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Abstract

Objective. Sjogren syndrome in children is a poorly understood autoimmune disease. We aimed to describe the
clinical and diagnostic features of children diagnosed with Sjégren syndrome and explore how the 2016 ACR/
EULAR classification criteria apply to this population.

Methods. An international workgroup retrospectively collected cases of Sjogren syndrome diagnosed under
18years of age from 23 centres across eight nations. We analysed patterns of symptoms, diagnostic workup, and
applied the 2016 ACR/EULAR classification criteria.

Results. We identified 300 children with Sjégren syndrome. The majority of patients n=232 (77%) did not meet
2016 ACR/EULAR classification criteria, but n=110 (37%) did not have sufficient testing done to even possibly
achieve the score necessary to meet criteria. Even among those children with all criteria items tested, only 36%
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Childhood Sjégren syndrome

met criteria. The most common non-sicca symptoms were arthralgia [n =161 (54%)] and parotitis [n =140 (47%)]
with parotitis inversely correlating with age.

Conclusion. Sjogren syndrome in children can present at any age. Recurrent or persistent parotitis and arthralgias
are common symptoms that should prompt clinicians to consider the possibility of Sjégren syndrome. The majority
of children diagnosed with Sjogren syndromes did not meet 2016 ACR/EULAR classification criteria.
Comprehensive diagnostic testing from the 2016 ACR/EULAR criteria are not universally performed. This may lead
to under-recognition and emphasizes a need for further research including creation of paediatric-specific classifica-
tion criteria.
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Rheumatology key messages

o Sjogren syndrome (SS) can occur in children at any age.

e Younger children with SS are more likely to present with recurrent or persistent parotitis.
o Most children diagnosed with SS do not fulfill the 2016 ACR/EULAR classification criteria.

Introduction

Sjogren syndrome (SS) is a chronic, systemic auto-
immune disease characterized by immune-mediated
attack on salivary and lacrimal glands resulting in the
classic symptoms of dry mouth and dry eyes [1].
Dryness often prompts consideration of the diagnosis of
SS, yet the presence of autoantibodies years before
diagnosis suggests the autoimmune process is active
long before presentation with sicca symptoms [2]. In
children, clinical presentation with symptoms of dryness
is infrequent. Children often seek medical attention for
parotitis, but many present with nonspecific features
such as arthralgia [3].

The first formal case of a child diagnosed with SS
was published in the 1960s [4], but a prior case of kera-
toconjunctivitis sicca and recurrent salivary gland swel-
ling in a 17-year-old girl published in the 1930s may
represent the first published case in childhood [5]. Until
recently, robust case series in children were lacking. A
series of 26 children from the United States [3] and 61
Japanese children [6] reported a decreased prevalence
of keratoconjuncitivitis sicca and xerostomia compared
with the adult SS population. Parotitis was more preva-
lent in both of these populations and further substanti-
ated in a literature review [7].

The 2016 ACR/EULAR Sjoégren classification criteria
(ACR/EULAR) [8] rely on a combination of histopatho-
logic evidence of focal lymphocytic sialadenitis on minor
salivary gland (MSG) biopsy, positive anti-SS-A/Ro anti-
bodies, and evidence of glandular dysfunction with
decreased tear or saliva production or positive ocular
surface staining. Children may not have glandular dys-
function early in the disease [3, 7]. Furthermore, the
traditional threshold for defining the presence of focal
sialadenitis (focus score >1 focus/4 mm?) may not be
appropriate for use in children [9].

https://academic.oup.com/rheumatology

Child-specific criteria have been suggested with
sensitivity ranging from 76% to 85% when tested [3,
10-12]. A recent study of 67 children with SS exploring
the diagnostic utility of salivary gland ultrasound (SGUS)
noted that only 58% [13] met ACR/EULAR criteria [8].
Given the variability of disease presentation, there is
critical need for additional research to improve under-
standing and awareness of this presumably underdiag-
nosed disease. We describe the features of SS in
children in a multinational cohort and explore the validity
of the ACR/EULAR criteria in a large paediatric
population.

Materials and methods
Study design

A retrospective study was designed to collect patient
data by members of the International Childhood Sjoégren
Syndrome Workgroup. This includes investigators from
23 institutions (13 in USA, three in Brazil, two in Spain,
one each in Australia, ltaly, Japan, Poland and Serbia).
A minority of these patients (n=27, 9%) have been
included in previous reports [13-18]. A secure web-
based database was constructed using REDCap [19] to
electronically store the data. Each investigator contrib-
uted data from patients diagnosed with SS prior to age
18years treated at their centre. Diagnosis was deter-
mined by expert opinion and not limited to children
meeting specific criteria. Children with another auto-
immune disease diagnosis were not excluded. Clinical
symptoms were recorded as present or absent.
Laboratory and diagnostic tests were recorded as per-
formed or not. For performed tests, additional prompts
to record results of the test were included. There was
also a free text variable asking why the patient was
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diagnosed with SS or to elaborate on diagnostic evalu-
ation. If a test result response was left blank when a
test was indicated as being performed, or when discrep-
ancy existed between binary responses and free text,
we contacted the researcher who entered the data for
clarification. We reconciled data discrepancies on all but
one patient. The study was approved by institutional re-
view boards at participating institutions.

