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Abstract 

Celiac disease is a chronic inflammatory disorder affecting the small bowel. It develops in 

genetically susceptible individuals upon yet unknown environmental stimuli. Environmental 

triggers such as infections, dietary change or other “hits” are clearly required for disease 

development, as only a tiny fraction of genetically susceptible subjects develops celiac disease 

upon gluten exposure. This thesis aims to summarize the current evidence on viruses in the 

pathogenesis of celiac disease regarding their relevance in population or their involvement in 

immune processes leading to celiac disease. Rotavirus, orthoreovirus, adenovirus, astrovirus, 

respiratory syncytial virus, hepatitis viruses and herpesviruses are discussed. In addition, 

prospective cohort studies are presented that investigate environmental triggers of type 1 diabetes 

and celiac disease, two diseases sharing genetic predispositions. 
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Abstrakt  

Celiakie je chronické zánětlivé onemocnění tenkého střeva. Pro manifestaci nemoci je nezbytná 

konzumace lepku, která vede k poškozování střevní sliznice v důsledku imunitní reakce namířené 

vůči složkám lepku. Propuknutí nemoci ovlivňuje řada faktorů majících příčiny v genetických 

predispozicích daných osob, ale také v prostředí, jakému jsou tito jedinci vystaveni. 

Z environmentálních faktorů může k rozvoji nemoci přispět například změna jídelníčku nebo 

prodělaná infekce. Tato práce se zabývá především virovými infekcemi ve vztahu              

k celiakii – jejich možnou rolí v rozvoji tohoto onemocnění, způsobem interakce s hostitelem 

nebo jejich významem v populaci. Jako možné kandidátní viry jsou představeny některé 

herpesviry, reoviry, adenovirus, astrovirus, respirační syncytiální virus a viry hepatitidy B a C. 

Práce také shrnuje nejvýznamnější současné kohortové studie, jejichž smyslem je, mimo jiné, 

přispět k objasnění rolí různých vlivů prostředí podílejících se na rozvoji diabetu 1. typu 

a celiakie, dvou nemocí se společnými genetickými prediktory.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Klíčová slova: 

celiakie, orthoreovirus, rotavirus, adenovirus, astrovirus, respiratory syncytial virus, virus 

hepatitidy B, virus hepatitidy C, prospektivní kohortová studie 



Abbreviations 
 

HAdV-12  human adenovirus type 12 

HAdV-40  human adenovirus type 40 

APC   antigen presenting cell 

CMV                    cytomegalovirus 

CI confidence interval 

CD celiac disease 

DCs dendritic cells 

EBV                            Epstein-Barr virus 

EmA                       endomysium antibodies 

ESPGHAN              The European Society for Pediatric Gastroenterology, Hepatology, and 

Nutrition 

GFD gluten-free diet 

HBV  hepatitis B virus 

HCV hepatitis C virus 

HLA human leukocyte antigen 

HSV-1                        herpes simplex virus type 1 

IEL intraepithelial lymphocyte 

OR odds ratio 

pDC plasmacytoid dendritic cell 

RCD refractory celiac disease 

RSV respiratory syncytial virus 

TH1 type 1 T helper cells 

tTG tissue transglutaminase 

tTGA                          tissue transglutaminase antibodies 



Table of contents 
 

1 Introduction ............................................................................................................................... 1 

1.1 Aims ................................................................................................................................... 2 

2 Celiac disease ............................................................................................................................ 2 

2.1 Clinical summary of celiac disease ................................................................................... 2 

2.2 Pathogenesis ...................................................................................................................... 2 

2.3 Gluten ................................................................................................................................ 5 

2.4 Diagnosis ........................................................................................................................... 6 

3 Intestinal microbiota ................................................................................................................. 8 

4 Viral infection and their role in celiac disease ........................................................................ 11 

4.1 Orthoreovirus ................................................................................................................... 11 

4.2 Rotavirus .......................................................................................................................... 13 

4.3 Adenovirus ....................................................................................................................... 15 

4.4 Astrovirus ........................................................................................................................ 17 

4.5 Respiratory syncytial virus .............................................................................................. 17 

4.6 Hepatitis viruses .............................................................................................................. 19 

4.6.1 Hepatitis C virus ....................................................................................................... 19 

4.6.2 Hepatitis B virus ....................................................................................................... 20 

4.7 Herpesviruses (HSV-1, CMV, EBV) and rubella virus ................................................... 21 

5 Cohort studies investigating type 1 diabetes and celiac disease ............................................. 24 

5.1 Type 1 diabetes and enterovirus ...................................................................................... 24 

5.2 Prospective cohort studies ............................................................................................... 25 

6 Conclusion .............................................................................................................................. 28 

7 References ............................................................................................................................... 29 

 

 



1 

 

1 Introduction 
Celiac disease is a chronic inflammatory disorder affecting the small bowel that develops in 

genetically susceptible individuals of all ages. The ingestion of gluten (the major storage protein 

of wheat and similar grains) in these subjects causes damage in the small intestine (Abadie et al. 

2011). Celiac disease is the most common food intolerance, it is estimated to affect 

approximately 1 % of the people in the USA and Europe (Rubio-Tapia et al. 2012, Gandolfi et al. 

2000). Nevertheless, the prevalence varies among countries. For instance, the prevalence in 

Finland is over 2 % according to the screening study (Mustalahti et al. 2010). Currently, the basis 

of the therapy is avoidance of the dietary antigen – a gluten-free diet leads to the recovery of the 

intestinal mucosa and reduces the risk of complications (Abadie et al. 2011).  

Celiac disease is a multifactorial disorder whose etiology comprises both genetic and 

environmental components. The overwhelming majority of people with the disease carry                  

the HLA-DQ2 molecule, the HLA-DQ8 molecule or both (Green et al. 2015). Affected 

individuals meet conditions of gluten intake, but additional environmental triggers such as 

infections, dietary change or other “hits” appear to be required for disease development (Cenit et 

al. 2015).  

During the last decades, the incidence of celiac disease (CD) is increasing  (Rubio-Tapia et al. 

2009, Lohi et al. 2007). It cannot be explained solely by improvements in diagnosis, as the 

diagnosis criteria have not substantially changed over the last decade or two (Ludvigsson et al. 

2014). We  cannot expect any significant changes in proportion of susceptible alleles over such 

a short period of time (Stene et al. 2014). It implies that there must exist environmental changes 

that play a role in immune processes and also in the pathogenesis of the disease (Abadie et al. 

2011). Advances in prevention or even in treatment could be achieved upon identification of such 

factors. Currently, the only cure is based on strict, lifelong gluten-free diet. 
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1.1 Aims  

Aims of the thesis is to: 

• review the current evidence on viruses and bacteria in celiac disease pathogenesis, 

• create a priority list of candidate viruses – including their frequency and the ability to 

inflict a gut mucosal injury, 

• compare the state-of-the-art methods testing similar associations in type 1 diabetes and 

other polygenic diseases.  

2 Celiac disease 
For proper understanding of the main topic, it is essential to summarize our current knowledge on 

celiac disease, with a focus on diagnosis and mechanisms of pathogenesis.  

