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INTRODUCTION

The intestinal microbiota 
comprises all the microorganisms 
in the microbial community 
belonging to the gastrointestinal 
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ABSTRACT

Background & Aims: Both inflammatory bowel diseases (IBD) and ankylosing spondylitis (AS) can be 
considered chronic immune disorders sharing common etiopathogenetic mechanisms. Changes in the 
composition of the intestinal microbiota, which can lead to an abnormal mucosal response, could be the 
missing link between these two diseases. Our study evaluate the composition of intestinal microbiota and to 
characterize gut dysbiosis in patients with IBD and AS. 
Methods: We conducted a prospective case-control study that enrolled 124 patients [20 Crohn’s disease (CD), 
27 ulcerative colitis (UC), 28 AS, 17 IBD + AS and 32 controls). Intestinal microbiota analysis was performed 
by real-time polymerase chain reaction in stool samples. 
Results: The total quantity of bacteria was decreased in all investigated groups compared to the control 
group. In studied groups, we noticed an increased percentage of Bacteroides and Escherichia coli (E.coli) and a 
decreased percentage of Clostridium coccoides, Clostridium leptum, and Faecalibacterium prausnitzii compared 
to the control group. The percentages of Bifidobacterium (p=0.010) as well as Lactobacillus group (p=0.023) 
were higher in the L3 form of CD patients. In the E2 form of UC, the quantity of Bacteroides was much 
higher compared to the E3 form (p=0.004). In AS patients, significant correlations were observed only for the 
Bifidobacterium species, significantly increased in the axial form compared to peripheral disease (p=0.035). 
Statistically significant correlations were demonstrated between the Crohn Disease Activity Index score and 
the total bacterial group (p=0.023, r=-0.507), respectively Bacteroides (p=0.021, r=-0.511) and between the 
Mayo score and Lactobacillus (p=0.001), respectively E. coli (p=0.001). In IBD + AS group, the Crohn Disease 
Activity Index score was inversely correlated with the total bacterial group (p=0.010) and directly correlated 
with Lactobacillus (p=0.047).  
Conclusions: Intestinal dysbiosis is associated with both IBD and AS. In the association of IBD with AS, 
dysbiosis is intermediate, but it is associated with the more severe articular disease. Bifidobacterium and 
Lactobacillus (commonly used as probiotics!) were found to be increased in the association between active 
IBD and active AS. Further studies are needed to understand how dysbiosis regulates the gut immune system 
and contributes to intestinal and articular inflammation. 

Key words: microbiota – inflammatory bowel disease – ankylosing spondylitis – gut dysbiosis.

Abbreviations: AS: ankylosing spondylitis; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; 
BASFI: Bath Ankylosing Spondylitis Functional Index; CD: Crohn’s disease; CDAI: Crohn Disease Activity 
Index; C. coccoides: Clostridium coccoides (XIVa); C. leptum: Clostridium leptum (IV); E1: proctitis; E2: left 
colitis; E3: pancolitis; E. coli: Escherichia coli; F. prausnitzii: Faecalibacterium prausnitzii; IBD: inflammatory 
bowel diseases; L1: ileitis, L2: colitis; L3: ileocolitis; PCR: polymerase chain reaction; UC: ulcerative colitis. 

tract. The concept of microbiome refers to a collective group of 
genomes including bacteria, bacteriophages, fungus, protozoa, 
and viruses. The study of gut microbiota is a current topic, 
and new techniques of microbiology and molecular biology 
have enabled the identification of the broad range of bacterial 
species involved.
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Currently, the gut microbiota composition and its functions 
have not been fully elucidated. It includes between 500 and 
1000 bacterial species classified into four major categories from 
the phyla group: Bacteroidetes, Firmicutes, Proteobacteria, and 
Actinobacteria [1, 2]. 

