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Purpose: Systemic Sclerosis related Interstitial Lung Disease (SSc-ILD) is the most common clinical manifestation of SSc with 
a high morbidity and mortality rate. However, the Thorax High-Resolution Computed Tomography (HCRT) as the gold standard 
diagnostic tool for SSc-ILD is not widely equipped in health-care facilities. Recently, specific autoantibody examination (anti- 
topoisomerase-1 (ATA), anti-Th/To antibody, and anti-fibrillarin) has been studied and used for SSc-ILD diagnosis. This study aims 
to evaluate the diagnostic performance of specific autoantibody examination among SSc-ILD.
Patients and Methods: This retrospective study reviews data from local dedicated SSc database (Sclerosis Systemic Register 
System Development Electronic Medical Record) which were collected between March 2019 and August 2021. Population of this 
study include adult inpatients and outpatients at Dr. Hasan Sadikin General Hospital, who have been diagnosed with SSc based on 
ACR/EULAR 2013 criteria, which met inclusion and exclusion criteria. The SSc patients were grouped into SSc-ILD and SSc non- 
ILD based on HRCT and tested for SSC-ILD specific autoantibody test (ATA, anti-Th/To antibody, and anti-fibrillarin) to obtain the 
diagnostic performance (sensitivity, specificity, and positive- and negative-predictive value).
Results: A total of 74 subject grouped into 47 SSc-ILD and 27 SSc-non ILD patients. ATA validity test results showed 85.1% 
sensitivity, 19.2% specificity, 65.6% PPV, and 41.7% NPV. Anti-Th/To antibody obtained 27.7% sensitivity, 88.9% specificity, 81.3% 
PPV, and 41.4% NPV. The anti-fibrillarin validity test result showed a 12.8% sensitivity, 96.3% specificity, 85.7% PPV, and 38.8% 
NPV. The combination of the three parameters had 95.7% sensitivity, 18.5% specificity, 67.1% PPV, and 71.4% NPV.
Conclusion: The combination of the SSc-ILD specific autoantibody test and HCRT is expected to detect all affected patients. Based 
on these results, SSc-ILD autoantibody-specific test can be used as an alternative examination for screening and diagnosis in health- 
care facilities that are not equipped with HRCT.
Keywords: SSC-ILD, ATA, anti-Th/To antibody, anti-fibrillarin

Introduction
Systemic Sclerosis (SSc) is an autoimmune disease with progressive chronic characteristics that affects several organs, 
including skin connective tissue, visceral, and blood vessel walls.1 Furthermore, the condition is characterized by three 
primary processes: (1) endothelial dysfunction, (2) fibrosis, and (3) autoantibody production. Previous studies revealed 
that it is very common among people of productive age, with the highest incidence rate occurring in third to fifth decades 
of life. Women have also been reported to be more susceptible than men with 3–5:1 ratio.2 The disease is often 
established based on the American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) 
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2013 criteria, which involves the presence of clinical symptoms and SSc-specific autoantibodies.3 Systemic Sclerosis 
related Interstitial Lung Disease (SSc-ILD) is the most frequent manifestation of SSc with poor prognosis as well as high 
morbidity and mortality rate, hence, immediate diagnosis is necessary.4,5

Previous findings showed that there is no consensus describing SSc-ILD diagnosis flow and therapy, but the Thoracic 
High-Resolution Computed Tomography (HCRT) examination is the accepted gold standard test.6–8 However, this test 
has a few limitations, including the lack of the required facilities in some hospitals, high costs, and the need for 
experienced radiologists.9 This indicates that the specific autoantibody test is expected to be one of the modalities to 
diagnose SSc-ILD patients because it is easier and less expensive. The diagnosis process begins with Indirect 
Immunofluorescence Anti-Nuclear Antibodies (IIF-ANA) screening, which is later confirmed by SSc-specific autoanti
body evaluation, namely ANA/SSc profile.3

A previous study revealed that specific autoantibodies in SSc-ILD include anti topoisomerase-1 (ATA), anti-Th/To 
antibody, and anti-fibrillarin,5,10,11 and the presence of one of them indicates the tendency for the disease.7 This shows 
that the test plays an important role in helping clinicians to establish SSc-ILD diagnosis and prognosis.8 It is also 
expected to be an alternative diagnostic tool for SSc-ILD. Therefore, this study aims to evaluate the diagnostic 
performance of ATA, anti-Th/To antibody, and anti-fibrillarin with thorax HRCT examination in SSc-ILD.

