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Abstract
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Idiopathic Arthritis (JIA). Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1708. 93 pp. Uppsala: Acta Universitatis Upsaliensis.
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Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease in children, but its
cause is not fully established. Changes in the intestinal canal and an unfavourable composition
of gut bacteria have been suggested as factors that can increase the risk of developing JIA and
influence the disease course.

This thesis investigated the possible association between JIA and changes in the intestinal
canal.

In a population-based study, 213 children diagnosed with JIA were screened for coeliac
disease using immunoglobulin antibodies against tissue transglutaminase 2. Three children had
a diagnosis of coeliac disease prior to screening and three previously undiagnosed cases were
found through screening. The point prevalence for coeliac disease among children with JIA was
2.8%.

In order to investigate if the composition of gut microbiotas in children with JIA differed
from in healthy children and healthy siblings, 75 children with JIA were compared with 24
healthy controls, and eight children with JIA were compared pairwise with healthy siblings.
Comparisons of microbiotas revealed trends towards altered relative abundances of taxa in
children with JIA, but these were not significant when corrected for multiple comparisons.

To examine the effects on gut microbiotas of treatment with methotrexate (MTX) or
etanercept (ETN), faecal samples from 46 treatment-naïve children with JIA were compared
with samples from children during treatment with MTX (n=29) or ETN (n=12). Paired
comparisons were also made of children sampled both as treatment-naïve and during treatment
with MTX (n=15) or ETN (n=7), including analyses of levels of faecal short-chain fatty acids.
No significant differences were found after correction for multiple analyses.

A pilot study investigated if improved clinical symptoms after interventions with exclusive
enteral nutrition (EEN; n=6) or specific carbohydrate diet (SCD; n=10) in children with JIA
were linked to changes in the gut microbiota. Faecal samples collected before the interventions
were compared pairwise with samples collected after 3–5 weeks on the interventions. Both
interventions altered microbiota composition, with a significant decrease in alpha-diversity and
relative abundance of Actinobacteria during SCD.

In conclusion, children with JIA most likely have an increased risk of coeliac disease and
screening should be recommended. Faecal microbiota in children with JIA do not seem to differ
compared with in healthy children or siblings. Treatment with MTX or ETN has no, or very
limited, effect on the microbiota in faecal samples, but dietary interventions with EEN or SCD
showed some changes in a pilot study.
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Introduction 

Among the general public, rheumatic disease is most commonly associated 
with the elderly, but young children are also affected. Juvenile idiopathic ar-
thritis (JIA) is the most common rheumatic disease in children. The cause of 
JIA is not fully established and although genetic factors are part of the expla-
nation, environmental exposures must also contribute. The severity of the dis-
ease differs greatly between different individuals and we know very little 
about what affects the course of the disease. Changes in the intestinal canal 
with subclinical inflammatory activity, increased gut permeability and an un-
favourable composition of gut bacteria have been suggested as factors that can 
increase the risk of developing JIA and also influence development of the dis-
ease. This thesis investigates the possible role of changes in the intestinal canal 
as contributing factors in JIA. 

1. Juvenile idiopathic arthritis – classification and 
criteria  
Juvenile idiopathic arthritis is an umbrella term for a heterogeneous group of 
diseases with chronic arthritis as a common denominator. For a JIA diagnosis, 
onset must be before 16 years of age, with arthritis lasting for at least six weeks 
and other known conditions causing arthritis have to be excluded. JIA is not a 
single disease, but is divided into seven categories based on the classification 
system developed by the International League of Associations for Rheumatol-
ogy (ILAR) criteria in 1997 and revised in 2001 (1). 

Two different classification systems for juvenile arthritis were developed 
in the 1970s: the American College for Rheumatology criteria from 1972 (2) 
and the European League Against Rheumatism (EULAR) criteria from 1977 
(3). The simultaneous use of two classification systems, with some major dif-
ferences, led to difficulties in the study of the disease. The need for a univer-
sally agreed system led to the development of the ILAR classification system, 
which replaced the previous ones. 
The classification into ILAR categories is made based on the features present-
ing during the first six months of disease. The seven categories are: oligo-
arthritis, rheumatoid factor negative (RF-) polyarthritis, rheumatoid factor 
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positive (RF+) polyarthritis, enthesitis-related arthritis (ERA), psoriatic arthri-
tis, systemic arthritis and undifferentiated arthritis.  

The distribution between categories is not the same worldwide. For exam-
ple, ERA is the most common category in southeast Asia, while oligoarthritis 
is the most common category in the western European population, affecting 
around 45% of all children with JIA in Sweden (4-6). 

Oligoarthritis is the category that is most typical for children, with no sim-
ilar disease found in adults. For a child to be diagnosed with oligoarthritis, no 
more than four joints can be affected in the first six months of the disease; 
other common features are disease onset at pre-school age, antinuclear anti-
body positivity, involvement of only large joints and asymmetric joint engage-
ment. Oligoarthritis is the only category that has two recognised subcatego-
ries: persistent oligoarthritis and extended oligoarthritis. Persistent oligoar-
thritis does not affect more than four joints during the disease course, while 
extended oligoarthritis affects five or more joints after the first six months of 
disease. The category RF- polyarthritis is also an entity with no equivalent 
diagnosis in adults, although it resembles RF- rheumatoid arthritis (RA). All 
the other categories are juvenile counterparts of rheumatic diseases also found 
in adults (7). The least common category is RF+ polyarthritis, which mainly 
affects adolescents and is the juvenile counterpart of RA (8). ERA is consid-
ered to be a juvenile form of ankylosing spondylitis (AS), and in typical cases 
includes sacroiliitis and human leucocyte antigen (HLA)-B27 positivity. 
While other categories of JIA are more common in girls, boys are in the ma-
jority among children categorised as having ERA. Systemic arthritis is equiv-
alent to adult-onset Still’s disease and differs in many ways from the other 
categories of JIA. It is considered to be an autoinflammatory disease, caused 
by a dysregulation of the innate immune system, rather than an autoimmune 
disease, and the phenotype includes quotidian fever of unknown cause, recur-
ring for at least two weeks, an evanescent rash, hepatomegaly, splenomegaly 
and serositis (9).  
The common feature in all categories of JIA is arthritis, which can lead to 
reduced mobility, pain, joint destruction and disability, and children with JIA 
has been shown to have impaired quality of life compared with healthy chil-
dren (10).  

2. Epidemiology in juvenile idiopathic arthritis 
The incidence and prevalence of JIA vary greatly between different parts of 
the world. A systematic review of studies on incidence and prevalence from 
1972 to 2011 was published in 2014 (8). The annual incidence rates varied 
from 1.6 to 23.0 per 100,000 children, while the estimated prevalence varied 
from 8.8 to 400.0 per 100,000 children. The annual incidence rate of JIA 
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among Caucasians was calculated to 8.3 per 100,000 children and the preva-
lence to 32.6 per 100,000 children (8).  
The incidence rate in Sweden has been reported to be higher, and two popula-
tion-based studies have shown annual incidence rates in the range 12.8–
15.0/100,000 (4, 5).  

The different figures may reflect different incidence and prevalence in dif-
ferent parts of the world, but they also most certainly reflect differences in 
study methods and differences in health care systems. Furthermore, the clas-
sification systems have changed during the period studied, which is sure to 
have affected the result.  

There are geographical differences in the distribution of the different JIA 
categories which could be due to differences in environment or genetics. The 
most common category in Western countries is oligoarthritis, which accounts 
for 45–51% of all children with JIA in Sweden (4, 11). In the same studies, 
the ERA category encompassed 8–9% of the children with JIA in Sweden. 
Studies conducted in Taiwan and India have shown that ERA is the most com-
mon category there, accounting for 36–40% of cases, while oligoarthritis ac-
counted for 21–30% (12-14). 

3. JIA pathogenesis 
3a. Genetical aspects of JIA 
It has been established that there is a genetic susceptibility to JIA, and in a 
study by Prahalad et al. (2010), about 13% of cases of JIA were connected to 
hereditary factors, and siblings and first cousins exhibited relative risks of 11.6 
and 5.8, respectively, compared with unrelated controls (15). A similar asso-
ciation between hereditary factors and JIA were found in a study on genetic 
risk loci, by Hinks et al. (2013), where genetic findings could explain approx-
imately 18% of the risk of JIA (16).  

Many susceptibility loci associated with JIA are also associated with other 
autoimmune diseases. Hinks et al. examined confirmed risk loci for 12 auto-
immune diseases in 2,816 children with oligoarthritis and RF- polyarthritis, 
and compared the results to those in 13,056 controls. They were able to estab-
lish a significant association between JIA and 17 risk loci, of which 14 had 
not previously been linked to JIA (16). In an earlier study by Hinks et al. 
(2010), they found an association between JIA and a single-nucleotide poly-
morphism that had previously been connected to coeliac disease (17). The ge-
netic connection between paediatric-age-of-onset autoimmune diseases 
(pAIDs), including JIA, was also investigated in a meta-analysis (18). Among 
the loci associated with autoimmune diseases, 81% were associated with at 
least two pAIDs and 70% were shared by at least three pAIDs (18). 
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3b. Risk factors, early life events 
Although there is a genetic contribution to pathogenesis, genetic findings can 
only partly explain the risk of JIA (16), and environmental factors are im-
portant. The environmental factors may activate or modulate the immune sys-
tem in several ways during foetal life, delivery, infancy or adolescence. It has 
been suggested that the development of the immune system continues until 
five years of age, with increasing numbers of memory CD4+ and CD8+ T-cells 
(19), and that this development is affected by external factors during the first 
months of life (20).  

Being born through a caesarean section increases the risk of developing 
various autoimmune diseases during childhood, and two recent, population-
based register studies have shown a small but significant association between 
being born through caesarean section and an increased risk of developing JIA 
(21, 22). 

The protective effect of breastfeeding is not as established for JIA as for 
other diseases, although several studies of this have been conducted. The re-
sults of case-control studies have been disparate and the studies have had some 
limitations, such as potential recall bias, due to use of self-reported retrospec-
tive breastfeeding data, and potential selection bias (23-25). A large study on 
923 children with JIA, without a control group, suggested that longer duration 
of breastfeeding was associated with lower scores on the Childhood Health 
Assessment Questionnaire, corresponding to a milder disease (26). A Swedish 
prospective cohort study, encompassing 10,565 families, was published in 
2017 (27). This study differed from previous studies on JIA and breastfeeding, 
since the participants were included at birth and information about breastfeed-
ing practices was collected well before diagnosis of JIA. That study showed 
that a short total duration of breastfeeding, as well as a short duration of ex-
clusive breastfeeding, were associated with an increased risk of JIA. Introduc-
tion of cow’s milk formula before four months of age was also associated with 
an increased risk of JIA (27). 

Several of the proposed risk factors for JIA are associated with possible 
changes in the gut microbiota. Another environmental factor affecting the gut 
microbiota is treatment with antibiotics, and two register studies have found 
an association between the risk of developing JIA and earlier treatment with 
antibiotics (28, 29). The study by Arvonen et al. (2015) found that the risk of 
JIA increased for children who received antibiotics before two years of age, 
and also with the number of antibiotic regimens. Further, they found differ-
ences between different antibiotic groups, where treatment with lincosamides 
and cephalosporins were most strongly associated with JIA (28). Horton et al. 
(2015) also found a dose-dependent association between treatment with anti-
biotics and JIA, but the strongest association was for antibiotic treatment 
within one year of JIA diagnosis (29). In this study, a correction for the num-
ber of infections was made, which was not done in the study by Arvonen et al. 
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4. Systemic medical treatment in JIA 
The treatment options for JIA have improved greatly over the past two dec-
ades, with many new and more effective drugs. Beyond avoiding reduced mo-
bility, pain, joint destruction and disability, there is a new possible treatment 
target: inactive disease (30). Nevertheless, only about 50% of the children 
with JIA are in remission after eight years of disease, as shown in a recent 
Nordic multicentre study (31). 

The initial treatment for children with few affected joints is usually intraar-
ticular injections with corticosteroids; for some patients this can be sufficient, 
but systemic treatment is often necessary during the disease course. For chil-
dren with JIA, the recommended first-line systemic treatment is methotrexate 
(MTX), a disease-modifying anti-rheumatic drug (DMARD) which can be ad-
ministered orally or subcutaneously (32). 
Methotrexate was initially used for treatment of leukaemia, and when given at 
high doses, it acts as a folate antagonist by inhibiting dihydrofolate reductase. 
It thereby inhibits the intracellular synthesis of thymidine, one of the key com-
ponents in DNA synthesis, and the synthesis of purines, which are needed to 
form DNA and RNA (33, 34).  

For treatment of rheumatic diseases, MTX is used in much lower doses, 
and other mechanisms seems to be involved in the anti-inflammatory effect in 
low-dose administration than in the cytostatic effect of a high-dose regimen 
(34). A finding that suggests that the mechanisms differ is that the effect of 
high-dose MTX in cancer therapy can be reversed by high doses of folinic 
acid, while concomitant treatment with folate in children on low-dose MTX 
does not seem to reduce the effect (35). Children treated with low-dose MTX 
for JIA are always given folate regularly to reduce the risk of side effects of 
MTX and this does not impair the clinical effect. Several mechanisms for the 
anti-inflammatory effect of low-dose MTX have been proposed, but it is not 
yet fully understood (34).  

If single treatment with MTX is insufficient, additional treatment with bi-
ological DMARDs (bDMARDs) may be necessary (36). Biological 
DMARDS are very effective in the treatment of rheumatic diseases, and the 
prognosis of JIA has greatly improved since these drugs were introduced. 
There are several different groups of bDMARDs approved for the treatment 
of children with JIA, but the first choice is usually from the group of anti-
tumour necrosis factor alpha (anti-TNF-α) drugs (32). TNF-α is a cytokine 
that induces inflammation and is involved in the defence against pathogens 
(37). An uncontrolled production or function of TNF-α is involved in the path-
ogenesis of autoimmune and autoinflammatory diseases, such as rheumatic 
diseases and inflammatory bowel diseases (IBD) (37).  

The most frequently used anti-TNF-α drug for children with JIA has been 
etanercept (ETN), followed by adalimumab (38). There are some structural 
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differences between the different anti-TNF-α drugs, and ETN is a dimeric fu-
sion protein produced through recombinant DNA technology, where the hu-
man Fc portion of immunoglobulin G1 (IgG1) is linked to the extracellular 
ligand-binding domain of the human TNF p75 receptor (39). The mechanism 
of action is competitive inhibition of TNF-α. 

Development of anti-drug antibodies (ADAb) against anti-TNF-α drugs is 
a possible problem and could reduce efficacy, but concomitant treatment with 
MTX has been shown to prevent ADAb formation (40). Since MTX in com-
bination with anti-TNF-α also has a synergistic effect against inflammation, 
combination therapy with these drugs is recommended over anti-TNF-α mon-
otherapy (36). 

5. JIA comorbidity 
5a. Other autoimmune diseases 
Juvenile idiopathic arthritis is an autoimmune disease, and is associated with 
other autoimmune diseases, with some shared genetic architecture (16-18). 
Studies on family history of autoimmunity have shown that a greater propor-
tion of children with JIA have relatives with autoimmune diseases than the 
general population. The proportion of children with JIA with a first- or sec-
ond-degree relative with an autoimmune disease varied between 31 and 47% 
(41-43).  

Also, children with JIA have an increased risk of being diagnosed with at 
least one other autoimmune disease, and the autoimmune disorders with 
strongest association to JIA are thyroid diseases and type 1 diabetes mellitus 
(41, 42, 44).  

5b. Coeliac disease 
Coeliac disease is a chronic autoimmune disorder in which the immune system 
reacts to the dietary protein gluten, which is found mainly in wheat, but also 
in barley and rye (45).  

The immune response to ingested gluten is primarily caused by the adaptive 
immune system, and a component in gluten called gliadin has a central role. 
The predominant autoantigen in coeliac disease is the enzyme tissue transglu-
taminase, which is involved in deamination of gliadin molecules (46). An im-
portant tool in the diagnosis of coeliac disease is thus the detection of autoan-
tibodies against tissue transglutaminase 2 (anti-TG2) (47). 

The immunological reaction in coeliac disease leads to epithelial cell dam-
age in the small intestine, with crypt hypoplasia and villous atrophy, and the 
diagnosis is based on clinical history, serology for autoantibodies and small 
intestine biopsy (48). 



 15

The incidence of coeliac disease is increased in children with type 1 diabe-
tes mellitus and in children with autoimmune thyroiditis (48, 49), and an as-
sociation between JIA and coeliac disease has also been suspected. Coeliac 
disease has a very evident genetic contribution, with a strong association to 
HLA DQ2/DQ8 alleles (50). Genetic analyses have in some studies shown 
shared genetic regions for JIA and coeliac disease (16, 17), although one large 
study could not find any shared underlying genetic risk factors (51).  

The association between JIA and coeliac disease has been investigated in 
several studies, but none of them have been population-based and most have 
been small. The largest was a retrospective register study on 417 children with 
JIA in Finland, which showed a 0.7% prevalence of coeliac disease (44). How-
ever, it is well-known that coeliac disease can be clinically silent, and the 
prevalence of undiagnosed coeliac disease has been estimated to be 1% in an 
adult population (52). Screenings of healthy Swedish children has found un-
diagnosed coeliac disease in 1.3–2% of the examined populations (53, 54). 
Results of registry studies are thus uncertain and probably underestimate the 
prevalence of coeliac disease. To get more reliable prevalence numbers in 
children with JIA, screening for coeliac disease has to be performed. Four of 
the largest studies where screening was performed, which encompassed be-
tween 95 and 151 children, showed prevalence rates of coeliac disease for 
children with JIA in the range 2.5–6.6% (41, 55-57). Two of these studies also 
included healthy control groups, encompassing 158 and 110 children respec-
tively, who were screened for coeliac disease, with prevalence rates of 0.6% 
and 0%, respectively (41, 57).  

The prevalence of coeliac disease in the population is thought to be approx-
imately 1% in the Western countries (58), and several studies on children with 
JIA have shown larger figures. However, some studies on children with JIA 
have not been able to detect any cases of coeliac disease in their cohorts (59-
61). Population-based studies on larger cohorts are needed to determine 
whether the prevalence of coeliac disease is increased in children with JIA. 