Statistical analysis

Descriptive analyses were used to describe baseline
characteristics between groups and reported as
medians and interquartile range (IQR) after testing for
normality. x> was used to compare proportions in cat-
egorical data between groups with and without parotitis
and laboratory results. Logistic regression was used to
evaluate symptoms, laboratory parameters and diagnos-
tic test results, individually as independent variables, as
predictors of meeting ACR/EULAR criteria and having a
positive MSG biopsy (>1 focus/4 mm?). Multivariate re-
gression was performed with backward selection after
identifying significant associations in univariate analysis.
Binomial logistic regression was used to evaluate asso-
ciations with age at diagnosis. Clinical symptoms, la-
boratory results, if a diagnostic test was performed, and
having a positive MSG biopsy were individually
assessed as dependent variables with age at diagnosis
as an independent variable. Combinations of symptoms,
laboratory and diagnostic test results were assessed as
predictive tests. We only included patients who under-
went the respective combinations of tests for each ana-
lysis. These were evaluated for sensitivity and specificity
for detecting patients meeting ACR/EULAR criteria and
having a positive MSG biopsy. The true disease preva-
lence is unknown. Assuming this is a rare disease, we
used a prevalence range from 0.01% to 0.05%. Linear
regression was used to examine the association be-
tween the number of diagnostic tests performed and
age. We also applied the proposed paediatric SS criteria
in our population [10]. P-values <0.05 were considered
significant. Analyses were performed using Stata 16.0
(Stata Corp, College Station, TX, USA).

Results

In total, 300 cases of children diagnosed with SS were
collected. The majority of patients were female with me-
dian age at diagnosis 12years [IQR 9, 15] (Table 1). The
minority of patients had a history of another autoimmune
disease or disease with overlapping clinical features.
Systemic lupus erythematosus was reported in 25 (8%),
other connective tissue disease in 19 (6%), lymphoma in
five (2%) and prior head and neck radiation reported in
one patient (<1%).

Signs and symptoms

Most patients had sicca symptoms with 194 (65%)
reporting dry eyes or mouth, but only 106 (35%)
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reported both. The most common non-sicca symptoms
were arthralgia and parotitis, with other clinical symp-
toms reported in <25% of patients (Table 1).
Demographics and clinical symptoms were stratified by
history of parotitis to assess for variation between
groups (Table 1) and also by report of sicca
(Supplementary Table S1, available at Rheumatology on-
line). Patients with parotitis were younger and less likely
to be female (79% vs 88%, P =0.04). Patients with
parotitis were less likely to report arthralgia and were
more likely to have lymphadenopathy and transverse
myelitis or neuro-myelitis-optica spectrum disease.

Laboratory testing

Diagnostic tests were not evenly implemented; however,
laboratory testing was done in most patients (Table 2).
The majority of patients were ANA positive and 217
(74%) had a positive anti- SSA/Ro. SSB/La was present
in less than half of patients. Only nine patients (3%) had
positive anti- SSB/La with negative anti-SSA/Ro and 66
(22%) had both negative anti-SSA/Ro and anti-SSB/La.
More than half of the patients had an elevated rheuma-
toid factor and more than half were hypergammaglobuli-
nemic. Laboratory parameters were stratified by history
of parotitis to assess for variation between groups
(Table 2). Patients with parotitis were more likely to have
positive rheumatoid factor and less likely to be anti-
SSA/Ro positive.

Diagnostic testing

Wide variation was seen in diagnostic testing of items
from the ACR/EULAR criteria (Tables 2-3, Fig. 1).
Almost all patients had SSA/Ro tested, but only 15%
underwent unstimulated whole salivary flow (UWS).
More than half of anti-SSA/Ro and MSG biopsy testing
was abnormal, while fewer than half of the exocrine
gland function tests were abnormal (Table 3). Among
the 131 patients who underwent MSG biopsy, only four
(8%) had a completely normal biopsy with focus score
of 0 foci/4 mm?. Just over half had a focus score >1
focus/4 mm? meeting the criteria established threshold
of positivity. Twenty-six (20%) patients did not have a
focus score reported as >1 focus/4 mm? but did have
inflammatory foci present (i.e. focus score >0 foci/
4 mm?). Unfortunately, 24 (18%) biopsy reports noted
inflammation but without sufficient description to deter-
mine whether they had true foci of mononuclear cells.
Six biopsies (5%) did not list helpful information and one
biopsy (<1%) reported MALT lymphoma.

