Correlates of Breakthrough COVID-19 in Vaccinated Patients with Systemic Sclerosis: Survival Analysis from a Multicentre International Patient-Reported Survey
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Introduction
The best method of protection against COVID-19 is vaccination. There are now adequate data to show that vaccination provides good protection even in patients with systemic autoimmune rheumatic diseases (AIRDs), although serological responses may be slightly lower than those in healthy people[1]. However, in the majority of the cohorts, outcomes of connective tissue disorders have been lumped together with those of inflammatory arthritis[2–4]. This makes it difficult to interpret the effects of vaccination in less common multisystem diseases such as systemic sclerosis (SSc), where an immunosuppressed state is complicated by significant coexistent cardiopulmonary comorbidity[5].
SSc differs from other connective tissue disorders in that the inflammatory aspect is often subclinical[6]. However, it has prominent vasculopathy that may be synergistic with the prothrombotic nature of SARS-CoV-2 infection[7, 8]. There is evidence of increased COVID-19 related mortality in SSc, the most important risk factor being  SSc-related interstitial lung disease[9].
There is limited data on the efficacy of vaccination for SSc. Secondary data collated from different publications seem to show that patients with SSc are not more likely to get COVID-19 [10]. [11]. A survey of approximately 100 patients with SSc showed higher vaccine hesitancy than patients with other rheumatic diseases[12]. One survey of the  Scleroderma Patient-centered Intervention Network showed that vaccination is safe in patients with SSc, with no additional risk of adverse reactions or disease flare. However, information on BI following COVID19 vaccination in patients with SSc is limited. Similarly, it is not known whether the correlates of protection in SSc are different from those in other connective tissue disorders or healthy controls (HCs).
This study aimed to compare the frequency, severity, outcomes, and clinical correlates of COVID-19 infection post-vaccination in patients with SSc, other AIRDs, and HCs.
Methods
Study design and data collection
The COVID-19 Vaccination in Autoimmune Diseases (COVAD) survey used a validated questionnaire after translation into 18 different languages. It was carried out on the internet using a standard platform (Surveymonkey.com). The link to the survey was circulated by 106 physicians and associated patient support groups across 94 countries, and disseminated over social media platforms. Informed consent for participation for individuals above 18 years, was obtained through an initial question embedded in the online survey, before proceeding with the questionnaire. Incentives were not offered to complete the survey. Ethical approval was obtained from the Institutional Ethics Committee of Sanjay Gandhi Postgraduate Institute of Medical Sciences, Raebareli Road, Lucknow, India on 08-06-2021 (IEC Code: 2021-143-IP-EXP-39). Checklist for Reporting Results of Internet E-Surveys was adhered to while the reporting results [13, 14].
The COVAD survey consisted of 36 questions aimed at assessing demographics, details of their underlying AIRDs, current medication, disease status, details of past COVID-19 including symptoms, duration and complications (hospitalization and requirement for oxygen), details of COVID-19 vaccines received, any post-vaccination adverse effects (based on the Centre for Disease Control, CDC - criteria) within seven days of vaccination, and patient-reported outcome measures as per the Patient-Reported Outcomes Measurement Information System (PROMIS) tool [15]. Duplicates were removed manually. Additional details regarding the COVAD study protocol have been published previously [16].
The survey was started on June 21, 2021, and data were retrieved for analysis after the closure of the survey on December 31, 2021. Respondents with incomplete survey responses and those who reported not taking any vaccine were excluded from the analysis. Those with prior COVID-19 infection were also excluded from the current analysis to prevent confounding by a hybrid immune effect [17].
BI was defined according to the CDC definition as a positive COVID-19 test 14 days or more after completing all recommended doses of that specific vaccine[18]. For vaccines that require two doses (Pfizer-BioNTech, two doses, three weeks apart; Oxford/Astra Zeneca ChAdOx1, 12 weeks apart; Moderna, four weeks; Covishield, 12 weeks, Covaxin, four weeks, Sinopharm, four weeks, Sputnik 12 weeks and Novovax, three weeks), the start was taken two weeks after the second dose, whereas for vaccines that required only a single dose (Janssen) it was considered two weeks after the first and only dose. 