Since birth, intestinal microbiota has an important role in 
the development of the intestinal immune system by modulating 
the formation of the intestinal mucosal layer and lymphoid 
structures, stimulating the immune system, differentiating the 
immune cells and producing immune mediators [3]. Changes 
in the intestinal microbiota composition can lead to dysbiosis, 
a decrease in gut microbial diversity and a modification of the 
balance between commensal and pathogenic microorganisms 
[4]. Intestinal dysbiosis is characterized by increased intestinal 
permeability and microbial translocation through the intestinal 
mucosa, which causes metabolic endotoxemia and systemic 
inflammation (increasing of proinflammatory cytokines and 
free oxygen radicals) [5]. Many studies have demonstrated the 
association between gut dysbiosis and various disorders such 
as nosocomial infections, premature necrotizing enterocolitis, 
inflammatory bowel diseases (IBD), irritable bowel syndrome, 
obesity, various autoimmune diseases or allergies [5-7]. 

Inflammatory bowel diseases and ankylosing spondylitis 
(AS) are chronic disorders sharing common etiopathogenetic 
mechanisms. Microscopic intestinal inflammation was found 
in 40-60% of AS patients [8]. Inflammatory bowel diseases 
can be considered the result of the interaction between genetic 
factors that determine susceptibility and environmental factors 
that influence the composition of the intestinal microbial flora, 
thus leading to an abnormal mucosal response [9]. The results 
of the published studies have demonstrated that IBD dysbiosis 
is characterized by a reduction in the diversity of bacterial 
species (especially anaerobic bacteria) followed by an increase 
in the concentration of entero-adherent bacteria [10-12]. On 
the other hand, in AS gut dysbiosis is also represented by a 
decreased total number of bacterial species, dominated by pro-
inflammatory pathogens [13, 14]. If gut dysbiosis is a cause or 
an effect of systemic inflammation or the missing link between 
these two diseases remains to be determined. 

Building on all this published data, we aimed to evaluate 
the composition of intestinal microbiota and to characterize 
gut dysbiosis in patients having IBD [(Crohn’s disease (CD), 
ulcerative colitis (UC)] or AS. Special attention was given to 
the intestinal microbiota analysis in patients who presented 
the association between IBD and AS. 

METHODS

We conducted a prospective, case-control study in 
two academic centers in Northeastern Romania, one of 
gastroenterology and the other of rheumatology. The study 
enrolled 124 patients between April 2016 and March 2017. 
The control group comprised healthy people from the 
Rheumatology Clinic and the Rehabilitation Clinical Hospital 
in Iasi . 

All included cases expressed their informed consent to 
participate in the study. The study was approved by the Ethics 
Committee of the University of Medicine and Pharmacy 
and the two hospitals from which patients were selected. All 

methods were carried out following the relevant local and 
international guidelines and regulations. 

The inclusion criteria were: age over 18, the patient‘s 
signed informed consent, certain diagnoses of CD, UC, AS 
or association between IBD and AS. Diagnosis of IBD (CD 
or UC) was based on clinical symptoms, colonoscopy, and 
histopathology examination. The Montreal classification 
[15-17] was used to classify IBD by phenotype and to localize 
intestinal inflammation. Patients diagnosed with AS met the 
1984 modified New York diagnostic criteria [18]. The subjects 
were asked to complete a questionnaire regarding dietary 
habits and antibiotic or probiotic use in the last three months. 
Exclusion criteria consisted of patient refusal to participate in 
this study, uncertain diagnosis of CD, UC or AS, colorectal 
cancer, serious infections (tuberculosis, Clostridium difficile), 
other comorbidities, use of antibiotics, probiotics, or restrictive 
diets in the last 3 months. 

The enrolled cases were distributed as follows: (1) the group 
with CD - 20 cases, (2) the group with UC - 27 cases, (3) the 
group with AS - 28 cases, (4) the group with IBD and AS - 17 
cases and (5) the control group - 32 cases.