2.1 Clinical summary of celiac disease 

Clinical manifestations of CD vary and can include intestinal symptoms (diarrhea, abdominal 

pain, etc.) or extra-intestinal symptoms often being a consequence of malabsorption (anemia, 

osteoporosis, growth deficits etc.). Some CD patients manifest also with dermatitis herpetiformis, 

a skin rash. However, symptoms may not develop (silent form). CD can occur at all ages. 

Symptoms in childhood often differ from those of adults. In childhood, digestive symptoms 

(abdominal pain, vomiting, diarrhea), failure to thrive and weight loss are more common, 

whereas symptoms in adults can be often less specific such as anemia, fatigue, osteoporosis 

(Green et al. 2015).  

If gluten-free diet (GFD) is followed, symptoms disappear in most cases. A special case is 

refractory celiac disease without improvement in patients on GFD. Those patients are highly 

endangered by enteropathy-associated T-cell lymphoma if they have refractory celiac disease 

type II. Similarly, untreated patients have an increased risk of certain types of intestinal cancer 

and other complications, however, the absolute risk is not dramatically high (Green et al. 2015). 

2.2 Pathogenesis 

CD is a multifactorial disorder that involves HLA and several non-HLA genes, adaptive and 

innate immunity and environmental factors (Abadie et al. 2011) as depicted in Figure 1.  
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Figure 1 Celiac disease is a result of three main causative factors – genetic predisposition, gluten ingestion and 

environmental triggers. From Green et al. 2015. 

 

In CD, gluten causes immune attack to small intestine. Gluten, found in wheat and related grains, 

comprises (in the case of wheat) proteins called gliadin and glutenin. In celiac disease, specific amino acid 

sequences in gliadin are responsible for the patient's abnormal immune response (Abadie et al. 2011). 

Visser et al. suggested that genes, environment and loss of intestinal barrier function are all necessary to 

develop CD autoimmunity (Visser et al. 2009). 

  

Briefly, gluten is broken down in the stomach into gliadin and other components. As shown in Figure 2, 

gliadin peptides get to the small intestine and come across the intestinal epithelium through the enterocyte 

into the lamina propria, or crosses the epithelium paracellularly due to increased permeability. Afterwards, 

the enzyme tissue transglutaminase (tTG) deamidates gliadins, by which the affinity of gliadin to        

HLA-DQ2 or HLA-DQ8 is increased. The modified gliadin is endocytosed by an antigen presenting cell, 

which later presents fragments of gliadins bound to HLA-DQ2 or HLA-DQ8 on its surface (Abadie et al. 

2011).  

 

Celiac disease is associated with specific alleles of class II HLA. The two chains of the HLA-DQ 

heterodimer are encoded by the HLA-DQA1 and HLA-DQB1 genes. Over 95 % of people with celiac 

disease carry HLA-DQ2, HLA-DQ8, or both molecules. Only low proportion of patients carry neither of 

the HLA-DQ2 or HLA-DQ8 molecules. The effect of non-HLA genes is very low in comparison with the 

HLA (Liu et al. 2014, Abadie et al. 2011). 
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These specific HLA molecules present gliadin more readily due to tighter binding into their antigen 

groove. The deamidated gliadin presented on the background of the susceptibility HLA-DQ molecules is 

presented to a T helper CD4+ cell that recognizes the complex by its TCR receptor. This leads to the 

immune reaction and destruction of enterocytes. The T helper CD4+ cells also interact with B cells 

producing antibodies against gliadin and tTG (making CD partly an autoimmune disease) (Abadie et al. 

2011).  

 

Interestingly, T helper CD4+ cell mediated antigliadin response is not sufficient to induce intestinal 

damage on its own, which implies that additional factors such as episodes of hyperpermeability, effects of 

intestinal infection, increased dietary gluten etc. are involved (Abadie et al. 2011). 

 

 

 

Figure 2 Illustration of immune processes occurring in CD pathogenesis. From Vassali et al. 2016. 

https://en.wikipedia.org/wiki/Gliadin
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2.3 Gluten 

Gluten plays a central role in CD pathogenesis. The development of intestinal damage is tightly 

linked with gliadin, a part of gluten. The gliadin belongs among prolamins, proteins with a high 

glutamine and proline content and low content of acidic residues. Gliadin’s typical residues 

(especially proline ones) make gluten difficult for intestinal enzymes to digest, but also account 

for its antigenic role. For instance, prolamins with lower content of glutamines and prolines are 

not antigens in CD (prolamins are found in rice, corn etc.) (Abadie et al. 2011). 

 

Figure 3 Gluten as a substrate for tTG converting its glutamines to glutamates. From Abadie et al. 2011.  

As described in Figure 3, gluten is a good substrate for tTG, which converts glutamines to 

glutamates. Negatively charged glutamates have better affinity to HLA-DQ2 or HLA-DQ8 

molecules having positive charged pockets (Abadie et al. 2011).  

The distribution of HLA-DQ2 and HLA-DQ8 molecules, in association with gluten consumption 

along with its comparison with the prevalence of CD over the globe can serve as good evidence 

for the influence of environmental factors on CD prevalence. As can be seen in Figure 4, there 
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are outlier countries in which CD prevalence clearly does not depend only on gluten consumption 

and genetic predisposition. The differences in CD prevalence among countries suggests the 

influence of other important factors in the environment (Abadie et al. 2011). Aware of the 

existence of environmental triggers, scientists have studied a several factors such as dietary habits 

(for instance introduction of gluten into a diet) (Kemppainen et al. 2016), dietary supplements 

(Størdal et al. 2014), use of antibiotics (Canova et al. 2014), birth weight, duration of 

breastfeeding and cumulative effect of infections (Mårild et al. 2015b). 

 

Figure 4 Relations between the prevalence of CD and the quantity of wheat consumption (a), prevalence of CD 

and the frequency of susceptible genotypes (b), prevalence of CD and the product of the susceptible genotype 

frequencies along with the quantity of wheat consumption (c) and the same relation, but without outlier countries (d). 

The distribution of countries in graphs suggest the presence of additional environmental factors. From Abadie et al. 

2011. 
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2.4 Diagnosis 

Methods of diagnosis are important for comparison of epidemiological studies. Celiac disease can 

manifest as various perceived symptoms (overt CD), or it can have no symptoms at all (silent 

form of CD), but both forms have potential serious consequences if CD is untreated. CD is also 

detectable by screening in the general population. Nevertheless, CD is mostly tested in patients 

with CD-associated symptoms or in subjects belonging to risk groups (patients and relatives with 

type 1 diabetes or autoimmune thyroid disease) (Frühauf et al. 2012). 

The gold standard and the most reliable method is the intestinal biopsy. Marsh-Oberhuber 

classification is used with grade 0 being a normal finding, while grade I reflects the presence of 

microscopic enteritis with intraepithelial lymphocytes, grade II has also hyperplastic crypts, and 

grades III have various degrees (a, b, c) of villous atrophy. As confident microscopic diagnosis is 

based on grades IIIa onwards (Marsh II is usually also classified as celiac disease), and mucosal 

pattern can be patchy, it is important to obtain more specimens from different parts of duodenum. 

It may be also prudent to take into account that interpretation in different laboratories can vary 

(Frühauf et al. 2012, Husby et al. 2013). 