Additional testing beyond the ACR/EULAR criteria
was common (Table 3). SGUS was performed in 119
(40%) patients with the majority being abnormal. Among
patients who had an abnormal ultrasound, 69 (71%)
reported parotitis, 45 (49%) had a positive SSA/Ro. The
majority of 78 patients who reported a history of paro-
titis and underwent SGUS (n =69, 88%) had abnormal-
ities consistent with SS. Among 85 patients who
underwent MSG biopsy and SGUS, sonography was

https://academic.oup.com/rheumatology
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TasLe 1 Demographics and prevalence of signs and symptoms

Characteristic Total (n = 300) Parotitis No history of parotitis P?

(n = 160, 53%)

(n = 140, 47%)

Age at diagnosis, median years (IQR) 12 (9,15) 11 (8, 13) 14 (11.5, 16) <0.001
Age range 1-17.8 1-17.5 5-17.8
Age at database entry, median years (IQR) 17 (14,20) 16 (13,19.3) 17 (15,20.8) 0.47
Age range 5-32 5-32 7.8-32
Female, n (%) 250 (83%) 110 (79%) 140 (88%) 0.04
Anticholinergic use, n (%) 0 (%) 0 (%) 0 (%) N/A
Past medical history n (%) n (%) n (%) P2
Systemic lupus 25 (8%) 12 (9%) 13 (8%) 0.89
Other connective tissue diseases 19 (6%) 6 (4%) 13 (8%) 0.17
Lymphoma 5(2%) 4 (3%) 1(<1%) 0.13
HIV/Sarcoidosis/IgG4-related disease/graft vs host 0 (0%) 0(0%) 0 (0%) N/A
Prior head and neck radiation 1(<1%) 0(0%) 1(<1%) 0.35
Symptoms n (%) n (%) n (%) P2
Sicca
Dry eyes or dry mouth 194 (65%) 88 (63%) 106 (66%) 0.54
Dry mouth 156 (52%) 74 (53%) 82 (51%) 0.78
Dry eyes 144 (48%) 64 (46%) 80 (50%) 0.46
Dry eyes and dry mouth 106 (35%) 50 (36%) 56 (35%) 0.90
Non-sicca
Arthralgia, n (%) 161 (54%) 59 (42%) 102 (64%) <0.001
Recurrent or persistent parotitis 140 (47%)
Arthritis 71 (24%) 27 (19%) 44 (28%) 0.10
Lymphadenopathy 54 (18%) 33 (24%) 21 (13%) 0.02
Cytopenia 52 (17%) 20 (14%) 32 (20%) 0.19
Fevers 34 (11%) 9 (14%) 15 (9%) 0.25
Cutaneous vasculitis 27 (9%) 2 (9%) 15 (9%) 0.81
Weight loss 26 (9%) 8( %) 18 (11%) 0.09
Pulmonary 25 (8%) 11 (8%) 14 (9%) 0.78
Headache 20 (7%) 9 (6%) 11 (7%) 0.88
Proteinuria 18 (6%) 8 (6%) 10 (6%) 0.85
Peripheral neuropathy 17 (6%) 6(4%) 11 (7%) 0.33
Vaginitis 14 (5%) 9 (6%) 5(3%) 0.18
Myositis 9 (3%) 3(2%) 6 (4%) 0.42
Other neurologic symptoms® 7 (2%) 3 (2% 4 (3%) 0.84
Interstitial nephritis 6 (2%) 1(<1%) 5(3%) 0.14
Seizures 5(2%) 4 (3 %) 1(<1%) 0.13
Transverse myelitis/neuro-myelitis optica spectrum 5(2%) 0 (0%) 5(3%) 0.04
Renal tubular acidosis 3 (1%) 2 (1%) 1(<1%) 0.49

3P-value represents the significance of a x® analysis comparing patients with and without parotitis by each characteristic.
PIncludes CNS vasculitis, psychosis, anxiety, depression, fatigue, tic disorder. IQR: interquartile range; HIV: human im-
munodeficiency virus.

consistent with SS in most patients with a focus score
>1 focus/4 mm? (n=43, 80%) and with a focus score
<1 and >0 foci/4 mm? (=13, 76%). As an aggregate,
79% of the 71 children with a focus score >0 foci/
4 mm? had SGUS consistent with SS. A focus score of
0 foci/4 mm? was reported in three patients who also
had SGUS with two being abnormal despite reassuring
histopathology. Parotid sialography was performed in 36
(12%) patients and was frequently abnormal.

