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Abstract
To look for the spectrum of infections and the factors predisposing to infection in patients with systemic sclerosis (SSc). In 
this retrospective study, demographic, clinical features, details of infections, immunosuppressive therapy, and outcomes of 
patients with SSc attending clinics at department of Clinical Immunology and Rheumatology, Sanjay Gandhi Postgraduate 
Institute of Medical Sciences, Lucknow, India from 1990 to 2022 were captured. Multivariable-adjusted logistic regression 
was applied to identify independent predictors of infection. Data of 880 patients, mean age 35.5 ± 12 years, and female: 
male ratio 7.7:1, were analyzed. One hundred and fifty-three patients had at least 1 infection with a total of 233 infectious 
episodes. Infections were most common in lung followed by skin and soft tissue. Tuberculosis was diagnosed in 45 patients 
(29.4%). Klebsiella was the commonest non-tubercular organism in lung and Escherichia coli in urinary tract infections. 
In comparison to matched control group, patients with infection had a greater number of admissions due to active disease, 
odds ratio (OR) 6.27 (CI 3.23–12.18), were receiving immunosuppressive medication OR, 5.05 (CI 2.55–10.00), and had 
more digital ulcers OR, 2.53 (CI 1.17–5.45). Patients who had infection had more likelihood for death OR, 13.63 (CI 4.75 
-39.18). Tuberculosis is the commonest infection and lung remains the major site of infection in patients with SSc. Number 
of hospital admissions, digital ulcers and immunosuppressive therapy are predictors of serious infection in patients with 
SSc. Patients with infections had more likelihood of death.

Keywords Pneumonia · Soft tissue infections · Urinary tract infection · Tuberculosis · Rodnan skin score · Digital ulcers · 
Immunosuppression

Introduction

Systemic sclerosis [SSc] is a complex chronic autoimmune 
connective tissue disease characterized by vasculopathy, 
abnormal and excessive deposition of extracellular matrix 
in the skin and internal organs, and the presence of autoan-
tibodies. [1, 2] Patients with SSc have increased susceptibil-
ity to infections, primarily stemming from the disease itself 
and its associated complications. The presence of interstitial 
lung disease [ILD] [3], digital ulcers [DU], and calcinosis 
contribute to increased risk of respiratory and skin infec-
tions [4]. Additionally, the increased use of immunosuppres-
sion in the management of SSc further heightens the risk of 

infections. However, recent trials with Tocilizumab [TCZ] 
[5, 6], Cyclophosphamide [7] and Abatacept [ABA] [8] in 
SSc did not report an increased risk of infections.

Among rheumatic diseases, SSc has the highest standard-
ized mortality ratio [SMR], indicating a greater risk of death 
in comparison to the general population [9]. A meta-analysis 
conducted until 2006 revealed a SMR of 3.53 among patients 
with SSc [10]. However, emerging evidence suggests that 
non-systemic sclerosis [non-SSc]-related causes account 
for a substantial proportion of both mortality and hospital 
admissions in SSc patients, approaching 50% in recent stud-
ies. Among these non-SSc-related causes, infections are a 
significant contributing factor [10–14]. A study conducted 
by Chung et al. between 2002 and 2003 demonstrated that 
infections ranked among the top three causes of mortality 
in SSc patients, approximating 13% of fatal events [15]. In 
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contrast, a study conducted by Poudel et al. a decade later 
[2012–2013] revealed that among deceased patients with 
SSc, the most frequent diagnoses were; infection [32.7%], 
pulmonary involvement [20%], and cardiovascular events 
[15.7%]. The study also found that non-opportunistic infec-
tions had a significantly high adjusted odds ratio [OR] for 
death [3.36, 95% confidence interval 2.73–4.41] [16].

While infections in SSc are acknowledged, comprehen-
sive characterization of infection types, predictors of serious 
infections, and their impact on outcomes is less explored in 
the literature. Identifying such predictors of infections can 
aid in close monitoring, early intervention, and appropriate 
management strategies to mitigate serious infection risks. 
The present study focuses on one of the largest cohorts of 
SSc patients from India, providing insights that may differ 
from studies carried out in the West or in different ethnic 
populations. Findings from this study could potentially affect 
clinical practice.