As almost all patients carry typical HLA molecules DQ2 or DQ8 (Abadie et al. 2011), 

genotyping can be a test for excluding CD (Frühauf et al. 2012); it has very low positive 

predictive value, because these alleles are common and just a fraction of carriers suffer from the 

CD (Frühauf et al. 2012, Abadie et al. 2011). The 2012 ESPGHAN guidelines (The European 

Society for Pediatric Gastroenterology, Hepatology, and Nutrition) consider HLA-genotyping 

useful in the first phase of testing in risk groups (patients with T1D and/or patients with 

autoimmune thyroid disease, and their relatives) (Frühauf et al. 2012). Authors think that 

upcoming studies can confirm whether combination of HLA-genotyping and positive 

endomysium antibodies (EmA) and tTG antibodies can be sufficient for the diagnosis (Husby et 

al. 2013). 

Autoantibodies alone are not reliable as the means of diagnosing CD. Anti-tTG and EmA can be 

found in patients with CD, but their occurrence varies. They are not absolutely sensitive – their 

presence depends on the consumption of gluten, the phase of the disease and on a concrete patient 

– IgA deficiency can occur in some individuals. Also, they can appear during infections, other 

autoimmune diseases etc. However, the tTG antibodies have high specificity and sensitivity  
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(both ~ 90 %) in general (Husby, Murray 2013). Nevertheless, despite high accuracy of main CD 

autoantibodies anti-tTG, it seems that high titers are not sufficient to diagnose CD and biopsy 

should be required in adults (Elitsur et al. 2016). 

Other autoantibodies that can be detected in CD are IgA and IgG of deamidated gliadin peptide, 

but apparently these are of low specificity (Frühauf et al. 2012). 

Besides established rules from 2012, there are specific cases when biopsies are not required. In 

these cases, patients have celiac symptoms, level of anti-tTG antibodies ≥10× upper limit of 

normal titers (common threshold for positivity is >3× higher upper limit of normal), EmA 

positivity and typical HLA alleles (Frühauf et al. 2012).  

As can be seen, the diagnosis is still relatively challenging. Approaches and methods have been 

changing and these aspects can complicate the comparison of studies. The combination of 

diagnostic tools such as detection of autoantibodies, presence of symptoms and the evaluation of 

duodenal biopsy is being used. In most cases, antibodies in blood are detected and on the basis of 

their presence the biopsy is considered (Frühauf et al. 2012). 

3 Intestinal microbiota 
Dysbiosis, defined as microbial imbalance in affected individuals in comparison with healthy 

subjects, has been detected in CD patients at diagnosis. The factors influencing microbiota are 

both environmental (nutrition, breastfeeding, use of antibiotics, infections) and genetic (host 

alleles possibly determined specific immunological background establishing which types of 

bacteria can live in the intestinal milieu). In addition, there can be unknown epigenetic 

modifications present, which must also be taken into consideration (Cenit et al. 2015).  

Regarding bacteria, the picture is complex, and most studies come from already established CD 

patients, compared to control subjects not having the disease. None of the studies have studied 

the role of microbiota during the development of CD by a longitudinal approach, with samples 

preceding manifest disease. There are several studies, mostly rather limited in size and differing 

in their design. The possible reverse causality is the primary limitation of all so far published 

works: it is simply unclear whether the microbiota composition is just a consequence of the 

inflammatory changes in the intestine or the consequence of GFD (Cenit et al. 2015). 
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Wacklin et al. found that patients with dermatitis herpetiformis had a different duodenal 

microbiota (more abundant in Firmicutes phylum) in comparison with patients with 

gastrointestinal symptoms (more abundant in Proteobacteria phylum). Higher microbial diversity 

was noticed in CD patients with dermatitis herpetiformis manifestation than in CD patients with 

gastrointestinal symptoms. The study investigating this relations included biopsy samples from 

33 CD patients at the time of the diagnosis (Wacklin et al. 2013).  

Collado et al. investigated the composition of duodenal microbiota in 25 CD patients at the time 

of diagnosis and in 8 control subjects. Bacteroides and Clostridium were more abundant in 

duodenum of CD patients, to the detriment of Biffidobacterium (Collado et al. 2009). Other 

study, however, also tested duodenal microbiota in 21 CD untreated children and 21 control 

children but found no significant difference in diversity and composition of bacteria between 

groups (De Meij et al. 2013). 

Figure 5 describes potential mechanisms of bacterial interaction with processes involved in CD 

pathogenesis. The first way of contribution to the pathogenesis is (1) the generation of 

immunogenic peptides from gluten by proteolysis. Secondly (2), specific strains of bacteria can 

increase or decrease intestinal permeability. Thirdly (3), some microbiota components can cause 

modulation of releasing different cytokines (Olivares and Sanz 2015).  
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Figure 5 Description of interactions between intestinal microbiota and the host. From Olivares et al. 2015. 

In addition, the situation becomes even more complicated when the virome is taken into account. 

The virome interacts both with bacteria and host cells. The virome has an impact on the bacterial 

composition and could shape the function of the immune system. It was observed that intestinal 

mucosal surface has a high concentration of viruses and even higher virus-to-bacteria ratio than 

there is in the intestinal lumen (Barr et al. 2013). Understanding the networks of associations in 

the intestinal ecosystem can help clarify and improve the efficacy of fecal transfer used as 

intervention in some patients. In this respect, the published case history of RCD patient who was 

cured by fecal microbiota transfer is remarkable (Beurden et al. 2016). 

Regarding microbial dysbiosis, there is the proper evidence of different gut microbial 

composition between CD patients and controls. However, the evidence suffers from the lack of 

information about causality and from the lack of duodenal samples.  
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4 Viral infection and their role in celiac disease 
Observations suggest that infections play a role in the pathogenesis of CD (Mårild et al. 2015). 

Among the first suspected infections studied in the relation to CD are obviously gastrointestinal. 

Specifically, viruses are responsible for approximately 70 % of infectious diarrhea in children 

(Webb and Starr 2005). Many virus infections are asymptomatic, but there is a possibility for 

their involvement in modifying the susceptibility for CD (Bouziat et al. 2017, Focà et al. 2015). 

In addition, there is an evidence of extra-intestinal diseases associated with the occurrence of CD 

(Tjernberg and Ludvigsson 2014, Abid et al. 2015). For instance, hepatitis C virus (HCV) and 

hepatitis B virus (HBV) infections may likely trigger immunologic gluten intolerance in 

susceptible people (Ruggeri et al. 2008, Abid et al. 2015). Other studies describe possible 

associations of respiratory or herpesvirus infections with the CD onset (Perfetti et al. 2016). Viral 

infections have also been reported to protect from CD (Jansen et al. 2016). Researchers have 

suggested possible mechanisms describing various pathways in which viruses can be involved in 

immune processes (Focà et al. 2015). 

4.1 Orthoreovirus 

 Orthoreoviruses, belonging to the Reoviridae family, are non-enveloped viruses with                             

a double-stranded RNA genome placed in an icosahedral capsid. Orthoreovirus infections, 

transmitting through respiratory droplets or through fecal-oral route, can be asymptomatic, or 

cause mild respiratory disease and gastroenteritis in children (Day 2009). 

