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Objectives: The aim of this study was to evaluate the clinical validity of early Sjögren’s
syndrome (SS) autoantibodies (eSjA), which were originally marketed for early diagnosis of
SS, for juvenile SS (JSS) in a recently identified pediatric cohort.

Methods: A total of 105 symptomatic subjects with eSjA results available were evaluated
at the Center for Orphaned Autoimmune Disorders at the University of Florida and enrolled
for this study. JSS diagnosis was based on the 2016 ACR/EULAR SS criteria.
Demographic/clinical/laboratory parameters were compared between JSS (n = 27) and
non-JSS (n = 78) for % positivity, sensitivity, and specificity of eSjA (SP1, anti-salivary
protein; CA6, anti-carbonic anhydrase VI; PSP, anti-parotid secretory protein) and classic
SS-autoantibodies (cSjA; ANA, SSA/SSB, RF, and others) either alone or in combination.
Associations between eSjA and diagnostic/glandular parameters were also determined by
Fisher’s exact test.

Results: Compared to non-JSS, JSS patients exhibited sicca symptoms demonstrating
reduced unstimulated salivary flow rate (USFR) and abnormal glandular features revealed
by salivary gland ultrasound (SGUS). Among cSjA, ANA demonstrated the highest
sensitivity of 69.2%, while SSA, SSB, and RF showed around 95% specificities for JSS
diagnosis. The % positive-SSA was notably higher in JSS than non-JSS (56% vs. 5%).
Of eSjA, anti-CA6 IgG was the most prevalent without differentiating JSS (37%) from
org June 2021 | Volume 12 | Article 7041931
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non-JSS (32%). Sensitivity and specificity of eSjA were 55.6 and 26.9%, respectively.
Autoantibodies with potentially applicable specificity/sensitivity for JSS were seen only in
cSjA without a single eSjA included. There were no associations detected between eSjA
and focus score (FS), USFR, SSA, SGUS, and parotitis/glandular swelling analyzed in the
entire cohort, JSS, and non-JSS. However, a negative association between anti-PSP and
parotitis/glandular swelling was found in a small group of positive-SSA (n = 19, p = 0.02)
whereas no such association was found between anti-PSP-positive compared to
anti-PSP-negative. JSS and non-JSS groups differed in FS, USFR, and EULAR
SS Patient Reported Index Dryness/Mean in CA6/PSP/ANA, SP1, and SSA-
positive groups, respectively. Additionally, a higher FS was found in RF-positive than
RF-negative individuals.

Conclusions: eSjA underperformed cSjS in differentiating JSS from non-JSS. The
discovery of clinical impact of eSjA on early diagnosis of JSS necessitates a
longitudinal study.
Keywords: juvenile Sjögren’s syndrome, autoantibodies, early Sjögren’s syndrome autoantibodies, parotitis, minor
salivary gland biopsy, sicca symptoms
INTRODUCTION

Sjögren’s syndrome (SS) is an autoimmune disorder that
typically leads to sicca symptoms of severe dry eyes and dry
mouth, mainly in female patients with peak incidence between
45 and 55 years of age (1). Sicca symptoms are believed to be less
prevalent in juvenile SS (JSS) compared to adult SS patients
(2–9). Recurrent parotitis in JSS is one of the main symptoms
that warrants referral to rheumatologists for care. As
longitudinal follow-up studies on JSS patients are absent, it is
unknown if JSS will progress to adult SS. Moreover, it is not clear
whether JSS patients will develop the major complication of non-
Hodgkin’s B-cell lymphoma reported to occur in 5% of affected
adult patients (1) or if JSS is a distinct disease entity with a
unique clinical course.

Currently, there are no consensus diagnostic criteria tailored
specifically to pediatric patients with JSS. The 2002 American-
European Consensus Group (AECG) criteria (10), 2012
American College of Rheumatology (ACR) classification
criteria (11), or 2016 ACR/EULAR classification criteria (12)
for adult SS have been used in most JSS case studies and reports
due to lack of validated criteria in children. According to the
most recent 2016 ACR/EULAR criteria, serology for anti-SSA/Ro
(SSA), minor salivary gland (MSG) lip biopsy for focus score,
sialometry for unstimulated saliva flow rate (USFR), Schirmer’s
test, and ocular surface staining (OSS) are included for diagnosis.
SSA positivity and positive MSG biopsy are each assigned a
weight of three points, while USFR, Schirmer’s test, and OSS are
assigned one point per item. When summation is greater than or
equal to four points, SS diagnosis is established. However,
subjective sicca symptoms are not a part of the current SS
diagnostic criteria (12). Since there are different characteristics
noted in JSS from SS, such as the prevalent recurrent parotitis
mentioned earlier, use of the adult SS classification or diagnostic
criteria may lead to misdiagnosis or underrepresentation of JSS.
org 2
In recent years, Shen et al. reported a panel of autoantibodies
that were detected in their IL-14a transgenic mice (IL14a TG)
with sialadenitis and in a group of SS patients (13). Because these
autoantibodies were more prevalent in SSA-negative adult SS
patients or in relatively newly diagnosed adult sicca patents, Shen
et al. proposed them as early biomarkers for SS. These antibodies
were later commercialized by Trinity Biotech under the name of
“early SS autoantibody (eSjA) panel” and screened by their
Immco Diagnostics Reference Lab. The panel includes three
autoantibodies, namely salivary protein 1 (SP1), carbonic
anhydrase IV (CA6), and parotid secretory protein (PSP), with
three immunoglobulin isotypes (IgG, IgA, and IgM) for each
antibody, totaling nine items.

In addition, the same company produced the Sjö® test kit,
which combines three in eSjA with the four classic SS
autoantibodies (cSjA), ANA, SSA, anti-SSB/La (SSB), and
rheumatoid factor (RF), encompassing seven SS biomarkers
(Immco.com). The sensitivity and specificity of eSjA in
differentiating SS from non-SS are unclear as most publications
on eSjA report % prevalence rather than sensitivity and
specificity. The company website lists the prevalence of eSjA as
30–45% in SS. The sensitivity and specificity of the Sjö® test kit in
SS diagnosis reported in two 2016 conference abstracts indicated
the cumulative sensitivity of the Sjö test kit was 91.4%, the
sensitivity of SSA/SSB was 74.9%, and the sensitivity for eSjA was
49.8%. The cumulative specificity for the Sjö test kit was 79.8%
and the specificity for eSjA was 83.5% while the specificity for
SSA/SSB was not listed (14, 15). However, the details on
demographics, diagnostic criteria, and clinical parameters of
the cohort investigated were unavailable.

In this study, we determined if eSjA could differentiate JSS
from non-JSS in patients with sicca symptoms based on the
assumption that JSS could be an early manifestation of SS. We
examined cSjA as well as eSjA in pediatric patients presenting to
the Pediatric Rheumatology Clinic at the University of Florida
June 2021 | Volume 12 | Article 704193
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(UF). To our knowledge, this is the first and only study reporting
the levels of sensitivity and specificity of eSjA in differentiating
JSS from non-JSS patients, who did not meet the 2016 ACR/
EULAR SS criteria.
PATIENTS AND METHODS

Subject Enrollment
Participants were recruited from January, 2018 to November,
2020, at the Oral Medicine clinic, College of Dentistry, and the
Pediatric Rheumatology clinic, College of Medicine, at the UF
Health Shands Hospital, Gainesville, Florida. Enrollment was
made during a routine medical check-up. JSS patients were
diagnosed according to the 2016 ACR/EULAR criteria, and
patients with sicca symptoms who did not fulfil the criteria
were classified as non-JSS. Only those who had been tested for
eSjA (n = 105) were included in the analysis. Patients in the JSS
group (n = 27, F:M = 21:6) ranged from 4 to 27 years of age,
including one 20 and one 27 year-old. Ages of non-JSS subjects
(n = 78, F:M = 54:24) ranged from 5 to 20, including two 18 year-
old and one 20 year-old (Table 1). Those subjects older than 18
were included because their symptoms started before 18 years of
age and lasted until they were evaluated at the Pediatric
Rheumatology Clinic without having been evaluated for JSS
elsewhere. Primary and secondary JSS were not classified due
to the lack of guidelines for the JSS classification criteria at the
present time. This study was reviewed and approved by the
Institutional Review Board (IRB protocols #201600490 and
201900645) at UF and written informed consents/assents were
obtained from either parents/guardians of pediatric patients or
participants who were older than 18 years of age.

