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ABSTRACT. Objective. Changes in the composition of gut microbiota have been suggested to be associated with juvenile

idiopathic arthritis (JIA). The objective in this study was to investigate if the diversity and composition of
the fecal microbiota differed between children with JIA and healthy controls (HCs), and if the microbiota
differed between children with JIA and their healthy siblings.

Methods. In this multicenter, case-control study, fecal samples were collected from 75 children with JIA and
32 HCs. Eight of the HCs were siblings to 8 children with JIA, and they were compared only pairwise with
their siblings. The microbiota was determined using sequencing amplicons from the V3 and V4 regions of
the 16S rRNA gene. Alpha diversity, community composition of microbiota, and relative abundances of
taxa were compared between children with JIA and healthy unrelated controls as well as between children
with JIA and healthy siblings.

Results. Our data revealed no significant differences in a-diversity or community composition of microbiota
between children with JIA, healthy unrelated controls, or healthy siblings. Analyses of relative abundances
of phyla, families, and genera identified trends of differing abundances of some taxa in children with JIA, in
comparison with both HCs and healthy siblings, but none of these findings were significant after adjustment
for multiple comparisons.

Conclusion. There were no significant differences in the composition of fecal microbiota in children with
JIA compared with HCs. The composition of microbiota in children with JIA did not differ significantly
from that in their healthy siblings.

Key Indexing Terms: case-control studies, child, gastrointestinal microbiome, humans, juvenile arthritis,

siblings

Juvenile idiopathic arthritis (JIA) is a heterogeneous condi-
tion that is divided into 7 categories based on the International
League of Associations for Rheumatology (ILAR) criteria.!
Although much research has been performed, there is still
insufficient knowledge on the pathogenesis of the disease and
the factors that influence the disease course. The etiology of
JIA is considered to be multifactorial and influenced by several
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different environmental factors. There is also a genetic contribu-
tion to the risk of JIA, but familial factors can only partly explain
the etiology.*?

There has been increased attention on disturbances in the
intestinal canal and changes in the microbiota as possible envi-
ronmental factors involved in autoimmune diseases.* The gut
microbiota is involved in the development and regulation of
the innate and adaptive immune system in the mucosa,’ and
it also influences the permeability of the intestinal barrier.® A
few studies have identified associations between environmental
factors that affect the development of the normal gut micro-
biota and an increased risk of developing JIA. Early-life treat-
ment with antibiotics,”® delivery by cesarean section,” and a
short duration of breastfeeding' are potential risk factors for
developing JTA. This could be due to changes in the microbiota
or decreased early colonization with favorable bacteria from
the mother.

Children with JIA have also been shown to have an increased
gut permeability,'"'* which could contribute to chronic inflam-
mation as the immune system is confronted with an increased
number of macromolecules from the intestine. Colonization of
the intestine with commensal bacteria promotes normal intes-
tinal barrier function,® but a disrupted microbial composition
could increase gut permeability.”” A disturbed composition of
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the microbiota has thus been suggested to have a potential role
in the development of JIA.

Earlier studies have shown some alterations in the diversity
and composition of the fecal microbiota in children with JIA,
compared with healthy controls (HCs)."*? In 2 of the studies,
a decreased bacterial a-diversity in children with JIA compared
with HCs was found, but this has not been seen in the other
studies where a-diversity was evaluated.'*'>'** The most
common finding in previous studies comparing children with
JIA and HCs is an increased relative abundance of Bacteroides in
children with JTA 1415181920

The composition of gut microbiota is influenced by several
other factors, such as diet,?"? 3 and environ-
ment,* which are difficult to correct for in statistical compar-

genetic factors,?

isons. Siblings living in the same houschold and environment
usually have similar diets and genetics. It has been shown that
the gut microbiota in healthy siblings are very similar®?; thus,
comparisons of gut microbiota between healthy siblings and
siblings with JIA could eliminate some confounding factors.

Our aim was to study whether the composition and diver-
sity of fecal microbiota in untreated children with JIA differed
from those of fecal microbiota in healthy children. To further
control for different dietary and environmental exposures, we
also compared the fecal microbiota in children with JIA with the
fecal microbiota in their healthy siblings. To our knowledge, no
such study has been published previously.

