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analysis in patients with spondyloarthritis
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Abstract. Spondyloarthritis (SpA) is a group of associated
chronic systemic inflammatory immune-mediated rheumatic
diseases affecting axial and peripheral joints and entheses.
The aim of the present study was to identify what param-
eters are useful to determine in order to better understand
the correlation between the disease activity/severity and the
microbiological results/immune status against intestinal
and/or urogenital pathogens. Microorganisms known to trigger
SpA, including Klebsiella spp., Yersinia spp., Salmonella spp.,
Campylobacter spp. and Chlamydia spp., were analyzed in
various specimens (stool, urine, synovial fluid and serum)
collected from 27 randomly selected SpA patients and
26 healthy controls using a combined direct and indirect
approach relying on conventional culture technique and
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nucleic acid-based assays together with serological testing by
ELISA. Although Escherichia coli derived from phylogroup
A prevailed in the gut microflora of the patients and controls,
differences were observed regarding the representatives of the
other phylogroups with a higher prevalence of E.coli members
of phylogenetic group Bl in the stool specimens of patients.
Antibodies against the targeted species were detected in SpA
patients and controls, and the serological profiles of the former
were more diverse and complex. In conclusion, the detection of
anti-bacterial antibodies combined with other specific labora-
tory investigations should be more extensively used to monitor
SpA patients in association with their symptoms and in order
to determine and administer more effective therapeutics.

Introduction

According to the Assessment of SpondyloArthritis (SpA)
International Society (ASAS) and the European League
against Rheumatism (1,2), SpAis a group of associated chronic
systemic inflammatory immune-mediated rheumatic diseases
affecting axial and peripheral joints and entheses. SpA
includes different disease phenotypes: Ankylosing spondylitis
(AS), reactive arthritis (ReA), arthritis/spondylitis with inflam-
matory bowel disease, psoriatic arthritis and undifferentiated
(W)SpA (1,2). Extensive progress has been achieved in the
understanding of SpA pathogenesis in the last two decades,
including the complex interaction between environmental,
immune, genetic and epigenetic factors (3-8). Furthermore,
the gut and/or urogenital microbiota, representing one of the
most important environmental factors,was revealed to have a
much more complex configuration than previously thought,
when studied by using modern high-throughput techniques,
including genomic and metagenomic approaches (9-11).
Infections with pathogens including Yersinia spp., Salmonella
spp., Campylobacter spp., Shigella spp. and Chlamydia tracho-
matis have been reported at increasing rates worldwide (12,13),
with a subsequent increase in the number of patients at risk
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that are prone to developing extra-intestinal complications.
ReA was reported in 2-10% of patients with enteritis. Besides
usual pathogens in the enteric and/or urinary tract (14), several
other infectious agents were incriminated as triggering factors
in SpA in a smaller percentage, including certain anaerobes
(Porphyromonasgingivalis, Prevotellaintermedia) (15),
Borrelia spp. (16), human immunodeficiency virus (17)
and hepatitis C virus (18). Despite of remarkable scientific
progress, the pathogenesis of SpAhas remained to be fully
elucidated. It was demonstrated that genetic factors, including
human leukocyte antigen (HLA) B27 (19-22), certain pheno-
types of endoplasmic reticulum aminopeptidase-1 (19,21,22),
interleukin (IL)-23 receptor (21,23) and tumour necrosis factor
(TNF) gene polymorphisms (24) have an important role in
the development of the disease and/or in persistence of bacte-
rial components at different anatomic sites of the host. The
persistence of bacterial antigens of Salmonella, Yersinia and
Chlamydia trachomatis, including the presence of bacterial
endotoxin and/or DNA in synovial fluid, was identified in
patients with ReA (25). Differences in the serumantibody
pattern amongst patients may suggest differences between trig-
gering factors and various clinical forms of SpA (26,27). The
aim of the present study was to improve the laboratory-based
information in order to better understand the correlation
between the disease activity/severity and the microbiological
results/immune status against intestinal and/or urogenital
pathogens.

Materials and methods

Subjects and study design. A total of 27 subjects aged
34-68 years (24 males and 3 females) diagnosed with SpA
according to the ASAS criteria (1,2), who had been consecu-
tively admitted to Sf. Maria Clinical Hospital Department of
Internal Medicine and Rheumatology (Bucharest, Romania)
between January 2016 and December 2017, were included in
the present study. Of these, 24 males and one female displayed
the human leukocyte antigen (HLA)-B27 phenotype. During
hospitalization, an assessment of the disease activity and func-
tional impairment was performed based on the calculation of
the Bath AS Disease Activity Index (BASDAI) (28), Bath AS
Functional Index (BASFI) (29) and AS Disease Activity Score
(ASDAS) (30). Regarding BASDAT and BASFI, a value between
4-6 was considered to indicatesuboptimal control of the disease
activity and significant functional impairment, respectively. A
value of >6 for BASDALI is requested in the Romanian protocol
for initiating the biological treatment in AS. BASFI evaluation is
not included in the evaluation for biological treatment initiation
in Romanian patients with AS.For the ASDAS calculated using
C-reactive protein (CRP), a value of 1.3-2.1 was considered to
indicate low disease activity and a value >2.1 was considered to
indicate high disease activity.

The patients were compared with a control group
consisting of 26 randomly selected volunteers aged >18 years
without any concomitant or overlapping autoimmune disease,
or overt infection, and had no current treatment with any
anti-microbial agents (antibiotics, antivirals or antifungals),
age and sex-matched, admitted to the Sfanta Maria Clinical
Hospital due to discogenic lower back pain. All subjects
provided written informed consent. The study protocol was
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approved by the Local Ethics Committee of ‘Sfanta Maria’
Clinical Hospital (Bucharest, Romania; no. 1442/13.07.2018).