The present study is a retrospective audit of clinic files 
aimed to characterize the spectrum of infections in Cohort 
of SSc in xxxxxx[xxxxx],xxx, and to identify predictors of 
serious infections and their influence on patient outcomes.

Methods

We analyzed data from a cohort of SSc patients who visited 
our hospital between May 1990 and December 2019. Diag-
nosis of SSc were based on either 1980 ARA criteria [17] 
or 2013 ACR/EULAR classification criteria for Systemic 
sclerosis [18]. This is a retrospective study, and data was col-
lected from both case files and electronic health information 
system. The attending physician entered data directly into 
case files during each outpatient department (OPD) visit, 
while details of admission and the course of hospitalization 
in the inpatient department (IPD) were recorded by the treat-
ing doctor, fellow-in-training, in electronic health records. 
Patients were followed up at every two to three months inter-
vals. The following data were recorded; clinical features 
and laboratory test results [including complete blood count, 
renal function, liver functions, and pulmonary function tests] 
and imaging on a case-to-case basis. Baseline information 
including demographics, affected organs, and extent of dis-
ease [as measured by mRSS, pulmonary function tests] were 
collected. Data regarding serious infections, immunosup-
pressive therapy, patient outcomes, and complications were 
recorded. A comparison of demographic, clinical, laboratory 
and treatment variables was conducted between SSc patients 
with infection and age and sex-matched SSc control group 
without infection, to identify predictors of infection.

Infections that necessitated hospital admission, intrave-
nous antibiotics, or resulted in disability or mortality were 
classified as serious [7, 19]. The treating rheumatologist 

identified infections based on their clinical judgment and 
supportive evidence, such as culture from the affected body 
fluids/tissue, serological positivity to a pathogen, polymer-
ase chain reaction [PCR], or imaging evidence of infection. 
As the global COVID-19 infection affected the study popu-
lation, it was not included in this analysis. Data regarding 
in-patient deaths were collected from the hospital electronic 
records, while information on out-patient mortality was 
obtained from patient's family, which was documented in 
the hospital clinic records.

Ethics

As this study was retrospective in nature, the ethics com-
mittee reviewed our research protocol and determined 
that obtaining informed consent from participants was not 
required. This exemption was granted based on the fact that 
the study involved analysis of data from the clinic files and 
electronic health records over more than three decades and 
did not require contact with the patients. The ethics com-
mittee's decision was documented in the approval letter with 
protocol number PGI/BE/129/2020, dated 21st February, 
from the Institutional Ethics committee, SGPGI.

Statistics

Baseline findings were presented as median [IQR] for 
numerical variables and percentage for categorical data. 
Continuous variables were interpreted using parametric 
student’s T-test, while categorical data were assessed using 
the Chi-square test or Fischer’s exact test.

We utilized multivariable-adjusted logistic regression to 
identify predictors of serious infection, including disease 
duration, organs involved, disease activity, immunosuppres-
sive treatment, number of hospital admissions, and others. 
The impact of serious infection on mortality was analyzed. 
Statistical analysis was carried out on IBM SPSS v26.

Results

Demographics

A total of 880 patients were included in the study, with a 
female-to-male ratio of 7.7:1 [779 females and 101 males]. 
The mean age at diagnosis was 35.5 ± 12 years [ranging 
from 6 to 70 years]. The median duration of illness before 
diagnosis was 24 months [Interquartile range/IQR 12 to 60]. 
323[36.7%] patients were admitted for in-patient care. Fur-
thermore, 293[33.3%] patients had at least one admission 
specifically for active disease management.

The total duration of follow-up for all patients com-
bined was 3029.33 person-years. The median follow-up 
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duration per patient was 471.5 days [IQR ranging from 
28 to 1830 days]. Most common disease subset was dif-
fuse SSc [dSSc] [517(58.75%)], followed by limited SSc 
[lSSc] [283(32.1%)] whereas the rest 80 [9.1%] had sine 
scleroderma.

