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ABSTRACT

Systemic sclerosis (SSc) is a rare autoimmune disease characterized by widespread microvas-

culopathy, inflammation, and fibrosis of the skin and internal organs. The involvement of the 

gastrointestinal tract is associated with a wide variety of symptoms and affects circa 90% of 

patients during the course of the disease. The gastrointestinal microbiota contains trillions of 

microbial cells and has been found to contribute to both local and systemic homeostasis. In both 

health and disease, a dynamic interrelationship between gut microbiome activity and the host 

immune system has been identified. Gastrointestinal dysbiosis has been described as having an 

important role in obesity, diabetes mellitus, liver disease, cardiovascular and neuropsychiatric 

disorders, neoplasia, as well as autoimmunity. Recent scientific data indicates a notable role of 

dysbiosis in the pathogenesis of SSc-related digestive involvement together with various other 

clinical manifestations. The present review aims to summarize the recent findings regarding di-

gestive dysbiosis as well as the relationship between gastrointestinal microbiota and certain 

features of SSc.
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Introduction

Systemic sclerosis (SSc) is an autoimmune condition with a complex patho-
genesis that is characterized by vasculopathy and fibrosis of the skin as well as 
the internal organs. Depending on the extent of cutaneous involvement, there 
are three distinct subsets: limited cutaneous systemic sclerosis (lcSSc), diffuse 
cutaneous systemic sclerosis (dcSSc), and scleroderma “sine scleroderma”. The 
potentially severe disease-related cutaneous, cardiopulmonary, renal, and gas-
trointestinal changes contribute significantly to the increased morbidity and 
mortality risk in SSc patients, together with a lower quality of life. Up to 90% 
of SSc patients develop upper and/or lower digestive involvement during the 
course of the disease. Despite the fact that the gastrointestinal tract can be af-
fected in every form of SSc, it is more frequent or more severe in the diffuse 
phenotype. According to recent findings, dysbiosis may be involved in the de-
velopment of certain gastrointestinal symptoms in SSc patients.1–7
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The gastrointestinal microbiota contains trillions of 
microbial cells and has been found to contribute to both 
local and systemic homeostasis.8 The immune system can 
modulate the processes occurring within the microbial 
ecosystem. Additionally, the microbiota itself produces 
biochemically active molecules which may affect the im-
mune system’s functionality.9 Any disturbance of this bal-
ance may lead to dysbiosis which has been described as 
having an important role in obesity, diabetes mellitus, liver 
disease, cardiovascular and neuropsychiatric disorders, 
neoplasia, as well as in autoimmunity.8–12 Numerous dif-
ferent interactions between the microbiota and the host 
immune system have been described in immune-mediated 
diseases including SSc.13

The present review aims to describe the recent findings 
regarding dysbiosis as well as the relationship between gas-
trointestinal microbiota and certain features of SSc.

MICROBIOTA CHANGES IN THE 

UPPER DIGESTIVE TRACT

Apart from skin fibrosis and Raynaud’s phenomenon (RP), 
one of the most common manifestations of SSc is the in-
volvement of the gastrointestinal tract.1,7 Through a wide 
range of symptoms, disease-related digestive involvement 
has a notable impact on quality of life and demonstrates a 
major influence on perception of disease severity in SSc 
patients.14

The oral cavity may be affected in SSc, leading to mu-
cosal, dental, and periodontal changes.15,16 The most com-
mon orofacial changes described in these patients are 
microstomia, xerostomia, oral mucosal atrophy, telangi-
ectasias, widening of the periodontal ligament, periodon-
titis, and bone damage involving the temporomandibular 
joint.17–19 Periodontal disease is an inflammatory condi-
tion defined by the presence of pathogenic microflora in 
the oral biofilm which disturbs the host immune response  
that may destroy the periodontium, causing bone resorp-
tion and ultimately leading to tooth loss.20 SSc patients are 
at risk of developing periodontal disease due to microsto-
mia, the latter leading to poor oral hygiene and subsequent 
dental plaque growth.21 During the course of periodontal 
disease, the facultatively anaerobic Gram-positive species 
may convert into anaerobic, proteolytic Gram-negative 
species. Moreover, potential pathogens such as Porphy-
romonas gingivalis or Aggregatibacter actinomycetemcomi-
tans can trigger autoimmunity by activating autoantibody 
production through citrullinated antigens, this mechanism 
being described in autoimmune diseases such as rheuma-
toid arthritis. However, further research is needed to in-

vestigate the connection between the bacterial species 
involved in periodontal disease and autoantibody produc-
tion in SSc.21,22

