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Introduction: The initial presentations of childhood-onset primary Sjögren’s syndrome (C-pSS) vary, making diagnosis challenging. We aimed to improve the diagnosis and evaluation of C-pSS by summarizing its clinical and laboratory features.



Methods: A total of 49 patients with C-pSS between July 2015 and August 2022 in the Department of Rheumatology and Immunology of Shanghai Children's Medical Centre were enrolled in this study. Their clinical manifestations and laboratory examinations of these patients were compared based on the presence or absence of thrombocytopenia and parotitis and whether the immunological markers, including anti-nuclear antibodies (ANA), rheumatoid factor (RF), anti-Ro52/SSA antibodies (anti-SSA/Ro52), anti-Ro60/SSA antibodies (anti-SSA/Ro60), and anti-Ro/SSB antibodies (anti-SSB), were positive.



Results: The mean age at C-pSS diagnosis was 10.34 ± 3.45 years, and the ratio of boys to girls was 1:6. In the thrombocytopenia group, parotitis (P = 0.044), organ involvement except for hematology (P = 0.002), positive anti-SSB (P = 0.004), and positive RF (P = 0.001) were less frequently observed. Complement C4 (P = 0.038) and white blood cells (P = 0.002) levels decreased and increased significantly, respectively. Anti-SSB (P = 0.010) and RF (P = 0.004) positivity were independent potential protective factors against thrombocytopenia in patients with C-pSS. In the parotitis group, higher ANA titers (P = 0.027), higher focus scores on labial gland biopsy (P = 0.024), and positive RF (P = 0.001), anti-SSA/Ro60 (P = 0.003), and anti-SSB (P = 0.001) were observed more frequently. Furthermore, positive anti-SSB (P = 0.012) and positive RF (P = 0.028) were independent risk factors for parotitis in patients with C-pSS. The hemoglobin level was significantly lower in patients with positive anti-SSA/Ro52 and positive anti-SSA/Ro60 results (P = 0.022 and P = 0.029, respectively), while immunoglobulin G level was significantly higher in patients in the same group (P = 0.048 and P = 0.007, respectively).



Conclusions: Positive anti-SSB and positive RF values may be independent potential protective factors of thrombocytopenia in patients with C-pSS. In contrast, positive anti-SSB and positive RF were independent risk factors of parotitis in patients with C-pSS. More studies are needed to reveal the diagnostic role and pathogenic mechanism of immunological markers in C-pSS.
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Introduction

Sjögren's syndrome (SS) is a chronic, systemic autoimmune disease. Nowadays, considering that the word “disease” can highlight the pathologic mechanisms of this kind of systemic rheumatic disease, and also make its treatment protocol easy to understand, some scholars prefer to call it Sjögren's disease rather than SS (1). Primary SS (pSS) refers to SS occurring without other connective tissue diseases; pSS is primarily characterized by decreased salivary and lacrimal gland function due to B-cell hyperactivity and lymphocytic infiltration but can also extend to multiple organs (2). In addition to typical clinical manifestations such as dry eyes and mouth, it can also present as caries, parotitis, arthritis, thrombocytopenia, leukopenia, interstitial lung disease (ILD), and renal tubular acidosis. The key immunological markers that may affect manifestation and prognosis include anti-Ro52/SSA antibodies (anti-SSA/Ro52), anti-Ro60/SSA antibodies (anti-SSA/Ro60), anti-Ro/SSB antibodies (anti-SSB), rheumatoid factor (RF), anti-nuclear antibodies (ANA), globulin (Glb), and immunoglobulin G (IgG) (3).

pSS mainly occurs in adults, with a peak age of approximately 50 years and a female-to-male ration of at least 9:1 (4). However, childhood-onset pSS (C-pSS) is rarely diagnosed at an early stage because its clinical manifestations are not typical and distinguishable enough, and no general diagnostic criteria can be referred to. These reasons even make some scholars misdiagnose it as a benign form of systemic lupus erythematosus (SLE) (5–8). However, with the increasing recognition and improvement of laboratory examinations for pSS, several large or multinational cohort studies based on pediatric populations have been reported. It was found that C-pSS involves approximately 1% of patients with pSS, with a male-to-female ratio of approximately 1:5–12 and a peak age of 10–14 years. Meanwhile, clinical phenotypes are dominated by parotid enlargement and systemic symptoms (7–12).