Clinical characteristics

Skin is the most common organ involved with median 
modified Rodnan Skin Score (mRSS) of 16 [7 to 26 IQR]. 
80 [9.1%] patients had no skin involvement and 43[4.9%] 
patients had extensive skin involvement with mRSS more 
than 40. Raynaud phenomenon was the most common clini-
cal sign present in 90.9% of patients and progressed to gan-
grene in 79 patients [9%]. Digital ulcers were reported by 
445 [50.6%] patients at some point in their disease course. 
Among the musculoskeletal symptoms, 273[31%] patients 
had inflammatory arthritis, 92 [10.5%] patients developed 
myositis, and calcinosis was noted in 36 [4.1%] patients. 
Sicca symptoms were present in 35 patients [4%]. Dyspep-
sia, abdominal bloating, and poor appetite were present in 
504 [57.3%] patients.

Major organs involved were; interstitial lung disease 
[ILD] in 452 [51.4%], pulmonary arterial hypertension 
[PAH] in 175 [19.9%], scleroderma renal crisis in 27 
[3.06%], and cardiac involvement in 51 [5.8%] patients.

Infections

Out of 880 patients, 153 patients [17.4%] experienced at 
least one infection during the illness. Among these individu-
als, 46 patients [5.2% of the total] had recurrent infections. 
Among the patients who experienced infections, the lung 
was the most common site, accounting for 46.3% [71/153] 
of the cases. Additionally, infections affecting the skin and 
soft tissue [SSTI] were also prevalent, representing 21.8% 
[51/233] of the cases. Urinary tract infection [UTI] was 
noted in 9.8% [23/233] of patients. Seven patients had fun-
gal infection [Table 1] 12 patients had a viral infection, 50% 
of which were due to herpes zoster.

Tuberculosis [TB] was the most common infection in the 
lungs accounting for one-third of all infections. A total of 
45 [5.1%] patients had tuberculosis which was limited to 
lung in 25 patients, extrapulmonary TB was diagnosed in 
17 patients, and 9 of them presented with TB lymphadenitis. 
Three patients had disseminated tuberculosis [Table 2].

After tuberculosis, Klebsiella pneumoniae was the second 
most common organism isolated from lung infection. A total 
of 12 patients had Klebsiella pneumoniae isolated, 2/3rd of 
them from sputum culture. 15% [23/153] of patients with 
infection had UTI requiring admission with 52.2% [12/23] of 
these being due to Escherichia coli. Staphylococcus aureus 
was the most common organism isolated from skin and soft 

tissue [45.5% [15/33] of culture-proven SSTI]. Pseudomonas 
aeruginosa was implicated in 7 patients and Streptococcus 
pneumoniae in 6 patients. Enterococcus species was isolated 
from 5 patients [Table 2 and Fig. 1]. Uncommon infections 
included 1 patient with progressive multifocal leukoenceph-
alopathy [PMLE] [radiological diagnosis] and Citrobacter 
freundii osteomyelitis.

Mortality

There was a total of 45 in-hospital deaths due to infec-
tion. More than one-third of deaths were secondary to lung 
involvement with pneumonia accounting for 19 deaths. 
Seven deaths were attributed to gastrointestinal tract [GIT] 
infection, six to malignancy, and four deaths were attributed 
to congestive heart failure. Infections had an odds ratio of 
13.63 [95% CI 4.74 to 39.18], for mortality.

Immunosuppressive medications

In the present study, in SSc with infection group, 23 out of 
52 patients had received more than one immunosuppressant 
during the illness. Most frequently used immunosuppres-
sants were cyclophosphamide, MMF, Tacrolimus, Metho-
trexate and Rituximab [Table 3]. Low-dose Prednisolone 
[≤ 7.5 mg/day] was used in patients with inflammatory 
arthritis/myositis /serositis for the shortest period with either 
gradual tapering and discontinuation or continued at 0.1 mg/
kg/day as maintenance dose. Cumulative/average dose of 
prednisolone was not captured. As a policy, we never used 
pulse methylprednisolone for the risk of SRC.