5c. Crohn’s disease and ulcerative colitis 
Inflammatory bowel diseases, such as Crohn’s disease and ulcerative colitis, 
are associated with arthralgia and joint inflammation in both adults and chil-
dren. There is also an association between IBD and the rheumatic disease AS, 
and some studies have shown an association between IBD and RA in adults 
(62).  

In a meta-analysis of extra-intestinal manifestations in adult patients with 
IBD, encompassing 71 studies, the pooled prevalence rates were 13% for ar-
thritis, 10% for sacroiliitis and 3% for AS (63). A study on 130 adult patients 
with Crohn’s disease and ulcerative colitis revealed joint manifestations in 
38% of the patients with Crohn’s disease and in 24% of the patients with ul-
cerative colitis. The majority of patients with joint involvement had only one 
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affected joint and the joints most commonly involved were knees (56%), an-
kles (29%) and hips (29%) (64). Furthermore, subclinical bowel inflammation 
is very common in adults with AS, even when the studies are controlled for 
usage of non-steroidal anti-inflammatory drugs (NSAIDs) (65-67). Several 
studies have also shown that the prevalence of IBD is increased in adults with 
AS, with rates between 6 and 14%, which is significantly higher than in the 
general population (68). These two conditions not only demonstrate common 
phenotypic characteristics, but also share a common genetic risk (69).  

The association between IBD and joint inflammation has also been demon-
strated for paediatric patients, where a large study found that children with 
IBD often experienced arthralgia (17%) or arthritis (4%) (70). A study on in-
dividuals younger than 20 years with IBD (mean age 15 years) found that 
Crohn’s disease was significantly associated with RA. Considering the age of 
the participants, it is likely that some participants diagnosed with JIA were 
included in their definition of RA (71). The equivalent of AS in children is the 
JIA category ERA, which often includes inflammation in the sites where ten-
dons or ligaments insert into the bone, so called enthesitis. Enthesitis has also 
been shown to be a common extra-intestinal manifestation of IBD in children 
(72).  

A small study on children with ERA revealed increased levels of faecal 
calprotectin, a marker for possible gut inflammation, compared with controls 
(73). Furthermore, children with JIA seem to have an increased incidence of 
IBD compared with the general paediatric population (74). 

6. The human microbiota  
There are around 100 trillion microbial cells living in and on the human body, 
and the largest and most diverse microbial population is found in the intestinal 
system (75). Human genes make up only 0.1–1% of all genes within a human 
being (76, 77), with the remaining vast majority of the genes being derived 
from the microbiome, i.e., from the microbial population. 

The term microbiota includes single cell organisms such as bacteria, ar-
chaea and eukaryotes, but also viruses. Bacteria comprise the vast majority of 
the microbial population in humans, and when the term microbiota is used in 
the following, it refers mainly to the bacterial community. 

The body is an ecosystem with many different environments which influ-
ence the distribution and abundance of species, and the different habitats con-
tain different microbial communities (78). The conditions for the microbiota 
on the skin and those in the gut are very different, and attract different micro-
bial species, but the composition of the microbiota also differs greatly between 
different parts of the gastrointestinal tract (79). 

The difference in the composition of the gut microbiota is significant be-
tween the upper and lower gastrointestinal tract, while the composition of the 
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microbiota within the lower intestine is more uniform, with a similar compo-
sition along the entire colon (79, 80). 

The bacterial taxonomy is used to classify bacteria into taxonomic groups 
and different taxonomic levels are commonly used to describe the microbiota 
(Fig.1). The first classification level of bacteria is phylum, and the most dom-
inant phyla among the gut bacteria are Firmicutes, Bacteroidetes, Actinobac-
teria and Proteobacteria. Other taxonomic levels often used in analyses of the 
microbiota composition are family, genus and species. 

Examples of the taxonomic relations, for some of the taxa discussed in this 
thesis, are presented in figure 2. 

The composition of gut microbiota is usually analysed for α-diversity, β-di-
versity and relative abundance of taxa. 

Alpha diversity is the diversity of bacteria within a faecal sample, without 
consideration of the specific bacteria included. 

Beta-diversity is a measure of the variation in bacterial composition be-
tween different samples. 

The relative abundance of taxa is used to measure the abundance of specific 
bacterial taxa in samples, with each taxon analysed separately. 
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Figure 1. The different levels in the bacterial taxonomy. The taxonomic levels used 
in Studies II, III and IV are highlighted in colour. 

Figure 2. Taxonomic relations for some of the taxa mentioned in this thesis. 
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6a. Initial establishment of the gut microbiota  
The main colonisation of the human body by the microbiota begins at birth 
(81), when the new-born baby is exposed to the microbiotas of the mother and 
the environment, and its development depends on successive exposure to var-
ious microbes in early life (82).  

The mode of delivery is the most important factor affecting the gut micro-
biota during the neonatal period (83). If the baby is born through the birth 
canal, it will be exposed to, and colonised by, the maternal vaginal and faecal 
microbiotas (83-85). If it is delivered via caesarean section, the baby is more 
likely to be primarily exposed to the microbiotas on the maternal skin, the 
hospital staff or the environment, and will initially be colonised by the species 
found therein (83-85). Typical microbes in the new-born delivered vaginally 
include Bacteroides, Bifidobacterium and Lactobacillus (83-85), while new-
born babies delivered through caesarean section are colonised by for example 
Staphylococcus species and have a delayed colonisation of Bacteroidetes (83-
87). 

6b. Evolution of the microbiota during childhood 
Several studies have shown that the composition of the microbiota in young 
children differs from that in adults. While the mode of delivery is the most 
important factor affecting the early microbiota composition in neonates, its 
impact gradually decreases with age (83-85).  

The evolution of the microbiota is influenced by changes in diet. There is 
a difference in microbiota composition between children who are exclusively 
breast-fed and children exclusively fed formula. Further, the introduction of 
solid food and cessation of breastfeeding results in a significant change in the 
microbiota, towards a composition more similar to that in adults (82, 84, 88).  

The shift from breastfeeding to solid food seems to be the single factor with 
the greatest effect on the composition of the gut microbiota. Children who are 
exclusively breast-fed have a microbiota that is rich in for example Bifidobac-
terium and Lactobacillus, while the cessation of breastfeeding and introduc-
tion of solid food increases the abundance of Bacteroides, Bilophila, Rose-
buria, Clostridium and Anaerostipes (84, 87, 89).  

The microbiota continues to evolve even after the cessation of breastfeed-
ing and the introduction of solid food, and the α-diversity of the microbiota in 
children increases significantly with age (82-84, 90-92). Most of the changes 
in microbiota composition occur in the first years of life, and a large study on 
children, adolescents and adults showed that the composition of faecal bacte-
ria became more adult-like during the first three years of life (91). Other stud-
ies have also shown a more stable microbiota in children from around three 
years of age (88).  
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However, more recent studies have shown that the gut microbiota continues 
to develop after three years of age (92, 93), and it is suggested that the devel-
opment continues beyond at least 6–9 years of age (93). Interestingly, it also 
seems that differences in early life diet, such as breastfeeding duration and 
pre-school intake of proteins, fibres and milk products, continue to influence 
the microbiota composition in school-aged children (93). For example, chil-
dren with a Bifidobacterium-driven enterotype were found to have had a 
shorter breastfeeding duration as babies and a lower intake of dietary fibre at 
pre-school age (93). 

6c. The impact of the microbiota on intestinal permeability 
The gut interacts with the environment in a spectacular way: it digests ingested 
food, houses a community of microorganisms, and allows water and nutrients 
to pass into the organism, while keeping out pro-inflammatory microbes and 
toxins. A single mucosal epithelial cell layer forms the barrier between inter-
nal compartments of the body and the environment (94), and the term “intes-
tinal permeability” refers to the possibility for molecules to cross the epithelial 
layer and entering the submucosal site or the blood. 

Three main barriers prevent microorganisms, toxins and foreign antigens 
from passing from the intestine to the body, thus shaping the gut permeability. 
These barriers are a mechanical barrier, consisting of the intestinal epithelial 
layer and one or two mucous layers, an ecological barrier, consisting of a 
healthy intestinal microbiota, and an immunological barrier, supported by the 
largest collection of immune cells in the body. 

The epithelial layer is a central component of the mechanical barrier, with 
the epithelial cells closely interconnected thanks to three protein complexes: 
tight junctions, adherens junctions and desmosomes (95). The mucous layer 
also has an important role, especially in the colon, where the bacterial load is 
high. Unlike the small intestine, the colon has two mucous layers, an inner and 
an outer one. The inner layer is firmly attached to the epithelium, and is diffi-
cult for bacteria to penetrate, thus preventing them from coming into contact 
with the epithelium (96). The mucus that forms the mucous layers is secreted 
by goblet cells in the epithelium (97).  

The intestinal permeability is primarily dependent on the mechanical bar-
rier, but the intestinal microbiota is important in several ways. Commensal 
bacteria compete for nutrients and attachment sites with more pathogenic bac-
teria, and thereby prevent pathogen colonisation (98). Several commensal bac-
teria produce butyrate, which is a short-chain fatty acid (SCFA) that serves 
many functions, including acting as a nutrient for the epithelial cells (99). The 
intestinal microbiota has several other effects in the mucous layer, and 
changes in its composition can lead to mucous layer alterations, a thinner mu-
cous layer and epithelial damage, which affects gut permeability negatively 
(100-106).  
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It has also been speculated that commensal bacteria could protect against 
infections with pathogenic bacteria by strengthening the epithelial barrier. In 
a study on mice, bacterial species belonging to the genus Bifidobacterium 
were protective against infection with a pathogenic strain of Escherichia coli, 
possibly through production of the SCFA acetate, which strengthened the ep-
ithelial barrier and decreased permeability (107).  

An increased permeability allows antigens from the gut to enter the host, 
which activates the immune system and promotes immune responses. This 
could activate an autoimmune reaction in a susceptible individual, and in-
creased gut permeability has been associated with several diseases, including 
the autoimmune diseases coeliac disease, IBD and type 1 diabetes mellitus 
(108-110). An increased gut permeability has also been shown in children with 
JIA in a small study (111). 

6d. The microbiota and the development of the immune system 
Studies have shown that the gut microbiota affects the early development of 
the mucosal immune system and changes in the composition of the microbiota 
also seem to affect the mature immune system.  

Most studies have been performed on mice, and germ-free mice, born and 
raised without any gut microbiota, have several defects in the intestinal im-
mune system. For example, they have smaller lymph nodes, defective regula-
tory T-cells (Treg) and a reduced number of T helper cells producing interleu-
kin 17 (IL-17), so-called TH17 cells (112). The innate immune system has also 
been shown to be altered in germ-free mice, and the development and function 
of innate immune cells seems to be influenced by the gut microbiota (113). 

Chung et al. (2012) showed that the maturation of the gut immune cells 
required the presence of a normal microbiota. In mice without the normal mi-
crobiota, the number of CD4+ and CD8+ T-cells was lower than in controls; 
they also had few dendritic cells and low antimicrobial peptide expression 
(114).  

The SCFAs produced by bacteria in the colon seem to have an important 
role in T-cell differentiation, as increased levels of SCFAs in the colon en-
hance differentiation of T-cells into TH1 and TH17 cells and increase the num-
bers of Treg cells in the colon (115-117). Regulatory T-cells are important in 
maintaining gut homeostasis and enhance tolerance of intestinal microbes 
(118). 

Exposure to the gut microbiota antigens also affects B-cells, and especially 
their production of immunoglobulin A (IgA) antibodies, which are involved 
in maintaining homeostasis in the gut (119, 120). Although it is not entirely 
clear how the microbiota affects the levels of IgA, it has also been suggested 
that production of acetate by the gut microbiota can increase IgA production 
by B-cells (121). 
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7. The gut microbiota in diseases 
7a. Inflammatory joint diseases in adults 
Rheumatoid arthritis is an autoimmune disease characterised by joint inflam-
mation and involves both the innate and the adaptive immune system (122).  

Some studies on mice raised suspicions that the intestinal microbiota was 
involved in the pathogenesis of RA. An early example of the connection be-
tween arthritis and the gut microbiota was provided by Abdollahi-Roodsaz et 
al. (2008). They used a strain of knock-out mice, with deficiency of the IL1 
receptor antagonist, which spontaneously developed arthritis similar to the ar-
thritis in RA, and showed that germ-free mice with the same deficiency did 
not develop arthritis (123). This indicated that the gut microbiota was involved 
in the onset of inflammation.  

Since then, several studies on humans have shown differences in microbi-
ota composition in patients with RA compared with healthy adults, but the 
results have not been consistent (124-130). Some studies have shown an in-
crease of Prevotella copri in faecal samples from untreated individuals with 
RA (126, 127), and in one of the studies, faecal samples were transferred to 
germ-free arthritis-prone mice. The mice inoculated with a microbiota domi-
nated by Prevotella developed severe arthritis upon stimulation with zymosan 
(127). At least three studies found an increased abundance of Lactobacillus in 
patients with RA (125, 129, 131), and the study by Zhang et al. (2015) also 
found an increased abundance of Lactobacillus salivarus in the oral cavity 
(129). However, a recent study instead showed a lower relative abundance of 
Lactobacillus in patients with RA (130). A lower relative abundance of Fae-
calibacterium has also been found in adults with RA (128, 131). 

The α-diversity of the microbiota has not been affected in all studies, but in 
some studies samples from patients with RA have exhibited a lower diversity 
compared with in healthy individuals (128, 130).  

The rheumatic disease AS has been connected to changes in the intestinal 
microbiota, and biopsies from the terminal ileum in individuals with AS have 
shown significantly different microbial community composition compared 
with in healthy adults. Also, the relative abundances of the families Lachno-
spiraceae, Ruminococcaceae, Rikenellaceae, Porphyromonadaceae and Bac-
teroidaceae were elevated, while Veillonellaceae and Prevotellaceae were de-
creased (132). Studies on the faecal microbiota in adults with AS have also 
shown significant differences compared with in healthy subjects (133, 134). 
In a study on mice with proteoglycan-induced AS, the mice were significantly 
improved during treatment with antibiotics, which increased the Bacteroide-
tes:Firmicutes ratio (135). 
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7b. Juvenile idiopathic arthritis  
To date, nine studies have investigated the composition of the gut microbiota 
in children with JIA (136-144).  

One of these studies included only children with systemic JIA (143), which 
is a category of JIA that differs from the others in that it is considered an au-
toinflammatory disease rather than an autoimmune disease (9). In this study, 
an increased Bacteroidetes:Firmicutes ratio was observed in children with 
systemic JIA, accompanied by decreases in the relative abundances of Rumi-
nococcaceae and Faecalibacterium belonging to Firmicutes phylum and an 
increase in Bacteroidaceae. 

Four studies focused mainly on children with ERA (136, 138, 139, 141), 
and di Paola et al. (2016) found a decrease in α-diversity in children with ERA 
compared with in healthy subjects, but none of the other studies found a sig-
nificant difference in α-diversity (138). Differences in β-diversity between 
children with ERA and healthy children were found by di Paola et al. and Stoll 
et al. (2018). In the first study by Stoll et al. (2014), children with ERA were 
separated in two clusters were one of them were separated from healthy chil-
dren (136, 138, 141). 

The patterns in the univariate analyses were not similar in all studies, but 
the abundance of Bacteroides was significantly increased in children with 
ERA in the studies by Aggarwal et al. (2018) and Stoll et al. (2018), and there 
was a trend toward a higher abundance in a third study (136, 139, 141). Also, 
in both of the studies by Stoll et al., the relative abundance of Faecalibacte-
rium prausnitzii was decreased in children with ERA. Faecalibacterium 
prausnitzii belongs to the Ruminococcaceae family and the relative abundance 
of that family was shown by di Paola et al. to be decreased in children with 
ERA. 

The studies by Tejesvi et al. (2016), van Dijkhuizen et al. (2019) and Qian 
et al. (2020) included most JIA categories, and α-diversity was significantly 
decreased only in the study by Qian et al. and only in one of two indices used 
(Chao-1) (137, 142, 144). The analyses of β-diversity showed a significant 
difference between samples from children with JIA and healthy children in 
the study by van Dijkhuizen et al. (142). 

In the study by Tejesvi et al., the relative abundances of the phylum Bac-
teroidetes and the genus Bacteroides were increased in children with JIA, 
while van Dijkhuizen et al. showed an increase in several taxa including F. 
prausnitzii and Ruminococcaceae. The study by Qian et al. found decreased 
relative abundances of Anaerostipes, Dialister, Lachnospira and Roseburia.  
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8. The interaction between the gut microbiota and anti-
rheumatic drugs 
In systemic treatment of children with JIA and adults with RA, MTX is the 
most frequently used drug, but different variants of anti-TNF-α drugs are also 
common. It is not entirely clear if these drugs affect the gut microbiota when 
used for treatment of arthritis, and only a few studies on humans have been 
conducted.  

Studies on mice have shown that treatment with high doses of MTX leads 
to mucosal damage in the colon and infiltration of inflammatory cells, and 
analyses of faecal samples in two studies revealed decreased α-diversity and 
significantly separated clusters in principal coordinate analysis (PCoA) plots 
between MTX-treated mice and controls (145, 146). In the mouse study by 
Zhou et al. (2018), the relative abundances of Bacteroidetes, B. fragilis and 
Ruminococcaceae decreased during treatment with MTX, while that of Lach-
nospiraceae increased. Mice that had been treated with the antibiotic metro-
nidazole before treatment with MTX showed more pronounced mucosal dam-
age, while pre-treatment with Bacteroides fragilis decreased the mucosal dam-
age (145). The other study on mice was conducted by Huang et al. (2020), and 
in contrast to what was seen by Zhou et al., the relative abundance of Rumi-
nococcaceae increased during treatment with MTX. Concomitant administra-
tion of Bifidobacterium longum decreased the degree of mucosal inflamma-
tion and tissue damage (146). Both these studies indicate that the gut micro-
biota can affect the degree of mucosal side effects from treatment with MTX. 