In 2017, researchers (Bouziat et al. 2017) found a role of orthoreovirus infection in triggering CD 

using mouse models. In their study, two orthoreovirus strains were used (T1L – type 1 Lang 

capable to infect the intestine and T3D-RV – type 3 Dearing reassortant virus, virus with added 

segments allowing T3D virus to infect the intestine). The authors compared the effect of different 

immunopathological ways of these viruses varying in their biology. 

Authors showed that T1L infection can break oral tolerance to dietary antigens and promote tTG 

activation in a CD mouse model (with HLA-DQ8). It suggested that orthoreovirus infection can 

contribute to CD development. 

In addition, a survey including 160 CD patients and 73 controls was conducted. Patients with CD 

were significantly overrepresented among subjects with very high titters of anti-orthoreovirus 
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antibodies as shown in Figure 7. Authors concluded that orthoreovirus infection can trigger 

the onset of CD in a subset of CD patients. Furthermore, the research examined if the occurrence 

of anti-orthoreovirus antibodies correlates with the occurrence of anti-rotavirus antibodies and      

anti-HSV-1 antibodies. Such a correlation was not confirmed which suggested that orthoreovirus 

infections are not a feature for general increased amount of virus infections and does not have 

the influence on CD beyond orthoreovirus infections. 

 

Figure 7 Boxplot showing levels of orthoreovirus antibodies in 160 CD patients and 73 controls (A). Percentage of 

controls and CD patients with orthoreovirus antibodies. Patients with CD are significantly overrepresented among 

subjects with high orthoreovirus titers (B). From Bouziat et al. 2017. 

The study supports the possibility that even an avirulent T1L orthoreovirus can cause intestinal 

damage and induce TH1 immunity to a dietary antigen. It was noticed that the ability of virus to 

trigger the loss of oral tolerance to antigen corresponds with the ability of a virus to disrupt 

immune homeostasis in the gut. Findings suggest that orthoreovirus infections may cause 

development of TH1 immunity to gluten and activate tTG. However, additional events are 

required for causing villous atrophy and producing of tissue transglutaminase antibodies (tTGA) 

(Bouziat et al. 2017). 
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4.2 Rotavirus 

Rotavirus, being the most frequent cause of gastrointestinal infections in childhood (Kozderka et 

al. 2014), has been the focus of several studies on CD (Stene et al. 2006, Dolcino et al. 2013).  

Rotaviruses are non-enveloped double-stranded RNA viruses belonging to the Reoviridae family. 

The RNA is surrounded by an icosahedral capsid. Rotavirus invades epithelial cells of the 

duodenum and jejunum. The transmission is fecal-oral, with a very low infective dose and the 

virus is resistant in the external environment, which makes it ideal for spreading among young 

children. In addition, rotavirus infection can occur without symptoms (especially for breastfed 

infants and children which have already encountered the infection). In adults, symptoms are less 

common due to acquired immunity. Rotaviruses are ubiquitous – almost every child is infected 

by rotavirus by the age of five (Parashar et al. 2006, Kozderka et al. 2014). 

Rotavirus infection was associated with risk of celiac disease in a study by Stene et al. who found 

a positive correlation between rotavirus infections in childhood and CD autoimmunity 

development in genetically susceptible individuals. The authors noticed that higher risk of CD 

autoimmunity development in children may be increased almost four times when the child has 

experienced two or more rotavirus infections, and two times if a child has experienced only one 

infection (both values relative to no infection) (Stene et al. 2006).  

Thanks to the methodology chosen in this study, authors were able to capture even asymptomatic 

cases – rotavirus antibodies were measured in children and the frequency of rotavirus infections 

was estimated as an elevated level of produced antibodies between particular blood collections 

(in 9, 15 and 24 months of age and then annually). Children that were tTGA positive twice in 

sequence or have undergone duodenal biopsy, were marked as patients with CD autoimmunity 

development (Stene et al. 2006).  

Dolcino et al. investigated whether mechanism of molecular mimicry can play a role in the case 

of rotavirus. This was demonstrated by antibody cross-reaction: the authors found out that 

rotavirus VP7 protein, “celiac peptide” (a peptide that authors found in protein database as one 

that is recognized by immunoglobulins of patients with active CD) and tTG share a sequence 

homology, as is exemplified in Figure 6 (Dolcino et al. 2013). 

https://en.wikipedia.org/wiki/Double-stranded_RNA_viruses
https://en.wikipedia.org/wiki/Family_(biology)
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Figure 6 Sequence homology between the celiac peptide, the rotavirus VP7 protein and the tissue 

transglutaminase. Dots represent identity while asterisks depict conservative substitutions. From Dolcino et al. 2013. 

The research group demonstrated that rotavirus VP7 antibodies were present in 81 % (21/26 

studied individuals) of patients with T1D and CD, in contrast to only 27 % (10/37 studied 

patients) T1D patients not suffering from CD. In addition, anti-VP7 peptide antibodies were 

detected before the onset of CD in 6 out of 8 studied patients (Dolcino et al. 2013). On the other 

hand, a study published in 2016 (Ziberna et al. 2016) does not support previous findings. In this 

study, researchers measured anti-VP7 antibodies in sera of more than 118 CD patients and of 

about 200 healthy individuals in order to assess the role of rotavirus in the onset of CD. Authors 

did not confirm the existence of molecular mimicry. In addition, a study (Bouziat et al. 2017) 

testing 118 CD patients and 60 controls failed to demonstrate an association between rotavirus 

infection and CD. Further studies are needed before it is possible to conclude whether rotavirus 

infections play a role in the pathogenesis of CD. 

For children that have the highest risk for CD development, it is possible to consider vaccination 

against rotavirus and by this way at least try to reduce the risk of celiac disease. According to one 

study, risk of celiac disease autoimmunity was diminished in children vaccinated 

against rotavirus and introduced to gluten before the age of 6 months (HR = 0.57; 95% CI,               

0.36-0.88) (Kemppainen et al. 2016). More studies regarding the effect of rotavirus vaccination 

on CD onset are required. Ideally, the association can be examined in countries, where the 

rotavirus vaccination was set recently as mandatory. 

In the Czech Republic, vaccination against rotavirus is optional (oral live vaccine in three doses) 

(Kozderka et al. 2014). Nevertheless, it is recommended to take into consideration this vaccine 

regardless of CD susceptibility. Hovewer, the risk of CD onset appears to be influenced by 

complex interactions among infections, genetic factors, and a diet, so this recommendation is 



15 

 

merely a little tool to help us fight against the likelihood of disease development. (Kozderka et al. 

2014, Kemppainen et al. 2016). 

4.3 Adenovirus 

Adenovirus is a non-enveloped virus with an isosahedral capsid containing a double 

stranded DNA genome. Adenovirus infections are common and ubiquitous. More than 

50 adenoviral serotypes have been found in humans. Adenoviruses can be spread by respiratory 

droplets or fecal-oral (Echavarria et al. 2007). Infections caused by adenoviruses can be 

symptomatic or asymptomatic (e.g. adenovirus type 40 can cause gastroenteritis) (Uhnoo et al. 

1984). 

