individuals who later developed CD.29 In a birth cohort 
from Finland and Estonia, children who developed CD by the age 
of 3 years had a higher number of infections the first year of life, 
but similar frequencies thereafter.30 In the TEDDY cohort (The 
Environmental Determinants of Diabetes in the Young), a multi-
national cohort of children carrying HLA susceptibility haplotypes 
for CD, parental reports of an gastrointestinal infectious episode 
were positively associated with the risk of CD autoimmunity three 
months prior to seroconversion. In TEDDY, CD autoimmunity is 
defined as two consecutive blood samples with tTG IgA above 
the cut-off limit. The risk was further modified by HLA genotype, 
infant gluten consumption, breastfeeding and rotavirus vaccina-
tion.31 Two retrospective case-control studies from Sweden found 
infections <6  months32 and urinary tract infections33 as signifi-
cant risk factors for later CD. In a questionnaire-based retrospec-
tive survey from the US, ear infections before the age of 2 years 
were significantly more frequent in children with CD compared to 
controls.34

In contrast, maternal infections during pregnancy have not 
clearly been associated with later risk of CD in offspring in two pro-
spective studies.35,36

Undiagnosed CD could predispose to infections, and thereby 
cause reverse associations. However, studies restricting the ex-
posure period to an early time window with a minimal risk of CD 
should avoid a potential reverse causality. A study of military 

F I G U R E  2   Flow chart for selection of 
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personnel from US found a higher incidence of CD at 4 years after 
a medically attended gastrointestinal infection.37 In a follow-up 
study, the risk was attributed to campylobacter infections, which 
was the most frequent causative bacterial agent identified.38 Such 
a finding could be biased if infections cause symptoms indistin-
guishable from CD, leading to diagnostic work-up without being 
part of the aetiology.

Register-based studies capture only infections severe enough to 
cause a health care contact, whereas cohort studies may capture 
less severe infections.39 Subclinical infections are not even captured 
in studies relying on reporting from patient or caregivers. Studies 
with prospective sampling of biological specimens provide opportu-
nities to study subclinical infections and allow for detection of spe-
cific microbes.

4  | SPECIFIC MICROBES

4.1 | Rotavirus

Infections with rotavirus as characterised by increase in antibody titres 
were associated with CD in a US cohort with increased hereditary and/
or HLA risk for CD and type 1 diabetes (Table 1).40 A cross-sectional 
study on a peptide library screened against sera from individuals with 
untreated CD identified a peptide with shared homology with the rota-
virus major neutralising protein VP-7.41 Antibodies reactive against the 
VP7 region of the virus were more common in cases than in controls,42 
but this finding was not corroborated in a more recent study.43

In a follow-up of a randomised double-blind controlled trial from 
the early phases of rotavirus vaccination, those with active vac-
cine had almost half the prevalence of diagnosed CD at 11-14 years 

TA B L E  1   Rotavirus and coeliac disease (CD)

Reference Setting and methods Finding

Stene, 2006.
USA.40

Prospective study of children with CD (n = 54) and 
controls (n = 108) in a high-risk cohort for CD and type 1 
diabetes. Antibody screening for rotavirus infection at 9, 
15 and 24 mo and annually thereafter.

Infections with rotavirus as characterised by increase 
in antibody titres were associated with CD. Rate ratio 
for trend per increase in number of infections 1.94, 
95% CI 1.04-3.61, P = 0.037.

Zanoni, 2006.
Italy.41

Cross-sectional study of children and adults with U-CD 
(n = 22) and T-CD (n = 38). A random peptide library was 
screened against sera from cases and controls.

A peptide with shared homology with the rotavirus 
major neutralizing protein VP-7 was recognised by 
serum immunoglobulins of patients with U-CD but 
not by those with T-CD.

Dolcino, 2013.
Italy.42

Children with type 1 diabetes and CD (n = 26) and 
controls with type 1 diabetes and no CD (n = 37).

Serum samples before and after diagnosis available for 
eight CD patients. Serological screening for antibodies 
against the rotavirus VP-7 peptide.

Antibodies reactive against the VP7 region of the 
rotavirus were more common in cases (80%) than in 
controls (27%). Six of the eight with serial samples had 
antibodies present before the CD diagnosis.

Ziberna, 2016.
Italy.43

Cross-sectional study of children and young adults with 
biopsy-proven CD (n = 118), children with potential CD 
(n = 46), 32 children with other gastrointestinal diseases, 
children with no CD (n = 107) and 107 blood donors. 
Serological screening for antibodies against the rotavirus 
VP-7 peptide.

Antibody reactivity in 18% of CD patients in both 
paediatric (16%) and adult (27%) control groups, 
with no statistically significant difference (CD vs HC 
children P = 0.6, CD vs HC adults P = 0.1).

Vaccine studies

Vaarala, 2017.
Finland.45

Population-based study in a cohort born in 2009-2010 
comparing the risk of CD as registered in national patient 
registers (2009-2014) among vaccinated (n = 94,437) and 
unvaccinated (n = 27 213) children.

Vaccinated children had a non-significantly lower 
risk of 293 CD (n = 201, 0.21%) compared to non-
vaccinated (n = 92, 0.33%) children after 4-6 y 
follow-up (adjusted OR 0.87, 95%CI 0.65-1.17).

Hemming-Harlo, 
2019.

Finland.44

Follow-up of a randomised double-blind controlled 
vaccine trial with RotaTeq from 2001 to 2003 with 
parental questionnaires reporting diagnosis of CD 
returned by 30% in 2015.

Lower prevalence of CD in the active vaccine group 
(n = 19/3184, 0.6%) compared to the placebo group 
(n = 29/2580, 1.1%) at 11-14 y age (P = 0.027).

Kemppainen, 2017.
Multinational.31

The multinational TEDDY cohort (n = 6,327) with serial 
screening for coeliac disease antibodies. 11% (n = 732) 
developed coeliac disease autoimmunity (CDA) by the 
age of 4 y.

Lower risk for CDA in children vaccinated against 
rotavirus, but only when gluten was introduced 
before the age of 6 mo (Adjusted HR, 0.57; 95% CI 
0.37-0.88). Gastrointestinal infections increased 
the risk of CDA within the following 3 mo only in 
unvaccinated children (adjusted HR, 1.46; 95% CI, 
1.03-2.09) and not in vaccinated children (adjusted 
HR, 0.81; 95% CI, 0.51-1.28.

Abbreviations: CDA, coeliac disease autoimmunity; CI, confidence interval; GFD, gluten-free diet; HC, healthy controls; HR, hazard ratio; OR, odds 
ratio; T-CD, treated coeliac disease; U-CD, untreated coeliac disease.
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compared to the placebo group.44 In a later population-based study 
the risk of CD was not significantly lower in vaccinated children 
compared to non-vaccinated children.45 A sub-analysis from the 
TEDDY cohort demonstrated a lower risk in children vaccinated 
against rotavirus, but only when gluten was introduced before age 
of 6 months.31

4.2 | Enterovirus

In cross-sectional studies investigating enterovirus in duodenal bi-
opsies by RT-PCR, in situ hybridisation and immunohistochemistry, 
one study found neither cases with CD nor controls to be positive46 
whereas another study found slightly higher frequencies in cases 
with CD compared to controls (Table  2).47 Furthermore, neither 
cases nor controls had enterovirus in nasal/stool swabs restricted 
to the first 6 months of life, and antibodies against enterovirus at 
diagnosis did not differ between cases and matched controls.48 
These findings are not surprising because enterovirus infections 
are uncommon in early infancy but nearly ubiquitous before the 
age of three.