At least two human studies have investigated how the composition of the 
gut microbiota is affected by treatment with MTX: Zhang et al. (2015) and 
Picchianti-Diamanti et al. (2018). Picchianti-Diamanti et al. also investigated 
the effect of treatment with ETN on the gut microbiota. Both studies were on 
adults with RA and found some minor changes in the gut microbiota from 
treatment with MTX or ETN (129, 131).  

9. The effect of diet on the gut microbiota  
The composition of the gut microbiota is influenced by diet and has probably 
changed with the shifting dietary patterns during human evolution (147). Stud-
ies on different mammals have shown that the diversity of gut bacteria is 
higher in herbivores than omnivores, and lowest in carnivores (148).  

The gut microbiotas of our ancestors, living in rural communities and eat-
ing a more plant-based diet, are likely to have differed significantly from the 
gut microbiotas in today’s urban humans eating a Western diet, rich in meat, 
sugar and fat. 

Ancient humans initially lived as hunter-gatherers in small and mobile 
groups, but as agricultural societies developed, both diet and living conditions 
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changed. However, there are a few populations still living as hunter-gatherers. 
The Hadza people in Tanzania are among them and have given researchers a 
good opportunity to study the effect of a hunter-gatherer diet on the gut mi-
crobiota. The Hadza diet consists largely of wild meat, uncultivated species of 
tubers, baobab fruits, honey and berries, but the composition varies with the 
season (149, 150). This is a mainly plant-based diet, where about 70% of the 
energy intake comes from plants.  

In a comparison with Italian adults eating a Mediterranean diet, the faecal 
microbiota of the Hadza people exhibited a significantly higher α-diversity 
and also a higher relative abundance of the phylum Bacteroidetes. However, 
the phylum Firmicutes was the most abundant in both Italian and Hadza indi-
viduals. There were significantly different relative abundances of many bac-
terial taxa, but some of the most interesting findings were that Hadza people 
had significantly higher abundances of Prevotella and Treponema, but lower 
abundances of Bifidobacterium and Bacteroides (149). Both Prevotella and 
Treponema are xylan-degrading bacteria and might be advantageous in the 
highly fibrous plant food consumed by Hadza people. The second most com-
mon material in wild plants is hemicellulose, in which xylan is a major com-
ponent (151).  

The difference in relative abundance of Bifidobacterium between the 
Hadza people and the Italians was very clear, since the Hadza people had an 
almost complete absence of Bifidobacterium (mean 0.02%), while the Italians 
had a relative abundance of around 8% (149). Bifidobacterium increases with 
consumption of grains and milk, which is not a common part of the Hadza 
people diet (152, 153). 

Similar findings were made in a study of children, aged 1–6 years, living 
in the rural parts of Burkina Faso. These children consumed a predominantly 
vegetarian diet, with a large abundance of fibres, starch and plant polysaccha-
rides, and little animal proteins and fat (154). Their faecal microbiotas were 
compared with the microbiotas of children living in urban Florence in Italy, 
consuming a typical Western diet with high contents of animal proteins and 
sugar, but low abundances of fibres. As in the study on the Hadza people, the 
children in Burkina Faso had higher relative abundance of the phylum Bac-
teroidetes and a lower relative abundance of the phylum Firmicutes, compared 
with the Italian children (154). However, these differences were significantly 
more pronounced in this study, and unlike among the Hadza people, the dom-
inant phyla in the gut microbiota in children in Burkina Faso was Bacteroide-
tes (60%). This might reflect the fact that the children in Burkina Faso were 
on a predominantly vegetarian diet, while the Hadza diet contained about 30% 
meat.  

The children in Burkina Faso had significantly higher relative abundances 
of the Prevotella, Treponema and Xylanibacter genera compared with the Ital-
ian children. In fact, none of these genera were found in the children living in 
Italy (154). As speculated earlier, these genera are likely to be beneficial in 
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high-fibre diets, since they can extract energy from plant polysaccharides, pro-
ducing SCFAs. The total amount of SCFAs was significantly higher in the 
faecal samples from Burkina Faso children, with fourfold increases in both 
butyrate and propionate, while the amounts of acetate and valerate were sim-
ilar between the two groups. 

Bifidobacterium was absent from the microbiota in most of the children in 
Burkina Faso, and only found in the three youngest children, who were still 
breastfeeding, while it was found in the gut microbiota of all Italian children. 
(154). Breastfeeding promotes the presence of Bifidobacterium and the chil-
dren in Burkina Faso were usually breast-fed until two years of age, but after 
weaning, the intake of dairy products was very low (89, 154). 

10. Diet and inflammatory joint diseases 
The effects of different diets or nutrients have scarcely been studied for JIA, 
except in association with breastfeeding, but a Swedish birth cohort study 
showed an increase risk of JIA for children who ate fish more than once a 
week during their first year of life (155). However, this finding was probably 
due to an increased exposure to heavy metals in the fish. 

The association between diet and RA, on the other hand, has been studied 
to a fairly large extent and different nutrients and foods have been associated 
with a positive effect on RA (156). 

One of the diets that has been discussed most as having a possible positive 
impact on RA is the Mediterranean diet, which has been proposed as an anti-
inflammatory diet and has been shown to reduce the risk of several other dis-
eases (157). This diet is characterised by large intake of fish, olive oil, vege-
tables, legumes, unrefined cereals and fruit, while the consumption of refined 
sugar is fairly low (158).  

A systemic review of the studies performed on the possible associations 
between Mediterranean diet and RA could not demonstrate a reduced risk of 
developing RA for individuals eating a Mediterranean diet. However, it was 
concluded that eating a Mediterranean diet could result in lower disease activ-
ity, lower levels of inflammatory markers and improved physical function in 
patients with RA (159). 

11. Diet interventions in children with inflammatory 
diseases 
11a. Exclusive enteral nutrition 
Exclusive enteral nutrition (EEN) is a diet treatment that is used in treatment 
of Crohn’s disease in children, but has no effect on ulcerative colitis.  
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During this treatment, the patients consume only liquid formulas, and the 
treatment period is usually 6–8 weeks (160). The liquid formulas can include 
different protein sources and are either amino-acid based (elemental), oligo-
peptide-based (semi-elemental) or whole-protein based (polymeric), but the 
efficacy is similar for all types. EEN is the recommended first-line induction 
therapy for children with Crohn’s disease due to its established effect on the 
disease course and its few side effects (160). 

Treatment with EEN for new-onset Crohn’s disease has been shown to in-
duce clinical remission in 83% of the treated children and mucosal healing in 
53% (161). Studies on children with Crohn’s disease have shown similar re-
sults in clinical response from EEN and anti-TNF-α treatment (162). Although 
the efficacy is obvious, it is not clear how the treatment works. It has been 
suggested that treatment with EEN might restore the intestinal epithelial bar-
rier and alter the composition of the intestinal microbiota.  

Several studies have shown changes in the gut microbiota during treatment 
with EEN, with a decreased α-diversity and a community composition less 
similar to that in healthy children (163, 164). The study by Quince et al. (2015) 
showed a decreased relative abundance of several genera, including 
Bifidobacterium, Ruminococcus and Faecalibacterium (163).  

The production of SCFAs has also been affected during EEN and a study 
by Tjellström et al. (2012) found that the production of butyrate increased 
during treatment, while that of acetate decreased (165). These results are a bit 
contradictory, since several butyrate-producing species such as Faecalibacte-
rium have been shown to decrease in abundance from EEN treatment (163). 

Exclusive enteral nutrition is not a recognised treatment in children with 
JIA. However, the clinical effect has been studied in a small study by Berntson 
et al. (2016), showing an improvement in clinical parameters such as number 
of inflamed joints, minutes of morning stiffness and juvenile arthritis disease 
activity score (JADAS27) (166). 

11b. Specific carbohydrate diet  
The specific carbohydrate diet (SCD) was originally developed for treatment 
of coeliac disease in 1924 by the paediatrician Sidney Haas (167). The diet 
was revived in the 1990s as treatment for IBD, and can be used for both 
Crohn’s disease and ulcerative colitis (168). 

In the SCD, the majority of carbohydrate intake consists of monosaccha-
rides, while the intake of disaccharides and certain polysaccharides is re-
stricted. Some of the more common monosaccharides are glucose, fructose 
and galactose, while the restricted disaccharides are sucrose and lactose and 
the restricted polysaccharides include starch. Thus, the diet includes for ex-
ample meat, poultry, fish, eggs, nuts, fruits, beans, peas, honey, fully fer-
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mented yogurt and hard cheese, while grains, rice, corn, potatoes, dairy prod-
ucts high in lactose, refined sugar and candy are excluded. Also, processed 
foods, containing emulsifiers, preservatives and additives, are not allowed. 

Several studies have shown that treatment with SCD induces clinical im-
provement and lowering of inflammatory markers such as C-reactive protein 
(CRP) and erythrocyte sedimentation rate in children with IBD (168-171). 
Suskind et al. (2018) also investigated how SCD treatment affected the gut 
microbiota and found that the composition of the microbiota changed in all 
children, but in different ways and with no consistent shift (171). SCD has not 
previously been studied for treatment of children with JIA. 
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Aims of the studies 

The central aim for these studies was to investigate possible associations of 
changes in the intestinal canal and JIA  

Study I investigated the prevalence of coeliac disease in children with JIA, 
Study II studied the gut microbiota of children with JIA, Study III examined 
how anti-rheumatic drugs affected the gut microbiota and the production of 
SCFAs, and Study IV investigated the effects on the gut microbiota in children 
with JIA successfully treated through dietary interventions. 

Specific aims 

Study I 
Aim:  To study the prevalence of coeliac disease in children with JIA, 

by screening a population-based cohort of children with JIA us-
ing autoantibodies against tissue transglutaminase. 

Study II 
Aim: To study if the composition and diversity of the faecal microbi-

ota in untreated children with JIA differed from that in healthy 
children and healthy siblings. 

Study III 
Aim: To investigate the possible effects of methotrexate or etaner-

cept treatment on faecal microbiota composition and produc-
tion of short-chain fatty acids in children with JIA. 

Study IV 
Aim: To investigate, in a pilot study, how diet interventions with 

EEN or SCD in children with JIA influenced the composition 
of faecal microbiota.  
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Study populations 

Study I 
The study cohort included all children with onset of JIA between 1 January 
2007 and 31 December 2014, in the three Swedish counties Uppsala, Gäv-
leborg and Dalarna.  

The inclusion of participants continued until 31 May 2016, to ensure that 
all children with JIA onset during the study period were diagnosed and in-
cluded. The diagnosis of JIA can in some cases be very delayed, since it is an 
unusual disease with symptoms that are sometimes subtle. 

Children with JIA are diagnosed and managed by paediatricians with a spe-
cial interest and experience in paediatric rheumatology, and each of the three 
counties had a paediatric rheumatology clinic, to which children with sus-
pected JIA in the county were referred. To further ensure that all children with 
suspected JIA in the study area were referred to the paediatric rheumatology 
clinic for diagnosis, letters were sent to all primary care clinics, orthopaedic 
clinics and outpatient paediatricians, asking them to refer all children with 
symptoms that could indicate suspicion of JIA to the specialists. 

The diagnosis of JIA, and the inclusion of patients in the study, were per-
formed at the respective paediatric rheumatology clinics by paediatricians ex-
perienced in paediatric rheumatology. To further ensure that the diagnosis and 
date of onset were correct, a retrospective review of the medical records was 
performed by A.Ö. for all included patients, and, in a few cases, decisions 
were made in consensus with L.B. If it was impossible to determine an exact 
date of onset during a specific month, it was set to the 15th of that month. 

A total of 244 children were included in the study by the paediatric rheu-
matology clinics in the three counties, but during the retrospective review of 
medical records, 28 children were excluded. Seven of these children had been 
diagnosed with other diseases, initially incorrectly assessed as JIA, and the 
other 21 did not fulfil the criteria for JIA. 

The final cohort consisted of 216 children with JIA (135 girls and 81 boys), 
with a median age of 8.4 years at disease onset (interquartile range 3.113.3 
years). 
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Study II 
The case group for this study was recruited in four Swedish counties (Uppsala, 
Gävleborg, Dalarna and Västmanland) and consisted of children diagnosed 
with JIA without any ongoing medication. A control group of healthy children 
was recruited from the same areas. 

The children in the control group were recruited in three different ways: 
1. Children undergoing minor surgery at the orthopaedic paediatric ward at 

Uppsala University Hospital (n=13). 
2. Children of paediatricians working at the paediatric ward at Uppsala Uni-

versity Hospital (n=11). 
3. Healthy siblings of children with JIA participating in the study (n=8). 

The inclusion of participants in this study took place between January 2012 
and May 2017. The classification of children with JIA into ILAR categories 
and the final determination of onset dates were done by A.Ö. by reviewing 
medical records. Exclusion criteria were systemic onset JIA, inflammatory 
bowel disease, other autoimmune diseases, the use of antibiotics within six 
months preceding sampling, and special diet because of intolerance. 

The final study cohort consisted of 75 children with JIA (44 females) and 
32 healthy controls (12 females).  

Study III 
The study population was recruited among children diagnosed with JIA in four 
Swedish counties (Uppsala, Gävleborg, Dalarna and Västmanland), and chil-
dren were included between January 2012 and May 2017. At inclusion, the 
children should either be treatment-naïve or have ongoing treatment with 
methotrexate or etanercept.  

The classification of study participants into ILAR categories and the final 
determination of onset dates were done by A.Ö. by reviewing medical records. 
Exclusion criteria were systemic onset JIA, inflammatory bowel disease, other 
autoimmune diseases, the use of antibiotics within six months preceding sam-
pling, and special diet because of intolerance. 

The study cohort consisted of 87 children with JIA (51 female), and 46 of 
them were treatment-naïve at the time of sampling, 14 children were on single 
treatment with MTX and 5 children on treatment with ETN. In 22 children, 
sampling was pairwise: once as treatment-naïve and once on treatment with 
ETN (n=15) or MTX (n=7). 
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Study IV 
The participants were recruited among children diagnosed with JIA, attending 
the paediatric rheumatology ward at Uppsala University Hospital, with normal 
faecal calprotectin levels and no clinical suspicion of IBD. An important in-
clusion criterion for both nutritional interventions in this study was highly mo-
tivated children and parents, with strong desire to try a nutritional intervention 
as a complementary treatment.  

An additional inclusion criterion for the EEN intervention was that the chil-
dren with JIA were in an active disease phase, in need of intra-articular corti-
costeroid injection, but they were in favor of starting EEN and wait 2 to 2.5 
weeks with corticosteroid injections to see any effect of the EEN. 

Inclusion criteria for the nutritional intervention with SCD were stable 
medical treatment with DMARDs or bDMARDs without any changes in the 
preceding two months, no intra-articular corticosteroid injections given within 
the preceding two months, less than three active joints at inclusion and an 
erythrocyte sedimentation rate lower than 30 mm. They also needed to meet 
the criteria for not being in remission, as described by C. Wallace (172). 
Six children with JIA were included in the dietary intervention with EEN 
(three females) and ten children with JIA were included in the dietary inter-
vention with SCD (eight females). 
Both the EEN and the SCD groups showed a significant clinical improvement, 
measured with JADAS-27, during the treatment period (p = 0.03 for both). 
The clinical outcomes for the children with EEN treatment have been pre-
sented in a previous study, not including faecal analyses (166), and the clinical 
outcomes for children treated with SCD are preliminary data from an un-
published study on clinical symptoms during SCD treatment, submitted for 
publication. 
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Methods 

Classification 
All children with JIA were classified in accordance with the ILAR criteria in 
all four studies (1). The ILAR criteria were designed primarily for research 
purposes and include several exclusion criteria, which are not always noted in 
clinical practice. Studies I–III were multicentre studies, and to ensure that all 
children with JIA in these studies were classified in the correct category, re-
classification was performed by A.Ö. through reviews of medical records. The 
children were classified into one of the seven categories established by the 
ILAR criteria, based on the medical records for the first year of the disease.  

In two of the participating counties (Gävleborg and Dalarna), rheumatoid 
factor (RF) was not analysed in clinical practice, and for the ILAR categories 
RF- polyarthritis and RF+ polyarthritis, the result of RF analysis is one of the 
main criteria. However, analyses of anti-citrullinated peptide antibodies 
(ACPA) were used in those two counties, and ACPA have been shown to be 
more specific than RF in the diagnosis of RA (173), and to be associated with 
RF+ polyarthritis in JIA (174). Children with a polyarticular disease and pos-
itive for ACPA were therefore classified as RF+ polyarthritis, while children 
with a polyarticular disease but negative for ACPA were classified as RF- 
polyarthritis. 

Estimation of incidence rates 
To enable calculation of incidence rates, the population at risk for each year 
in each catchment area was defined as the number of children under 16 years 
of age on 1 January. 

To calculate the population at risk, official population statistics from Sta-
tistics Sweden for the three counties (Uppsala, Gävleborg and Dalarna) were 
used. The official population statistics were presented as the number of people 
living in the specific area on 31 December each year. Therefore, the number 
of boys and girls under 16 years of age on 31 December the year before the 
studied year was used for the number of boys and girls on 1 January of the 
studied year. 
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Screening methods for coeliac disease 
Screening was done primarily by analysing IgA anti-TG2 antibodies and total 
IgA levels in all children. Measurements of total IgA levels in serum were 
performed in clinical practice, using routine methods. For children with IgA 
deficiency, defined as a total IgA level < 0.07 g/L, levels of IgG anti-TG2 
antibodies were evaluated instead of IgA anti-TG2 antibodies. 

Blood samples from the participating children, for analyses of IgA anti-
TG2 and IgG anti-TG2 antibodies, were drawn at inclusion in the study, or in 
some cases at follow-up visits soon after inclusion. Blood samples were col-
lected at the three different study centres, and those collected in Gävleborg or 
Dalarna were immediately sent to Uppsala. Upon arrival in Uppsala, the sam-
ples were centrifuged and serum was frozen and stored in -70 °C until analy-
sis. 

