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Abstract: Celiac Disease (CD) is an immune-mediated and gluten-related disorder whose prevalence
is higher in children affected with other autoimmune disorders, including diabetes mellitus type 1,
autoimmune thyroiditis, and others. As regards Juvenile Idiopathic Arthritis (JIA) and other pediatric
rheumatic disorders, there is no clear recommendation for CD serological screening. In this review,
we analyze all the available clinical studies investigating CD among children with JIA (and other
rheumatic diseases), in order to provide objective data to better understand the necessity of CD
serological screening during the follow-up. Based on the present literature review and analysis, >2.5%
patients with JIA were diagnosed with CD; however, the CD prevalence in JIA patients may be even
higher (>3-3.5%) due to several study limitations that could have underestimated CD diagnosis
to a variable extent. Therefore, serological screening for CD in children affected with JIA could
be recommended due to the increased CD prevalence in these patients (compared to the general
pediatric population), and because these JIA patients diagnosed with CD were mostly asymptomatic.
However, further research is needed to establish a cost-effective approach in terms of CD screening
frequency and modalities during the follow-up for JIA patients. Conversely, at the moment, there is
no evidence supporting a periodical CD screening in children affected with other rheumatic diseases
(including pediatric systemic lupus erythematosus, juvenile dermatomyositis, and systemic sclerosis).

Keywords: celiac disease; juvenile idiopathic arthritis; pediatric systemic lupus erythematosus;
juvenile dermatomyositis; systemic scleroderma; screening; prevalence

1. Introduction

Celiac Disease (CD) is an immune-mediated and gluten-related disorder occurring in
around 3% of patients who are carriers of specific HLA-DQ alleles (DQA1*0501-DQB1*02
and/or DQA1*0301-DQB1*0302) [1,2]. The hallmark of CD is the development of consistent
histopathological alterations of the small bowel mucosa, including increased intraepithelial
lymphocytes (IELs), crypts hyperplasia, and shortened /atrophic intestinal villi, as reflected
by the Marsh—Oberhuber classification [3]. However, CD is not only a gastrointestinal
disorder but also a systemic disease: indeed, the gastrointestinal manifestations are only
one component of the clinical picture in these patients (including children), who often
display extra-gastrointestinal involvement, including musculoskeletal complaints [4—6].
Conversely, there are several reports describing patients affected with rheumatic disorders
who resulted to be concomitantly affected with CD and, thus, are claimed to deserve
periodical screening for it by some authors [7].
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Several autoimmune disorders were included in the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN) guidelines for the Diagnosis of
Coeliac Disease (published in 2012), as “conditions associated with CD”. Notably, Juvenile
Idiopathic Arthritis (JIA) was listed among those in this position paper, where 1.5-2.5% CD
prevalence was reported among these patients; however, this information was supported by
only two studies dated back to 1996 and 1997, respectively [8-10]. Unlike other autoimmune
disorders (such as type 1 diabetes mellitus, autoimmune thyroiditis, and autoimmune liver
disease), no recommendation was given about CD screening in JIA patients in this position
paper; moreover, JIA is not cited at all in the recently updated ESPGHAN guidelines for
CD screening and management [8-11]. However, the growing availability of serological
tests for CD promoted and increased its screening in a larger number of children, including
those with rheumatic disorders, even though no clear recommendations or guidelines have
been published in this regard. This gap of knowledge can cause both CD under-diagnosis
(with potentially negative long-term consequences for rheumatic children in whom CD is
overlooked) and/or inappropriate use of CD serological tests (with consequent waste of
resources and/or diagnostic concerns).

In this review, we analyzed all the available clinical studies investigating CD among
children with JIA, in order to provide objective data to better understand the necessity of
CD serological screening during the follow-up of this rheumatic disorder. Moreover, in
order to make our analysis more complete, we also assessed whether there is any evidence
regarding the potential association between CD and other rheumatic diseases in children.

2. Juvenile Idiopathic Arthritis and Celiac Disease

Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disorder
in children. It is diagnosed in patients aged up to 16 years with chronic arthritis (last-
ing 6 weeks or more), which is not associated to any specific and recognizable etiology
(e.g., infectious, neoplastic, metabolic). According to the International League of Associ-
ations for Rheumatology (ILAR), five main subtypes can be defined inside the JIA clas-
sification: systemic (sJIA); oligoarticular (oJIA), which may be persistent or extended;
polyarticular (pJIA), which is usually rheumatoid factor (RF) negative and, much less
frequently, positive; psoriatic (PsJIA); and enthesitis-related (ERA). Additionally, JIA may
be categorized as undifferentiated, if arthritis does not fulfill the diagnostic criteria for any
of the aforementioned subtypes [12]. Like CD, HLA system plays a role in JIA etiopatho-
genesis; however, the HLA genetic predisposition to JIA is mainly due to other HLA class
II molecules (HLA-DRB1, HLA-DPB1), which are differentially involved according to the
JIA subtype [13,14].

In order to investigate the epidemiological burden of CD in JIA patients, the litera-
ture search was performed using PubMed with the keywords ([“children”] AND “Celiac
Disease” AND “arthritis” OR “Juvenile Idiopathic Arthritis”) restricted between 2000 and
2021 (31 December). Only the clinical studies describing cohorts (not case reports or se-
ries) of JIA patients screened for CD were included for data extraction, as summarized in
Table 1 [15-28].

The study by Stagi et al. reported a relatively high prevalence (6.7%) of CD in their
cohort of JIA patients [15]. A comparable result emerged from the research by Skrabl-
Baumgartne et al., who found a 4.2% prevalence of CD in their JIA patients [20]. Notably,
both studies included a control group, where no CD cases were identified: moreover, these
were among the largest studies (JIA: n = 151 and n = 95, respectively; controls: n = 158 and
n =100, respectively) of the present selection [15,22]. Actually, in terms of JIA cohort, the
second largest research was the prospective study published by Alpegiani et al. (1 = 108),
who reported a CD prevalence of 2.8%; however, no control group was available in this
research [16]. A third study (by Stoll et al.) included a control group, but patients’ number
(JIA: n = 32; controls: n = 10) was among the smallest ones; here, no CD diagnoses were
made in either group [18].
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Table 1. Clinical studies assessing CD in children affected with JIA.