In addition, the initial presentations of C-pSS vary, making diagnosis challenging. In this study, we aim to improve the diagnosis and evaluation of C-pSS by summarizing its clinical and laboratory characteristics.



Materials and methods


Patients

Inpatients and outpatients aged younger than18 years with C-pSS who were initially diagnosed and being treated in the Department of Rheumatology and Immunology of Shanghai Children's Medical Centre between July 2015 and August 2022 were retrospectively analyzed. C-pSS was diagnosed according to the 2002 revised American-European Consensus Group (AECG) criteria (13), the American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) criteria (14), the previously proposed diagnostic criteria for juvenile pSS (15), or the experience of pediatric rheumatologists. Children with other autoimmune diseases were excluded from this study. Clinical information for research purposes was approved by Shanghai Children's Medical Centre's Ethical Committee.



Data collection

The features of the collected patients’ data were grouped into the following categories: demographics data (sex, age of onset, and diagnosis); clinical signs and symptoms at diagnosis (exocrine-glandular and extra-glandular); histological results and functional tests [labial gland (LSG) biopsy and Schirmer’s I test]; and laboratory/serological results [ANA, RF, anti-SSA/Ro52, anti-SSA/Ro60, anti-SSB, IgG, immunoglobulin A (IgA), immunoglobulin M (IgM), complement 3 (C3), complement 4 (C4), complement total activity (CH50), white blood cells (WBC), platelets (PLT), hemoglobin (Hb), erythrocyte sedimentation rate (ESR), liver function, kidney function, and cellular immune function]. For those patients treated more than once, we only collect and analyze their clinical and laboratory data from the first treatment, i.e., the data at the time of diagnosis.

Some of the definitions that needed to be specified are as follows: Parotitis groups were defined as recurrent episodes of symptomatic parotitis or parotid gland/submandibular gland abnormality indicated by ultrasound, including abnormal echogenicity of parenchymal tissue, inhomogeneous glands, the presence of hypoechogenic areas and hyperechogenic reflections, unclearness of salivary gland borders, and parotid duct dilation, while non-parotitis groups were defined as no recurrent parotitis history and abnormal ultrasounds; positive LSG biopsy was defined as focal lymphocytic sialadenitis with a focus score (FS) of ≥1 focus per 4 mm2, while a negative LSG biopsy was defined as the absence of focal lymphocytic sialadenitis; ILD was defined as a chronic and persistent cough, dyspnea, or pulmonary function test, which suggests decreased restrictive pulmonary ventilation or diffusing function, combined with nodules, ground-glass opacity, honeycombing, consolidation, septal thickening, and crazy paving in high-resolution computed tomography (HRCT); positive RF was defined as RF >15.9 IU/ml; leucopenia was defined as WBC <4 × 109/L; thrombocytopenia was defined as PLT <100 × 109/L; anemia was defined as Hb <110 g/L; hyperimmunoglobulin G was defined as IgG >16.2 g/L; hyperglobulin was defined as globulin > 32 g/L; and hypocomplementaemia was defined as C3 < 0.9 g/L or C4 < 0.1 g/L. An abnormal Schirmer’s I test result was defined as a score ≤ 5 mm/5 min; an abnormal tear film break-up time result was defined as a score <10 s; and an abnormal tear meniscus height result was defined as a score ≤ 0.35 mm. The ANA titer was tested by an indirect immunofluorescence assay (Euroimmun Medical Lab Diagnostics Stock Co., Lübeck, Germany), and a titer value > 1:100 was considered positive. The expressions of anti-SSA/Ro52, anti-SSA/Ro60, and anti-SSB were examined by Euroline ANA Profile IgG (Euroimmun Medical Lab Diagnostics Stock Co., Lübeck, Germany).