Crohn’s disease patients were divided into L1-ileitis, L2-
colitis, and L3-ileocolitis. UC patients were divided into E1-
proctitis, E2-left colitis, and E3-pancolitis and AS patients were 
grouped in axial disease and peripheral disease. For evaluating 
disease activity, Crohn Disease Activity Index (CDAI) scores 
were calculated for patients with CD, the Mayo score was used 
for UC cases, and the Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI) and Bath Ankylosing Spondylitis 
Functional Index (BASFI) scores were used for AS cases [18]. 
Active CD was defined by a CD activity index of 150 and, 
respectively, active UC was defined by a UC activity index of 
3 [15, 16]. Intestinal microbiota analysis was performed using 
real-time polymerase chain reaction (real-time PCR) in the 
stool samples. From each patient included in the study, 20 g 
of faeces were obtained. The stool samples were transported as 
quickly as possible (within the same day) to the microbiology 
laboratory and were frozen at a temperature of -80 ° Celsius 
for a maximum of one week until DNA extraction.

For DNA extraction from feces, the GenEluteTM Stool 
DNA Isolation Kit, Sigma Aldrich, was used. DNA extraction 
included the following steps: (1) from the 20 g of faeces collected 
from patients, 200 mg were isolated and added to a special 
extraction tube (Bead Tube) along with 1 ml of Lysis Buffer 
L, (2) 100 μL of another special lysis solution (Lysis Additive 
A) was added, (3) mixed for 3 minutes, then centrifuged for 
2 minutes at 14,000 rpm, (4) from the obtained supernatant, 
600 μL was transferred to another DNA tube (DNAase-free 
microcentrifuge tube) over which 100 μL of Binding Buffer I 
was added and the mixture was incubated for 10 minutes on 
ice, then centrifuged for 2 minutes; (5) from the newly obtained 
supernatant, 700 μL were separated in a 2 mL tube (DNAase-
free microcentrifuge tube) over which 700 μL of ethanol was 
added and centrifuged; (6) from the ethanol clarification 
supernatant, 600 μL were separated, introduced into a specific 
DNA binding tube and centrifuged for 1 minute at 6000 rpm; 
(7) the DNA-binding column was mixed with 500 μL of wash 
buffer (SK buffer) and centrifuged for 1 minute; (8) the washed 
DNA binding column was introduced into an Elution tube and 
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50 μl of Elution Buffer (E) was added, centrifuged for 2 minutes 
at 2000 rpm, then 1 minute at 14.000 rpm.

After DNA extraction from the feces, DNA quantity and 
purity were checked using a NanoDrop spectrophotometer.

The PCR reaction targeted the following bacteria: total 
bacteria, Bacteroides, Bifidobacterium, Clostridium coccoides 
(XIVa) (C. coccoides), Clostridium leptum (IV) (C. leptum), 
Faecalibacterium prausnitzii (F. prausnitzii), Lactobacillus, 
Escherichia coli (E. coli). The β-globin gene was the internal 
control. The primer’s structures were taken from the article 
published by Wang et al. [19] and verified using OligoAnalyzer 
3.1 (https://eu.idtdna.com). Also, the primer’s annealing 
temperature was checked. 

The PCR reaction was performed using SYBR Green 
intercalary fluorochromes that only bind to double-stranded 
DNA molecules and included the following steps: (1) the 
amplification reaction was carried out in a final volume of 
25 μL containing: 9.8 μL SYBR mix, 0.5 μL of each primer at 
a final concentration of 0.2 μM, 0.5 μL fluorochrome ROX 
(5-carboxy-X-rhodamine), 5 μL of bacterial DNA and ultra-
pure water to a volume of 20 μL (9.8 μL); (2) 1 cycle at 95°C 
for 10 minutes; (3) 40 cycles at 95°C for 10 seconds; (4) 30 
seconds at normalization temperature; (5) 30 seconds at 72°C 
- annealing temperature.