Author-1st-(Year)

[Country] Study Design CD Tests JIA Pts. JIA M/F & Age * JIA Duration CD Pts. CD Symptoms Comments
Stagi[{:;]y(]m%) CROSS AGA EmA tTG 151 s 32(2/41_2106 9 n/a 10 (6.7%) n/a CD:M/F =1/9; oJA: n = 5, pJIA: 1 = 5; Marsh: n/a.
o _ Annual serological screening
Alplgla[rl‘tl [11?] (2008) PRO EmA TG 108 5 ;7(4_7115 ) - 3 (2.8%) YNO(L"_]Z))A Study follow-up: 5.3 yrs. (0.15-12.3)
ay ’ esin= No further information on CD pts.
Koehne [17] (2012 AGA (IgA/IgG) EmA .
[Br[azill]( ) CROSS [(t"lgG a ggA))] 32 n/a n/a 0 - Only EmA+ patients underwent tTG IgA test.
11/30
Stoll [18] (2012) L) e 21+22F
CROSS tTG IgA _ONE 8.8(4.6-21) NE 0 - -
[USA] (n=11) 2.8 (1.5-5.9) NE 22+27
R"baz[grglzc)ih(zom CROSS TG 53 0 423/32_517 9 34431 1(1.9%) No CD: M; 10 yrs; sJIA; Marsh: 3c.
Moghtaderi [20] (2016) CROSS {TG IgA 53 27/26 35+ 3.0 0 } One patient was anti-tTG IgA+, but endoscopy
[Iran] 10.6 (1.5-16) was normal
Nisihara [21] (2017) 16/29 2 B Four patients were serologically positive (EmA,
[Brazil] CROSS EmA TG IgG 4 12 (3-16) 0.5-10 0 n =2; tTGIgG, n = 2), but all declined endoscopy.
Skrabl-Baumgartne [22] 29/66 No (1 =3) Only tTG IgA+ pts. were tested for EmA (all+)
(2017) CROSS tTG IgA 95 12.3 (2.3-17.9) n/a 4 (4.2%) Yes (n=1) " CD:M/F=2/2;0]lA:n=2,pJIA:n=1,PsJIA:n=1;
[Austria] e . es = Marsh3c:n=2,3b:n=1,2b: n=1.
Tronconi [23] (2017) 28/51 B o annual serological screening
[ltaly] RETRO TG IgA 7 10.7 (2.8-21) 3 (2.4%) n/a CD: M/F = 03; ofIA, 11 = 2; PSJIA, n = 1.
LI G . K7 : - -
Oman [25] (2019) 81/135 No (1 =3) CD: oJIA: n =4, PSJIA, n = 1, ERA, n = 1; M/F = 0/6;
[Sweden] CROSS tTG IgA/15G 216 8.4(31-13.3) n/a 6 (28%) Yes (n=3)" Marsh III: 7 = 6.
; 8 pts. had one or more positive CD markers.
Pagnir[li tEaZl;]] (2021) RETRO tTG/Ema/AGA 53 (ERA) 1 0393(/32_(; 6) - 1(1.8%) n/a Unclear if all patients received serological screening
: 3 pts. resulted tTG IgA+, but only one
Sadeghi [28] (2021 1:2
& [Ir[an]] ( ) CROSS tTG IgA 78 79 ;1' 6]—1 6) 28+28 1(1.3%) No accepted endoscopy

CD: M; o]IA.

* Age is expressed as mean age (age range), except in two articles (Oman et al.: inter-quartile range between brackets; AlEnzi study: mean and standard deviation). " Patients already
diagnosed with CD before JIA onset; ETIA patients diagnosed as ERA in the study by Stoll (NE 1A patients diagnosed as non-ERA). Abbreviations: M, male; F, female; pts., patients;
AGA, anti-gliadin antibody; EmA, anti-endomysium antibody; tTG, anti-tissue transglutaminase antibody; SpA, Spondylo-arthritis; n/a: information not available; PsJIA: psoriatic
arthritis; oJIA: oligoarticular arthritis; pJIA: polyarticular arthritis; sJIA: systemic arthritis; ERA: entesitis-related arthritis; CROSS, cross-sectional study; RETRO, retrospective study;
PRO, prospective study.
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Among the remaining studies included in our selection, no one included a control
group, and CD cases were identified in six studies, showing a CD prevalence ranging
between 1.3% and 2.8% [19,23,25-27]. All the other studies did not identify any CD patient;
however, these were basically the least numerous studies [17,18,20,21], except the one
published by Sahin et al. (n = 96) [24]. Notably, these studies adopted an incomplete
CD screening strategy: indeed, Khoene et al. and Nisihara et al., respectively, performed
the serological screening by using anti-gliadin antibody(AGA)/anti-endomysia antibody
(EmA) and EmA /anti-tissue transglutaminase IgG (tTG IgG), which are not the most
sensitive serological markers for CD [17,21]. Currently, anti-tissue transglutaminase IgA
(tTG IgA) is considered the most accurate serological marker (in terms of both sensitivity
and specificity) for CD in children [11,29,30]. Sahin et al., Stoll et al., and Moghdateri et al.
actually used tTG IgA to screen their JIA patients [18,20,24]; however, some patients may be
positive for EmA only (and tTG-IgA negative, at least in the initial stage of disease) [5,31,32]
and, therefore, a cross-sectional study where EmA or tTG IgA are not used together may
have lost these CD patients, even if they are very few.