Laboratory approach. Microorganisms known to trigger
SpA were sought in the various specimens collected from
patients and controls using a combined approach relying on
conventional culture technique and nucleic acid-based assays
together with serological testing. The specimens submitted for
microbiological investigation included stool (available from
25 patients and 26 controls), urine (available from 27 patients
and 26 controls), synovial fluid (available from 3 patients) and
serum (available from 27 patients and 26 controls) samples.

The screening of anti-thyroid antibodies anti-thyroid
peroxidase (ATPO) and anti-thyroglobulin (ATG) was
performed by enzyme-linked fluorescent assay using an auto-
mated benchtop immunoanalyzer VIDAS® 30 and the ATPO
and anti-Tg specific kits from the VIDAS® Thyroid panel
(bioMérieux, Marcy I'Etoile, France; cat. no. 30 461 and 30
462), according to manufacturer's protocol, as diagnostic
tools for detecting polyautoimmunity.

The detection of HLA-B27 by polymerase chain reaction
(PCR) and the determination of CRP biomarker by spectro-
photometric assay (normal range, 0-5 mg/l) was performed in
the Medas laboratories of ‘Sfanta Maria’ Hospital (Bucharest,
Romania).

Culture and non-culture methods. Stool cultures were
performed for the SpA-triggering bacteria Yersinia spp.,
Klebsiella spp., Shigella spp., Salmonella spp., Escherichia
coli and Campylobacter spp. Selective and differential culture
media used for the isolation of these Gram-negative bacilli
were Citrate Lactose Electrolyte Deficient (CLED) agar,
MacConkey agar, Desoxycholate Citrate Lactose Sucrose Agar
and Campylobacter Agar Base with Campylobacter Selective
Supplement. Selenite broth was also used as an enrichment
medium for Salmonella spp. In addition, Sabouraud dextrose
agar with chloramphenicol was used for isolating fungi. All
abovementioned bacteriological media were provided by
Oxo0id® Ltd. (Basingstoke, UK).

Automated VITEK® 2 technology and the VITEK® 2 GN ID
and YST ID cards (bioMérieux) were used for the identification
of fermenting and non-fermenting Gram-negative bacilli and
identification of yeast and yeast-like organisms, respectively.

Quantitative urine cultures were performed using CLED
and a 0.001-ml calibrated loop, and the results on microbial
growth were expressed as colony forming units (CFU)/ml. A
positive specimen was indicated by at least 105 CFU/ml urine.

Total DNA was extracted directly from stool samples with
the QIAamp DNA Stool Mini kit (cat. no. 51504 and 19590;
Qiagen Inc., Hilden, Germany, UK). according to the manu-
facturer's protocol.

Commercially available PCR-based Seeplex® Diarrhea
ACE Detection kit (cat. no DR6501Y and cat. no. DR6502Y;
Seegene Technologies Inc., Seoul, Korea) was used to detect
the presence of the intestinal pathogens according to the
manufacturer's protocol. Bacterial panel 1, which was used for
the identification of Salmonella spp. (S. bongori, S. enterica),
Shigella spp. (S. flexneri, S. boydii, S. sonnei, and S. dysen-
teriae), and Campylobacter spp. (C. jejuni, C. coli), allowed
for the concurrent detection of Vibrio spp. (V. cholerae, V.
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parahaemolyticus, V. vulnificus) and Clostridium difficile
Toxin B. Bacterial panel 2 that was used to detect Yersinia
enterocolitica and was also able to identify Clostridium
perfringens, Aeromonas spp. (A.media, A.veronii, A. salmoni-
cida, A. sobria, A. bivalvium, A. hydrophila), E. coli serotype
O157:H7 and Verocytotoxin-producing E. coli (VTEC).

The urine specimens were screened for Chlamydia tracho-
matis using the Chlamydia trachomatis Quant Real PCR™
kit (cat. no. BI-100FRT100; Sacace Biotechnologies S.r.l,
Como, Italy) and DNA template extracted from urine with
the PureLink™ Genomic DNA Mini kit (cat. no. K182002,
Invitrogen™, Carlsbad, CA 92008, USA).

Broad-range 16S rRNA PCR was also performed to detect
the presence of viable bacteria or bacterial DNA fragments
in the available synovial fluid specimens. DNA extraction
was performed with PureLink™ Genomic DNA Mini kit
(cat. no. K182002; Invitrogen; Thermo Fisher Scientific, Inc.).
Primers and protocolswere identical to those in a previously
published study (31).

E. coli phylotyping was performed using the revised multiplex
PCR-based protocol of Clermont et al (32), using a T100™
thermocycler (Bio-Rad Laboratories Inc, Hercules, CA, USA).
For each subject, three or four E. coli colonies recovered from
the stool culture were tested.

Detection of antibodies against bacteria in serum and in
the synovial fluid. The presence of serum antibodies against
Salmonella, Campylobacter, Yersinia and Chlamydia was
investigated by ELISA using the following respective commer-
cial kits:

IMTEC Salmonella immunoglobulin (Ig)A (cat.
no. ITC40050; HUMAN Biochemica und Diagnostica GmbH,
Wiesbaden, Germany) and IMTEC Salmonella 1gGAM
(cat. no. ITC40040; HUMAN Biochemica und Diagnostica
GmbH), recom Well Campylobacter 1gA and IgG (cat.
nos. 6205 and 6204; MikrogenDiagnostik, Neuried, Germany),
Anti-Yersinia enterocolitica ELISA IgG (cat. no. EI 2173-9601
G; EuroimmunMedizinischeLabordiagnostika, Luebeck,
Germany), anti-Chlamydia trachomatis ELISA (IgM) and
anti-Chlamydia trachomatis ELISA (IgG) kits (EI 2191
A/G/M; EuroimmunMedizinischeLabordiagnostika). In addi-
tion, serum antibodies against Klebsiella pneumoniae were
detected using the classical method of tube agglutination
following an in-house protocol (33). In brief, K. pneumoniae
whole cells from 3 serotypes frequently involved in triggering
SpA (K36, K50, K21) were used as bacterial antigens. Serum
dilutions of 1:80, 1:160 and 1:320 in physiological saline solu-
tion were mixed with bacterial suspension equivalent to a 2
McFarland standard. A titer of =160 was considered to be
indicative of a positive result.