In 1984, Kagnoff et al. demonstrated the presence of amino acid sequence homology between      

α-gliadin and E1b protein of human adenovirus type 12 (HAdV-12). The homologous region 

spans 12 amino acids (approximately the length of the oligopeptide sequence recognized by       

T-cells), containing identical pentapeptide and 3 identical amino acid residues. Moreover, this 

segment is found within a wider hydrophilic region, indicating its likely presence on the surface 

of proteins in both α-gliadin and E1b protein, and hence the availability of this sequence being 

a possible epitope for antibody production. The authors also succeeded in verifying that 

antibodies produced against this adenovirus protein (54-kD HAdV-12 E1b protein) also react 

with α-gliadin. Thus, they came up with a hypothesis for the possible development of celiac 

disease in the course of the intestinal viral infection caused by HAdV-12, where antibodies are 

produced against the released E1b human adenovirus serotype 12 protein (Kagnoff et al. 1984). 

Based on this finding,  the same research group (Kagnoff et al. 1987) conducted a study in 80 CD 

patients and 135 controls. The study confirmed the association between CD and the previous 

HAdV-12 infection. Nearly 90 % of untreated CD patients had anti-HAdV-12 antibodies, in 

contrast to only 12.8 % of controls. In treated patients, the anti-HAdV12 antibodies prevalence 

was only 30 %. This observation was further supported by a Finnish study evaluating serum 

antibodies in 41 non-treated CD children and 57 controls where the presence of antibodies 

against HAdV-12 (against non-homologous part to α-gliadin) in the CD patients group was 

significantly higher than in the control group (Lahdeaho et al. 1993). 
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In addition, the monitoring of the previous human adenovirus type 40 (HAdV-40) infection 

(the detection of antibodies to non-homologous E1b HAdV-40 peptide in relation to α-gliadin) 

showed a significantly higher prevalence of HAdV-40 antibodies in CD patients (Lahdeaho et al. 

1993).  

Other studies did not confirm the association. For example, one study examined the presence of 

HAdV-12 by PCR in biopsy samples of 18 CD patients and 24 controls. In total, 4 CD patients 

and 2 controls were HAdV-12 positive, thus non-significant difference is found between groups 

(Mahon et al. 1991). The disadvantage is the small sample size, thus the association between CD 

and HAdV-12 cannot be statistically ruled out.  

Similar results to those coming from Mahon et al. were obtained in 1994 (Lawler et al. 1994). 

PCR biopsies were performed in 17 adult CD patients, 16 adult controls, 10 CD children and 

7 healthy children. Adenovirus positivity was confirmed in 3/17 CD adults, 5/16 control adults, 

3/10 CD children and in 1/7 control children. Thus, the HAdV-12 prevalence in biopsies was 

similar in both adults and children, indicating that HAdV-12 infections already occurs in early 

childhood. There was not a significant difference in HAdV-12 positivity among patient groups 

and controls, but the effect of HAdV-12 infection in early childhood cannot be ruled out and 

could trigger a series of processes leading to later CD development (Lawler et al. 1994).  

We still do not know much about the role of adenovirus infections in relation to CD in early 

childhood. Previous studies are cross-sectional or limited in design to a small number of patients. 

It would be suitable to perform a prospective study following children from birth and to monitor 

the adenovirus infections that children encountered, in order to verify their impact on the possible 

development of CD in real time. 

In 2016, Tarish et al. aimed to evaluate the role of adenovirus infections in CD pathogenesis. 

Authors had a large set of patients – they investigated anti-adenovirus antibodies in blood of 

80 CD patients and 80 healthy controls. The age of patients ranged from 1 to 45 years. There was 

no significant difference in anti-adenovirus antibodies between CD group and healthy group. 

Authors mean that findings implies that there is no evidence of previous adenovirus infection 

associated with celiac disease development (Tarish et al. 2016). However, the causality is still 

unclear, prospective studies should be conducted. 
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In total, there is no direct evidence supporting the role of adenovirus infections in celiac disease 

development. However, none of the studies, mentioned above, was prospective and their results 

cannot exclude the influence of adenovirus infection operating early in life. 

4.4 Astrovirus 

Astrovirus is a virus with single-stranded RNA genome within a non-enveloped icosahedral 

capsid. Astrovirus is associated with gastroenteritis in young children. Adults are less prone to 

the infection. The virus is transmitted through the fecal-oral route. Recently, non-typical 

astroviruses emerged as causes of serious systemic infections (Vu et al. 2017).  

In 2010, a case report suggested a link between infection caused by a rare human astrovirus 

(which is very similar to the VA1 astrovirus and can cause intestinal infection) and the 

development of celiac disease. A four-year old patient was diagnosed with celiac disease and the 

presence of this variant of VA1 was confirmed. Consequently, 328 Dutch patients with diarrhea 

were tested, but none of them had VA1, so the etiological fraction could be negligible, if any 

(Smits et al. 2010).  

Because of the current detection ability of new viruses described by Smits et al. (Smits et al. 

2010), it might be interesting to extend the study and include more patients, and find out the 

distribution of VA1 in people among various areas. Because of the extreme rarity of this virus, it 

is possible to estimate that this infection does not involve many CD onsets. Should there be any 

significant connection with CD, the number of patients whose disease would be explained is 

likely low. However, it could be beneficial to verify the distribution of this astrovirus in areas, 

where CD is most prevalent. Thanks to the new detection methods, it is possible to expect the 

discovery of further viruses involving CD. 

4.5 Respiratory syncytial virus 

Respiratory syncytial virus (RSV) belongs to the Paramyxoviridae family. RSV is an 

enveloped single-stranded RNA virus placed in a helical capsid. It causes respiratory tract 

infections, and is a common cause of respiratory infections (including acute fatal ones) in young 

children (Čihař et al. 2002). In adults, RSV usually has a mild course, similar to that of 
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a common cold or influenza-like illness (Gamino-Arroyo et al. 2016). Respiratory syncytial virus 

is transmitted by direct contact or by droplets, and is generally highly prevalent (Berger 2017).  

There was a weak, nearly significant indication of a link between RSV infection and CD in the 

Swedish study published in 2014. The study, including nearly 4 000 children with celiac disease 

diagnosed before the age of two (matched by gender and age with more than 19 thousand control 

subjects), came up with an observation that children that have experienced RSV infection or other 

viral bronchitis before the age of one, were nearly twice as likely to develop CD in the future 

(OR = 1.82, 95 % CI 0.91-3.62). As for monitoring RSV infection/bronchitis during the first 

2 years of age, the risk of later development of CD increases 1.5×. Epidemiologic data on RSV 

infections and CD were obtained from the Swedish Patient Register (Tjernberg and Ludvigsson 

2014).  

Indisputably, the advantage of this study is the number of patients included in the study. 

However, it is necessary to consider whether the seemingly elevated likelihood of CD diagnosis 

among hospitalized children with bronchitis, in comparison with the children without this 

infection, had not been caused by their thorough monitoring, even though those cases would 

probably be very rare. Another aspect worthy of consideration is the possibility to regard RSV 

infection as an indicator of a higher risk for encountering with other infections affecting the 

pathogenesis of CD.  

