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Spondyloarthropathies (SpA) constitute a clinical spectrum
of inflammatory musculoskeletal disorders of special
interest due to their close association with MHC class I
molecule HLA-B27 and with a variety of triggering
microorganisms1,2. This association is not clearly defined,
although experimental animal models support an active role
for HLA-B27 antigen3. It has also been postulated that the
expression of HLA-B27 can modify the response to bacte-
rial contact and modulate bacteria invasion and survival, but
there is no universal agreement on these proposed mecha-
nisms2.

On the other hand, the increasing use of the molecular
biological techniques such as polymerase chain reaction
(PCR) has facilitated the identification of bacterial DNA and
RNA of multiple species in synovial fluid (SF) and synovial
tissue (ST) of patients with different forms of SpA4-7. The
identification of persistent bacterial antigens within the joint
has strengthened the notion for an active role of microor-
ganisms in the pathogenesis of this group of disorders.

We investigated the presence of bacterial DNA in SF and
ST using the 16S ribosomal RNA-PCR method, and sought
to identify the species of the bacteria using sequence
analysis in a group of patients with longstanding SpA.

MATERIALS AND METHODS
Patients. We examined ST and SF samples from knee effusions of 15
Peruvian patients presenting to the outpatient arthritis clinic at the
University Hospital, Cayetano Heredia University, Lima, Peru. All patients
were men, with a mean age of 31.9 ± 16.4 (range 11–64 yrs), mean disease
duration of 12.4 ± 8.4 (6–30 mo), exhibiting an oligoarticular/monoartic-
ular clinical picture, with the knee joint involved in all cases. All patients
were symptomatic, without antibiotic therapy, and receiving nonsteroidal
antiinflammatory therapy (Table 1). Clinical diagnosis of reactive arthritis
(ReA) was established using diagnostic criteria8. In addition, ST was
obtained from 5 patients with osteoarthritis undergoing routine arthro-
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scopic knee surgery and SF from 8 closed traumatic knee injuries.
Particular care was taken to maintain a sterile environment and avoid cont-
amination when obtaining the samples. 

Methods. ST and SF were obtained from the knee joint in all cases. ST
samples were obtained with a Parker Pearson needle; for SF the second
portion was used for analysis to reduce the chance of contamination by skin
flora. Microbiologic cultures and screening for crystals were performed
routinely. All SF samples were also cultured for aerobic and anaerobic
microorganisms, Mycobacteria and Mycoplasma spp. using established
culture techniques.

HLA-B27 positivity was determined using a microcytotoxicity assay.
Genomic DNA was isolated from the samples using a QIA amp DNA

mini kit (Qiagen Inc., Chatsworth, CA, USA). Determination of DNA
concentration, yield, and purity was done by measuring the absorbance at
260 nm. The DNA was amplified using the primers (Table 1) as described9.
The PCR reaction mixture consisted of 8FPL/806R and 515FPL/13B, 1×
PCR buffer (100 mM Tris-HCL, pH 8, 3–500 mM KCl), 2.5 mM MgCl2,
0.2 mM dNTP, 0.5 µM PCR primers, 2.5 U AmpliTaq DNA Polymerase
(Perkin-Elmer Cetus, Norwalk, CT, USA), 1 µg DNA template in a final
volume of 100 µl reaction mixture. Primers were synthesized by Bio
Source international (Camarillo, CA, USA).

Two sets of primers [8FPL/806R (834 bp) and 515FPL/13B (904 bp);
Table 2] were used in a one step PCR, and the amplification consisted of
initial denaturation step at 94°C for 5 min followed by 45 cycles of denat-

uration at 94°C for 1 min, annealing at 55°C for 2 min, and extension at
72°C for 1 min. A final extension step at 72°C for 10 min was also
performed.

Positive samples for eubacterial 16S rRNA gene were reamplified
performing a nested PCR using the 515FPL/806 primers (328 bp).
Amplification consisted of an initial denaturation step at 94°C for 5 min
followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 55°C
for 1 min, and extension at 72°C for 1 min, and a final extension step at
72°C for 10 min. All PCR steps were carried out in a Perkin-Elmer Gene
Amp PCR System 2400. Also, all samples were analyzed by one step PCR
with 2 sets of Salmonella sp. primers [ST15/ST11 (429 bp)10 and INV-
A/INV-E (457 bp)11,12], which cover more than 19 serovars of Salmonella.