Of note, the presence of anti-Yersinia antibodies was
determined in the limited number of patients that were able
to be assessed repeatedly in order to investigate the dynamics
of these specific antibodies in serum in correlation with their
presence in the synovial fluid.

Statistical analysis. Continuous variables were reported asthe
mean =+ standard deviation (interquartile range) for age and
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CRP and as the median (minimum-maximum) for disease
duration. Dichotomous nominal variables are reported
as ‘absolute frequency (percentage of subgroup total)’.
Non-parametric tests (x* and Fisher's exact tests) were used to
evaluate the differences in test positivity between SpA patients
and controls and the Mann-Whitney U test was performed to
evaluate differences in age between these study groups. P<0.05
was considered to indicate statistical significance. SPSS v.20
for Windows (IBM Corp., Armonk, NY, USA) was used for all
statistical analyses.

Results

Demographic data and clinicopathological data. Demographic
parameters (age, gender) and the presence of HLA-B27 antigen
in patients and controls, as well as disease duration, CRP
values and DAS in SpA patients are listed in Table 1. Of the
27 patients with SpA (24 male and 3 female), 24 (88.9%) were
HLA-B27-positive.

Bacterial stool culture. With one exception, the stool specimens
recovered from the patients with SpAwere culture-negative
for the traditional intestinal pathogens, including Shigella
spp., Salmonella spp., Yersinia spp. and Campylobacter spp.
The only stool sample identified to be positive contained
Salmonella enterica serovarRissen. As expected, E. coli was
the predominant aerobic species of enterobacteria isolated from
stools in the two study groups. Specifically, a virtually pure
culture of E coli was yielded from 23 of the patients (88%) and
25 of the controls (96%). The remaining 4 patients displayed
stool cultures dominated by K. pneumoniae (3 patients) or
Citrobacter spp. (1 patient), whereas within the control group,
one subject was positive for Citrobacter spp.

DNA-based stool analysis. Phylotyping revealed that the
Escherichia coli strains isolated from the available stool spec-
imens belonged to multiple phylogroups. However, the major
proportion of the strains colonizing the gut of the patients
and controls belonged to phylogenetic group A. Most subjects
(17 patients and 19 controls) were colonized by E. coli strains
representative of only one phylogenetic group, which was
mainly A, but the concomitant presence of two phylogroups
was also observed. While phylogroup A prevailed in the
intestinal microflora of the patients and the controls, differ-
ences were observed regarding the prevalence of the other
phylogroups (Table II). Of note, phylogroup Bl and C strains
were isolated exclusively from the patients.

The multiplex PCR-based panels were used as an alterna-
tive to cultureexperiments and confirmed the stool specimens
that tested positive in the cultures for Salmonella. In addition,
they identified patients with stool specimens positive for
Clostridium perfringens (n=6), Clostridium difficile toxin B
(n=1), Aeromonas spp. (n=1) and non-O157:H7 VTEC (n=2).
The concurrent presence of Clostridium difficile toxin B and
Aeromonas spp. was also identified in one of the SpA patients.
Of note, the patient with the Citrobacter spp.-dominant culture
was also identifiedto be positive for VTEC and Clostridium
perfringens by PCR. In addition, 2 patients tested positive
for Clostridium perfringens. Regarding the control group,
PCR identified VTEC in 4 subjects, Salmonella spp.in 2,
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Table I. Clinico-pathological characteristics of the control and SpA groups.

Paramete SpA (n=27) Controls (n=26) P-value
Age (years) 46.07+14.37 (34-68) 60.9+7.69 (54-77) <0.001*
Male sex 24 (88.9) 12 (46.2) 0.002°
HLA-B27 24 (88.9) 2(7.7) <0.001°
Disease duration (years) 5.77+6.58 (1-33) - -
CRP (mg/1) 12.52+10.24 (1.8-32) - -
BASDAI 3.35+1.7 (1.1-7.0) - -
BASFI 3.3x1.96 (1.0-7.2) - -
ASDAS p 2.18+1.27 (0.9-5.2) - -

"P-value determined by the Mann-Whitney U-test or " test. The upper limit of normal for CRP is 5 mg/l. Values are expressed as the
mean + standard deviation (range) or n (%). ASDASp, Ankylosing Spondylitis Disease Activity Score using CRP; CRP, C-reactive protein;
BASDALI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; HLA, human leuko-

cyte antigen; SpA, spondyloarthritis.

Table II. Escherichia coli phylogenetic groups identified in
the stool samples from the two groups by using the Clermont
revised multiplex polymerase chain reaction-based protocol.

SpA patients Controls
Phylogroup (n=25) (n=26)
A 12 15
Bl 1 0
B2 2 0
C 1 0
E 0 1
F 1 3
A+B1 4 0
A+B2 0 2
A+d 1 1
A+E 1 2
A+F 2 2

SpA, spondyloarthritis.

