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ABSTRACT
Systemic sclerosis (SSc) is charac-
terised by a heterogeneous clinical 
expression probably reflecting the dif-
ferent genetic background of each pa-
tient. Progress has been made in the 
definition of the principal pathogenetic 
events of the disease that can be sum-
marised in endothelial damage and 
dysfunction, inflammation with activa-
tion of immune system and fibrosis. The 
aetiology of the disease still remains 
to be clarified and probably the first 
events are attributable to the repeated 
action of environmental stimuli in ge-
netically predisposed subjects. 
The aim of the present manuscript is 
to review the most recent and relevant 
data regarding the association of SSc 
with environmental factors.

Introduction
Systemic sclerosis (SSc) is a rare con-
nective tissue disease clinically char-
acterised by functional and structural 
micro-angiopathy and by fibrosis of 
skin and internal organs (1). Vascu-
lopathy and fibrosis may express het-
erogeneously in SSc patients making 
the disease extremely varied from a 
phenotypic and prognostic point of 
view. However, almost all patients 
present specific serum antibodies (an-
ticentromere, anti-topoisomerase I and 
anti-RNA polymerase III) together 
with antinuclear antibodies (ANA) (2). 
The clinical and laboratory disease fea-
tures reflect the main SSc pathogenetic 
events, characterised by an early vas-
cular damage, a dysregulation of innate 
and adaptive immunity and fibrosis 
due to fibroblasts proliferation and dif-
ferentiation and to collagen and other 
extracellular matrix proteins produc-
tion (3).
In the last few years, important steps 
have been made in understanding the 

more significant pathogenetic events 
of the disease (3, 4). However, the ex-
planation of disease aetiology remains 
elusive, although it has been hypoth-
esised that it involves environmental 
trigger factors acting in genetically 
predisposed subjects (3, 5). In fact, a 
greater disease incidence has been ob-
served among family members rather 
than in the general population, there-
fore a genetic SSc susceptibility could 
represent a risk factor for the develop-
ment of the diseases (6, 7). Although 
the exact mechanisms of interaction 
between endogenous and exogenous 
trigger factors and genetic background 
are unknown, environmental stimuli 
are recognised to have a significant role 
in the aetiology of the disease (8).
In this review we report the most rel-
evant data on environmental factors as-
sociated to SSc, especially focusing on 
the debated relationship between the 
disease and occupational risk factors, 
silicone breast implants, infectious 
triggers, with particular reference to 
the recent scientific interest regarding 
the potential role of SARS-CoV-2, and 
microbiome. 

Occupational risk factors
Among environmental factors, chemi-
cal agents, such as organic solvents, 
silica dust, particulate matter and epoxy 
resins, have long been considered pos-
sible trigger factors for the disease (9, 
10). In 2017, a systematic review con-
firmed the suspected relationship be-
tween SSc pathogenesis and chemical 
agents as silica and solvents (9). 
Blanco-Pérez et al. recently reported 
the presence of systemic autoimmune 
rheumatic disease in 54/489 (11%) 
patients with silicosis; in particular, 
the authors described 10 cases of SSc 
(2%). In this Spanish cohort, the pres-
ence of an autoimmune rheumatic 
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disease was associated with a higher 
number of emergency department vis-
its and with a radiological progression 
of silicosis (11). 
A previous study on 100 SSc patients 
reported that occupational exposure to 
toxic products may have a role in the 
development of the disease, in fact 
authors showed increased odds ratio 
(ORs) for SSc for crystalline silica, 
white spirit, chlorinated solvents, 
trichlorethylene and welding fumes 
(12). 
In 2020, an observational study ex-
plored the association of lifetime expo-
sure to silica and lung involvement in 
SSc patients, reporting an association 
between silica exposure and oesopha-
geal involvement, hilar and medias-
tinal lymphadenopathy, male gender 
and lower total lung capacity (% pre-
dicted) at diagnosis. The univariate 
analysis showed a correlation between 
a worsened pulmonary performance 
and high silica exposure score and hi-
lar and mediastinal lymphadenopathy. 
The multivariable analysis confirmed 
the association between a worsening 
of lung involvement and the combina-
tion of hilar and mediastinal lymphad-
enopathy. These data seem to suggest 
a possible role of silica in altering the 
function of lung macrophages and pro-
moting lung inflammation (13). 
A recent study compared two popula-
tion of SSc patients (72 with silicosis 
and 238 without silicosis), reporting an 
increased prevalence of male gender 
and a lower age at SSc onset in the first 
group. In addition, patients with silico-
sis presented a higher disease severity 
with a more frequent cardiopulmonary 
involvement and an increased overall 
mortality rate (14).
Ferri et al. showed high levels of se-
rum silica levels in SSc patients with 
history of occupational exposure. In 
addition, this study reported a correla-
tion between serum silica levels and a 
diffuse cutaneous subset, the presence 
of inflammatory muscle involvement 
and lung fibrosis (15). 
Erasmus syndrome (ES) is defined as 
the association between silica and the 
subsequent development of SSc and 
several case series supported this as-
sociation (16-18). Evaluating 947 SSc 