Materials and Methods
Study Design and Population
This retrospective study reviews data from local dedicated SSc database (Sclerosis Systemic Register System Development 
Electronic Medical Record) which were collected between March 2019 and August 2021. The population of the database were as 
follows: (1) adults (aged >18 years old) who were admitted to the inpatients ward in Dr. Hasan Sadikin Hospital Bandung with 
SSc; (2) adults (aged >18 years old) who were visit to the outpatients Rheumatology clinic in Dr. Hasan Sadikin Hospital 
Bandung with SSc. The diagnosis of SSc was made based on ACR/EULAR 2013 criteria. The serum among SSc population 
were collected and archived in the laboratory, according to the laboratory standard operational procedure. From here, all the data 
were screened for the inclusion and exclusion criteria. The inclusion criteria were (1) reactive IIF-ANA test result of SSc patient 
with nucleolar pattern (titer ≥1/100), and (2) performed HRCT examination. The exclusion criteria were (1) patient SSc with 
clinical and/or history of pneumonia, tuberculosis, COVID-19, and malignancy; (2) archive serum collection among SSc 
population indicate hemolysis, lipemic, and icteric.

Specific Autoantibodies Testing
The archived serum among included population were tested for SSc profile using the immunoblot method (Euroimmun, 
Germany). The SSc profile strip contains 13 autoantigens, ie Topoisomerase-1/ Scl-70, CENP A, CENP B, RP11 (RNAP- 
III), RP155 (RNAP-III), fibrillarin, NOR-90, Th/ToRNP, PM-Scl100, PM-Scl75, Ku, PDGFR, and Ro-52, which are 
expected to react with IgG autoantibodies in human serum. Three SSc-ILD-specific autoantigens, ie Topoisomerase-1, 
Th/ToRNP, and fibrillarin, were also present on the same strip; hence, the testing was carried out simultaneously. If 
autoantibodies are present in the serum, their binding to the antigen is captured by alkaline phosphatase-conjugated anti- 
human-IgG antibodies and appears as blue lines (positive result). The procedure, interpretation, and quality controls for 
specific autoantibodies testing were performed according to manufacturer’s recommendation.10

Statistical Analysis
The data variables obtained in this study include age, gender, history of therapy, organ involvement, HRCT, and specific 
autoantibodies testing (ATA, anti-Th/To antibody, and anti-fibrillarin). The age was grouped based on cut-off of 45 years 
according to disease age prevalence for SSc.1 The SSc population was categorized based on HRCT examination into (1) with 
interstitial lung disease manifestation (SSc-ILD) and (2) without interstitial lung disease manifestation (SSc non-ILD). The 
diagnostic performance was carried out using 2×2 tables to obtain sensitivity (Sn), specificity (Sp), positive predictive value 
(PPV), and negative predictive value (NPV) between SSC-ILD specific autoantibody test (ATA, anti-Th/To antibody, and anti- 
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fibrillarin) against interstitial lung disease manifestation based on HRCT, as the gold standard. The diagnostic performance was 
analyzed using the Statistical Package for Social Science (SPSS) program (IBM, 2022).

Results
Population Characteristics
A total of 84 subjects were screened from the SSc database, of which 10 were excluded for the following reasons: 1) 
reactive IIF-ANA test result with titer >1/100 and patterns other than nucleolar; 2) previous history or clinical report of 
tuberculosis and malignancy. Therefore, 74 subjects was included and categorized into 47 subject SSc-ILD and 27 
subject SSc without ILD. The subjects in this study were predominantly female patients of reproductive age (18–45 
years) with clinical symptoms characteristic of systemic sclerosis. Most of the patients already have a history of medical 
therapy. The characteristics of patients used in this study are presented in Table 1.