Aeromonas spp.in 1 and Clostridium difficile toxin B in 1
subject, respectively (some subjects tested positive for multiple
strains).

Urine analysis. The urine samples were negative for entero-
bacteria, enterococci and staphylococci in most patients
and controls. Only 2 urine specimens from the SpA patients
were culture-positive. Specifically, one specimen yielded
Escherichia coli belonging to the phylogenetic group B2 and
another one contained Pseudomonas aeruginosa. Among the
control group, one subject was identified with a significant
bacteriuria with Escherichia coli of phylogenetic group B2. Of
note, the SpA patient and the control subject carried the same
phylogenetic group of Escherichia coli in the stool. Chlamydia
trachomatis DNA in the urine ofneither in the patients nor the
controlswas identified by usingthe real-time PCR method.

Synovial fluid analysis. The synovial fluid specimens recov-
ered from 3 SpA patients were negative on culture and 16S
ribosomal RNA PCR analysis.

Serum analysis. Antibodies against bacteria were detected in
22 (81%) of the SpA patients, with one exception with regard
to the HLA-B27 phenotype. The prevalence of anti-bacterial
antibodies detected in serum was highest for anti-Yersinia
antibodies (16 patients, 67%) followed by anti-Klebsiella
antibodies (11 patients, 46%), anti-Salmonella antibodies
(5 patients, 21%), anti-Campylobacter antibodies (5 patients,
21%) and anti-Chlamydia antibodies (4 patients, 17%;
Table III).

Antibodies against bacteria were identified in a similar
number of subjects from the control groups. Specifically, 21
controls (81%) developed anti-bacterial antibodies, of which
12 developed antibodies against only one species (e.g. Yersinia,
Klebsiella, Salmonella) and 9 against multiple species. The
prevalence of the anti-bacterial antibodies detected was highest
for anti-Klebsiella antibodies (14 controls, 54%) followed by
anti-Yersinia antibodies (11 controls, 42%), anti-Salmonella
antibodies (3 controls, 12%), anti-Chlamydia antibodies
(2 controls, 8%) and anti-Campylobacter antibodies (1 control,
4%, Table III).

According to the co-occurrence of antibodies against
different species, an increased number of serological profiles
were identified, which comprised between 1 and 4 categories
of antibodies according to their bacterial trigger (Table I'V).
A total of 12 serological profiles were identified among the
patients and 5 serological profiles within the controls, respec-
tively. More than half of the subjects of the control group
(14/26 subjects) tested positive for antibodies directed against
one species of enterobacteria (i.e. Klebsiella, Yersinia or
Salmonella) and most of them (19/26 subjects) had antibodies
against no more than two categories of microbes. By contrast,
less than one third of the SpA patients (8/27 subjects) had
developed antibodies against only one species of enterobac-
teria, namely Yersinia or Klebsiella, while the remaining ones
displayed a diversity of serological profiles with antibodies
against up to four categories of microbes.
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Table III. Distribution by bacterial trigger specificity and class of Ig of anti-microbial antibodies detected in sera of SpA patients

and control subjects.

Target pathogen/antibody type SpA group (n=27) Controls (n=26) P-value
Klebsiella 11 (40.7) 21 (80.8) 0.003*
Anti-K21 4 (11.1) 14 (80.8)
Anti-K36 1(3.7) 0
Anti-K50 6(222) 0
Yersinia 22 (81.5) 11 (42.3) 0.006*
IgA 15 (55.6) 5(19.2)
IgG 7(25.9) 6 (23.1)
Salmonella 8(29.6) 59.2) 0.296*
IgA 5(18.5) 3(11.5)
IgG 3(11.1) 2(7.7)
Campylobacter 7(25.9) 1(3.9) 0.024°
IgA 4(14.8) 139
IgG 3(11.1) 0(0.0)
Chlamydia 5(18.5) 2(7.7) 0.248°
IgA 2(74) 1(3.9)
IgG 3(11.1) 1(3.9)

“P-value determined by the % test or "Fisher's exact test. Values are expressed as n (%). SpA, spondyloarthritis; IgG, immunoglobulin G.

Table IV. Serological profiles ofspondyloarthritis patients and
control subjects based on specific antibodies against target
pathogens.

Serological profile (species

specificity of antibodies) Patients Control group

K

Y, K

Camp, K

Chl, K

Y, Camp

Y, Chl

Y, Sal

Chl, Sal

Y, Camp, K

Y, Chl, K

Y, Sal, K

Y, Chl, Camp

Y, Camp, Chl, K
Y , Sal, Camp, K
Y, Sal, Chl, K

— et O = O = e e em O = = = )N
SO R, O — O OO =k OO O W

Y, Yersinia enterocolitica; Camp, Campylobacter; Chl, Chlamydia
trachomatis; K, Klebsiellapneumoniae; Sal, Salmonella.

The three most complex serological profiles detected in the
present study comprised a combination of anti-enterobacterial
antibodies with either anti-Campylobacter or anti-Chlamydia
antibodies and the profiles obtained for patients with SpA

differed from those of the control group. They were identified
in 3 patients and one control subject, respectively. Of note,with
regard to anti-Yersinia antibodies, the IgA class was clearly
better represented in patients than in controls.

