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Abstract
Objectives
To compare hematologic and serological parameters among patients with Sjogren’s syndrome (SS), dry eye syndrome (DES) and controls, and validate a novel multiplex-serology
method for identifying auto-antibodies in these populations.
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Methods
In a clinic-based case-control study a total of 422 participants were recruited, including 91
with SS, 120 DES, and 211 controls (age and sex frequency-matched). We measured blood
counts, anti-nuclear-antibodies (ANA), anti-SSA/SSB, anti-ribonucleoprotein (RNP), antidouble-stranded-DNA (DS-DNA), and rheumatoid factor (RF) using the “Immunodot” qualitative-ELISA assay. Immunoglobulins, C3 and C4 were measured by immune-fluorescence.
Autoantibodies were also quantified with a newly-developed method using glutathione-Stransferase fusion proteins of SSA/Ro 52 and 60kD and SSB/La (multiplex-serology), measuring median fluorescence intensity (MFI).

Results
Among DES patients, only 2% (95%CI: 0.36–6.3) had positive immune serology. SS
patients had lower lymphocyte, hemoglobin and C3 levels but higher prevalence of RF,
ANA, anti-SSA/B and higher IgG and MFI levels, compared to DES and controls (P<0.001).
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Presence of anti-SSA/Ro-52kD was associated with SS [odds ratio (OR) = 2.05, 95% confidence interval (CI): 1.46–2.88]. Anti-SSB/La was inversely associated with DES (OR =
0.81, 95%CI: 0.65–1.00) compared to controls. Positivity to RF (adjusted for age, gender
and ethnicity OR = 5.03, 95%CI: 1.78–14.21), ANA (OR = 14.75, 95%CI: 4.09–53.17), or
combination of anti-SSA/B (OR = 20.97, 95%CI: 4.60–95.54) were more likely in SS compared to DES. The novel multiplex-serology method correctly identified anti-SSA/B autoantibodies by ELISA among SS, DES patients and controls (sensitivity = 1.0, negativepredictive-value = 1.0).

Conclusions
Serologic parameters distinguish SS from DES patients and controls. A newly-developed
multiplex-serology technique may be useful to detect autoantibodies in large epidemiologic
studies.