Considering the sum of all articles included our literature research, there were 1174 JIA
patients, and 30 of them were concomitantly diagnosed with CD, suggesting a CD preva-
lence as high as 2.6% in JIA patients. This prevalence may be an estimation by defect: in
addition to the aforementioned concerns about the serological screening in several studies,
some tTG IgA and/or EmA serologically positive patients did not undergo or declined
the upper gastrointestinal endoscopy (overall, around 10 serologically positive patients
declined this procedure in these studies, whereas this information is not available in at
least four studies). Finally, it is worth reporting that the total IgA measurement is clearly
confirmed in only half of the studies (7 out of 14), whereas in the remaining ones, such an
important aspect is not specified. Indeed, as emphasized by several authors and guidelines,
the concomitant measurement of total serum IgA is an essential step for a complete CD sero-
logical screening, since IgA deficiency impairs the reliability of the most sensitive markers,
namely EmA and tTG IgA [11,33,34]. In this regard, JIA patients could also be charac-
terized by an increased prevalence of IgA deficiency, as it occurs in several autoimmune
disorders [33,35]. Unfortunately, recent data investigating IgA levels in JIA are missing,
but a dated report by Pelkonen et al. reported >7% frequency of persistent or transient IgA
deficiency in their study population (including 350 patients with JIA) [36]. If this finding
could be confirmed, that may represent an additional reason for under-estimating CD
prevalence in JIA.

In summary, based on the present literature review and analysis, >2.5% patients
with JIA were diagnosed with CD; however, considering the suboptimal strategy for CD
serological screening and the incomplete diagnostic work-up (without upper GI endoscopy
and, thus, duodenal biopsy), as discussed above, the CD prevalence in JIA patients may
be even higher (>3-3.5%). Anyway, even the actual CD prevalence of 2.6% emerging
from our analysis in JIA patients is higher than CD prevalence in the general pediatric
population, which is estimated to be around 1% [37]. Therefore, JIA patients seem to be
at greater risk of developing CD during the pediatric age. Even though this increased
risk is not as high as in other conditions reported in the aforementioned ESPGHAN CD
guidelines (such as type 1 diabetes mellitus, autoimmune thyroiditis, and autoimmune
liver disorders) [8], JIA patients could be eligible for periodic CD screening, although the
frequency of these serological tests may be debated. Methodologically standardized and
controlled prospective studies with larger sample sizes are needed to confirm this number
and assess the most cost-effective approach to monitor JIA patients as regards the potential
occurrence of CD.

Notably, in the present analysis, all JIA patients concomitantly diagnosed with CD
were reported to be asymptomatic for the latter condition (see Table 1), which would further
support the indication to screen JIA patients for CD during their rheumatological follow-up.
Although this clinical practice has been already implemented in some rheumatological
centers, this approach is neither systematic nor standardized since it is not supported
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by clear evidence. Indeed, as mentioned above, additional research may lead to specific
algorithms to screen JIA patients for CD, which could also consider some demographic,
clinical, and laboratory parameters to implement a cost-effective approach for this purpose.

As regards the JIA subtypes, among those 30 ascertained CD diagnoses in JIA patients,
the JIA subtype is declared for 25 of them (0JIA: n =14, pJIA: n = 6; PsJIA: n =3; ERA:n =1;
sJIA: n =1). Accordingly, oJIA represents >55% of CD/]JIA patients, whereas this subtype is
considered to account for around 40% of JIA patients, regardless of the ethnicity; conversely,
sJIA is diagnosed in around 13% of JIA patients [38], whereas only 1 JIA patient (4%) was
diagnosed with CD. Again, >75% (19 out of these 25) JIA patients diagnosed with CD
were female, which corresponds to a female-to-male ratio greater than 3:1, which is higher
than the gender ratios previously reported for JIA patients in both European (7:3) and
non-European (3:2) populations [38]. Finally, information about additional autoimmune
disorders (e.g., thyroiditis) and/or family history and/or some laboratory parameters
commonly assessed during JIA follow-up (e.g., liver enzymes, specific autoantibodies,
others) might further affect the CD risk in this clinical setting; unfortunately, no data are
provided by the aforementioned studies in this regard.

3. Pediatric Systemic Lupus Erythematosus and Celiac Disease

Systemic lupus erythematosus (SLE) is an autoimmune disease with very variable
expression, since all the organs and systems can be affected [39]. Pediatric SLE (pSLE) is di-
agnosed in patients younger than 18 years and represents 10-20% of all SLE cases [40]. The
immunopathogenesis of SLE is extremely complex and involves both adaptive and innate
immune mechanisms [41,42], but a large and heterogeneous production of autoantibodies
can be considered a main feature, which is also consistent with its very variable clinical
expression and organ/systemic involvement [43-45]. Among those, anti-dsDNA antibody
is a hallmark of SLE, since it is a very specific and sensitive marker and even correlates
with the disease activity [46,47].

Several case reports suggested a possible association between CD and SLE in adults [48-50].
An Israelian study based on a large medical database compared 5,018 patients with SLE and
25,090 age- and sex-matched controls and reported an association between SLE and CD with a
multivariate OR of 3.92 [51]. Conversely, other studies found no association between SLE and
CD [52,53] Very recently, a study by Soltani et al., including both adults and children (without
any specific age-related analysis), reported a prevalence of 3% for biopsy-proven CD in patients
with SLE and, thus, revamped this issue [54].

In this review, we focused on the pediatric population and, thus, pSLE. Based upon
literature research in PubMed database (“children” AND “Celiac Disease” OR “[Juvenile]
systemic lupus erythematosus”) starting from 2000 until 2021 (31 December), we could
retrieve only a few clinical studies (excluding case reports) assessing the presence of CD in
PSLE patients, as summarized in Table 2 [26,55,56].

Unfortunately, these three pediatric studies included small cohorts of patients, and the
screening approach was quite variable. Overall, none showed a potential increase in CD
prevalence in pSLE patients [26,55,56].