Evaluation of 2016 ACR/EULAR classification criteria

In our cohort, only 68 patients (23%) met ACR/EULAR
criteria [8] with a score of four or greater. The number of

https://academic.oup.com/rheumatology

tests performed in each patient varied widely (Fig. 1a). A
total of 190 patients (63%) underwent enough testing to
have the potential to achieve a score of four or greater
(Fig. 1b). In this subset of patients, only 68 (36%)
achieved a score of four or more meeting classification
criteria. Among patients meeting criteria, 44% under-
went two tests, 19% underwent three tests, 24% under-
went four tests, and 13% had five diagnostic tests from
the classification criteria performed. Performing more
testing was not associated with likelihood of meeting
criteria (P =0.05) in children who had enough testing to
potentially meet criteria.

In the 232 patients who did not meet criteria, 189
(81%) had classification score of three [positive SSA/Ro
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TasLE 2 Laboratory evaluation of 300 children with Sjégren Syndrome?

Laboratory test Patients who underwent Positive/ Parotitis, No history of P°
testing, n (%) abnormal n (%)? n (%) parotitis, n (%)
ANA 299 (99%) 262 (88%) 124 (89%) 138 (86%) 0.44
SSA/Ro 292 (97%) 217 (74%) 89 (67 %) 128 (81%) 0.008
SSB/La 291 (97%) 131 (45%) 57 (43%) 74 (47%) 0.50
Rheumatoid factor 257 (86%) 153 (60%) 92 (71%) 61 (48%) <0.001
Hypergammaglobulinemia 230 (77%) 125 (54%) 58 (54%) 67 (55%) 0.99
Anti-double stranded DNA 275 (92%) 35 (13%) 4 (11%) 21 (14%) 0.55
or anti-Smith antibody
Neutropenia (<1500) or 300 (100%) 32 (11%) 3 (9%) 9 (12%) 0.47
lymphopenia (<1000)
Thrombocytopenia 300 (100%) 6 (5%) 6 (4%) 0 (6%) 0.45
Immune mediated anaemia®  N/A 8 (% unavailable) 4 (3%) 4 (3%) 0.85
Cryoglobulin 29 (10%) 1(8%) 1(9%) 0 (0%) 0.19

2The denominator used to calculate percentages of patients with positive test results is the number of patients tested in
each group defined in that column. °P-value represents the significance of a ;> analysis comparing patients with and with-
out parotitis by each characteristic. “Number of patients undergoing testing for autoimmune anaemia unavailable. We
asked if they had positive coombs testing or not. All patients had a complete blood count. ANA: anti-nuclear antibody;

SSA: anti-SS-A/Ro antibody; SSB: anti-SS-B/La antibody.

antibody in 157 (84%), positive MSG in 32 (17%)].
Thirty-one (10%) patients met no criteria and the diag-
nosis was made on a combination of recurrent parotitis,
sicca symptoms, classic SGUS features, or abnormal
MSG biopsy with <1 focus/4 mm?.

Logistic regression was performed to assess for clin-
ical, laboratory and diagnostic predictors of meeting
ACR/EULAR criteria and also for having a positive focus
score (Table 4). Hypergammaglobulinemia, reporting dry
eyes, persistent fevers, elevated rheumatoid factor,
positive anti-SSA/Ro, and having both dry eyes and dry
mouth were each independently associated with meet-
ing ACR/EULAR criteria. Multivariate analysis upheld
associations with persistent fevers, reporting dry eyes,
and hypergammaglobulinemia with meeting ACR/EULAR
criteria while controlling for age. Younger patients and
those who denied having any sicca symptoms were less
likely to meet criteria. Positive anti-SSA/Ro antibody
was associated with meeting criteria, as expected, being
one of the criteria items. Elevated anti-SSA/Ro and ANA
were independently associated with a focus score of >1
focus/4 mm?2. This was not upheld in multivariate
analysis.

Predictors of meeting classification criteria and a
positive focus score

We assessed several combinations of clinical, laboratory
and diagnostic test results as predictive tests both for
meeting ACR/EULAR criteria or having a focus score of
>1 focus/4 mm2.We did not identify any test that was
both sensitive and specific for either outcome.
Universally the test sets had low positive predictive val-
ues and high negative predictive values for both out-
come measures when calculated with a prevalence
range from 0.01-0.05% (Supplementary Table S2, avail-
able at Rheumatology online).
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Age

Median age at diagnosis for a patient reporting a history
of parotitis was younger than those without reporting
parotitis, 11 years [IQR 8, 13] compared with 14 years [IQR
11.5, 16]. Logistic regression revealed that younger age
was significantly associated with reporting parotitis
(OR=0.76, P <0.001 95% CI: 0.70, 0.82) (Fig. 2). Patient
age was not associated with the number of tests per-
formed, but younger patients were more likely to undergo
MSG biopsy, OR 0.88, P <0.001 95% CI: 0.83, 0.94.
Interestingly, the youngest age where a patient had all of
the available diagnostic tests performed was three years.
Age was not statistically associated with other presenting
symptoms, laboratory abnormalities, or diagnostic tests.