The authors also consider whether vitamin D plays a role such as factor involved in both CD, and 

susceptibility to RSV infection. Decreased level of vitamin D may be associated with more 

frequent occurrence of CD and with a higher susceptibility to RSV infection and the severity of 

its progress (Tjernberg and Ludvigsson 2014, Margoni et al. 2012, Roth et al. 2010). Also, the 

causative association with CD is not obvious. It is possible to regard RSV infection as an 

indicator of a higher risk for encountering with other infections affecting the pathogenesis of CD.  

Nowadays, there is not proven vaccination (Čihař et al. 2002). However, if the current 

development of RSV vaccines succeeds and RSV infection has a role in pathogenesis, 

vaccination could be a potential candidate for prevention of CD. 
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4.6 Hepatitis viruses 

Further candidate viruses that are suspected to be associated with CD are hepatitis B virus (HBV) 

and hepatitis C virus (HCV). It has been suggested that proteins of these viruses can share 

a sequence homology with gliadin and therefore act through mechanism of molecular mimicry 

(Plot and Amital 2009). In another way, they could interfere due to the ability to activate immune 

processes of elimination of the virus. Afterwards, immune processes would get out of control and 

start to produce autoantibodies (Iglesias et al. 2010, Marconcini et al. 2013). 

4.6.1 Hepatitis C virus 

HCV is an enveloped single strand RNA virus of the Flaviviridae family, that is transmitted 

through blood and about 3 % of the world population is infected. Acute infections may be 

asymptomatic. In some patients, the disease ceases without treatment, but most patients pass 

through the chronic phase which can lead to the development of cirrhosis or liver cancer 

(Wieland and Chisari 2005). Hepatitis C virus (HCV) can also initiate autoimmune disease 

process and products various autoantibodies (Marconcini and Fayad 2013).  

According to some evidence, HCV has a link to CD (Ruggeri et al. 2008, Fine et al. 2001). For 

instance, results supporting this hypothesis were provided by a study that investigated                      

CD-related antibodies in 244 HCV patients and 1 230 healthy blood donors, representing control 

subjects. The prevalence of tTG autoantibodies in 244 HCV patients was nearly 13× higher than 

in the control group (OR = 12.3, 95% CI = 2.4-66), which can signify CD autoimmunity. 

EmA were found in 2 % of HCV-patients (5/244) and 0.16 % of control subjects (2/1230) 

(Ruggeri et al. 2008). However, because HCV generally causes production of various 

autoantibodies (Marconcini, Fayad 2013), confirmation by biopsies in suspected CD subjects was 

warranted - but could not be done.  

Similarly, Fine et al. noticed a significantly higher prevalence of AGA in HCV patients than in 

controls. The study included 259 patients with chronic HCV infection, 59 patients with 

autoimmune liver disease and 137 patients with other liver disease, that were compared 

with 356 patients with various GI syndromes and 221 healthy controls. A total of 5 patients had 

CD confirmed by biopsy. Four of the six cases of CD patients were infected by HCV (Fine et al. 

2001).  
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Other did not observe associations: in a study with 624 HCV patients, out of which 25 patients 

underwent biopsy on the basis of previous detection CD-related antibodies, none had CD 

(Thevenot et al. 2007).   

4.6.2 Hepatitis B virus 

HBV is an enveloped double-stranded DNA virus belonging to the Hepadnaviridae family. HBV 

is transmitted by blood or by bodily fluids. About 3 % of the world population is infected, 

although in industrialized countries it is less than 1 % of the population. An acute phase of 

infection need not occur. If a patient passes to a chronic phase, there is a high chance of 

developing cirrhosis or liver cancer (Shepard et al. 2006). 

In 2010, Iglesias et al. reported two patients in whom an acute HBV infection was followed by 

the onset of CD. Authors immediately suggested hypotheses of possible mechanisms of HBV 

influence on CD initiation. During HBV infection, interferons and interleukins are released in 

order to clear the virus, but they also cause damage to intestinal mucosa structure. Then, 

immunogenic peptides can go through and activate immune cells followed by higher expression 

of HLA-DQ2/HLA-DQ8 molecules. A different model represents the mechanism of molecular 

mimicry (Iglesias et al. 2010).   

In addition, a study conducted in Brazil in 2013, including 50 HBV patients, found that 6 out of 

these 50 infected were histologically abnormal (on the basis of previous detection of tTG and 

EmA). Four patients (8 % of HBV patients) were clearly diagnosed with CD (Nau et al. 2013). 

This 8 % prevalence is above average in general population (Mustalahti et al. 2010, Rubio-Tapia 

et al. 2012). Unfortunately, it is not clear whether subjects had CD already before HBV diagnosis 

or not. 

A recent survey, including 75 HBV patients and 50 control individuals, demonstrated 

significantly higher AGA prevalence among HBV patients (Abid et al. 2016). However, it does 

not show any relevant information on CD without biopsy evaluation. 

The results suggest that there could be an epidemiological link between these two diseases, 

although several issues are disputable and we still need further research on this topic. Especially, 

studies are needed where CD is confirmed by biopsies. 



21 

 

Considering the prevalence of the viruses mentioned in this overview and our ability to decrease 

their world prevalence, the best candidate virus is HBV, because the vaccine against HBV does 

already exist and the world prevalence is estimated to be 3 % of the world population. If there is 

a real association between HBV infection and CD, vaccination could also diminish the CD 

onsets.  

4.7 Herpesviruses (HSV-1, CMV, EBV) and rubella virus 

Herpes simplex virus type 1 (HSV-1), cytomegalovirus (CMV) and Epstein-Barr virus (EBV) all 

belong to the Herpesviridae family. They are enveloped double-stranded DNA viruses with 

icosahedral capsid (Rao 2014).  

HSV-1 is transmitted via saliva or skin-to-skin contact and can manifest as a skin, eye or mouth 

infection. HSV-1 is usually acquired during childhood and persists in ganglia (Rao 2014). It is 

found in 52 %-84 % of people in Europe (Pebody et al. 2004). 

CMV infects about 60 % of individuals older than 6 years in the USA (Staras et al. 2006). CMV 

is transmitted by body fluids such as saliva. In some people, a syndrome with symptoms similar 

to infectious mononucleosis or glandular fever appear. Most infections are asymptomatic. After 

infection, the virus remains latent in myeloid cells (Rao 2014). 

EBV is known as the cause of infectious mononucleosis. However, many children become 

infected with EBV and have no symptoms at all. EBV is transmitted by saliva and  infects B cells 

and epithelial cells (Rao 2014). Among children (6-19 years old) the EBV prevalence varies 

between 54 % and 83 % in the USA (Dowd et al. 2013). 

Noteworthy, there are studies showing that herpesvirus infections may have a protective 

character. Negative association between the occurrence of CD and herpesvirus infections was 

noticed. Such a notion came up from a cross-sectional study published in 2009 investigating 

antibodies against CMV, rubella virus and EBV in 90 CD patients in comparison with 

297 controls. A significantly higher prevalence of CMV-IgG and rubella-IgG antibodies was 

found in the control group. An interesting situation appears in the case of antibodies to EBV. 