However, a recent study by Shamseya et al., assessed CD serology in a group of
100 SLE adult patients (34.6 & 9.6 years) who were actually diagnosed during the pediatric
age (pSLE at their onset). These (p)SLE patients were compared with a sex- and age-
matched control group (n = 40). All the study participants were tested for tTG IgA (or tTG
IgG, if IgA deficiency was detected); moreover, if anyone was tTG-positive, this patient
was tested for EmA IgA too. Briefly, 10 (p)SLE patients (10%) were both tTG and EmA
IgA positive and all controls tested negative: such a difference was statistically significant.
Upper gastrointestinal endoscopy was performed in all these 10 (p)SLE patients: the
histopathological assessment confirmed CD in 6 patients, where 4 cases were labelled as
latent CD at that moment [57]. Therefore, even though pSLE does not seem to be associated
with CD during the pediatric age, these patients may be at increased risk later in their life.
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Table 2. Clinical studies assessing CD in children affected with pSLE.

Author-1st-(Year)

[Country] Study Design CD Tests SLE Pts. SLE M/F & Age * SLE Duration CD Pts. CD Symptoms Comments
Out of 79 pSLE pts. in follow-up,
Aikawa [55] (2012) 33/67 only 41 pts. accepted to participate in
[Brazil] CROSS EmA & 103 +£34 4437 1 No this study.
CD: F; 12.6 yrs; Marsh: n/a.
Only tTG IgA+ patients were tested
. for EMA.
Sahl[r%l[lii]e (21019) CROSS t?frnIi]A 50 15 65/;443 4 n/a 0 n/a 3 pts. resulted tTG IgA positive but
y : : were EmA- and did not
undergo endoscopy.
. 6 pts. had one or more positive CD
A[HSE:E‘; i[2A61]ra(§iOa2]0) CROSS A%ﬁg’gﬁf (+; G) 34 10 63/:i82 7 n/a 0 n/a markers. All underwent endoscopy,

but all resulted Marsh negative.

* Age is expressed as mean and standard deviation. Abbreviations: M, male; F, female; pts., patients; AGA, anti-gliadin antibody; EmA, anti-endomysium antibody; tTG, anti-tissue

transglutaminase antibody; CROSS, cross-sectional study.
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4. Celiac Disease in Other Pediatric Rheumatic Disorders

In the aforementioned study by Aikawa et al., 41 patients with juvenile dermatomyosi-
tis JDM) were included, in addition to those children affected with pSLE. Among them,
only one JDM patient was diagnosed as CD [55]. The absence of additional clinical studies
assessing CD in JDM patients precludes any conclusion in children. However, O’Callaghan
et al. described 51 adult dermatomyositis patients who were tested by AGA IgA, EmA,
and tTG IgA: 5 patients were positive for AGA, and 3 of them received histopathological
confirmation for CD [58]. Similarly, Orbach et al. showed mildly but significantly higher
levels of AGA IgA and anti-tTG IgA levels patients affected with idiopathic inflammatory
myopathies (IIMs) compared with matched adult controls, but no histopathological data on
duodenal biopsy were provided by these authors [59]. Therefore, further research may be
advisable in patients affected with IIMs, including JDM, in order to assess the risk for CD.

In addition to JIA patients, the aforementioned study by Robazzi et al., also investi-
gated 66 children affected with rheumatic fever. One patient was diagnosed with CD [19].
No studies are available in the adult population. Anyway, no plausible biological or medical
link between rheumatic fever and CD can be highlighted.

Soylu et al. published a study on CD in children developing Henoch-Schoenlein
purpura (IgA vasculitis): among 42 study participants tested by EmA, tTG IgA and anti-
deamidated gliadin peptide (DGP) IgA /IgG, seropositivity was detected in 5 children,
of whom 2 received histological confirmation for CD (one patient declined the duodenal
biopsy) [60]. Further research may be appropriate in this specific clinical setting.

No studies assessed CD in children affected with systemic scleroderma (sSC). However,
Nisihara et al. tested 60 adult patients affected with sSC for EmA and AGA IgA/IgG: all
samples turned out negative [61]. Similarly, Forbess et al. screened 72 adult SSc patients by
testing tTG IgA /IgG and DGP IgA /IgG: three patients tested positive for any markers, but
no one was confirmed as being affected with CD [62]. Notably, these studies are in contrast
with two previous reports by Luft et al. and Rosato et al., who estimated a CD prevalence
of 7% and 8% in their respective cohorts of sSC patients; actually, the first study was not
supported by any confirmatory duodenal biopsy [63,64]. Anyway, at the moment, there is
no evidence to support any systematic CD screening in children affected with sSC.

5. Conclusions

The present literature analysis seems to support the indication of serological screening
for CD in children affected with JIA, since the CD prevalence in JIA patients could be
around threefold greater than in the pediatric general population, and all those patients
diagnosed with CD after JIA onset were mostly asymptomatic. However, evidence-based
policies and clear recommendations for CD screening are currently lacking in JIA patients;
further research is needed to establish a cost-effective approach in terms of CD screening
frequency and strategy over the follow-up for JIA patients. As regards other pediatric
rheumatic disorders (including pSLE), at the moment, there is no evidence supporting a
periodical CD screening.

Author Contributions: D.P. conceived and wrote the manuscript; K.D., D.A. and D.G. contributed
to the literature research; M.R. and E.D. provided expert and intellectual contributions. All authors
have read and agreed to the published version of the manuscript.