Autoantibodies

Antinuclear antibodies [ANA] were positive in 91.2% of 
patients tested [n = 654 patients]. ANA was negative in 56 
patients; centromere pattern was present in 21 patients. 
Most common autoantibody detected was anti-Scl 70 [59%, 

Table 1  Site of non-tubercular infection

a 1 Progressive multifocal leukoencephalopathy, 1 empyema, 1 herpes 
ophthalmicus, 1 Citrobacter freundii osteomyelitis
SSTI skin and soft tissue

Site of infection Number [188] Culture positive [93]

Lung 72 [38.3%] 26 [27.9%]
SSTI 51 [27.1%] 33 [35.5%]
Gastrointestinal 20 [10.6%] 5 [5.4%]
Blood stream 14 [7.4%] 7 [7.5%]
Urinary tract 23 [12.2%] 20 [21.5%]
Ear 4 [2.1%] 0
Othersa 4 [2.1%] 2 [2.1%]
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324/552] and anti-centromere was detected in 4% patients 
among patients who were tested for anti-extractable nuclear 
antigen [ENA].

A comparison between SSc patients with infection and 
SSc patients without infection, matched for age and gen-
der, was carried out. While patients with infection had 
more hospital admissions, they also had more admis-
sions for active disease management with an odds ratio 
of 6.27 [3.23 to 12.18] [Table 4]. Patients with infection 
had longer follow-up durations and shorter time intervals 

from symptom onset to diagnosis. Presence of Raynaud 
phenomenon, DU, GERD, sicca symptoms, presence of 
ILD or PAH, and history of SRC showed statistically 
significant risk of having infection in univariate analysis 
[Table 4]. Patients who contracted infection had higher 
mRSS as compared to the control group. However, in mul-
tivariable-adjusted analysis, total number of admissions, 
patients with DU, and those receiving or had received 
immunosuppressive treatment ever had a significantly 
predicted risk of infection [Table 5].

Table 2  Common organisms 
isolated and their focus of 
infection

a Among these, 17 of lung parenchymal, 4 of lymph node, 1 bone tuberculosis were microbiologically 
proven
CNS central nervous system, SSTI skin and soft tissue, GI gastrointestinal tract, UTI urinary tract infection

Organism Number [120] Site

Mycobacterium tuberculosisa 45 [37.5%] 25 Lung, 9 lymph node, 6 
pleura, 1 bone, 3 dissemi-
nated, 1 CNS

Escherichia coli 19 [15.8%] 12 UTI, 4 lung, 3 SSTI
Staphylococcus aureus 16 [13.3%] 15 SSTI, 1 Lung
Klebsiella pneumoniae 12 [10%] 8 Lung, 4 UTI
Pseudomonas aeruginosa 7 [5.8%] 4 Lung, 2 SSTI, 1 UTI
Streptococcus pneumoniae 6 [5%] 3 Lung, 1 each in SSTI, GI, UTI
Herpes zoster 6 [5%] 5 SSTI, 1 eye
Enterococcus species 5 [4.2%] 2 SSTI, 2 UTI, 1 Blood stream
Candida albicans 4 [3.3%] 3 GI, 1 lung

Fig. 1  Common infectious organisms and source of isolation. #SSTI: 
Skin and soft tissue, GI: Gastrointestinal tract, UTI: Urinary tract 
infection; Few uncommon infections in our cohort included, Dengue 

and Aspergillus in 2 patients each, Hepatitis C in 3 patients, malaria, 
Acinetobacter, Citrobacter, Hemophilus influenzae, Proteus mirabilis, 
Chicken pox, Neisseria and Salmonella typhi in 1 patient each
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Discussion

Data from the present study indicated that infections par-
ticularly of lung, skin and soft tissue, and urinary tract are 

commonly observed in patients with SSc. Amongst lung 
infections, Mycobacterium tuberculosis predominates over 
other bacterial, viral and fungal infections. In addition, 
the locally defective barriers in the skin from DU or pre-
existing lung pathology from ILD resulted in infections. 