Levels of IgA anti-TG2 and IgG anti-TG2 antibodies were determined 
quantitatively through enzyme-linked immunosorbent assay using recombi-
nant human TG2, in accordance with the manufacturer’s instructions (Celikey, 
Phadia, Freiburg, Germany). Antibody levels in serum samples were ex-
pressed as the arbitrary concentration (U/mL) as determined from a 6-point 
calibrator curve ranging from 0 to 100 U/mL. The cut-off for IgA and IgG 
anti-TG2 was 3 U/mL, based on findings in a previous study (175).  

Faecal sampling protocols 
Faecal samples were collected from children with JIA in Studies II-IV, and 
also from healthy children in Study II. 

Children and parents who agreed to participate in the studies were equipped 
with plastic tubes for collecting the faecal samples at home. They were in-
structed to keep the samples in the fridge after collection, and to deliver the 
samples to the hospital within 60 hours from collection in Studies II and III 
and within 48 hours in Study IV.  

Upon delivery to the hospital, the samples were immediately placed in a -
25 °C freezer, and thereafter, as soon as possible, moved to a -70 °C freezer, 
where they were stored until they were analysed. If more than 60 or 48 hours 
had elapsed from the time of the collection of a sample before it ended up in 
a freezer, that sample was excluded from the study.  

Samples from children on SCD diet in Study IV were placed in a -70 °C 
freezer immediately upon delivery to the hospital. All of the samples from 
children on EEN diet in Study IV were moved from the -25 °C freezer to a -
70 °C freezer within four days.  
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DNA extraction, amplification and sequencing 
For each analysis, 30–100 mg of faeces were used for DNA extraction. Am-
plification was made in a single PCR step, using 50 ng of template DNA, with 
primers targeting the V3 and V4 regions of the 16S rRNA gene, sample-spe-
cific barcodes and illumine adaptors. 

Finished libraries were quantified, pooled to equimolar amounts and se-
quenced in parallel to whole bacterial genomes in a MiSeq instrument (Illu-
mina Inc, San Diego, CA, USA) using 2x300 bp reads and V3 chemistry.  

The DNA extraction, amplification and sequencing were performed by the 
Centre for Translational Microbiome Research at Karolinska Institutet in 
Solna, Sweden. 

Analyses of short-chain fatty acids 
For each analysis, 100–200 mg of frozen faecal material was used and SCFAs 
were analysed using high-performance liquid chromatography. 
Short-chain fatty acids were analysed at the Department for Molecular Sci-
ences at the Swedish University of Agricultural Sciences in Uppsala, Sweden. 

Analyses of microbiota composition 
Three aspects of the microbiota composition were analysed: 
 Alpha diversity. 
 Community composition. 
 Relative abundance of specific taxa. 

Since the composition of the gut microbiota changes with age, the results for 
α-diversity, community composition and relative abundance of taxa have to 
be corrected for age or interpreted carefully if they have not been corrected 
for age. 

Alpha diversity 
Alpha diversity is the diversity of species within a sample, without consider-
ation of the specific species included. 

In these studies, α-diversity thus served as a measure of the diversity of 
bacteria in a specific faecal sample. Indices for α-diversity are based on rich-
ness and evenness of species in a sample. Richness is a measure of the number 
of different species in a sample, while evenness is a measure of how similar 
the abundances of each species in the sample are. 

Several indices have been created to analyse diversity; for these studies, the 
Chao-1 index and the Shannon diversity index were used.  
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The Chao-1 index is based only on the richness of species, and rare species 
thus have a large impact on this index. 

The Shannon diversity index accounts for both the richness and the even-
ness of species in the sample. That means that both the number of species in 
the sample and the number of bacteria belonging to each species are important. 
If there are many different species in the sample and these species are evenly 
distributed, e.g., have similar abundances, the Shannon diversity index is high. 
If there are many different species in the sample, but most are very rare, or if 
there are few species, the Shannon diversity index is low. 

Community composition 
Community composition, also referred to as β-diversity, is a measure of the 
variation in species composition between different samples. 

In these studies, principal coordinate analysis (PCoA) plots, based on Bray-
Curtis distances, were used for visual comparisons of microbial community 
compositions and analysis of similarity (ANOSIM) was used for calculations 
of similarities between groups. 

PCoA, also known as multidimensional scaling, reveals how dissimilar 
samples are to one another, including all variables in the samples simultane-
ously. The analysis is based on distances between variables, when projected 
on a large number of axes. The two most important axes to explain the dissim-
ilarity between samples are projected as the x and y axis in a two-dimensional 
plot, with the x axis being the most important. The further away two samples 
are from each other in the plot, the more dissimilar they are. Samples that 
cluster together in the plot are similar to each other. 

ANOSIM is a non-parametric test which uses a ranked dissimilarity matrix 
to indicate whether the similarity between groups is equal to or greater than 
the similarities within each group. 

Relative abundance 
The relative abundance of taxa is used to measure the abundance of specific 
bacterial taxa in samples, with each taxon analysed separately. 

Since several factors can affect the absolute number of bacterial taxa in a 
faecal sample, it is meaningless to compare the exact numbers of different taxa 
between samples. When measuring relative abundances, the abundances of 
taxa are measured in relation to the total number of sequences in the sample, 
which contributes to a normalisation between samples. Thus, using relative 
abundance removes the sources of error that can affect the absolute numbers 
of taxa and enables good comparisons between taxa in different samples. 

Analyses of relative abundances were performed at the taxonomic levels of 
phyla, families and genera in Studies II and III, and at the taxonomic levels of 
phyla and genera in Study IV. 
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Study designs 

STUDY I 
To estimate a population-based prevalence of coeliac disease in children with 
JIA, all children with JIA onset during the study period, living in the defined 
geographical area, were investigated. 

Children with JIA who already had a definite diagnosis of coeliac disease 
were identified, and all the other study participants were screened for coeliac 
disease. Children with known coeliac disease were also tested, to determine 
the IgA anti-TG2 levels as a measure of disease control.  

Children with anti-TG2 levels above 3 U/mL were referred to the paediatric 
gastroenterology unit for further investigation with gastroscopy and small in-
testine biopsy. 

The diagnosis was determined by the paediatric gastroenterologists, based 
on the small intestine biopsy. The study design is shown in Figure 3. 

 
 

 
Figure 3. Study design for screening children with JIA for coeliac disease in Study 
I. IgA = immunoglobulin A, IgG = immunoglobulin G, TG2 = anti-transglutaminase 
2 antibodies. *The children with previously known coeliac disease were also exam-
ined with total IgA and IgA anti-TG2 antibodies to evaluate adherence to gluten-free 
diet. 
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Levels of IgA anti-TG2 antibodies in different categories of JIA 
To examine if levels of IgA anti-TG2 antibodies were higher in any of the 
categories of JIA, independent of coeliac disease diagnosis, the levels were 
compared between children in the different categories. 

STUDY II 
The composition of faecal microbiota was compared between children with 
JIA and healthy children in two different ways (Fig.4): 

1. Unpaired samples: All of the children with JIA were compared with a 
group of unrelated healthy children. 

2. Paired samples: Eight of the children with JIA were compared pairwise 
with a healthy sibling living in the same household. The faecal samples from 
healthy siblings were not included in the unpaired comparison. 

 
Figure 4. Study design for Study II, where 75 children with JIA were compared 
with 24 healthy children, and 8 children with JIA were compared with their healthy 
sibling. 

STUDY III 
To investigate the effects of MTX or ETN on the composition of gut microbi-
ota, both unpaired and paired faecal samples were used (Fig.5). In investiga-
tions into the effects of MTX or ETN on the levels of SCFA in faecal samples, 
only the paired samples were used. 
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1. Unpaired samples: Faecal samples from 46 treatment-naïve children with 
JIA were compared with 29 samples collected from children during treatment 
with MTX, and also to 12 samples collected from children during treatment 
with ETN (8 on a combination with MTX).  

2. Paired samples: Faecal samples from children sampled both as treatment-
naïve and during treatment with MTX (N=15) or ETN (N=7) were compared 
pairwise. Three of the children treated with ETN were on combined treatment 
with MTX. The treatment-naïve samples used for the paired comparisons were 
not used for the unpaired comparisons. 

 
Figure 5. Study design for Study III, where 46 treatment-naïve children with JIA 
were compared with 29 children during treatment with methotrexate (MTX) and 12 
children during treatment with etanercept (ETN). Fifteen children on MTX treatment 
and 7 children on ETN treatment were also sampled as treatment-naïve, and paired 
comparisons were made between samples from when the children were treatment-
naïve and from during treatment. 

STUDY IV 
To investigate the effects on the composition of gut microbiota for two differ-
ent diet treatments, two cohorts of children with JIA were used in an explora-
tive approach. 

EEN: Six children with JIA were included for treatment with EEN, given as 
either elemental, semi-elemental or polymeric formula. EEN was their only 
source of nutrition and all other foods were excluded.  
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Children and parents were carefully informed about the treatment by the 
responsible researcher before inclusion. Faecal samples were collected at in-
clusion, before start of treatment, and after 3–5 weeks on treatment (Fig.6). 

Paired comparisons were made of the composition of faecal microbiota be-
fore and during treatment. 

SCD: Ten children with JIA were included for treatment with SCD as their 
only source of nutrition. 

Children and parents were carefully informed about the treatment by the 
responsible researcher, on at least two different occasions before inclusion. A 
dietitian was involved in the study and an initial telephone appointment with 
the study dietician was performed before inclusion. After this appointment, 
the families received a list of allowed products, a list of recommendations and 
a recipe booklet. The participating families had regular contact with the dieti-
cian throughout the study.  

After inclusion, the families used 2–14 days to get familiar with the diet 
and the recipes, before starting with a strict SCD. 

Faecal samples were collected at inclusion, before start of treatment, and 
after 4–5 weeks on strict SCD treatment (Fig.6) 

Paired comparisons were made for the composition of faecal microbiota 
before and during treatment. 

 
Figure 6. Study design for Study IV, where six children with juvenile idiopathic ar-
thritis (JIA) were included in treatment with exclusive enteral nutrition (EEN) for 3–
5 weeks and 10 children with JIA were included in treatment with specific carbohy-
drate diet (SCD) for 4–5 weeks. Faecal samples from before and during treatment 
were compared pairwise.  
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Statistical analyses 

Demographics and disease characteristics were described using median and 
interquartile range (IQR) or total number and percent of study cohort in all 
studies. P values < 0.05 were considered significant. 

The incidence rate of JIA was calculated as a mean of the yearly incidence 
rates for the eight years studied. The incidence rate for each year was calcu-
lated by dividing the total number of children in the specific geographical area 
with JIA onset during that year by the population at risk, divided by 100,000. 
The incidence rate was thus presented as the number of children with JIA on-
set per 100,000 children. 

The point prevalence of coeliac disease for children with JIA was calcu-
lated by dividing the number of children with a diagnosis of coeliac disease 
by the total number of children with JIA included in the study. 

Comparisons of IgA anti-TG2 levels between the different categories of 
JIA were made using the Kruskal-Wallis test and Dunn’s multiple comparison 
post hoc test. 

Statistical analyses for Study I were performed using the Statistical Pack-
age for Social Sciences, version 23 (SPSS Inc., Chicago, IL, USA). 

In Studies II, III and IV, nonparametric tests were used for analyses of the 
microbiota, since the data did not follow a normal distribution.  

For comparisons of α-diversity, the Chao-1 index and Shannon diversity 
index were used in Studies II and III, while only the Shannon diversity index 
was used in Study IV. The results were compared between unpaired groups 
using a logistic regression model, with age at sampling as a covariate. For 
pairwise analyses of α-diversity, the paired Wilcoxon signed-rank test was 
used. 

The community compositions of the microbiota were analysed by gener-
ating PCoA plots, based on Bray-Curtis distances, for visual comparisons. 
To calculate differences between the unpaired groups, ANOSIM was used. 
In addition to these analyses, a similarity index with Bray-Curtis metrics was 
calculated in Study IV to compare the paired samples before and during the 
intervention. In Study II, comparative analyses of the community composi-
tion of microbiota, using PCoA plots and ANOSIM, were made between 
four different age groups and between different categories of JIA, in addition 
to the main comparisons between the unpaired and paired groups. 
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Lastly, the community compositions in the eight healthy siblings were com-
pared with those of the other 24 healthy controls using ANOSIM. 

In Studies II and III, all taxa were used for analyses of relative abundances 
for phyla, but for analyses of relative abundances of families and genera only 
taxa present in at least 25% of all faecal samples and with a mean relative 
abundance > 0.1% were included. This was done to reduce the number of 
analyses in which the vast majority of samples did not include the taxon, 
where there would be mostly zeros in the analysis. 
In Study IV, analyses of relative abundances were performed only for phyla 
and genera; for both these analyses, only taxa present in at least 50% of the 
samples in each intervention arm and with a relative abundance > 0.1% were 
included. 
In Study III, levels of SCFAs were also compared between paired samples. 

Comparisons of relative abundances between unpaired groups were made 
using a logistic regression model with age at sampling as a covariate. Com-
parisons of relative abundances, or levels of SCFAs, between paired samples 
were made using the paired Wilcoxon signed-rank test. 

To adjust for multiple comparisons in Studies II, III and IV, the Benjamini-
Hochberg procedure was used, with a false discovery rate at 0.05. Data with 
statistical significance without correction for multiple comparisons, were also 
presented in the papers. In Paper IV, the uncorrected results were discussed 
more thoroughly, since it was a pilot study. 

The calculations of the Chao-1 index, the Shannon diversity index, PCoA, 
ANOSIM and sample similarity scores were carried out using the PAST soft-
ware, version 3.22. For Study IV, analyses with the paired Wilcoxon signed-
rank test were also performed using the PAST software (176). The logistic 
regression models and the Wilcoxon signed-rank test in Studies II and III were 
calculated using the Statistical Package for Social Sciences (SPSS), version 
26 (SPSS Inc., Chicago, IL, USA). 
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Results 

STUDY I 

Incidence rate of JIA in three Swedish counties 
The inclusion period lasted for eight years and the yearly average population 
at risk was 153,494 children. The number of children in the geographical area 
who contracted JIA during the relevant time period was 216, with a yearly 
average of 27 children. The mean incidence rate for the eight years was 17.6 
children/100,000/year, with a range between 13.8 (2012) and 21.6 (2009). 

Prevalence of coeliac disease in children with JIA 
Three children with JIA were never sampled in the study, and thus not 
screened for coeliac disease. None of these children had any symptoms of 
coeliac disease, and they were not tested for coeliac disease in clinical practice 
either. Three other children had a diagnosis of coeliac disease prior to inclu-
sion in the study, and prior to the onset of JIA, but these three children were 
tested in the study as well.  

Thus, levels of IgA anti-TG2 were analysed in 213 of the 216 children in-
cluded in the study, and the median interval from disease onset until blood 
samples were obtained was 0.5 years (IQR 0.2–1.4). 

All three children with previously known coeliac disease had normal levels 
of IgA anti-TG2, which indicates a good adherence to a diet of gluten-free 
food. Analyses of the 210 children without a previous diagnosis of coeliac 
disease yielded three children with IgA anti-TG2 levels > 3 U/mL. One of 
these children had gastrointestinal symptoms, and was already referred to the 
paediatric gastroenterology unit, but the other two children did not show any 
symptoms of coeliac disease. They were referred to the paediatric gastroen-
terology unit for gastroscopy and small intestine biopsy, and all three were 
diagnosed with coeliac disease. 

Two of the 207 children with normal IgA anti-TG2 levels were found to 
have IgA deficiency (total IgA < 0.07 U/mL). For them, the IgG anti-TG2 
levels were evaluated, revealing that one child had IgG anti-TG2 > 3 U/mL. 
That child was also referred to the paediatric gastroenterology unit for gas-
troscopy and small intestine biopsy, but the investigation did not show coeliac 
disease. The results for screening children with JIA for coeliac disease in 
Study I are presented in figure 7. 
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In Study I, 216 children with JIA were included and six of these children 
were diagnosed with coeliac disease. The point prevalence of coeliac disease 
in children with JIA was thus 2.8% in this population-based study. The prev-
alence of coeliac disease prior to screening was 1.3%, and three new cases 
with coeliac disease were revealed by screening. 

 
 

 
Figure 7. Results from Study I. A total cohort of 216 children with JIA was in-
cluded in the study, but three children were never screened for coeliac disease and 
three children had a previous diagnosis of coeliac disease. Three children with previ-
ously undiagnosed coeliac disease were detected. *Children with previously known 
coeliac disease were also screened with total IgA and IgA anti-TG2 antibodies to 
evaluate adherence to gluten-free diet. All of them had total IgA > 0.07 U/mL and 
IgA anti-TG2 antibodies < 3 U/mL. 

Levels of IgA anti-TG2 
There were no significant differences in levels of IgA anti-TG2 antibodies 
between the different disease categories. 

STUDY II 
Analyses of α-diversity showed no differences between children with JIA and 
healthy children, neither in the unpaired analysis nor in the paired analysis 
between siblings. 

The comparison of community composition between children with JIA and 
the healthy control group did not show any clustering in the PCoA plot, but 
ANOSIM showed a significant difference between the two groups, although 
with a very low R value (R = 0.13). To investigate if age affected the result, 
all children participating in the study were divided into four groups based on 
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their age at sampling: children aged 1.2–2.9 years (n = 17), 3.0–7.9 years (n 
= 22), 8.0–12.9 years (n = 33) and 13.0–17.9 years (n = 27). 

When community composition was compared between the four age groups, 
there was a significant difference between the youngest age group (1.2–2.9 
years) and all the other age groups. This indicated that the distribution of ages 
in the other comparisons might have an impact on the result. Therefore, the 
difference between children with JIA and healthy children was analysed also 
without participants from the youngest age group, with no differences found 
between the two groups in that analysis. The comparisons of community com-
position between siblings with and without JIA also failed to show any differ-
ences. 

The PCoA plot for the different categories of JIA exhibited a visual clus-
tering of samples from children with RF- polyarthritis JIA and ERA, but this 
could not be confirmed with ANOSIM. That analysis showed no significant 
differences between any of the groups. 