patients, Rocha et al. reported a preva-
lence of ES of 0.9% (9/947 patients) 
and confirmed the association of ES 
with male gender, severe cutaneous 
involvement, anti-topoisomerase I an-
tibodies and bad prognosis. However, 
the multivariate analysis did not con-
firm silicosis as an independent risk 
factor for SSc patients (19). 
Another previous study reported a cor-
relation between the exposure to occu-
pational toxic substances and SSc phe-
notype and severity. Magnant et al. in-
vestigated the exposure to occupational 
risk factors (silica dust, welding fumes, 
solvents, epoxy resins) in 105 patients. 
39/105 subjects were exposed to these 
toxic substances and in this population 
a higher prevalence of male gender was 
described. In addition, an association 
between the exposure to toxic products 
and lung involvement, diffuse cutane-
ous subset and anticentromere negativ-
ity was shown (20).
A more recent retrospective study 
evaluated environmental factors expo-
sure (silica, solvents, pesticides, breast 
implants and medications) in 662 SSc 
subjects, reporting a prevalence of 
10.6% (70/662 patients). Among these, 
36 patients reported exposure to sol-
vents, 14 to silica, 9 to silicone and 8 
to pesticides. Also, this study showed 
a higher prevalence of male gender in 
the exposed population. In addition, 
in these patients, a higher frequency 
of myopathy (particularly in those 
exposed to silica), alterations in skin 
pigmentation and a more severe lung 
fibrosis were detected (21).
The evaluation of 96 patients included 
in the Belgian SSc cohort revealed a 
probable exposure to toxic substances 
in 55 patients (57.3%): 11 subjects 
(11.5%) presented a probable expo-
sure to solvents, 2 (2.1%) to asbestos 
and 2 (2.1%) to silica and solvents. 
The authors showed that occupational 
exposure was increased in SSc male 
patients. In addition, exposed patients, 
particularly those to solvents, presented 
a higher prevalence of smoking status. 
Although not significant, patients with 
a history of occupational exposure to 
silica or solvents had a higher disease 
activity score and an increased preva-
lence of diastolic dysfunction (22).

Bobeica et al. investigated the role of 
aetiological factors in 37 SSc patients 
in the southeast of Romania evaluating 
smoking status, occupational exposure 
to toxic products and history of psycho-
logical events before the development 
of the disease. The authors suggested a 
combination of different factors in the 
aetiology of the disease, reporting oc-
cupational exposure to toxic substanc-
es and industrial pollutants in 24.3% 
patients, smoking status in about half 
of the subjects and a history of major 
traumatic psychological events before 
the onset of the rheumatic disease in 
the majority of patients (81.1%) (23).
In another study the evaluation of hair 
samples revealed higher levels of some 
metals (antimony, cadmium, leas, mer-
cury, molybdenum, palladium and 
zinc) in SSc patients compared to con-
trols suggesting an association between 
SSc and exposure to heavy metal (24). 
In this context, other data suggested a 
certain role of heavy metals exposure 
influencing the risk for SSc (25).
Environmental air pollution has been 
associated with the development of 
SSc and the exposure to particulate 
(PM10) and benzene seems to correlate 
with SSc features. Borgini et al. report-
ed an association between the concen-
tration of benzene and disease severity, 
particularly a higher skin involvement 
and a decreased diffusion lung carbon 
monoxide (26). Another recent study 
revealed a certain correlation between 
the exposure to air ozone and severe 
fibrotic pulmonary involvement and 
disease progression (27). Interestingly, 
it has been suggested that air pollution 
also worsens Raynaud’s phenomenon 
(RP) severity in SSc patients. How-
ever, given the correlation between 
environmental temperature and air pol-
lution and the strong influence of tem-
perature on RP, further studies are re-
quired to confirm the possible effect of 
environmental pollution on the severity 
of RP (28). 
Previous data suggested an associa-
tion of smoking with gastrointestinal 
and respiratory symptoms in SSc, al-
though not confirmed by other studies. 
Comparing two SSc populations (208 
ever-smokers and 153 never-smokers), 
a correlation between the presence of 
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anti-topoisomerase I antibodies and be-
ing never-smokers was described (29). 
A recent study investigated the rela-
tionship between smoking and disease 
features in the EUSTAR cohort. The 
authors reported a correlation between 
smoking and mortality in SSc men and a 
greater risk of skin progression in ever-
smoking women. In addition, smoking 
was associated with a reduced frequen-
cy of anti-topoisomerase I antibodies in 
female patients and with an increased 
risk of mortality, skin progression and 
“any organ progression”, regardless of 
positivity for anticentromere or topoi-
somerase I antibodies (30).

Breast implants
The suspected correlation of SSc and 
breast implants still represent a debated 
topic in scientific literature (31, 32). Al-
ready in 1989, Varga et al. reported an 
association of SSc onset and cosmetic 
mammoplasty with silicone-gel im-
plants in four patients (31). However, 
several years later, the review by Lip-
worth et al. did not confirm a consist-
ent association between cosmetic breast 
implants and connective tissue disease 
(CTDs) (32).
More recently, the cross-sectional study 
by Watad et al. reported a strong asso-
ciation of silicone breast implant and 
SSc, regardless of the reason for the 
implant (reconstructive or cosmetic in-
dications) (33).
In 2021, Lazzaroni et al. reported a 
history of silicone breast implants in 
12/742 (1.6%) SSc women. Evaluating 
the 11/12 patients in which the onset of 
SSc occurred after the breast implant, 
the authors reported an association of 
anti-RNA polymerase III antibodies and 
silicone breast implants, particularly in 
cases with rupture of the implant (34). 
These data were in line with results 
from another study showing a higher 
frequency of silicone breast implants in 
SSc patients with anti-RNA polymerase 
III antibodies than in those with anti-
topoisomerase I or anticentromere an-
tibodies, suggesting a possible associa-
tion of silicone breast implant and the 
development of a specific subset of SSc 
characterised by anti-RNA polymerase 
III antibodies (35).
However, all these studies remark the 

need for future analyses on larger popu-
lations. In addition, the mechanisms 
underlying the increased risk of SSc in 
patients with silicone breast implants 
needs to be clarified also investigating 
possible interaction between bacterial 
biofilm on the implant and host micro-
environment (36).