Additional analyses

We performed a sensitivity analysis excluding patients
with lupus or other connective tissue diseases from the
assessment of the 2016 ACR/EULAR criteria, which did
not alter our findings. We applied the proposed paediat-
ric criteria [10] to our patient population. Only 166 (55%)
children in our study achieved a score of four or higher
satisfying the criteria. When excluding patients with
underlying connective tissues diseases 144 of 257 chil-
dren (56%) met criteria. As this was performed in a
post-hoc fashion, we lacked data on all aspects of four
of the twelve criteria (ocular: recurrent conjunctivitis
without a source; systemic: hypokalemic paralysis or
abdominal pain; biochemical: elevated serum amylase;
and haematologic: high ESR).

Discussion

This robust multinational registry of children demon-
strates that SS can occur at any age (Supplementary

https://academic.oup.com/rheumatology
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Fic. 1 Distribution and proportion of children meeting ACR/EULAR criteria for Sjégren syndrome
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(A) Distribution by number of tests performed. (B) Proportion based on diagnostic testing. The 2016 ACR/EULAR
Criteria includes a labial salivary gland biopsy with focal lymphocytic sialadenitis and focus score >1 (3 points), Ant-
SSA/Ro (3 points), ocular staining >5 in at least one eye (1 point), Schirmer < 5mm/5min on at least one eye (1
point), and unstimulated whole saliva flow rate <0.1ml/min (1 point). A score of 4 or higher is required to meet
Sjogren syndrome classification. The figure highlights the highest score they could have achieved based on which cri-

teria where tested.

Fig. S1, available at Rheumatology online) and current
adult classification criteria are not sensitive for the dis-
ease in children. SS is most commonly diagnosed in
adults (peak diagnosis at ages 40-60) yet serologic evi-
dence of the disease begins decades before diagnosis
[2]. A study that surveyed adults with SS reported first
symptoms of the disease during childhood or early
adulthood (age <20years) in 40% of individuals sur-
veyed; however, symptoms were less disease-specific

https://academic.oup.com/rheumatology

(such as arthralgia or myalgia) and sicca symptoms
were more common later in life [20]. In children, SS
commonly presents without complaints of dryness, but
upon evaluation and further questioning the presence of
dryness symptoms is not rare [3, 12, 13, 18]. When pre-
sent, dryness should certainly prompt evaluation.
Evidence of salivary gland inflammation, either clinically
with parotitis or through imaging or histopathologic
evaluation, is common and helpful in making the
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TasLe 3 Diagnostic testing and ACR/EULAR criteria

Diagnostic test Tested, Positive/ Parotitis No history Classification
n (%) abnormal, (n =140, of parotitis points?®
n (%) 47%) (n =160, 53%)

ACR/EULAR criterion

Anti-SSA/Ro antibody 292 (97%) 217 (74%) 89/133(67%) 128/159 (81%)

Ocular surface staining score >5 (or van 54 (18%) 10 (19%) 4/42 (10%) 6/12 (50%) 1
Bijsterveld score >4) on at least one eye®

Schirmer <5 mm/5 min on at least one eye 135 (45%) 57 (42%) 27/74 (36%) 30/61 (49%) 1

Salivary gland biopsy with focal 131 (44%) 70 (53%) 39/80 (49%) 31/51 (61%)
lymphocytic sialadenitis and focus score >1°

Unstimulated salivary flow rate <0.1 ml/min 44 (15%) 13 (30%) 7/33 (21%) 6/10 (60%) 1

Other diagnostic test

Salivary gland ultrasound 119 (40%) 97 (82%) 69/78 (88%) 28/41(68%)
Parotid sialography 36 (12%) 27 (75%) 27/36 (75%) 0 (0%)
Renal biopsy 7 (2%) 7 (100%) 1/1 (100%) 6/6 (100%)

The denominator for percent positive is the number of patients who underwent testing by each group defined in that col-
umn. The 2016 ACR/EULAR Sjégren syndrome classification definition requires a score of 4 or higher to meet criteria. °In
six patients, the charts state that they had a positive ocular surface staining score without the score listed. “The biopsy
reports provided for 24 patients noted inflammation, but without sufficient description to determine whether they had true

foci of mononuclear cells. Therefore, the data may be underreporting patients who truly had a focus score >1.

diagnosis. Despite this, up to half of children with SS
may not have parotitis and a subset may not have sono-
graphic salivary gland changes [3, 13].