Funding: This review was supported by the Nazarbayev University Faculty Development Competitive
Research Grant 2020-2022 (No. 240919FD3912), and the Nazarbayev University Social Policy Grant.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2022, 11, 1089 8 0f 10

References

1. Lindfors, K.; Ciacci, C.; Kurppa, K.; Lundin, K.E.A.; Makharia, G.K.; Mearin, M.L.; Murray, J.A.; Verdu, E.F; Kaukinen, K. Coeliac
disease. Nat. Rev. Dis. Primers 2019, 5, 3. [CrossRef] [PubMed]

2. Poddighe, D.; Rebuffi, C.; De Silvestri, A.; Capittini, C. Carrier frequency of HLA-DQB1*02 allele in patients affected with celiac
disease: A systematic review assessing the potential rationale of a targeted allelic genotyping as a first-line screening. World J.
Gastroenterol. 2020, 26, 1365-1381. [CrossRef] [PubMed]

3. Oberhuber, G.; Granditsch, G.; Vogelsang, H. The histopathology of coeliac disease: Time for a standardized report scheme for
pathologists. Eur. J. Gastroenterol. Hepatol. 1999, 11, 1185-1194. [CrossRef]

4.  Therrien, A.; Kelly, C.P; Silvester, J.A. Celiac Disease: Extraintestinal Manifestations and Associated Conditions. ]. Clin.
Gastroenterol. 2020, 54, 8-21. [CrossRef]

5. Poddighe, D.; Capittini, C.; Gaviglio, I.; Brambilla, I.; Marseglia, G.L. HLA-DQB1*02 allele in children with celiac disease:
Potential usefulness for screening strategies. Int. J. Immunogenet. 2019, 46, 342-345. [CrossRef]

6.  Zylberberg, H.M.; Lebwohl, B.; Green, PH.R. Celiac Disease-Musculoskeletal Manifestations and Mechanisms in Children to
Adults. Curr. Osteoporos. Rep. 2018, 16, 754-762. [CrossRef]

7. Sherman, Y,; Karanicolas, R.; DiMarco, B.; Pan, N.; Adams, A.B.; Barinstein, L.V.; Moorthy, L.N.; Lehman, T.J. Unrecognized
Celiac Disease in Children Presenting for Rheumatology Evaluation. Pediatrics 2015, 136, e68—-e75. [CrossRef]

8. Husby, S.; Koletzko, S.; Korponay-Szabd, I.R.; Mearin, M.L.; Phillips, A.; Shamir, R.; Troncone, R.; Giersiepen, K.; Branski, D.;
Catassi, C.; et al. European Society for Pediatric Gastroenterology, Hepatology, and Nutrition guidelines for the diagnosis of
coeliac disease. J. Pediatr. Gastroenterol. Nutr. 2012, 54, 136-160. [CrossRef]

9. George, D.K; Evans, RM.; Gunn, L.R. Familial chronic fatigue. Postgrad. Med. ]. 1997, 73, 311-313. [CrossRef]

10. Lepore, L.; Martelossi, S.; Pennesi, M.; Falcini, F.; Ermini, M.L.; Ferrari, R.; Perticarari, S.; Presani, G.; Lucchesi, A.; Lapini, M.;
et al. Prevalence of celiac disease in patients with juvenile chronic arthritis. J. Pediatr. 1996, 129, 311-313. [CrossRef]

11. Husby, S.; Koletzko, S.; Korponay-Szabo, I.; Kurppa, K.; Mearin, M.L.; Ribes-Koninckx, C.; Shamir, R.; Troncone, R.; Auricchio, R.;
Castillejo, G.; et al. European Society Paediatric Gastroenterology, Hepatology and Nutrition Guidelines for Diagnosing Coeliac
Disease 2020. J. Pediatr. Gastroenterol. Nutr. 2020, 70, 141-156. [CrossRef] [PubMed]

12.  Prakken, B.; Albani, S.; Martini, A. Juvenile idiopathic arthritis. Lancet 2011, 377, 2138-2149. [CrossRef]

13. Hersh, A.O.; Prahalad, S. Immunogenetics of juvenile idiopathic arthritis: A comprehensive review. J. Autoimmun. 2015,
64,113-124. [CrossRef] [PubMed]

14. De Silvestri, A.; Capittini, C.; Poddighe, D.; Marseglia, G.L.; Mascaretti, L.; Bevilacqua, E.; Scotti, V.; Rebulffi, C.; Pasi, A,;
Martinetti, M.; et al. HLA-DRBI alleles and juvenile idiopathic arthritis: Diagnostic clues emerging from a meta-analysis.
Autoimmun. Rev. 2017, 16, 1230-1236. [CrossRef] [PubMed]

15. Stagi, S.; Giani, T.; Simonini, G.; Falcini, F. Thyroid function, autoimmune thyroiditis, and coeliac disease in juvenile idiopathic
arthritis. Rheumatology 2005, 44, 517-520. [CrossRef]

16. Alpigiani, M.G.; Haupt, R.; Parodi, S.; Calcagno, A.; Poggi, E.; Lorini, R. Coeliac disease in 108 patients with juvenile idiopathic
arthritis: A 13-year follow-up study. Clin. Exp. Rheumatol. 2008, 26, 162.

17.  Koehne Vde, B.; Bahia, M.; Lanna, C.C.; Pinto, M.R.; Bambirra, E.A.; Cunha, A.S. Prevalence of serological markers for celiac
disease (IgA and IgG class antigliadin antibodies and IgA class antiendomysium antibodies) in patients with autoimmune
rheumatologic diseases in Belo Horizonte, MG, Brazil. Arq. Gastroenterol. 2010, 47, 250-256. [CrossRef]

18. Stoll, M.L.; Patel, A.S.; Christadoss, M.L.; Punaro, M.; Olsen, N.J. IgA transglutaminase levels in children with Juvenile Idiopathic
Arthritis. Ann. Paediatr. Rheumatol. 2012, 1, 31-35. [CrossRef]

19. Robazzi, T.C.; Adan, L.E; Pimentel, K.; Guimaraes, I.; Magalhdes Filho, J.; Toralles, M.B.; Rolim, A.M. Autoimmune endocrine
disorders and coeliac disease in children and adolescents with juvenile idiopathic arthritis and rheumatic fever. Clin. Exp.
Rheumatol. 2013, 31, 310-317.