In a recent Norwegian study, enterovirus was more frequent 
in repeated stool samples from cases compared to matched con-
trols before the appearance of serum IgA-class antibodies to tTG 

(tTG-IgA) as the first sign of CD.49 Severity of infection as measured 
by viral load, duration of shedding and symptoms was also associ-
ated with CD. This observation was further supported by the TEDDY 
study, which also found an interaction with the amount of dietary 
gluten.50 In contrast, intrauterine enterovirus infections (antibodies 
in cord blood) were not associated with CD.51

Recently parechovirus, another small RNA virus related to en-
terovirus (family Picornaviridae), was found to be significantly more 
frequent in repeated stool samples from cases vs matched controls 
in the same cohort as the initial enterovirus study.52 Co-infections 
with parechovirus and enterovirus had the strongest association 
with later CD.

4.3 | Adenovirus

A peptide sequence homology of wheat gliadin and human adeno-
virus 12 (Ad12) was described for the first time in 1984 in animal 
models.53,54 The same group later reported a higher sero-prev-
alence of antibodies to Ad12 in CD cases compared to controls 
(Table  3),55 but findings in two following studies were ambigu-
ous.56,57 Four subsequent studies have found similar prevalence 
of positivity for adenovirus in duodenal biopsies among CD cases 
and controls.58-61 Recent studies using repeated stool samples did 

TA B L E  2   Enterovirus and coeliac disease (CD)

Reference Setting and methods Finding

Mercalli, 2012.
Italy.46

Cross-sectional case-control study of patients with CD (n = 27), 
and healthy controls (n = 21). Duodenal biopsies tested for 
enterovirus RNA by radioactive I -situ hybridisation and RT-
PCR, and for enterovirus proteins by immunostaining.

Neither cases with CD nor controls was found 
to be positive for enterovirus.

Oikarinen, 2012.
Finland.47

Cross-sectional case-control study from patients with CD 
(n = 40) and HC (n = 41). Duodenal biopsies analysed for 
enterovirus using in situ hybridisation (ISH), RT-PCR and 
immunohistochemistry.

Enterovirus RT-PCR not different in manifest 
CD vs HC (15% and 10%, respectively). 
Enterovirus (ISH) found in 45% and 29%, 
respectively (n.s.).

Simre, 2018.
Estonia/Finland.48

Prospective matched study of children with CD (n = 29) and 
HC (n = 29). RT-PCR of nasal swabs and stool samples taken 
at the age of 3-6 mo and antibodies in serum samples taken at 
diagnosis.

Enterovirus in nasal/stool swabs was not 
found in neither cases and matched controls. 
Antibody positivity did not differ (P = 0.93).

Kahrs, 2019.
Norway.49

Prospective matched case-control study (n = 25 cases, n = 49 
controls, mean age 9.9 y) nested in a prospective birth cohort 
with increased genetic risk of CD and serial screening for CD. 
Monthly stool samples from 3 to 36 mo (n = 2,135) screened for 
enterovirus.

Enterovirus more frequent in repeated 
stool samples from cases compared to 
matched controls before tTG-IgA antibodies 
developed as the first serological sign of CD 
(adjusted odds ratio 1.49, 95% CI 1.07-2.06). 
Severity of infection (viral load, duration of 
shedding and symptoms) was also associated 
with CD.

Lindfors, 2019.
Multinational.50

Prospective matched case-control study (TEDDY cohort, n = 83 
pairs) with serial screening for coeliac disease antibodies. 
Metagenomic screening of serial stool samples from 0 to 2 y 
age.

Enterovirus more frequent in cases vs controls 
(adjusted OR 2.56, 95% CI 1.19-5.51).

Carlsson, 2002.
Sweden.51

Prospective case-control study of children with CD before the 
age of 15 y (n = 76) and healthy controls (n = 327). Cord blood 
IgA, IgG and IgM against enteroviruses.

Intrauterine enterovirus infections were not 
associated with later CD risk of the offspring.

Abbreviations: CDA, coeliac disease autoimmunity; CI, confidence interval; GFD, gluten-free diet; HC, healthy controls; OR, odds ratio; RT-PCR, real-
time polymerase chain reaction; T-CD, treated coeliac disease; U-CD, untreated coeliac disease.
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not find adenovirus positivity to predict later CD,49,50 or found in-
dications of protective association of virus positivity before the 
age of 1 year.50

4.4 | Respiratory viruses

Children with CD diagnosis before the age of 2 years were more 
likely to have had a hospital-attended infection with respiratory 
syncytial virus prior to CD diagnosis than controls in a register-
based study (OR 1.46 [95% CI 1.03-2.07]).62 After seasonal or 
pandemic influenza an increased risk of a new diagnosis of CD 
was found in a nation-wide register-based study (HR 1.29 (95% 
CI, 1.21-1.38).63 In a prospective matched case-control study 
with PCR of nasal swabs collected at 3-6 months, rhinovirus was 

found in 5/18 children with CD (28%) compared to 0/16 in controls 
(P = 0.05).48

4.5 | Hepatitis C

A higher prevalence of CD-associated serum endomysium an-
tibodies was reported in patients with hepatitis C virus (HCV) 
compared to HCV negative blood donors (Table  4).64,65 Three 
other studies of HCV patients have however not found such an 
association.66-68 Interestingly, one retrospective study reported 
α-interferon administered to treat HCV infections to precipitate 
symptoms or antibody production typical for CD.66 Thus, an asso-
ciation could be due to infection as well as treatment. However, in 
two studies performing CD screening before and after treatment 

TA B L E  3   Adenovirus and coeliac disease (CD)

Reference Setting and methods Finding

Kagnoff, 1987.
USA.55

Cross-sectional study of adults and children with U-CD (n = 18), 
T-CD (n = 62) and controls (n = 135) from London adult (cohort 
1), London paediatric (cohort 2) and US adult (cohort 3). 
Antibodies against Ad12 (a region different from,54 Ad18 and 
Echovirus 11 tested in cases and controls.

Significantly higher prevalence of antibodies 
against Ad12 in U-CD vs T-CD and controls 
(cohort 1), and in T-CD vs controls (cohort 2 
and 3). Antibody positivity against Ad18 and 
Echovirus 11 not significantly different.

Howdle, 1989.
UK.56

Cross-sectional study of adult CD patients (7 untreated and 16 
treated) and 10 healthy controls. Antibodies against Ad12 Elb 
protein assayed in sera.

None of the CD patients had antibodies 
against Ad12, one of the healthy controls 
weakly positive.

Lähdeaho, 1993.
Finland.57

Cross-sectional study of children with U-CD (n = 44), dermatitis 
herpetiformis (DH, n = 16) and 60 matched healthy controls. 
Serum antibodies to synthetic peptides derived from an early 
E1b protein of Ad12 and A gliadin tested.

Both U-CD and DH had significantly 
(P < 0.001) higher IgG antibody levels to the 
Ad12 E1b peptide than the controls.

Carter, 1989.
UK.58

Cross-sectional study of adults with U-CD (n = 2), T-CD (n = 11) 
and HC (n = 13). Duodenal biopsies assayed for Ad12 and Ad41 
DNA by Southern blot technique.

No signs of persistent adenovirus infection 
neither in cases nor controls.

Mahon, 1991.
UK.59

Cross-sectional study of children and adults with U-CD (n = 7), 
T-CD (n = 11) and HC (n = 24). DNA isolated from biopsy 
samples and analysed by PCR for adenovirus 12 DNA encoding 
the E1B-58 kDa protein.

Ad12 DNA found in 5/18 with CD and 2/24 
HC.