In order to reduce the quantitative error of detected bacteria 
and to characterize changes in bacterial copies, the abundance 
of the 16S rRNA gene was calculated from standard curves. 
Specific bacterial groups were expressed as a percentage of 
total bacteria identified using universal primers. The standard 
curve was constructed from decimal dilutions of the 16S rRNA 
amplicon using reference strains for each bacterial target. All 
sample amplification was performed based on this standard 
curve (Fig.1A). The dissociation and amplification curves 
confirmed that DNA amplification occurred specifically 
(Figs.1B, 1C, 1D). 

The obtained data were centralized in the SPSS 22.0 
database. Statistical analysis used both descriptive and 
analytical methods at 95% significance level (CI 95%). Some 
of the statistical methods used were: ANOVA and chi-square 
tests, linear regression, Odds Ratio. For comparisons between 

groups having a non-linear distribution, the Mann-Whitney 
U test and Kruskal-Wallis method were used. A p-value of less 
than 0.05 was considered statistically significant.

RESULTS

The characteristics of the patients included in our study 
are presented in Table I.

The total bacteria was lower in all studied groups (CD, 
UC, AS, IBD+AS) compared to the control group. The lowest 
intestinal microbiota was highlighted in patients with CD, 
followed by IBD + AS cases (Fig. 2). Patients with UC showed 
a higher total bacteria compared to CD and AS patients. 

Specific bacterial counts were calculated as a percentage 
of the total bacterial counts of each study group. The diversity 
of intestinal microbiota for each study group is presented in 
Fig. 3. UC and CD had a similar profile, with an increased 
percentage of Bacteroides and E. coli and a decreased percentage 
of C. coccoides, C. leptum and F. prausnitzii compared to the 
control group. Patients with AS had similarities with the control 
group, while patients with associated IBD and AS seemed to 
have a similar bacterial distribution with IBD patients, with 
the highest percentage of Bacteroides from all studied groups.

In patients with CD, statistically significant data regarding 
the location of the disease was observed only for total bacteria, 
Bifidobacterium, and Lactobacillus. The number of total 
bacteria was significantly increased in the L2 form of CD 
(p=0.034), while the percentages of Bifidobacterium (p=0.010) 
as well as Lactobacillus group (p=0.023) were higher in the L3 
form of CD (Table II). In UC cases, significant correlations 
were highlighted only for Bacteroides. In the E2 form of UC, 
the quantity of Bacteroides was much higher compared to the 
E3 form (p=0.004). Other bacterial groups also presented a 
numerical growth in the E2 form of UC (Table III). 

Concerning AS patients, significant correlations were 
observed only for the Bifidobacterium species, significantly 
increased in the axial form compared to peripheral disease 
(p=0.035). Many other bacterial groups were numerically 
increased in the axial form of AS (except Bacteroides), but 
without significant differences.

Fig.1. The dissociation and amplification curves for DNA amplification. A: The standard curve of amplification 
(triplicates); B Dissociation curve; C Amplification curve for E. coli; D Amplification curve for Bacteroides
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Statistically significant inverse correlations were 
demonstrated between the CDAI score and the total bacterial 
group (p=0.023, r=-0.507), respectively Bacteroides (p=0.021, 
r=-0.511). Positive Spearman correlations (but without 
statistical significance) were found between CDAI score and 
C. coccoides, Bifidobacterium and Lactobacillus. Significant 
associations were observed between the Mayo score and 
Lactobacillus (p=0.001), respectively E. coli (p=0.001). In the 
group of AS cases, no significant correlations were observed 
between BASDAI and BASFI and the bacterial groups. However, 
significant associations have been demonstrated in IBD+AS 

patients. Thus, the BASDAI score was inversely correlated with 
the total bacterial group (p=0.010, r=-0.606). In addition, the 
BASFI score correlated with all bacteria (p=0.001, r=-0.764), 
F. prausnitzii (p=0.010, r = 0.606), Bifidobacterium (p=0.016, r 
= 0.575), Lactobacillus (p=0,001, r=0,843) and E. coli (p=0.016, 
r = 0.575). Table IV shows the correlations between intestinal 
microbiota composition and disease activity scores.