Univariate analyses of relative abundance did not reveal any significant 
differences between children with JIA and healthy controls after adjustment 
for multiple analyses, neither in the unpaired comparisons nor in the paired 
comparisons of siblings. 

STUDY III 
Faecal samples from children with JIA treated with MTX or ETN did not dif-
fer in α-diversity compared with samples from untreated children with JIA, 
neither in the unpaired nor in the paired analyses.  

Visual comparisons of PCoA plots did not show any separate clustering 
when untreated children were compared with children treated with MTX or 
ETN, and ANOSIM did not show any significant differences. The pairwise 
comparisons, before and during MTX, showed that eight children had a simi-
lar community composition both as treatment-naïve and during treatment, and 
those 16 samples clustered together in the plot. Seven children had samples 
that clearly differed between the two test occasions, indicating a change in 
microbiota composition. Five of these children had similar shifts, where the 
sample before treatment clustered with the majority of samples in the plot, 
while the sample during treatment differed from the large cluster. The other 
two children had an opposite shift, where the sample before treatment differed 
from the large cluster and the sample during treatment clustered with the ma-
jority of samples in the plot. ANOSIM did not reveal any statistical differences 
between samples collected as treatment-naïve and samples collected during 
treatment with MTX. 

Univariate analyses of taxa showed some differences between treatment-
naïve children and children during treatment with MTX or ETN, but none of 
the taxa changed in a consistent way in both unpaired and paired comparisons, 
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and none of the differences was significant after correction for multiple anal-
yses. 

Analyses of SCFAs were done for the paired comparisons, but the only 
significant difference was for iso-butyrate, which was higher during treatment 
with MTX than before treatment (p = 0.02).  

STUDY IV 
Faecal samples showed a decrease in α-diversity among children on SCD 
treatment, compared with samples collected before treatment (p = 0.04). Most 
children treated with EEN also showed lower α-diversity during treatment, but 
this was not statistically significant (p = 0.22). 

PCoA plots based on samples collected before and during treatment with 
EEN or SCD clustered mainly by individual, without any clear change during 
treatment, but three children had obvious and similar shifts in community 
composition during treatment with EEN. Although the changes were very 
small for the other children treated with EEN, they also had a similar trend, 
with a change in community composition in the same direction in the PCoA 
plot. No such trend was observed for children on SCD treatment. Similarity 
scores before and after EEN or SCD did not differ between the two interven-
tions, although three children treated with EEN showed a larger shift in com-
munity composition also with this analysis, with a similarity score below 0.3. 
In this comparison, one of the children treated with SCD also exhibited a shift 
in community composition with a similarity score below 0.3. 

Univariate analyses revealed one change in relative abundance, significant 
after false discovery rate (FDR) correction: a decrease in the phylum Actino-
bacteria during SCD treatment. Several other changes in relative abundance 
were significant before FDR correction, such as a decrease in Faecalibacte-
rium and Blautia during EEN treatment and a decrease in Bifidobacterium 
during SCD treatment. As the study had an explorative design, those analyses 
were also presented, even if they were not significant after adjustment for mul-
tiple analyses. 
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Discussion 

The association between JIA and coeliac disease 
There are several known associations between rheumatic diseases and changes 
in the intestinal mucosa or microbiota, which created interest for investigating 
a possible connection between the gut and JIA.  

An important role for the intestinal mucosa is to ensure that macromole-
cules, toxins and bacteria do not enter the body. Inflammatory bowel diseases 
are associated with impaired function of the mucosa and increased gut perme-
ability (177). Studies have shown that increased gut permeability is associated 
with several other chronic autoimmune diseases (178), such as coeliac disease 
(179, 180), rheumatoid arthritis and atopic eczema (181). Increases in intesti-
nal permeability has also been found in children with JIA (111) and it has been 
suggested that translocation of lipopolysaccharides from the gut bacteria into 
the circulation may contribute to the pathogenesis of JIA (182).  

An impaired barrier function and increased permeability cause antigens and 
toxins to pass through the epithelium and reach immune cells in the lamina 
propria, just inside the epithelium. This will initially trigger the innate immune 
system, but the adaptive immune system will also gradually be activated and 
the inflammatory activity and production of pro-inflammatory cytokines will 
further increase gut permeability. This increases the influx of antigens which 
further strengthens the inflammatory response, creating a vicious cycle. This 
process could theoretically lead to the development of autoimmune diseases 
in susceptible individuals (183). 

Since coeliac disease can lead to increased intestinal permeability, it is con-
ceivable that children with an undetected or untreated coeliac disease have an 
increased risk of also suffering from autoimmune diseases such as JIA. If that 
theory is correct, children diagnosed with JIA should have an increased prev-
alence of coeliac disease compared with healthy children. Also, many autoim-
mune diseases have similar genetic susceptibility loci, which increases the risk 
of developing additional autoimmune diseases (18), and it has been shown 
that coeliac disease is associated with other autoimmune diseases and shares 
some genetic risk loci with JIA (16, 17, 48, 49). It is therefore possible that 
children with JIA have a higher prevalence of coeliac disease, even if it is not 
a leaking intestinal mucosa that increases the risk. 

Arthritis may occur as an extra-intestinal manifestation of coeliac disease 
(184), and if an untreated coeliac disease chronically activates the immune 
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system, it might worsen the symptoms in children with JIA. This would make 
screening for coeliac disease in children with JIA even more important.  

Some earlier studies have reported an increased prevalence of coeliac dis-
ease in children with JIA, but most of the studies involving screening for coe-
liac disease have been small, and none has been population-based (41, 55-57, 
60, 61). 

Using a population-based study design 
In order to get accurate figures on incidence and prevalence for any studied 
disease, it is important to ensure that the study is population-based, including 
all individuals with the disease in a well-defined population.  

Studies based on patients diagnosed in the healthcare system can underes-
timate the number of people with the disease in the population, and since 
healthcare systems differ between countries, it is difficult to make accurate 
comparisons. In some countries, for example, it is possible that poor people 
do not have access to healthcare to the same extent as their counterparts in 
other countries. Another risk is that people with mild symptoms, or with dis-
eases that are difficult to detect, never get investigated and diagnosed.  

To ensure that every child with JIA onset in the population is included in a 
study, an optimal study design would be to screen the entire population under 
16 years of age for JIA, every year of the study. Since such a study cannot be 
performed, the research group had to make other efforts to ensure that all chil-
dren with JIA were included. An advantage was that the Swedish healthcare 
system is publicly financed, which minimised the risk that some children with 
symptoms of JIA had not be investigated. Also, all children with JIA in the 
selected geographic areas were cared for at one of three paediatric clinics and 
no children were cared for by private care providers. 

To check that Study I was likely to include at least the majority of children 
with JIA onset in the selected region during the study period, the incidence 
rate of JIA in the study was calculated, for comparison with other studies of 
JIA incidence. The mean annual incidence rate during the eight years was 
17.6/100,000 children under 16 years of age, which correlated well with ear-
lier studies. Three studies have investigated the incidence of JIA in Sweden 
and the mean annual incidence rate for children < 16 years of age have been 
calculated to 10.9 (Gäre et al. 1992) 15.0 (Berntson et al. 2002) and 12.8 
(Berthold et al. 2019) per 100,000 (4, 5, 185). As the incidence rate in this 
study was slightly higher than in previous studies, it is likely that the absolute 
majority of children with JIA in the region had been included. Of the children 
diagnosed with JIA, only one child is known to have refused to participate in 
the study. To further ensure that all children with JIA onset during the study 
period of eight years were included, inclusion continued for an additional 17 
months. Thus, children who were diagnosed late in their disease course were 
also included.  
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The number of females (62.5%) and the distribution of the different cate-
gories in Study I are very similar to those in the study by Berthold et al. and 
in a large Nordic multicentre study by Nordal et al. (2011) (11), which also 
strengthened the indications that Study I was population-based. The only 
larger difference between Study I and those mentioned above was the division 
into persistent and extended oligoarthritis, where the group of extended oli-
goarthritis only counted for 3.7% in Study I, compared with 11.2% in the study 
by Berthold et al. and 17.7% in the study by Nordal et al. The total amount of 
children witholigoarthritis was similar in all three studies. The differing pro-
portions of persistent and extended oligoarthritis are probably due to differ-
ences in the duration of the disease course in the children being observed. In 
Study I, only clinical data from the first year of disease were used to determine 
the diagnosis, while Berthold et al. re-evaluated the diagnosis during their en-
tire study period and Nordal et al. observed their subjects for at least seven 
years after disease onset. 

Screening methods 
The children diagnosed with JIA during the study period were screened for 
coeliac disease using IgA and IgG anti-TG2 antibodies. No antibodies against 
deaminated gliadin peptides (DGP) were used for screening, as the anti-TG2 
antibody assays used for this study were at the time recommended before any 
assays using IgA and IgG antibodies against DGP (186). The combined use of 
IgA and IgG anti-TG2 antibodies for detection of coeliac disease has been 
shown to have a sensitivity of 96% (186). 

Study I did not include analyses of the HLA class II genes HLA-DQ2 or 
HLA-DQ8, which are associated with coeliac disease. The HLA-DQ2 or 
HLA-DQ8 genes are present in around 30% of the general population, and 
since only about 1% of the population has the diagnosis of coeliac disease, the 
presence of HLA-DQ2 or HLA-DQ8 is not diagnostic. However, at least 99% 
of all individuals diagnosed with coeliac disease have either HLA-DQ2 or 
HLA-DQ8 and the absence of these genes can thus rule out coeliac disease. In 
a screening situation, the addition of HLA-DQ2 and HLA-DQ8 analyses to 
anti-TG2-antibody analyses could reduce the number of unnecessary small 
intestine biopsies (187) and could also identify at-risk individuals who need 
to be followed up with repeated screening for coeliac disease (188). HLA as-
says could have been used in Study I to identify which children needed to be 
screened with anti-TG2 antibodies, but as each child was only screened once, 
with no follow-up screening, the decision was made that screening all children 
with anti-TG2 antibodies was the best approach. 

Prevalence of coeliac disease 
The point prevalence of coeliac disease in Study I was 2.8%, which is in line 
with that in most of the other studies where screening has been performed. 
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The prevalence of coeliac disease in those studies was 0.0–6.6% (41, 55-57, 
60, 61).  

A strength of our study was that it was population-based, which none of the 
past studies has been. Previous studies have examined children with JIA who 
have been treated at secondary or tertiary hospitals, which creates a risk of 
referral bias. The prevalence of coeliac disease in a selected cohort might not 
reflect the prevalence of coeliac disease in all children with JIA. For instance, 
children with JIA in combination with an undiagnosed and untreated coeliac 
disease might have more severe symptoms and be more difficult to treat, and 
thus to a greater extent be referred to tertiary hospitals. It is also possible that 
children with a more severe disease, or children with stomach problems, to a 
greater extent agree to participate in a study, compared with children with mild 
symptoms. Many factors indicate that Study I included the majority of chil-
dren with JIA in the geographical area, which means that the prevalence figure 
was not affected by the selection of study participants.  

Some previous studies have stated that the prevalence of coeliac disease in 
children with JIA is increased compared with that of healthy children, and two 
of those studies included healthy controls for comparison. The study by Stagi 
et al. (2005) compared 151 children with JIA with 158 healthy children and 
found a significant difference in the prevalence of coeliac disease (p < 0.005) 
with 6.6% in the JIA group and 0.6% in the control group. The study by 
Skrabl-Baumgartner (2017) also found a significant difference between 95 
children with JIA and 110 healthy children, with 4.2% prevalence in the JIA 
group and 0% in the control group. 

The prevalence of coeliac disease of 2.8% in Study I was higher than what 
is considered to be the prevalence in a Western population, but several studies 
have shown that the prevalence varies in different Western countries, and the 
prevalence in Finland and Sweden might be higher than in other countries (58, 
189). In a study by Liu et al. (2014), 6,403 children with HLA haplotype DR3–
DQ2 or DR4–DQ8 living in Sweden, Finland, Germany and the United States 
were prospectively followed for a median of five years, and the risk of devel-
oping coeliac disease was significantly higher for children living in Sweden 
compared with those in the other countries (189). Since Study I did not include 
a control group, the observed prevalence of coeliac disease in children with 
JIA could only be compared with the prevalence found in Swedish populations 
in other studies. Two studies have investigated the prevalence of coeliac dis-
ease in Swedish children by screening a cohort of healthy children. The first 
study, by Carlsson et al. (2001), investigated a cohort of 2.5-year-old healthy 
children and found a prevalence of coeliac disease of between 1 and 2% (53). 
They screened 690 presumed healthy children in their birth cohort of 3,004 
children, finding nine previously undiagnosed children with coeliac disease 
(1.3%). If children with previously known coeliac disease had also been in-
cluded, their prevalence figure would have been higher. The second study was 
performed by Myléus et al. (2009) and investigated the prevalence of coeliac 
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disease in 7,667 children, born around 1993 and 12 years old at the time of the 
study (54). Previously diagnosed coeliac disease was present in 0.9% of the 
cohort, and a further 145 cases of coeliac disease were diagnosed after screen-
ing, yielding a total prevalence of 2.9%. In comparison with these studies, the 
prevalence of 2.8% among children with JIA is not high. However, the studies 
by Carlsson et al. and Myléus et al. both examined children born between 1992 
and 1994, belonging to a birth cohort from “the Swedish coeliac epidemic 
period” – there was an unusually high incidence of coeliac disease among 
children born between 1984 and 1996 (190). Among the 216 children with JIA 
in Study I, 39 children were born during that period, but it is difficult to make 
fair comparisons with the previous studies.  

An interesting finding in Study I is that all six children with JIA and coeliac 
disease were girls. Previous studies have shown that the prevalence of coeliac 
disease varies with sex and that women have a slightly higher risk of develop-
ing coeliac disease (191). The study cohort in Study I did not have an even 
sex distribution, consisting of 62.5% girls (135/216), which means that the 
prevalence compared with that of the general population may have been over-
estimated. Girls are generally overrepresented in children with JIA, which 
may cause the prevalence of coeliac disease to be slightly higher in children 
with JIA than in the general population. It might also be the case that girls 
with JIA have a higher risk of developing coeliac disease than girls without 
JIA, while boys with JIA have no increased risk compared with other boys. 
Four previous studies have been conducted in Western Europe, where children 
with JIA have been screened for coeliac disease and confirmational biopsies 
have been done (41, 55-57). Three of the studies were conducted in Italy and 
one in Austria. In one of the Italian studies, by Alpigiani et al. (2008), three 
children with coeliac disease were found: one was a girl, but the sex of the 
other two children were not given. However, sex is presented in the studies by 
Lepore (1996), Stagi (2005) and Skrabl-Baumgartner (2017). Together, they 
included a total of 365 children with JIA (273 girls and 92 boys), of whom 17 
had coeliac disease. Of the 17 children with JIA, 14 were girls and 3 were 
boys. If the cohort from Study I is included in the compilation, a total of 581 
children with JIA were screened for coeliac disease and the prevalence of coe-
liac disease in girls with JIA was 4.9% (20/408; 95% CI 2.8–7.0%), while the 
prevalence of coeliac disease in boys with JIA was 1.7% (3/173; 95% CI -0.3–
3.7%). Lastly, if the study by Alpigiani et al. is also included, a total of 689 
children with JIA have been examined in studies from Western Europe and 26 
of them had coeliac disease, yielding a 3.8% (95% CI 2.3–5.2%) prevalence 
of coeliac disease in children with JIA. There are some differences between 
the studies and they are not fully comparable, but the proportion of children 
with JIA and coeliac disease is high, and the prevalence of coeliac disease 
among girls with JIA is markedly high.  

In Study I, the children with JIA were screened only once, and no follow-
up samples were collected. The majority of children were screened for coeliac 
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disease close to onset of JIA, and the three children with coeliac disease found 
by screening were all tested within a year from JIA onset. It is thus possible 
that all six children with coeliac disease in Study I had coeliac disease prior to 
the onset of JIA, opening for speculation that an untreated coeliac disease in-
creases the risk of developing JIA. However, the three children with a previ-
ously known coeliac disease had a well-treated disease at the time of sampling, 
as all had low IgA anti-TG2 levels.  

Since all categories of JIA, except systemic JIA, were represented in Study 
I, it was also possible to calculate the point prevalence of coeliac disease for 
each category. Four out of six children with coeliac disease were diagnosed 
with oligoarthritis, which yields a point prevalence of 3.8% (4/106) for that 
category. That was a higher point prevalence than in the other categories, but 
it was impossible to draw any conclusion from comparisons between catego-
ries, since the number of children in each category was small. To further ex-
plore the question if children with oligoarthritis have a higher prevalence of 
coeliac disease, the past studies on children with JIA in Western Europe were 
reviewed once again. The studies by Lepore et al., Stagi et al. and Skrabl-
Baumgartner et al. presented the JIA categories of the children with coeliac 
disease, but Lepore et al. used the EULAR criteria and the studies by Lepore 
et al. and Stagi et al. did not differentiate between RF+ and RF- polyarthritis. 
However, a total of 221 children with oligoarthritis were examined in the three 
studies and 10 of them were diagnosed with coeliac disease, which indicates 
a prevalence of 4.5% (95% CI 1.7–7.3%) for coeliac disease in that category. 
Perhaps this is merely a reflection of the fact that girls are overrepresented in 
oligoarthritis, but that needs to be clarified. The only category of JIA that is 
dominated by boys is ERA, a category that was not included in the studies by 
Lepore et al. and Stagi et al. 

In summary, the prevalence of coeliac disease in children with JIA seems 
to be slightly higher than in the general population, but a large study with a 
matched control group is needed to clarify this possible association. Also, 
there might be an increased association between JIA and coeliac disease in 
girls, as well as an increased association between oligoarthritis and coeliac 
disease, which also needs to be established in a larger study with a study de-
sign tailored to answer those questions. 

Screening for coeliac disease in children with JIA has in several studies 
been shown to detect cases of undiagnosed and asymptomatic coeliac disease. 
As the prevalence for coeliac disease seems to be around 3% in children with 
JIA, it seems reasonable to screen all children with JIA for coeliac disease, at 
least at the time of diagnosis. 