Introduction
Dry eye syndrome (DES), also named keratoconjunctivitis sicca (KCS), among the most frequent diagnoses in ophthalmology [1], is defined by the International Dry Eye Workshop
(DEWS) as a “multifactorial disease of the tears and ocular surface that results in symptoms of
discomfort, visual disturbance, and tear film instability with potential damage to the ocular
surface” [2]. The prevalence of DES in the general population is estimated at 10–13.3% [3,4],
and is highest in women and in the elderly, occurring in up to 67.3% of those aged over 71 [5].
These prevalence rates are probably greatly underestimated since many patients are selftreated and milder cases with intermittent symptomatology may not seek medical attention.
DES may also be a manifestation of Sjogren’s syndrome (SS) a systemic autoimmune disease (AID)—characterized by mononuclear lymphocytic infiltrations of the exocrine glands
and epithelia affecting many organ systems [6]. SS can present as an entity in itself–primary SS
(pSS)–or may be secondary (sSS) to other autoimmune conditions such as rheumatoid arthritis, systemic lupus erythematosus, systemic sclerosis and other AID [6]. Clinical presentations
can vary considerably from relatively mild sicca symptoms, arthralgias, and fatigue to severe
systemic symptoms such as vasculitis, glomerulonephritis, synovitis, interstitial lung disease,
neuropathy, renal disease, auto-immune cytopenia and neurological manifestations [7].
Hematologic disturbances such as anemia, lymphocytopenia, neutropenia, and hypergammaglobulinemia [8,9] also occur. The heterogeneity and lack of specificity of signs and symptoms
often leads to a delay in diagnosis [10]. The presence of serum autoantibodies, such as antiSSA/Ro and anti-SSB/La, antinuclear antibodies (ANA) as well as positive rheumatoid factor
(RF) are included in the diagnostic criteria of SS. SS patients can also manifest several hematologic disturbances such as anemia, lymphocytopenia, neutropenia, and hypergammaglobulinemia [11,12].
Estimates of SS prevalence in general populations range from 0.03% to 2.7% [6], varying
according to classification criteria used, geographical region and ethnicity. The prevalence of
SS in the Israeli population is unknown, and data regarding the proportion of patients with
DES as an underlying manifestation of SS are lacking. In this study we aimed to estimate the
prevalence of SS-related serological markers among DES patients and to compare hematologic
parameters and immune serology among SS, DES and healthy controls using a standard, as
well as a newly-developed immunologic method.
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Methods
Study population
In a clinic-based case-control study, 422 Israeli participants were recruited, including 91
patients with established SS, 120 patients with established DES and 211 controls [13] frequencymatched by age and sex, as previously reported [14]. SS was diagnosed by a rheumatologist, cornea ophthalmologist or oral surgeon according to the American–European Consensus Group
(AECG) classification [11], in which patients had to fulfill four out of six criteria: 1) subjective
complaint of dry eyes; 2) complaint of xerostomia (dry mouth); 3) objective evidence of dry
eyes; 4) objective diagnosis of xerostomia; 5) a positive minor salivary gland biopsy with a focus
score of �1/4 mm2; 6) the presence of anti-SSA/Ro or anti-SSB/La antibodies. DES was diagnosed by a cornea ophthalmologist or by self-reported symptoms of dry eyes corroborated by a
self-administered Ocular Surface Disease Index (OSDI) questionnaire score of >25 [15–17] and
by Schirmer I test (without topical anesthesia), showing <10mm in 5 min or break of fluorescein corneal dye in < 5 sec in Tear Break Up Time (TBUT) of at least one eye among patients
without other SS symptoms and did not fill the SS diagnostic criteria [18].
Since the Israeli population includes a high proportion of immigrants, ethnicity was
grouped into five cardinal categories of East European, West Asian (mainly Iran, Iraq,
Yemen), North African, Israeli or mixed origin, based on a score counting the number of relatives (mother, father, grandmothers and grandfathers) from the same world region (�3). Participants were queried about first-degree relatives with AID, and SS patients reported their
primary clinical presentations of joint pain, dry mouth and dry eyes.
Inclusion/Exclusion criteria. We recruited individuals aged �18 years. DES patients who
had undergone ocular surgery in the five years preceding the date of enrollment or whose
symptoms were due to chronic corneal infection or abscess were excluded. Other exclusion
criteria were non-Israeli residency, refusal to sign or inability to understand the consent form
or inability to understand any of the four questionnaire languages (Hebrew, English, Arabic or
Russian). From the control group we excluded participants with a self-reported history of
DES, OSDI score >25, SS, lymphoproliferative disease, and first-degree relatives of patients
enrolled in the study.
Recruitment. DES patients consulting the Eye Clinic in Hadassah Medical Center with a
complaint of dry eyes were approached for participation, as well as those who responded to an
advertisement in Hadassah clinics and a local newspaper, or to e-mails addressed to Hadassah
employees. Both prevalent and incident cases of SS were recruited in Oral Medicine, Eye,
Rheumatology and Hematology clinics. The control group was recruited from healthy individuals who accompanied patients (not including blood relatives) to the hematology clinics.
These individuals were approached in waiting areas and asked to participate [13].
The study was approved by the institutional Helsinki committee of Hadassah (study #:
HMO-0409-13). All participants received an explanation on study aims and methods and
signed an informed consent form prior enrollment. Data and blood samples were coded by
study number.