Salivary gland involvement, clinically expressed 
through xerostomia, is a frequently encountered feature in 
SSc, more than 50% of the patients complaining of “dry 
mouth”.15 Baron et al. showed that saliva production in 
these patients is decreased, thus facilitating the develop-
ment of dysbiosis in the oral cavity.19 The fibrotic process 
appears around the capillaries and excretory ducts, pro-
moting functional impairment by decreasing vascular per-
meability. Sjogren’s syndrome can be associated with the 
condition and has been found in circa 30% of SSc patients, 
mostly due to the fibrotic process.17,23

Approximately 50–90% of SSc patients may develop 
symptoms linked to esophageal involvement.24–26 The lat-
ter has been associated to various symptoms, such as heart-
burn, regurgitation, dysphagia, pain, or nausea, as a result 
of esophageal dysmotility.2,3,27,28 The combination of hypo-
tensive esophagogastric junction pressure and absent con-
tractility in the lower esophageal body are typical features 
of the classic scleroderma esophagus. SSc patients who 
have absent contractility on high-resolution esophageal 
manometry experience more severe heartburn, dyspha-
gia, chest and abdominal pain, early satiety, bloating, and 
loss of appetite.29–31 Moreover, up to 5% of the patients can 
develop Barrett’s esophagus and/or adenocarcinoma.32,33

It has been stated that dysbiosis at this level may also 
influence the appearance of symptoms. The esophagus 
microbiota mostly consists of bacteria from the oral cavity 
and from the stomach, the more prevalent species being 
Streptococcus viridans, Fusobacterium spp., Neisseria spp., 
and Haemophilus spp. The dynamics of the esophageal mi-
crobiome is not fully understood, although an increase in 
Gram-negative bacteria is presumed to be connected with 
gastroesophageal reflux disease (GERD), Barrett’s esopha-
gus, and treatment with proton pump inhibitors.34,35 Espi-
noza et al. described the esophagus microbiota in patients 
with SSc, concluding that the samples from SSc patients 
were less abundant in species such as Lactobacillus, Bacil-
lus, and Rhodococcus.36

Patients with SSc may experience nausea, vomiting, ear-
ly satiety, heartburn, bloating, and abdominal pain due to 
gastroesophageal dysmotility.4,26 It has been shown that in-
fection with Helicobacter pylori (H. pylori) is frequent and 
could be a risk factor for the appearance of certain diges-
tive symptoms in SSc.37 H. pylori is a Gram-negative bac-
terium that commonly infects the gastric mucosa through 
virulence factors, triggering and maintaining an inflamma-
tory response and eventually promoting the development 
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of cross-reactive antibodies against bacterial proteins by 
molecular mimicry.38 Several studies (presented in Table 
1) have revealed an increased prevalence of H. pylori infec-
tion in SSc patients, indicating possible links between cer-
tain clinical features (including digestive symptoms) and 
H. pylori infection.39 Furthermore, a relationship between 
H. pylori infection and the severity of skin involvement has 
been suggested despite the fact that no link has been found 
with the peripheral vascular damage.40

MICROBIOTA CHANGES IN THE 

LOWER DIGESTIVE TRACT 

Small bowel involvement has been linked to pseudo-ob-
struction and small intestinal bacterial overgrowth (SIBO) 
in SSc. Patients may experience nausea, emesis, bloating, 
abdominal pain or distension, diarrhea, and malabsorp-
tion, the latter leading to weight loss and various nutri-
ent deficiencies.26 The most important defensive system 

against SIBO is the integrity of the intestinal motor activ-
ity. There are several studies which showed that the SSc-
related fibrosis of the bowel smooth muscle (impacting 
its functionality) and vasculopathy may promote bacterial 
overgrowth.46,47