METHODS

Study design. For this case-control study, children with newly diagnosed
JIA were included from 4 Swedish counties (Uppsala, Dalarna, Givleborg,
Vistmanland). Fecal samples were collected prior to treatment with
disease-modifying antirheumatic drugs (DMARDS), except in S children
with JIA who were previously treated with DMARDs but had been without
treatment for at least 6 months. Children with previously diagnosed JIA but
without any ongoing medication with DMARDs were also included. The
collection of fecal samples was carried out between 2012 and 2017.

A total of 75 children with JIA and 32 HCs were included in the study.
Eight of the HCs were siblings to children with JIA, living in the same
household. Since earlier studies have shown that siblings living in the same
houschold have a similar microbiota, these controls were analyzed separately
and compared only pairwise with their siblings with JIA. Clinical features
for the children with JIA and the HCs are presented in Table 1 and Table 2.

The children with JIA were categorized based on the criteria established
by the ILAR." One child diagnosed with systemic-onset JIA was excluded,
since that category is considered an autoinflammatory discase and differs
from the other categories in many ways.

Healthy children were recruited among children of employees at the
pediatric ward (n = 11), children undergoing minor surgery for orthopedic
reasons (n = 13), and healthy siblings to children with JIA (n =8).

Information regarding other autoimmune diseases and recent use of
antibiotics was collected from all children. None of the children with JIA
were diagnosed with inflammatory bowel disease or other autoimmune
diseases. An exclusion criterion for both children with JTA and HCs was use
of antibiotics within the 6 months preceding sampling. Exclusion criteria
for HCs were presence of any inflammatory disease, diabetes, any atopic
disease with continuous medication, or special diet because of intolerance.

Fecal samples. Fecal samples were collected by the participants and parents at
home and stored at 4°C until delivered to the hospital, within a maximum of
60 hours after sampling. Upon arrival at the hospital, the fecal samples were
placed in —=25°C freezers and then moved to and stored in —=70°C freezers.

Table 1. Clinical features for 75 children with JIA receiving no medical
treatment and 24 healthy controls.

Children With Controls,
JIA,n=75 n=24
Female sex, n (%) 44 (59) 10 (42)
Age at sampling, yrs, median (IQR)  10.9 (5.7-14.3) 6.7 (3.5-9.0)

Time from JIA onset to sampling,

yrs, median (IQR) 0.45 (0.20-3.05) -
Treatment-naive 70 -
Not treatment-naive (n = 5)

Time from end of treatment to sampling,

yrs, mean (min-max) 0.9 (0.5-1.7) -
JIA category at onset, n (% female)

Oligoarticular 42 (69) -
Polyarticular RF- 15 (53) -
Polyarticular RF+ 1(100) -
Enthesitis-related 11(27) -
Undifferentiated S (60) -
Psoriatic 1(0) -

JIA: juvenile idiopathic arthritis; RF: rheumatoid factor.

Table 2. Clinical features for 8 children with JIA receiving no medical treat-
ment and their 8 healthy siblings.

Children With Siblings,
JIA,n=8 n=3§8
Female sex, n (%) 6(75) 2 (25)
Age at sampling, yrs, median (IQR) 5.4 (3.4-9.1) 9.0 (6.0-9.9)
Time from JIA onset to sampling,
yrs, median (IQR) 0.6 (0.2-2.6) =

Treatment-naive 7 -
Not treatment-naive (n = 1)
Time from end of treatment to

sampling, years 0.5 -

JIA category at onset, n (% female) =
Oligoarticular 4(50) -
Polyarticular RF— 3(38) -
Undifferentiated 1(13) -

JIA: juvenile idiopathic arthritis; RF: rheumatoid factor

The microbiota was analyzed with sequencing amplicons from the V3
and V4 regions of the 16S rRNA gene using Illumina MiSeq (Illumina Inc.).
The sequencing was performed using the National Genomics Infrastructure,
hosted by Scilifelab, Solna, Sweden, and the sample preparation and bioin-
formatics processing was carried out in accordance with the procedure
described by Hugerth and colleagues.”

The final operational taxonomic unit (OTU) table was further processed
to remove all OTUs that were represented in < 4 samples and also had < 4
sequences in the dataset.