Vesy, 1993.
USA.60

Cross-sectional study of children with CD (n = 19), adults with 
CD (n = 14) and controls. DNA isolated from biopsy samples and 
analysed by PCR for Ad12, CMV and HSV.

Ad12 DNA in 2/14 adults and in 0/19 children 
with CD. Ad12 not found in any of the 
control group patients.

Lawler, 1994.
Ireland.61

Cross-sectional study of children with CD and diagnosis <1 y age 
(n = 10) and non-CD controls (n = 7). Adults with CD (n = 17) 
and non-CD controls (n = 16). DNA against Ad12 isolated from 
duodenal biopsies and analysed by PCR.

Ad12 positive in 3/10 childhood CD patients 
and 1/7 controls. Ad12 sequences in 3/17 
adults with CD and in 5/16 adult controls. 
No significant differences.

Kahrs, 2019.
Norway.49

Prospective matched case-control study (n = 25 cases, n = 49 
controls, mean age 9.9 y) nested in a prospective birth cohort 
with increased genetic risk of CD and serial screening for CD. 
Monthly stool samples from 3 to 36 mo (n = 2006) screened for 
adenovirus.

Similar frequency of adenovirus infections 
in cases and controls before tTG-IgA 
antibodies developed (adjusted OR 0.82, 
0.49-1.38; P = 0.46).

Lindfors, 2019.
Multinational.50

Prospective matched case-control study (TEDDY cohort, n = 83 
pairs) with serial screening for coeliac disease antibodies. 
Metagenomic screening of serial stool samples from 0 to 2 y age.

Adenovirus similar between cases and 
controls (adjusted OR 1.41, 95% CI 0.99-
2.02). Lower risk for CDA if adenovirus 
infection <1 y (adjusted OR 0.69, 95% CI 
0.48-0.99, P = 0.04).

Abbreviations: Ad12, adenovirus 12; CDA, coeliac disease autoimmunity; CI, confidence interval; HC, healthy controls; OR, odds ratio; RT-PCR, real-
time polymerase chain reaction; T-CD, treated coeliac disease; U-CD, untreated coeliac disease.
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with α-interferon none of the 172 patients developed CD during 
treatment.64,69

4.6 | Helicobacter pylori

The prevalence of H. pylori is declining over time with improved hy-
giene and eradication strategies due to its role in peptic ulcer dis-
ease, MALT lymphoma and gastric cancer.70 Whether H. pylori and 
CD are associated has been extensively studied (Table 5).

A weak protective role of H. pylori in CD was reported in some 
but not all previous studies. However, since study participants are 
mostly enrolled from endoscopy clinics, there is always a risk of se-
lection bias due to a high prevalence of H. pylori in those referred for 
upper endoscopy.71-80 Studies using randomly selected controls and 
non-invasive methods to identify H. pylori have uniformly reported 

no significant associations.81-86 Only two studies had a prospective 
design, none of which showed significant associations between H. 
pylori infection and CD.85,86

4.7 | Other microbes

In a cross-sectional Dutch study, positivity for antibodies against 
cytomegalovirus (CMV) was associated with a lower risk of CD au-
toimmunity (Table 6). Infections with Epstein-Barr virus (EBV) and 
herpes simplex type 1 (HSV1) were not associated with the risk of 
CD, but the combination of either of the herpesviruses CMV/EBV/
HSV1 conferred a reduced risk.87 Supporting this observation, an 
inverse association with CMV and rubella but unclear results for EBV 
was found.88 The prevalence of CMV DNA in biopsies from CD cases 
and healthy controls was similar.60 In a group with congenital rubella 

TA B L E  4   Hepatitis C and coeliac disease (CD)

Reference Setting and methods Finding

Fine, 2001.
USA65

Cross-sectional study of consecutive cases with HCV (n = 259) 
autoimmune liver disease (n = 59), other hepatic diseases (n = 137), 
various GI syndromes (n = 356) and healthy controls (n = 221). 
Examined for tTG-IgA, EMA-IgA and for anti-gliadin IgA and IgG 
antibodies. Patients with coeliac disease antibodies underwent 
duodenal biopsy.

CD diagnosed in three patients with HCV 
(1.2%) and in two with autoimmune liver 
disease (3.4%). Two out of three with HCV 
had not been given α-interferon for HCV. 
One of HC (0.4%) also had CD and was 
found to have hepatitis C. Statistically 
significant difference between HCV and HC 
(P = 0.02).

Vivas, 2003.
Spain.68

Cross-sectional study of cases with HCV (n = 102) and blood donors 
(n = 165). Examined for the presence of tTG-IgA, EMA-IgA and for 
anti-gliadin IgA and IgG antibodies.

Elevated tTG-IgA in none of the HCV cases 
and 1/165 blood donors.

Thevenot, 2007.
France.67

Cross-sectional study of 624 consecutive HCV-positive outpatients. 
Tested for EMA-IgA, anti-gliadin IgA and IgG antibodies. 
Gastroscopy with duodenal biopsies in 25 out of 39 with suspected 
CD.

Isolated EMA-IgA in 0.16%, anti-gliadin IgA 
and IgG in 5.7% and 4.4% respectively. None 
were diagnosed with CD.

Ruggeri, 2008.
Italy.64

Cross-sectional study of cases with hepatitis C liver disease 
(n = 244), with liver disease of other causes (n = 121) and 1230 
blood donors. Examined for the presence of tTG-IgA and EMA-IgA 
antibodies.

tTG-IgA and EMA in 5/244 (2%) HCV-
patients, 1/121 (0.8%) non-HCV-patients 
and 2/1,230 (0.16%) blood donors, 
significant difference between HCV-patients 
and blood donors (Odds ratio 12.8; 95% 
Confidence Interval 2.4-66). α-interferon 
was given after enrolment to 42 HCV-
patients of whom none developed CD.

Hernandez, 2008. 
USA.66

Cross-sectional study of cases with hepatitis C liver disease 
(n = 195), other liver diseases (n = 19) and healthy controls (n = 80). 
Tested for EMA-IgA, tTG-IgA, anti-gliadin IgA and IgG antibodies. 
In addition, HCV screening was performed of CD patients from a 
database.

tTG-IgA in 2/195 HCV patients (1%), with 
negative EMA. None of these two had 
evidence of coeliac disease on duodenal 
biopsy. None in the control groups had CD 
antibodies. From the database of 895 CD 
patients, six (0.68%) had HCV, which was 
comparable to the background population. 
Three were diagnosed with CD during or 
after α-interferon therapy.

Gravina, 2012.
Italy.69

Cross-sectional study of adults with hepatitis C liver disease 
(n = 210) screened for CD. Adults with CD (n = 194) were screened 
for HCV.

None of the HCV patients had CD antibodies. 
3/194 (1.5%) patients with CD had HCV. No 
control groups reported. None of the 130 
patients treated with α-interferon developed 
CD.

Abbreviations: EMA, endomysial antibody; HCV, hepatitis C virus; IgA, immunoglobulin A; IgG, immunoglobulin G; tTG, tissue transglutaminase.
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syndrome (n = 25) or exposure to rubella in utero without clinical 
features (n = 12), none of the 37 cases examined developed CD.89 
Antibodies against Toxoplasma gondii and Treponema pallidum were 
not significantly associated with CD.88

A modest association with a clinical diagnosis of infection with 
Borrelia burgdorferi both prior to and after a diagnosis of CD was 

found in a Swedish study, which could, however, be explained by a 
surveillance bias.90 Serum anti-Saccharomyces cerevisiae antibod-
ies (ASCA) were significantly more prevalent and in higher titres 
in patients with untreated CD compared to healthy controls,91 but 
significantly elevated only in active CD and not detected in treated 
CD and healthy controls in another study.92 Mycobacterium avium 

TA B L E  5   Helicobacter pylori and coeliac disease (CD)

Reference Setting and methods Finding

Control group from endoscopy clinics/invasive methods

Diamanti, 1999.
Argentina.71

Adults with CD (n = 104, 80 newly diagnosed) and 
controls (n = 114) referred for similar symptoms. 
HP diagnosed by histology or serology (incomplete 
screening in the control group).