DISCUSSIONS

This is the first Romanian study that analyzes the 
composition of intestinal microbiota, using faeces real-time 
PCR, in patients with IBD, AS, and IBD associated with 
AS. The PCR reaction targeted the following bacteria: total 
bacteria, Bacteroides, Bifidobacterium, C. coccoides, C. leptum, 
F. prausnitzii, Lactobacillus, E. coli . The primer’s structures 
were taken from the article published by Wang et al. [19] 
and verified using OligoAnalyzer 3.1 (https://eu.idtdna.
com). Our analysis focused on the main bacteria found in the 
microbiome from all the main phyla: Firmicutes (Clostridiales, 
F. prausnitzii, Lactobacillus), Bacteroidetes (Bacteroides), 
Actinobacteria (Bifidobacterium), and Proteobacteria (E. coli). 
The main disadvantage is that many other species involved in 
IBD and/or AS gut dysbiosis (e.g. Ruminococcus, Prevotella, 
Faecalibacterium, etc) were not analyzed.

The total bacteria was lower in all investigated cases 
compared to the control group. Corroborating the presented 
results, we can divide the studied groups into 3 categories 
according to the importance of intestinal dysbiosis: groups with a 

Table I. The characteristics of the study group

CD (n=20) UC (n=27) AS (n=28) IBD+AS 
(n=17)

Control 
(n=32)

Gender (n,%)

     Female 11 (55%) 12 (44.4%) 11 (39.3%) 5 (29.4%) 20 (62.5%)

     Male 9 (45%) 15 (55.6%) 17 (60.7%) 12 (70.6%) 12 (37.5%)

Age, years

     Median (SD) 51.2 48.93 (9,7) 52.1 (13,6) 52.4 (8,9) 61.5 (10)

     Range 46-55 45-52 46-57 47-57 57-65

IBD extension (n)

     E1 NA 5 NA NA NA

     E2 NA 12 NA 8 NA

     E3 NA 10 NA NA NA

     L1 3 NA NA NA NA

     L2 6 NA NA 5 NA

     L3 11 NA NA 4 NA

Disease activity 

     CDAI (Median) 251.47 NA NA 159.11 NA

     Mayo (Median) NA 5.88 NA 4.37 NA

     BASDAI (Median) NA NA 4.83 4.01 NA

     BASFI (Median) NA NA 9.11 4.34 NA

CD: Crohn,s disease; UC: ulcerative colitis; AS: ankylosing spondylitis; IBD: inflammatory bowel disease; 
SD: standard deviation; E1: proctitis; E2: left colitis; E3: pancolitis; L1: ileitis, L2: colitis; L3: ileocolitis; 
CDAI: Crohn,s Disease Activity Index; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; 
BASFI: Bath Ankylosing Spondylitis Functional Index; NA: not assessed.

Fig. 2. Quantification of total bacteria in studied groups - log10CFU 
(faeces/g); CD: Crohn,s disease; UC: ulcerative colitis; AS:ankylosing 
spondylitis; IBD: inflammatory bowel disease.
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Fig. 3. Specific bacterial counts calculated as a percentage of the total bacterial counts of each 
study group. Crohn,s disease, A: ulcerative colitis, B: ankylosing spondylitis, C: inflammatory 
bowel disease (CD or UC) + ankylosing spondylitis, D: control group.

Table II. Correlations between Crohn’s disease location (L) and the 
analyzed microbial group

Bacteria CD N Medium rank P

Total bacteria L2 11 17.18 0.034

L3 15 10.80

Bacteroides % L2 11 16.91 0.05

L3 15 11.00

C. coccoides % L2 11 13.45 0.979

L3 15 13.53

C. leptum % L2 11 12.91 0.734

L3 15 13.93

F. prausnitzii % L2 11 14.45 0.582

L3 15 12.80

Bifidobacterium % L2 11 9.00 0.010

L3 15 16.80

Lactobacillus % L2 11 9.55 0.023

L3 15 16.40

E. coli % L2 11 10.18 0.056

L3 15 15.93

L: Crohn’s disease location; L2: colonic; L3=ileo-colonic (L1= ileal was 
eliminated from statistical analysis – there were only 3 cases with constant 
values) C. coccoides: Clostridium coccoides (XIVa); C. leptum: Clostridium 
leptum (IV); E. coli: Escherichia coli; F. prausnitzii: Faecalibacterium 
prausnitzii.