Clinical and Laboratory Parameters
Laboratory results were collected from the Center for Orphaned
Autoimmune Disorders (COAD) tissue bank and patient
registry, following the current diagnostic guidelines for adult
SS (12, 16). USFR was measured by allowing saliva to flow
naturally into a preweighed vessel for 10 min. Flow rates below or
equal to the cut-off of 0.1ml/min are considered indicative of
hyposalivation. Dry eye condition was mainly evaluated by a
combination of slit lamp examination, conjunctival and corneal
staining patterns, tear break-up time, and Schirmer’s test. The
Schirmer ’s test, utilizes sterile strips (TearFlo, Sigma
Pharmaceuticals, Monticello, CA) placed in the inferior fornix
of the patient to measure basal tear production for 5 min with
topical anesthesia as children do not usually tolerate the strips
without it. A value less than 5 mm of tear production at 5 min
constituted severe dry eyes. OSS was evaluated in only a small
number of patients and therefore was not included in the
analysis. MSG biopsy results were reported positive if there
was one or more foci of at least 50 immune cells per 4 mm2 of
salivary gland tissue. Salivary gland ultrasound (SGUS) of
bilateral parotid and submandibular glands was classified as
positive when the simplified score was 2 or 3, which is
suggestive of SS (17). Test results for cSjA, eSjA, WBC, ESR,
Frontiers in Immunology | www.frontiersin.org 3
CRP, C3 and C4, total IgG, and CBC were collected within 2
weeks of enrollment. ANA was coded positive at titers of 1:160 or
greater, and eSjA positivity was determined based on the
laboratory report by Immco Diagnostics (Buffalo, NY), which
includes nine items; IgG, IgA, and IgM of anti-SP1, anti-CA6,
and anti-PSP. Items in the twelve domains of the physician-
reported EULAR SS disease activity index (ESSDAI) and the
EULAR SS patient reported index (ESSPRI) including dryness,
somatic and mental fatigue, and pain indices (16, 18) were also
analyzed in this study.

Statistical Analyses
Group comparisons between JSS and non-JSS were performed on
dichotomous variables (e.g., positive/negative) with the Fisher’s
exact test. For continuous variables, such as age at symptom
onset, age at diagnosis, ESSPRI Dryness, ESSPRI Fatigue, ESSPRI
Pain, and ESSPRI Mean, the non-parametric Mann–Whitney–
Wilcoxon test was performed. A p-value of less than 0.05 was
considered significant for both analyses. The % positivity along
with sensitivity and specificity were calculated at both the level of
single autoantibodies and autoantibodies in combination in
order to explore the diagnostic performance. A performance
graph was prepared for easy comparison between eSjA and cSjA
in distinguishing JSS from non-JSS in patients with xerostomia.
Associations with odds ratio and confidence intervals (CI)
between eSjA and the items in the 2016 ACR/EULAR SS
diagnostic criteria, such as FS, SSA, USFR, and the Schirmer’s
tear test, and the items reflecting glandular features, such as
recurrent parotitis/glandular swelling and SGUS, were calculated
for the category of the entire study cohort, JSS, non-JSS, positive-
SSA, or negative-SSA group. In each category, we evaluated the
association between diagnostic/glandular items with eSjA, using
Fisher’s exact test. We further compared JSS with non-JSS, or
antibody-positive group with antibody-negative group using the
Mann–Whitney–Wilcoxon test. Mean diagnostic values were
presented in the bar plots with dots representing the
distribution of those values. All analyses were calculated by R
(http://www.r-project.org, version 4.0.3) in RStudio (http://www.
rstudio.com, version 1.4.1106).
RESULTS

JSS Patients Exhibit History of Sicca
Symptoms and Glandular Changes
Noted by SGUS
Table 1 summarizes demographic, clinical, and laboratory
characteristics of the eSjA study population (n = 105)
including both JSS (n = 27) and non-JSS patients (n = 78). The
median age for symptom onset was around 11 years old in both
groups, with a 2 year old boy being the youngest JSS patient in
our cohort. In general, it took about 3 years from symptom onset
to be either diagnosed or ruled out as JSS in our cohort. Of 27 JSS
patients, 21 were female (77.8%).

Of laboratory parameters measured, hypergammaglobulinemia
and cytopenias differed significantly between JSS and non-JSS
June 2021 | Volume 12 | Article 704193
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groups (p < 0.001 and p = 0.027, respectively). Differences between
JSS and non-JSS groups for diagnostic evaluations of USFR (p =
0.004), MSG biopsy (p < 0.001), and SGUS (p < 0.001) were also
significant, along with patient history of experiencing recurrent/
persistent parotitis and/or glandular swelling/tenderness (p =
0.015). The number of patients who had both dry eyes and dry
mouth (sicca symptoms) was statistically higher in JSS than in
non-JSS (p = 0.026). Similarly, dental caries or dental-related
Frontiers in Immunology | www.frontiersin.org 4
issues were also more prevalent in JSS patients (p = 0.01).
Interestingly, about 11% of our cohort patients reported
attention-deficit/hyperactive disorder (ADHD) or autism
spectrum disorders, suggesting a potential link between maternal
autoimmune diseases/inflammation and those conditions (19, 20).

In general, ESSDAI domains or ESSPRI items listed in
Table 1 did not show much difference between the two groups
except for the biological domain mentioned above and the renal
TABLE 1 | Demographic, clinical, and laboratory characteristics of the UF pediatric study cohort

JSS (N = 27) Non-JSS (N = 78) p-value

General
Age, symptom onset (Median, IQR) 11 (5.5) 11 (6.75) 0.478
Age, diagnosis (Median, IQR) 14 (6) 14 (6.25) 0.570
Female 21 (77.8%) 54 (69.2%) 0.466
Laboratory parameters
ESR elevated 8/26 (30.8%) 9/75 (12.0%) 0.09
CRP elevated 5/26 (19.2%) 13/74 (17.6%) 0.999
C3 low 2/24 (8.3%) 2/66 (3.0%) 0.408
C4 low 3/24 (12.5%) 7/65 (10.8%) 0.805
Hypergammaglobulinemia 10/27 (37.0%) 5/78 (6.4%) <0.001**
Various autoantibodies Tables 2 & 3 Tables 2 & 3 –