Similar prevalence in CD (87%) compared to 
non-CD controls (89%).

Ciacci, 2000.
Italy. 72

Adults with CD and controls (total n = 263) referred for 
endoscopy in a prospective data collection.

Lower prevalence of HP in untreated CD (20.7%) 
compared with treated CD (32.4%) and non-CD 
controls (55.3%), P = 0.001.

Aydogdu, 2008.
Turkey.73

Children with CD (n = 96) and non-CD controls (n = 235). Similar prevalence of HP in CD cases (22%) and 
non-CD controls (24%).

Lebwohl, 2013.
USA.74

Biopsies from a pathology bank (n = 136,179), CD was 
found in 2% (n = 2,689). Adjustment for age, gender, 
racial, ethnic and socioeconomic factors. Excluded 
patients with ulcer or malignancy.

HP was found in 4% with CD and 8% of non-CD 
controls. Adjusted OR 0.48 (95%CI 0.40-0.58).

Lasa, 2015.
Argentina.75

Adults with CD (n = 72) or non-CD controls (n = 250) who 
were referred for endoscopy.

Prevalence of HP lower in CD (12.5%) vs non-CD 
controls (30%), OR 0.33 (95% CI 0.15-0.71)

Simondi, 2015.
Italy.76

Adults with CD (n = 154) vs non-CD controls suffering 
from constipation (n = 404).

Similar prevalence of HP in CD (36%) compared to 
non-CD controls (41%).

Uyanikoglu, 2016.
Turkey.77

Adults with CD (n = 31) vs non-CD controls (n = 592) 
from an endoscopy clinic.

Similar prevalence of HP in CD (48%) compared to 
non-CD controls (53%), n.s.

Narang, 2017.
India.78

Children with CD (n = 324) vs non-CD controls referred 
for endoscopy (n = 322). No description of control group 
selection.

Lower prevalence of HP in children with CD (11%) 
compared to non-CD controls (50%).

Lucero, 2017.
Chile.79

Children and adults with active CD (n = 29), potential CD 
(n = 37) and non-CD controls (n = 50).

Similar prevalence of HP positivity with active CD 
(34%), potential CD (30%) and non-CD (40%). 
The virulence factor CagA more common in HP 
infected with potential CD compared to active 
CD, and less severe villous atrophy in CagA 
positives.

Agin, 2019.
Turkey.80

Children with CD (n = 256) and children with dyspepsia as 
controls (n = 1012) tested for HP in duodenal samples.

Similar prevalence of HP found in CD (27.4%) and 
non-CD controls (26.7%), n.s.

Control group from non-endoscopy settings/non-invasive methods

Crabtree, 1992.
UK.81

Adults with CD (n = 99) and 250 age-matched controls 
(n = 250) tested with HP serology.

Similar prevalence of seropositivity for HP among 
CD cases (29%) and controls (30%).

Luzza, 1999.
Italy.82

Children with CD (n = 81) and non-CD controls (n = 81) 
tested with HP serology.

Similar prevalence of HP positivity in CD cases 
(19%) and controls (17%).

Konturek, 2000.
Germany.83

Adults with CD (n = 91) vs healthy age- and sex-matched 
non-CD controls (n = 40) tested with HP serology.

Similar prevalence of HP in CD cases (26%) vs 
controls (20%), OR 1.44 (95% CI 0.58-3.44).

Jozefczuk, 2015.
Poland.84

Children with CD (n = 74) and age-matched non-CD 
controls (n = 296) tested with breath test.

Similar prevalence of HP in CD cases (5.4%) and 
controls (6.8%), P = 0.57.

Bartels, 2016.
Denmark.85

Prospective study of a cohort followed for 6 y for 
development of CD after a breath test positive 
(n = 11 830) or negative (n = 48 879) for HP.

Prevalence of CD in HP positives 0.05% compared 
with 0.09% among HP negatives (OR 0.65 [CI: 
0.24-1.73] after adjustment for age and sex).

Dore, 2018.
Italy.86

Prospective study of adults with genetic risk for CD 
followed for HP positivity in groups with (n = 270) or 
without (n = 127) CD.

Similar prevalence of HP in CD cases (32%) and 
controls (36%, OR 0.81 [0.52-1.26]).

Abbreviations: CI, confidence interval; HP, Helicobacter pylori; N.s., not significant; OR, odds ratio.
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paratuberculosis was not associated with active CD in a case-con-
trol study.93

Inferring a causal relationship between less infections and in-
crease in immune-mediated disease, the hygiene hypothesis was 
originally suggested to explain an inverse association between 
household size and the prevalence of childhood atopic disease.94 
Expanding on the hygiene hypothesis, experimental hookworm in-
fection is explored as a method to suppress immune responses,95 
potentially mediated through the microbiome in CD patients.96,97 
However, the ultimate goal of inducing tolerance towards gluten 
was not achieved in a pilot study,98 though a sustained open gluten 
challenge after infection with Necator Americanus indicated some 
benefit.99

5  | PERTURBATIONS OF THE INTESTINAL 
MICROBIOME

The early gut microbiome is unstable and rapidly changing before 
a more resilient adult-like pattern is established around the age of 
3 years.100 The composition of the microbiome in CD has been ex-
tensively studied applying culture-based methods and sequencing 
technology. Cross-sectional studies are prone to bias as colonisa-
tion of an already damaged mucosa imply a risk of reverse causal-
ity. Prospective studies are preferable for inferring potential direct 
causality.

Two recent cohort studies have followed infants at genetic risk 
for CD with repeated stool samples before CD developed.101,102 

TA B L E  6   Other microbes and coeliac disease (CD)

Reference Setting and methods Finding

Vesy, 1993.
UK.60

Cross-sectional study of children with CD (n = 19), 
adults with CD (n = 14), patients with duodenitis 
(n = 22) and HC (n = 40). DNA isolated from biopsy 
samples and analysed by PCR for CMV and HSV.

CMV in 1/14 adults and 0/19 children with CD, and HSV in 
1/14 adults and 2/19 children with CD. CMV and HSV not 
found in any of the control group patients.

Simre, 2019.
Estonia/Finland.48

Prospective matched study of children with CD 
(n = 29) and HC (n = 29). IgG antibodies against 
CMV and EBV in serum samples taken at diagnosis.

No difference in CMV or EBV IgG antibodies between the 
groups.

Jansen, 2016.
Netherlands.87

Cross-sectional screening for CD by 6 y (n = 49 
CDA, 31 of those with tTG-IgA < 10 X elevated 
among 4420 participants) in the prospective 
Generation R study. Serum immunoglobulin G 
levels against CMV, EBV and HSV1 measured by 
enzyme-linked immunosorbent assay at 6 y.

Positivity for cytomegalovirus (CMV) was negatively 
associated with the risk of high titre CDA vs HC (aOR 0.38, 
95% CI 0.14-0.98). Infections with Epstein-Barr virus (EBV) 
and herpes simplex type 1 (HSV1) were not associated 
with the risk of CD, but the combination of either of the 
herpesviruses CMV/EBV/HSV1 conferred a reduced risk vs 
HC (aOR 0.38, 95% CI 0.18-0.78).