Among CD patients, IgM antibodies were more prevalent than in the control group, and this 

observation almost reached statistical significance (P < 0.06). In the control group, EBV-IgG was 

https://en.wikipedia.org/wiki/Syndrome
https://en.wikipedia.org/wiki/Infectious_mononucleosis
https://en.wikipedia.org/wiki/Infectious_mononucleosis
https://en.wikipedia.org/wiki/B_cells
https://en.wikipedia.org/wiki/Epithelial_cells
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significantly more frequent. The observed phenomenon can be understood as the result of 

different immunological background in CD patients in comparison with healthy controls. In 

conclusion, CMV, EBV and rubella virus infections could be responsible for decreasing a risk of 

CD (Plot et al. 2009). Generally, the presence of IgM antibodies is considered to be a mark of 

active infection and they disappear subsequently, while IgG antibodies persist in individuals 

(Štork et al. 2008). Therefore, an alternative explanation could be that CD patients were infected 

by EBV recently and having already undergone a CD onset, whereas individuals in control 

groups were infected long before it could possibly protect them from CD development. 

A recent study from 2016 investigated antibodies against tTG and CMV, EBV and HSV-1 in 

more than 4 000 children, at the age of 6 (Jansen et al. 2016). Among children, 1.3 % subjects 

were tTGA positive. The occurrence of high titers of tTGA correlated with lower titters of 

antibodies against these three viruses (aOR = 0.38, 95% CI 0.18-0.78, P < 0.01) even after 

adjusting for ethnicity, socioeconomic status, breast-feeding, and day-care attendance. Therefore, 

authors suggested that there is a possible protective role of herpesvirus infections in the 

development of CD autoimmunity. The inverse distribution of CMV antibodies regardless EBV 

and HSV-1 antibodies and tTG antibodies was also significant. The authors suggested an 

interesting hypothesis – the increase of CD cases the last decades can be caused by children’s 

first encounter with these infections later in life than children in the past. According to this 

hypothesis, nowadays children lose a protective effect of such infections, while there would still 

be a time to prevent CD. The results can also indicate this possibility: children that encountered 

herpesvirus infections are also more likely to be encountered by lots of other infections and just 

these infections or their coordination can have an influence in CD pathogenesis. Another 

explanation as to why these viruses could have a protective effect, is that herpesvirus infection 

can protect the host from further infections caused by other viruses or bacteria through                  

a cross-protective mechanism. Finally, there is a possibility that the children with CD-oriented 

immune profile are less prone to herpesvirus infections and produce less anti-herpesvirus 

antibodies. Unfortunately, tTGA positivity remains to be just an indicator leading to possible CD 

diagnosis. It is not mentioned how many children were diagnosed with CD. Also, authors 

considered only CD autoimmunity (Jansen et al. 2016).  
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In contrast, there is an indication that CD markers may develop during acute infections caused by 

CMV or EBV. Sarmiento et al. tested patients infected by CMV or EBV infections, and nobody 

had CD before onset of infection. Among 20 EBV-IgG positive patients, 5 patients were tTGA 

positive, whereas all matched controls were negative. Regarding CMV infections, results were 

2/21, which means 9.5 % CMV patients were tTGA positive, while nobody in the control group 

was tTGA positive, but the observation is not statistically significant. Finally, authors suggested 

that tTGA antibodies can develop during these infections (Sarmiento et al. 2012), which is not 

supported by the studies mentioned before. We can hypothesize that tTG antibodies can develop 

during CMV or EBV infection, but from a long-term point of view, experience with CMV or 

EBV infections can protect patients from the onset of CD autoimmunity. More studies are needed 

in the future to verify the association. 

In 2016, it was shown that active EBV infection is predominantly present in patients with 

refractory celiac disease (RCD) in comparison to controls (patients with uncomplicated CD). 

RCD patients are those patients without any improvement of intestinal tissue inflammation 

despite strict GFD. This situation increases the possibility of complications such as      

enteropathy-associated T-cell lymphoma. In this study, 70.5 % (12/17) RCD patients were EBV 

positive in comparison to 16.6 % (4/24) EBV positive CD patients (P < 0,01). In addition, EBV 

infection was more frequent in RCD II (clonal aberrant intraepithelial lymphocytes - IEL, high 

risk for developing an enteropathy associated T-cell lymphoma) in comparison with                   

RCD I (normal IEL). Data shows that EBV infects lymphoid and epithelial cells and infections 

are mainly active. Biopsies were taken when patients did not take any steroids. However, 

previous usage of steroids could contribute to manifestation of EBV infections (Perfetti et al. 

2016). 

The influence of herpesvirus infections in the pathogenesis of CD remains controversial. In 

addition, it is needed to evaluate, if EBV infections is just a consequence of immunosuppressive 

treatment in RCD patients, or if the infection can be a causative factor of RCD. 
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5 Cohort studies investigating type 1 diabetes and celiac 

disease 
Similar investigation methods of virus infections in disease pathogenesis have been used in type 

1 diabetes (T1D), a chronic immune-mediated disease caused by the destruction of pancreatic 

insulin-producing β-cells. This kind of research has a long tradition in T1D, dating back to the 

late 1960s, when a notion of similar seasonality of T1D and Coxsackie B infections stimulated 

the first studies and led to a seminal discovery (Gamble et al. 1971). CD and T1D share many 

features, such as similar genetic predispositions, a common outbreak during infancy, both show 

similar chronic and incurable attributes, and the incidence of both is presently observed to be 

increasing. These two diseases are hypothesized to be trigger by environmental factors, including 

infections (Frisk et al. 2008). 

Several cohort studies are aiming to investigate the natural course of type 1 diabetes, and might 

also be instrumental in the research of celiac disease. Epidemiologic methods that have 

performed well in T1D are now being implemented in CD in order to find environmental factors 

responsible for its pathogenesis.  

5.1 Type 1 diabetes and enterovirus 

In T1D, enterovirus as an environmental trigger has been studied for over four decades which 

makes it the longest studied viral candidate for a non-infectious disease. Enterovirus is a single 

stranded RNA virus belonging to the Picornaviridae family. Enterovirus infections are very 

common and mostly asymptomatic. The virus first replicates in mucosa of pharynx or in the gut 

and mesenteric lymph nodes, occasionally causing viremia, and very rarely invading secondary 

sites like nervous system, liver, or pancreas occurs. It is assumed to cause T1D by infecting        

the β-cells of islets of Langerhans, but the mechanisms are still unknown. It is thought to be 

caused by either a direct infection of β-cells, mechanism of molecular mimicry, a bystander 

damage or viral persistence (Craig et al. 2013). 

In comparison with studying the duodenum in CD, it is challenging to study viruses in pancreas, 

since the specimens are extremely difficult to obtain (Krogvold et al. 2014). Therefore, the 

research performed so far has mostly resorted to detection of the virus from the site of its primary 

replication (stool, gut biopsies), or from blood and its components. It appears that the virus in 
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stool is not associated with an increased risk of T1D (with a potential exception of a recent study 

from Finland (Honkanen et al. 2017)). On the other hand, there are convincing studies linking the 

presence of enteroviruses in blood to an increased risk of islet autoimmunity leading to T1D, or 

T1D itself (Craig et al. 2013, Hyoty 2016).  