Cytopenia (neutropenia, lymphopenia, thrombocytopenia) 8/27 (29.6%) 8/78 (10.3%) 0.027*
Autoimmune hemolytic anemia 0/27 (0%) 4/78 (5.1%) 0.57
Diagnostic tests
Schirmer’s test 5/16 (31.3%) 6/42 (14.3%) 0.275
Unstimulated salivary flow rate (USFR) 11/27 (40.7%) 10/78 (12.8%) 0.004**
Minor salivary gland lip biopsy (MSGBx) 22/26 (84.6%) 18/47 (38.3%) <0.001**
Salivary gland ultrasound (SGUS) 16/26 (61.5%) 9/58 (15.5%) <0.001**
Medical history
Infection (Bacterial, viral, and/or fungal) 11 (40.7%) 25 (32.1%) 0.483
Various immune-related conditions& 13 (48.1%) 40 (51.3%) 0.826
ADHD or Autism 2 (7.4%) 10 (12.8%) 0.727
Recurrent/persistent parotitis or glandular swelling/tenderness 19 (70.4%) 33 (42.3%) 0.015*
Clinical features
Dry eyes (subjective) 21 (77.8%) 45 (57.7%) 0.069
Dry mouth (subjective) 24 (88.9%) 55 (70.5%) 0.071
Dry eyes and dry mouth (subjective) 20 (74.1%) 38 (48.7%) 0.026*
Dysphagia 4 (14.8%) 17 (21.8%) 0.58
Dry lips 11 (40.7%) 43 (55.1%) 0.264
Oral ulcers 13 (48.1%) 24 (30.8%) 0.16
TMD or TMJ clicking 8 (29.6%) 16 (20.5%) 0.425
Dental issues 16 (59.3%) 23 (41.8%) 0.01*
Hypermobile joints 17 (63.0%) 50 (64.1%) 0.999
ESSDAI/ESSPRI-related domains and other features
ESSPRI Dryness (Median, IQR) 5 4 (6) 0.565
ESSPRI Fatigue (Median, IQR) 5.5 (7.25) 5 (5) 0.824
ESSPRI Pain (Median, IQR) 1 (6) 3 (5) 0.797
ESSPRI mean (Median, IQR) 4.17 (3.41) 3.33 (4) 0.880
Fever 8 (29.6%) 16 (20.5%) 0.425
Weight loss 4 (14.8%) 5 (6.4%) 0.231
Lymphadenopathy or lymphoma 4 (14.8%) 13 (16.7%) 0.999
Cutaneous 1 (3.7%) 1 (1.3%) 0.45
Pulmonary 14 (51.9%) 46 (59.0%) 0.652
Renal 7 (25.9%) 4 (5.1%) 0.006**
Muscular 14 (51.9%) 44 (56.4%) 0.823
Articular 23 (85.2%) 66 (84.6%) 0.999
Neurological 22 (81.5%) 65 (83.3%) 0.999
Cardiovascular 5 (18.5%) 16 (20.5%) 0.999
Gastrointestinal 13 (48.1%) 44 (56.4%) 0.506
Skin 17 (63.0%) 54 (69.2%) 0.635
Raynaud’s 4 (14.8%) 7 (9.0%) 0.468
June 2021 | Volume 12 | Articl
Bold, ***p < 0.001, **p < 0.01 and *p < 0.05; ESSDAI, EULAR SS Disease Activity Index; ESSPRI, EULAR SS Patient Reported Index. &SLE (systemic lupus erythematosus), juvenile
idiopathic arthritis, Crohn’s disease, Immune deficiency, amplified pain syndrome, type I diabetes, fibromyalgia, Hashimoto’s disease, anti-phospholipid syndrome, IgG4 disease, mixed
connective tissue disease, or systemic sclerosis.
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domain (p = 0.006). The test results of some parameters, such as
the renal domain or Raynaud’s phenomenon, were available only
in a small number of subjects.

Among cSjA, ANA Shows the Highest
Sensitivity While Others Are High in
Specificity for JSS
Next, we evaluated the performance of each cSjA alone and in
combination to determine which were most effective in
distinguishing JSS from non-JSS (Table 2). Among 105 study
subjects, most patients had blood results for ANA (n = 98, 93%),
SSA (n = 103, 98%), and SSB (n = 102, 97%), while only 64% of
the study population had been tested for RF. The % positive
ANA in the study cohort was 40% with the sensitivity and
specificity being 69.2 and 70.8%, respectively.
Frontiers in Immunology | www.frontiersin.org 5
SSA showed relatively high sensitivity and specificity of 55.6
and 94.7%, respectively, for JSS. The % positive SSA was
noticeably higher in the JSS group than the non-JSS group
(56% vs. 5%), as was the % positivity of RF (33% vs. 4%).
Many autoantibodies, such as SSB, anti-dsDNA, anti-RNP,
anti-thyroid peroxidase (TPO), and others including anti-
mitochondrial, anti-centromere, and anti-cardiolipin IgG,
which are generally seldom reported in pediatric populations,
showed high specificity, but the sensitivities of those were
significantly low (Table 2).

When we considered either ANA positivity or SSA positivity
(ANA/SSA), we observed 77.8% sensitivity and 71.8% specificity
for JSS distinguished from non-JSS. These values for ANA/RF or
ANA/SSA/RF were similar. If a patient had both positive ANA
and positive SSA (ANA + SSA), the sensitivity decreased to
TABLE 2 | Diagnostic performance of cSjA for JSS diagnosis.

Tested, N (%) JSS pos, n (%) Non-JSS pos, n (%) Total pos, n (%) Sensitivity Specificity

Single
ANA 98 (93%) 18 (69%) 21 (29%) 39 (40%) 69.2 70.8
SSA (Ro) 103 (98%) 15 (56%) 4 (5%) 19 (18%) 55.6 94.7
SSB (La) 102 (97%) 4 (15%) 3 (4%) 7 (7%) 14.8 96
RF 67 (64%) 7 (33%) 2 (4%) 9 (13%) 33.3 95.7
CCP 35 (33%) 1 (8%) 0 (0%) 1 (3%) 7.7 ND
dsDNA 79 (75%) 4 (17%) 5 (9%) 9 (11%) 16.7 90.9
Sm 82 (78%) 2 (8%) 3 (5%) 5 (6%) 7.7 94.6
RNP 71 (68%) 5 (21%) 4 (9%) 9 (13%) 20.8 91.5
TPO 68 (65%) 2 (11%) 7 (14%) 9 (13%) 10.5 85.7
Thyroglobulin 63 (60%) 2 (11%) 4 (9%) 6 (10%) 11.1 91.1
Mitochondrial 68 (65%) 1 (5%) 3 (7%) 4 (6%) 4.6 93.5
Centromere 70 (67%) 2 (9%) 1 (2%) 3 (4%) 8.7 97.9
Cardiolipin IgG 36 (34%) 1 (9%) 1 (4%) 2 (6%) 9.1 96
Cardiolipin IgM 33 (31%) 0 (0%) 2 (9%) 2 (6%) ND 91.3
Beta-2 glycoprotein1 IgG 37 (35%) 1 (8%) 2 (8%) 3 (8%) 8.3 92
Beta-2 glycoprotein1 IgM 37 (35%) 0 (0%) 1 (4%) 1 (3%) ND 96
Phospholipid IgG 5 (5%) ND 2 (40%) 2 (40%) ND 60
Phospholipid IgM 8 (8%) ND 1 (12%) 1 (12%) ND 87.5
Histone 9 (9%) 1 (25%) 2 (40%) 3 (33%) 25 60
Combination (at least one positive)
ANA/SSA (ANA or SSA) 105 (100%) 21 (78%) 22 (28%) 43 (41%) 77.8 71.8
ANA/SSB 105 (100%) 18 (67%) 22 (28%) 40 (38%) 66.7 71.8
ANA/RF 101 (96%) 18 (69%) 23 (31%) 41 (41%) 69.2 69.3
SSA/SSB 104 (99%) 15 (56%) 6 (8%) 21 (20%) 55.6 92.2
SSA/RF 103 (98%) 16 (59%) 6 (8%) 22 (21%) 59.3 92.1
SSB/RF 103 (98%) 7 (26%) 5 (7%) 12 (12%) 25.9 93.4
ANA/SSA/SSB 105 (100%) 21 (78%) 23 (29%) 44 (42%) 77.8 70.5
ANA/SSA/RF 105 (100%) 21 (78%) 24 (31%) 45 (43%) 77.8 69.2
SSA/SSB/RF 104 (99%) 16 (59%) 8 (10%) 24 (23%) 59.3 89.6
ANA/SSA/SSB/RF 105 (100%) 21 (78%) 25 (32%) 46 (44%) 77.8 68.0
Combination (all positive)
ANA + SSA (ANA and SSA) 96 (91%) 12 (46%) 3 (4%) 15 (16%) 46.2 95.7
ANA + SSB 95 (90%) 4 (15%) 2 (3%) 6 (6%) 15.4 97.1
ANA + RF 64 (61%) 7 (33%) 0 (0%) 7 (11%) 33.3 ND
SSA + SSB 101 (96%) 4 (15%) 1 (1%) 5 (5%) 14.8 98.7
SSA + RF 67 (64%) 6 (29%) 0 (0%) 6 (9%) 28.6 ND
SSB + RF 66 (63%) 4 (19%) 0 (0%) 4 (6%) 19.1 ND
ANA + SSA + SSB 94 (90%) 4 (15%) 1 (1%) 5 (5%) 15.4 98.5
ANA + SSA + RF 64 (61%) 6 (29%) 0 (0%) 6 (9%) 28.6 NA
SSA + SSB + RF 66 (63%) 4 (19%) 0 (0%) 4 (6%) 19.1 ND
ANA + SSA + SSB + RF 63 (60%) 4 (19%) 0 (0%) 4 (6%) 19.1 ND
June 2021 |
 Volume 12 | Art
P-values between JSS and non-JSS were not calculated due to a small sample number size. The specificity and sensitivity of each autoantibody were calculated based on the total number
of positive cSjA. ND, not-determined because antibody positive subject was absent in either group.
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46.2%, but the specificity increased to 95.7%. All other
combinations showed relatively low sensitivity. Overall, the
percentages of a single positive ANA, SSA, SSB, or RF were
higher in the JSS group compared to the non-JSS group. Some
values could not be calculated (ND in Table 2) because all
patients in either group were negative for a given autoantibody.
Frontiers in Immunology | www.frontiersin.org 6
Anti-CA6 IgG Is Most Prevalent Among
eSjA Without Distinguishing JSS From
Non-JSS
The % positivity of eSjA is summarized in Table 3.
Approximately 52% of the total subjects were positive for at
least one of the anti-CA6 antibodies. In JSS, anti-CA6 IgG was
TABLE 3 | Diagnostic performance of eSjA for JSS diagnosis.