Statistics. Demographics and disease characteristics were described using
median and IQR, or total number and percent of the study cohort. The data
on microbiota did not follow a normal distribution and nonparametric tests
were therefore employed.

The a-diversity of the fecal samples was measured using the Chao-1
index and the Shannon diversity index, calculated on the entire OTU
matrix. For a comparison of these indices between children with JIA and
HCs, we used a logistic regression model with age at sampling as a covariate.

1590

Fecal microbiota in JIA

Downloaded on April 10, 2024 from www.jrheum.org


http://www.jrheum.org/

To analyze the community composition of the microbiota, principal
coordinate analysis (PCoA) plots, based on Bray-Curtis dissimilarity, were
generated for visual comparisons, and analyses of similarity (ANOSIM)
were used to test for differences. To estimate the variation in species compo-
sition at different ages—as age is a factor that might influence the results
— the children with JIA and the HCs were categorized into 4 groups based
on age at sampling. The groups included children aged 0.0 to < 3 years
(Group A, n = 17), 3.0 to < 8 years (Group B, n = 22), 8.0 to < 13 years
(Group C,n=33),and 13.0 to < 18 years (Group D, n = 27). Comparisons
were made between different age groups, between children with JIA and
controls, and between different categories of JIA.

Univariate analyses were used to compare relative abundances of taxa
between children with JIA and HCs, and were performed at 3 taxonomic
levels: phyla, families, and genera. For analyses of phyla and families, all
taxa were used, but for analyses of bacterial genera, only genera present in
more than 25% of all fecal samples and with a medium relative abundance
< 0.1% were included. A logistic regression model, with age at sampling as a
covariate, was used to compare children with JIA and HCs.

For the 8 pairs of siblings, Wilcoxon signed-rank test was used to
compare a-diversity between children with JIA and their healthy siblings,
and PCoA plots were generated to visually compare the community compo-
sition of microbiota between the pairs of siblings. Wilcoxon signed-rank test
was used to reveal if the relative abundances of phyla, families, and genera
differed between children with JIA and their healthy siblings. Moreover, the
community compositions of microbiota for the 8 healthy siblings were also
compared with those of the other 24 HCs using ANOSIM.

The calculations of the Chao-1 index, the Shannon diversity index,

PCoA, and ANOSIM were carried out using the PAST software, version
3.22.7% The logistic regression models and the Wilcoxon signed-rank
test were calculated using the SPSS version 26 (SPSS Inc.). P < 0.05 was
considered significant and the Benjamini-Hochberg procedure was used to
adjust for multiple comparisons. The false discovery rate was set to 0.05. We
performed univariate tests at 3 phylogenetic levels and the numbers of tests
corrected for with the Benjamini-Hochberg method were 13 for phyla, 39
for families, and 50 for genera.
Ethics. The study was approved by the local ethics committee in Uppsala
County, Sweden (Dnr 2006/327, 2006/327/1, 2006/327/3, and
2014/335) and was conducted in accordance with the Declaration of
Helsinki. Informed consent was obtained from participating children and
parents, and written informed consent was obtained from all parents.

RESULTS

The most abundant phyla in all samples were Firmicutes (50%
for JIA and 51% for controls), Bacteroidetes (27% for JIA and
29% for controls), and Proteobacteria (4% for JIA and 3% for
controls), but there was also a large number of taxa only cate-
gorized as “bacteria” (13% for JIA and 15% for controls; data
not shown). The number of sequences obtained from the fecal
samples ranged from 9417 to 100,032, with a mean of 44,225
sequences per sample. There were no differences in numbers
of sequences between the groups, with the mean number of
sequences obtained from samples being 44,163 in children
with JIA and 44,421 in HCs. The relative abundances of taxa
were used for univariate calculations, with any differences in the
number of sequences adjusted.

Alpha diversity. The logistic regression models, with age as
covariate, did not show any significant differences in a-diver-
sity between children with JIA and healthy children, neither
with the Chao-1 index (P = 0.16), which gives more weight to
rare species, nor with the Shannon diversity index (P = 0.08;

Figure 1), which encompasses both OTU richness and evenness.
We also compared the children with enthesitis-related arthritis
(ERA; n = 11) with the children belonging to all the other cate-
gories of JIA (n = 64; Table 1) and found no significant differ-
ences in a-diversity, neither with the Chao-1 index (P = 0.15)
nor with the Shannon diversity index (P = 0.88).