Table 3  Usage of 
immunosuppressive 
medications in patients with or 
without infections

Additionally, patients in the Infection group received following immunosuppressive drugs: Azathioprine 
[n = 6], D-Penicillamine [n = 3], Tofacitinib [n = 2] and Leflunomide [n = 1]. In the non-infection group 
D-penicillamine was received by two patients. Chi-square test calculated by GraphPad Prism 9

Immunosuppressive drug Infection
[n = 153]

No Infection [n = 153] p value Chi-
square 
statistic

Cyclophosphamide 17 [11.1%] 7 [4.5%] 0.0335 4.52
Mycophenolate 13 [8.5%] 2 [1.3%] 0.0035 8.48
Tacrolimus 12 [7.9%] 1 [0.6%] 0.0018 9.72
Methotrexate 12 [7.9%] 2 [1.3%] 0.0062 7.48
Rituximab 10 [6.5%] 1 [0.6%] 0.0057 7.63
Prednisolone ever 50 [32.7%] 45 [29.4%] 0.536 0.38
Prednisolone current 20 [13.0%] 15 [9.8%] 0.369 0.80

Table 4  Univariate analysis 
of differences in clinical 
parameters with risk of infection

a Age and mRSS: mean and S.D
b Total and disease admissions: median and range
c Follow up duration:Mean and 95%CI
d Symptom duration: Median and Interquartile range
mRSS modified Rodnan skin score, GERD gastroesophageal reflux disease, ILD interstitial lung disease, 
PAH pulmonary arterial hypertension, SRC scleroderma renal crisis

Characteristic Infection [n = 153] No Infection [n = 153] p value

Age  [years]a 36.7 [11.2] 36.5 [11] 1
Sex [Females] 132 [86.3%] 132 [86.3%] 1
Total  admissionsb 2 [0 to 23] 0 [0 to 12]  < 0.001
Disease  admissionsb 2 [0 to 13] 0 [0 to 4]  < 0.001
Follow up  duration[days]c 1850 [1523–2316] 1303 [906–1668] 0.004
Symptoms duration  [months]d 24 [36] 36 [44] 0.004
mRSSa 19.9 [12.4] 15.6 [11.6] 0.006
Raynaud phenomenon 137 [89.5%] 130 [84.9%] 0.01
Digital ulcers 81 [52.9%] 64 [41.8%] 0.003
Digital pitting scars 65 [42.5%] 61 [39.8%] 0.19
Joint contractures 22 [14.4%] 14 [9.2%] 0.08
Calcinosis 6 [3.9%] 6 [3.9%] 0.57
Gangrene 23 [15.0%] 15 [9.8%] 0.12
GERD 23 [15.0%] 15 [9.8%] 0.003
Arthritis 55 [35.9%] 50 [32.7%] 0.78
Myositis 22 [14.3%] 19 [12.4%] 0.34
Sicca symptoms 9 [5.8%] 1 [0.7%] 0.03
ILD 97 [63.4%] 63 [41.1%]  < 0.001
PAH 49 [32.0%] 24 [15.7%]  < 0.001
Cardiac involvement 14 [9.2%] 8 [5.2%] 0.155
SRC 12 [7.8%] 3 [1.9%] 0.01
Mortality 41 [26.8%] 4 [2.6%]  < 0.0001
Immunosuppression 52 [33.9%] 12 [7.8%]  < 0.0001
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The patients who had a high prevalence of DU, arthritis, 
and ILD indicated that most of them had active disease 
as well as severe SSc [more prevalent ILD, PAH, SRC]—
resulting in a greater number of hospital admissions and 
frequent use of immunosuppressants, ± corticosteroids, 
which might have predisposed to infections. Patients who 
had infection tend to remain on follow-up for a greater 
length of time. They also had more symptomatic disease 
as suggested by a shorter interval for making a diagnosis 
from the time of symptom onset.