Tested n (%) JSS pos, n (%) Non-JSS pos, n (%) Total pos, n (%) Sensitivity Specificity

Single
SP1 (at least one positive) 105 (100%) 7 (26%) 25 (32%) 32 (30%) 25.9 68.0
SP1 IgG 105 (100%) 1 (4%) 11 (14%) 12 (11%) 3.7 85.9
SP1 IgA 105 (100%) 2 (7%) 8 (10%) 10 (10%) 7.4 89.7
SP1 IgM 105 (100%) 5 (19%) 10 (13%) 15 (14%) 18.5 87.2
CA6 (at least one positive) 105 (100%) 13 (48%) 42 (54%) 55 (52%) 48.2 46.2
CA6 IgG 105 (100%) 10 (37%) 25 (32%) 35 (33%) 37.0 68.0
CA6 IgA 105 (100%) 2 (7%) 2 (3%) 4 (4%) 7.4 97.4
CA6 IgM 105 (100%) 6 (22%) 18 (23%) 24 (23%) 22.2 76.9
PSP (at least one positive) 105 (100%) 7 (26%) 26 (33%) 33 (31%) 25.9 66.7
PSP IgG 105 (100%) 4 (15%) 14 (18%) 18 (17%) 14.8 82.1
PSP IgA 105 (100%) 4 (15%) 9 (12%) 13 (12%) 14.8 88.5
PSP IgM 105 (100%) 1 (4%) 6 (8%) 7 (7%) 3.7 92.3
#Combination (at least one positive)
SP1/CA6 (SP1 or CA6) 105 (100%) 14 (52%) 53 (68%) 67 (64%) 51.9 32.1
SP1/PSP 105 (100%) 13 (48%) 37 (47%) 50 (48%) 48.2 52.6
CA6/PSP 105 (100%) 14 (52%) 49 (63%) 63 (60%) 51.9 37.2
SP1/CA6/PSP 105 (100%) 15 (56%) 57 (73%) 72 (69%) 55.6 26.9
ANA/eSjA 105 (100%) 22 (81%) 63 (81%) 85 (81%) 81.5 19.2
SSA/eSjA 105 (100%) 22 (81%) 58 (74%) 80 (76%) 81.5 25.6
SSB/eSjA 105 (100%) 16 (59%) 58 (74%) 74 (70%) 59.3 25.6
RF/eSjA 105 (100%) 18 (67%) 58 (74%) 76 (72%) 66.7 25.6
ANA/SSA/eSjA 105 (100%) 24 (89%) 63 (81%) 87 (83%) 88.9 19.2
ANA/SSB/eSjA 105 (100%) 22 (81%) 63 (81%) 85 (81%) 81.5 19.2
ANA/RF/eSjA 105 (100%) 22 (81%) 64 (82%) 86 (82%) 81.5 18.0
SSA/SSB/eSjA 105 (100%) 22 (81%) 59 (76%) 81 (77%) 81.5 24.4
SSA/RF/eSjA 105 (100%) 23 (85%) 59 (76%) 82 (78%) 85.2 24.4
SSB/RF/eSjA 105 (100%) 18 (67%) 59 (76%) 77 (73%) 66.7 24.4
ANA/SSA/SSB/eSjA 105 (100%) 24 (89%) 63 (81%) 87 (83%) 88.9 19.2
ANA/SSA/RF/eSjA 105 (100%) 24 (89%) 64 (82%) 88 (84%) 88.9 18.0
ANA/SSB/RF/eSjA 105 (100%) 22 (81%) 64 (82%) 86 (82%) 81.5 18.0
SSA/SSB/RF/eSjA 105 (100%) 22 (81%) 60 (77%) 82 (78%) 81.5 23.1
ANA/SSA/SSB/RF/eSjA 105 (100%) 24 (89%) 64 (82%) 88 (84%) 88.9 18.0
#Combination (all positive)
SP1 + CA6 (SP1 and CA6) 105 (100%) 6 (22%) 14 (18%) 20 (19%) 22.2 82.1
SP1 + PSP 105 (100%) 1 (4%) 14 (18%) 15 (14%) 3.7 82.1
CA6 + PSP 105 (100%) 6 (22%) 19 (24%) 25 (24%) 22.2 75.6
SP1 + CA6 + PSP 105 (100%) 1 (4%) 11 (14%) 12 (11%) 3.7 85.9
ANA + eSjA 98 (93%) 11 (42%) 15 (21%) 26 (27%) 42.3 79.2
SSA + eSjA 103 (98%) 8 (30%) 3 (4%) 11 (11%) 29.6 96.1
SSB + eSjA 102 (97%) 3 (11%) 2 (3%) 5 (5%) 11.1 97.3
RF + eSjA 67 (64%) 4 (19%) 1 (2%) 5 (7%) 19.1 97.8
ANA + SSA + eSjA 96 (91%) 7 (27%) 2 (3%) 9 (9%) 26.9 97.1
ANA + SSB + eSjA 95 (90%) 3 (12%) 1 (1%) 4 (4%) 11.5 98.6
ANA + RF + eSjA 64 (61%) 4 (19%) 0 (0%) 4 (6%) 19.1 ND
SSA + SSB + eSjA 101 (96%) 3 (11%) 1 (1%) 4 (4%) 11.1 98.7
SSA + RF + eSjA 67 (64%) 4 (19%) 0 (0%) 4 (6%) 19.1 ND
SSB + RF + eSjA 66 (63%) 3 (14%) 0 (0%) 3 (5%) 14.3 ND
ANA + SSA + SSB + eSjA 94 (90%) 3 (12%) 1 (1%) 4 (4%) 11.5 98.5
NA + SSA + RF + eSjA 64 (61%) 4 (19%) 0 (0%) 4 (6%) 19.1 ND
ANA + SSB + RF + eSjA 63 (60%) 3 (14%) 0 (0%) 3 (5%) 14.3 ND
ANA + SSA + SSB + RF + eSjA 63 (60%) 3 (14%) 0 (0%) 3 (5%) 14.3 ND
June 2021
 | Volume 12 | Art
P-values were not calculated due to a small sample number size in each group. The specificity and sensitivity of each autoantibody were calculated based on the total number of two
groups. #eSjA was counted positive when at least one of nine autoantibodies was positive. ND, not determined due to absence of antibody-positive subject in either group.
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most prevalent (37%), followed by anti-CA6 IgM (22%), anti-
SP1 IgM (19%), and anti-PSP IgG (15%)/IgA (15%). The rank
of % positivity was similar in non-JSS, showing anti-CA6 IgG
(32%), anti-CA6 IgM (23%), anti-PSP IgG (18%), and anti-SP1
IgG (14%). Overall, anti-CA6 IgG/IgM were most prevalent in
our study population without showing a difference in %
positivity between JSS and non-JSS.