Community composition of the microbiota. A PCoA plot for
the different age groups (Figure 2) did not show any distinct
clustering, but samples from the age groups 8.0 to < 13 years
(Group C) and 13.0 to < 18 years (Group D) were located in the
left part of the plot, whereas samples from the youngest age group
of 0.0 to < 3 years (Group A) were located in the right part of
the plot. Samples from the age group 3.0 to < 8 years (Group B)
were the most evenly distributed samples along the X-axis. The
youngest age group was significantly different from all the other
age groups when analyzed with ANOSIM (Group A compared
with Group B, P = 0.01; Group A compared with Group C,
P <0.01; Group A compared with Group D, P = 0.04), but these
analyses had low R values (R = 0.16, R = 0.23, and R = 0.16,
respectively), indicating weak correlations. Although the
correlations were weak, we did the comparisons of community
composition between children with JIA and HCs, both with
and without Group A, to confirm that the age factor did not
affect the other results.

A PCoA plot for all the children with JIA and all the HCs did
not show any separate clustering (Figure 2), nor did the PCoA
plot where the youngest age group was excluded. However,
analysis with ANOSIM showed a significant difference between
groups for all children (P = 0.03), but with a very low R value
(R = 0.13). The ANOSIM analysis without the youngest age
group did not show any significant differences between JIA and
controls (P = 0.16; R = 0.08).

In the PCoA plot for the different categories of JIA
(Figure 2), most of the samples from children with polyarticular
rheumatoid factor (RF)-negative JIA and ERA clustered in the
left part of the plot, whereas samples from oligoarticular JTA
were more evenly spread out. However, analyses with ANOSIM
did not reveal any significant differences between any categories
and did not show any significant differences between controls
and any JIA categories, and these results were not affected when
the youngest age group was excluded from the analyses.

A PCoA plot was also made for the 8 pairs of siblings to
compare each child with JIA with their healthy sibling (Figure 2).
According to this analysis, the siblings in each pair had similar
community compositions of microbiota, whether they were
diagnosed with JIA or healthy. Analyses with ANOSIM showed
no differences between children with JIA and their healthy
siblings (P =0.93, R = -0.10).

Last, we compared the healthy siblings (n = 8) with the other
HCs (n = 24) using ANOSIM, and the analysis showed no
differences between the groups (P = 0.48, R = —0.008; data not
shown).

Univariate analyses. To test for differences in relative abun-
dances of specific taxa between children with JIA and controls,
logistic regression analysis was used, with age as covariable. This
analysis was applied at 3 taxonomic depths (phylum, family, and
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Figure 1. Box plots of the Chao-1 index and the Shannon diversity index for a-diversity in
fecal samples from 75 children with JIA and 24 healthy controls. JIA: juvenile idiopathic

arthritis.
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Figure 2. PCoA of microbial community composition in fecal samples. The PCoA plots illustrate how samples
clustered based on the composition of bacteria. (A) PCoA for 99 children (75 children with JIA and 24 HCs),
divided into 4 groups based on age at sampling. (B) PCoA for 75 children with JIA and 24 HCs. (C) PCoA for
75 children with JIA and 24 HCs. The children with JIA are divided into categories based on the International
League of Associations for Rheumatology criteria’. (D) PCoA for 8 children with JIA and their healthy siblings.
Different colors represent different pairs of siblings. Circles represent children with JIA and squares represent
healthy siblings. ERA: enthesitis-related arthritis; HC: healthy control; JIA: juvenile idiopathic arthritis; oligo:
oligoarticular; PCoA: principal coordinate analysis; PsA: psoriatic arthritis; poly RF+: positive for polyarticular
rheumatoid factor; poly RF-: negative for polyarticular rheumatoid factor; undiff: undifferentiated.

genus) and revealed some trends, including higher abundances
of Ruminococcaceae, Bacteroides, and Akkermansia and lower
abundance of Lachnospiraceae in children with JIA. However,
these results were not significant after adjustment for multiple
analyses (Table 3). We also compared the relative abundance of
taxa between children with ERA and the children belonging to
other categories of JIA, using logistic regression with age as a
covariate, and these analyses did not show any significant differ-
ences (data not shown).