20. Moghtaderi, M.; Farjadian, S.; Aflaki, E.; Honar, N.; Alyasin, S.; Babaei, M. Screening of patients with juvenile idiopathic arthritis
and those with rheumatoid arthritis for celiac disease in southwestern Iran. Turk. J. Gastroenterol. 2016, 27, 521-524. [CrossRef]

21. Nisihara, R; Skare, T.; Jardim, A.C.; Utiyama, S.R. Celiac disease autoantibodies in juvenile idiopathic arthritis. Rheumatol. Int.
2017, 37, 323-324. [CrossRef]

22. Skrabl-Baumgartner, A.; Christine Hauer, A.; Erwa, W.; Jahnel, ]. HLA genotyping as first-line screening tool for coeliac disease in
children with juvenile idiopathic arthritis. Arch. Dis. Child. 2017, 102, 607-611. [CrossRef]

23.  Tronconi, E.; Miniaci, A.; Pession, A. The autoimmune burden in juvenile idiopathic arthritis. Ital. |. Pediatr. 2017, 43, 56.
[CrossRef]

24. Sahin, Y,; Sahin, S.; Barut, K.; Cokugras, F.C.; Erkan, T.; Adrovic, A.; Kutlu, T.; Kasapcopur, O. Serological screening for coeliac
disease in patients with juvenile idiopathic arthritis. Arab. . Gastroenterol. 2019, 20, 95-98. [CrossRef] [PubMed]

25.  Oman, A.; Hansson, T.; Carlsson, M.; Berntson, L. Evaluation of screening for coeliac disease in children with juvenile idiopathic
arthritis. Acta Paediatr. 2019, 108, 688-693. [CrossRef]

26. AlEnzi, F; Yateem, M.; Shaikh, M.; AlSohaibani, F.; Alhaymouni, B.; Ahmed, A.; Al-Mayouf, S.M. The Value of Screening for

Celiac Disease in Systemic Lupus Erythematosus: A Single Experience of a Tertiary Medical Center. Rheumatol. Ther. 2020,
7,649-656. [CrossRef] [PubMed]


http://doi.org/10.1038/s41572-018-0054-z
http://www.ncbi.nlm.nih.gov/pubmed/30631077
http://doi.org/10.3748/wjg.v26.i12.1365
http://www.ncbi.nlm.nih.gov/pubmed/32256023
http://doi.org/10.1097/00042737-199910000-00019
http://doi.org/10.1097/MCG.0000000000001267
http://doi.org/10.1111/iji.12441
http://doi.org/10.1007/s11914-018-0488-y
http://doi.org/10.1542/peds.2014-2379
http://doi.org/10.1097/MPG.0b013e31821a23d0
http://doi.org/10.1136/pgmj.73.859.311
http://doi.org/10.1016/S0022-3476(96)70262-7
http://doi.org/10.1097/MPG.0000000000002497
http://www.ncbi.nlm.nih.gov/pubmed/31568151
http://doi.org/10.1016/S0140-6736(11)60244-4
http://doi.org/10.1016/j.jaut.2015.08.002
http://www.ncbi.nlm.nih.gov/pubmed/26305060
http://doi.org/10.1016/j.autrev.2017.10.007
http://www.ncbi.nlm.nih.gov/pubmed/29037901
http://doi.org/10.1093/rheumatology/keh531
http://doi.org/10.1590/S0004-28032010000300008
http://doi.org/10.5455/apr.112220111551
http://doi.org/10.5152/tjg.2016.16354
http://doi.org/10.1007/s00296-016-3581-5
http://doi.org/10.1136/archdischild-2016-311544
http://doi.org/10.1186/s13052-017-0373-9
http://doi.org/10.1016/j.ajg.2019.05.005
http://www.ncbi.nlm.nih.gov/pubmed/31182344
http://doi.org/10.1111/apa.14598
http://doi.org/10.1007/s40744-020-00223-6
http://www.ncbi.nlm.nih.gov/pubmed/32705576

J. Clin. Med. 2022, 11, 1089 9 of 10

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Pagnini, I.; Scavone, M.; Maccora, I.; Mastrolia, M.V.; Marrani, E.; Bertini, F.; Lamot, L.; Simonini, G. The Development of
Extra-Articular Manifestations in Children with Enthesitis-Related Arthritis: Natural Course or Different Disease Entity? Front.
Med. 2021, 8, 667305. [CrossRef]

Sadeghi, P; Salari, K.; Ziaee, V.; Rezaei, N.; Eftekhari, K. Serological Screening of Celiac Disease in Patients with Juvenile
Idiopathic Arthritis. Arch. Iran. Med. 2021, 24, 783-785. [CrossRef]

Lerner, A.; Ramesh, A.; Matthias, T. Serologic Diagnosis of Celiac Disease: New Biomarkers. Gastroenterol. Clin. N. Am. 2019,
48,307-317. [CrossRef] [PubMed]

Abdukhakimova, D.; Dossybayeva, K.; Grechka, A.; Almukhamedova, Z.; Boltanova, A.; Kozina, L.; Nurgaliyeva, K.; Hasanova,
L.; Tanko, M.N.; Poddighe, D. Reliability of the Multiplex CytoBead CeliAK Immunoassay to Assess Anti-tTG IgA for Celiac
Disease Screening. Front. Med. 2021, 8, 731067. [CrossRef]

Roca, M.; Donat, E.; Marco-Maestud, N.; Masip, E.; Hervas-Marin, D.; Ramos, D.; Polo, B.; Ribes-Koninckx, C. Efficacy Study of
Anti-Endomysium Antibodies for Celiac Disease Diagnosis: A Retrospective Study in a Spanish Pediatric Population. J. Clin.
Med. 2019, 8, 2179. [CrossRef] [PubMed]

Kotze, L.M.; Utiyama, S.R.; Nisihara, R.M.; de Camargo, V.F; Ioshii, S.0. IgA class anti-endomysial and anti-tissue transglutami-
nase antibodies in relation to duodenal mucosa changes in coeliac disease. Pathology 2003, 35, 56-60. [CrossRef]

Poddighe, D.; Capittini, C. The Role of HLA in the Association between IgA Deficiency and Celiac Disease. Dis. Mark. 2021,
2021, 8632861. [CrossRef]