In the absence of highly sensitive biomarkers, classifi-
cation of SS in adults has relied on the development of
rigorous criteria. While the specific criteria items have
evolved, each set has included the main features specif-
ic to the disease (histopathologic evidence of exocrine
gland inflammation, serologic evidence of autoimmunity,
evidence of gland dysfunction or end-organ damage).
For many children, a key barrier to diagnosis of SS is
that these features may not be recognized as abnormal.
However, upon questioning, we found that 65% of our
patients did experience sicca symptoms. Recurrent or
persistent parotitis, one of the more common reasons
for referral to Rheumatology, is not included in current
classification criteria. Similar to prior studies, 47% of our
cohort reported parotitis, and, intriguingly, this was sig-
nificantly associated with a younger age. Prior criteria
designed for use in evaluating adults have not been ad-
equate when retrospectively evaluated for use in classi-
fying children with SS [3, 11, 12]. Proposed paediatric-
specific criteria have a suboptimal sensitivity that we
also found in our population [3, 10-12]. We performed
this post-hoc and did not have all of the criteria avail-
able, likely resulting in a falsely low sensitivity.

The most recent classification criteria, 2016 ACR/
EULAR [8], had not been evaluated for applicability in
children at the time of our study conception. Our find-
ings demonstrate a minority of children diagnosed with
SS meet these criteria. However, it is clear from our
study that when SS was being considered, few patients
(<10%) underwent testing for all five criteria items. The
majority were only tested for one or two. This may
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explain our lower percentage of children meeting criteria
when compared with another recent study that found
58% of children met these criteria [13]. However, even
when excluding children who could not possibly meet
criteria (i.e. those who did not undergo sufficient testing
to score >4), we still found just over one-third satisfied
criteria. This was not due to lack of complete criteria
item testing; only 33% (9 of 27) of children who had all
five criteria items tested met criteria. In contrast,
Hammenfors et al. [13], had a slightly higher proportion
of children with all five criteria items tested (19%, 13 of
67) and a higher percentage of these children meeting
criteria (77%, 10 of 13) (D. S. Hammenfors and M. V.
Jonsson, personal communication). Of note, three chil-
dren were included in both studies but none had all five
criteria items tested. If we combine the cases from both
international datasets, 40 children had all five criteria
tested, and nearly half (49%, 19 of 40) met criteria.
While the applicability of these criteria would be better
evaluated prospectively, our paper suggests current
adult classification criteria are not sensitive for diagnos-
ing SS in children.

The question as to why adult criteria fail to identify
children diagnosed with SS remains. The criteria were
developed as classification rather than diagnostic crite-
ria and are not intended to apply to all individuals with
SS. Rather, they define a homogeneous population with
definite disease for research studies resulting in high
specificity with lower sensitivity [21, 22]. Failure to meet
classification criteria does not negate disease presence.
However, classification criteria are often used in clinical
practice [23], and the ACR/EULAR classification criteria
showed high sensitivity (>95%) for SS (based on expert
opinion as gold standard) when applied retrospectively

https://academic.oup.com/rheumatology
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TaBLE 4 Predictors of meeting 2016 ACR/EULAR classification criteria and a positive salivary gland biopsy

Predictors of meeting
classification criteria

Clinical feature

Univariate OR (95% ClI)

Multivariate OR (95% CI)®

Age 0.93 (0.87, 1.00) 0.07 0.91 (0.82, 0.99) 0.04
Sex 1.66 (0.73, 3.73) 0.22

Dry eyes 2.85 (1.62, 5.06) <0.001 3.40 (1.70, 6.77) 0.001
Dry mouth 1.43(0.83, 2.47) 0.20

Both sicca 2.05(1.18, 3.56) 0.01

No Sicca 0.44 (0.23, 0.82) 0.01

Parotitis 1.10(0.64, 1.89) 0.73

Recurrent vaginitis 1.39 (0.42, 4.57) 0.59

Persistent fever 2.75(1.30, 5.79) 0.008 3.19 (1.25, 8.11) 0.02
Weight loss 0.80 (0.29, 2.20) 0.66

Lymphadenopathy 1.40(0.72, 2.73) 0.32

Arthritis 1.63(0.89, 2.97) 0.11

Arthralgia 0.96 (0.56, 1.66) 0.89

Cutaneous vasculitis 1.49 (0.62, 3.58) 0.37

Pulmonary 1.36 (0.54, 3.42) 0.51

Renal tubular acidosis 1.72 (0.15, 19.22) 0.66

Proteinuria 0.41 (0.09, 1.83) 0.24

Interstitial nephritis N/A N/A

Myositis N/A N/A

Peripheral neuropathy 1.46 (0.49, 4.29) 0.50

Headaches 0.17 (0.22,1.27) 0.08

Seizures 0.85(0.09, 7.74) 0.89

Transverse myelitis/neuro-myelitis optica 2.31(0.38, 14.13) 0.36

Other neurologic symptom® 0.56 (0.07, 4.75) 0.60

Laboratory Test @ Univariate OR (95% ClI) P Multivariate OR (95% CI)® P
Any cytopenia 1.32 (0.67, 2.62) 0.42