Infectious agents
The trigger action of many infectious 
agents has been largely proposed in the 
early aetiopathological events of SSc. In 
this context, previous studies suggested 
a link of cytomegalovirus (CMV) infec-
tion and SSc vasculopathy as the virus 
seems both to directly damage endothe-
lial cells in SSc patients and to decrease 
the number of progenitor cells useful 
for the vasculogenesis through the in-
volvement of bone marrow (10, 37-39). 
In the past, the possible involvement of 
Parvovirus B19 infection in SSc aeti-
opathogenesis was suggested by stud-
ies reporting that SSc patients present 
higher levels of serum B19 antibodies 
and of viral DNA in skin and bone mar-
row samples (10, 40-42).
Ebstein-Barr virus (EBV) DNA, mR-
NAs and proteins have been found 
in the skin of SSc patients and data 
showed that EBV infecting human fi-
broblast may induce a myofibroblast 
phenotype typical of SSc (43). In ad-
dition, the evaluation of skin biopsies 
from SSc patients suggested that EBV 
infection could directly damage en-
dothelial cells and EBV lytic antigens 
have been detected in dermal vassel. 
Furthermore, in SSc patients, the levels 
of EBV loads seem to correlate with the 
presence of digital ulcers and with an 
advanced pattern at the nailfold vide-
ocapillaroscopy (active or late pattern) 
suggesting a certain correlation of EBV 
infection with SSc vasculopathy (44).
In addition to CMV, EBV and Parvovi-
rusB19, the prevalence of other infec-
tious agents such as Helicobacter pylori 
has been found to be higher in SSc pa-
tients than in control subjects (45, 46). 
In this context, evaluating 2431 SSc 
patients and 12710 controls, Tiosano et 
al. and reported a higher prevalence of 
chronic hepatitis B virus and hepatitis C 
virus in the first group of patients (47).
In the last few years, many scientific 

efforts have been made to investigate 
the possible role of SARS-CoV-2 in-
fection in the aetiology of autoimmune 
diseases. 
Already one year after the first cases of 
SARS-CoV-2 infection, a wide number 
of case reports described patients with 
autoimmune-like phenomena in COV-
ID-19 (48). In fact, the presence of au-
toantibodies, such as antiphospholipid, 
anti-neutrophil cytoplasmic antibody 
(ANCA), anti-MDA5 and anti-SSA/
Ro antibodies have been described in 
SARS-CoV-2 infected subjects (48-
51). In addition, different skin mani-
festations, among which chilblain-like 
lesions, have been reported in COV-
ID-19 patients (52).
In 2023, comparing SARS-CoV-2 in-
fected patients and negative patients 
Chang et al. confirmed a higher risk of 
some autoimmune rheumatic diseases, 
including SSc (aHR:2.58, 95% CI:2.02–
3.28), in the first population (53).
In recent years, some case reports de-
scribed the onset of SSc after COV-
ID-19 infection (54-58).
In 2021, the case of a 47-year-old man 
diagnosed with an overlap syndrome 
[SSc and polymyositis (PM)] after 
COVID-19 was reported. The patient 
presented RP, heliotrope rash, periorbi-
tal oedema and muscular weakness with 
dysphagia associated with ANA, anti-
PM/Scl75 and anti-PM/Scl100 positiv-
ity after the SARS-CoV-2 infection. 
Lung high-resolution CT (HRCT) also 
revealed early signs of interstitial lung 
disease (55). In 2022 Chandra et al. de-
scribed the case of a woman complain-
ing of RP, and other symptoms such as 
fatigue, xerostomia, dysphagia, weak-
ness and diffuse skin hyperpigmentation 
after a SARS-CoV-2 infectious pneu-
monia. She also presented puffy fingers 
with sclerodactyly, abnormal nailfold 
videocapillaroscopy, ANA positiv-
ity and signs of non-specific interstitial 
pneumonia at the HRCT, satisfying the 
2013 ACR/EULAR classification crite-
ria for SSc (57). More recently, the case 
of a woman developing SSc after SARS-
CoV-2 infection has been reported. This 
patient was treated with corticosteroid 
therapy for polyarthralgia and later she 
clinically worsened, presenting recur-
rent scleroderma renal crisis (SRC) (58).
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Beyond the possible action of SARS-
CoV-2 infection as suspected trigger 
factor for the onset of SSc, other stud-
ies also investigated the influence of 
SARS-CoV-2 infection on patients with 
established SSc. In this context, Rimar 
et al. recently reported a case of a man 
with limited cutaneous SSc presenting 
SRC after 3 weeks from an asympto-
matic COVID-19 infection. He started 
to complain of headaches after 3 weeks 
from the onset of the infection. The 
clinical evaluation revealed an increase 
in blood pressure, mild haematuria on 
urine test and new onset anaemia with 
schistocytes (59). The case of a female 
with a diagnosis of limited cutaneous 
SSc and overlap syndrome SSc-PM 
and with a rapid progression of cuta-
neous, cardiac and lung involvement 
after a repeated SARS-CoV-2 infection 
was recently reported (60). Similarly, a 
case of a 14-year-old girl with overlap 
syndrome (SSc-PM) who experienced 
a progression of disease, especially in 
its vascular, muscle and lung involve-
ment, after COVID-19 has been de-
scribed (61). These reports suggest 
the possible role of infections, in this 
case COVID-19, as triggers of disease 
flares. The action of SARS-CoV-2 
spike protein has also been studied in 
bleomycin-induced SSc mouse model 
demonstrating a higher dermis thick-
ness and lung fibrosis. In addition, the 
authors confirmed an increased im-
mune system activation with produc-
tion of antiphospholipid antibodies in 
infected mice (62).
All together, these reports may suggest 
that SARS-CoV-2 as well as other vi-
ruses could induce autoimmunity phe-
nomena (63, 64).
Furthermore, the risk of Sars-COV2 
infection is reported to be higher in 
patients with autoimmune diseases 
when compared to controls (65), as 
also shown by an Italian observational 
multicentre study including more than 
1600 patients with autoimmune diseas-
es (66). These results have been con-
firmed by another Italian study report-
ing a more frequent definite COVID-19 
in SSc patients with pulmonary fibrosis 
compared to those without lung in-
volvement (67), and data from another 
SSc population showed a more severe 

infection in SSc patients with intersti-
tial lung disease (68). In this context, 
Güler et al. recently suggested that SSc 
patients with lung involvement, severe 
disease activity, more than one comor-
bidity and treatment with mycopheno-
late were at major risk of COVID-19 
adverse outcomes (69).
All these data suggest a possible role 
of COVD-19 as a trigger factor in SSc, 
highlighting once again that the disease 
can be considered the result of a com-
bined action of multiple endogenous 
and exogenous factors in predisposed 
subjects. The scientific enthusiasm of 
the last years regarding COVID-19 
and SSc suggest also including SARS-
CoV-2 among the suspected infectious 
triggers.