Blood count
All participants provided a 20ml blood sample. Anticoagulated samples were separated into
plasma and cell fractions, within 24 hours of venipuncture, and mononuclear blood cells were
frozen at -80˚C. For DES and SS patients anticoagulated samples in 5 ml EDTA-containing
tubes were also sent immediately for complete blood counts (Coulter LH 750 hematology analyzer, Beckman, Brea, CA, USA)
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Immune serology
Serum was tested for the presence of anti-nuclear antibodies (ANA), anti-SSA/anti-SSB, antiribonucleoprotein (RNP), anti-double stranded DNA (DS-DNA), and rheumatoid factor (RF)
("Ofek Laboratory service" Jerusalem, IL using the “Immunodot” assay qualitative-ELISA
screening tool in an “autoimmunity screening panel” kit, GenBlo, San Diego, CA, USA).
Anti-SSA/Ro 52kD, anti-SSA/Ro 60kD, and anti-SSB/La were also quantified by multiplex
serology following procedures described in detail previously [19–21] with newly developed
antigens. Briefly, antigens SSA/Ro, and SSB/La were bacterially expressed in full length as
recombinant proteins in fusion with N-terminal glutathione-S-transferase (GST) and C-terminally a small tagging epitope (tag). Each GST-X-tag fusion protein was bound and affinitypurified on a different bead set with glutathione surface and marked with a distinct internal
fluorescent color (SeroMap, Luminex Corp., Austin, TX, USA). Bead sets loaded with the different antigens were mixed to form a suspension antigen array for presentation to a 1:1000
serum dilution. A Luminex xMAP (Luminex Corp., Austin, TX, USA) analyzer identified the
bead set and simultaneously quantified bound serum IgA, IgM and IgG antibodies by a
reporter fluorescent conjugate. The level of antibody response was given as median fluorescence intensity (MFI) on at least 100 beads per set. Net MFI values were generated by subtraction of bead-background and GST-tag background MFI values. For each antigen, qualitative
cut-off levels for these autoantibodies (positive vs. negative) were chosen by visual inspection
of cumulative histograms (percentile plots) [22–24] of the MFI values of all sera tested and preferring high specificity over high sensitivity [25] which resulted in 80 MFI for both SSA-Trim
52kD and SSA-Trove 60kD and, due to higher background reactivity, 200 MFI for SSB/La.
This novel assay was validated in the current study against the “Immunodot” assay and clinical
SS diagnostic criteria based on the AECG classification [11].
Immunoglobulins and C3 and C4 levels were tested using Immunoturbidimetric assay
[“COBAS INTEGRA” system, “COBAS-specific-proteins” kit, “Roche Diagnostics”, Mannheim].
For budgetary reasons, testing for complement levels was only performed on a random sample
of cases and controls. Five percent of the samples were analyzed blindly as duplicates for
reproducibility.

Sample size
Our study has 211 patients (SS+DES) and 211 controls, therefore, we have 80% power to detect
an odds ratio (OR) as small as 2.2 fold, assuming 10% exposure in the controls4, and 5% error
rate. For 91 patients and 211 controls, the corresponding detectable OR was 2.75 (WinPepi
11.63 software).

Statistical analysis
Controls were frequency-matched to DES and SS cases by gender and age ±3 years. Normally
distributed continuous variables were described using their means and standard deviation, and
differences among groups were tested by t-test and one-way ANOVA. Non-normally distributed continuous variables were presented as medians with inter-quartile ranges and group differences were tested by Mann-Whitney and Kruskal-Wallis tests. Categorical variables were
compared by χ2 test. Reproducibility of duplicate sample results was tested by Kappa score. Correlations between results of the two immune serology techniques were tested on paired samples
by non-parametric McNemar test for dichotomous parameters and by Wilcoxon test for continuous crude levels, as well as grouped into quartiles. For graphical representation a log transformation was done for MFI levels. Validation indices calculated included sensitivity, specificity,
positive predictive value (PPV) and negative predictive values (NPV). Multinomial regression
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models were used to compare DES, SS and controls, with adjustment for potential confounders.
Pair-wise comparisons between diagnostic groups were performed using bivariate, then multivariate unconditional logistic regression models adjusting for age, gender and ethnicity. Results
are presented as OR and 95% confidence intervals (CI). P<0.05 was considered statistically significant. Statistical analysis was done by SPSS 24.0 software (Chicago, IL 60606–6307).