Neutropenia or lymphopenia 1.15(0.49, 2.70) 0.74

Autoimmune anaemia 0.48 (0.06, 3.97) 0.50

Thrombocytopenia 1.59 (0.53, 4.76) 0.40

Anti-nuclear antibody 1.08 (0.47, 2.48) 0.86

Anti-SSA antibody 3.20 (1.45, 7.06) 0.004

Anti-SSB antibody 1.15(0.67, 2.00) 0.61

Rheumatoid factor 1.93 (1.04, 3.57) 0.04

Anti-dsDNA/Smith 1.16 (0.52, 2.63) 0.37

Hypergammaglobulinemia 3.45 (1.73, 6.90) <0.001 3.69 (1.76, 7.72) 0.001

Diagnostic test # Univariate OR (95% CI) P Multivariate OR (95% CI) P
Salivary ultrasound 0.47 (0.18, 1.25) 0.13
Sialography 1.00 (0.16, 6.14) 1.00
Kidney biopsy N/A N/A

Clinical feature

Predictors of a positive
MSG biopsy Focus score

Univariate OR (95% CI)

Age 0.93 (0.85, 1.02) 0.12
Sex 1.30(0.58, 2.92) 0.52
Dry eyes 1.02 (0.52, 2.04) 0.95
Dry mouth 0.97 (0.48, 1.96) 0.94
Both sicca 0.70(0.35, 1.41) 0.32
No sicca 0.66 (0.31, 1.41) 0.28
Parotitis 0.61(0.30, 1.25) 0.18
Recurrent vaginitis 0.41(0.10, 1.72) 0.22
Persistent fever 1.29 (0.46, 3.61) 0.63
Weight loss 0.86 (0.21, 3.61) 0.84
Lymphadenopathy 0.58 (0.25, 1.35) 0.21
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TaeLe 4 Continued

Predictors of meeting
classification criteria

Clinical feature Univariate OR (95% CI) P Multivariate OR (95% CI)®
Arthritis 0.77 (0.33, 1.79) 0.54
Arthralgia 1.48 (0.74, 2.96) 0.26
Cutaneous vasculitis 0.27 (0.05, 1.39) 0.12
Pulmonary 0.47 (0.13, 1.68) 0.24
Renal tubular acidosis N/A N/A
Proteinuria 0.43 (0.04, 4.83) 0.49
Interstitial nephritis N/A N/A
Myositis 0.87(0.12, 6.35) 0.89
Peripheral neuropathy 1.49 (0.34, 6.50) 0.60
Headaches 0.23(0.04, 1.14) 0.07
Seizures 0.43 (0.04, 4.83) 0.49
Transverse myelitis/neuro-myelitis optica 2.67 (0.27, 26.53) 0.40
Other neurologic symptom® N/A N/A
Laboratory test ? Univariate OR (95% CI) P
Any cytopenia 2.09 (0.68, 6.39) 0.20
Neutropenia/lymphopenia 1.24 (0.37, 4.14) 0.72
Autoimmune anaemia 0.87 (0.12, 6.35) 0.89
Thrombocytopenia 2.69 (0.27, 26.53) 0.40
Anti-nuclear antibody 0.37(0.14, 0.97) 0.04
Anti-SSA antibody 0.45 (0.22, 0.90) 0.03
Anti-SSB antibody 0.72 (0.33, 1.56) 0.40
Rheumatoid factor 0.89(0.43, 1.81) 0.74
dsDNA/Smith 0.78 (0.25, 2.48) 0.67
Hypergammaglobulinemia 0.71(0.33, 1.50) 0.36
Diagnostic test?® Univariate OR (95% CI) P
Salivary ultrasound 1.14 (0.39, 3.33) 0.81
Sialography 0.8 (0.13,5.07) 0.81
Kidney biopsy N/A N/A

Diagnostic testing analysis limited to patients who underwent respective testing. PAll multivariate models assessed con-
trolled for age at diagnosis. Variables significant in univariate analysis and not reported in multivariate analysis dropped out
of the final model as they were no longer statistically significant. Variables included in the multivariate model for meeting
classification criteria includes age at diagnosis, presence of hypergammaglobulinemia, presence of persistent fevers, and
report of dry eyes. “Includes CNS vasculitis, psychosis, anxiety, depression, fatigue, tic disorder.

to a Japanese cohort and prospectively to a Dutch co-
hort [24, 25]. Together, these data suggest the classifi-
cation criteria are reasonable to guide clinical workup as
many adults with SS will indeed meet the criteria.