Certainresults associated with the immunological and
microbiological status are worth mentioning. For instance,
of the 3 patients who were initially positive for anti-Yersinia
antibodies, the 2 who displayed a HLA-B27 phenotype were
re-tested for anti-Yersinia antibodies after a 6-month interval.
In one patient, the antibody titer increased, in another one,
the titer was unchanged and in the third patient, antibodies
with new specificities were detected (i.e. anti-Klebsiella
pneumoniae and anti-Campylobacter antibodies in the second
serum sample) with concomitant isolation of Klebsiella pneu-
moniae from feces. The first case was a HLA-B27-positive
patient with a disease duration of 30 years and clinical diag-
nosis of AS associated with uveitis. A progressive increase in
anti-Yersinia IgA antibody titer was observed in the three sera
sampled at intervals of 6 months during the study, as follows
(optical density at 450 nm): 0.980 (first sample), 1.103 (second
sample) and 2.287 (third sample).

Anti-Salmonella antibodies were detected mostly in the
serum of HLA-B27-positive patients in whom other antibodies
were detected concomitantly. One of the 5 patients positive
for anti-Salmonella antibodies (IgA and IgG), who was also
positive for Yersinia and anti-Campylobacter IgA antibodies,
had a concomitant extraintestinal complication (uveitis).
Enterobacteria were dominant in this patient's intestinal
microbiota with E. coli derived from phylogenetic group
B2. The patient had a history of urinary tract infections. A
second sampling of feces from this patientindicated dominant
Klebsiella pneumoniae and E. coli phylogenetic group B2
detected in culture, but sterile urine cultures. For this patient,
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Table V. Number of spondyloarthritis patients with anti-bacterial antibody positivity/negativity according to disease activity

score categories.

BASDAI BASFI ASDAS p

Antibody/status 4-6 >6 4-6 >6 1.3-2.1 >2.1
IgA

Positive 2 1 5 2 4 6

Negative 1 1 1 1 0 2
IeG

Positive 2 3 4 3 5 5

Negative 1 1 2 2 1 3

Ig, immunoglobulin; ASDASgp, Ankylosing Spondylitis Disease Activity Score using CRP; CRP, C-reactive protein; BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index.

anti-Yersinia antibodies wereidentified in serum and synovial
fluid specimens. The concomitant presence of anti-Yersinia
antibodies in serum and synovial fluid was also observed for
the other 2 patients who providedthe two types of specimen
(serum and synovial fluid) for laboratory analysis.

Among the 16 anti-Yersiniaantibody-positive patients,
only 2 were detected positive for ATPO and two for ATG
antibodies. In one of these patients in whom an increase in
the titer of anti-Yersinia antibodies was identified at a 1-year
interval after the first sampling, the first sample was positive
for ATPO and ATG and the second sample remained positive.
This patient was diagnosed with SA 17 years prior to being
enrolled in the present study.In the control group (n=26) 2 of
the 11 subjects that were positive for anti-Yersinia antibodies
were concomitantly positive for ATPO antibodies.

The presence of antibacterial antibodies in patients with
different levels of disease activity (assessed by ASDAS:gp,
BASFI and BASDAI scores) is presented in Table V. The number
of subjects wasinsufficient for statistical evaluation (Table V).

Discussion

The present study aimed to investigate whether the different
patterns of clinical manifestation and disease progression
in SpA may be explained by differences in initial infectious
triggering factors and whether the overall dynamics of the
microbial/host association in patients impacts their genetic
predisposition to developing SpA. Several previous studies
demonstrated that a fraction of patients initially diagnosed
with ReA further developed AS. For instance, Herrlinger and
Asmussen (34) reported that 5% of the patients with ReA
triggered by Yersinia spp. developed AS and another 5% of
patients with pre-existing AS progressed. Sairanen et al (35)
reported that in patients presenting with ReA triggered by
Shigella spp. 20 years earlier, 14% had AS and 32% had
radiologically confirmed sacroiliitis. In addition, up to 20% of
patients with ReA developed AS after 10-20 years, as reported
by Leinsalo-Repo (36). In a 10-year observational study,
Amor et al (37) reported that radiologically positive sacroi-
liitis was observed in ~30% of patients with Reiter's disease,
usually triggered by urethritis.

The clearest indication of the association between the
intestinal microbiota and joint damage in SpA is the trig-
gering of ReA following previous gastrointestinal infections
with bacteria including Salmonella, Shigella, Yersinia and
Campylobacter (38).

In addition, it should be noted that bacterial components
from previous infections may be recovered from the joints
of patients who developed ReA (39-41). Hypothetically, the
detection of intestinal pathogens associated with autoim-
mune diseases, including Salmonella spp., Yersinia spp.,
Campylobacter spp., Klebsiella pneumoniae, Shigella spp.
and fungi, in different biological samples including saliva,
synovial fluid or feces would aid in the identification of
triggering factors and assessing the evolution of the specific
immune status towards these bacterial pathogens. According to
previous studies, triggering microorganisms may be cultivated
from feces during a variable time interval following the initial
infection (42,43). Serological methods including ELISA may
also be useful to identify proof of previous infectious episodes
in patients who tested negative by culture-based methods (43).

It is preferable to demonstrate an increasing titer of IgG
antibodies or high persistent levels of IgA in patients with auto-
immune diseases, given the fact that IgA usually has a shorter
half-life than IgG. The presence of IgG autoantibodies confirms
a previous contact with the corresponding bacteria (41).

Several studies have suggested that Yersinia, Salmonellaand
Chlamydia trachomatis are the most common ReA-triggering
bacteria, and that these bacteria are also present in patients
with undifferentiated arthritis (44-48). Therefore, an increase
in the titer of specific bacterial antibodies is considered to be
an important criterion for identifying any triggering bacteria
for these autoimmune diseases. In the present study, the prin-
cipal results obtained by re-assessing the microbiological and
immunological status and disease activity/functional scores of
the 27 patients with SpA at different time-points following the
onset of disease, generally confirmed the previously described
results; however, they also provided additional information
that will be discussed hereinafter.