Microbiome
In the last years, there has been grow-
ing interest in the analysis of skin and 
intestinal microbiome in SSc. In fact, 
recent studies have highlighted the 
possible presence of gastrointestinal 
(GI) microbial dysbiosis from the ear-
liest phases of SSc, suggesting its po-
tential role in the pathogenesis of GI 
involvement. In addition, alterations 
in microbiome seem to correlate with 
the severity of GI symptoms (70-72). 
Furthermore, changes in gut micro-
biome are reported to correlate also 
with extra-intestinal disease features. 
In this regard, Russo et al. described 
different composition in GI microbi-
ome comparing SSc patients with anti-
topoisomerase I antibodies and those 
with anticentromere positivity (73). 
Andréasson et al. reported an associa-
tion between dysbiosis and extra-GI 
manifestations, such as telangiectasias, 
pitting scars and pulmonary fibrosis 
(72). However, to understand whether 
changes in microbiome cause the dis-
ease or are the results of SSc still re-
mains to be clarified and studies on ani-
mal models are mandatory to better un-
derstand the role of gut microbiome in 
the pathogenesis of SSc. In this regard, 
Tang et al. detected similar changes in 
gut microbiome in SSc patients and 
bleomycin-induced mice model (74).
Recent studies have also reported 
changes in skin microbiome in SSc 
patients, as described by Johnson et 

al., evaluating SSc and controls skin 
biopsies. Furthermore, the authors de-
scribed a correlation of skin dysbiosis 
with disease duration and inflamma-
tory gene expressions signatures, sug-
gesting the possible role of microbi-
ome changes in the pathogenesis of the 
disease (75).
To note that the skin as well as the GI 
tract represent one of the main targets 
of the disease and the changes in mi-
crobiome composition may be a con-
sequence of the anatomical structural 
alterations due to SSc (76).

Conclusion
SSc is a complex chronic autoimmune 
disease, and its aetiology still remains 
to be clarified. Although the main 
pathogenetic processes are partially 
known, the first aetiological events of 
the disease are undetermined. The most 
accredited hypothesis suggests a close 
connection between environmental 
triggers and genetic susceptibility in 
the aetiopathogenesis of SSc. When 
discussing environmental stimuli as 
potential disease triggers, we are refer-
ring to numerous possible exogenous 
factors also including the exposure to 
pollution, chemical or physical agents, 
climatic factors, working activities, in-
fectious stimuli, environmental temper-
ature, diet, geographic area. Essentially, 
we refer to all non-endogenous factors 
that may cause an immune system dys-
regulation in genetically predisposed 
subjects. 
However, to understand the link be-
tween exogen stimuli and the onset of 
the disease remains a challenge due to 
the phenotypic heterogeneity of SSc pa-
tients and the difficulty in quantifying 
exposure to environmental stimuli. In 
addition, it is likely that in each SSc pa-
tient different triggers may sequentially 
act also showing a gender preference. 
In the present review, we reported the 
most recent studies focussing on the 
association between SSc and environ-
mental factors, with reference to oc-
cupational risk factors, smoking status, 
breast implants, infections and micro-
biome. The possible SSc onset after 
exposure to specific toxic substances 
such as silica, epoxy resins or solvents 
or after infections has led to a growing 
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interest in a probable environmental ae-
tiology of SSc. In recent years, a num-
ber of cases of SSc onset after SARS-
CoV-2 infection have been described, 
highlighting the possible action of in-
fectious stimuli in the aetiopathogen-
esis of SSc. In addition, recent studies 
have focussed on the complex relation-
ship between SSc pathogenesis and 
changes in skin and or gut microbiome. 
Furthermore, the intriguing connection 
between SSc and environmental fac-
tors seems to be related not only to the 
development of the disease, in fact it 
has been reported that exogen stimuli 
also influence the disease phenotype. 
In conclusion, the available data seem 
to confirm a certain role of exogenous 
stimuli both in the development of the 
disease and in influencing its clini-
cal characteristics or exacerbations, 
however further high-quality research 
aimed at better clarifying the relation-
ship between environmental stimuli and 
SSc is needed and must be encouraged.

References
  1. TRUCHETET ME, BREMBILLA NC, CHIZZO-

LINI C: Current concepts on the pathogenesis 
of systemic sclerosis. Clin Rev Allergy Im-
munol 2023; 64(3): 262-283. 

 https://doi.org/10.1007/s12016-021-08889-8
  2. van den HOOGEN F, KHANNA D, FRANSEN 

J et al.: 2013 Classification criteria for sys-
temic sclerosis: an American College of 
Rheumatology/European League Against 
Rheumatism collaborative initiative. Ann 
Rheum Dis 2013; 72(11): 1747-55. https://

 doi.org/10.1136/annrheumdis-2013-204424
  3. FUSCHIOTTI P: Current perspectives on the 

immunopathogenesis of systemic sclerosis. 
Immunotargets Ther 2016; 5: 21-35. 

 https://doi.org/10.2147/ITT.S82037
  4. DI BATTISTA M, LEPRI G, CODULLO V et al.: 