The 16S rRNA-PCR amplicons were detected by ethidium bromide
stained 3% Nusieve agarose gels (FMC, Gibco BRL, NY, NY, USA). To
avoid contamination, the sample preparation, pipetting of reaction tubes,
and amplification were done in 3 different laboratory rooms, under safety
and sterilized hoods.

Sequence analysis. The 328 bp PCR product identified by agarose gel elec-
trophoresis was purified using a QIA quick purification kit (Qiagen,
Chatsworth, CA, USA) and then subjected to automated sequencing (DNA
Sequencing Laboratory, Yale University). The DNA sequences were
compared for similarity using the Fast A program on the US National
Center for Biotechnology Information database BLAST search.

RESULTS 
Routine bacteriologic cultures including cultures for
mycoplasma were negative. 

PCR analysis of patient samples. Bacterial DNA, using
broad range primers, was detected in the ST of 5 patients
and in 3 SF samples (53.3%).

The bacterial species from all ReA patients were identi-
fied after sequencing and comparative data analysis of the
16S amplicons from the ST and SF positive samples.
Chlamydia trachomatis, Pseudomonas migulae, P. fluo-
rescens, and P. putida were found in ST; Clostridium sp.,
Lactobacillus, Neisseria meningitidis serogroup B, and
Bacillus cereus in SF. One class of bacterial DNA was iden-
tified in 4/8 samples, and C. trachomatis and Pseudomonas
sp. were the most common bacterial DNA identified in this
group. In 4/8 (50%) of the PCR positive samples, 2 to 3
different classes of bacterial DNA were identified and these
were P. fluorescens, P. putida, and P. migulae. Bacillus

Table 1. Clinical features of patients with reactive arthritis.

Bacterial DNA
Clinical Features Positive, n = 8 Negative, n = 7

Mean age, yrs 33.1 (SD 16.5) 30.6 (SD 17.4)
Mean disease duration, mo 11 (SD 8.7) 13.857 (SD 8.113)
History of genitourinary infection 2 2
History of gastrointestinal infection 1 1
Joint pattern

Monoarticular 4 5
Oligoarticular 4 2

Sacroiliac involvement – –
Extraarticular manifestations

Ocular – –
Urethritis + +
Rash – –
Diarrhea + +

HLA-B27 1 0
Mean sedimentation rate 42.8 (SD 10.3) 36.4 (SD 10.0)

Table 2. Primers for broad range PCR amplification of bacterial 16S rDNA sequences.

Primer Nucleotide Sequence, 5′ to 3′ 16S rRNA
Positions*

Forward
8FPL GCG GAT CCG CGG CCG CTG CAG AGT TTG ATC CTG 8–27

GCT CAG
515FP** GCG GAT CCT CTA GAC TGC AGT GCC AGC AGC CGC 515-533

GGT AA
Reverse

806R GCG GAT CCG CGG CCG CGG ACT ACC AGG GTA TCT 806–787
AAT

13B CGG GAT CCC AGG CCC GGG AAC GTA TTC AC 1390-1371

* E. coli 16S rRNA positions that correspond to the 5’ and 3’ ends of each of the primers. ** These primers are homologous to 16S-like rRNA sequences from
many organisms in all 3 domains.
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cereus was present with Clostridium sp. and Lactobacillus
in 2 cases (Table 3).

The validity of our data is emphasized by the fact that no
concomitant bacterial DNA was detected in patients with
definite osteoarthritis or in healthy controls.

Correlation HLA-B27 and bacterial DNA. Among the 15
patients studied, one was HLA-B27 positive. Correlation
between HLA-B27 and presence of bacterial DNA could not
be ascertained due to the low prevalence of HLA-B27 in this
population.

DISCUSSION 
Our findings demonstrate the presence and identification of
bacterial species in SF and ST samples of patients with
chronic ReA. The use of a sensitive method to amplify
eubacterial 16S rDNA confirmed the presence or absence of
bacterial pathogens at normally sterile body sites. This was
accomplished by amplifying 16S rRNA gene using PCR and
subsequent sequence analysis. It was also possible in SF and
ST samples to analyze the bacterial species involved in our
patients with ReA, by following stringent techniques for
both sample collection and subsequent molecular microbio-
logic analysis. The bacterial DNA products identified
appeared to be derived from several bacterial species,
although all of them can be found in the human intestinal,
urogenital, and respiratory tracts. Further, PCR products
were found with similar frequency in SF and ST samples,
although they were not often simultaneously detected in all
of them. Of interest, bacterial DNA was detected in patients
with established disease of long duration of up to 10 years.