Plot, 2009.
Israel.88

Cross-sectional case-control study of CD patients 
(n = 90) vs HC (n = 297) for serological evidence 
of past infection with Toxoplasma gondii, rubella 
virus, EBV, CMV and Treponema pallidum.

Significantly lower prevalence in CD patients vs HC for 
antibodies against CMV (54% vs 68%) and rubella (88% 
vs 95%). Non-significant differences for Toxoplasma gondii 
and Treponema pallidum, and unclear findings for the EBV 
antibodies.

Viskari, 2003.
Finland.89

Case series of congenital rubella syndrome or 
known exposure to rubella in utero (n = 38).

None of the cases examined had CD or positive tTG-IgA.

Alaedini, 2016.
Sweden.90

Registry study of CD patients (n = 15 769) and 
matched controls (n = 78 331). Diagnosis of Lyme's 
disease in national patient registers before CD 
diagnosis.

Borrelia infection in 25 (0.16%) before CD diagnosis and in 79 
(0.5%) after CD diagnosis. Odds ratio, 1.61 (95% CI 1.06-
2.47) and after the diagnosis of coeliac disease (hazard ratio, 
1.82; 95% CI, 1.40-2.35) compared to matched controls.

Ashorn, 2008.
Finland.91

Cross-sectional study of children and adults with 
U-CD (n = 134), non-CD disease controls (n = 108) 
and adult healthy blood donors (n = 80). Serum 
anti-Saccharomyces cerevisiae antibodies (ASCA) 
IgA and IgG antibodies in serum samples.

ASCA significantly more prevalent and in higher titres in U-CD 
(46%) compared to non-CD (15%) and healthy controls (0%), 
P < 0.001.

Biet, 2011.
France.92

Cross-sectional study of adults with ‘active’ CD 
(n = 16), T-CD (n = 19) and healthy blood donors 
(n = 120). ASCA IgA and IgG antibodies in serum 
samples.

Significantly elevated only in active CD (7/16, 40%) and not 
detected in T-CD and healthy controls (P = 0.005).

Verdier, 2013.
France93

Cross-sectional study of adults with ‘active’ CD 
(n = 23) and healthy controls (n = 45). Specific IgG 
and IgA response against Mycobacterium avium 
paratuberculosis

No significant differences between cases and controls.

Abbreviations: ASCA, anti-saccharomyces cerevisiae antibodies; CMV, cytomegalovirus; EBV, Epstein Barr virus; EMA, endomysial antibody; HC, 
healthy controls; HSV, herpes simplex virus; IgA, immunoglobulin A; IgG, immunoglobulin G; OR, odds ratio; T-CD, treated coeliac disease; tTG, tissue 
transglutaminase; U-CD, untreated coeliac disease.
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TA B L E  7   Cross-sectional studies of microbiota in duodenal biopsies in untreated (U-CD) and treated (T-CD) coeliac disease patients vs 
healthy controls (HC)

Reference Setting and methods Findings

Forsberg,105 2004.
Sweden.

Children with U-CD (n = 29), T-CD (n = 37) vs HC 
(n = 59). Bacteria identified by scanning electron 
microscopy. Glycocalyx composition and mucin 
and antimicrobial peptide production studied 
by quantitative RT-PCR, antibody and lectin 
immunohistochemistry.

Rod-shaped bacteria present in U-CD and T-CD but not in 
HC. Also distinct changes in the mucus layer and in markers 
of innate immunity.

Nadal,106 2007.
Spain.

Children with U-CD (n = 20) and T-CD (n = 8) vs HC 
(n = 10). In situ hybridisation and flow cytometry.

Higher counts of total bacteria and gram-negatives in U-CD 
than in T-CD and HC, and the Bacteroides/Prevotella 
group and E. coli significantly more abundant in U-CD. The 
ratios of beneficial bacterial groups (Lactobacillus plus 
Bifidobacterium) to potentially harmful Gram-negative 
bacteria (Bacteroides–Prevotella plus E. coli groups) 
significantly lower in U-CD vs T-CD and HC.

Collado,103 2009.
Spain.

Children with U-CD (n = 30), T-CD (n = 18) vs HC 
(n = 30). Bacterial groups quantified by real-time PCR.

Bacteroides and Cl. leptum groups more abundant in CD 
patients than in HC. E coli and Staphylococcus counts 
higher in U-CD than in HC, but levels were normalised on a 
GFD. Bifidobacterium levels lower in U-CD than in HC.

Ou,107 2009.
Sweden.

Children with U-CD (n = 45) vs HC (n = 18), cultured 
with 16S rDNA and electron microscopy.

Rod-shaped bacteria found in CD (Clostridia and Prevotella) 
and not in HC.

Sanchez,108 2010.
Spain.

Children with U-CD (n = 20) and T-CD (n = 12) vs 
age-matched HC (n = 8). PCR-denaturing gradient 
gel electrophoresis (DGGE) analyses by universal and 
group-specific primers.

Bacteroides diversity higher in HC, also higher abundance 
with only B. dorei lower in HC. Bifidobacteria diversity 
higher in CD vs HC.

Schippa,109 2010.
Italy.

Children with CD before and after GFD (n = 20 pairs) 
vs HC (n = 10). 16S rDNA compared by temporal 
temperature gradient gel electrophoresis (TTGE).

Higher biodiversity in CD before than after GFD (T-CD), and 
higher in U-CD vs HC. More often Bacteroides vulgatus and 
E. coli in U-CD and T-CD vs HC Bacteroides vulgatus and Cl. 
coccoides more frequent in U-CD vs T-CD.

DiCagno,104 2011.
Italy.

Children with T-CD (n = 19) and HC (n = 15). PCR-
denaturing gradient gel electrophoresis (DGGE) 
analyses by universal and group-specific primers.

Higher diversity of Eubacteria in T-CD compared to HC.

Nistal,110 2012.
Spain.

Adults and children with U-CD (n = 10) and T-CD 
(n = 5) vs HC (n = 5).

16S rRNA gene sequencing of extracted DNA.

Higher diversity by age. Streptococcus less abundant in 
adults with U-CD vs HC. No significant difference between 
U-CD and HC in children.

Cheng,111 2013.
Finland.

Children with U-CD (n = 10) vs HC (n = 9). Bacterial 
phylogenetic microarray to profile the microbiota in 
duodenal biopsies. Expression of selected mucosa-
associated genes assessed by qRT-PCR.

No overall differences in microbiota, though eight genus-like 
groups had different abundance. Increased expression of 
TLR10 and higher of TLR9, IL10, IFNγ and CXCR in CD.

Wacklin,112 2013.
Finland.

Adults with CD (n = 33) and dermatitis herpetiformis 
(n = 6) vs HC (n = 18). PCR denaturing gradient gel 
electrophoresis. A subset of samples additionally by 
16S ribosomal RNA gene sequencing

Lower diversity and higher abundance of Proteobacteria in 
CD than in DH and HC, Firmicutes dominant in DH and HC.

Sanchez,113 2013.
Spain.

Children with U-CD (n = 32) and T-CD (n = 17) vs 
age-matched HC (n = 8). Partial 16S rRNA gene 
sequencing.

Higher diversity in U-CD vs T-CD and HC. Higher abundance 
of phylum Proteobacteria and lower abundance of the 
phylum Firmicutes in CD vs HC. At the family level also 
higher abundance of Enterobacteriaceae (esp. Klebsiella), 
and Staphylococcae in U-CD. Streptococcaceae less 
abundant in U-CD vs HC.

D'Argenio,114 2016.
Italy.

Adults with U-CD (n = 20) and T-CD (n = 6) vs HC 
(n = 15). DNA-sequencing of ribosomal 16S.