Statistical analysis:
The normality of the data was confirmed using the Shapiro-Wilk test. Categorical variables are presented as frequencies and proportions. The frequency of BI, symptoms, duration of illness, and severity (requiring hospitalization or supplementary oxygen) were compared between groups using independent sample t-tests and χ2 tests.
Survival analysis was performed using Kaplan-Meier curves for visualization and log-rank test for univariate analysis. A multivariate analysis was performed using Cox proportional regression to assess the correlates of protection from BI. The Cox model included age, sex, ethnicity, and immunosuppressive drugs administered at the time of vaccination.
All analyses were carried out using R software version3.5.3 (R Core Team, 2020) using various libraries including Rcpp, rstatix, dplyr, survival, survminer, ggplot2, ggpubr,, and their dependencies. 

Results:
Of the 16,328 total respondents to the survey, 2,562 with incomplete survey responses and  2,866 who had not received a single dose of any COVID-19 vaccine were excluded. 4062 respondents who had not completed the full vaccine dosing protocol (as per the respective vaccine administered) were also excluded. A total of 6836 respondents were included in the analysis, of whom there were 427 (6.2%) patients with SSc, 2934 (42.9%) with other AIRDs, and 3475 (50.8%) HCs.
The mean age of the cohort was 44.8 (8.9), and 4991 (73.4%) were females. The respondents were from 96 different countries with the most common being 1160 Turkey (16.9%), 828 the United Kingdom (12.1%), and 752 India (11.0%). Out of the other AIRDs, the most common was rheumatoid arthritis (n=939) followed by idiopathic inflammatory myopathies (n=416), and systemic lupus erythematosus (n=371). The most commonly used vaccines were Pfizer-BioNTech (2917), Sinopharm (n=1315), and Oxford/Astra Zeneca ChAdOx1 (n=784).
The incidence of BI in SSc was lower than in HCs but comparable to that in non-SSc AIRDs (Figure 1). Patients with SSc had a lower risk for BI (HR: 0.56 (95%CI: 0.46-0.74). BIs were associated with age [HR: 0.98 (0.97-0.98)], but not ethnicity or immunosuppressive drugs at the time of vaccination (Figure 2).
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Figure 1. Survival plot versus health controls and patients with autoimmune rheumatic diseases
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Figure 2. Hazard ratios cox regression


BI was reported in 27 (6.3%) of patients with SSc, 202 (6.9%) of patients with non-SSc AIRDs, and 560 (16.1%) HCs during a median follow-up of 100 (IQR: 60-137) days after the first dose of vaccination. In patients with SSc, at least one-fifth were asymptomatic, and the most common symptoms were fatigue, fever, cough and headache. The BI symptoms in the three groups are summarized in Table 1.
	
	Systemic sclerosis
	Healthy controls
	Other (non SSc) AIRDs
	p-value 

	Asymptomatic
	6 (22.2)
	49 (8.8)
	16 (7.9)
	0.047

	 Fever
	14 (51.8)
	275 (49.1)
	121 (59.9)
	0.031

	 Fatigue
	18 (66.7)
	397 (70.9)
	150 (74.3)
	0.56

	 Muscle aches
	15 (55.6)
	319 (57.0)
	112 (55.4)
	0.93

	 Cough
	12 (44.4)
	236 (42.1)
	90 (44.5)
	0.83

	 Breathlessness
	9 (33.3)
	116 (20.7)
	67 (33.2)
	0.00

	 Chest pain
	5 (18.5)
	85 (15.2)
	45 (22.3)
	0.07

	 Diarrhoea
	6 (22.2)
	103 (18.4)
	49 (24.3)
	0.19

	 Nausea/vomiting
	4 (14.8)
	60 (10.7)
	28 (13.9)
	0.43

	 Headache
	12 (44.4)
	289 (51.6)
	105 (52.0)
	0.75

	 Skin rashes
	0
	26 (4.6)
	14 (6.9)
	0.21

	 Joint pains
	9 (33.3)
	195 (34.8)
	72 (35.6)
	0.96


.
The mean duration of symptomatic disease in patients with SSc was 16.5 (19.5) days, which was comparable to HCs: 14.4 (18.6%). However, it was significantly longer in case of non-SSc AIRD group [20.8 (25.2) days]. Hospitalization [SSc: 4 (14.8%); HCs: 37 (6.6%); non-SSc AIRDs: 32 (15.8%)] and the need for oxygenation [SSc: 1 (25.0%); HCs: 17 (45.9%); non SSc AIRDs: 13 (40.6%)] were not statistically different between the groups.