Statistical analysis

SPSS (v.23.0) software was used for all data analyses. GraphPad Prism 7 was used for graph presentation. Categorical variables and continuous variables are described as numbers and percentages, and mean and standard deviation (SD), respectively. For between-group comparisons, the chi-square and Fisher exact tests were used for categorical variables, and two independent sample t-tests and Mann–Whitney U-tests were used for normally distributed and non-normally distributed continuous variables, respectively. Logistic regression analysis was used to explore the risk or protective factors for thrombocytopenia and parotitis in patients with pSS. Statistical significance was set at P <0.05.




Results


Patient characteristics

A total of 49 patients were included in this study. There were 35 (71.4%) patients who met the ACR/EULAR criteria, 12 (24.5%) who met the AECG criteria, and 31 (63.3%) who met the previously proposed diagnostic criteria for juvenile SS. About 6 (12.2%) patients met none of the criteria but were diagnosed by a pediatric rheumatologist (Supplementary Table S1). Of the 49 patients with pSS, 7 were boys and 42 were girls, with a male-to-female ratio of 1:6. The mean age at pSS onset was 9.50 ± 3.51 (range 3.33–15.83) years, and that at diagnosis was 10.34 ± 3.45 (range 3.33–16.42) years. The median time from pSS onset to diagnosis was 0.17 ± 1.53 (range 0–6.25) years.

Chief complaints of patients at first visit to department of rheumatology including the following: fever for 10 patients; thrombocytopenia for 21 patients; rash for 7 patients; gastrointestinal symptoms (belching, nausea, and hepatic dysfunction) for 4 patients; dry eyes and/or dry mouths for 2 patients; fatigue, anemia, alopecia areata, abnormal urine routine (microscopic hematuria for more than 6 years), and arthralgia for 1 patient, respectively. By further obtaining a detailed medical history from the patients and children, despite not presenting complaints, we found that 25 (51%) children had rashes of different types, with purpura being the most common; 14 (28.6%) experienced unexplained persistent or intermittent fever; 14 (28.6%) had multiple dental caries; 13 (26.5%) had arthritis or arthralgia; 13 (26.5%) had recurrent episodes of symptomatic parotitis; 9 (18.4%) had dry eyes and dry mouths; 8 (16.3%) had fatigue; and 3 (6.1%) had Raynaud's phenomenon. In addition, 32 (65.3%) patients had hematologic involvement, especially thrombocytopenia, of which the total number of patients was 22; 2 (4.1%) patients had renal involvement, of which 1 patient experienced renal tubular acidosis and 1 was diagnosed with mild glomerular lesions after renal biopsy. Forty-three patients underwent HRCT combined with pulmonary function test, of which 5 (11.6%) were considered to have lung involvement (4 had abnormal HRCT combined with abnormal lung function tests and 1 had abnormal HRCT combined with both abnormal pulmonary function tests and respiratory symptoms), among whom 1 patient experienced ILD and pulmonary hypertension concomitantly and 4 patients experienced ILD alone; 6 (12.2%) patients had digestive system involvement; 2 (4.1%) patients had musculoskeletal system involvement diagnosed by electromyography, suggesting myogenic damage; and only 1 (2%) patient who underwent repeated headache combined with cranial MRI, suggesting a few abnormal lesions in the bilateral frontal lobes, was diagnosed with central nervous system involvement.

For laboratory examination, among the 45 patients who underwent LSG biopsy, 39 (86.7%) were positive, and 31 could provide FS accurately, while 8 patients could not provide FS because of their limited memory and the long time since diagnosis. Schirmer's I test was performed on 43 patients, 20 (46.5%) of whom had abnormal results; a tear meniscus height examination was performed on 42 patients, 26 (61.9%) of whom had abnormal results; and a tear film break-up time examination was performed on 47 patients, 30 (63.8%) of whom had abnormal results. Among the 23 patients who were normal with Schirmer's I test, 8 were abnormal with tear film break-up time and 4 were abnormal with tear meniscus height. All patients were tested for ANA, anti-SSA/Ro52, anti-SSA/Ro60, and anti-SSB; 93.9% of which had positive ANA, 85.7% had positive anti-SSA/Ro52, 73.5% had positive anti-SSA/60, and 32.7% had positive anti-SSB. Meanwhile, 45 patients were tested for RF, and 16 (35.6%) had positive RF. In addition, a low C3 level was observed in 5 (5/47, 10.6%) patients, while a low C4 level was observed in 2 (2/47, 4.3%) patients; hyperimmunoglobulin G occurred in 21 (21/47, 44.7%) patients, while hyperglobulin occurred in 30 (61.2%) patients. When we divided these patients according to the diagnosis age (0–10 years groups and 10–18 years groups), there were no significant differences in either clinical or laboratory features (Table 1).