The prevalence of SIBO in SSc was analyzed in many 
studies, as seen in Table 2, its prevalence spanning between 
13% and 65%, with higher values in Western areas com-
pared to Asian countries.49 Patients with SIBO complain 
more frequently of abdominal pain/discomfort, bloating, 
diarrhea or constipation compared to healthy controls 
(HC).50 Furthermore, patients with SIBO have higher lev-
els of fecal calprotectin (a bowel inflammatory marker).50 
Approximately 10% of SSc patients can develop malnutri-
tion,51 with lower levels of serum albumin and vitamin B12 
and reduced quality of life.49,51

Regarding the microbiota composition in SSc and SIBO 
patients, a study published in 2019 reported an abundance 
of Odoribacter, Bilophila and Lachnospira species, finding 

TABLE 1.  The relationship between SSc and H. pylori infection 

Study Patients Evaluation Results

Yamaguchi et al., 
200841

64 patients Upper gastrointestinal 
endoscopy
Anti-H. pylori IgG antibodies 
(serum samples)

29 of 64 participants were diagnosed with 
esophagitis. 37 patients (57.8%) were found 
positive for H. pylori infection of which 10 had reflux 
esophagitis. The prevalence of reflux esophagitis 
was lower than in H. pylori negative patients. 

Radić et al., 201340 42 patients (2 with lcSSc and 40 
with dcSSc)

Upper gastrointestinal 
endoscopy and rapid urease 
test

The prevalence of H. pylori infection was 62% 
(26 positive patients, 1 with lcSSc and 25 with 
dcSSc) with significant differences in the digestive 
involvement between positive and negative patients. 
The study described a possible relation between 
H. pylori infection status and skin involvement, 
positive patients having more severe mRSS score. 
Furthermore, H. pylori positive SSc patients had a 
more severe lung and heart involvement.

Ram et al., 201342 79 SSc patients (from a total 
of 1,290 subjects with various 
autoimmune diseases)

Anti-H. pylori IgG antibodies The authors found a 55.7% prevalence in SSc 
patients. 

Bilgin et al., 201543 30 SSc patients (18 with lcSSc 
and 12 with dcSSc)
versus 
30 HC

Anti-H. pylori IgG and IgM 
antibodies

73.3% of SSc patients were positive (72.2% with 
lcSSc and 75% with dcSSc), whereas only 46.6% 
from the control group had positive IgG antibodies. 

Balaji et al., 201744 55 SSc patients (23 with lcSSc 
and 32 with dcSSc) 
versus
25 HC

Anti-H. pylori IgG antibodies 61.8% of SSc patients were found to be positive 
compared to 24% in the HC group. Anti-H. pylori 
antibody levels were higher in SSc patients with 
digestive symptoms, yet did not differ according to 
disease phenotype.

Efthymiou et al., 
202045

91 patients (41 with dcSSc and 
50 with lcSSc) 
versus
59 HC

Anti-H. pylori antigen-specific 
antibody testing 

67% (68.3% in dcSSc patients and 66% in lcSSc 
patients) compared with 76.3% in HC.

mRSS – modified Rodnan skin score; HC – healthy controls
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a considerably higher bacterial abundance and diversity 
compared to SSc patients without SIBO.52

Colonic involvement is often asymptomatic, although 
some patients may exhibit diarrhea, constipation, tenes-
mus, painful defecation, and fecal incontinence. There 
are various studies, presented in Table 3, on patients with 
SSc with or without gastrointestinal involvement, which 
described their gut microbiota compared to HC and ex-
plored the potential relationship between gastrointesti-
nal symptoms and dysbiosis in this respect.64 The studies 

performed on SSc patients’ gut microbiota showed an in-
crease in Lactobacillus expression, a commensal microbe 
whose role in gut peristalsis remains unknown. Moreover, 
recent research described a decrease in certain beneficial 
commensal genera (Clostridium, Faecalibacterium, and 
Bacteroides) and an increase in potentially pathobiont gen-
era (Fusobacterium, Prevotella, Ruminococcus).65–71 