Results
Clinical characteristics
The characteristics of study participants appear in Table 1. A female predilection in SS patients
(9.2:1) compared to DES patients (6.8:1) was observed (P<0.001). Approximately half of the
SS participants were classified as pSS and sSS, respectively. Among SS patients, clinical presentation was distributed rather equally between joint pain, dry mouth and dry eyes in this group.
Two out of 120 DES patients were found to be positive for anti-SSA/B by immune serology
(“Immunodot” assay), but were classified as DES rather than SS in the analysis since they fulfilled only 3 out of the 6 AECG criteria for SS (dry eye signs on Schirmer test, dry eye symptoms with OSDI score of 66 and 85 and positive anti-SSA/B)).
There were significantly lower levels of lymphocytes and hemoglobin in SS compared to
DES patients, however, the mean values across the groups were within the normal ranges
(Table 2).
Table 1. Characteristics of the study population.
Characteristic
Mean age [SD] yrs
Age range yrs
Female gender n (%)

SS (n = 91)

DES (n = 120)

Control (n = 211)

57.58 [12.89]

52.04 [15.07]

54.57 [14.2]

20–86

19–84

18–84

84 (92.3)

82 (68.3)

168 (79.6)

Ethnicity n (%)
East Europe

36 (39.6)

67 (55.8)

130 (61.6)

West Asia

22 (24.2)

20 (16.7)

35 (16.6)

North Africa

22 (24.2)

14 (11.7)

32 (15.2)

Israel

6 (6.5)

9 (7.5)

8 (3.8)

Mixed

5 (5.5)

10 (8.3)

6 (2.8)

Education n (%)
� 12 years

38 (41.8)

29 (24.2)

58 (27.5)

> 12 years

53 (58.2)

91 (75.8)

153 (72.5)

44 (48.6)

NA

NA

Rheumatoid arthritis (RA)

24 (26.6)

NA

NA

Systemic lupus erythematosus (SLE)

8 (8.8)

NA

NA

Thyroiditis

1 (1.1)

NA

NA

Mixed connective tissue disorder (MCTD)

2 (2.2)

NA

NA

Systemic sclerosis

2 (2.2)

NA

NA

Chronic hepatitis

1 (1.1)

NA

NA

Other

6 (6.6)

NA

NA
NA

Secondary SS n (%)

Clinical presentation—SS/DES n (%)
Joint pain

35 (38.5)

NA

Dry mouth

29 (31.9)

NA

NA

Dry eyes

27 (29.6)

120 (100)

NA

NA = not applicable.
https://doi.org/10.1371/journal.pone.0244712.t001
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Table 2. Distribution of blood counts and immune serology positivity by group.
Normal range

SS (n = 88)

DES (n = 103)

Mean [SD]

Mean [SD]

Pa

White blood cell count (WBC)

4–10 (10E9/L)

6.44 [2.11]

6.95 [1.70]

0.067

Lymphocytes

1.5–4 (10E9/L)

1.72 [0.66]

2.03 [0.51]

0.001

Neutrophils

2–7.5 (10E9/L)

4.05 [1.76]

4.26 [1.41]

0.37

14–18 (g/dl)

12.72 [1.93]

14.8 [1.10]

0.001

12–16 (g/dl)

12.76 [1.15]

13.10 [1.10]

0.03

140–400 (10E9/L)

219 [51.30]

209 [54.10]

SS (n = 89)

DES (n = 102)

Hemoglobin (Males)
(Females)
Platelets

0.18
Odds Ratio (95%CI)b

Pc

Positive n (%)

Positive n (%)

Rheumatoid factor (RF)

21 (23.6)

6 (5.9)

5.03 (1.78–14.21)

<0.001

Anti-nuclear antibody (ANA)

30 (33.7)

3 (2.9)

14.75 (4.09–53.17)

<0.001

Anti-SSA/Anti-SSB

<0.001

31 (34.8)

2 (2.0)

20.97 (4.60–95.54)

Anti-ribonucleoprotein (RNP)

2 (2.2)

1 (1.0)

3.86 (0.26–55.80)

0.48

Double stranded (DS)-DNA

1 (1.1)

0 (0)

—

0.28

Positives to immune serology were tested by "Immunodot" assay.
a

Based on t-test for independent samples.
Tested by logistic regression; On multivariate analysis: Adjusted for age, gender and ethnicity.

b
c

Chi-square test. WBC = white blood cell count; HGB = hemoglobin; OR = Odds ratio; CI = Confidence interval.