For all single items of eSjA, the sensitivity was low (3.7–37.0%)
while specificity was relatively high (68.0–97.4%). When an
Frontiers in Immunology | www.frontiersin.org 7
analysis was made on combinations of the antibodies to be more
inclusive, the sensitivity increased while the specificity decreased
significantly. For instance, 81% of our study population had either
positive ANA or eSjA (ANA/eSjA, at least one of the nine items
being positive for the latter). This combination resulted in 81.5%
sensitivity and 19.2% specificity. Similarly, SSA or eSjA (SSA/eSjA)
showed 81.5% sensitivity and 25.6% specificity. When at least one
of the nine items in eSjA was positive (SP1/CA6/PSP), the
sensitivity and specificity became 55.6 and 26.9%, respectively.
FIGURE 1 | Sensitivity and specificity of cSjA or eSjA in single/combination. The points within or near the circle indicate the best performance as having both
sensitivity and specificity above 65%. No eSjA points are found in this cluster.
June 2021 | Volume 12 | Article 704193
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When we analyzed the autoantibodies in combination, the
sensitivity decreased while the specificity increased as expected.
For example, the sensitivity decreased to 3.7% while the
specificity increased to 85.9% when all three groups of eSjA
were positive (SP1 + CA6 + PSP) with at least one positive item
in each group. Twenty-seven percent of our study population
had both positive ANA and eSjA (ANA + eSjA), which, in
combination, yielded a sensitivity of 42.3% and specificity of
79.2%. With SSA, the change was even more pronounced, with a
sensitivity of 29.6% while specificity increased to 96.1%.

One Cluster Containing cSjA Shows Both
Sensitivity and Specificity Above 65%
Whereas eSjA Presents High Variability in
Specificity or Sensitivity
There was a clear trade-off between sensitivity and specificity of
single/combination of autoantibodies as mentioned earlier. In
Figure 1, most of the eSjA points are located either in the areas of
high sensitivity and low specificity, or the areas of low sensitivity
with high specificity. Points corresponding to autoantibodies in
cSjA, such as ANA, ANA/SSA, or ANA/RF, fall within the circled
cluster, with both sensitivity and specificity above 65%. This
cluster shows the best performance in distinguishing JSS from
non-JSS in Figure 1. No single eSjA was included in this cluster.

Anti-PSP Is Negatively Associated With
Parotitis/Glandular Swelling in SSA-
Positive JSS
To determine the association between eSjA and diagnostic/
glandular parameters, such as MSG lip biopsy, USFR, Schirmer’s
test, SGUS, or parotid/glandular swelling, wemeasured odds ratios
and CI and analyzed the data by Fisher’s exact test for the entire
study population (n = 105) (Supplementary Table 1), JSS patients
(n = 27) (Supplementary Table 2), and non-JSS patients (n = 78)
(Supplementary Table 3). No associations were found in all
parameters analyzed in those groups. However, there was a
negative association found between anti-PSP and parotitis/
glandular swelling (Table 4) with an odds ratio of 0.068
(CI = 0.005–0.861) in a small group of SSA positive-JSS subjects
(n = 19, p = 0.038) compared to an SSA-positive non-JSS
group. This negative association was not found between JSS
and non-JSS in SSA-negative participants (n = 84, p =
0.174) (Table 5).

A Difference in FS Is Shown Between JSS
and Non-JSS in ANA-Positive Individuals
While USFR or ESSPRI Dryness/Mean
Difference Between the Two Groups Is
Found in SP1-Positive or SSA-Positive
Participants, Respectively
We also determined if eSjA or cSjA-positive JSS (gray) and non-
JSS (white) showed any differences in the values of glandular
associated items, such as FS, USFR, or ESSPRI (Figure 2). The
JSS group and non-JSS group were significantly different for FS
in ANA-positive sub-groups. The difference in FS was also found
in anti-CA6-positive JSS or anti-PSP-positive JSS in comparison
Frontiers in Immunology | www.frontiersin.org 8
with anti-CA6 positive or anti-PSP-positive non-JSS patients to a
lesser degree, respectively (Figure 2A). In addition, USFR was
lower in the SP1-positive JSS subgroup compared to the SP1
positive non-JSS group (0.15 vs. 0.32) (Figure 2B). SSA-positive
subjects reported higher values of ESSPRI Dryness or Mean
scores in JSS compared to non-JSS (Figures 2C–F). The p-values
were calculated only when there was a minimum of three values
in each group.

A Higher FS Is Noted in RF-Positive
Participants Than in RF-Negative Subjects
Next, we determined if there was a difference in the values of FS,
USFR, or ESSPRI between antibody-positive (gray) and
antibody-negative (white) groups. As shown in Figure 3, none
of the parameters were statistically different between those two
TABLE 4 | Association between diagnostic/glandular items and eSjA in SSA-
positive subjects.

Items eSjA OR CI_low CI_high p-
value

Lip Bx (+: 10 vs. :5) SP1 1 0.068 14.64 1
CA6 0.667 0.076 5.878 1
PSP 1.714 0.131 22.513 1

Unstimulated Saliva Flow Rate
( < 0.1:4 vs. ≥ 0.1:15)

SP1 1.333 0.1 17.823 1
CA6 4.5 0.374 54.155 0.303
PSP 0.917 0.073 11.577 1

Schirmer Test (+:2 vs. :7) SP1 6 0.183 196.28 0.417
CA6 0.75 0.032 17.506 1
PSP 0 0 NA 1

SGUS (+:14 vs. :5) SP1 0.25 0.024 2.577 0.272
CA6 1.5 0.189 11.927 1
PSP 1.6 0.134 19.09 1

Parotitis or glandular swelling (+:12
vs. :7)

SP1 2 0.166 24.069 1
CA6 0.536 0.081 3.533 0.65
PSP 0.068 0.005 0.861 0.038*
June 2
021 | V
olume 1
2 | Article
P-values were derived from Fisher’s exact test on 19 subjects. *p < 0.05; OR, odd ratio; CI,
confidence interval.
TABLE 5 | Association between diagnostic/glandular items and eSjA in SSA-
negative subjects.