5.2 Prospective cohort studies 

Environmental factors have long been studied in several longitudinally monitored neonatal 

cohorts of individuals, preselected based on their increased genetic risk of T1D (Rønningen 

2013). This approach has not been previously used in CD, despite the well-known shared genetic 

determinants of the disease. This has recently changed. Currently, several cohorts (TEDDY, 

MIDIA, DAISY and PAGE) are being actively studied for CD apart of T1D, by utilizing similar 

design and biological samples. 

The first of the cohorts primarily following T1D pathogenesis were BABYDIAB, which 

recruited German newborns from 1989 to 2000. In total, more than 123 000 children with T1D 

afflicted first-degree relative underwent screening. Islet autoantibodies were detected in 

165 children, that were selected. Regular blood sampling and questionnaires were required. 

However, this study does not focus on the presence of CD (BABYDIAB 2017). 

The DAISY study (The Diabetes and Autoimmunity Study in the Young), beginning in 1993 in 

Denver, is the first study investigating circumstances of both T1D and CD onset. It is 

a population based study, where newborns were recruited between 1993 and 2004. Altogether, 

30 000 children were tested for T1D-associated HLA alleles. The study included over 2 000 

children with high-risk HLA genotypes for CD and T1D or children with T1D in their family. 

Repeatedly, children have been screened for CD- and T1D-related autoantibodies and rectal 

swabs, blood samples and questionnaires were collected (Stene et al. 2010).  

DIPP (Diabetes Prediction and Prevention study) is a population-based study conducted in 

Finland, established in 1994. Altogether 150 000 newborns have been tested for T1D-typical 

HLA alleles. Autoantibodies are measured every 3 months until 2 years of age, then annually 

until the age of 15 years. Approximately 12 000 children have been followed (DIPP 2017). 



26 

 

Studies, presented above, share several disadvantages, such as differences in exposure 

measurement and recall bias. A newer study from 2003 managed to avoid most of these. TEDDY 

(The Environmental Determinants of Diabetes in the Young) have started in 2003 in four 

countries, Germany, the USA, Finland and Sweden. Currently, it is the largest study on T1D 

pathogenesis. With 421 000 children screened for T1D risk genotypes and 26 000 subjects in the 

follow-up. The protocol includes prospectively collected specimens of blood (every 3 months 

until the age of 4, then every 6 months until the age of 15), stool samples (monthly until 4 years 

of age, then biannually until the age of 15) and regularly collected questionnaires. Thanks to the 

design of the study, valuable insights into environmental influences are expected. TEDDY 

provides a unique opportunity to study the relations between the environment and the disease 

onset (TEDDY 2017). 

Further projects studying children at risk of T1D or CD are MIDIA and PAGE studies. The 

PAGE study is a sub-study in the prospective population-wide Norwegian mother and child 

cohort (MoBa). MoBa, beginning in 1999, has studied mothers and their children since 

pregnancies, collecting biological materials and data on infections, diet and medications by 

questionnaires. More than 100 000 children were included (MoBa 2017). 

The PAGE study (Prediction of Autoimmune diabetes and celiac disease in childhood by Genes 

and perinatal Environment) is a nested-case control study recruiting individuals from the 

Norwegian Patient Register and the Norwegian Childhood Diabetes Registry, while the 

prospective information about them are gained from MoBa project. PAGE study examines factors 

occurring early in life using questionnaires, genotyping and biomarkers from maternal and cord 

blood. The focus is on the influence of diet, dietary supplements, antibiotics, infections and 

possible risk of maternal microchimerism on the later development of CD or T1D (Stene et al. 

2014). 

The MIDIA study (a Norwegian acronym for The Environmental Triggers of Type 1 Diabetes 

Study) is a population-based longitudinal prospective cohort study of Norwegian newborns with 

genetic predispositions for T1D and CD. Over 50 000 newborns were screened and 

approximately 950 of them, carrying the highest-risk genotype for T1D, were included and 

followed. Individuals were recruited from the general population between 2001 and 2006. 

Subjects are monitored until the age of 15. The protocol includes collection of monthly fecal 
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samples (month 3-36), quarterly questionnaires and annually blood samples. To date, 27 patients 

with CD and approximately 40 diabetic patients  have been identified in the cohort (About 

MIDIA, 2017).  

The aforementioned studies offer special opportunity for the study of environmental triggers of 

T1D and CD. For instance, such collections of samples could verify the role of enterovirus in 

T1D pathogenesis, since the timing and serotypes of enteroviruses can be readily investigated in 

connection with the beginning of T1D-related autoantibodies production. Considering the 

previous overview of viruses involved in CD, studies could offer data evaluating whether 

infections with e.g. adenovirus, a long-known candidate, or recently implicated orthoreoviruses 

(Bouziat et al. 2017), may influence the risk of CD later in life. 

As compared to T1D, only a few studies have also been focused on CD. The general design of 

longitudinal studies investigating early stages of CD and T1D must respect several typical 

pathogenic features of these diseases: (1) Their onset is the most common in childhood, thus 

studies are focused on children. (2) Because of the rate of incidence of these two diseases, studied 

cohorts must be relatively large and contain genetically susceptible subjects. (3) Such studies are 

best performed in countries with high disease prevalence, and adequate resources, such as Nordic 

countries (4) Due to the multifactorial character of these diseases, it is required to filter out other 

influences apart from the studied ones – matched controls are used primarily for elimination of 

local and temporal peaks in infection rates. (5) Large datasets from questionnaires and other 

metadata are instrumental in the control of confounding factors.  
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6 Conclusion 
Celiac disease and type 1 diabetes, being among the most common chronic diseases in children, 

are increasing in the population and much effort is devoted to the research of their environmental 

triggers. 

Large-scale prospective studies are performed to evaluate the influence of the environment. Since 

the processes leading to the onset of these diseases are probably triggered early in life, children 

are followed since birth or even during their mother´s pregnancy. In Nordic countries, where the 

prevalence of these two diseases is one of the highest, such studies are conducted. It is expected 

that these projects will provide valuable insights into disease etiology and suggest ways to 

identify – and eventually eliminate – environmental triggers. 

Among environmental factors involved in celiac disease development, there is a clear evidence 

suggesting the association between various infections and CD onset. Attention is paid to 

microbiota composition. It is suggested that gut dysbiosis precedes CD, and can alter the 

susceptibility to CD onset. 

Considering viral infections in CD pathogenesis, there are several good candidates identified by 

previous research. Among them, the focus is logically on gastrointestinal viruses that are being 

intensively studied. Also, there is evidence of a possible link between hepatotropic viruses and 

celiac disease. Thanks to novel detection methods, it is expected that also new viruses will 

become candidates for association with celiac disease, as has been exemplified by astrovirus. 

Noteworthy, there is evidence supporting that “protective” infections may exist and possibly 

reduce the likelihood of CD onset. To date, it has not been possible to judge the importance of 

individual viruses, and more studies must be conducted.  

Apparently, there are many unclear issues in the etiology of CD. The development of CD requires 

several “hits” and it is difficult to identify all of them and their interaction. Future studies are 

needed to identify further risk factors and to possibly suggest approaches diminishing the 

likelihood of CD onset. 
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