Systemic sclerosis: one year in review 2023. 
Clin Exp Rheumatol 2023; 41(8): 1567-74. 
https://

 doi.org/10.55563/clinexprheumatol/ki76s5
  5. CUTOLO M, SOLDANO S, SMITH V: Patho-

physiology of systemic sclerosis: current 
understanding and new insights. Expert Rev 
Clin Immunol 2019; 15(7): 753-64. https://

 doi.org/10.1080/1744666x.2019.1614915
  6. ROSENDAHL AH, SCHÖNBORN K, KRIEG T: 

Pathophysiology of systemic sclerosis (scle-
roderma). Kaohsiung J Med Sci 2022; 38(3): 
187-195. 

 https://doi.org/10.1002/kjm2.12505
  7. SUNDARESAN B, SHIRAFKAN F, RIPPERGER 

K, RATTAY K: The role of viral infections in 
the onset of autoimmune diseases. Viruses 
2023; 15(3): 782. 

 https://doi.org/10.3390/v15030782
  8. ASLANI S, SOBHANI S, GHARIBDOOST F, 

JAMSHIDI A, MAHMOUDI M: Epigenetics 

and pathogenesis of systemic sclerosis; the 
ins and outs. Hum Immunol 2018; 79(3): 
178-187. https://

 doi.org/10.1016/j.humimm.2018.01.003
  9. RUBIO-RIVAS M, MORENO R, CORBELLA X: 

Occupational and environmental scleroder-
ma. Systematic review and meta-analysis. 
Clin Rheumatol 2017; 36(3): 569-82. 

 https://doi.org/10.1007/s10067-016-3533-1
 10. OUCHENE L, MUNTYANU A, LAVOUÉ J, 

BARON M, LITVINOV IV, NETCHIPOROUK E: 
Toward understanding of environmental risk 
factors in systemic sclerosis. J Cutan Med 
Surg 2021; 25(2): 188-204. 

 https://doi.org/10.1177/1203475420957950
 11. BLANCO-PÉREZ JJ, ARNALICH-MONTIEL V, 

SALGADO-BARREIRA Á et al.: Prevalence 
and clinical impact of systemic autoimmune 
rheumatic disease in patients with silicosis. 
Arch Bronconeumol 2021; 57(9): 571-6. 

 https://doi.org/10.1016/j.arbr.2021.06.003
 12. MARIE I, GEHANNO JF, BUBENHEIM M et 

al.: Prospective study to evaluate the asso-
ciation between systemic sclerosis and oc-
cupational exposure and review of the litera-
ture. Autoimmun Rev 2014; 13(2): 151-6. 

 https://doi.org/10.1016/j.autrev.2013.10.002
 13. BALLERIE A, CAVALIN C, LEDERLIN M et 

al: Association of silica exposure with chest 
HRCT and clinical characteristics in system-
ic sclerosis. Semin Arthritis Rheum 2020; 
50(5): 949-956. https://

 doi.org/10.1016/j.semarthrit.2020.08.014
 14. HUO X, ZENG Z, LIN Y, LIN J, XU D: Clinical 

characteristics of systemic sclerosis patients 
with occupational silicosis. Clin Rheumatol 
2024; 43(1): 277-287. 

 https://doi.org/10.1007/s10067-023-06706-5
 15. FERRI C, ARTONI E, SIGHINOLFI GL et al.: 

High serum levels of silica nanoparticles in 
systemic sclerosis patients with occupation-
al exposure: Possible pathogenetic role in 
disease phenotypes. Semin Arthritis Rheum 
2018; 48(3): 475-81. https://

 doi.org/10.1016/j.semarthrit.2018.06.009
 16. PATRO M, GIRIJA A, SARKAR S, MOHAPA-

TRA PR, SHIRGAOKAR R: Exploring the 
impact of occupational silica exposure pro-
gressing to systemic sclerosis: a report on 
the development of silica-induced systemic 
sclerosis cases. Cureus 2024; 16(2): e54595. 
https://doi.org/10.7759/cureus.54595

 17. JAANAKHI VM, RAM B, QURESHI MJ, JAIN 
M, SAWALE S: Erasmus syndrome: a case 
series of rare co-occurrence of silicosis and 
systemic sclerosis. Indian J Occup Environ 
Med 2022; 26(4): 285-88. 

 https://doi.org/10.4103/ijoem.ijoem_362_21
 18. JAIN S, JOSHI V, RATHORE YS, KHIPPAL N: 

Erasmus syndrome: silicosis and systemic 
sclerosis. Indian J Occup Environ Med 
2017; 21(2): 94-96. https://

 doi.org/10.4103/ijoem.ijoemIJOEM_120_17
 19. ROCHA LF, LUPPINO ASSAD AP, MARAN-

GONI RG, DEL RIO AP, MARQUES-NETO JF, 
SAMPAIO-BARROS PD: Systemic sclerosis 
and silica exposure: a rare association in a 
large Brazilian cohort. Rheumatol Int 2016; 
36: 697-702. 

 https://doi.org/10.1007/s00296-015-3412-0
 20. MAGNANT J, DE MONTE M, GUILMOT JL et 

al.: Relationship between occupational risk 

factors and severity markers of systemic 
sclerosis. J Rheumatol 2005; 32(9): 1713-8.