Diagnostic Performance of Specific Autoantibodies
We performed systemic Sclerosis related Interstitial Lung Disease-specific autoantibodies (ATA, anti-Th/To antibody, and 
anti-Fibrillarin) testing against HRCT as a gold standard for diagnosing SSc-ILD (Tables S1–S3). The Anti- 
Topoisomerase-I sensitivity in SSc-ILD patients was 85,1%, with 19.2% specificity, 65.6% PPV, and 41.7% NPV. The 
sensitivity of anti-Th/To antibody in SSc-ILD patients was 27.7%, with 88.9% specificity, 81.3% PPV, and 41.4% NPV. 
The anti-fibrillarin test in SSc-ILD patients had 12.8% sensitivity, 96.3% specificity, 85.7% PPV, and 38.8% NPV. The 
combination of anti-Th/To antibody and anti-fibrillarin had 31.9% sensitivity, 88.8% specificity, and 83.3% PPV. The 

Table 1 Subject Characteristics

Variable SSc-ILD (N= 47) SSc Non ILD (N=27)

N % N %

Age (years)
18–45 36 76.6 19 70.4
>45 11 23.4 8 29.6

Gender
Male 3 6.4 0 0
Female 44 93.6 27 100

History of therapy
Undergoing therapy 45 89.4 26 96.3
Not treated yet 2 10.6 1 3.7

Organ Involvement*
Finger scleroderma 44 93.6 21 77.8
Sclerodactyly 32 68.1 19 70.4

Raynaud phenomenon 38 80.9 24 88.9

Note: *Subject may present in multiple in organ involvement. 
Abbreviations: SSc-ILD, Systemic Sclerosis with Interstitial Lung Disease manifestation; SSc-non 
ILD, Systemic Sclerosis without Interstitial Lung Disease manifestation.

Table 2 SSc-ILD Specific Autoantibodies Validity Test Against HRCT

Autoantibody Sensitivity 
(%)

95% CI Specificity 
(%)

95% CI PPV 
(%)

95% CI NPV 
(%)

95% CI

ATA 85.1 71.7–93.8 19.2 6.6–39.4 65.6 60.4–70.4 41.7 20.1–67.0

Anti-Th/To antibody 27.7 15.6–42.6 88.9 70.8–97.6 81.3 57.5–93.3 41.4 36.1–46.8

Anti-Fibrillarin 12.8 4.8–25.7 96.3 81.0–99.9 85.7 43.2–97.9 38.8 35.7–42.0

Anti-Th/To antibody+Anti-Fibrillarin 31.9 19.1–47.1 88.8 70.8–97.6 83.3 61.4–94.0 42.8 37.2–48.7

ATA +Anti-Th/To antibody+Anti- 
Fibrillarin

95.7 85.5–99.5 18.5 6.3–38.0 67.1 62.9–71.2 71.4 34.2–92.3

Abbreviations: SSc-ILD, Systemic Sclerosis with Interstitial Lung Disease manifestation; HRCT, the High Resolution Computed Tomography; PPV, positive predictive value; 
NPV, negative predictive value; ATA, anti-topoisomerase I; 95% CI, 95% confidence interval.
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combination of ATA, anti-Th/To antibody, and anti-fibrillarin had 95.7% sensitivity, 18.5% specificity, 67.1% PPV, and 
71.4% NPV, as shown in Table 2. Furthermore, Table 2 shows that ATA is the SSc-ILD-specific autoantibody with the 
highest sensitivity, and anti-fibrillarin has the highest specificity.

Discussion
We observe Systemic Sclerosis (SSc) related Interstitial Lung Disease, as an autoimmune disease with progressive 
chronic characteristics. In this study, the population was dominated by females (95.9%) with aged 18–45 years old. Based 
on epidemiological data in 2012, Quintero et al reported that SSc was more common among women due to genetic 
influence and hormones.12 Vinet et al in 2013 stated that the highest incidence rate occurred among women in the 
productive age group and the rate decreased after menopause.13 Furthermore, all the samples used in the study were 
diagnosed with diffuse SSc. This finding is consistent with Bahmer et al that 65% of the disease cases were diffuse, and 
SSc-ILD was the most common manifestation. A previous study revealed that Interstitial Lung Diseases manifested 
clinically among 40–70% of SSc patients and with 50% mortality in all cases.7