https://doi.org/10.1371/journal.pone.0244712.t002

Immune serology
In the control group, only three were positive for RF with negative serology to all other
immune antigen components, therefore, we present the comparison only between SS and DES
groups (Table 2). As noted, two DES patients (1.96%; 95%CI: 0.36–6.3) were found to be positive for anti-SSA/B. A 5- to 20-fold higher proportion of SS patients were positive for RF, ANA
and anti-SSA/B antibodies compared to DES patients. In multivariate analysis adjusting for
age, gender and ethnicity, we observed a strong positive association between positive RF
(OR = 5.03, 95%CI: 1.78–14.21), ANA (OR = 14.75, 95%CI: 4.09–53.17) or a combination of
anti-SSA/B (OR = 20.97, 95%CI: 4.60–95.54) autoantibodies in SS compared to DES patients
(Table 2). Reproducibility was high with Kappa scores of 0.80 for RF and anti-SSA/B (P<0.01)
and 0.62 for ANA (P = 0.03), comparing duplicate samples.

“Immunodot” qualitative test
When comparing SS to DES groups based only on the “Immunodot” qualitative test results
with adjustment for the same confounders, serum immunoglobulin IgG (gr/L) levels were
found to be substantially higher in the SS group compared to DES and controls, with mean values within the normal range (Table 3). While C3 levels were lowest in SS patients, followed by
DES and controls (P = 0.009); this pattern was not found for C4 levels (Fig 1).

Comparison of the established to newly developed serologic technique
Correlation results of the “Immunodot” qualitative assay and the newly developed multiplex
serology revealed statistically significant associations for the dichotomous results (positive vs.
negative) of these two methods for anti-SSB/La (McNemar test for paired samples: P<0.001)
and anti-SSA/Ro 52kD (P = 0.02) and non-statistically significant for the anti-SSA/Ro 60kD
(P = 0.09). However, when comparing the “Immunodot” assay results with the continuous
MFI levels via the new technique, we observed significant strong associations for all three
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Table 3. Comparison of immunoglobulin and autoantibodies levels by group.
Immunoglobulin (Normal ranges)

SS (n = 43)

DES (n = 31)

Control (n = 27)

Median [IQR]

Median [IQR]

Median [IQR]

IgA (0.7–4.0 gr/L)

2.67 [1.83–3.73]

2.49 [1.81–3.15]

2.71 [2.07–3.38]

0.69a

IgG (7.0–16.0 gr/L)

15.91 [12.19–20.02]

11.71 [10.27–13.52]

13.02 [11.41–16.73]

<0.001a

IgM (0.4–2.3 gr/L)

1.19 [0.86–1.84]

1.20 [0.80–1.64]

1.11 [0.81–1.75]

0.99a

Controls (n = 190)

Autoantibody MFI values

SS (n = 91)

DES (n = 102)

Median [IQR]

Median [IQR]

Median [IQR]

Anti-SSA/Ro 52kD

36.0 [15.7–5203.7]

12.5 [5–23.2]

15.0 [7.0–29.5]

<0.001a

Anti-SSA/Ro 60kD

30.0 [15.5–214]

18.5 [9.7–36.5]

20 [12.0–35.5]

<0.001a

Anti-SSB/La

129 [47–3113.5]

40 [19–138.7]

69.0 [29.5–152.5]

c

a

P

c

<0.001a
c

SS Positive by MFI N (%)

DES Positive by MFI N (%)

Controls Positive by MFI N (%)

Anti-SSA/Ro 52kD (cut off: 80 MFI)

39 (42.8)

9 (8.8)

15 (7.8)

<0.001b

Anti-SSA/Ro 60kD (cut off: 80 MFI)

30 (32.9)

11 (10.7)

16 (8.4)

<0.001b

Anti-SSB/La (cut off: 200 MFI)

42 (46.1)

17 (16.6)

32 (16.8)

<0.001b

Positive for any anti-SSA or anti-SSB

54 (59.3)

31 (30.3)

6 (3.1)

<0.001b

Kruskal-Wallis test.

b

Chi-square test. IQR = inter quartile range. Autoantibodies were tested by glutathione-S-transferase (GST) capture ELISA in combination with fluorescent bead
technology.

c

Positive by assay development.

https://doi.org/10.1371/journal.pone.0244712.t003

antigens, using the crude values and also after grouping into quartiles (Wilcoxon test for
paired samples: P<0.001) (Fig 2).