Lung is the most common site of infectious complications 
in most series, involving up to 24% of the events [1] possibly 
due to ILD, which is seen in almost 50–60% of SSc patients 
and is one of the leading causes of death in many series 
[20]. Around 40% of these deaths are due to lung infection 
[21]. In our cohort, lung infection was the most common site 
accounting for 46.3% of cases with tuberculosis followed by 
Klebsiella pneumoniae being the most frequently isolated 
organisms. Earlier studies from Taiwan had reported risk 

of tuberculosis in SSc is 2.81 times for TB overall and 2.53 
for pulmonary TB [22, 23]. Age more than 60 years, and 
PAH were associated with increased risk of tuberculosis. 
SSc was a risk for TB and has hazard ratio of 2.99 [95 CI 
1.58–5.63]. A study by Hsu et al. investigating the burden 
of opportunistic infections in rheumatic diseases found an 
incidence ratio (IR) of 31.6 per 1000 person-years in SSc 
[24]. Specifically, herpes zoster, candidiasis, and tubercu-
losis had IRs of 19.9, 4.51, and 4.32 per 1000 person-years, 
respectively. The risk of opportunistic infections was highest 
in the first year following the diagnosis [24]. Among patients 
who received dexamethasone pulse therapy, pulmonary TB 
was seen in 9% and extrapulmonary TB in 20% [25]. We 
had 45 patients with tuberculosis, with 44.4% of infections 
being extrapulmonary. We also observed that patients who 
had TB were younger and had a greater number of infections 
compared to those who had non-tubercular infections. Such 
a high frequency of Tuberculosis in our series may be due 
to high endemicity of tuberculosis in India. According to 

Table 5  Multivariable adjusted analyses of differences in demographic, clinical features, and outcomes in patients with and without infections

a Age and mRSS: mean and S.D
b Total and disease admissions: median and range
c Follow up duration: mean and 95% CI
d Symptom duration: median and Interquartile range
mRSS modified Rodnan skin score, GERD gastroesophageal reflux disease, ILD interstitial lung disease, PAH pulmonary arterial hypertension, 
SRC scleroderma renal crisis

Characteristic Infection [n = 153] No Infection [n = 153] p value Odds ratio [95% CI]

Age  [years]a 36.7 [11.2] 36.5 [11] 1
Sex [Females] 132 [86.3%] 132 [86.3%] 1
Total  admissionsb 2 [0 to 23] 0 [0 to 12] 0.31 0.85 [0.63–1.15]
Disease  admissionsb 2 [0 to 13] 0 [0 to 4]  < 0.001 6.27 [3.23–12.18]
Follow up  duration[days]c 1850 [1523–2316] 1303 [906–1668] 0.94 1.00 [1.00–1.00]
Symptoms duration [months]d 24 [36] 36 [44] 0.35 0.99 [0.98–1.00]
mRSSa 19.9 [12.4] 15.6 [11.6] 0.06 1.02 [0.99–1.05]
Raynaud phenomenon 137 [89.5%] 130 [84.9%] 0.34 1.81 [0.52–6.26]
Digital ulcers 81 [52.9%] 64 [41.8%] 0.01 2.53 [1.17–5.45]
Digital pitting scars 65 [42.5%] 61 [39.8%] 0.92 1.03 [0.49–2.17]
Joint contractures 22 [14.4%] 14 [9.2%] 0.88 1.08 [0.35–3.33]
Calcinosis 6 [3.9%] 6 [3.9%] 0.22 0.34 [0.06–1.92]
Gangrene 23 [15.0%] 15 [9.8%] 0.21 1.86 [0.69–5.02]
GERD 23 [15.0%] 15 [9.8%] 0.89 1.04 [0.52–2.11]
Arthritis 55 [35.9%] 50 [32.7%] 0.62 0.83 [0.40–1.72]
Myositis 22 [14.3%] 19 [12.4%] 0.44 1.47 [0.54–3.96]
Sicca symptoms 9 [5.8%] 1 [0.7%] 0.26 2.91[0.44–19.02]
ILD 97 [63.4%] 63 [41.1%] 0.42 1.32 [0.66–2.63]
PAH 49 [32.0%] 24 [15.7%] 0.54 1.29 [0.56–2.97]
Cardiac involvement 14 [9.2%] 8 [5.2%] 0.91 1.07 [0.32–3.52]
SRC 12 [7.8%] 3 [1.9%] 0.56 1.83 [0.23–14.44]
Mortality 41 [26.8%] 4 [2.6%]  < 0.00001 13.63 [4.75–39.18]
Immunosuppression 52 [33.9%] 12 [7.8%]  < 0.00001 5.05 [2.55–10.00]
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a World Health Organization report, in 2021, eight coun-
tries represented over two-thirds of global TB cases with 
India [28%] contributing the highest number of cases [26]. 
Another reason could be immunosuppressive treatment, 
which predisposes towards a greater risk of reactivation of 
TB, and finally, non-affordability of treatment drugs by those 
who are infected due to poverty. All these reasons might 
have contributed to high TB prevalence in our cohort.