The high sensitivity of these criteria in adults along
with the low proportion of children meeting criteria sug-
gests other factors may contribute to poor sensitivity.
One possibility is that the criteria rely too heavily on evi-
dence of gland dysfunction, which requires time to de-
velop and, thus, is less evident during childhood. This is
supported by the decreased prevalence of dryness in
children with SS compared with adults and the increase
in sicca symptoms over time following diagnosis [3, 20,
26, 27]. In our study, when combining number of tests
performed for gland function (Schirmer’s test, UWS) and
ocular surface damage (OSS), only 80 (34%) of 233 indi-
vidual tests were abnormal. In contrast, evidence of
focal sialadenitis (focus score >1 focus/4 mm?) or posi-
tive anti-SSA/Ro antibodies occurred more frequently
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(287 of 423, 68%). Considering SS can be an indolent
process, if we include children with any focal sialadenitis
(focus score >0 foci/4 mm?), this proportion rises (313
of 423, 74%). This makes conceptual sense if the
lymphocytic infiltration and production of autoantibodies
are early features in the immunopathogenesis with sub-
sequent gland dysfunction and end-organ damage.
Similarly, if children represent an early stage in the de-
velopment of SS, then the presence of any focal siala-
denitis less than the currently defined cutoff may be
sufficient to support diagnosis. A consideration can also
be made for parotid biopsy, which may be more sensi-
tive than MSG biopsy in children [28].

We explored clinical and laboratory predictors for meet-
ing classification criteria and having positive MSG biopsy
to aid clinicians in diagnosis. Hypergammaglobulinemia,
persistent fevers and reporting dry eyes were associated
with meeting criteria. Why these features were associated
with criteria is not clear, but hypergammaglobulinemia

https://academic.oup.com/rheumatology
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and persistent fevers likely reflect a systemic inflammatory
state. Only positive anti-SSA/Ro was predictive for positive
MSG biopsy. Combinations of clinical, laboratory and diag-
nostic test results were neither sensitive nor specific for
predicting meeting classification criteria (Supplementary
Table S2, available at Rheumatology online).

In addition to relying on evidence of early inflamma-
tion or immunological features reliably detectable early
in disease, additional criteria items are necessary to im-
prove diagnostic sensitivity in children. SGUS is a non-
invasive modality that is feasible in children and was
associated with serologic positivity [13]. In adults, ab-
normal SGUS features were associated with positive
MSG biopsy [29]. Further study is needed to clarify how
specific these changes are for SS in children and what
threshold vyields sufficient discriminate validity to estab-
lish the diagnosis without biopsy. Because autoantibod-
ies were detected decades before diagnosis in adults
with SS [2] and the majority of children in our study
have positive anti-SSA/Ro antibodies [3, 13, 27, 30], the
combination of salivary gland inflammation (clinical paro-
titis, typical SGUS changes consistent with inflammation
and histopathology) and positive autoantibody may be
sufficient to diagnose SS in a child. Interestingly, in a
small group of our children who reported parotitis and
had a positive anti-SSA/Ro antibody, an abnormal
SGUS, and any inflammation on their MSG, 9 out of 10
(90%) met ACR/EULAR criteria.

Developing paediatric-specific criteria is essential to
identify children with SS prior to gland dysfunction.
Such criteria may also be more applicable for diagnos-
ing or classifying adults earlier in their course of disease
and in diagnosing individuals lacking SS-specific serolo-
gies or those presenting with primarily extraglandular
manifestations for whom the current criteria may be less
sensitive [31].

https://academic.oup.com/rheumatology

Our study strengths include a large population of chil-
dren diagnosed with SS from eight countries on five
continents producing a robust generalizable dataset. A
consequence of the observational nature is missing
data, though this is not unique to our study. Open com-
munication with investigators allowed for clarity when
discrepancies were found in reported data. Also, as is
common among rheumatic diseases, the lack of an ob-
jective standard for diagnosis of SS in children requires
the use of expert opinion as our gold standard for inclu-
sion. This also leads to the evaluation of children being
performed in a non-standardized fashion. Lastly, there
may be referral bias towards children with higher dis-
ease severity. Children with mild dryness may not seek
medical attention resulting in a lower perceived preva-
lence of dryness and possibly the disease.

In summary, some children with SS meet classification
criteria designed for use in adults with SS. Recognition
of recurrent or persistent parotitis as a manifestation of
the disease in children is paramount. Symptomatic exo-
crine gland dysfunction may not be apparent and its ab-
sence should not be falsely reassuring against the
presence of disease. Diagnostic testing to evaluate for
evidence of exocrine gland inflammation, serologic evi-
dence for autoimmunity, and evidence of gland dysfunc-
tion or end-organ damage should be considered in the
workup and ideally should be performed and scored by
experienced specialists to ensure adequate testing and
scoring. However, many children will not meet classifi-
cation criteria designed for use in adults, and this should
not preclude the diagnosis. Additional studies are
needed to define child-specific normative values for
these tests and additional criteria items should be con-
sidered and evaluated prospectively to define the best
set of criteria items for classification of SS in children.
Establishing paediatric-specific criteria is essential for
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use in future research studies as well as for the diagno-
sis of SS in children.
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