The distribution of patients of the present study by sex and
the presence of HLA-B27 were similar to those in previously
reported studies (19-22). Though obligate enteric pathogens
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were only identified in 1 patient with SpA and in none of the
subjects of the control group, the present study observed slight
differences regarding the presence of opportunistic Klebsiella
species, which were only present in the SpA group (12.0% of
feces samples). In addition, the distribution of Escherichia
coli isolates by phylogenetic groups exhibited slight differ-
ences from that reported in the previous literature, with Bl
present only in the SpA group, and the E group only being
present in the control group. The patients and control subjects
with the B2 phylogenetic group of Escherichia coli in stool
samples also exhibited the same phylogenetic group in their
urine samples and reported frequently occurring symptoms,
including urinary tract infections. Previous data also support
the dominance and the etiological role of Klebsiella spp,
which was isolated from the stool samples of patients with
AS (49,50). A recent study has reported that Escherichia coli
strains of phylogenetic groups B2 and D are able to produce
virulence factors, which may disturb the immune response,
while the phylogenetic group B2 may impede the regulatory
mechanism of toll-like receptor signaling (51). A genetic
molecular investigation was used in the present study for the
detection of Clostridium spp. and Aeromonas spp. genes, as
these bacterial genera have been implemented in the etiology
of SpA (52). It should be noted that by using the PCR method,
the presence of Salmonella spp. in the feces of the HLA-B27
positive patients who had been diagnosed with Salmonella
reissen by traditional methods (culture) was not detected. This
may be due to the presence of PCR inhibitors in the feces,
or due to the inability to detect the cultivated species by the
nucleotide probe used in the reaction kits. This result supports
the requirement to combine classical and molecular methods
for microbiological investigations in patients with SpA.

In the present study, several patients who had initially
been diagnosed with ReA following an intestinal infection
developed AS, whereas other patients, who had already been
diagnosed with AS and who were also positive for anti-bacte-
rial antibodies exhibited disease progression, which confirmed
the results of a previously published study (37). A total of 18 of
the 27 patients with SpA tested positive for at least 1 bacterial
specific antibody, while the concomitant presence of 2 or 3
different bacterial-specific antibodies was identified in 9 out
of the 27 patients. In the present study, over half of the patients
(n=16) were positive for Yersinia antibodies, of which 6 were
positive for IgG and IgA antibodies, and 7 tested positive for
other types of antibodies concomitantly. There was a marked
difference between the number of Yersinia-positive antibodies
between the patients and the control group.

The positivity for IgA-specific bacterial antibodies was
betterreflected by the ASDAScz, and BASFI than by the
BASDALI. However, 2 of the 6 patients with SpA had highly
modified inflammatory score, with one of these patients
exhibiting high BASDAI (>4), BASFI (>6) and ASDASgp
(>2.1) values. The inflammatory markers were better associ-
ated with the presence of anti-Yersinia antibodies in the
16 HLA-B27-positive patients, and 8 out of the 16 patients
had CRP values >3 times the upper limit of normal. All
HLA-B27-positive patients exhibited high BASDAI, BASFI
and ASDAS gp.

Previous studies have demonstrated thatin Yersinia-induced
acute ReA, IgG antibodies associated with IgA antibodies
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may be detected in nearly 100% of the patients (53-55). The
persistence of IgA antibodies in the serum of patients with
Yersinia-induced arthritis was observed for 14-16 months
following the initial diagnosis in 84% of patients (56), and
high levels of IgA are directly correlated with the severity of
the disease (56,57). In patients without arthritic symptoms,
these antibodies disappeared within 5 months. In addition,
anti-Yersinia IgG antibodies were more persistent in arthritic
patients when compared with non-arthritic patients; however,
not as consistently as IgA antibodies (56). This previous
study also demonstrated that IgM antibodies persist for
only 1-3 months following the onset of infection (54), and
these antibody levels persisted for longer among patients
with ReA (9-14 months) and patients with undifferentiated
arthritis, when compared with those with uncomplicated
enterocolitis (4 months) (58). In salmonellosis, all classes of
IgA, IgG and IgM antibodies were observed to persist, unlike
Yersinia-triggered ReA, where only IgA antibodies persisted,
particularly in the IgA2 subclass (59).

Campylobacter species are able to induce gastrointestinal
and systemic diseases in humans, and have not only been asso-
ciated with acute disease, but also with a wide range of chronic
inflammatory diseases (60). Patients with SpA may have IgG
anti-Campylobacter antibodies in the same range as those of
healthy subjects, and this may be due to poultry consumption
in the general population (41). In the present study, 4 out of 5
patients who tested positive for anti-Campylobacter antibodies
were also positive for other bacterial antibodies detected in
the serum. However, no strains of Campylobacterspp. were
detected in the analyzed feces.

High levels of Salmonella antibodies towards several
Salmonella antigens have been reported previously (46,61).
A study by Durdn-Avelar et al (62) revealed that 71.4%
of Salmonella 1gG and IgA antibody-positive AS patients
and 14.3% of control subjects, the proteic 30-kDa band of
Salmonella typhimurium was recognized by using human
anti-IgG western blot analysis. However, not all Salmonella
species are associated with SpA. In addition to the previously
mentioned p30 antigen of Salmonella typhimurium (63), it has
been reported that the Salmonella typhi heat shock protein
60 antigen is also involved in the pathogenesis of SA (64).
However, the association between the observed antibody
levels and the mechanisms involved in the pathogenesis of AS
have remained to be completely elucidated. In the sera from
patients with SpA and healthy controls, all 4 IgG subclasses
were revealed to be involved in p30 recognition of Salmonella
typhimurium, while only the IgG3 antibody response to
p30 was significantly different in patients with AS when
compared with healthy subjects (63). The involvement of outer
membrane protein H of Salmonella spp. in SpA pathogenesis
was not supported by the presence of antibodies or the cellular
immune response to this peptide (65). The association of
Salmonella spp. with SpA is also supported by the presence of
Salmonella spp. antigens in the synovial fluid of patients with
SpA (66). However, the behavior of Salmonella typhimurium
is influenced by the presence of HLA-B27 in transfected cells,
leading to the increased production of interleukin (IL)-6, IL-8
and IL-10, and the attenuated production of TNF-a (67-69).