The relative abundances of bacterial taxa in fecal samples
from the 8 siblings were analyzed for phyla, families, and genera,
but comparisons did not show any statistically significant differ-
ences between the siblings with JIA and the healthy siblings,
after adjustment for multiple analyses (Table 4).

DISCUSSION
In this study, the fecal microbiota of children with JIA and unre-
lated HCs was compared. The microbiota was also compared
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Table 3. Relative abundance of phyla, families, and genera in 75 children with JIA compared with 24 healthy con-
trols. Selected list of taxa with crude P values < 0.05.

OoTU® Relative Abundance Crude Adjusted
JIA, Mean (SE) Controls, Mean (SE) r* P
Actinobacteria (P) 0.029 (0.004) 0.015 (0.002) 0.035 0.455
Ruminococcaceae (F) 0.228 (0.010) 0.186 (0.020) 0.029 1.131
Lachnospiraceac (F) 0.120 (0.006) 0.170 (0.028) 0.033 0.644
Prevotella_9 (G) 0.045 (0.013) 0.121 (0.040) 0.020 1.000
(B (©) 0.112 (0.010) 0.071 (0.012) 0.024 0.600
Bifidobacterium (G) 0.020 (0.003) 0.010 (0.002) 0.042 0.700
Abkkermansia (G) 0.019 (0.003) 0.006 (0.002) 0.050 0.625

*(P) = phylum, (F) = family, (G) = genus. * P values calculated using logistic regression with age at sampling as
covariate. ** P values adjusted using the Benjamini-Hochberg procedure. JIA: juvenile idiopathic arthritis; OTU:

operational taxonomic unit; SE: standard error.

Table 4. Relative abundance of phyla, families, and genera in 8 children with JIA and their 8 healthy siblings.

Selected list of taxa with crude P values < 0.05.

oTuU* Relative Abundance Crude  Adjusted
JIA, Mean (SD)  Controls, Mean (SD) rr P
Actinobacteria (P) 0.010 (0.029) 0.030 (0.060) 0.025 0.325
Bifidobacteriaceae (F) 0.011 (0.015) 0.026 (0.026) 0.025 0.975
Rikenellaceae (F) 0.033(0.013) 0.016 (0.018) 0.025 0.488
Ruminococcaceae_ UCG-005 (G) 0.0012 (0.0017) 0.0004 (0.0007) 0.018 0.900
Alistipes (G) 0.033 (0.013) 0.016 (0.018) 0025 0625
Bifidobacterium (G) 0.011 (0.015) 0.026 (0.026) 0.025 0.417
Ruminococcus_gauvreauii_group (G) 0.006 (0.008) 0.018 (0.016) 0.036 0.450

*(P) = phylum, (F) = family, (G) = genus. * P values calculated using Wilcoxon matched pair signed-rank test.
** P values adjusted using the Benjamini-Hochberg procedure. JIA: juvenile idiopathic arthritis; OTU: opera-

tional taxonomic unit.

between children with JIA and healthy siblings. All categories
of JIA, except systemic-onset JIA, were included in the study,
which has been done in only 2 previous studies."*"” To our
knowledge, this is the first study on microbiota in JIA in which
siblings were compared.

We did not find any significant differences in diversity,
community composition, or relative abundances of taxa between
children with JIA and controls after correction for multiple
analyses. Nor did we find any significant differences in fecal
microbiota composition when comparing children with JIA
and their healthy siblings. Two earlier studies have suggested a
reduced microbial a-diversity in children with JIA compared
with healthy children,'®"” but the results from our study did not
show any significant differences between the groups, neither
with the Chao-1 index nor with the Shannon diversity index.
Rather, the trend was toward a higher a-diversity in children
with JIA.

The composition and diversity of fecal microbiota have been
shown to be age-dependent as the gut microbiota undergoes
major changes during the first 3 years of life before becoming
more stable.”** Thus, we were not surprised that the youngest
age group (Group A, 0.0 to < 3 yrs) in our study differed signifi-
cantly from all the other age groups, although with low R values.