Discussion:
Preliminary data on COVID-19 in patients with AIRDs showed that the use of moderate to high doses of glucocorticoids, but not the underlying AIRDs, predicted more severe disease[2]. Multiple cohorts around the world have shown that vaccination is safe in patients with AIRDs [19–22]. A previous survey reported that the incidence of BI in patients with AIRDs was approximately 1.7% in fully vaccinated patients[23]. Our analysis showed an incidence of 6.3% with a much higher incidence in HCs.

In our study, the incidence of BI in SSc and other AIRDs was statistically similar, implying that SSc per se does not predispose individuals to BI. The lower incidence of BI in SSc and other AIRDs is best explained by a shielding effect with heightened awareness [24]. Those with chronic illnesses are more likely to follow COVID-19 protection protocols such as masking, physical distancing, and social distancing. This has been shown in other AIRDs, such as rheumatoid arthritis, where there is increased risk perception leading to strict shielding [25].
Regarding symptom severity, there appeared to be more patients with asymptomatic infection and breathlessness. The higher number of asymptomatic patients may be explained by the greater awareness of patients after exposure to a potential case of COVID-19. Patients with non-SSc AIRDs also had similar rates of asymptomatic infections. Higher breathlessness may be due to underlying interstitial lung disease or other comorbidities [26].
In the multivariate Cox analysis, even after controlling for other variables, patients with SSc or other AIRDs had a much lower HR for BI than the HCs. Age is a determinant of BI. Immunosenescence with impaired interferon and antibody responses can increase the risk of BI with advancing age [27, 28]. Ethnicity also did not influence the risk of infection; although Hispanics and indigenous American/Pacific islanders had numerically high HR, the confidence interval was wide and thus, not statistically significant.
Immunosuppressants administered at the time of vaccination did not influence the risk of BI. Overall, in the cohort of SSc, 110 reported to have received mycophenolate, 7 rituximab and 5 cyclophosphamide. This may indicate a relatively lower utilization of cyclophosphamide or rituximab in SSc-ILD in the responders of the survey or patients with a more severe ILD or high global disease burden may not have participated in the study. Previous studies have shown that higher doses of glucocorticoids and certain drugs lead to lower post-vaccination antibody titres[2, 4, 29]. It is possibly that the effect size of these drugs is not large enough to influence susceptibility to BI, because they will have more resistance to infection than a vaccine-naïve population.
The COVAD international survey was designed to collate adverse effects related to COVID-19 vaccination, BI and correlates of protection against BI[30]. This has helped uncover the risk of adverse effects and BI in individual rheumatic diseases, such as rheumatoid arthritis[31], systemic lupus erythematosus[32], and idiopathic inflammatory myopathies[33, 34]. Previously, the adverse effects of vaccination in SSc patients in the COVAD survey have been described[35]. Similarly, the current analysis showed that the risk of BI in SSc was not different from than in other ARDs.
Strengths and Limitations
The major strength of this study is the large number of patients with SSc. There were also a good number of patients with other AIRDs and HCs. This was a global cohort from 94 countries with representative samples from different continents, ethnicity, and even relative proportions of AIRDs. In addition, we only included participants fulfilling the definition of being fully vaccinated, as provided by the CDC.
Convenience sampling was used as a self-reported survey. There can be minor misclassifications of underlying diseases, medications used, or definitive COVID-19. However, a large number of participants nullify the effects of minor misclassification. Again, there is a selection bias as it was not fully representative, since it was an online-only survey. Patients from disadvantaged backgrounds, who may potentially have more BI, may have been missed. Patients with severe BI that resulted in death or associated complications were excluded. Additionally, we did not capture information related to cumulative dose of immunosuppressive medications, glucocorticoids and co-morbidities such as ILD, which might have influenced the BI.
Due to differences in screening and treatment protocols between countries, patient reported information on comorbidities such as ILD may be heterogenous. Thus, information on such comorbidities were not collected and this remains another limitation. In addition, the survey did not capture organ dysfunction during BI or any post-infection sequelae such as long-COVID syndrome.

Conclusion
BI occurred in 6.3% of patients with SSc who had been completely vaccinated with any of the WHO recognised vaccines. The risk for BI  in patients with SSc was similar to those with non-SSc AIRD but similar to that of healthy controls. The severity of BI was similar between groups. Only age was associated with BI while ethnicity and the class of immunosuppressive medications were not.
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