Volkmann et al. analyzed the cecum and sigmoid mu-
cosal lavage samples from SSc patients. The authors de-
scribed the following changes: patients displayed an abun-

TABLE 2.  The investigation of SIBO in SSc patients

Study Patients Evaluation Results

Parodi et al., 200853 55 patients (18 with dcSSc and 
37 with lcSSc) 
versus 
60 HC

Lactulose breath test 54.5% tested positive (30/55 compared to 4/60 
positive HC).

Marie et al., 200949 51 patients (25 with dcSSc and 
26 with lcSSc) 

Glucose hydrogen and methane 
breath test

43.1% tested positive. Among the 22 patients with 
SIBO, 11 also exhibited abnormal small bowel 
manometry. 

Fynne et al., 201154 15 patients with dcSSc Hydrogen breath test 3 patients tested positive according to the breath 
test.

Gemignani et al., 
201355

50 patients (18 with dcSSc and 
32 with lcSSc)
versus
60 HC

Glucose breath test 18% from the SSc group and 5% from the HC group 
were diagnosed with SIBO. 

Savarino et al., 201356 99 patients (31 with dcSSc and 
68 with lcSSc) 
versus
60 HC

Lactulose breath test In the SSc group, 46% tested positive compared to 
5% of controls. 

Tauber et al., 201457 38 patients (18 with dcSSc and 
20 with lcSSc)

Glucose hydrogen and methane 
breath test

37% tested positive at the breath test, 37% also 
exhibiting gastrointestinal involvement.

Soukup et al., 201458 37 patients Hydrogen breath test 37.8% tested positive.

Marie et al., 201559 125 patients (43 with dcSSc and 
82 with lcSSc)

Glucose hydrogen and methane 
breath test and fecal calprotectin

46.2% tested positive. Patients with higher levels 
of fecal calprotectin experienced more severe 
gastrointestinal symptoms.

Adarsh et al., 201760 50 patients (34 with lcSSc and 
16 with dcSSc), of which 37 
underwent a lactulose breath 
test

Lactulose breath test 21% of the 37 participants who underwent lactulose 
breath test were positive.

Cruz-Dominguez et al., 
201761

68 patients (41 with lcSSc and 27 
with dcSSc)

Glucose/lactulose hydrogen 
breath test

64.7% tested positive, the breath test being linked to 
the severity of symptoms.

Sawadpanich et al., 
201962

89 patients with non-digestive 
symptoms (65 with dcSSc and 
24 lcSSc)

Glucose hydrogen and methane 
breath test

12 patients tested positive for SIBO (the only 
statistically significant correlation was between 
disease duration and SIBO)

Polkowska-Pruszyńska 
et al., 202050

40 patients (6 with dcSSc and 33 
with lcSSc) 
versus
39 HC

Lactulose hydrogen breath test 47.5% tested positive compared to only 12.8% in HC. 
Fecal calprotectin levels were higher in the study 
group, particularly in the SSc – SIBO patients.

García-Collinot et al., 
202063

74 patients (43 with lcSSc and 
32 with dcSSc)

Lactulose hydrogen breath test Results showed a positivity rate of 64.9%.