Multiplex serology method
The MFI levels of autoantibodies SSA/Ro 52kD, SSA/Ro 60kD and SSB/La using the multiplex
serology method were found to be highest in the SS group, followed by the controls, with the
lowest levels in the DES group (P<0.001) (Table 3). Furthermore, the proportion of patients
found to be positive for these autoantigens with cut-off levels of 80 MFI for SSA and 200 MFI
for SSB, revealed a higher proportion of positives to all three autoantigens in the SS group,

Fig 1. C3 and C4 distributions by group. � One-way ANOVA test; C3: P = 0.009, C4: P = 0.32. Normal ranges: C3:
0.9–0.18 gr/L; C4: 0.1–0.4 gr/L.
https://doi.org/10.1371/journal.pone.0244712.g001
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Fig 2. Comparison of positive and negative “Immunodot” results (for combined anti-SSA/Ro antigens 52kD and
60kD and anti-SSB/La) with log transformed median fluorescence intensity (MFI) levels for three antigens by
multiplex serology (P<0.001). MFI = median fluorescence intensity.
https://doi.org/10.1371/journal.pone.0244712.g002

followed by DES and controls (Table 3), similarly to the qualitative “Immunodot” array results.
A pairwise categorical comparison also revealed highly significant differences between SS and
DES (P<0.001) and between SS and controls (P<0.001), but not for DES compared to controls
for all three autoantibodies (P = 0.21, 0.32 and 0.10 respectively). Stratified MFI levels by quartiles based on the control group levels showed about 75% of SS patients scored in the third and
fourth quartiles, compared to DES patients in which only half had levels above the median for
controls (S1 Table). Furthermore, a larger proportion of DES patients appeared to be in the
lowest quartile compared to SS and controls.
Comparison of MFI levels among SS, DES and controls was done using a multinomial
regression model. After adjusting for age, gender and ethnicity, an increased odds ratio was
found for SS regarding presence of anti-SSA/Ro 52kD (OR = 2.05, 95%CI: 1.46–2.88) compared to controls, and a borderline inverse association was found between DES and anti-SSB/
La (OR = 0.81, 95%CI: 0.65–1.00) compared to controls (Table 4). Other autoantibodies RNP
Table 4. Multinomial regression of autoantibody titer quartiles comparing SS and DES vs. controls using multiplex serology.
Autoantibody

Controla

SS

DES

OR

OR

95% CI

OR

95% CI

anti-SSA/Ro 52kD

1

1.94

1.50–2.52

0.84

0.68–1.05

anti-SSA/Ro 60kD

1

1.38

1.10–1.73

0.87

0.70–1.07

anti-SSB/La

1

1.43

1.15–1.79

0.82

0.66–1.01

anti-SSA/Ro 52kD

1

2.05

1.46–2.88

0.83

0.67–1.04

anti-SSA/Ro 60kD

1

1.31

0.98–1.74

0.85

0.68–1.85

anti-SSB/La

1

1.22

0.92–1.62

0.81

0.65–1.00

Univariate analysis

Multivariate analysisb

a

Reference group.

b

Adjusted for age, gender and ethnicity. OR = Odds ratio; CI = Confidence interval. Tested by glutathione-S-transferase (GST) capture ELISA in combination with
fluorescent bead technology.

https://doi.org/10.1371/journal.pone.0244712.t004
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and DS-DNA were rarely positive in the DES group (1% and 0% respectively) and the control
group (0% for both) (data not shown).
Validation of the newly developed multiplex serology was done by comparing the MFI values to the clinically used “Immunodot” assay as a “gold-standard”. Seropositivity to any antiSSA/B yielded a sensitivity of 1.0, specificity of 0.69, PPV of 0.35, and NPV of 1.0 (Table 5). In
order to validate further the novel multiplex serology method we compared results,

Table 5. Performance characteristics of dichotomized multiplex serology vs. Immunodot assay and AECG classification.
"Immunodot" assay