Nazario, E.; Lasa, J.; Schill, A.; Duarte, B.; Berardi, D.; Paz, S.; Muryan, A.; Zubiaurre, I. IgA deficiency is not systematically ruled
out in patients undergoing celiac disease testing. Dig. Dis Sci. 2021; Online ahead of print. [CrossRef]

Singh, K.; Chang, C.; Gershwin, M.E. IgA deficiency and autoimmunity. Autoimmun. Rev. 2014, 13, 163-177. [CrossRef]
Pelkonen, P; Savilahti, E.; Mdkeld, A.L. Persistent and transient IgA deficiency in juvenile rheumatoid arthritis. Scand. J. Rheumatol.
1983, 12, 273-279. [CrossRef] [PubMed]

Singh, P.; Arora, A.; Strand, T.A.; Leffler, D.A.; Catassi, C.; Green, PH.; Kelly, C.P.,; Ahuja, V.; Makharia, G.K. Global Prevalence of
Celiac Disease: Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2018, 16, 823-836. [CrossRef]

Saurenmann, R.K; Rose, ].B.; Tyrrell, P.; Feldman, B.M.; Laxer, R.M.; Schneider, R.; Silverman, E.D. Epidemiology of juvenile
idiopathic arthritis in a multiethnic cohort: Ethnicity as a risk factor. Arthritis Rheum. 2007, 56, 1974-1984. [CrossRef] [PubMed]
Kiriakidou, M.; Ching, C.L. systemic lupus erythematosus. Ann. Intern. Med. 2020, 172, 81-96. [CrossRef] [PubMed]

Kamphuis, S.; Silverman, E.D. Prevalence and burden of pediatric onset systemic lupus erythematosus. Nat. Rev. Rheumatol. 2010,
6, 538-546. [CrossRef]

Tsokos, G.C.; Lo, M.S,; Costa Reis, P,; Sullivan, K.E. New insights into the immunopathogenesis of systemic lupus erythematosus.
Nat. Rev. Rheumatol. 2016, 12, 716-730. [CrossRef]

Dossybayeva, K.; Abdukhakimova, D.; Poddighe, D. Basophils and Systemic Lupus Erythematosus in Murine Models and
Human Patients. Biology 2020, 9, 308. [CrossRef] [PubMed]

Bundhun, PK.; Kumari, A.; Huang, E. Differences in clinical features observed between childhood-onset versus adult-onset
systemic lupus erythematosus: A systematic review and meta-analysis. Medicine 2017, 96, 80-86. [CrossRef]

Smith, P.P.; Gordon, C. Systemic lupus erythematosus: Clinical presentations. Autoimmun. Rev. 2010, 10, 43—45. [CrossRef]
[PubMed]

Abdirakhmanova, A.; Sazonov, V.; Mukusheva, Z.; Assylbekova, M.; Abdukhakimova, D.; Poddighe, D. Macrophage Activation
Syndrome in Pediatric Systemic Lupus Erythematosus: A Systematic Review of the Diagnostic Aspects. Front. Med. 2021,
8, 681875. [CrossRef]

de Leeuw, K.; Bungener, L.; Roozendaal, C.; Bootsma, H.; Stegeman, C.A. Autoantibodies to double-stranded DNA as biomarker
in systemic lupus erythematosus: Comparison of different assays during quiescent and active disease. Rheumatology 2017,
56, 698-703. [CrossRef]

Reveille, ].D. Predictive value of autoantibodies for activity of systemic lupus erythematosus. Lupus 2004, 13, 290-297. [CrossRef]
Ma, Y,; Zhuang, D.; Qiao, Z. Dual threat of comorbidity of celiac disease and systemic lupus erythematosus. J. Int. Med. Res. 2021,
49, 3000605211012258. [CrossRef]

Hrycek, A.; Siekiera, U. Coeliac disease in systemic lupus erythematosus: A case report. Rheumatol. Int. 2008, 28, 491-493.
[CrossRef] [PubMed]

Mirza, N.; Bonilla, E.; Phillips, P.E. Celiac disease in a patient with systemic lupus erythematosus: A case report and review of
literature. Clin. Rheumatol. 2007, 26, 827-828. [CrossRef] [PubMed]

Dahan, S.; Shor, D.B.; Comaneshter, D.; Tekes-Manova, D.; Shovman, O.; Amital, H.; Cohen, A.D. All disease begins in the gut:
Celiac disease co-existence with SLE. Autoimmun. Rev. 2016, 15, 848-853. [CrossRef] [PubMed]

Picceli, V.E; Skare, T.L.; Nisihara, R.; Kotze, L.; Messias-Reason, I.; Utiyama, S.R. Spectrum of autoantibodies for gastrointestinal
autoimmune diseases in systemic lupus erythematosus patients. Lupus 2013, 22, 1150-1155. [CrossRef] [PubMed]

Elhami, E.; Zakeri, Z.; Sadeghi, A.; Rostami-Nejad, M.; Volta, U.; Zali, M.R. Prevalence of celiac disease in Iranian patients with
rheumatologic disorders. Gastroenterol. Hepatol. Bed Bench 2018, 11, 239-243.

Soltani, Z.; Baghdadi, A.; Nejadhosseinian, M.; Faezi, S.T.; Shahbazkhani, B.; Mousavi, S.A.; Kazemi, K. Celiac disease in patients
with systemic lupus erythematosus. Reumatologia 2021, 59, 85-89. [CrossRef]