The association between JIA and gut microbiota 
A possible association between gut microbiota, gut inflammation, diseases 
and general well-being has been much discussed in recent years, among both 
researchers and the general public. In clinical practice, it is common to meet 
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children with JIA and parents who have questions and concerns about whether 
they can change their diet in any way to improve the disease. Diet affect the 
composition of gut microbiota and if the composition of gut microbiota is  
associated to JIA, changes in diet may affect the disease. Current knowledge 
is not large enough to answer those questions, since the relationship between 
JIA and gut microbiota is not fully established, and this needs to be explored 
further. It is known that some studies have shown a changed microbiota com-
position in children with JIA, and changes in the gut microbiota can have an 
impact on factors that may be associated with autoimmune diseases.  

Gut microbiota and mucosal integrity 
It has been shown that the gut microbiota is an important factor for the muco-
sal integrity, and that changes in the microbial composition can affect the gut 
permeability (100-106). 

Increased gut permeability could, as previously discussed, trigger the im-
mune system and lead to development of autoimmune diseases. One study on 
mice compared the colonic mucus in two different colonies of mice. The com-
position of the gut microbiota differed between the two colonies, but the indi-
viduals in each colony had very similar compositions. Investigations of the 
inner mucous layer showed a significantly increased permeability in one of 
the colonies. Faecal microbiota from the two different colonies were thereafter 
transferred to germ-free mice, and the permeability of the colonic mucous 
layer differed in the same way in these mice, suggesting that the properties of 
the mucous layer were affected by the transferred microbiota (100). There are 
probably different ways for bacteria to affect mucosal integrity, but several 
bacterial species in the colon produce SCFAs, which have been shown to in-
fluence gut permeability. In a study on humans, the gut permeability was de-
creased by bacteria producing the SCFA butyrate, such as Faecalibacterium 
(104), and in a study on mice it was proposed that the SCFA acetate, produced 
by Bifidobacterium, improved the function of epithelial cells (107).  

A lower abundance of Faecalibacterium has been shown among adults 
with RA compared with healthy controls in some studies (128, 131), and 
among children with ERA compared with healthy children in one study (136). 
However, a study on children with JIA, including all JIA categories, showed 
a higher abundance of F. prausnitzii in children with JIA compared with 
healthy controls, which is contradictory (142). 

Supplementation with a probiotic strain of Bifidobacterium improved the 
colonic permeability in a study of obese adults (105). This makes it even more 
interesting to investigate if the occurrence of any specific bacteria species is 
increased or decreased in JIA and if it is possible to alter the levels of those 
species and thereby influence the disease course. 
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Gut microbiota and joint inflammation 
The association between altered gut microbiota and joint inflammation is not 
obvious, but has been shown in several contexts, making it important to in-
vestigate a possible association also between gut microbiota and JIA. 

A clinical example of how an altered gut microbiota could lead to joint 
inflammation is that gastrointestinal infections, for instance with Salmonella 
typhimurium, are common causes of reactive arthritis in adults (192). Reactive 
arthritis is a sterile joint inflammation and is in adults now considered to be 
part of the group of rheumatic diseases known as spondylarthritis (SpA) (193-
195). Spondyloarthritis is also in other aspects associated with changes in the 
intestinal canal, with subclinical gut inflammation being a common feature of 
SpA and persistent gut inflammation being associated with an active articular 
disease (196). One of the diseases that belongs to the SpA group is AS, which 
has been associated with several changes in the composition of the intestinal 
microbiota (132-134). Studies on mice have even suggested that the gut mi-
crobiota could be involved in the pathogenesis of AS, since mice with a pro-
teoglycan-induced AS were significantly improved in the disease during treat-
ment with antibiotics (135). How the treatment with antibiotics affected the 
joint disease was not clarified in the study, but it is conceivable that changes 
in the composition of the gut microbiota were involved in the effect. The treat-
ment with antibiotics increased the Bacteroidetes:Firmicutes ratio and re-
stored the intestinal barrier function. The connection between the intestinal 
canal and AS is also demonstrated by the fact that adults with IBD have a 
significantly increased risk, compared with healthy adults, of suffering from 
AS (62). In the same study on subjects with IBD, an increased risk of devel-
oping RA was shown among patients with IBD. A link between RA and the 
gut has been suspected, as is the case for many other autoimmune diseases. 
Several studies on adults with RA have shown that patients with RA exhibit a 
different composition of gut microbiota compared with healthy adults (124-
130). Decreased diversity and increased abundance of gut bacteria such as 
Prevotella and Lactobacillus have been suggested to be associated with RA, 
but although all studies have shown changes in the composition of microbiota, 
no clear common denominator has been found. 

Gut microbiota in juvenile idiopathic arthritis 
The possible association between JIA and gut microbiota has been investi-
gated previously. However, only three studies – by Tejesvi et al. (2015), van 
Dijkhuizen et al. (2019) and Qian et al. (2020) – have included most of the 
JIA categories, except systemic JIA. In all of these studies, children with JIA 
not on treatment were studied.  

However, the study by Tejesvi et al. (2016), which compared 30 children 
with JIA with 27 healthy children, included no child with psoriatic arthritis, 
only one child with ERA and one child with RF+ polyarthritis. As a result, the 
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categories oligoarthritis and RF- polyarthritis dominated the study. At the tax-
onomic level, there were higher abundances of Bacteroidetes and lower abun-
dances of Firmicutes in children with JIA than in the healthy children. How-
ever, there may be reason to discuss that finding, since both the children with 
JIA and the healthy children had very high abundances of Bacteroides (78% 
in children with JIA and 65% in healthy children) and low abundances of Fir-
micutes (21% respectively 33%), which is an unusual distribution in Western 
countries. Adults and children who eat a Western diet, with high amounts of 
meat, fat and sugar, usually have a gut microbiota dominated by the phylum 
Firmicutes, while a more plant-based diet increases the abundance of Bac-
teroidetes (149, 154). The mean age of children with JIA in the study by 
Tejesvi et al. was 6.2 years, and younger children might have a higher relative 
abundance of Bacteroidetes, but a study on children aged 1–4 years showed a 
dominance of Firmicutes also in their faecal samples (90). At the genus level, 
a higher relative abundance of Bacteroides was found in children with JIA by 
Tejesvi et al., and that genus was dominant in both groups (44% vs 34%, p = 
0.04), but these results were not adjusted for multiple comparisons. 

Qian et al. (2020) sequenced 39 faecal samples from children with JIA, 17 
with oligoarthritis, 14 ERA, 6 RF- polyarthritis and 3 RF+ polyarthritis, and 
42 healthy children. Children with JIA had significantly lower relative abun-
dances in four genera, but around 28% of the total amount of genera in the 
study was classified as “unassigned” in both children with JIA and healthy 
children, which means that there was a great deal of uncertainty in their results 
at the genus level. Van Dijkhuizen et al. have performed the largest study to 
date, including 99 treatment-naïve children with JIA and 107 healthy controls, 
and this is the only previous study that has included all categories of JIA, ex-
cept systemic JIA (142). They found differences in relative abundances for 
several taxa between children with JIA and healthy children, and two of the 
more interesting findings were higher abundances of Ruminococcaceae and 
F. prausnitzii in the gut microbiota of children with JIA. This is a somewhat 
unexpected finding. The family Ruminococcaceae consists of several taxa 
well-known for their production of butyrate, and the most dominant of these 
is F. prausnitzii (197). Studies on mice have shown that butyrate has anti-
inflammatory effects and could prevent the development of arthritis (117, 
198). Lower abundances of butyrate-producing bacteria, such as F. 
prausnitzii, in the gut microbiota, have been found in other inflammatory dis-
eases (199). In Study II, on the gut microbiota in children with JIA, no signif-
icant differences were found between children with JIA and healthy children 
after correction for multiple analyses, but in the unpaired comparison there 
was a trend for a higher abundance of Ruminococcaceae in children with JIA, 
just as in the study by van Dijkhuizen et al. However, the opposite relationship 
was seen in the paired comparison with healthy siblings. In that analysis, the 
children with JIA had lower relative abundances of Ruminococcaceae. There 
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were no other trends in Study II that were similar to the findings in the study 
by van Dijkhuizen et al.  

There are several difficulties with studies of microbiota, including sample 
collection and storage, which could affect the result, but the environmental 
factors affecting microbial composition are probably more important con-
founders. Diet is the most important environmental factor and changes in the 
diet can result in rapid changes in the microbiota composition (200). The mi-
crobiota is also to a certain extent affected by genetic factors (201). 

Children with JIA do not all eat the same diet and there are large inter-
individual differences in diet. It is also common that children with JIA exper-
iment with diet interventions in the hope of ameliorating their joint problems 
(202). This means that children with JIA do not have uniform microbiotas, 
and the abundances of different taxa differ between individuals. This is also 
the case among the healthy controls, where the composition of the microbiota 
is affected by the same environmental factors. Since most of the control 
groups in studies on microbiota in children with JIA are small, the composi-
tion of gut microbiota probably differs between all the control groups in the 
before mentioned studies, which would affect comparisons with children with 
JIA. 

These confounding factors can be reduced by comparing siblings living in 
the same household, as they are likely to eat similar foods, live in a similar 
environment and have similar genetics. Studies have found strong effects of a 
shared household on the gut microbiome, especially for measures of α- and β-
diversity. These measures were significantly associated between twin pairs 
and spouse pairs living together, but not between monozygotic twins living 
apart, which means that diet and other environmental factors are more im-
portant than genetics (203). Eight pairs of siblings, living in shared house-
holds, were included in Study II. One sibling in each pair was diagnosed with 
JIA and the other sibling was healthy, which provided an opportunity to make 
comparisons between individuals who eat similar diets, live in similar envi-
ronments and have similar genetics. This had never before been done in stud-
ies on microbiota in children with JIA. The PCoA plot for the eight pairs of 
siblings had an intriguing appearance, where the siblings in all pairs clustered 
close together, and there was no clustering by diagnosis. It was very obvious 
that a JIA diagnosis had no major significance for the composition – it was 
kinship and thus the environmental and possibly the genetic factors that were 
important for the community composition of microbiota. There was also no 
difference in community composition in the unpaired comparisons between 
children with JIA (n = 75) and the healthy control group (n = 24). The com-
parisons of relative abundances of taxa showed some differences between 
children with JIA and healthy children, for both the unpaired comparison and 
the paired comparison between siblings. However, none of them was signifi-
cant after adjustment for multiple comparisons, and none of the differences 
was the same in both comparisons. The only difference that appeared between 
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children with JIA and healthy children in both comparisons, before adjustment 
for multiple analysis, was for the phylum Actinobacteria, but it did not differ 
in the same way in both comparisons. In the unpaired comparison, the abun-
dances of Actinobacteria were higher in children with JIA compared with in 
healthy controls, but in the paired comparison between siblings, they were 
lower in children with JIA. 

In summary, most previous studies on gut microbiota in children with JIA 
have been small and have not included all JIA categories. Also, the results 
have been diverse and it was very hard to find an obvious pattern in the com-
position of gut microbiota in children with JIA compared with in healthy chil-
dren. No significant differences in gut microbiota could be found between 
children with JIA and healthy children in Study II. 

Several confounding factors may affect the composition of gut microbiota, 
in both children with JIA and healthy controls, which might explain the dif-
fering results in the studies performed. Also, JIA is a heterogenous condition, 
and it is possible that changes in gut microbiota are associated only with some 
of the categories.  

Gut microbiota in enthesitis-related arthritis 
As described earlier, the rheumatic disease AS is in several ways associated 
with changes in the intestinal canal and the gut microbiota, and its equivalent 
in children is ERA. Children with ERA have in a study by Stoll et al. (2011) 
exhibited elevated levels of faecal calprotectin, which is a marker for neutro-
phil inflammation in the intestine (73, 204). Nonsteroidal anti-inflammatory 
drugs are often used in treatment of ERA and treatment with NSAIDs often 
leads to elevated levels of calprotectin (205), but there was no association be-
tween NSAID treatment and faecal calprotectin levels in the study by Stoll et 
al. Thus, it may be that the disease itself is linked to an increased inflammatory 
activity in the gut. 

Due to the established links between AS and the gut, three studies on mi-
crobiota in children with JIA have focused on ERA only, and one study by di 
Paola et al. (2016) studied ERA and polyarthritis. Because JIA is a rather un-
common disease and ERA accounts for only a small proportion of the total 
number of children with JIA, it is difficult to conduct studies with a sufficient 
number of patients.  

The previous studies on the ERA category included between 19 and 33 
children with JIA and 13 to 29 healthy controls (136, 138, 139, 141).  

Di Paola et al. (2016) compared 29 children with JIA with 29 healthy chil-
dren. They did not use all the ILAR categories, but divided the children with 
JIA into the groups ERA and polyarticular disease. Most of the children with 
JIA had had their disease for a long time and almost all of them were treated 
with DMARDs or bDMARDs. The univariate analyses at phylum level 
showed very unusual figures, with a relative abundance of Actinobacteria 
around 15–20% in all three groups, and at family level, Bifidobacteriaceae 
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showed a relative abundance of approximately 14–20% in all groups. The se-
quencing was performed with the Roche 454 pyrosequencing platform, which 
was an important platform in the development of next-generation sequencing, 
but had disadvantages such as a comparatively higher error rate in homopoly-
mer repeats and a lower sequencing depth than platforms used more recently 
(206, 207). However, this cannot explain their unusual distribution of phyla. 

Also, since almost all children were treated with DMARDs (methotrexate 
or sulfasalazine) or bDMARDs (etanercept, abatacept or adalimumab), and 
four children were also treated with prednisolone, it is difficult to know if 
changes in the composition of microbiota were dependent on the disease or on 
the treatment. 

Study II encompassed 75 untreated children with JIA, of whom 11 had 
ERA – too few to reveal any subtle differences. However, comparisons of rel-
ative abundances of microbial taxa between the 11 children with ERA and the 
24 healthy children were performed, but did not reveal any significant differ-
ences. No previous study has compared the composition of gut microbiota in 
children with ERA with those in all the other JIA categories, and although the 
number of children with ERA in Study II was small, we wanted to explore any 
differences to other JIA categories in the unpaired analyses. Analysis of α-
diversity and community composition did not show any significant differ-
ences, but in the PCoA plot for the different JIA categories, most of the sam-
ples from children with ERA seemed to cluster, especially compared with 
the samples from children with oligoarthritis, which were more spread out. 
However, ANOSIM showed no statistical differences in any of the compar-
isons. To further investigate a possible difference between ERA and other 
categories, univariate comparisons of relative abundances were also made, 
showing no significant differences. A larger study is needed to determine if 
there is any difference in microbial community composition between chil-
dren with ERA and children in the other JIA categories.  

Gut microbiota and anti-rheumatic drugs 
Two of the previous studies on children with JIA, by Stoll et al. (2014) and di 
Paola et al. (2016), included children during treatment with DMARDs and 
bDMARDs. It is not established if those medical treatments change the gut 
microbiota in children with JIA or change the production of SCFAs by the gut 
microbiota. 

There are at least three different hypothetical routes for association between 
changes in the gut microbiota or SCFA levels and treatment with anti-rheu-
matic drugs. It is possible that the medical treatment changes the composition 
of the microbiota or the production of SCFAs, enhancing the positive effect 
of the drug, but it is also possible that treatment-induced changes in the gut 
microbiota or the production of SCFAs can have a negative impact on the 
treatment effect. Lastly, it is possible that an altered gut microbiota or produc-
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tion of SCFAs induced by the antirheumatic drugs does not have an anti-in-
flammatory effect, but gives rise to intestinal side effects. If any of these the-
oretical associations can be established, it would provide opportunities to fine-
tune the effect of the drugs, or their side effects, by altering the gut microbiota. 

It is well-known that children treated with MTX often exhibit gastrointes-
tinal side effects, which could be associated with the composition of gut mi-
crobiota (208). Studies on mice treated with MTX have shown changes in the 
relative abundances of intestinal bacteria and a lower α-diversity during treat-
ment (145, 146, 209). In another mouse study, it was also shown that treatment 
with the active metabolite of folic acid, leucovorin, could reduce the side ef-
fects of MTX, probably by altering the gut microbiota (146). As regards treat-
ment with anti-TNF-α drugs, it has been speculated that treatment with ETN 
increases the risk of developing an IBD, in both children and adults, which 
could possibly be associated with changes in the gut microbiota (210). The 
first step in investigating these possible connections is to find out if the treat-
ment alters the microbiota or the production of SCFAs.  

Two previous studies, by Zhang et al. (2015) and Picchianti-Diamanti et al. 
(2018), has studied the effect of MTX on gut microbiota in adults with RA. 
The study performed by Zhang et al. examined dental and salivary samples, 
in addition to faecal samples (129). Treatment with MTX did not lead to 
changes in any specific taxa in the faecal microbiota, but some unclassified 
taxa that were enriched in subjects with RA decreased during treatment with 
MTX and the microbiota composition after treatment was in that respect more 
similar to that in healthy subjects. The study by Picchianti-Diamanti et al. 
found a decrease in the relative abundances of Enterobacteriales in subjects 
treated with MTX, but the significance was not strong (p = 0.05) and they did 
not conduct any adjustments for multiple analyses (131). In the same study, 
they also examined the effect of ETN on gut microbiota, and observed some 
changes in gut microbiota during treatment. They found an increase in the 
relative abundances of the phylum Cyanobacteria and also of Nostocophycid-
eae and Nostocales, while Deltaproteobacteria and Clostridiaceae decreased. 
The increases in Nostocophycideae and Nostocales are connected to the in-
crease in Cyanobacteria, since they are a class and an order, respectively, in 
that phylum. Cyanobacteria is a very rare phylum and the relative abundances 
of Nostocophycideae and Nostocales were very low. Those taxa were only 
detected in four out of 10 subjects treated with ETN and in none of the con-
trols.  