Validity Indices

Anti-SSA/B
Anti-SSA/Ro 52kD
Multiplex serology (MFI) a

Positive N(%)

Negative N(%)

Total N(%)

Sen. = 0.87

Positive

27 (87)

20 (11)

47 (22)

Spec. = 0.89

Negative

4 (13)

164 (89)

168 (78)

PPV = 0.57

Total

31 (100)

184 (100)

215 (100)

NPV = 0.97

Positive

24 (77)

16 (9)

40 (19)

Negative

7 (23)

168 (91)

175 (81)

PPV = 0.60

Total

31 (100)

184 (100)

215 (100)

NPV = 0.96

�

P<0.001
�

Chi-Square test

Anti-SSA/Ro 60kD

Sen. = 0.77

Mulitplex serology (MFI) a
P<0.001�
�

Chi-Square test

Anti-SSB/La
Multiplex serology (MFI)

Sen. = 0.93
a

Positive

29 (94)

31 (17)

60 (28)

Negative

2 (6)

153 (83)

155 (72)

PPV = 0.48

Total

31 (100)

184 (100)

215 (100)

NPV = 0.98

Positive

31 (100)

57 (30)

88 (41)

Negative

0 (0)

127 (70)

127 (59)

PPV = 0.35

Total

31 (100)

184 (100)

215 (100)

NPV = 1.0

P<0.001�
�

Spec. = 0.83

Chi-Square test

Any anti-SSA/B

Sen. = 1.0

Multiplex serology (MFI) a
P<0.001�
�

Spec. = 0.91

Spec. = 0.69

Chi-Square test
AECG classification

Anti-SSA/Ro 52kD
Multiplex serology (MFI) a

Positive N(%)

Negative N(%)

Total N(%)

Sen. = 0.41

Positive

39 (42)

27 (9)

66 (17)

Spec. = 0.91

Negative

54 (58)

275 (91)

329 (83)

PPV = 0.59

Total

93 (100)

302 (100)

395 (100)

NPV = 0.83

P<0.001�
�

Chi-Square test

Anti-SSA/Ro 60kD
Multiplex serology (MFI)

Sen. = 0.32
a

Positive

30 (33)

26 (8)

56 (14)

Negative

63 (67)

276 (92)

339 (86)

PPV = 0.53

Total

93 (100)

302 (100)

395 (100)

NPV = 0.81

Positive

42 (45)

38 (13)

80 (20)

Negative

51 (55)

264 (87)

315 (80)

PPV = 0.52

Total

93 (100)

302 (100)

395 (100)

NPV = 0.83

P<0.001�
�

Chi-Square test

Anti-SSB/La
Multiplex serology (MFI) a

Sen. = 0.45

P<0.001�
�

Spec. = 0.91

Spec. = 0.87

Chi-Square test

a

Dichotomized by MFI levels. Sen. = Sensitivity; Spec. = Specificity; PPV = Positive Predictive Value; NPV = Negative Predictive Value. Cut-off level for Anti-SSA/Ro
52 and 60kD was 80 MFI, and for anti-SSB/La was 200 MFI.
https://doi.org/10.1371/journal.pone.0244712.t005
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additionally, to the acceptable clinical criteria of AECG for diagnosis of Sjogren’s patients,
which demonstrated high specificities to anti-SSA 52kD and 60kD of 0.91, and 0.87 to antiSSB, yet rather low sensitivities (Table 5).
A total of 13 participants were positive to any SSA/B by multiplex serology but negative by
Immunodot with no signs or symptoms of dry eyes or mouth. In terms of demographic characteristics, theirmean age was 60.7±11.6, two were males (15%) and 11 females (85%), 6 (46%)
were of East European ethnicity, 7 (54%) had a high school education or less and 4 (31%) had
a first degree relative with other autoimmune disease. Further follow-up would be required to
determine if they eventually develop autoimmune manifestations.