This aspect has not been studied in other studies exploring
microbiota in children with JIA, but highlights that age correc-
tion may be necessary in the statistical analyses when including
microbiota from very young subjects. To correct for age in our
study, we analyzed o-diversity and relative abundances of taxa
with logistic regression analyses with age as a covariable and
performed analyses on community composition both with and
without the youngest age group.

When comparing the community composition of the micro-
biota between children with JIA and HCs, the ANOSIM anal-
ysis revealed a significant difference between groups (P = 0.03)
but with a low R value (0.13), indicating a very poor effect of the
factor. The ANOSIM analysis without the youngest age group
(Group A) did not differ significantly between JIA and controls
(P = 0.16) and since none of the PCoA plots comparing chil-
dren with JIA and controls showed any clustering of groups, our
study does not support that there are significant differences in
the community composition of microbiota between the groups.

Previous studies by Stoll, ez a/ have demonstrated differ-
ences in community composition of microbiota between chil-
dren with ERA and healthy children,’>*® but no carlier studies
have compared the community composition in other catego-

ries of JIA with HC:s. In our present study, the categories ERA,
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oligoarticular JIA, RF-negative polyarticular JIA, and undiffer-
entiated JIA were compared with HCs and with each other, but
analyses with ANOSIM did not reveal any significant differ-
ences between any of the categories and healthy children, nor
did the categories differ significantly from each other.

Earlier studies on fecal microbiota in children with JIA have
shown divergent results on relative abundance for many bacterial
taxa, but some patterns have been noted. Increased abundance
of Bacteroides has been reported in 5 studies,'*!>1%1%2° increased
abundance of the family Ruminococcaceae in 2 studies,'®” and
decreased abundance of Faecalibacterium or . prausnitzii in 3
studies.”>!*!¥ However, only 2 of the previous studies included
all categories of JIA, except systemic-onset JIA,'#!” as our present
study does.

Arvonen, er al’! recently published a review of the micro-
biota in children with JIA and used machine learning to reana-
lyze 143 samples. The machine learning model identified one of
the OTUs belonging to the Lachnospiraceae family (unclassified
Lachnospiraceae) as the most important OTU in distinguishing
children with JIA from HCs, but unclassified Bacteroides and
Faecalibacterium were also among the most important OT Us.

In this study, we found similar trends as in previous studies,
with higher abundances of Bacteroides, Ruminococcaceae,
and Akkermansia, and lower abundance of Lachnospiraceae in
children with JIA, but these findings were not significant after
adjustment for multiple comparisons.

To further investigate whether JIA was linked to alterations
of the gut microbiota, we compared fecal microbiota from chil-
dren with JIA with the microbiota of their healthy siblings,
living in the same houschold. We had only 8 pairs of siblings
and did not find any differences in community composition
or relative abundances of taxa between children with JIA and
their healthy siblings after adjustment for multiple comparisons.
This could indicate that both siblings in each pair had an unfa-
vorable microbiota, increasing the risk of contracting JIA, but
that other environmental factors are also necessary for devel-
oping the disease. It could also indicate that the composition
of fecal microbiota has a very small or no correlation with JIA.
Considering that the children with JIA did not differ signifi-
cantly from HCs in the other analyses in this study, it seems
unlikely that the sibling pairs would have a microbiota signifi-
cantly different from that in other children. To further examine
this, we compared the compositions of the microbiota in fecal
samples from the 8 healthy siblings with those in the other 24
HC samples, and found no significant differences between those
groups either.

One limitation of this study was the differing age distribu-
tion between the children with JIA and the HCs, where the
median age was higher in the children with JIA. However, we
corrected for the skewed age distribution by performing logistic
regression analyses of a-diversity and relative abundances with
age as a covariate. To correct for a different community compo-
sition in children under 3 years of age, we did ANOSIM calcu-
lations with and without the youngest age group (Group A)
for comparisons. However, removing the youngest age group
also reduces the number of participants and thereby makes it

less likely to get statistically significant differences. Another
limitation of the study was that the fecal samples were collected
at home. While instructions were given, we cannot be sure
of the exact time for sampling or how the fecal samples were
stored before delivery to the hospital. Last, obtaining statisti-
cally significant results from small differences between groups
requires large sample sizes. Our study had a large number of
participants compared to many other studies in this field, but it
is still possible that the sample size was not large enough. This
is particularly conceivable regarding the comparisons of micro-
biota between siblings, since we had only 8 pairs of siblings and
subtle differences between groups are difficult to detect with so
few subjects.