In Study III, on the possible impact of drugs on the microbiota in JIA, there 
were no differences in α-diversity between children during treatment with 
MTX or ETN and treatment-naïve children, and no significant changes in the 
relative abundances of taxa after correction for multiple analyses. Also, the 
unpaired and the paired comparisons showed no similar trends in changes of 
the relative abundance of taxa. In the PCoA plots for the paired samples before 
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and during MTX, seven children exhibited a clear shift in community compo-
sition during treatment. For two of them, the microbial composition when 
treatment-naïve differed from that in the majority, but “normalised” during 
treatment. For the other five, the treatment-naïve sample clustered with the 
majority of samples, but changed to a more unusual composition during treat-
ment. The community composition in the unpaired samples did not show any 
differences between treatment-naïve children and children treated with MTX. 
In the PCoA plots for paired samples before and during treatment with ETN, 
all samples except two clustered close together. The two samples that differed 
from the others were both collected before treatment, and their paired samples 
from during treatment were “normalised”, clustering with all the other sam-
ples. Both of these children were treated with ETN as single treatment and 
both were boys with ERA. The levels of SCFAs did not change from any of 
the treatments. 

In summary, treatment with MTX or ETN does not seem to have a major 
impact on the gut microbiota or the production of SCFAs, but it is possible 
that the community composition of the gut microbiota in certain children is 
affected by MTX or ETN.  

For identification of possible patterns in which children get a changed com-
position of gut microbiota from treatments with MTX or ETN, much larger 
cohorts are needed, and possibly more well-characterised ones. 

Further, a possible effect of anti-rheumatic drugs on the gut microbiota may 
be realised mainly in the intestinal lumen. Orally administered MTX is ab-
sorbed in the small intestine. Thus, the effect on gut microbiota from treatment 
with MTX might occur in the small intestine, while faecal samples primarily 
reflect the microbiota in the distal colon (80) Therefore, faecal samples may 
not be the proper method to find an effect of MTX on the intestinal microbiota. 
Three children on single treatment with MTX in the study were treated with 
subcutaneously administered MTX, and ETN is always administered subcu-
taneously. In these cases, the drugs do not have the same direct contact with 
gut microbiota as orally administered drugs, and may therefore have different 
associations with the microbiota. Study III included children on both oral and 
subcutaneous treatment with MTX, but encompassed too few individuals for 
them to be compared. 

It is possible that the gut microbiota could be changed by treatment, but it 
is also conceivable that the effect of the treatment is affected by the existing 
gut microbiota. The approach in Study III did not study any possible associa-
tion between the composition of gut microbiota before treatment and the treat-
ment effect of anti-rheumatic drugs, since no measurement of disease activity 
was included. 

The importance of gut bacteria for the effect of anti-TNF-α drugs has been 
studied in adults with ulcerative colitis, comparing the faecal microbiota in 
drug responders with that in non-responders. The treatment responders had 
higher relative abundance of F. prausnitzii before treatment compared with 
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non-responders, and the responders also exhibited an increase in the relative 
abundance of F. prausnitzii during treatment (211). 

A similar study was performed in 2018 on adults with SpA, where faecal 
samples were collected before and during anti-TNF-α treatment, together with 
assessments of SpA disease activity. No taxa had significantly different levels 
prior to and during treatment in treatment responders (212). 

Gut microbiota and dietary interventions 
Two studies on diet treatment with EEN or SCD for children with JIA have 
shown positive clinical effects with improved symptoms. The mechanism by 
which the treatment exerts its effect is not known, but it is of course conceiv-
able that the dietary changes lead to a changed gut microbiota, which could 
have a positive effect on the disease course. 

The microbial composition in the gut can change very rapidly, and a study 
by David et al. (2014) showed that a change of diet quickly affects the gut 
microbiota composition (200). In the study by David et al., an animal-based 
diet, rich in protein and fat, but with almost no fibre, consumed for only five 
days, significantly changed the community composition of the gut microbiota. 
The community composition then returned to its original structure just two 
days after participants returned to their original diets (200).  

The participants in the previous studies on EEN and SCD also provided 
faecal samples, and Study IV examined if the gut microbiota changed when 
patients were on the diets by analysing faecal samples from before and during 
treatment. The α-diversity decreased significantly for children during SCD in-
tervention (p = 0.04) in Study IV, but no significant decrease was found for 
children during EEN intervention, which has been reported from previous 
studies on EEN treatment for children with Crohn’s disease (213). 

A low microbial diversity is normally considered to be a sign of a depleted 
and poorly functioning gut microbiota, but this is probably a simplified view 
of reality. A low diversity can mean that some microbial taxa have become 
more dominant in the gut, at the expense of other taxa – without regard to 
which taxa have disappeared and which have become more dominant. If bac-
teria that are positive for the immunological state of the mucosa, and lead to 
reduced inflammatory activity, increase in number, while bacteria with a neg-
ative effect disappear, a lower diversity could theoretically be positive. Breast-
feeding is an example of a limited diet leading to low microbial α-diversity 
because of a higher relative abundance of Bifidobacterium, but breastfeeding 
is still considered to be health-promoting (88, 214). Thus, a statistically sig-
nificant decrease in α-diversity does not have to be a disadvantage. However, 
there is most certainly a lower limit where a decreased diversity will have a 
clinical disadvantage. Children born by caesarean section have a decreased 
microbial diversity, probably because of a delayed colonisation with bacteria 
from the phylum Bacteroidetes, and this has been associated with lower levels 
of Th1-associated cytokines and development of atopic eczema (86, 215). It 
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is easy to understand that treatment with EEN could lead to a lower diversity, 
given that it is a very one-sided and limited diet, which thus only suits a limited 
number of bacterial strains. The SCD diet is more varied than EEN, but a large 
number of foods are still removed from the diet and it is understandable that 
this treatment could also lead to a lower microbial diversity. 

In comparisons of relative abundances of phyla and genera before and dur-
ing EEN or SCD, the only change that was significant after correction for 
multiple comparisons was a decrease in the phylum Actinobacteria during 
SCD. This decrease was probably mostly due to a decrease in the genus 
Bifidobacterium, which is a dominant genus in that phylum. That decrease did 
not reach significance after FDR correction, but is interesting since Bifidobac-
terium is used as a probiotic treatment for inflammatory diseases. The de-
crease may be due to the fact that children in Western countries normally have 
a high intake of grains and dairy products, which are removed during SCD 
intervention. In the comparison between the gut microbiota in the Hadza peo-
ple and Italians, performed by Schnorr et al. (2014), the Hadza people had an 
almost complete absence of Bifidobacterium, while the Italians had a relative 
abundance of around 8% (149). The Hadza people do not consume cultivated 
grain or any dairy products, while both grains and dairy products are common 
in the Western diet, which could probably have played a part in the finding. It 
has been shown that Bifidobacterium increases with consumption of grains 
and milk, and another interesting finding is that Bifidobacterium from parme-
san cheese can colonise the human gut (152, 153, 216, 217). 

When the community compositions of microbiota were compared, there 
were no clusters of samples before and during treatment in the PCoA plot, 
neither for EEN nor for SCD. The samples clustered more by individual than 
by treatment. However, three children, treated with EEN, had a clear shift in 
community composition, all in the same direction. Also, the other three chil-
dren treated with EEN had a shift in the same direction, but it was not as pro-
nounced. There were no trends in community composition shift among chil-
dren treated with SCD, where different individuals had different shifts. 

Study II showed that siblings have a very similar community composition 
of gut microbiota and suggested that their similar diets probably had a great 
significance. How can it be that children in Study IV, who ate the same diet, 
did not get a microbial community composition more similar to each other? 
One would expect all children on EEN or SCD to cluster together in the PCoA 
plot, just as siblings clustered close together.  

It is possible that other environmental or genetic factors are of importance, 
but it is also conceivable that the core gut microbiota is formed during child-
hood and adolescence, and that only minor changes occur from short-term di-
etary changes. For example, a study by Zhong et al. (2019) showed that breast-
feeding duration and dietary patterns in pre-school contributed to the micro-
bial composition in school-age children (93). The gut microbiota composition 
differs significantly between individuals and the participants had different 
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compositions of gut microbiota before the start of their diet interventions (92). 
During the comparatively short period with diet interventions, the changes in 
microbiota composition were not large enough to give the participants similar 
microbiotas. 

Also, in the study by David et al. (2014), where they showed a rapid change 
in the microbial composition, this was only significant for a change to an ani-
mal-based diet. There were no significant changes in microbiota when the par-
ticipants switched from their normal diet to a plant-based diet for five days 
(200). How much the gut microbiota changes may thus depend on the type of 
diet you change to, and what type of diet you change from.  

The children included in the SCD intervention had no clear pattern in their 
shifts of microbiota community composition in the PCoA plot, and although 
the children treated with SCD had a similar diet, the distributions of the dif-
ferent foods were not identical. They had been instructed regarding which 
foods they were allowed to eat and which foods they were not allowed to eat, 
but they were free to choose how they composed their meals from a booklet 
including many recipes. As a result, the distribution of different foods in-
cluded in the SCD diet may have varied between participants. The Hadza peo-
ple eat a diet that is in many ways similar to SCD – a very natural diet without 
grains, refined sugar, dairy products and additives – but what foods dominate 
their diet at any given time is affected by seasonal changes in the climate, 
predominantly the distinct changes between dry and wet seasons. During the 
dry season, hunting is more important and meat makes up a larger proportion 
of the diet, while for example consumption of honey and berries is more im-
portant during wet season and meat makes up a smaller proportion of the diet. 
A comparison of gut microbiota collected during different seasons showed a 
higher diversity during the dry season, and a decline in several Bacteroidetes 
operational taxonomic units, primarily those of Prevotellaceae, during the wet 
season. In a PCoA plot, faecal samples from the different seasons clustered 
together and the clusters were clearly separated from each other. This means 
that the composition of gut microbiota could be significantly different depend-
ing on which foods dominate in the recipes that a child prefers, even if the 
child has chosen among foods that are included in a specific diet. That could 
explain why children on SCD treatment did not have a similar shift in gut 
microbial community composition. 

Is gut microbiota function more important than composition? 
Previous studies do not show any agreement on how the gut microbiota might 
be different in children with JIA compared with in healthy children. Different 
studies may even show contradictory results for the same bacterial taxa. How-
ever, for each study that is done, we gain greater knowledge and understanding 
of the possible role for gut microbiota in children with JIA. 

Comparisons of the gut microbiota composition are very complex, not only 
because the microbiota can be affected by many factors, but also because there 
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is a huge range of bacteria which may change in different ways for different 
diseases or in response to environmental factors. The bacteria also interact 
with each other in many different ways, and it may be that the relationships 
between some bacteria are more important than the abundance of others. Very 
large studies are probably required to determine with certainty whether chil-
dren with JIA have an altered gut microbiota and whether it has any signifi-
cance for the disease. The composition of gut microbiota in children with JIA 
is not uniform, but differs a lot between individuals. This has also been seen 
for healthy children, where a study by Hollister et al. (2015) showed that the 
community composition of healthy children only had 35 to 46% similarity, 
calculated based on Bray-Curtis distances (92) Although the community com-
position of gut microbiota showed a low similarity, the metagenomic profiles 
in the gut microbiotas for the same children were very similar. Analyses using 
16S rRNA gene sequencing shows which bacteria are present in the gut and 
in what abundances, but perhaps it is more important to look at the function 
of the microbiota than at its composition? Metagenomics provide a possibility 
to study all the genetic material in a faecal sample, and thereby the genes of 
the microbiota (218). Functional metagenomics give information about active 
enzymes in the gut microbiome. Analyses with metagenomics have for exam-
ple shown that the Hadza people have a higher functional capacity of carbo-
hydrate active enzymes for degrading plant carbohydrates compared with 
healthy Americans (150). There are other possible ways of studying the func-
tion of the gut microbiota, such as metatranscriptomics, metaproteomics and 
metabolomics. The only functional study in this thesis was the measurement 
of SCFAs in the paired comparisons in Study III. 

Early-life changes of gut microbiota and possible associations with 
juvenile idiopathic arthritis 
Even if changes in the gut microbiota affect the risk of developing JIA, the 
gut microbiota is not necessarily altered in children who have already been 
diagnosed with JIA. It is possible that an unfavourable gut microbiota at an 
early age can affect the development of the immune system and intestinal mu-
cosa and thereby increase the risk of autoimmune diseases later in life, even if 
the microbiota at the time of disease onset is normalised. 

It may be that a persistent change in the immune function of the mucosa 
increases the risk of JIA, and studies on mice have shown that the gut micro-
biota is involved in the development of the immune system (219). 

Early-life events, such as being born by caesarean section, a short period 
of breastfeeding, early introduction of cow’s milk formula and early-life treat-
ment with antibiotics, have in some studies been associated with an increased 
risk of developing JIA (21, 22, 27-29). These studies have only shown asso-
ciations, and we do not know if there are any causal relationships – but all 
these early-life events have in common that they could affect the gut microbi-
ota. 
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The early bacterial colonisation of the skin and gut is influenced by mode 
of delivery, and children born by caesarean section are colonised with differ-
ent bacteria than children born through the birth canal (83). The gut microbiota 
in children born by caesarean section is colonised by for example Staphylo-
coccus species (83-85), while vaginally delivered children have high abun-
dances of Bacteroides, Bifidobacterium and Lactobacillus (83-85). It is con-
sidered beneficial to be colonised by the microbiota received by vaginal de-
livery, and the microbiota in infants who develop late-onset sepsis has been 
shown to have reduced levels of Bifidobacterium and increased levels of 
Staphylococcus (220, 221). Reduced levels of Bacteroides and Bidifobacte-
rium in neonates have also been associated with a later development of IgE-
associated atopic diseases (215, 222).  

Breastmilk provides the baby with complete nutrition, as well as substances 
that provide protection against infection and, not least, have a positive influ-
ence on the gastrointestinal immune system (223). Breastfeeding seems to 
have a substantial effect on the gut microbiota, and there are obvious differ-
ences in the gut microbiota between breast-fed children and children receiving 
cow’s milk formula (84, 224). The microbiota in exclusively breast-fed chil-
dren is abundant in for example Bifidobacterium and Lactobacillus, the same 
bacteria that are considered positive in the early colonisation of the gut (84, 
88). 

Being breast-fed is also thought to be protective against several autoim-
mune diseases, such as coeliac disease, diabetes, multiple sclerosis and asthma 
(223). The mechanisms behind this protective effect are not clear, but it could 
be due to protective properties of breast milk against early infections, modu-
latory effects on the immune system or effects on the composition of gut mi-
crobiota.  

Are faecal samples representative of the gut microbiota? 
It is the occurrence and distribution of bacterial species in the intestines that 
is of interest in these studies, but what is investigated is the microbiota in fae-
cal samples. The optimal way to study the colonic microbiota would be to 
analyse luminal and mucosal samples collected through colonoscopy. How-
ever, this is an invasive method that is very inconvenient for the child and it 
is not ethically justifiable to expose children to such an investigation for re-
search purposes.  

Faecal samples provide an easy way to examine microbiota composition, 
and have been shown to be representative of the microbiota composition in 
the colon, especially of the lumen of the distal colon (80). Flynn et al. (2018) 
studied the microbiota composition in 20 healthy adults, and compared colon-
oscopy-collected luminal and mucosal samples from the proximal and distal 
colon with faecal samples from the same individuals. The colonoscopies were 
performed without any preparation with laxatives, in order to not affect the 
microbiota. Analyses showed that samples from the distal lumen were most 
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similar to faecal samples. The mucosal microbiota, on the other hand, differed 
significantly from the microbiota in both the distal lumen and faecal samples. 
(80). In summary, faecal samples provide a fairly good estimate of the micro-
biota composition in the lumen of the distal colon. 

In Studies II and III, the faecal samples were collected at the participants’ 
homes and brought to the hospital within 60 hours, where they were put in a 
freezer. The families were instructed to keep the samples in the fridge at +4 
°C, but most of the samples were transported to the hospital in room temper-
ature, which may have affected the microbiota composition in the samples. 
Also, several samples were stored in the freezer for a long time before the 
analyses were carried out and changes in the microbiota composition may oc-
cur at -70 °C. 

However, some studies have shown that the handling before storage and 
the time in the freezer have only minor impact on the microbiota (225-227). 
The study by Shaw et al. (2016) is particularly interesting, since they studied 
the effects on microbial composition in faecal samples of different freezing 
time, long-term freezer storage, varying sample sizes, room temperature stor-
age and the effect of mailing samples to the laboratory. Different freezing time 
between 24 and 115 days did not affect the microbiota at all. For long-term 
freezing, up to 2 years, the total number of operational taxonomic units de-
creased, but there were no differences in other α-diversity indices, β-diversity 
or univariate analyses between samples. Sending samples by mail to the la-
boratory had no effect on the composition of microbiota, which seemed to be 
relatively stable for at least two days in room temperature. Also, small sample 
sizes had similar α- and β-diversity as larger sample sizes (225). The gold 
standard is to process and analyse freshly collected samples, but that is very 
hard to achieve in reality and differing methods of collection and storage do 
not appear to have too great an impact on the composition of microbiota. 

Statistical considerations for studies on gut microbiota 
We may have had too few study participants in the studies on gut microbiota 
to get statistically significant results after correction for multiple analyses, and 
no power analyses were performed prior to the inclusion of participants. How-
ever, it is very difficult to perform a power analysis on data on all bacterial 
taxa in faecal samples. Many different comparisons can be made, and to make 
a good power analysis, a decision needs to be made as to which values should 
be considered to be equal and how large differences can be accepted as equal 
values. 

There is still too little knowledge about the faecal microbiota for a firm 
conclusion to be drawn regarding which deviations are significant and which 
are within the normal variation. Another problem is that several hundreds of 
different bacterial taxa are analysed, and it is not possible to make a power 
analysis for each of these comparisons. Also, it is not known how different 
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bacterial taxa interact with each other and which combinations may be asso-
ciated with JIA. It is possible that very subtle changes in the composition of 
microbiota could be associated with JIA, and obtaining statistically signifi-
cant results from small differences between groups would require large sam-
ple sizes. The comparison of gut microbiota between children with JIA and 
healthy children in Study I has one of the largest sample sizes in this field, 
but it is still possible that the sample size was too small to find differences. 