Items eSjA OR CI_low CI_high p-
value

Lip Bx (+:30 vs. :28) SP1 1.042 0.357 3.044 1
CA6 1.524 0.54 4.297 0.445
PSP 0.909 0.287 2.877 1

Unstimulated Saliva Flow Rate
( < 0.1:17 vs. ≥ 0.1:67)

SP1 0.36 0.094 1.377 0.157
CA6 1.306 0.444 3.84 0.787
PSP 1.533 0.513 4.584 0.566

Schirmer Test (+:9 vs. :39) SP1 0.411 0.075 2.239 0.451
CA6 0.221 0.041 1.201 0.137
PSP 0.25 0.028 2.218 0.25

SGUS (+:11 vs. :54) SP1 1.053 0.273 4.058 1
CA6 0.53 0.144 1.959 0.504
PSP 0.637 0.151 2.683 0.733

Parotitis or glandular swelling (+:39
vs. :45)

SP1 1.538 0.618 3.83 0.366
CA6 2.232 0.926 5.38 0.083
PSP 1.913 0.764 4.793 0.174
P-values were derived from Fisher’s exact test on 84 subjects. OR, odd ratio; CI,
confidence interval.
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groups except for the RF-positive group compared to the RF-
negative group (p < 0.05) (Figure 3A). No difference was found
in these parameters between eSjA-positive and eSjA-
negative individuals.
DISCUSSION

Considering that immune cell reactivity against glandular
antigens is highly likely associated with secretory dysfunction
in SS, the discovery of eSjA as a biomarker for early diagnosis is
an exciting step toward early intervention. Currently, how
autoantibodies against SP1, CA6, and/or PSP antigens are
Frontiers in Immunology | www.frontiersin.org 9
generated or what their exact roles are in SS or JSS
remain controversial.

SP1 mRNA was detected in mouse salivary and lacrimal
glands (21). The human homologue of SP1 has not been
identified, thus necessitating the use of mouse SP1 for the eSjA
test kit (13, 22). In a mouse study on the roles of thymus
autoimmune regulator gene (AIRE), ectopic expression of SP1
was detected in the thymus (23). Therefore, further investigation
is warranted to identify if an emergence of anti-SP1 in SS or other
autoimmune conditions signifies failed central tolerance
involving AIRE. A high homology of SP1 to a putative
lipoprotein of Clostridium perfringens raises another possibility
that the positivity of anti-SP1 may be related to previous immune
A B

C D

E F

FIGURE 2 | Autoantibody-positive JSS and non-JSS plotted for objective and subjective parameters (A–F). The statistical significance is displayed above the
bracket of each bar. The brackets were not depicted and p-values were not calculated when the sample number was below 3 in either group. Each dot depicts
actual value of the parameter for each subject. Gray bar, JSS; white bar, non-JSS; ns, not significant; *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001.
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exposure to the microflora in respiratory or gastrointestinal
tracts (13).

PSP expressed in rodent parotid glands was also detected in
human parotid gland and saliva (24). PSP is known to bind and
remove infectious agents (25) and targeted knock-out of the gene
was sufficient to affect lipopolysaccharide activity, causing mild
inflammation (26). Furthermore, a cleaved form of PSP has been
implicated in SS‐like autoimmune exocrinopathy in the NOD
and C57BL/6.NOD-Aec1Aec2 models (27, 28). CAs catalyze the
conversion of CO2 to bicarbonate and protons, and CA6 (or
CAVI) is the only secreted CA enzyme among 16 a-CA isozymes
Frontiers in Immunology | www.frontiersin.org 10
(29). CA6 is expressed in developing rat sublingual and
submandibular glands (30), serous acinar cells of the human
parotid and submandibular glands (31), pancreas (32),
mammary glands and milk (33), and lacrimal glands (34).

We hypothesized in this study that eSjA against SP1, PSP,
and/or CA6 mentioned above might differentiate JSS from non-
JSS during early glandular damage that may be present in JSS.
Our study found that: 1) JSS patients differed from non-JSS with
respect to hypergammaglobulinemia, cytopenias, USFR, MSG lip
biopsy, SGUS, history of parotitis/glandular swelling, sicca
symptoms (both dry eyes and dry mouth), and dental caries,
A B

C D

E F

FIGURE 3 | Autoantibody-positive and -negative groups plotted for objective and subjective parameters (A–F). The statistical significance is displayed above the
bracket of each bar. The brackets were not depicted and p-values were not calculated when the sample number was below 3 in either group. Each dot depicts actual
value of the parameter for each subject. Gray bar, autoantibody positive group; white bar, autoantibody negative group; ns, not significant; *p ≤ 0.05; **p ≤ 0.01.
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2)Potentially applicable levels of sensitivity and specificity of
autoantibodies to distinguish JSS from non-JSS were found only
in cSjA, 3) Anti-CA6 IgG was the most prevalent eSjA in both
groups, but was not specific for JSS. 4) Anti-PSP was negatively
associated with parotitis/glandular swelling in the SSA-positive
participants, and 5) there was a statistical difference between JSS
and non-JSS in FS of ANA-positive subjects, and to a lesser
degree, in anti-CA6-positive or anti-PSP-positive subjects. 6)
USFR or ESSPRI Dryness/Mean items differed in SP1-positive or
SSA-positive JSS groups compared to antibody-positive non-JSS,
respectively, 7) FS was higher in the RF-positive subjects than in
RF-negative participants.

Since JSS-specific diagnostic criteria are currently unavailable,
we applied the 2016 ACR/EULAR SS criteria to JSS diagnosis in
this study. As a result, a difference between JSS and non-JSS in
MSG lip biopsy results and abnormal serology was anticipated.
Interestingly, USFR, SGUS, sicca symptoms, and parotitis/
glandular swelling also differed between JSS and non-JSS.
Although a common presentation of parotitis in JSS is
consistent with other studies (5, 35), our current findings on
the high number of JSS patients reporting dry mouth and/or dry
eyes disagree with the notion that pediatric patients seldom
develop sicca symptoms or altered secretory function (36). Our
clinical observations indicate that young children and some of
teenagers tend to be unaware or have difficulty in verbalizing
sicca symptoms and, therefore, may be underreported. A
through history taking and objective measurements of dryness
would be vital to recognize children with potential JSS.

Our analysis of ANA revealed a sensitivity of 69.2% and
specificity of 70.8%, and the specificity of SSA was high
(sensitivity 55.6% and specificity 94.7%). When combinations
of autoantibodies are considered, sensitivity tends to increase,
but specificity decreases as shown by ANA/SSA (sensitivity
77.8% and specificity 71.8%). Of note, autoantibodies depicted
in our best performance cluster consisted of only cSjA without
including any eSjA. The performance of eSjA, when any of the
nine autoantibodies was positive, showed 55.6% sensitivity and
26.9% specificity, suggesting that eSjA may not be sensitive and
specific enough to differentiate JSS from non-JSS as compared to
ANA and/or SSA.