significant dysbiosis: CD and UC, the group with an intermediate 
dysbiosis: IBD associated with AS, and the low dysbiosis group: 
patients with AS. The link between the pathological gut and joint 
inflammation is not fully understood. Recent studies identified 
genes that encode proteins involved in the IL-23/Th 17 T-cell 
differentiation in both IBD and AS patients [20]. 

Table III. Correlations between the ulcerative colitis extension and 
analyzed microbial group

Bacterial group UC form N Medium 
Rank

P

Total bacteria E1 5 22.40 0.582

E2 20 17.25

E3 10 17.30

Bacteroides % E1 5 18.60 0.004

E2 20 22.30

E3 10 9.10

C. coccoides % E1 5 18.80 0.414

E2 20 19.60

E3 10 14.40

C. leptum % E1 5 14.80 0.097

E2 20 21.20

E3 10 13.20

F. prausnitzii % E1 5 19.00 0.268

E2 20 19.95

E3 10 13.60

Bifidobacterium % E1 5 14.00 0.344

E2 20 17.20

E3 10 21.60

Lactobacillus % E1 5 22.20 0.607

E2 20 17.45

E3 10 17.00

E. coli % E1 5 14.00 0.613

E2 20 19.05

E3 10 17.90

E1: proctitis; E2: left colitis; E3: pancolitis. For abbreviations see Table II.
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Gut T cells activated by antigens can migrate to the joints 
and induce inflammation. It has been shown that leukocytes 
populations from the inflamed gut can bind to synovial vessels 
and settle into the joint, using multiple adhesion molecules 
(αΕβ7 integrins, vascular adhesion protein-1, intracellular 
adhesion molecule-1 (ICAM-1/CD54) [21]. Our study suggests 
that other mechanisms, more than gut dysbiosis, could be 
involved in the pathogenesis of AS compared to IBD patients.

A quantitative and qualitative (biodiversity) reduction 
in gut microbiota in IBD patients is supported by numerous 
published studies [22-24]. The study published by Frank et al. 
[25] pointed out important changes in intestinal microbiota 
in patients with IBD. The authors noticed significant bacterial 
decreases especially in the phyla Firmicutes and Bacteroidetes, 
both in CD and UC cases. A reduction of the gut microbiome 
in IBD patients has been observed more than 15 years ago [26]. 

In IBD patients, both CD and UC, we noticed a decreased 
percentage of C. coccoides, C. leptum, and F. prausnitzii, 
followed by an increased percentage of Bacteroides and E. coli. 
F. prausnitzii produces butyrate and plays an important role in 
epithelial barrier integrity and immune modulation. A decrease 
in the C. leptum groups, especially F. prausnitzii, has been 
reported in many studies [27-31]. Regarding Bacteroides, the 
results of the studies are contradictory. Some of them reported 
a reduction of the Bacteroides group in IBD patients, especially 
in CD patients [26, 32, 33] but others, similar to our results, 
demonstrated an increased amount of this phylum in IBD [23, 
34, 35]. More than that, Said et al. [36] noticed an increase of 
Bacteroidetes phylum in salivary microbiota in UC patients. An 
increased percentage of E. coli, again similar to our results, has 
been demonstrated in many other studies [23, 37, 38]. 