TABLE 1 Summary of clinical, laboratory, and histopathology features of childhood-onset pSS cohort (n = 49).
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Characteristics of pSS patients with or without thrombocytopenia

In this study, 22 (44.9%) patients experienced thrombocytopenia. Parotitis and organ involvement, except for hematology, occurred more frequently in the non-thrombocytopenia group than in the thrombocytopenia group (P = 0.044 and P = 0.002, respectively) (Table 2). The FS of LSG biopsy was lower in the thrombocytopenia group than in the non-thrombocytopenia group, although the difference was not significant (P = 0.118). Among pSS patients who underwent RF examination, only 1 (5.3%) patient in the thrombocytopenia group tested positive for RF, significantly less than the 15 (57.7%) patients in the control group (P = 0.001). Although there was no difference between the two groups, whether from the perspective of ANA positivity alone (P = 0.242) or even the titer of ANA (P = 0.536), patients with thrombocytopenia may still have a lower ANA titer. The presence of anti-SSA/Ro52 and anti-SSA/Ro60 was not significantly different between the two groups; however, when combined with ANA titers, we observed that patients in the thrombocytopenia group were more likely to have positive anti-SSA/Ro60 and ANA titers < 1:320 than those in the control group (P = 0.018). It is also worth noting that patients without thrombocytopenia were more likely to have positive anti-SSB than the thrombocytopenia group (P = 0.004) but had no relationship with the ANA titer (P = 1.000) (Table 2). Multiple regression analysis showed that the expressions of anti-SSB and positive RF were independent protective factors for thrombocytopenia in C-pSS patients (OR = 0.028, 95%CI 0.002–0.427, P = 0.010; OR = 0.020, 95%CI 0.001–0.291, P = 0.004, respectively) (Supplementary Table S2). Moreover, the level of C4 was significantly lower in the thrombocytopenia group (P = 0.038), while the levels of WBC and urea nitrogen (BUN) were significantly higher in the thrombocytopenia group (P = 0.002, and P = 0.001, respectively) (Table 2).


TABLE 2 Characteristics of pSS patients with or without thrombocytopenia and parotitis.
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Characteristics of pSS patients with or without parotitis

For parotitis, we only take 36 ultrasound-checked patients into account and partition them into two groups. In these 36 patients, 9 were reported to have parotitis by both abnormal ultrasounds and recurrent parotitis history, 5 only by abnormal ultrasounds, and 4 only by recurrent parotitis history. Thus, 18 patients were divided into the parotitis group, and the other 18 patients were divided into the non-parotitis group. The parotitis group had significantly higher FS than the control group (P = 0.024). There was no significant difference in ANA expression because 18 patients with parotitis and 16 patients without parotitis tested positive for ANA (P = 0.486); however, when we compared the difference according to the ANA titer, we discovered that patients with parotitis had a higher ANA titer (P = 0.027). Eighteen patients with parotitis were anti-SSA/Ro60 positive, and 11 patients with parotitis were anti-SSB positive, compared with 14 and 1 patients without parotitis who were anti-SSA/Ro60 positive or anti-SSB positive, respectively, and the differences were statistically significant (P = 0.003 and P = 0.001, respectively). Among pSS patients who underwent RF examination, 10 (62.5%) patients in the parotitis group tested positive for RF, which was significantly higher than 1 (5.6%) in the control group (P = 0.001) (Table 2). Furthermore, multiple logistic regression analysis revealed that SSB and RF positivity were independent risk factors for parotitis in patients with pSS (OR = 30.518, 95%CI 2.102–443.006, P = 0.012; and OR = 20.451, 95%CI 1.393–300.207, P = 0.028, respectively) (Supplementary Table S3).