Proteobacteria were the most abundant and Firmicutes and 
Actinobacteria the least abundant phyla in the microbiome 
profiles of U-CD patients. Members of the Neisseria genus 
are more abundant in U-CD patients than in the other two 
groups (P = 0.03).

De Meij,115 2016.
Netherlands.

Children with U-CD vs age-matched HC (n = 21 pairs). 
Analysed by a 16S-23S interspacer region-based 
profiling method.

No significant differences between U-CD and HC.

(Continues)
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Increased diversity over time was found in healthy controls from 
4 to 6 months, which did not occur in infants who later developed 
CD. Differences at phylum and family level were identified, where 
Firmicutes, Bifidobacterium breve and Enterococcus spp. were more 
predominant in cases.101 Another cohort study found no asso-
ciations between microbiota at 9 and 12  months age and CD at 
4  years.102 These studies shall be regarded as preliminary given 
small sample sizes (10 and 9 cases, respectively) and with diverging 
conclusions.

Most studies of duodenal samples from individuals with un-
treated CD have been characterised by an increase in Bacteroidetes, 
Proteobacteria, Staphylococcus and Clostridiales species, and by a 
decrease in Bifidobacteria and Lactobacilli (Table 7). The recruitment 
of ‘healthy’ controls and treated CD patients for duodenal biopsies 
may introduce some bias, as endoscopies usually are performed in 
subjects with gastrointestinal symptoms suggestive of CD.

Differences between CD subjects and healthy controls in fae-
cal samples tend to replicate those based on duodenal sampling 
(Table  8). Valuable information regarding site-specific microbiota 
comes from studies with dual sampling from the duodenum and fae-
ces. As expected, lower bacterial counts and diversity were found 
in the duodenal sites compared to faeces, but an intra-individual 
correlation between the two sites regardless of case status was 
found.103,104 Bacterial counts in duodenum and faeces were higher 
in untreated CD compared to controls.103

Prospective studies of the oral microbiome in CD were not iden-
tified. Cross-sectional studies of the oral microbiome have shown 
lower counts of oral anaerobes and higher counts of Lactobacilli in 
individuals with treated CD compared to healthy controls.128,129

The alpha-diversity of the microbiome is a frequently used mea-
sure to describe the number of different species within an individ-
ual.130 The diversity of the duodenal and oral microbiome tended 
to be lower in CD.116,129 Within genera, the duodenal diversity in 
CD was higher for Bifidobacteria but lower for Bacteroides and 
Proteobacteriae.108,112 In faecal samples, the diversity in CD was 
lower for Lactobacilli and Bifidobacteria in CD compared to non-CD 
subjects.125

Genera or families of bacteria that typically are harboured in the 
gut in states of homoeostasis are often termed ‘beneficial’ and may 

possess antimicrobial properties against pathogens and produce 
bacterial metabolites with trophic functions for the gut mucosa. In 
contrast, ‘harmful’ bacteria are associated with a reduced mucosal 
barrier and inflammation, as reviewed elsewhere.131 A study com-
paring ratios in groups of bacteria with beneficial compared to harm-
ful properties reported lower ratios between Lacto/Bifidobacteria 
to Bacteroides/Enterobacteria in untreated CD and treated CD com-
pared to healthy controls.124

Because groups of bacteria may have widely overlapping ge-
nome and metabolic functions, analyses of bacterial metabolites 
may identify functional differences across taxonomic units. Short-
chain fatty acids (SCFAs) are produced by breakdown of complex 
fibres, and harbour anti-inflammatory properties in addition to being 
substrate for enterocyte growth and repair.132 Total levels of SCFA 
was decreased in children with untreated CD compared to treated 
CD and healthy controls.104,124 In contrast, others found total SCFAs 
to be higher in children with untreated CD, and normalised after 
more than 1 year of gluten-free diet.133-135 There was no difference 
between adults with treated CD and control in fasting venous blood 
total SCFA was found.136

Because modification of the diet changes the microbiome, dif-
ferences found between individuals with treated CD and healthy 
controls may be explained by the diet rather than the disease itself. 
In Table 8 some of the studies include patients who are adherent to a 
GFD, and findings in this group should thus be interpreted with cau-
tion. Although a subject for other reviews, it is of note that persistent 
symptoms on a gluten-free diet in CD patients were associated with 
dysbiosis.137

In healthy subjects, the abundance of Veillonellaceae and other 
bacteria mainly involved in starch metabolism was reduced in the 
period of GFD compared to before and after. The bacterial diver-
sity did not change.138 Similarly, GFD for 1 month in healthy indi-
viduals and in CD patients resulted in decreased proportions and 
counts of Bifidobacteria and Lactobacillae and increased counts of 
E. coli and Enterobacteriaceae.139 A study from the US randomised 
children with high-risk haplotypes for CD to gluten introduction at 
age 4-6 or 12  months, and in repeated faecal samples found that 
the pattern of bacterial colonisation differed by the timing of gluten 
introduction.140

Reference Setting and methods Findings

Nistal,116 2016.
Spain.

Adults with U-CD (n = 9) vs HC (n = 9). Next-
generation pyrosequencing of 16S rRNA.

No significant differences between U-CD and HC.

Pietz,117 2017.
Sweden.

Children with U-CD (n = 26) and T-CD (n = 5) vs HC 
(n = 25). In vitro model with enteroids and polarised 
tight monolayers.

The interferon regulatory factor (IRF) pathway was 
upregulated bacteria previously identified in biopsies from 
U-CD patients (Prevotella jejuni, Lachnoanaerobaculum 
umeaense, Actinomyces graevenitzii). Upregulated genes 
belonged mainly to the interferon-γ/IRF pathway.

Garcia-Mazcorro, 
2018.

Mexico.118

Adults with U-CD (n = 6) vs HC (n = 12).
Ultra-high throughput DNA-sequencing of ribosomal 

16S.

Significantly lower abundance of Bacteroidetes (P = 0.022) 
and Fusobacteria (P = 0.052) in CD patients.

Abbreviations: GFD, gluten-free diet; HC, healthy controls; T-CD, treated coeliac disease; U-CD, untreated coeliac disease.

TA B L E  7   (Continued)
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Although bacterial degradation of gluten peptides is outside 
the scope of this review, it is of note that in vitro141 and in vivo 
studies142,143 have characterised the ability of certain microbes to 

degrade gluten. These findings suggest a possible interaction be-
tween the gut microbiota and gluten peptides and may also provide 
fascinating possibilities for future treatment of CD.

TA B L E  8   Cross-sectional studies of faecal microbiota in untreated (U-CD) and treated (T-CD) coeliac disease patients vs healthy controls 
(HC)

Reference Setting and methods Findings

Faecal samples, culture-based

Collado,119 2007.
Spain.

Children with CD (n = 26) and HC (n = 23). Culture-based method and 
in addition FISH using 16S rRNA probes.

The levels of Bacteroides, Clostridium and 
Staphylococcus were significantly higher 
(P < 0.05) in CD vs HC. The numbers of 
Bacteroides-Prevotella, Cl. histolyticum, 
Eubacterium rectale, C. coccoides, Atopobium, 
and sulphate reducing bacterial groups 
were also significantly higher in CD when 
analysed by FISH.

Golfetto,120 2014.
Brazil.

Adults with T-CD (n = 14) vs HC (n = 42). Bifidobacteria are more abundant among HC.

Lorenzo Pisarello,121 
2015.

Argentina.

Non-symptomatic children with T-CD vs HC. Not provided numbers. Lactobacilli (five strains) found more 
frequently in HC than in T-CD.

Faecal samples, PCR methods

Sanz,122 2007.
Spain.

Faecal samples from children with U-CD (n = 10) vs age-matched HC 
(n = 10).