Among eSjA, anti-CA6 IgG was most prevalent in both
groups. Interestingly, anti-CAII has been implicated in the
pathogenesis of autoimmune diseases, such as systemic lupus
erythematosus (SLE), SS, autoimmune cholangitis, autoimmune
pancreatitis, and recently in Behcet’s disease (37–46). In
addition, immunization of mice with human CA II produced
sialoadenitis in an MHC-restricted manner (47) and
autoantibodies to CA I have also been observed in patients
with SS and idiopathic chronic pancreatitis (44). In a study of
primary SS with renal manifestations and non-SS sicca patients
(48), the levels of anti-CA I, II, VI and VII antibodies were
significantly higher in primary SS. Therefore, it would be
important to determine if anti-CA6 in eSjA is produced as a
consequence of the immune reaction against other CA isoforms
that mimic CA6.
Frontiers in Immunology | www.frontiersin.org 11
There was no associations found between eSjA and
diagnostic/glandular items (MSG lip biopsy, SSA, USFR,
Schirmer’s test, SGUS, and parotitis/glandular swelling) in our
total cohort, JSS, or non-JSS subgroups. Interestingly, in a small
number of the SSA-positive group, anti-PSP was negatively
associated with parotitis/glandular swelling (p = 0.038 by
Fisher’s exact test), whereas no association was found in the
SSA-negative group. This finding was interesting because one
would predict increased prevalence of glandular tissue-specific
autoantibodies such as anti-PSP where there is inflammation in
the target tissue (i.e., parotitis or higher FS). However, studies
have shown that eSjA tends to be prevalent in patients with
negative/low FS, or in SSA-negative individuals (22, 49).
Whether these findings signify that eSjA serves as an early
antibody for SS/JSS occurring in the absence of overt disease
phenotype in the glands or simply indicates non-specificity or
lack of a direct link to the degree of glandular damage is still
unclear. Therefore, the investigation of eSjA in a larger cohort
with long-term follow-up remains highly critical to
understanding the clinical significance of eSjA.

Additionally, FS was higher in JSS compared to non-JSS in
ANA-positive subjects, and, to a lesser degree, in anti-CA6 or
anti-PSP-positive JSS compared to antibody-positive non-JSS.
The reduced USFR was found in JSS compared to non-JSS in the
SP1-positive subjects. In the SSA positive participants, ESSPRI
Dryness and Mean items were all higher in JSS than in non-JSS.
However, there were no differences in those parameters between
antibody-positive and antibody-negative groups except for the
difference in FS found between the RF-positive and -negative
groups in our cohort. Interestingly, a recent publication reported
worse exocrine function and serologic profile, but not
extraglandular manifestations, in adult patients with primary
SS with high RF, especially IgA isotype (50). Therefore,
investigation of RF in a larger JSS cohort would be worthwhile
to determine its potential role in JSS.

Because most studies on eSjA in SS have investigated dry eye,
sicca, or primary SS with secondary SS cohorts, a direct
comparison among published studies or even with our current
study can be challenging to draw a definite conclusion on the
clinical validity of eSjA. However, we have recognized some
general features of eSjA in SS that have emerged in
recent publications.

First, either anti-CA6 or anti-SP1 has been the most prevalent
eSjA among the nine items screened for SS. A high prevalence of
anti-CA6 was also found in the Sjögren’s International
Collaborative Clinical Alliance (SICCA) cohort study (51) as
well as in the John’s Hopkins cohort (49). The latter study
showed an association of eSjA with severe sicca symptoms, but
eSjA did not differentiate SS-dry eye from non-SS dry eye.
Similarly, anti-CA6 was most frequently elevated in patients
with dry eye condition and a clinical suspicion of SS when a
defined population of US veterans in Miami was screened (52).
There were no demographic or comorbidity differences between
eSjA-positive and eSjA-negative subjects, and eSjA did not
correlate with more severe tear film measures. Interestingly,
June 2021 | Volume 12 | Article 704193
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the University of Pennsylvania SICCA cohort study indicated
anti-SP1 IgM and anti-PSP IgA as most prevalent, instead of
anti-CA6, in SS-dry eye compared to non-SS dry eye (53). The
higher prevalence of anti-SP1 was also reported in the SS group
(54) and in idiopathic dry eye patients of the (55) of the Dry Eye
Assessment and Management (DREAM) cohort. In our study,
we found anti-CA6IgG to be the most common without
differentiating JSS from non-JSS.

Second, eSjA tends to be positive in participants with
negative/low MSG biopsy or with normal salivary secretion as
reported in the John’s Hopkins study (49) and the study with a
Chinese cohort (22). When Xuan et al. specifically examined
anti-SP1 positivity in the latter study, SS patients were strongly
positive compared to healthy controls, rheumatoid arthritis
(RA), or SLE (22). We did not find any association between
eSjA and FS/USFR in this current JSS study. There was no
inverse association between eSjA with SSA in our cohort, either,
unlike previous studies (13, 55).

Third, clinical associations demonstrated between eSjA and
demographic, clinical, or laboratory features are still
controversial to date as briefly pointed out earlier. Our study
found no association except for anti-PSP, which was negatively
associated with history of parotitis/glandular swelling in the SSA-
positive JSS group compared to antibody positive non-JSS group
while no such association was found in the SSA-negative group.
Due to low subject number, significance of this finding warrants
further investigation.

Last, eSjA does not appear to differentiate primary SS from
secondary SS patients. A cross-sectional study by Shen et al. of the
Greek Cohort revealed that anti-SP1 is similarly seen in both
primary and secondary SS and rarely in HC. Patients with SS and
lymphoma expressed SSA, SSB and anti-SP1 together (22, 56). In a
Belgium study (57) conducted by the same group, anti-CA6 IgAwas
most prevalent (38%) in a cohort with long standing SS. Patients
with secondary SS also showed positive eSjA compared to non-SS,
but the difference failed to reach statistical significance. Neither SSA
nor eSjA was able to distinguish SLE patients with SS from those
without. eSjA has also been reported in fibromyalgia patients with
sicca and/or xerostomia (22).

Our study was limited by small sample size, which led to ND
(not-determined) designation in some of our data analyses. It is
also possible that we may have missed some JSS diagnoses since
not all 105 participants underwent testing of all five items
included in the adult SS-diagnostic criteria, especially ocular
criteria, which may not be feasible in some young children.
Furthermore, without knowing if JSS is a separate disease entity
or if it will ultimately follow the same natural history as SS, how
accurately the adult SS diagnostic criteria identify true JSS is
unknown. Nevertheless, foundation for the JSS criteria is being
developed by the International Childhood SSWorkgroup (6) and
the Sjögren’s Foundation. Future evaluation of eSjA in the
context of the new JSS criteria will be interesting to pursue
once the criteria are established.

In conclusion, cSjA, especially ANA and SSA, still serve as
relatively sensitive and specific biomarker, for JSS. Long term
follow-up of JSS and non-JSS patients will be critical to determine
Frontiers in Immunology | www.frontiersin.org 12
if eSjA could serve as early diagnostic or prognostic markers since
our current study is not supportive of their significance in JSS
diagnosis. In addition, it is imperative to characterize these
autoantibodies for their timing of occurrence, association with
other clinical parameters, identification of human SP1 homologue,
testing of potential cross-reactivity between CA6 and other CAs,
pathological impact on JSS pathogenesis, and specificity for JSS.
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Reumatol Port (2017) 42(1):26–31.