Previous studies have suggested that mucous membranes
and their immune systems serve a pathological role in the
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development and maintenance of numerous auto-inflammatory
diseases, including SpA (70-72). Salas-Cuestas et al (71)
reported that there was a higher mean SgA concentration in
patients with ReA and uSpA, independent of the HLA-B27
allele and disease duration. In the study of Granfors and
Toivanen (72), there was a significant difference in the serum
levels of SIgA, particularly anti-Yersinia enterocolitis in patients
who developed arthritis following a confirmed infection. In the
present study, the percentage of subjects with anti-Salmonella
antibodies detected in serum did not differ between the controls
and patient groups. This may be explained either by contact
with Salmonella from food sources or by the fact that several
subjects from the control group were laboratory workers who
were repeatedly exposed to enteric pathogens.

The study of Salas-Cuestas et al (71) identified the pres-
ence of serum IgA anti-Chlamydia trachomatis antibodies
levels higher than the reference value in 20% of patients with
SpA. Conversely, none of the subjects in the control group
had elevated levels of anti-Chlamydia trachomatis antibodies
in serum SIgA or IgA. The same authors observed anasso-
ciation between serum inflammatory markers, including high
CRP, and the serum levels of SIgA in uSpA and ReA (71). In
1996, Wendling et al (73) reported similar results regarding-
SIgA and CRP in patients with AS. A moderate correlation
between the clinical indices of disease activity, i.e. BASDAI
and ASDAScgp, and the serum concentration of SIgA was
demonstrated. These positive correlations were stronger in the
HLA-B27-positive subgroup and in patients with symptoms
that had persisted for over 12 months. In addition, the strongest
association was in the HLA-B27-positive subgroup. The above-
mentioned authors demonstrated that an increase in the serum
concentration of SIgA translates into a better clinical control
of the disease, arguing that the serum concentration of SIgA
modulates the clinical status of patients with ReA and uSpA.
A longer monitoring period would provide sufficient evidence
to determine whether a high and persistent level of total IgA
is able to modulate the progression of the disease to structural
sacroiliac involvement or the development of extensive axial
inflammation, as suggested by Franssen ef al (74). The study
by Cowling et al (75) confirmed the conclusions of several
previous studies, demonstrating that serum IgA is increased in
AS, and they reported that these high IgA values are predomi-
nantly associated with AS active phases, which were indicated
by high CRP values. In the present study, 3 patients were
detected to have Chlamydia trachomatis antibodies (IgA), 4
out of 5 patients were HLA-B27 positive, and these patients
also exhibited other antibody types, had a high presence of
inflammatory markers and a high BASFI score. Patients who
tested positive for IgG anti-Chlamydia trachomatis antibodies
were HLA-B27-positive and had high inflammatory markers
with a CRP >3 times the upper limit of normal, high disease
scores, including BASDAI, BASFI and ASDAS, and ocular
manifestations; however, these patients were only positive for
the IgG class of antibodies. In the healthy control group, 1
out of 26 subjects harbored anti-Chlamydia trachomatis anti-
bodies, i.e. IgA and IgG. In addition, Chlamydia trachomatis
was not detected in the urine of subjects from the patient or the
control groups by genetic methods.

Different immunological studies performed by independent
groups from 16 different countries revealed that antibodies
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against Klebsiella pneumoniae,but not against any other micro-
organisms, are significantly elevated among patients with SpA
compared with those in patients with other diseases (hospital
outpatients with fractures) or with healthy controls (76-80);
however, these results have not been confirmed by any other
studies. Smith er al (81) identified no correlation between
the presence of Klebsiella in the fecal flora of patients with
primary AS or in association with inflammatory bowel disease,
ReA or psoriatic arthritis, and disease activity, CRP or ESR. In
addition, the levels of Klebsiella antibodies were identified to
be significantly higher in serum than in synovial fluid samples
taken from patients with AS (82). The differences between
these results may be explained by the differences between the
collection and culture methods for feces and the disease status
at the time-point of sampling. Furthermore, a Finnish study
reported that high levels of anti-Klebsiella IgA antibodies in
patients with AS were correlated with the degree of intestinal
inflammation (80). It is well documented that there is a strong
link between intestinal inflammation and AS (83), and an
increased concentration of Klebsiella pneumoniae isolated
from the feces of patients with AS with peripheral arthritis and
ocular disease has been demonstrated previously (73). In addi-
tion, there is evidence of high levels of IgA against Klebsiella
antigens in patients with active AS (53,83). The results of these
studies linking Klebsiella, collagen and HLA-B27 to AS may
explain various predominant clinical, genetic and immuno-
logical features present in patients with this disease (76). In
the present study, paradoxically, the controls had a signifi-
cantly higher prevalence of anti-Klebsiella antibodies than
the patients with SpA. Of the 10 SpA patients positive for
anti-Klebsiella pneumoniae antibodies, a high presence of
inflammatory markers was identified in 4 patients, and the high
BASDAI and BASFI values were correlated with the presence
of inflammatory markers. In a 33-year-old patient from the
present study, cultures dominated by Klebsiella pneumoniae
were detected in the second sample of feces.