In patients with CD, statistically significant data regarding 
the location of the disease were observed only for total bacteria, 
Bifidobacterium, and Lactobacillus. Many other studies 
demonstrated an increase of Bifidobacterium genera in IBD 
patients, notably in patients with CD, especially in the ileal 
location [11, 19, 23, 39]. In UC cases, significant correlations 
were highlighted only for Bacteroides. It could be inferred 
that, in CD patients, the extension of intestinal inflammation 
is a significant factor for intestinal dysbiosis. Our results are 
consistent with the data published in the literature. The study of 
Vrakas et al. [40] confirms the worsening of intestinal dysbiosis 

in an extended and active form of CD. On the other hand, in 
UC cases, most bacterial groups showed a numerical growth 
in E2 form. The results of different studies are contradictory. 
Some support the worsening of intestinal dysbiosis in patients 
with an extensive and active UC [40]. However, the Pascal 
et al. study [41] presents the augmentation of dysbiosis in 
proctitis. Many factors may explain these discrepancies: sample 
source (biopsy or stool), disease activity (flare or remission), 
medication, comorbidities, diet, smoking status, body mass 
index, methods used to analyze the microbiota, etc [42]. 

The number of studies regarding intestinal microbiota 
analysis in AS patients is lower, but they also support the 
presence of intestinal dysbiosis characterized by a decrease 
in total bacterial diversity [43, 44]. In 2017 Wen et al. [45] 
published an article that highlighted the particular microbial 
profile in AS patients. In this study, the AS patients showed 
increases in the amount of Prevotella melaninogenica, Prevotella 
copri, and Prevotella sp. C561 and decreases in Bacteroides 
spp. Similar to our results, Bifidobacterium was increased in 
AS patients [45]. Many other studies noticed a higher amount 
of the Bifidobacterium genus, including B. bifidum species in 
AS patients [46, 47]. Again similar to our results, Bacteroides 
genera were found to be higher in AS patients by several other 
studies [47, 48]. 

Our study also analyzed the composition of intestinal 
microbiota in patients with the association of IBD and AS. We 
found that the level of dysbiosis in IBD associated with AS was 
intermediate, less than in IBD and more than in AS. Compared 
with AS, we found an increase of Bacteroides and a decrease 
of F. prausnitzii, C. coccoides, C. leptum. Compared with IBD, 
we found an increase of Bacteroides and E.coli and a decrease 
of F. prausnitzii. Many other studies have demonstrated a 
decrease of Fecalibacterium in patients with both diseases (IBD 
and AS) [23, 32, 46]. Salem et al. meta-analysis [49] focused 
on similarities and differences in gut microbiome in patients 
with chronic rheumatic inflammatory diseases and IBD. The 
authors noticed an increase in Firmicutes genera Lactobacillus 
and Staphylococcus, Actinobacteria, Bifidobacterium, and 
Proteobacteria genera such as Pseudomonas, Klebsiella, and 
Proteus, whereas Firmicutes phyla, Faecalibacterium, Roseburia 
genera, and Verrucomicrobia phylum were decreased in both 
chronic rheumatic diseases and IBD.

Table IV. Correlations between the intestinal microbiota composition and disease activity scores

CDAI (CD group) MAYO (UC group) BASDAI (AS group) BASDAI (IBD+AS 
group)

BASFI (AS group) BASFI (IBD+AS 
group)

r p r p r p r p r p r p

All bacteria -0.507 0.023 -0.061 0.145 -0.336 0.080 -0.606 0.010 -0.018 0.927 -0.764 0.001

Bacteroides % -0.511 0.021 0.2 0.375 -0.371 0.052 -0.318 0.214 -0.061 0.758 -0.160 0.539

C. Coccoides % 0.198 0.402 -0.239 0.90 0.111 0.573 -0.265 0.304 0.053 0.788 0.050 0.849

C. leptum % -0.402 0.079 -0.225 0.463 0.430 0.077 -0.265 0.304 0.010 0.960 0.050 0.849

F. prausnitzii % -0.056 0.814 -0.152 0.90 -0.371 0.052 0.764 0.001 0.104 0.597 0.606 0.010

Bifidobacaterium % 0.171 0.471 0.182 0.118 0.183 0.351 0.063 0.810 0.048 0.809 0.575 0.016