Based on Table S1, a total of 5 samples had a negative ATA specific autoantibody test and the HRCT examination 
showed SSc non-ILD results. Furthermore, Anti-Topoisomerase-I was frequently found in SSc and SSc-ILD.14 The 
negative results of anti-Topoisomerase-I are consistent with the SSc non-ILD. HRCT examination with SSc-ILD images 
and positive ATA tests were found in 40 subjects. In 2016, Bahmer et al revealed that 40–85% of SSc patients with ATA 
developed into SSc-ILD.7 Seven samples in this study had HRCT examination with SSc-ILD images as well as negative 
ATA tests, indicating that they were false negatives. Systemic Sclerosis related Interstitial Lung Disease had some 
specific autoantibodies apart from ATA.15 This showed that seven subjects were SSc-ILD patients with specific 
autoantibodies aside from ATA, such as anti-fibrillarin, anti-Th/To antibody, anti-PMScl, and anti-Ro52, or other organs 
are involved in the condition. The results also revealed that 22 samples had HRCT examination with SSc-non ILD 
images and positive ATA tests, hence, they were false positive. As stated in ACR/EULAR 2013 criteria, SSc-specific 
autoantibodies include ATA, ACA, and anti-RNAP. Anti-topoisomerase-1 was found in 15–42% of the patients, with 
specificity ranging between 90% and 100%.14 This indicated that 22 patients had SSc, but not necessarily SSc-ILD. Other 
possibilities showed they were SSc patients with positive ATA that developed into SSc-ILD. This is consistent with 
Bahmer et al, 2016 study in Germany, where 40–85% of people with the conditions characterized by ATA developed 
SSc-ILD after 6 months to 5 years.7

Anti-Topoisomerase-I sensitivity in SSc-ILD patients was 85.1%, with 19.2% specificity, 65.6% PPV, and 41.7% 
NPV (Table 2). The sensitivity of a test indicates its ability to positively certify sick subjects. Tests with higher values are 
expected to find more positive test results on affected samples and less of false negatives.16 ATA results in this study had 
a high sensitivity of 85.1%, and this is consistent with Varga et al, 2015 in America, where ATA was found in 15–42% 
SSc patients with 90–100% sensitivity.17 The results also showed that this autoantibody had a specificity of 19.2% 
towards SSc-ILD. The specificity of a test indicates its ability to negatively certify non-sick subjects. Tests with higher 
values can find more negative test results in non-sick subjects and less of false positives.18 The low specificity of ATA 
towards SSc-ILD was caused by the presence of several SSc-non ILD subjects (false positive), as well as other 
autoantibodies. This is consistent with the ACR/EULAR 2013 criteria, where SSc-specific autoantibodies include 
ATA, ACA, and anti-RNAP.3 Based on the high level of ATA sensitivity towards SSc-ILD, it is expected to serve as 
a screening marker for the disease.

Table S2 shows that there are 24 samples with negative anti-Th/To antibody-specific autoantibody test and HRCT 
examination with SSc non-ILD images. Furthermore, anti-Th/To antibody was specific, particularly towards SSc-ILD 
clinical images. Stochmal et al, 2020 showed that the autoantibody had a 2–5% prevalence.5 Negative results for anti-Th 
/To antibodies were normal for SSc non-ILD patients. A total of 13 samples had HRCT examination with SSc-ILD 
images and positive anti-Th/To antibody tests. Several studies have revealed that Anti-Th/To antibody was related to 
ILD. The results also showed that 34 patients had HRCT exam with SSc-ILD images and negative Th/ToRNP, indicating 
they were false negatives. SSc-ILD has several specific autoantibodies including Th/ToRNP, ATA, and anti-fibrillarin.11 

A total of 3 samples had HRCT examination with SSc non-ILD images and positive anti-Th/To antibody, indicating they 
were false positive. Several studies have revealed that anti-Th/To antibodies are one of SSc autoantibodies with the 
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ability to overlap polymyositis.19,20 Positive anti-Th/RoRNP tests in SSc non-ILD patients could be potentially caused by 
overlapping case of SSc and polymyositis.