Our data are relevant and interesting in view of the low
prevalence of seronegative SpA in Latin American coun-
tries13, particularly in Peru. This has been thought to be
secondary to the low prevalence of HLA-B27. Indeed,
Peruvian Mestizos have a frequency of HLA-B27 of only
1.1%, and similar figures are also described in Chile. On the
other hand, there is a high prevalence of endemic dysentery
in these populations, and Gram negative enteral microor-
ganisms including Shigella, Campylobacter, and
Salmonella spp. are the most prevalent etiologic agents14.

Nevertheless, SpA and ReA are not common. A similar
phenomenon used to be seen in sub-Saharan Africa prior to
the advent of the HIV pandemic, which has resulted in a
significant increase in the prevalence of these rheumatic
disorders despite a very low prevalence of HLA-B2715-17.
Sequence analysis of the PCR positive samples revealed
multiple microorganisms, with the majority being of enteral
origin. This is the first time that the presence of Bacillus
cereus DNA has been found in ST; B. cereus and
Clostridium perfringens can cause a similar clinical picture
of food poisoning, characterized by diarrhea without fever
in association with lower abdominal cramps, with a disease
duration from 20 to 36 h, and which is self-limited. The
latter finding appears to support a role for the gastroin-
testinal tract as an important portal of entry in the etiopatho-
genesis of these disorders in these populations.

The genuses most frequently identified were C.
trachomatis and Pseudomonas spp. In most patients a single
bacterial species was identified, although in some cases
there was a mixture of bacterial species. In this regard, our
findings corroborate reports in other populations using a
16S rDNA universal primer to analyze joint samples from
patients with similar rheumatic disorders18,19.

Most of the microorganisms identified in the joint to date
have a reported association with arthritis, but an increasing
number including Pseudomonas spp. and certain Salmonella
spp. have not been thought to be pathogenic to humans. It is
clear that a better understanding of the contributions of our
intestinal microflora to our biology is needed for insights
into the potential role of microflora in the pathogenesis of
ReA. In this regard, increasing attention is being paid to the
role of nonpathogenic bacteria in maintaining normal
immune activation in the gut. It has been recently shown
that an avirulent strain of Salmonella abrogates production
of inflammatory cytokines in cultured human epithelial
cells20. This is accomplished by inhibiting ubiquitination
and degradation of IκB, thus blocking nuclear factor-κB
directed transactivation of the genes encoding inflammatory
mediators20. In addition, it has been shown that loss of toler-
ance to commensal gut flora results in inappropriate activa-
tion of the mucosal immune system in patients with
inflammatory bowel disease, and that both Crohn’s disease
and ulcerative colitis respond to treatment with broad spec-
trum antibiotics21-23.

Experimental animal models also provide support for a
role of the commensal microflora in the pathogenesis of
inflammatory intestinal disease. HLA-B27/ß2-microglob-
ulin transgenic rats and knockout mice that lack interleukin
2 (IL-2) or T cell receptor, or conventionally raised mice
deficient in IL-10 develop colitis, which is abrogated when
these animals are raised in a germ-free environment24.
However, the exact role and/or interrelationship between the
microflora and the compromised intestinal barrier function
need to be established. This is of relevance to the SpA,

Table 3. Distribution of bacterial species identified.

Sample Index Bacterial DNA Additional Bacterial DNA

ST 1 C. trachomatis
ST 2 C. trachomatis
ST 3 Pseudomona spp.
ST 4 Pseudomona spp. P. fluorescens,

P. putida, P. migulae
ST 5 Pseudomona spp. P. fluorescens, P. migulae
SF 1 Lactobacillus/Clostridium B. cereus
SF 2 Lactobacillus/Clostridium B. cereus
SF 3 N. miningitidis Serogroup B

ST: synovial tissue; SF: synovial fluid.
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considering that a large proportion of patients exhibit
subclinical gut inflammatory changes25.

Like Gerard, et al19, we could not establish significant
clinical differences between patients with bacterial DNA in
the joint and those without. In addition, no patient exhibited
clinical characteristics consistent with septic arthritis.
Whether microbial DNA bacteria and/or virus identified in
the synovium plays a role in the etiopathogenesis or is an
innocent bystander remains to be established26-29. Further,
no differences were observed in the clinical picture between
patients in whom only one bacterial species was identified
and those with more than one species.

Our study confirms the presence of bacterial DNA by
PCR in a group of patients with chronic SpA.
Microorganisms identified are similar to those reported in
other geographic locations, and provide further documenta-
tion for the presence of nonpathogenic and pathogenic
bacterial species in the joints of patients with ReA. Their
exact role in disease pathogenesis requires further investiga-
tion.
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