In conclusion, our data do not support that there are any
significant differences in microbiota between children with JIA
and HC:s. Also, we could not find any significant differences in
community composition of microbiota or relative abundances of
taxa in microbiota between children with JIA and their healthy

siblings.

REFERENCES

1. Petty RE, Southwood TR, Manners P, Baum J, Glass DN,
Goldenberg]J, et al; International League of Associations
for Rheumatology. International League of Associations for
Rheumatology classification of juvenile idiopathic arthritis: second
revision, Edmonton, 2001. ] Rheumatol 2004;31:390-2.

2. DPrahalad S, Zeft AS, Pimentel R, Clifford B, McNally B, Minecau
GP, et al. Quantification of the familial contribution to juvenile
idiopathic arthritis. Arthritis Rheum 2010;62:2525-9.

3. Hinks A, Cobb J, Marion MC, Prahalad S, Sudman M, Bowes J,
et al; Boston Children’s JIA Registry; British Society of Paediatric
and Adolescent Rheumatology Study Group; Childhood Arthritis
Prospective Study; Childhood Arthritis Response to Medication
Study; German Society for Pediatric Rheumatology; JIA Gene
Expression Study; NIAMS JIA Genetic Registry; TREAT
Study; United Kingdom Juvenile Idiopathic Arthritis Genetics
Consortium. Dense genotyping of immune-related disease regions
identifies 14 new susceptibility loci for juvenile idiopathic arthritis.
Nat Genet 2013;45:664-9.

4. Opazo MC, Ortega-Rocha EM, Coronado-Arrézola I, Bonifaz LC,
Boudin H, Neunlist M, et al. Intestinal microbiota influences
non-intestinal related autoimmune diseases. Front Microbiol
2018;9:432.

5. KamadaN, Seo SU, Chen GY, Ntifiez G. Role of the gut microbiota
in immunity and inflammatory disease. Nat Rev Immunol
2013;13:321-35.

6. Hayes CL, Dong]J, Galipeau HJ, Jury J, McCarville J, Huang X, et
al. Commensal microbiota induces colonic barrier structure and
functions that contribute to homeostasis. Sci Rep 2018;8:14184.

7. Arvonen M, Virta L], Pokka T, Kréger L, Vihisalo P. Repeated
exposure to antibiotics in infancy: a predisposing factor for juvenile
idiopathic arthritis or a sign of this group’s greater susceptibility to
infections? ] Rheumatol 2015;42:521-6.

8. Horton DB, Scott FI, Haynes K, Putt ME, Rose CD, Lewis JD, et al.
Antibiotic exposure and juvenile idiopathic arthritis: a case-control
study. Pediatrics 2015;136:¢333-43.

9. Kiistensen K, Henriksen L. Cesarean section and disease associated
with immune function. J Allergy Clin Immunol 2016;137:587-90.

10. Kindgren E, Fredrikson M, Ludvigsson J. Early feeding and risk of
juvenile idiopathic arthritis: a case control study in a prospective
birth cohort. Pediatr Rheumatol Online J 2017;15:46.

1594

Fecal microbiota in JIA

Downloaded on April 10, 2024 from www.jrheum.org


http://www.jrheum.org/

11. Picco P, Gattorno M, Marchese N, Vignola S, Sormani MP, 21. David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE,
Barabino A, et al. Increased gut permeability in juvenile chronic Wolfe BE, et al. Diet rapidly and reproducibly alters the human gut
arthritides. A multivariate analysis of the diagnostic parameters. Clin microbiome. Nature 2014;505:559-63.