Discussion
This is the first study in Israel to report the proportion of SS among patients with established
DES. We found that 2% of patients presented with DES exhibited a combination of anti-SSA/
Ro and anti-SSB/La autoantibodies, which form part of the diagnostic criteria for SS [11], in
addition to their signs and symptoms of dry eyes. Worldwide, the prevalence of SS is ranges
between 0.03% to 2.7% in various study populations using the same (AECG) or other diagnostic criteria (European, Copenhagen and San-Diego) [6].
When comparing hematological parameters in SS and DES patients, we observed lower levels of WBC, neutrophils, lymphocytes and hemoglobin were found in the former, but mean
values were still within the normal ranges. Several studies have reported cytopenias including
leukopenia, anemia, lymphopenia and neutropenia in SS patients [8,9,26,27]. However, these
studies included only pSS cases who may have lower values of these hematologic parameters,
while in our study we also included sSS cases, whereas no statistically significant difference
was noted between these two groups regarding these parameters in our patient population.
Finally, we compared an established screening technique to the newly developed multiplex
serology technique. These two serology methods were found to be highly correlated. The
strong association between SS and autoantibody positivity found using both techniques was
expected and is well known. However, results of MFI autoantibody levels have not previously
been reported nor have immunoglobulin levels comparing healthy controls and patients with
DES.
The validation indices comparing the newly developed multiplex serology to seropositivity
of any anti-SSA/B compared to the Immunodot assay for combined presence of anti-SSA/B
revealed a very high sensitivity and NPV, suggesting the new technique enables accurate distinction between AID cases and healthy controls.
Moreover, the seroprevalence of ANA in Israeli SS patients was previously reported by
Friedman et al. to be 50%, RF 20%, anti-SSA/Ro 7% and anti-La 9% [28], while Kivity et al.
reported that anti-SSA/Ro antibodies were detected in 62%, anti-SSB in 38%, ANA in 83%,
anti-RNP in 11%, and DS-DNA in 27% [29]. These proportions are higher than the 34.8% for
combination of anti SSA/B, 33.7% ANA, 2.2% anti-RNP, 1.1% DS-DNA antibodies and 23.6%
RF, respectively, in our study.
The female:male ratio in SS (9.2:1) was, as expected, very high, as reported in many studies
ranging from 8.4:1 [28] to 9.7:1 [29] in Israel, and up to 10:1 in a large pool of countries [30].
As in any case control study, associations do not infer causal relations, and potential biases
exist. The temporal relation between hematologic disturbance and antibody appearance in SS
is not clear, although it is likely that the latter predates the clinical diagnosis. Also, residual
confounders, beyond those that were adjusted for, may have influenced the tested associations.
The representativeness of controls for the general population may be limited, since this group
included individuals accompanying patients to the clinic. SS and DES participants may also
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not be representative of all SS and DES populations considering the recruitment methods
used. Following immune serology performed in the context of this study, two patients presenting with DES symptoms were found to have fulfilled the SS criteria after their recruitment.
They were subsequently analyzed as SS patients. Another limitation includes variable storage
time for SS and DES samples compared to controls, although all blood samples were immediately processed and stored at -80˚C. The Immunodot combines serology of three antigens (anti
SSA/Ro 52kD, 60kD and anti-SSB/La) limiting the ability to draw conclusions regarding individual autoantigens and their relationship with DES.
Strengths of this study includes the comparison of clinical and serologic parameters among
three populations, two of which may present with similar symptoms. Additionally, we report
the development of a new serologic technique, multiplex serology, which could be applicable
to studies of large populations given its requirement for only small serum volumes, and high
throughput potential. Further studies with larger sample sizes are needed to confirm serologic
differences between SS and DES. It will be also intriguing to further investigate the correlation
between serologic Immunodot methodology presented in this study and the EESDAI and
ESSPRI of SS patients [31].

Conclusions
Prevalence of SS among Israeli DES subjects was found to be similar to estimates of SS in population-based surveys of other countries. Hematologic and serological parameters, such as
IgG, C3, seropositivity to ant-SSA/B, ANA and RF among SS patients differ from DES patients
and healthy controls. A newly developed quantitative multiplex serology for relevant autoantigens seems to offer a valid and reliable quantitative technique to measure autoantibodies in
such patients and may be applicable for use in large epidemiologic studies of SS and other
autoimmune diseases.
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