In summary, it is very hard to prove that there are no differences in faecal 
microbiota between healthy children and children with JIA or between treat-
ment naïve children and children during treatment, and no conclusion regard-
ing this can be drawn from studies II-IIII. It can only be concluded that no 
difference was observed in the data. 

For the ANOSIM analyses of community composition, it is not possible to 
make good adjustments for age. In Study II, the children were divided into 
four groups based on age and compared using PCoA and ANOSIM. The re-
sults showed that the youngest age group (1.2–2.9 years) was significantly 
different from all the other age groups, while the other age groups did not 
differ from each other. To try to correct for a different community composi-
tion in children under three years of age, the other ANOSIM calculations 
were performed both with and without the youngest age group for compari-
sons. However, removing the youngest age group also reduces the number 
of participants and thereby makes statistically significant differences less 
likely. 
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Limitations to the studies 

There were some limitations to the studies, and a limitation in Study I is the 
lack of a control group for comparisons. The results were compared to those 
of previous studies on healthy children, but they were not matched for age, 
gender or geography. Without a matched control group, the hypothesis that 
children with JIA had a higher prevalence of coeliac disease than healthy chil-
dren could neither be confirmed nor rejected.  

To explore the question of whether any category of JIA has a higher inci-
dence of coeliac disease, larger groups of children in the different categories 
of JIA would have been needed.  

When measuring point prevalence of coeliac disease for children with JIA, 
a decision needs to be made on when in the course of the disease to perform 
the screening. In Study I, the children were screened only once, and most were 
screened early in the course of the JIA disease, which means that the point 
prevalence for coeliac disease in Study I is the point prevalence for coeliac 
disease in recently diagnosed children with JIA. To study if children with JIA 
have an increased risk of also getting coeliac disease during the JIA disease 
course, all children with JIA, and a matched control group, would have needed 
to be screened on repeated occasions over a long period of time. With such a 
study design, it would have been possible to answer the question of whether 
children with JIA need to be followed with repeated screening for coeliac dis-
ease during the course of JIA. 

Two general limitations in all the studies on gut microbiota were the small 
numbers of children included in the cohorts and the handling of the faecal 
samples before analysis. To find subtle changes in gut microbiota, larger co-
horts would have been needed, particularly in Studies III and IV. All faecal 
samples were collected at home and transported to the hospital within 60 
hours, but the time from sampling to freezing varied and the storage time be-
fore freezing might have had an impact on the composition of the microbiota. 
It is very difficult to devise a study plan in which you can freeze faecal sam-
ples immediately after collection, but it might have been possible to have the 
exact same storage time and handling from sample collection to freezing. 
Also, some of the faecal samples were stored in a -70 °C freezer for a long 
time, and the storage time varied between different samples. This could have 
had an impact on microbial diversity in the samples. 
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In Study II, children of all ages were included, which was a limitation since 
young children have a different composition of gut microbiota. The age dis-
tribution also differed between the children with JIA and the healthy children. 
Adjustment for age was made in most analyses, using a regression analysis 
with age as a covariate, but it would have been better to include only children 
older than three years and to have a more closely matched control group. It 
would also have been useful to include more children with JIA to be able to 
study the gut microbiota in the different categories of JIA, and it would have 
been desirable to have more healthy controls. Also, a very interesting aspect 
of Study II is the comparison between children with JIA and their healthy sib-
lings. Comparing siblings who live in the same household is a very good way 
to minimise confounding factors such as diet, heredity and other environmen-
tal factors, but a limitation was that very few siblings were included in the 
study. More focus should have been placed on that part of the study, with as 
many siblings as possible included.  

In Studies II and III, it would have been good to include information on 
approximately which diet the children ate and the intake of NSAIDs. For ex-
ample, a standardised diet registration could have been performed for all study 
participants. The study groups and the control groups were thus not matched 
for diet, although the paired comparisons in both studies probably minimized 
that confounding factor. The use of NSAIDs is known to affect the gut mucosa 
and could possibly also affect the gut microbiota, and information about pos-
sible intake of those drugs should have been included. However, NSAIDs is 
very seldom used as a continuous treatment at the paediatric rheumatology 
ward at Uppsala University Hospital, and almost never continuously in com-
bination with DMARDs or bDMARDs. 

Another limitation was that no measurement of disease activity among chil-
dren with JIA was included in either of these studies. Disease activity might 
be associated with the composition of the gut microbiota and would have been 
good to investigate. Also, the study group and the control group in Study III 
were not matched for disease activity, which is a possible confounder. Fur-
thermore, there was no information on method of delivery, or breastfeeding 
patterns, which might have affected the gut microbiota, especially among the 
youngest participants. 

In Study III, some of the children treated with ETN were also treated with 
MTX, which may have affected the results when the effects of ETN on the gut 
microbiota were studied. Also, study III included children on both oral and 
subcutaneous treatment with MTX, which may have different effects on the 
gut microbiota. 

For the studies on changes in gut microbiota during diet interventions in 
Study IV, a limitation was the lack of a control group. It is extremely difficult, 
and to a certain extent unethical, to include a control group of healthy children 
given an EEN diet for 3–5 weeks, and maintaining a strict SCD diet requires 
great efforts and sacrifices from the families. What theoretically would have 
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been possible would have been to include a control group of children with JIA 
to compare the changes in gut microbiota to those in the intervention groups. 
These children would have to be sampled and examined according to the same 
protocol as the study children, but without carrying out a diet intervention. 
However, there are many confounding factors in comparisons of gut microbi-
ota, and it is almost impossible to find matching controls for the investigations 
of gut microbiota in diet interventions. To eliminate the most obvious con-
founding factors, the controls would have to be the same age, have the same 
disease duration, be treated with the same DMARDs/bDMARDs during the 
study, have the same history of previous treatment, and have the same disease 
activity as the children in the intervention group. They would also have to be 
on the same diet as the children in the intervention group were before they 
started EEN or SCD. In Study IV, the children with JIA instead served as their 
own controls, since the gut microbiota was compared in paired analyses before 
and during the interventions.  

For the intervention with SCD, a limitation was that the families could 
choose freely among the different recipes. The SCD intervention requires a lot 
of effort on the part of the families and it would probably have been difficult 
to include children if the families had not been able to choose their own menus 
within a number of specifically developed recipes and including specific nu-
trients. However, an optimal study design would have been if all children had 
eaten the exact same food in exactly the same order. Lastly, the children in 
Paper IV were not only treated with their diet intervention, but eight of the ten 
children were also treated with antirheumatic drugs, which may have affected 
the results. 
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Conclusions 

The following specific conclusions can be drawn from the studies included in 
the thesis: 

 
 The prevalence of coeliac disease in children with JIA was 2.8% in a pop-

ulation-based study. 
 
 Screening for coeliac disease in children with JIA detected cases of undi-

agnosed and asymptomatic coeliac disease and screening at diagnosis is 
recommended. 

 
 The composition of gut microbiota in children with JIA was not signifi-

cantly different from the gut microbiota in healthy children or healthy sib-
lings. 

 
 No significant change in the composition of gut microbiota, or the pro-

duction of SCFAs, was found in children with JIA during treatment with 
methotrexate or etanercept. 

 
 The composition of gut microbiota in a pilot study among children with 

JIA changed during dietary interventions with EEN and SCD, and the α-
diversity decreased on SCD. Most of the changes in relative abundance of 
taxa were significant only in uncorrected data at the genus level, except 
for a significant decrease in Actinobacteria from SCD. 
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Clinical implications and future perspectives 

The possible association between JIA and coeliac disease has been discussed 
for a long time, but studies on this topic have been small and there is no inter-
national consensus on whether to screen children with JIA for coeliac disease. 

This thesis has identified a fairly high prevalence of coeliac disease in re-
cently diagnosed children with JIA, and also demonstrated that previously un-
diagnosed children with coeliac disease can be found by screening. This 
strengthens the indication for screening newly diagnosed children with JIA 
for coeliac disease in clinical practice.  

Between 5 to 13 years have passed since the children in Study I were 
screened for coeliac disease, and it would be interesting to do a follow-up 
study on the same cohort to examine how many of them have developed coe-
liac disease during the course of their rheumatic disease.  

The results in this thesis indicated that the association between JIA and 
coeliac disease was stronger for girls with JIA than for boys with JIA. This 
hypothesis would need further investigation, and the easiest study design 
would be to conduct a registry study to find the proportion of girls and boys 
with JIA who are also diagnosed with coeliac disease. The results would then 
need to be compared with the proportions of girls and boys with coeliac dis-
ease in the general population. Registry studies, however, have many limita-
tions and in order to really answer that question, and at the same time answer 
the question of whether children with JIA have a greater risk of developing 
coeliac disease than other children, a larger population-based screening study 
with a matched control group would be needed. 

Comparisons of gut microbiota are difficult, since many confounding fac-
tors are involved. In Study II, paired comparisons between children with JIA 
and their healthy siblings were performed, eliminating some of the confound-
ing factors. In that comparison, only eight siblings were included, and in the 
future, it would be a good idea to perform a much larger study comparing the 
gut microbiotas in children with JIA with those of their healthy siblings. 

To further examine the possible associations between treatment with MTX 
or ETN and influence on gut microbiota, it would be interesting to conduct a 
study on a larger cohort of children with JIA, sampled first as treatment-naïve 
and again repeatedly during treatment, with a longer follow-up period, and 
with information about disease activity as well as side effects from the treat-
ment. With information about side effects and disease activity, it would be 
possible to examine any possible association between side effects or treatment 
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effect and the composition of gut microbiota, and also to study if the compo-
sition of gut microbiota before the start of treatment affects the risk of side 
effects or the treatment effect. 

Studies on diet interventions for children with JIA could have a clinical 
implication, and it would be good to be able to recommend a diet that has been 
shown, in clinical studies, to have an effect on the inflammatory process in 
JIA.  

It is our experience from study IV, that it is hard to motivate a child with 
joint pain and possibly swollen joints to use EEN, and not be able to eat any 
normal food for several weeks. However, the interest in trying a nutritional 
intervention is generally high and it is easier to motivate children to use a diet 
which includes normal food. Here, the decision was made to study a diet that 
was already described and studied in another inflammatory disease in chil-
dren, IBD. This should not be interpreted as a conviction that SCD is the best 
diet for children with JIA. This study has continued, with more children being 
included, and the next step is to perform metagenomics on faecal samples to 
reveal what influence SCD could possibly have on functional genes in faecal 
microbiota.  

Since the function of the gut microbiota might have a stronger association 
to diseases than its composition, further studies on gut microbiota and JIA 
should involve methods to study the function, like metagenomics, metabolom-
ics and other new methods. 
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Populärvetenskaplig sammanfattning 

Bakgrund 
Juvenil idiopatisk artrit (JIA) är den vanligaste reumatiska sjukdomen hos 
barn och varje år insjuknar ungefär 15 per 100 000 barn under 16 år i Sve-
rige. Det vanligaste symtomet är ledinflammation och i de flesta fall anses 
sjukdomen vara autoimmun.  

Trots omfattande forskning vet vi fortfarande inte varför vissa barn insjuk-
nar i JIA, eller varför vissa barn får en svårare sjukdomsbild. Ärftliga faktorer 
förklarar knappt 20% av risken att insjukna i JIA. Den övriga risken anses 
bero på andra faktorer som påverkar immunsystemet, som till exempel en oba-
lans i tarmens immunsystem, ökad genomsläpplighet i tarmen, samt en för-
ändrad sammansättning av tarmbakterier.  

Det har även diskuterats om barn med JIA har en ökad förekomst av celiaki 
(glutenintolerans) jämfört med andra barn. Celiaki är en autoimmun sjukdom 
som leder till att tarmluddet i tunntarmen skadas och en obehandlad celiaki 
leder även till en ökad genomsläpplighet i tarmslemhinnan. Om tarmens ge-
nomsläpplighet ökar kan bakterier och oönskade ämnen passera, vilket akti-
verar de immunceller som finns precis innanför tarmslemhinnan. Immunför-
svarets celler producerar aktiverande signalämnen, så kallade cytokiner, som 
kan ha en negativ effekt på tarmslemhinnan och öka genomsläppligheten. 
Detta skapar en ond cirkel som driver en fortsatt immunologisk aktivitet som 
teoretiskt kan leda till utvecklingen av autoimmuna sjukdomar. Tarmens ge-
nomsläpplighet regleras inte bara av slemhinnan, utan även av bakteriefloran 
i tarmen. 

Förändringar i sammansättningen av tarmbakterier har kopplats till ett fler-
tal autoimmuna sjukdomar, inklusive de reumatiska sjukdomarna reumatoid 
artrit och ankyloserande spondylit hos vuxna och det finns studier på som ty-
der på att tarmfloran är förändrad även hos barn med JIA. Sammansättningen 
av tarmbakterier kan påverkas av vad man äter och studier har visat att olika 
dieter förändrar tarmfloran på specifika sätt. Kunskapen om tarmbakteriernas 
roll vid sjukdomar har ökat under de senaste årtiondena tack vare bättre och 
enklare metoder att studera bakteriesammansättningen och därigenom har 
även frågeställningen uppkommit om man kan förebygga sjukdom eller 
minska sjukdomsaktiviteten vid autoimmuna sjukdomar genom att påverka 
tarmfloran.  

Vid den inflammatoriska tarmsjukdomen Mb Crohn har en diet med enbart 
flytande näringslösning under åtta veckor, så kallad exklusiv enteral nutrition 
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(EEN), en så positiv och väldokumenterad effekt att den har blivit en rekom-
menderad behandling för barn. En anpassad kolhydratkost (specific carbohyd-
rate diet; SCD) har också använts med framgång hos barn med inflammatorisk 
tarmsjukdom, även om den inte ingår i behandlingsrekommendationerna för 
sjukdomen. Användningen av både EEN och SCD har i två pilotstudier på 
barn med JIA visat en positiv klinisk effekt med minskad sjukdomsaktivitet, 
men den bakomliggande mekanismen är inte klarlagd. 

Även vissa läkemedel påverkar sammansättningen av tarmbakterier, där 
det tydligaste exemplet är antibiotika. Det finns dock ingen studie som har 
undersökt om de läkemedel som man använder vid reumatiska sjukdomar kan 
påverka tarmfloran hos barn med JIA. 

Syfte 
Det huvudsakliga syftet med denna avhandling var att undersöka förekomsten 
av celiaki hos barn med JIA, om barn med JIA har en annan tarmflora jämfört 
med friska barn, samt om och hur läkemedels- eller kostbehandling hos barn 
med JIA påverkar tarmfloran. 

Metod och resultat 
I den första studien undersöktes förekomsten av celiaki hos barn med JIA. 
Alla barn som insjuknade med JIA mellan 2007 och 2014 i Uppsala, Gävle-
borg och Dalarnas län inkluderades i studien och screenades för celiaki genom 
blodprover. Totalt inkluderades 216 barn, men tre av barnen lämnade aldrig 
några blodprover i studien och tre barn hade redan en diagnosticerad celiaki 
när de fick JIA. Det var därmed 210 barn med JIA som screenades för celiaki 
och bland dem upptäcktes tre fall av tidigare okänd celiaki, som i två av fallen 
var asymtomatisk. Det fanns således totalt sex barn med celiaki, vilket ger en 
förekomst av celiaki på 2,8% hos barn med JIA. Det är något högre än vad 
som anses vara prevalensen av celiaki i normalbefolkningen, men det tyder 
inte på någon markant ökad förekomst av celiaki hos barn med JIA.  

I de övriga tre studierna undersöktes mångfalden och sammansättningen av 
tarmbakterier i avföringsprover. 

I delarbete 2 deltog 75 barn med JIA som inte stod på någon läkemedels-
behandling, 24 friska barn samt åtta friska syskon till barnen med JIA. Sam-
mansättningen av tarmbakterier jämfördes på gruppnivå mellan de 75 barnen 
med JIA och de 24 friska barnen, och det gjordes även parade jämförelser 
mellan friska och sjuka syskon i de åtta syskonparen. Det fanns vissa skillna-
der mellan barnen med JIA och de friska barnen/syskonen, men de två olika 
jämförelserna visade inte samma skillnader och när resultaten korrigerades för 
det stora antalet analyser som gjordes, kvarstod inte några signifikanta skill-
nader.  

För att ta reda på om de två vanligaste långtidsbehandlingarna vid JIA på-
verkar tarmfloran, gjordes en studie på 46 barn med JIA som aldrig hade haft 
någon läkemedelsbehandling och deras tarmflora jämfördes med 24 barn med 
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JIA som behandlades med metotrexat (MTX) och 12 barn som behandlades 
med etanercept (ETN). Några av barnen som lämnade prover under behand-
ling hade även lämnat prover innan insatt behandling (15 barn med MTX och 
7 barn med ETN) och jämförelser av proverna före och under behandling ut-
fördes. Inte heller i denna studie fanns några skillnader som var signifikanta 
eller konsekventa. Sju av de 15 barnen som lämnade prover före och under 
behandling med MTX hade dock en tydlig förändring i den totala samman-
sättningen av tarmbakterier. 

Den sista studien var en liten pilotstudie som gjordes för att ta reda på om 
de två kostinterventionerna EEN och SCD, som visat positiva kliniska resul-
tat, påverkade tarmfloran och i så fall på vilket sätt. Sex barn med JIA behand-
lades med EEN och tio barn fick SCD. Barnen lämnade avföringsprover när 
de åt sin vanliga kost, samt efter 3-5 veckor med kostinterventionen. Vid både 
EEN och SCD förändrades förekomsten av vissa bakterier och vid SCD mins-
kade även mångfalden av bakterier i avföringsproverna. 

Slutsats 
Barn med JIA hade en förekomst av celiaki på 2,8% i denna studie. Genom 
screening upptäcktes tidigare okända och asymtomatiska fall av celiaki, vilket 
kan motivera att barn med JIA screenas för celiaki.  

I dessa studier har det inte kunnat fastställas att barn med JIA har en tydligt 
förändrad tarmflora jämfört med friska barn och inte heller att två av de van-
ligaste medicinerna vid JIA påverkar tarmfloran. Två olika kostinterventioner 
påverkade tarmfloran hos barn med JIA, men det behövs större studier för att 
fastslå om detta har någon association till den positiva kliniska effekten. 
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