In the present study, 6 patients, being HLA-B27-positive,
had concomitant ocular complications, and it was noted that in
3 of these patients, a Klebsiella pneumonia-dominant culture
was isolated from feces. The ASDASgp was >2.1, which is
indicative of intestinal inflammation. Inflammation of the
bowel may be a source of contamination and responsible for
the transportation of bacterial components to various sterile
sites in the body, including the joints and eyes. In the present
study, the concomitant presence of 2 or 3 types of antibodies
were detected in 3 out of 6 uveitis patients.

The involvement of bacterial antigens, particularly Yersinia
spp., in thyroid autoimmunity was hypothesized as early as the
1970s. In 1976, Shenkman and Bottone (84) reported titers of
>1:8 in 75% of 67 patients in the USAdiagnosed with a variety
of thyroid disorders, in contrast with the low prevalence of
antibodies in controls (>8%). The most prevalent antibodies
developed against serotype 3 occurred in the highest titers,
and were commonly identified in patients with Graves'
disease (84).

An Italian study published in 2017, which aimed to assess
the molecular mimicry theory in autoimmune thyroid disease
hypothesized 40 years ago, revealed that ‘in genetically
pre-disposed persons and under particular conditions, molec-
ular mimicry between microbial and human antigens can
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turn a defensive immune response into autoimmunity’ (85).
The authors also performed an in silico search for amino
acid sequence homologies between several microbial anti-
gens and thyroid autoantigens. These Bioinformatics-based
results support the overlap between bacterial protein antigens
and known autoepitopes, and the occurrence of specific
HLA-DR binding motifs, and may explain the previously
suggested triggering role of Borrelia, Yersinia, Clostridium
botulinum, Rickettsia prowazekii and Helicobacter pylori.
New data provided by the abovementioned study suggests
the potential pathogenic importance of Toxoplasma gondii,
certain Bifidobacteria and Lactobacilli, Candida albicans,
Treponema pallidum and the hepatitis C virus in autoimmune
thyroid disease (82).

However, a Danish study performed in 2006, investi-
gating whether a correlation exists between the presence of
Yersinia-specific antibodies and thyroid antibodies in a twin
population, advanced the opinion that ‘Yersinia infection does
not confer an increased risk of thyroid antibodies and the
genetic contribution in the acquisition of Yersinia infection is
modest’ (86).

On the other hand, in a comprehensive PhD thesis defended
in 2008 by Strieder (87) entitled ‘The Amsterdam autoimmune
thyroid disease cohort’ demonstrated that despite the fact that
genetic factors exert pivotal functions in the pathogenesis of
autoimmune thyroid diseases, environmental risk factors,
including low birth weight, iodine excess and deficiency, sele-
nium deficiency, parity, oral contraceptive use, reproductive
span, fetal microchimerism, stress, seasonal variation, allergy,
smoking, radiation damage to the thyroid gland as well as viral
and bacterial infections all serve pivotal roles in the develop-
ment of autoimmune thyroid disorders.

In the present study, only 2 of the 16 anti-Yersinia anti-
body-positive patients were detected to be positive for ATPO
and 2 for ATG antibodies. Of note, 2 of the patients in the
control group who had anti-Yersinia antibodies also tested
positive for ATPO antibodies.

A very complex approach was promoted in 2017 by
Bliddal et al (88), who advanced the concept of ‘polyauto-
immunity’, culminating in the hypothesis of a ‘generalized
dysregulation of immune system’. They concluded that the
complex mechanism may be described by a ‘Swiss cheese
model’, involving coincident immunity holes made from
specific HLA, immunoregulatory and thyroid-specific genes,
as well as environmental and existential factors, which may
contribute to autoimmunity (88). This novel concept may be
useful for clinical practitioners with respect to reconsidering
the significance of the concomitant presence of thyroid auto-
antibodies in SA and taking into consideration therapeutic
schedules addressing the underlying immune dysregulation in
the context of polyautoimmunity.

In the present study, the most notable data provided by the
complex bacteriological phenotypic/genotypic and serological
investigation indicated that, compared with the controls,
patients with SpA had a markedly higher prevalence of phylo-
genetic group Bl Escherichia coli in stool cultures (16.0 vs.
0%), a higher prevalence of anti-Yersinia antibodies in the
serum (81.5 vs. 42.3%) and a higher prevalence of anti-Campy-
lobacter antibodies in the serum (25.9 vs.3.9%). IgA
anti-Yersinia antibodies were significantly better represented
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in patients with SpA than in control subjects. In addition, there
were more patients positive for anti-bacterial serum antibodies
in the upper categories of SpA disease activity when compared
with the group with inactive disease. In certain patients with
SpA with high clinical scores, thyroid-specific autoantibodies
were also identified.

The difference in age and gender composition betweenthe
two groups of the present study (SpA and controls) is unlikely
to have significantly influenced any of the factors investigated,
since a previous studyindicated that important changes in
the gut microbiota occur in subjects aged <20 and >70 years
(elderly type) (86).

In conclusion, SpA are systemic inflammatory diseases
with complex pathogeny. Intestinal microbiota alteration
(in conjunction with genetic predisposition and abnormal
immune activation) is one of the mechanisms proposed
for the initiation and development of SpA. The detection of
anti-bacterial antibodies combined with other complex specific
laboratory investigations may provide valuable information for
better diagnosis, monitoring of the disease activity or for the
prediction of disease progression and treatment in SpA and
should be used more extensively to monitor patients with SpA
in association with their symptoms and treatment options.
Further data are required in order to propose modification of
the current laboratory evaluation and standard of care.
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