In this study, the sensitivity of anti-Th/To antibody in SSc-ILD patients was 27.7%, with 88.9% specificity, 81.3% 
PPV, and 41.4% NPV. Based on the high specificity, the autoantibody can be a confirming mark in diagnosing SSc-ILD. 
Anti-Th/To antibody negative predictive value of 41.4% was caused by the high false-negative numbers in the study. One 
of the factors that can account for false negatives was autoantigen recombinants in the SSc Profile test. Meanwhile, from 
HRCT examination factor, this study was considered to be subjective and heavily dependent on operators’ 
interpretations.9

Based on Table 2, 26 samples had negative anti-fibrillarin specific autoantibody and HRCT examination with SSc non- 
ILD results. Anti-fibrillarin was frequently found in SSc and was one of the SSc-ILD specific autoantibodies.11 The negative 
results of anti-fibrillarin were the normal characteristics of SSc non-ILD patients. A total of 6 samples had HRCT examination 
with SSc-ILD images and positive anti-fibrillarin tests. Anti-fibrillarin has been reported to be associated with ILD. The 
results also revealed that 41 samples had HRCT exam with SSc-ILD images and negative anti-fibrillarin tests, indicating they 
were false negatives. A total of 1 patient had an HRCT exam with SSc-non-ILD image and positive anti-fibrillarin test, 
showing false positive. The anti-fibrillarin test in SSc-ILD patients had 12.8% sensitivity, 96.3% specificity, 85.7% PPV, and 
38.8% NPV. Based on the high specificity, anti-fibrillarin can be a confirming marker towards SSc-ILD diagnosis.

The combination of anti-Th/To antibody and anti-fibrillarin had 31.9% sensitivity, 88.8% specificity, and 83.3% PPV, 
as shown in Table 2. This had no significant difference compared to anti-Th/To antibody or only anti-fibrillarin. The high 
specificity level was supported by high NPV level. However, this study had higher PPV than NPV due to 1) high level of 
false negatives; 2) positive anti-Th/To antibody samples and/or low anti-fibrillarin causing higher PPV than NPV, as seen 
in six subjects with true positive results. The high specificity rate of anti-Th/To antibody and anti-fibrillarin indicates that 
both specific autoantibodies can be confirming markers of SSc-ILD diagnosis. Based on the results, the high number of 
true negative results on anti-Th/To and anti-fibrillarin test indicates that the patients are SSc-non ILD if they do not have 
anti-Th/To and anti-fibrillarin.

Investigation of three SSc-ILD specific autoantibodies, namely ATA, anti-Th/To antibody, and anti-fibrillarin was 
carried out simultaneously in SSc profile strip test (parallel) to increase their combined sensitivity. This is consistent with 
results shown in Table 2, where three SSc-ILD specific autoantibodies were combined, and the sensitivity increased up to 
95.74%. Anti-topoisomerase-1 had higher and better sensitivity compared to anti-Th/ToRNP and anti-fibrillarin. The 
combination of the two autoantibodies and HRCT is expected to filter all patients with SSc-ILD diagnosis. Systemic 
Sclerosis related Interstitial Lung Disease-specific autoantibodies can increase test positivity rate in SSc-ILD. The 
clinical impact of these results, especially for clinician in Indonesia, is the specific autoantibody test is expected to be 
one of the modalities to diagnose SSc-ILD patients because it is easier and less expensive. Hopefully, this specific 
autoantibody examination can help patients who live in remote areas and have economic limitations.

The limitation of this study is that the sample used were from diagnosed SSc patients based on ACR/EULAR 2013 
criteria. This caused high sensitivity and low specificity of ATA, while determining if it can be SSc screening mark; 
hence, other autoimmune diseases must be included.

Conclusion
The results showed that anti-topoisomerase-I had higher and better sensitivity compared to anti-Th/ToRNP and anti- 
fibrillarin. The combination of this autoantibody with HRCT exam is expected to filter more patients with SSc-ILD 
diagnosis. Furthermore, the combined use of Th/ToRNP and anti-fibrillarin did not increase specificity towards SSc-ILD. 
This indicated that the presence of a positive result for one autoantibody can be an indication for SSc-ILD diagnosis. The 
absence of anti-Th/To and anti-fibrillarin in patients does not exclude diagnosis of SSc-ILD but the high specificity of 
these autoantibodies from this study can give indications that the patient probably is SSc-non ILD. The use of three SSc- 
ILD specific autoantibodies, namely ATA, anti-Th/ToRNP, and anti-fibrillarin, can increase positivity rate of specific 
autoantibody test in SSc-ILD.
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Suggestion
SSc-ILD specific autoantibodies of ATA, anti-Th/ToRNP and anti-fibrillarin tests have good validity that can be used as 
screening test and diagnosing SSc-ILD if a health facility is not equipped with HRCT as gold standard examination.
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