 21. AGUILA LA, DA SILVA HC, MEDEIROS-
RIBEIRO AC, BUNJES BG, LUPPINO-ASSAD 
AP, SAMPAIO-BARROS PD: Is exposure to 
environmental factors associated with a 
characteristic clinical and laboratory profile 
in systemic sclerosis? A retrospective analy-
sis. Rheumatol Int 2021; 41(6): 1143-50. 

 https://doi.org/10.1007/s00296-020-04693-3
 22. DE DECKER E, VANTHUYNE M, BLOCK-

MANS D et al.: High prevalence of occupa-
tional exposure to solvents or silica in male 
systemic sclerosis patients: a Belgian cohort 
analysis. Clin Rheumatol 2018; 37(7): 1977-
82. 

 https://doi.org/10.1007/s10067-018-4045-y
 23. BOBEICA C, NICULET E, CRAESCU M et al.: 

Etiological factors of systemic sclerosis in 
the southeast region of Romania. Exp Ther 
Med 2021; 21(1): 79. 

 https://doi.org/10.3892/etm.2020.9511
 24. MARIE I, GEHANNO JF, BUBENHEIM M 

et al.: Systemic sclerosis and exposure to 
heavy metals: A case control study of 100 
patients and 300 controls. Autoimmun Rev 
2017; 16(3): 223-30. 

 https://doi.org/10.1016/j.autrev.2017.01.004
 25. FORTE G, FADDA C, BOCCA B, ERRE GL, 

PASSIU G, MADEDDU R: Association be-
tween exposure to heavy metals and sys-
temic sclerosis: the levels of Al, Cd, Hg, and 
Pb in blood and urine of patients. Biol Trace 
Elem Res 2019; 190(1): 1-10. 

 https://doi.org/10.1007/s12011-018-1509-5
 26. BORGHINI A, POSCIA A, BOSELLO S et al.: 

Environmental pollution by benzene and 
PM10 and clinical manifestations of system-
ic sclerosis: a correlation study. Int J Environ 
Res Public Health 2017; 14(11): 1297. 

 https://doi.org/10.3390/ijerph14111297
 27. ROESER A, SESE L, CHASSAGNON G et al.: 

The association between air pollution and 
the severity at diagnosis and progression 
of systemic sclerosis-associated interstitial 
lung disease: results from the retrospective 
ScleroPol study. Respir Res 2023; 24(1): 
151. 

 https://doi.org/10.1186/s12931-023-02463-w
 28. SCHIOPPO T, DE LUCIA O, MURGO A et al.: 

The burden of air pollution and temperature 
on Raynaud’s phenomenon secondary to 
systemic sclerosis. Epidemiol Prev 2020; 
44(4): 218-27. 

 https://doi.org/10.19191/EP20.4.P228.052
 29. CIAFFI J, van LEEUWEN NM, HUIZINGA TWJ, 

DE VRIES-BOUWSTRA JK: Smoking and sys-
temic sclerosis: influence on microangiopa-
thy and expression of anti-topoisomerase I 
antibodies in a monocentric cohort. Clin Exp 
Rheumatol 2020; 38 (Suppl. 125): S25-28.

 30. CIAFFI J, LIEM SIE, CANNEGIETER S et al.: 
Untangling the relationship between smok-
ing and systemic sclerosis: an analysis of the 
EUSTAR cohort. RMD Open 2024; 10(2): 
e004101. https://

 doi.org/10.1136/rmdopen-2024-004101
 31. VARGA J, SCHUMACHER HR, JIMENEZ SA: 

Systemic sclerosis after augmentation mam-
moplasty with silicone implants. Ann Intern 
Med 1989; 111(5): 377-383. 

 https://doi.org/10.7326/0003-4819-111-5-377



1534 Clinical and Experimental Rheumatology 2024

SSc, environmental infectious triggers and SARS-CoV-2 infection / G. Lepri et al.

 32. LIPWORTH L, HOLMICH LR, McLAUGHLIN 
JK: Silicone breast implants and connective 
tissue disease: no association. Semin Immu-
nopathol 2011; 33(3): 287-94. 

 https://doi.org/10.1007/s00281-010-0238-4
 33. WATAD A, ROSENBERG V, TIOSANO S et al.: 

Silicone breast implants and the risk of au-
toimmune/rheumatic disorders: a real-world 
analysis. Int J Epidemiol 2018; 47(6): 1846-
54. https://doi.org/10.1093/ije/dyy217

 34. LAZZARONI MG, CAMPOCHIARO C, BER-
TOLDO E et al.: Association of anti-RNA 
polymerase III antibody with silicone breast 
implants rupture in a multicentre series of 
Italian patients with systemic sclerosis. Clin 
Exp Rheumatol 2021; 39 (Suppl. 131): S25-
28. https://

 doi.org/10.55563/clinexprheumatol/mg0paj
 35. SAIGUSA R, ASANO Y, NAKAMURA K et 

al.: Association of anti-RNA polymerase 
III antibody and silicone breast implants in 
patients with systemic sclerosis. J Dermatol 
2016; 43(7): 808-10. 

 https://doi.org/10.1111/1346-8138.13292
 36. SUH LJ, KHAN I, KELLEY-PATTESON C, MO-

HAN G, HASSANEIN AH, SINHA M: Breast 
implant-associated immunological disor-
ders. J Immunol Res 2022; 2022: 8536149. 

 https://doi.org/10.1155/2022/8536149
 37. HAMAMDZIC D, HARLEY RA, HAZEN-MAR-

TIN D, LEROY EC: MCMV induces neointi-
ma in IFN-γR-/- mice: intimal cell apoptosis 
and persistent proliferation of myofibro-
blasts. BMC Musculoskelet Disord 2001; 
2(1): 3. 

 https://doi.org/10.1186/1471-2474-2-3
 38. LUNARDI C, BASON C, NAVONE R et al.:  Sys-

temic sclerosis immunoglobulin G autoanti-
bodies bind the human cytomegalovirus late 
protein UL94 and induce apoptosis in hu-
man endothelial cells. Nat Med 2000; 6(10): 
1183-86. https://doi.org/10.1038/80533

 39. PANDEY JP, LEROY EC: Human cytomegalo-
virus and the vasculopathies of autoimmune 
diseases (especially scleroderma), allograft 
rejection, and coronary restenosis. Arthritis 
Rheum 1998; 41(1): 10-15. 

 https://doi.org/10.1002/1529-0131(199801) 
41:1<10::AID-ART2>3.0.CO;2-P

 40. OHTSUKA T, YAMAZAKI S: Increased preva-
lence of human parvovirus B19 DNA in sys-
temic sclerosis skin. Br J Dermatol 2004; 
150(6): 1091-5. https://

 doi.org/10.1111/j.0007-0963.2004.05930.x
 41. FERRI C, ZAKRZEWSKA K, LONGOMBARDO 

G et al.: Parvovirus B19 infection of bone 
marrow in systemic sclerosis patients. Clin 
Exp Rheumatol 1999; 17(6): 718-20.