HC – healthy controls
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dance of Lactobacillus, Bifidobacterium, Fusobacterium, 
Erwinia, Ruminococcus, and Prevotella, and a decrease in 
Faecalibacterium, Clostridium, Rikenella, and Bacteroides 
fragilis.65 In 2017, Volkmann et al. compared two inde-
pendent SSc cohorts from Norway and the USA, provid-
ing evidence that gut microbiota varies between the two 
populations, the extent of dysbiosis being greater in the 
American cohort. It has been stated that an increased ex-
pression of species such as Ruminococcus or Akkermansia 
may contribute to the fibrotic process in scleroderma pa-
tients, yet further studies are needed to confirm this rela-
tionship.66,68

Regarding gastrointestinal involvement, it has been 
shown that patients with none to mild gastrointestinal 
tract involvement had increased abundance of Bacteroi-
des fragilis and Clostridium, while patients with moderate 
to severe gastrointestinal symptoms had an increase of 
Prevotella and Fusobacterium species.72 Patrone et al. con-
ducted a study comparing HC to SSc patients with/with-
out gastrointestinal involvement.69 The results showed 
that the diversity and richness of the gut microbiota var-
ied significantly between controls and SSc patients with 
gastrointestinal involvement, albeit there were no differ-
ences between healthy individuals and SSc patients with-

TABLE 3.  The alteration of large bowel microbiota in SSc 

Study Evaluation Patients Increased* Decreased*

Volkmann et al., 201665 Cecum and sigmoid mucosal 
lavage samples

17 SSc
versus
HC

Lactobacillus
Bifidobacterium
Fusobacterium
Erwinia
Ruminococcus
Prevotella

Faecalibacterium
Clostridium
Rikenella
Bacteroides fragilis

Andrnasson et al., 
201666

Fecal samples 98 SSc
versus
HC

Lactobacillus Faecalibacterium prausnitzii
Clostridiaceae

Bosello et al., 201667 Fecal samples 66 SSc
versus
HC

Lactobacillus
Ruminococcus
Roseburia
Faecalibacterium

Clostridium
Odoribacter
Veilonella
Prevotella

Volkmann et al., 201768 Fecal samples 17 SSc
versus
HC
(Norway)

Lactobacillus Clostriudium
Bacteroides

17 SSc
versus HC
(USA)

Lactobacillus
Fusobacterium
Erwinia
Akkermansia
Ruminococcus

Faecalibacterium
Bacteroides

Patrone et al., 201769 Fecal samples 18 SSc
versus
HC

Blautia
Lactobacillus
Eubacterium
Bacteroides
Acinetobacter

Roseburia
Clostridium
Ruminococcus
Streptococcus

Bellocchi et al., 201870 Fecal samples 59 SSc
versus
HC

Fonticella
Parabacterioides
Unidentified members of the 
Firmicutes phylum
Butyricimonas
Desulfovibrio

Turicibacter
Unidentified members of the 
Lachnospiraceae family

Natalello et al., 202071 Fecal samples 63 SSc
versus
HC

Firmicutes
Streptococcus
Lactobacillus
Blautia
Ruminococcus
Phascolarctobacterium 

Sutterella
Bacteroides
Odoribacter
Roseburia

* relative to the control group; HC – healthy controls; USA – United States of America
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out digestive involvement. The group without gastroin-
testinal symptoms had a lower level of Blautia, Dorea, and 
Bacteroides compared with the other patients. Dorea is a 
gas-producing bacterium, and its high levels could explain 
the abdominal bloating experienced by SSc patients with 
gastrointestinal involvement.69 Bellocchi et al. conducted a 
study on 59 subjects diagnosed with SSc, suggesting a pos-
sible connection between treatment and the gut microbio-
ta profile in these patients.70

CONCLUSIONS

SSc is an autoimmune disease with a complex pathogen-
esis and a wide range of symptoms derived from multiple 
organ involvement. Recent studies indicate an interrela-
tionship between the activation of the immune system and 
the disturbance of gastrointestinal tract microbiota in vari-
ous immune-inflammatory diseases including SSc. More-
over, the reported data indicate an association between 
dysbiosis and gastrointestinal as well as non-digestive 
manifestations in SSc patients. Further research is needed 
to elucidate the dynamics between digestive microbiota 
and SSc progress (pertaining to both gastrointestinal and 
non-digestive manifestations), focusing on the develop-
ment of strategies to improve clinical outcomes and qual-
ity of life in these patients.
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