Comparison of the effect of ANA, SSA/Ro52, SSA/60, SSB, and RF on organ involvement and clinical or other laboratory features

Patients with negative RF results were more likely to experience hematological involvement than those with RF positivity (P = 0.003). However, there were no significant differences in other organ involvement between the immunological markers of pSS (Supplementary Table S4). Although the frequency of lung involvement in patients with positive anti-SSA/Ro52 results was higher than that in those who tested negative for anti-SSA/Ro52, the difference was not statistically significant (13.5% vs. 0%, P = 1.000).

Consistent with the conclusions we have mentioned above, patients with positive RF, ANA titer ≥1:320, positive anti-SA/Ro60, and positive anti-SSB were more likely to experience parotitis (P = 0.001, P = 0.027, P = 0.003, and P = 0.001, respectively). Moreover, dry eyes were more likely to occur in patients with a negative anti-SSA/Ro52 (P = 0.020), and hyperglobulin was more likely to occur in patients with positive RF and anti-SSA/Ro60 (P = 0.031 and P = 0.049, respectively) (Figure 1). In addition, the PLT value was higher in patients with positive RF and anti-SSB (P = 0.030, and P = 0.005, respectively), the Hb value was lower in patients with positive anti-SSA/Ro52 and anti-SSA/Ro60 (P = 0.022, and P = 0.029, respectively), and the level of IgG was higher in patients with positive anti-SSA/Ro52 and anti-SSA/Ro60 (P = 0.048, and P = 0.007, respectively) (Figure 2). Meanwhile, positive RF was more common in patients with positive SSA/Ro52 and SSA/Ro60 results (P = 0.040 and P = 0.001, respectively).


[image: Figure 1]
FIGURE 1
Clinical features associated with patients with positive SSA/Ro52, positive SSA/Ro60, and positive SSB. ANA, anti-nuclear antibodies; SSA/Ro52, anti-Ro52/SSA antibodies; SSA/Ro60, anti-Ro60/SSA antibodies; SSB, anti-Ro/SSB antibodies; RF, rheumatoid factor.
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FIGURE 2
Laboratory features associated with patients with positive SSA/Ro52, positive SSA/Ro60, and positive SSB. ANA, anti-nuclear antibodies; SSA/Ro52, anti-Ro52/SSA antibodies; SSA/Ro60, anti-Ro60/SSA antibodies; SSB, anti-Ro/SSB antibodies; RF, rheumatoid factor; C4, complement 4; CH50, complement total activity; IgG, immunoglobulin G; IgM, immunoglobulin M; Hb, hemoglobin; PLT, platelets; Cr, creatinine.





Discussion

To our knowledge, this is the first single-cohort retrospective study on pSS in Chinese children. The female-to-male ratio of C-pSS in our study was 6:1, and the mean age at pSS diagnosis was 10.34 ± 3.45 (range 3.33–16.42) years, consistent with previous child cohort studies (7–12). However, the existing diagnostic criteria for adult pSS patients do not apply to children, which has been confirmed by other scholars (7, 10, 16, 17). In our hospital, the examination of unstimulated whole salivary flow, salivary scintigraphy, and parotid sialography had not been developed and promoted yet. Under these conditions, only 71.4% of patients met the ACR/EULAR criteria, 24.5% of patients met the AECG criteria, and 63.3% of patients met the previously proposed diagnostic criteria for juvenile SS. Combined with cases in our hospital and reported literature, we present some reasons why existing diagnostic criteria may be inadequate for children. First, several recent large or multicenter cohort studies found that among C-pSS patients, parotitis was the most common symptom at presentation, although dry mouth and dry eyes were commonly reported, and systemic symptoms, including unexplained fever, arthralgia, dental caries, and organ involvement were more likely to happen (8–12). Consistently, the most common manifestation of pSS in our study was rash (51%), especially purpura, followed by parotitis (36.7%), whereas hematology was the most common organ (65.3%). However, all of these symptoms were excluded from the diagnostic criteria for adults. Second, other ophthalmic examinations, such as tear meniscus height and tear film break-up time, which are clinically convenient to perform but are not included in the diagnostic criteria, are also useful for the diagnosis of pSS (18). In our hospital, these three ophthalmic examinations were commonly performed simultaneously. Among the 23 patients who were normal with Schirmer's I test, 8 were abnormal with tear film break-up time, and 4 were abnormal with tear meniscus height. Third, six patients in our study met the previously proposed diagnostic criteria for juvenile SS when laboratory indications were added, emphasizing the importance of serological evaluation in pSS diagnosis in children. Fourth, unstimulated whole salivary flow, salivary scintigraphy, and parotid sialography can be abnormal in children and may provide sufficient evidence for a C-pSS diagnosis (17, 19); however, patients who do not exhibit parotitis at the hospital visit may refuse to be tested. Notably, as a non-invasive examination to assess parotid gland involvement, salivary gland ultrasonography was recently demonstrated to be effective in C-pSS diagnosis (20–22). Therefore, to reduce missed pSS diagnoses in children, we suggest that all suspected patients undergo a parotid gland ultrasound examination.