http://doi.org/10.3389/fmed.2021.667305
http://doi.org/10.34172/aim.2021.116
http://doi.org/10.1016/j.gtc.2019.02.009
http://www.ncbi.nlm.nih.gov/pubmed/31046977
http://doi.org/10.3389/fmed.2021.731067
http://doi.org/10.3390/jcm8122179
http://www.ncbi.nlm.nih.gov/pubmed/31835690
http://doi.org/10.1097/01268031-200335010-00010
http://doi.org/10.1155/2021/8632861
http://doi.org/10.1007/s10620-021-06939-x
http://doi.org/10.1016/j.autrev.2013.10.005
http://doi.org/10.3109/03009748309098549
http://www.ncbi.nlm.nih.gov/pubmed/6623018
http://doi.org/10.1016/j.cgh.2017.06.037
http://doi.org/10.1002/art.22709
http://www.ncbi.nlm.nih.gov/pubmed/17530723
http://doi.org/10.7326/AITC202006020
http://www.ncbi.nlm.nih.gov/pubmed/32479157
http://doi.org/10.1038/nrrheum.2010.121
http://doi.org/10.1038/nrrheum.2016.186
http://doi.org/10.3390/biology9100308
http://www.ncbi.nlm.nih.gov/pubmed/32977704
http://doi.org/10.1097/MD.0000000000008086
http://doi.org/10.1016/j.autrev.2010.08.016
http://www.ncbi.nlm.nih.gov/pubmed/20850569
http://doi.org/10.3389/fmed.2021.681875
http://doi.org/10.1093/rheumatology/kex314
http://doi.org/10.1191/0961203303lu1015oa
http://doi.org/10.1177/03000605211012258
http://doi.org/10.1007/s00296-007-0459-6
http://www.ncbi.nlm.nih.gov/pubmed/17924114
http://doi.org/10.1007/s10067-006-0344-9
http://www.ncbi.nlm.nih.gov/pubmed/16804737
http://doi.org/10.1016/j.autrev.2016.06.003
http://www.ncbi.nlm.nih.gov/pubmed/27295421
http://doi.org/10.1177/0961203313503911
http://www.ncbi.nlm.nih.gov/pubmed/24057059
http://doi.org/10.5114/reum.2021.105416

J. Clin. Med. 2022, 11, 1089 10 of 10

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Aikawa, N.E,; Jesus, A.A.; Liphaus, B.L,; Silva, C.A.; Carneiro-Sampaio, M.; Viana, V.S.; Sallum, A.M. Organ-specific autoanti-
bodies and autoimmune diseases in juvenile systemic lupus erythematosus and juvenile dermatomyositis patients. Clin. Exp.
Rheumatol. 2012, 30, 126-131. [CrossRef]

Sahin, Y.; Sahin, S.; Adrovic, A.; Kutlu, T.; Cokugras, E.C.; Barut, K.; Erkan, T.; Kasapcopur, 0. Serological screening for celiac
disease in children with systemic lupus erythematosus. Eur. J. Rheumatol. 2019, 6, 142-145. [CrossRef]

Shamseya, A.M.; Elsayed, E.H.; Donia, H.M. Study of serology and genetics of celiac disease in patients with juvenile systemic
lupus erythematosus 'celiac in juvenile systemic lupus'. Eur. |. Gastroenterol. Hepatol. 2020, 32, 1322-1327. [CrossRef]
Selva-O’Callaghan, A.; Casellas, F; de Torres, I.; Palou, E.; Grau-Junyent, ]. M.; Vilardell-Tarrés, M. Celiac disease and antibodies
associated with celiac disease in patients with inflammatory myopathy. Muscle Nerve. 2007, 35, 49-54. [CrossRef]

Orbach, H.; Amitai, N.; Barzilai, O.; Boaz, M.; Ram, M.; Zandman-Goddard, G.; Shoenfeld, Y. Autoantibody screen in inflammatory
myopathies high prevalence of antibodies to gliadin. Ann. N. Y. Acad. Sci. 2009, 1173, 174-179. [CrossRef]

Soylu, A.; Oztiirk, Y.; Dogan, Y.; Ozmen, D.; Yilmaz, O.; Kuyum, P,; Kavukgu, S. Screening of celiac disease in children with
Henoch-Schoenlein purpura. Rheumatol. Int. 2016, 36, 713-717. [CrossRef]

Nisihara, R.; Aguiar Koubik, M.; Mateus, M.; da Silva Kotze, L.; Larocca Skare, T. Non-celiac gluten intolerance in patients with
scleroderma. Jt. Bone Spine 2018, 85, 771-772. [CrossRef] [PubMed]

Forbess, L.J.; Gordon, J.K.; Doobay, K.; Bosworth, B.P.; Lyman, S.; Davids, M.L.; Spiera, R.F. Low prevalence of coeliac disease in
patients with systemic sclerosis: A cross-sectional study of a registry cohort. Rheumatology 2013, 52, 939-943. [CrossRef] [PubMed]
Rosato, E.; De Nitto, D.; Rossi, C.; Libanori, V.; Donato, G.; Di Tola, M.; Pisarri, S.; Salsano, E; Picarelli, A. High incidence of celiac
disease in patients with systemic sclerosis. |. Rheumatol. 2009, 36, 965-969. [CrossRef] [PubMed]

Luft, L.M,; Barr, S.G.; Martin, L.O.; Chan, E.K,; Fritzler, M.]. Autoantibodies to tissue transglutaminase in Sjogren's syndrome and
related rheumatic diseases. J. Rheumatol. 2003, 30, 2613-2619. [PubMed]


http://doi.org/10.1186/1546-0096-10-S1-A14
http://doi.org/10.5152/eurjrheum.2019.18130
http://doi.org/10.1097/MEG.0000000000001865
http://doi.org/10.1002/mus.20652
http://doi.org/10.1111/j.1749-6632.2009.04810.x
http://doi.org/10.1007/s00296-016-3425-3
http://doi.org/10.1016/j.jbspin.2018.01.017
http://www.ncbi.nlm.nih.gov/pubmed/29452299
http://doi.org/10.1093/rheumatology/kes390
http://www.ncbi.nlm.nih.gov/pubmed/23335635
http://doi.org/10.3899/jrheum.081000
http://www.ncbi.nlm.nih.gov/pubmed/19332639
http://www.ncbi.nlm.nih.gov/pubmed/14719202

	Introduction 
	Juvenile Idiopathic Arthritis and Celiac Disease 
	Pediatric Systemic Lupus Erythematosus and Celiac Disease 
	Celiac Disease in Other Pediatric Rheumatic Disorders 
	Conclusions 
	References