41. Inagaki Y, Jinno-Yoshida Y, Hamasaki Y, Ueki H. A Novel Autoantibody
Reactive With Carbonic Anhydrase in Sera From Patients With Systemic
Lupus Erythematosus and Sjögren’s Syndrome. J Dermatol Sci (1991) 2
(3):147–54. doi: 10.1016/0923-1811(91)90060-B

42. Itoh Y, Reichlin M. Antibodies to Carbonic Anhydrase in Systemic Lupus
Erythematosus and Other Rheumatic Diseases. Arthritis Rheumatol (1992) 35
(1):73–82. doi: 10.1002/art.1780350112

43. Gordon SC, Quattrociocchi-Longe TM, Khan BA, Kodali VP, Chen J,
Silverman AL, et al. Antibodies to Carbonic Anhydrase in Patients With
Immune Cholangiopathies. Gastroenterology (1995) 108(6):1802–9. doi:
10.1016/0016-5085(95)90143-4

44. Kino-Ohsaki J, Nishimori I, Morita M, Okazaki K, Yamamoto Y, Onishi S,
et al. Serum Antibodies to Carbonic Anhydrase I and II in Patients With
Idiopathic Chronic Pancreatitis and Sjögren’s Syndrome. Gastroenterology
(1996) 110(5):1579–86. doi: 10.1053/gast.1996.v110.pm8613065

45. Frulloni L, Bovo P, Brunelli S, Vaona B, Di Francesco V, Nishimori I, et al.
Elevated Serum Levels of Antibodies to Carbonic Anhydrase I and II in
Patients With Chronic Pancreatitis. Pancreas (2000) 20(4):382–8. doi:
10.1097/00006676-200005000-00008

46. Takemoto F, Hoshino J, Sawa N, Tamura Y, Tagami T, Yokota M, et al.
Autoantibodies Against Carbonic Anhydrase II Are Increased in Renal
Tubular Acidosis Associated With Sjogren Syndrome. Am J Med (2005) 118
(2):181–4. doi: 10.1016/j.amjmed.2004.07.049

47. Nishimori I, Bratanova T, Toshkov I, Caffrey T, Mogaki M, Shibata Y, et al.
Induction of Experimental Autoimmune Sialoadenitis by Immunization of
PL/J Mice With Carbonic Anhydrase II. J Immunol (1995) 154(9):4865–73.

48. Pertovaara M, Bootorabi F, Kuuslahti M, Pasternack A, Parkkila S. Novel
Carbonic Anhydrase Autoantibodies and Renal Manifestations in Patients
With Primary Sjogren’s Syndrome. Rheumatol (Oxford) (2011) 50(8):1453–7.
doi: 10.1093/rheumatology/ker118

49. Karakus S, Baer AN, Agrawal D, Gurakar M, Massof RW, Akpek EK. Utility of
Novel Autoantibodies in the Diagnosis of Sjögren’s Syndrome Among
Patients With Dry Eye. Cornea (2018) 37(4):405–11. doi: 10.1097/
ICO.0000000000001471

50. Lee KA, Kim KW, Kim BM, Won JY, Kim HA, Moon HW, et al. Clinical and
Diagnostic Significance of Serum Immunoglobulin A Rheumatoid Factor in
Frontiers in Immunology | www.frontiersin.org 14
Primary Sjogren’s Syndrome. Clin Oral Investig (2019) 23(3):1415–23. doi:
10.1007/s00784-018-2545-4

51. Suresh L, Malyavantham K, Shen L, Ambrus JLJr. Investigation of Novel
Autoantibodies in Sjogren’s Syndrome Utilizing Sera From the Sjogren’s
International Collaborative Clinical Alliance Cohort. BMC Ophthalmol
(2015) 15:38. doi: 10.1186/s12886-015-0023-1

52. Hubschman S, Rojas M, Kalavar M, Kloosterboer A, Sabater AL, Galor A.
Association Between Early Sjögren Markers and Symptoms and Signs of Dry
Eye. Cornea (2020) 39(3):311–5. doi: 10.1097/ICO.0000000000002171

53. Bunya VY, Massaro-Giordano M, Vivino FB, Maguire MG, Baer AN,
Gonzales JA, et al. Prevalence of Novel Candidate Sjögren Syndrome
Autoantibodies in the Penn Sjögren’s International Collaborative Clinical
Alliance Cohort. Cornea (2019) 38(12):1500–5. doi: 10.1097/ICO.
0000000000002147

54. Bunya VY, Ying GS, Maguire MG, Kuklinski E, Lin MC, Peskin E, et al.
Prevalence of Novel Candidate Sjogren Syndrome Autoantibodies in the Dry
Eye Assessment and Management (Dream) Study. Cornea (2018) 37
(11):1425–30. doi: 10.1097/ICO.0000000000001714

55. Everett S, Vishwanath S, Cavero V, Shen L, Suresh L, Malyavantham K, et al.
Analysis of Novel Sjogren’s Syndrome Autoantibodies in Patients With Dry
Eyes. BMC Ophthalmol (2017) 17(1):20. doi: 10.1186/s12886-017-0412-8

56. Shen L, Kapsogeorgou EK, Yu M, Suresh L, Malyavantham K, Tzioufas AG,
et al. Evaluation of Salivary Gland Protein 1 Antibodies in Patients With
Primary and Secondary Sjogren’s Syndrome. Clin Immunol (2014) 155(1):42–
6. doi: 10.1016/j.clim.2014.08.009

57. De Langhe E, Bossuyt X, Shen L, Malyavantham K, Ambrus JL, Suresh L.
Evaluation of Autoantibodies in Patients With Primary and Secondary
Sjogren’s Syndrome. Open Rheumatol J (2017) 11:10–5. doi: 10.2174/
1874312901711010010

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Thatayatikom, Jun, Bhattacharyya, Berg, Lee, Kim, Adewumi,
Zhang, Thatayatikom, Shah, Beal, Modica, Elder and Cha. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
June 2021 | Volume 12 | Article 704193

https://doi.org/10.1159/000104873
https://doi.org/10.1016/0923-1811(91)90060-B
https://doi.org/10.1002/art.1780350112
https://doi.org/10.1016/0016-5085(95)90143-4
https://doi.org/10.1053/gast.1996.v110.pm8613065
https://doi.org/10.1097/00006676-200005000-00008
https://doi.org/10.1016/j.amjmed.2004.07.049
https://doi.org/10.1093/rheumatology/ker118
https://doi.org/10.1097/ICO.0000000000001471
https://doi.org/10.1097/ICO.0000000000001471
https://doi.org/10.1007/s00784-018-2545-4
https://doi.org/10.1186/s12886-015-0023-1
https://doi.org/10.1097/ICO.0000000000002171
https://doi.org/10.1097/ICO.0000000000002147
https://doi.org/10.1097/ICO.0000000000002147
https://doi.org/10.1097/ICO.0000000000001714
https://doi.org/10.1186/s12886-017-0412-8
https://doi.org/10.1016/j.clim.2014.08.009
https://doi.org/10.2174/1874312901711010010
https://doi.org/10.2174/1874312901711010010
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	The Diagnostic Performance of Early Sj&ouml;gren’s Syndrome Autoantibodies in Juvenile Sj&ouml;gren’s Syndrome: The University of Florida Pediatric Cohort Study
	Introduction
	Patients and Methods
	Subject Enrollment
	Clinical and Laboratory Parameters
	Statistical Analyses

	Results
	JSS Patients Exhibit History of Sicca Symptoms and Glandular Changes Noted by SGUS
	Among cSjA, ANA Shows the Highest Sensitivity While Others Are High in Specificity for JSS
	Anti-CA6 IgG Is Most Prevalent Among eSjA Without Distinguishing JSS From Non-JSS
	One Cluster Containing cSjA Shows Both Sensitivity and Specificity Above 65% Whereas eSjA Presents High Variability in Specificity or Sensitivity
	Anti-PSP Is Negatively Associated With Parotitis/Glandular Swelling in SSA-Positive JSS
	A Difference in FS Is Shown Between JSS and Non-JSS in ANA-Positive Individuals While USFR or ESSPRI Dryness/Mean Difference Between the Two Groups Is Found in SP1-Positive or SSA-Positive Participants, Respectively
	A Higher FS Is Noted in RF-Positive Participants Than in RF-Negative Subjects

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