We observed that thrombocytopenia occurred in 22 (44.9%) patients, higher than 12.03%–23.9% reported by a few studies based on adult pSS patients (23–25), but similar to the 48.9% reported by Wu et al. (26). However, published pediatric cohort studies focusing on thrombocytopenia secondary to pSS are lacking at present. In fact, the detailed mechanisms of platelet destruction have not yet been fully elucidated, although thrombocytopenia is often secondary to autoimmune diseases. Previous studies have mainly focused on plasma P-selectin autoantibodies (27), whereas recent studies have focused on B-cell activating factors and Toll-like receptors (28), suggesting that humoral immune response plays an important role in platelet destruction in pSS. In our study, although the difference was not statistically significant, we observed that the level of CD3−/CD19 + cells in the peripheral blood of patients with thrombocytopenia tended to be higher than that in patients without thrombocytopenia, indicating that B cells may be expanded in patients with thrombocytopenia. However, the exact conclusion needs to be confirmed in future cell and animal experiments. Moreover, we observed that the incidence of parotitis was significantly lower in patients with thrombocytopenia than in non-thrombocytopenia patients. Similarly, patients with thrombocytopenia appeared to have a lower FS on LSG biopsies, even though no significant difference was observed in both groups. This suggests that pSS patients with thrombocytopenia may be less likely to experience exocrine gland involvement. Reportedly, ILD is negatively related to thrombocytopenia in pSS (23, 24, 26); however, due to the limited number of patients with ILD in our study, we analyzed the comparison of organ involvement, except that of hematology, and found that patients with thrombocytopenia were less likely to experience other organ involvement. Moreover, autoantibodies inducing complement-mediated destruction of platelets and inhibiting megakaryocyte function are reportedly involved in thrombocytopenia development (29, 30). Several studies have also shown that complement levels were significantly reduced in patients with thrombocytopenia, and a low C4 level could predict more severe thrombocytopenia (23, 25, 26, 31). Our results also suggested that low C4 levels may seriously influence the development of thrombocytopenia in patients with C-pSS. Finally, we observed that SSB and RF were negatively associated with thrombocytopenia in pSS, which is consistent with the conclusions of previous studies (23, 25, 26). However, more research is needed to verify these findings and explore the underlying mechanisms.

Because parotitis may be one of the most common symptoms of C-pSS and studies have also demonstrated that parotitis is negatively associated with age, even in children with pSS (7, 10, 12), we analyzed the characteristics of patients with or without parotitis. However, we observed that there were errors in the medical history provided because the family members had insufficient understanding of the clinical symptoms of parotitis, or the child was relatively young and had no chief complaint of intense parotid gland swelling and pain. Therefore, we combined the results of the ultrasound examination before grouping. We observed that a higher FS of LSG biopsy, ANA titer ≥ 1:320, positive RF, anti-SSA/Ro60, and anti-SSB values were more likely to occur in patients with parotitis, and that positive RF and anti-SSB were independent risk factors for parotitis in pSS. These results indicated a strong association between autoantibody positivity and histopathological changes in pSS and showed that lymphocytic infiltration and autoantibody production might be early features in the immunopathogenesis with subsequent gland dysfunction and end-organ damage. Similar results showing that pSS patients with RF and anti-SSA positivity were more likely to experience parotitis were also reported by other studies (7, 32–34); however, one study reported that anti-SSA was common in patients without parotitis (10), which was inconsistent with our study. However, to date, no more studies have focused on the mechanisms of immunological biomarkers and parotitis in patients with C-pSS.