The issue of screening for latent tuberculosis in patients 
with SSc remains unresolved till date as skin thickening is 
likely to affect the result of tuberculin skin test and there is 
no gold standard cut off to predict positive test. Out of 45 
patients with TB in our cohort, only 15 were screened for 
latent TB before starting immunosuppressive drugs. There 
was not a uniform policy to screen for latent TB in our unit 
till 2015 and 40 out of 45 patients with TB belonged to this 
period. A total of 636 patients were enrolled in the cohort 
during this period. After 2015 screening for latent TB was 
practiced routinely, a total of 244 patients were added to 
our cohort and only 5 patients developed TB. Thus, it may 
be prudent to point out that screening for latent TB should 
be a mandatory clinical practice in patients with SSc even 
in endemic countries like India as it is likely to bring down 
the incidence of TB and affect the consequent morbidity 
and mortality.

Breach in skin due to any cause and that too in an 
ischemic environment is a perfect recipe for difficult-to-
treat infection and patients with DU tend to have ulcers 
lingering on for few weeks or even months. In a Turkish 
study, presence of digital ulcers [OR 2.85(1.36–5.89)] and 
cardiac involvement [OR 2.80(1.25–6.29)] were associated 
with increased risk of serious infection [27]. At times, DU 
infections can progress to deeper tissues like bone and may 
cause osteomyelitis. The incidence of osteomyelitis may 
reach 8%, escalating to 17% among patients with active DU, 
and surging to 42% if any signs of infection like pus dis-
charge or fever are present [4, 28–30]. Similar to our study, 
other study has also reported the most common organisms as 
Staphylococcus aureus, Escherichia coli and Pseudomonas 
aeruginosa [31]. We had a patient with osteomyelitis of a 
distal phalange secondary to Citrobacter freundii. She in 
addition had gangrene, DU, mRSS of 33 and required cer-
vical sympathectomy. Chronic administration of low-dose 
corticosteroids has been reported to predispose to infections 
caused by pyogenic bacteria; staphylococcus, streptococ-
cus and enterobacteriaceae [32]. However, in the present 
study the number of patients ever exposed to or were receiv-
ing prednisolone at the time of infection was not different 
between the infection vs non-infection groups. Therefore, 
role of corticosteroids in predisposing to bacterial infections 
in the present study seems less likely.

A high incidence of esophageal candidiasis in SSc 
patients being treated with proton pump inhibitors [PPIs] 

was reported [33, 34]. Compromised esophageal motility, 
which is a common gastrointestinal [GI] feature of SSc, 
might create a favourable environment for the overgrowth 
of Candida, leading to the development of candidiasis. This 
was uncommonly reported in recent years, yet we had 3 
patients with esophageal candidiasis in our cohort. There-
fore, it is worth noting that the continuous usage of proton 
pump inhibitors [PPIs] and antibiotics for bacterial over-
growth are factors that should be implicated as potential 
risks for infection in SSc patients [1].