 42. MAGRO CM, NUOVO G, FERRI C, CROWSON 
AN, GIUGGIOLI D, SEBASTIANI M: Parvovi-
ral infection of endothelial cells and stromal 
fibroblasts: a possible pathogenetic role in 
scleroderma. J Cutan Pathol 2004; 31(1): 
43-50. https://

 doi.org/10.1046/j.0303-6987. 2003.0143.x
 43. FARINA A, CIRONE M, YORK M et al.:        

Epstein-Barr virus infection induces aber-
rant TLR activation pathway and fibroblast-
myofibroblast conversion in scleroderma.     
J Invest Dermatol 2014; 134(4): 954-64. 

 https://doi.org/10.1038/jid.2013.423
 44. FARINA A, ROSATO E, YORK M, GEWURZ 

BE, TROJANOWSKA M, FARINA GA: Innate 
immune modulation induced by EBV lytic 
infection promotes endothelial cell inflam-
mation and vascular injury in scleroderma. 
Front Immunol 2021; 12: 651013. 

 https://doi.org/10.3389/fimmu.2021.651013
 45. BILGIN H, KOCABAŞ H, KEŞLI R: The preva-

lence of infectious agents in patients with 
systemic sclerosis. Turk J Med Sci 2015; 
45(6): 1192-7.

 46. YONG WC, UPALA S, SANGUANKEO A:    
Helicobacter pylori infection in systemic 
sclerosis: a systematic review and meta-
analysis of observational studies. Clin Exp 
Rheumatol 2018; 36 (Suppl. 113): S168-174.

 47. TIOSANO S, COHEN AD, AMITAL H: The 
association between hepatitis B, hepatitis 
C and systemic sclerosis: a cross-sectional 
study. Curr Opin Rheumatol 2019; 31(5): 
493-8. https://

 doi.org/10.1097/bor.0000000000000623
 48. NOVELLI L, MOTTA F, DE SANTIS M, ANSA-

RI AA, GERSHWIN ME, SELMI C: The JANUS 
of chronic inflammatory and autoimmune 
diseases onset during COVID-19. A system-
atic review of the literature. J Autoimmun 
2021; 117: 102592. 

 https://doi.org/10.1016/j.jaut.2020.102592
 49. FUJII H, TSUJI T, YUBA T, TANAKA S, SUGA 

Y, MATSUYAMA A: High levels of anti-SSA/
Ro antibodies in COVID-19 patients with 
severe respiratory failure: a case-based re-
view: high levels of anti-SSA/Ro antibodies 
in COVID-19. Clin Rheumatol 2020; 39(11): 
3171-5. 

 https://doi.org/10.1007/s10067-020-05359-y
 50. WANG G, WANG Q, WANG Y et al.: Presence 

of anti-MDA5 antibody and its value for the 
clinical assessment in patients with COV-
ID-19: a retrospective cohort study. Front 
Immunol 2021; 12: 791348. 

 https://doi.org/10.3389/fimmu.2021.791348
 51. HALPERT G, SHOENFELD Y: SARS-CoV-2, 

the autoimmune virus. Autoimmun Rev 
2020; 19(12): 102695. https://

 doi.org/10.1016/j.autrev.2020.102695
 52. HUGHES M, ROGERS S, LEPRI G, BRUNI C, 

MATUCCI-CERINIC M: Further evidence that 
chilblains are a cutaneous manifestation of 
COVID-19 infection. Br J Dermatol 2020; 
183(3): 596-8. 

 https://doi.org/10.1111/bjd.19243
 53. CHANG R, YEN-TING CHEN T, WANG SI, 

HUNG YM, CHEN HY, WEI CJ: Risk of          
autoimmune diseases in patients with COV-
ID-19: A retrospective cohort study. EClini-
calMedicine 2023; 56: 101783. 

 https://doi.org/10.1016/j.eclinm.2022.101783
 54. GIUGGIOLI D, SPINELLA A, DE PINTO M, 

MASCIA MT, SALVARANI C: From Raynaud 
phenomenon to systemic sclerosis in COV-
ID-19: a case report. Adv Skin Wound Care 
2022; 35(2): 123-4. https://

 doi.org/10.1097/01.asw.0000795240.63966.53
 55. FINESCHI S: Case report: Systemic sclero-

sis after Covid-19 infection. Front Immunol 
2021; 12:6 86699. 

 https://doi.org/10.3389/fimmu.2021.686699
 56. BLUM FR, SAMPATH AJ, GILBERT AL, FOUL-

KE GT: Diffuse systemic sclerosis following 
COVID-19 infection. Scand J Rheumatol 
2023; 52(1): 99-101. https://

 doi.org/10.1080/03009742.2022.2103935
 57. CHANDRA A, KAHALEH B: Systemic scle-

rosis (SSc) after COVID-19: a case report. 
Cureus 2022; 14(3): e23179. 

 https://doi.org/10.7759/cureus.23179
 58. CARROLL M, NAGARAJAH V, CAMPBELL 

S: Systemic sclerosis following COVID-19 
infection with recurrent corticosteroid-in-
duced scleroderma renal crisis. BMJ Case 
Rep 2023; 16(3): e253735. 