No significant differences in diversity. L. 
curvatus more prevalent in U-CD, L. casei 
more prevalent in HC. Higher diversity of 
Bifidobacteria in HC, and more infant-type 
species (B. bifidum and B. infantis) in CD.

Sanchez,123 2008.
Spain.

Children with U-CD (n = 10) and T-CD (n = 10) vs age-matched HC 
(n = 11).

Non-E.coli clones of Enterobacteriacea more 
common in HC than in T-CD. Group A E. coli 
more common in U-CD and T-CD, but equal 
distribution of E. coli groups in HC. Higher 
number of virulence genes in U-CD and 
T-CD vs HC.

Collado,103 2009.
Spain.

Children with U-CD (n = 30), T-CD (n = 18) vs HC (n = 30). Bacterial 
groups quantified by real-time PCR.

Bacteroides and Cl. leptum groups more 
abundant in CD than in HC E. coli and 
Staphylococcus counts higher in U-CD than 
in HC, but levels were normalised on a GFD. 
Bifidobacterium levels lower in faeces of 
both groups of CD patients compared to HC.

DiCagno,124 2009.
Italy.

Children with T-CD (n = 19) and HC (n = 15). PCR-denaturing gradient 
gel electrophoresis (DGGE) analyses by universal and group-specific 
primers.

Lower ratio of Lacto/Bifidobacteria to 
Bacteroides/Enterobacteria in U-CD and 
T-CD.

DiCagno,104 2011.
Italy.

Children with T-CD (n = 19) vs HC (n = 15). Higher levels of Lactobacilli, Enterococcus 
and Bifidobacteria in HC, higher than that 
of Bacteroides, Staphylococci, Salmonella/
Shigella and Klebsiella in T-CD.

Nistal,125 2012.
Spain.

Adults with U-CD (n = 10) and T-CD (n = 11) vs HC (n = 11). SCFA 
analysis in addition.

Higher Bif. bifidus in U-CD than in HC, lower 
diversity of Lactobacilli and Bifidobacteria in 
T-CD. SCFA lower in HC and HC on GFD.

Sanchez,126 2012.
Spain.

Children with U-CD (n = 20) and T-CD (n = 20) vs age-matched HC 
(n = 20).

S. epidermidis more common in both U-CD 
and T-CD, S. haemolyticus only in U-CD 
compared to HC. S. aureus less abundant in 
U-CD than in T-CD and HC. Virulence genes 
lower from S. epidermidis in U-CD than in 
T-CD and HC.

Nobel,127 2018.
USA.

Adult outpatients (n = 955) at a hospital including 60 with CD (no 
information regarding GFD).

Bacterial pathogens found more frequently in 
non-CD (37%) than in CD (23%).

Abbreviations: GFD, gluten-free diet; HC, healthy controls; T-CD, treated coeliac disease; U-CD, untreated coeliac disease.
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To conclude, published data suggest that the microbiota differ 
between CD and healthy controls. There is insufficient evidence 
from human studies to infer whether this is a cause or consequence 
of celiac disease.

6  | USE OF ANTIBIOTIC S AND RISK OF CD

Antibiotic exposure is among the most important perturbations influenc-
ing the composition of the early microbiome.144 If there is a causal link 
from the early microbiome to CD, use of antibiotics, even by the mother 
during pregnancy, may be associated with subsequent risk of CD.

The two studies until date on maternal use of antibiotics during 
pregnancy have not found any association with the risk of CD in off-
spring.35,145 In contrast, use of antibiotics during the first year of life 
was a significant risk factor for CD in a register-based study from 
Italy.146 Similarly, in nation-wide cohorts from Denmark and Norway 
antibiotics during the first year of life were associated with a higher 
risk for CD, though attenuated in a sub-cohort for which adjustment 
for infections could be done.147 Antibiotic exposure before diagnosis 
was associated with CD across all age categories in a Swedish regis-
ter-based study.148 These associations persisted when excluding the 
year before diagnosis. In contrast, no association between use of an-
tibiotics and later CD autoimmunity was found in the TEDDY cohort 
with high genetic risk.149

The association between early antibiotics and later CD found in 
most studies could be due to non-causal explanations. Confounding by 
indication might occur, and a term used if the underlying indication for 
an intervention induces an artificial association. In this case, the infec-
tion prompting use of antibiotics may act as an underlying confounder. 
Therefore, proper adjustment for infections is important to avoid bias. 
If bacterial infections are increased in undetected CD, reverse causal-
ity might occur. Prospective studies limiting the antibiotic exposure to 
the first year of life should largely avoid this potential bias.

Health-seeking behaviour could be an underlying factor for an-
tibiotic use and diagnostic work-up for CD, and thus confound the 
association. Repeated antibody screening in prospective screenings 
will avoid bias by detecting all cases with CD autoimmunity. In a high 
genetic-risk cohort, environmental risk factors may be diluted by ge-
netic effects and should be carefully interpreted.

7  | POSSIBLE MECHANISMS FOR 
MICROBES IN CD DE VELOPMENT

Above, we have comprehensively reviewed human studies of mi-
crobes and subsequent risk of CD. A number of complex mechanisms 
can be involved, perhaps unique to each infectious agent. Here we 
briefly review some potential mechanisms, but refer interested read-
ers to other literature for details.150

Even though certain infections appear to be more frequent in 
individuals with CD compared to controls before disease, this does 
not prove causality. Susceptibility to infections could be caused 

by genetic variants that also predispose to CD via independent 
pathways (pleiotropy). It has been hypothesised that genotypes 
predisposing to CD are prevalent in the population due to a nat-
ural selection during human evolution of genotypes that protects 
against infections.151 Consistent signs of evolutionary selection for 
CD-associated alleles were identified for three loci linked to IL12A, 
IL18RAP and SH2B3.151 The SH2B3 variant risk allele for CD was 
found to protect against bacterial infection.151 In a comprehensive 
GWAS study, SNPs within the HLA region were significantly associ-
ated with 13 common infections, some of which are associated with 
autoimmune diseases.152 If the overall effect of CD predisposing 
genotypes is protective against infections, the observed association 
between infections and CD would logically be strengthened by ad-
justing for such genotypes.

The prevalence of CD in the affluent Finnish part of Karelia 
is considerably higher than in a genetically similar population in 
Russian Karelia.153 Such an ecological observation has been hy-
pothesised to be driven by differential microbiological environ-
ment. It may seem contradictory that increasing prevalence of CD 
occurs in parallel with lower exposure to infections if microbes are 
considered as potential triggers for CD. In low-endemic settings, 
infections peak later during a more vulnerable phase of develop-
ment with potentially increased susceptibility, including reduced 
protection from maternal antibodies. Transfer of maternal immu-
nity is also likely to be more prominent in populations with less 
hygienic living conditions, again causing a postponement of infec-
tions. Increased pathogenicity may be observed when living con-
ditions improve, as suggested in an analogy to poliomyelitis.154 A 
transition phase in socio-economic development could potentially 
strengthen this effect, with high maternal immunity and low expo-
sure during infancy.

Early investigations on adenovirus 12 suggested that peptide se-
quences with homology to the immunogenic residues of gliadin—a 
molecular mimicry—could cause later T cell reactions towards glu-
ten.54 Though not corroborated in later studies on adenovirus, the 
mechanism of mimicry has also been proposed to explain an asso-
ciation with rotavirus infections.41,42 Recently, homology between 
the short gliadin epitopes that elicit activation of T-cells and proteins 
from several commensal bacteria was found.22 Particularly, gliadin 
reactive T-cells derived from CD patients cross-reacted with two 
distinct bacterial peptides, suggesting a role in CD aetiology.