In scleroderma lung study, five cases of pneumonia were 
reported in the cyclophosphamide arm as against one in the 
placebo arm in the first 1 year of treatment [35]. Cyclo-
phosphamide has been described as a low-risk drug for pre-
disposing to PMLE [progressive multifocal leuko-enceph-
alopathy] which was diagnosed in one patient who had to 
be treated with intravenous immunoglobulin [IVIG] [36]. A 
recent meta-analysis of cyclophosphamide compared with 
mycophenolate mofetil [MMF] in ILD found no difference 
in pneumonia rates between the two [37–39]. We noted that 
patients on immunosuppressive medications tend to develop 
infection more as compared to those who did not receive any 
immunosuppressive therapy.

A study of serious infection with systemic sclerosis in 
the US population had most presentations with pneumonia 
in 45% of patients similar to the present study. Sepsis was 
noted in 32% of patients while it was less in our study [40].

Two comprehensive meta-analyses, encompassing data 
from the 1960s to the first decade of the 2000s, highlighted 
that infections accounted for approximately 7% of deaths in 
individuals with SSc [10, 41]. A French study reported that 
patients with SSc had a five times higher risk of infection-
related deaths in comparison to general population [42]. In 
our study, 1/3rd of deaths were due to infection with lung 
infection being implicated in 50% of these cases. Thus, high 
index of suspicion especially in patients with risk factors of 
susceptibility to infection, early diagnosis and treatment may 
minimize risk of mortality. Given the high frequency of TB 
in the present study, we recommend following screening pro-
tocol for latent TB as per local guidelines before initiation of 
immunosuppressive medications, more so for countries like 
India where endemicity of TB is high. Patients on corticos-
teroids should be screened with interferon gamma release 
assays as corticosteroids are known to mask tubercular skin 
testing [43].

The strengths of our study are its size and its expansion 
over a wide period of more than three decades. With the 
help of electronic health records, the bulk of the information 
regarding admissions, indications for admissions, outcomes 
and laboratory parameters were available for most of the 
patients.

Limitations of the study are that it is a retrospective 
study where some of the data is missing when electronic 
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health records were not robust before the year 2000. Many 
deaths outside the hospital settings might have been caused 
by infections, details of which could not be documented in 
some cases due to recall bias of the relative providing infor-
mation about the death. We did not have access to death 
certificates of these patients issued either by practitioners/
hospitals or by the state/national authorities. Though corti-
costeroids have been sparingly used in our unit ever since 
its inception still information about low dose corticosteroids 
was not captured in the study. Even low-dose corticosteroids 
may increase susceptibility to infections if used over a pro-
longed period.

Conclusion

Patients with systemic sclerosis (SSc) are particularly sus-
ceptible to infections in the lungs, skin, soft tissues, and 
urinary tract. Tuberculosis, both pulmonary and extra-pul-
monary, is notably prevalent, followed by pyogenic bacterial 
pneumonias and urinary tract infections (UTIs). Our study 
identifies the number of hospital admissions, the presence 
of DU, and the use of immunosuppressive therapy as key 
predictors of serious infections in SSc patients. Furthermore, 
infections constitute a significant cause of mortality within 
this patient population.

Perspectives and gaps in research

For clinicians, regular monitoring for infections, early detec-
tion, managing risk factors like frequent hospital admissions, 
digital ulcers, and immunosuppressive therapy, implement-
ing preventive measures such as vaccinations and prophy-
lactic antibiotics, and adopting a multidisciplinary approach 
can improve patient outcomes. For researchers, identifying 
additional predictors, investigating underlying mechanisms, 
identification of biomarkers of early infections, evaluating 
the impact of immunosuppressive therapies, and encour-
aging data sharing and collaborative research are key to 
enhancing infection management strategies and advancing 
knowledge in systemic sclerosis.
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