 https://doi.org/10.1136/bcr-2022-253735
 59. RIMAR D, ROSNER I, SLOBODIN G: Sclero-

derma renal crisis following Covid-19 infec-
tion. J Scleroderma Relat Disord 2021; 6(3): 
320-21. 

 https://doi.org/10.1177/23971983211016195
 60. CAMPOCHIARO C, DE LUCA G, FARINA N et 

al.: Severe acute respiratory syndrome cor-
onavirus-2-induced flare of systemic sclero-
sis. Scand J Rheumatol 2022; 51(2): 156-58. 
https://

 doi.org/10.1080/03009742.2021.1932582
 61. DADAK L, HEIL PM, GELEFF S et al.:           

PM/Scl overlap syndrome in a 14-year-old 
girl manifesting after a SARS-CoV-2 infec-
tion. J Dtsch Dermatol Ges 2023; 21(6): 
661-63. https://doi.org/10.1111/ddg.15044

 62. JEONG HY, PARK JS, WOO JS et al.: SARS-
CoV-2 spike protein accelerates systemic 
sclerosis by increasing inflammatory cy-
tokines, Th17 cells, and fibrosis. J Inflamm 
(Lond) 2023; 20(1): 46. 

 https://doi.org/10.1186/s12950-023-00362-x
 63. ZHOU Y, HAN T, CHEN J et al.: Clinical and 

autoimmune characteristics of severe and 
critical cases of COVID-19. Clin Transl Sci 
2020; 13(6): 1077-86. 

 https://doi.org/10.1111/cts.12805
 64. DOTAN A, MULLER S, KANDUC D, DAVID 

P, HALPERT G, SHOENFELD Y: The SARS-
CoV-2 as an instrumental trigger of auto-
immunity. Autoimmun Rev 2021; 20(4): 
102792. 

 https://doi.org/10.1016/j.autrev.2021.102792
 65. AKIYAMA S, HAMDEH S, MICIC D, SAKURA-

BA A: Prevalence and clinical outcomes of 
COVID-19 in patients with autoimmune dis-
eases: a systematic review and meta-anal-
ysis. Ann Rheum Dis 2021; 80(3): 384-91. 
https://

 doi.org/10.1136/annrheumdis-2020-218946
 66. FERRI C, GIUGGIOLI D, RAIMONDO V et al.: 

COVID-19 and rheumatic autoimmune sys-
temic diseases: report of a large Italian pa-
tients series. Clin Rheumatol 2020; 39(11): 
3195-3204. 

 https://doi.org/10.1007/s10067-020-05334-7
 67. FERRI C, GIUGGIOLI D, RAIMONDO V et al.: 

COVID-19 and systemic sclerosis: clinico-
pathological implications from Italian na-
tionwide survey study. Lancet Rheumatol 
2021; 3(3): e166-e168. https://

 doi.org/10.1016/S2665-9913(21)00007-2
 68. DE OLIVEIRA SM, DE OLIVEIRA MARTINS 

LV, LUPINO-ASSAD AP et al.: Severity and 
mortality of COVID-19 in patients with 
systemic sclerosis: a Brazilian multicenter 
study. Semin Arthritis Rheum 2022; 55: 
151987. https://

 doi.org/10.1016/j.semarthrit.2022.151987
 69. GÜLER AA, ÖZÇIMEN B, AYDOĞDU MS 

et al.: Clinical characteristics and disease 



1535Clinical and Experimental Rheumatology 2024

SSc, environmental infectious triggers and SARS-CoV-2 infection / G. Lepri et al.

course before and after SARS-CoV-2 infec-
tion in a large cohort of systemic sclerosis 
patients. Turk J Med Sci 2023; 54(1): 76-85. 

 https://doi.org/10.55730/1300-0144.5768
 70. NGUYEN AD, ANDRÉASSON K, MCMAHAN 

ZH et al.: Gastrointestinal tract involvement 
in systemic sclerosis: The roles of diet and 
the microbiome. Semin Arthritis Rheum 
2023; 60: 152185. https://

 doi.org/10.1016/j.semarthrit.2023.152185
 71. PATRONE V, PUGLISI E, CARDINALI M et al.: 

Gut microbiota profile in systemic sclerosis 
patients with and without clinical evidence 
of gastrointestinal involvement. Sci Rep 
2017; 7(1): 14874. 

 https://doi.org/10.1038/s41598-017-14889-6
 72. ANDRÉASSON K, ALRAWI Z, PERSSON A, 

JÖNSSON G, MARSAL J: Intestinal dysbiosis 
is common in systemic sclerosis and associ-
ated with gastrointestinal and extraintestinal 
features of disease. Arthritis Res Ther 2016; 
18(1): 278. 

 https://doi.org/10.1186/s13075-016-1182-z
 73. RUSSO E, BELLANDO-RANDONE S, CARBO-

NI D et al.: The differential crosstalk of the 
skin-gut microbiome axis as a new emerging 
actor in systemic sclerosis. Rheumatology 
(Oxford) 2024; 63(1): 226-34. https://

 doi.org/10.1093/rheumatology/kead208
 74. TANG J, ZHOU X, WU X et al.: Gut microbio-

ta aberration in patients of systemic sclerosis 
and bleomycin-induced mice model. Front 
Cell Infect Microbiol 2021; 11: 647201. 

 https://doi.org/10.3389/fcimb.2021.647201
 75. JOHNSON ME, FRANKS JM, CAI G et al.: 

Microbiome dysbiosis is associated with 
disease duration and increased inflammatory 
gene expression in systemic sclerosis skin. 
Arthritis Res Ther 2019; 21(1): 49. 

 https://doi.org/10.1186/s13075-019-1816-z
 76. DENTON CP, MURRAY C: Cause or effect? 

Interpreting emerging evidence for dysbio-
sis in systemic sclerosis. Arthritis Res Ther 
2019; 21(1): 81. 

 https://doi.org/10.1186/s13075-019-1872-4