In addition to focusing on clinical manifestations, we also analyzed traditional immunological markers. First, the positive proportions of ANA, anti-SSA, anti-SSB, and RF were 88%, 74%, 45%, and 60%, respectively, in C-pSS patients, as reported by an international cohort study (10). In our study, the positive proportions of ANA, anti-SSA/Ro52, anti-SSA/Ro60, anti-SSB, and RF were 93.9%, 85.7%, 73.5%, 32.7%, and 35.6%, respectively. Meanwhile, an ANA titer ≥1:320, which reached the diagnostic standard of pSS for adults, was observed in 67.4% of the patients. Second, organ involvement has been associated with immunological markers. Gao et al. reported RF was the independent predictors of ILD in pSS patients (35), while Gao et al., Davidson et al., and Yazisiz et al. have previously shown that pSS patients with positive anti-SSA were more likely to experience ILD (35–37). However, except for the negative correlation between positive RF and hematologic involvement, no other significant differences were observed in our study. This may be related to the limited number of patients with C-pSS and the relatively low probability of organ involvement in our study. Third, a close association between immunological markers and other laboratory indications identified in our study has also been reported in previous studies (32, 34, 38). We confirmed that IgG levels increased significantly in patients with positive anti-SSA/Ro52 or anti-SSA/Ro60. One possible hypothesis is that the interaction of autoantibodies with the autoantigens can cause chronic inflammation, followed by the production of various cytokines and chemokines, which can lead to B-cell activation and proliferation. Then, plasma cells differentiated by activated B cells can produce various autoantibodies, including RF and polyclonal immunoglobulins (39). However, it is worth noting that the C4 level was lower in patients with negative SSB values and thrombocytopenia, while patients with negative anti-SSB were more likely to develop thrombocytopenia, suggesting a possible but unclear relationship between anti-SSB, C4, and thrombocytopenia.

However, some limitations of this study cannot be ignored. First, as a single-cohort retrospective study, the sample size was relatively small. Second, we mainly focused on the clinical and laboratory features; thus, we did not summarize the treatment therapy and prognosis of C-pSS. Third, only children's cohorts were included in this study. However, to identify more unique characteristics of C-pSS, a control cohort comprising adults will be required in the future.

In conclusion, we observed that the chief complaints and clinical symptoms varied in patients with C-pSS, thus establishing that pediatric-specific criteria are essential for diagnosing pSS in children. Moreover, positive anti-SSB and RF may be independent potential protective factors for thrombocytopenia in pSS. To investigate whether patients with new onset thrombocytopenia are secondary to pSS or not, we should also refer to the examination results of ANA, C3, C4, IgG, and LSG biopsy. Immunological markers may play a vital role in parotitis development in pSS, as positive RF and anti-SSB were independent risk factors for parotitis in pSS. In the future, more studies are needed to investigate the diagnostic role and pathogenic mechanism of immunological markers in C-pSS.
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Dental caries (%) 286 (14/49) 333 (721) 250 (7128) 0523
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Extra-glandul,
Arthralgia or arthritis (%) 265 (13/49) 238 (5/21) 286 (8/28) 0963
Fever (%) 286 (14/49) 238 (5/21) 32.1 (928) 0523
Raynaud’s phenomenon (%) 6.1 (3/49) 0 (0/21) 107 (3/28) 0250
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Positive RF (%) 356 (16/45) 444 (8118) 296 (827) 0309

LSG, labial gland; FS, focus score; ANA, anti-nuclear antibodies; SSA/Ro52, anti-Ro52/SSA antibodies; SSA/Ro60, anti-Ro60/SSA antibodies; SSB, anti-Ro/SSE
antibodies: RF. rheumnatoid factor.
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