A more general mechanism is that any disruption of the gut bar-
rier by infections may allow transfer of dietary peptides resulting in 
stimulation of antigen-presenting cells in the submucosa (Figure 3). 
Gut-infecting viruses or bacteria may also cause direct lysis and cell 
death leading to leakage of danger signals that initiate an inflamma-
tory process.

Inflammation increases activation of the enzyme tissue transglu-
taminase (tTG) in the intestine.9 Besides having a key role in tissue 
repair, tTG also causes deamidation of glutamate to the negatively 
charged glutamic acid, a key step in the presentation of gluten pep-
tides for T-cells.9 Thus, the upregulation of tTG by inflammation may 
enhance the immunogenicity of gluten. Antibodies against tTG, the 
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hallmark of untreated CD, increase in some individuals transiently 
during infections without evidence of underlying CD.155 After an 
outbreak of Giardia lamblia, a subset of patients with persisting 
symptoms had transiently elevated tTG-IgA. This returned to normal 
during follow-up on a gluten-containing diet in most patients, mainly 
in those who did not have HLA-types compatible with CD.156

Secretion of immunoglobulin A (IgA) constitutes a first-line de-
fence against microbial attack in mucosal surfaces. Congenital se-
lective IgA deficiency carries markedly increased risk for developing 
CD, though only a minority of CD patients are IgA deficient.157 The 
HLA haplotype DQ2 which is strongly associated with CD is also 
in linkage disequilibrium with susceptibility haplotypes for IgA de-
ficiency. This could well explain the association between IgA defi-
ciency and CD, but loss of mucosal integrity due to low expression 
of secretory IgA could also play a role.157,158 Interestingly, lower pro-
portions of IgA-coated gut bacteria were found both in treated and 
untreated CD patients compared to healthy controls.159

Impairment of the regulatory T-cells (Treg) function has been 
described in active CD.160 Treg cells express forkhead box protein 3 
(FoxP3+). An alternatively spliced isoform Δ2 with lower suppres-
sive ability compared to the full length FoxP3+was increased in CD 
compared to healthy controls.161 A study of cytokines produced by 
Th17-cells in duodenal biopsies suggests that Th17 responses to glu-
ten and bacteria may pave the way for chronic disease with IFN-γ 

production by Th1 cells in the mucosa.162 However, the role of Treg 
cells and Th17 cells in the pathogenesis CD remains to be clarified.163

It is unclear whether dysregulation of innate immunity plays a 
role in CD development. Three studies investigating toll-like recep-
tors (TLR2, TLR4 and TLR9) as mRNA in duodenal biopsies showed 
heterogenous results with no clear indication that the expression 
differs by CD case status.164-166 However, a differential expression 
by CD case status was found for genes involved in response against 
bacterial invasion of epithelial cells in a transcriptome analysis of du-
odenal biopsies.167 The intestinal expression of naturally occurring 
antibacterial peptides—human β-defensins 1 (hBD1)—was markedly 
reduced in the duodenum of patients with active CD compared to 
treated CD and non-CD controls.168-170 The downregulation of hBD1 
may hypothetically precede CD and allow for bacterial proliferation. 
The expression was negatively correlated with the degree of vil-
lous atrophy and increased after 6 months of GFD.169 Studies about 
the expression of other β-defensins in CD have shown inconsistent 
results.169,170

Animal models of gluten enteropathy have elucidated potential 
mechanisms, though these models are different from human CD in 
several important aspects.171 Experimental infections with reovi-
rus induced increased signalling by type I interferons. The dendritic 
cells may take up bystander antigen derived from food, thereby in-
ducing Th1-responses instead of maturation of regulatory T-cells 

F I G U R E  3   Potential mechanisms for how microbiota may influence the pathological process of coeliac disease
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(Figure  3).20 Dendritic cells present the peptides for T-cells, and 
B-cells have also been shown to act as antigen-presenting cells.172 
Interestingly, infections with rotavirus cause massive B-cell ex-
pansion. This could potentially increase antigen presentation, 
expansion of reactive T-cells and trigger T-cell-mediated damage 
typical of CD.173 A murine Norovirus strain has also been shown 
to induce Th1 inflammatory responses to dietary antigens in an 
animal model.21

A transgenic DQ8 mouse model was utilised to study the re-
sponse to gluten in three groups differing by microbiome: germ-
free, clean specific pathogen-free (SPF, strictly monitored for the 
absence of a variety of pathobionts or Proteobacteria) or conven-
tional SPF. Conventional SPF mice had increased responses to glu-
ten, while in clean SPF mice the protection against gluten-induced 
pathology was reversed by infection with Proteobacteria.174 If 
this experimental model allows translation to human biology, it 
demonstrates how the microbiome potentially modulates the re-
sponse to gluten.

8  | DISCUSSION

In this review, we aimed to capture all published human studies in-
vestigating microbes in association with risk of CD, and hence po-
tentially influencing the aetiological pathways in CD. However, some 
studies may have been left undetected in our literature search. A 
more likely threat towards validity of the findings is, however, a pub-
lication bias, as studies reporting negative associations are less likely 
to be submitted and accepted for publication. The studies included 
in the present review showed great diversity in methodology and 
design, hampering the possibility to perform meaningful pooled 
measures of association. This heterogeneity pertains to time peri-
ods of infections, methods to measure and detect infections and the 
variety of microbes studied. The statistical power of the prospec-
tive studies was generally low, though methodologically superior to 
cross-sectional studies.

Studying infections as potential triggers in CD is complicated by 
the potentially long lag time from exposure to diagnosis (Figure 1).25 
Collection of repeated samples from each participant allows for the 
study of temporal associations, as compared to single assessments 
of the exposure. Viruses present at diagnosis may have infected 
during this lag time after seroconversion, and consequently be un-
related to the disease aetiology. In contrast, infections that contrib-
uted to the disease process may have been cleared at diagnosis, as a 
“hit-and-run”-type mechanism may have been involved.175

Furthermore, to study whether microbial colonisation vs clini-
cal disease differ in their association with subsequent CD, repeated 
sampling in longitudinal studies provide unique opportunities. For 
example, a recent study suggested that a stool sample positive for 
enterovirus concomitant with symptoms was strongly associated 
with subsequent CD than PCR positivity regardless of symptoms.49 
Obviously the challenge remains to robustly and validly distinguish 
between colonisation and clinical disease.

9  | CONCLUSIONS AND FUTURE 
RESE ARCH

Our review points to several microbes potentially being linked to CD. 
Observational studies have inherent limitations to prove causality, 
and most of the studies available for the current review are of cross-
sectional design and consequently risk of reverse causation. In the 
chain of events where gluten and genes are ubiquitous a missing link 
is likely to involve microbial factors, though clearly well-designed 
prospective studies are required.

Corroboration of findings from observational studies in vitro 
has now become more feasible with novel techniques under con-
trolled settings using live human cell cultures as organoids/en-
teroids and “CD on a chip”.13,176 Translation to human medicine 
remains a challenge, as these models do not have the complex im-
mune system of the gut mucosa. Whether certain microbes could 
induce loss of gluten tolerance, and potential mechanisms for such 
an effect, should be further investigated in human and animal 
studies.

Interventional studies are required to further strengthen the 
evidence and translate basic science to public health interventions: 
Vaccines against rotavirus and potentially other viruses should be 
further studied with CD as specific endpoint. Probiotics either in 
primary prophylaxis or given to asymptomatic individuals with CD 
antibodies are being explored.177,178 Prevention studies of CD re-
quire sufficient resources and time, and need to be based on the 
best available evidence from basic science and human observational 
studies.
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