Exp Rheumatol 2000;18:773-8. 22. Wu GD, Chen J, Hoffmann C, Bittinger K, Chen YY, Keilbaugh

12. Weber P, Brune T, Ganser G, Zimmer KP. Gastrointestinal SA, etal. Linking long-term dietary patterns with gut microbial
symptoms and permeability in patients with juvenile idiopathic enterotypes. Science 2011;334:105-8.
arthritis. Clin Exp Rheumatol 2003;21:657-62. 23. Goodrich JK, Waters JL, Poole AC, Sutter JL, Koren O, Blekhman

13.  Camilleri M, Madsen K, Spiller R, Greenwood-Van Meerveld B, R, et al. Human genetics shape the gut microbiome. Cell
Verne GN. Intestinal barrier function in health and gastrointestinal 2014;159:789-99.
disease. Neurogastroenterol Motil 2012;24:503-12. 24. Rothschild D, Weissbrod O, Barkan E, Kurilshikov A, Korem T,

14.  Tejesvi MV, Arvonen M, Kangas SM, Keskitalo PL, Pirttili AM, Zeevi D, et al. Environment dominates over host genetics in shaping
Karttunen TJ, et al. Faecal microbiome in new-onset juvenile human gut microbiota. Nature 2018;555:210-5.
idiopathic arthritis. Eur ] Clin Microbiol Infect Dis 2016; 25. Finnicum CT, Beck JJ, Dolan CV, Davis C, Willemsen G, Ehli EA,
35:363-70. et al. Cohabitation is associated with a greater resemblance in gut

15.  Stoll ML, Kumar R, Morrow CD, Lefkowitz EJ, Cui X, Genin A, et microbiota which can impact cardiometabolic and inflammatory
al. Altered microbiota associated with abnormal humoral immune risk. BMC Microbiol 2019;19:230.
responses to commensal organisms in enthesitis-related arthritis. 26. Song S]J, Lauber C, Costello EK, Lozupone CA, Humphrey G, Berg-
Arthritis Res Ther 2014;16:486. Lyons D, et al. Cohabiting family members share microbiota with

16. DiPaola M, Cavalieri D, Albanese D, Sordo M, Pindo M, Donati one another and with their dogs. Elife 2013;2:¢00458.

C, etal. Alteration of fecal microbiota profiles in juvenile idiopathic 27. Hugerth L, Seifert M, Pennhag A, Du J, Hamsten M,
arthritis. Associations with HLA-B27 allele and disease status. Front Schuppe-Koistinen I, et al. A comprehensive automated pipeline
Microbiol 2016;7:1703. for human microbiome sampling, 16s rRNA gene sequencing and

17. van Dijkhuizen EHP, Del Chierico F, Malattia C, Russo A, Pires bioinformatics processing. bioRxiv 2018:286526.

Marafon D, Ter Haar NM, et al. Microbiome analytics of the 28. Hammer @, Harper DA, Paul D. Ryan. PAST: Paleontological
gut microbiota in patients with juvenile idiopathic arthritis: a Statistics Software Package for education and data analysis.
longitudinal observational cohort study. Arthritis Rheumatol Palacontologia Electronica 2001;4:1-9.

2019;71:1000-10. 29. Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello

18. Stoll ML, Weiss PF, Weiss JE, Nigrovic PA, Edelheit BS, Bridges SL MG, Contreras M, et al. Human gut microbiome viewed across age
Jr, et al. Age and fecal microbial strain-specific differences in patients and geography. Nature 2012;486:222-7.
with spondyloarthritis. Arthritis Res Ther 2018;20:14. 30. Tanaka M, Nakayama J. Development of the gut microbiota

19. Aggarwal A, Sarangi AN, Gaur P, Shukla A, Aggarwal R. Gut in infancy and its impact on health in later life. Allergol Int
microbiome in children with enthesitis-related arthritis in a 2017;66:515-22.
developing country and the effect of probiotic administration. Clin 31. Arvonen M, Vinni P, Sarangi AN, Tejesvi MV, Vihisalo P, Aggarwal
Exp Immunol 2017;187:480-9. A, et al. Microbial orchestra in juvenile idiopathic arthritis: sounds

20. Hissink Muller P, de Meij TGJ, Westedt M, de Groot EFJ, Allaart of disarray? Inmunol Rev 2020;294:9-26.

CF, Brinkman DMC, et al. Disturbance of microbial core species
in new-onset juvenile idiopathic arthritis. ] Pediatric Infect Dis
2017;12:131-5.
Oman, et al 1595

Downloaded on April 10, 2024 from www.jrheum.org


http://www.jrheum.org/