Lactobacillus % 0.053 0.823 0.139 0.001 0.331 0.085 0.488 0.047 0.019 0.924 0.843 0.001

E. coli % -0.01 0.96 0.156 0.001 0.309 0.110 0.063 0.810 -0.01 0.941 0.575 0.016

CDAI: Crohn’s  Disease Activity Index; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional Index; 
CD: Crohn’s  disease; UC: ulcerative colitis; AS: ankylosing spondylitis; IBD: inflammatory bowel disease; r: Spearman correlation. For abbreviations see Table II
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Last but not least, our study investigated the link between 
intestinal microbiota and the extent and activity of the 
diseases considered. Our results support the close relationship 
between disease activity and the degree of intestinal dysbiosis. 
The higher CDAI and Mayo scores are, the more important 
intestinal dysbiosis becomes. We observed significant 
associations between the Mayo score and Lactobacillus. Our 
results are similar to those of Wang et al. [19] who found that 
Bifidobacterium and the Lactobacillus group were increased in 
active IBD patients. In his study, Zhang et al. [50] demonstrated 
that, in UC, Lactobacilli were significantly different between 
the ulcerated and non-ulcerated regions. 

In patients with AS, no significant correlations were 
observed between activity scores (BASDAI, BASFI) and 
the bacterial groups. Only for the group with AS and IBD 
association, there were significant correlations between the 
composition of gut microbiota and BASDAI, respectively 
BASFI scores. An increase in AS activity corroborated with a 
decrease in functionality can be associated with an increase in 
pro-inflammatory bacteria. 

An interesting finding of our study is the unexpected 
significant correlation between the Lactobacillus and 
Bifidobacterium with UC activity, BASFI, and BASDAI scores 
in the IBD associated with AS group, and, respectively AS 
and BASFI scores in the combination group. Salem et al [49] 
noticed an increase in Lactobacillus and Bifidobacterium in 
both IBD and chronic rheumatic diseases. More than that, 
Lactobacillus R. Gnavus was more present in mice with 
arthritis and colitis compared with an arthritis - only group 
[51]. Further studies are necessary to determine if it is an 
epiphenomenon due to ecological niche competition or if 
there are some specific species involved or it is a microbial 
signature in IBD associated with AS. Until then we have to 
be more cautious when prescribing probiotics containing 
Lactobacilli and Bifidobacterium to patients with active IBD 
associated with active AS. 

Our study has several limitations: it analyzed a small 
number of bacterial populations (3 species, 2 genera, 1 phylum) 
and therefore cannot sufficiently characterize the entire 
microbiota (all bacteria, but also virus or fungi); for microbiome 
analysis, we used RT-PCR, which is less specific than 16S 
rRNA gene sequencing or shotgun metagenomics sequencing. 
Next generation sequencing or shotgun metagenomics are 
considered superior when compared to RT-PCR, with a higher 
power to detect novel genes and a higher sample throughput. 
However, RT-PCR remains a viable method, with a familiar 
workflow, and it has been successfully applied for quantification 
of bacterial DNA in many previous studies regarding microbiota 
changes. We analyzed only faeces samples, not colonic biopsies; 
we did not compare various treatments (immunomodulators, 
biologics) that can influence the composition of the microbiota. 
With all these limitations, as far as we know, it is the first study 
which directly compares the composition of gut microbiota in 
IBD, AS, and association IBD + AS patients. 

CONCLUSIONS

Our results support the presence of a link between intestinal 
bacterial composition, IBD, and AS. Intestinal dysbiosis 

in patients with CD and UC is quite similar, being more 
pronounced compared to the control group or AS patients 
and it is correlated with disease activity. In the association of 
AS with IBD dysbiosis it is less significant compared to IBD, 
but it is associated with higher rheumatic disease activity 
scores. Bifidobacterium and Lactobacillus were found to be 
increased in the association between active IBD and active 
AS. Further studies are required for a better understanding of 
the interactions between the microbiome and immune system 
within the microbiota-joint–gut axis. 
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