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A Comparison of Self-reported Joint Symptoms
Following Infection with Different Enteric Pathogens:
Effect of HLA-B27
PETER SCHIELLERUP, KAREN A. KROGFELT, and HENNING LOCHT

ABSTRACT. Objective. We conducted a case-case comparison study to estimate the attack-rate of reactive joint
pain (JPrea) following intestinal infections, and evaluated whether the susceptibility and severity of
joint symptoms was associated with the tissue-type HLA-B27.
Methods. Consecutive patients with positive fecal culture for Salmonella, Campylobacter, Yersinia,
Shigella, and E. coli were addressed by questionnaires inquiring about gastrointestinal (GI) symp-
toms and the occurrence of joint pain in a previously healthy joint within 4 weeks after onset of
infection. A blood sample was requested for HLA-B27 typing.
Results. Of 3146 patients invited, 2105 (67%) responded to the survey questionnaire. The triggering
infections were Campylobacter, 1003; Salmonella, 619; E. coli, 290; Shigella, 102; and Yersinia, 91.
JPrea was reported by 294 subjects: Campylobacter, 131 (13.1%); Salmonella, 104 (16.8%); Yersinia,
21 (23.1%); Shigella, 10 (9.8%); and E. coli, 28 (9.7%). There was a significant association between
severity of gastroenteritis and development of arthralgia (p = 0.001). The odds ratio (OR) for JPrea
in an HLA-B27-positive individual was 2.62 (95% CI 1.67–3.93) for the entire group. A significant
association between JPrea and HLA-B27 was found for Salmonella, Shigella, and Yersinia; not, how-
ever, for Campylobacter and E. coli. HLA-B27-positive patients had a significantly increased risk
for severe joint symptoms.
Conclusion. Our study shows that JPrea after GI infection is positively correlated to severity of GI
symptoms. HLA-B27 is not associated with joint pain after Campylobacter. Intestinal E. coli seems
to be an arthritogenic pathogen. A significant association between HLA-B27 and severity of joint
pain was observed. (First Release Jan 15 2008; J Rheumatol 2008;35:480–7)
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Reactive arthritis (ReA) is characterized by an asymmetrical
inflammation in peripheral and axial joints as well as enthe-
sopathy. Sometimes extraarticular manifestations occur,
such as of conjunctivitis, urethritis, or mucocutaneous
symptoms. ReA is triggered by infections elsewhere in the
body, usually by microbes from the gastrointestinal (GI) or
urogenital tract1. The main efforts of research in this field
have been focused on the arthritides caused by Salmonella,
Yersinia, Shigella, Campylobacter, or Chlamydia, although
several other infections may produce a similar clinical pic-
ture. ReA after GI infections, particularly Salmonella and
Campylobacter, have derived special attention due to the
high incidence of these food-borne infections in industrial-
ized countries. Knowledge about the numbers of individuals

who develop ReA after episodes of infectious diarrhea
varies considerably and originates mainly from reported
community outbreaks or population-based studies. The inci-
dence of ReA has been reported to occur in only a few per-
cent in Shigella2,3, 5%–20% in Salmonella4-6 and
Campylobacter7,8 series, and exceeding 50% in one report
describing a Yersinia outbreak9. Apart from the individual
microbe, the ingested bacterial load, age, sex, and the pres-
ence of HLA-B27 are factors probably affecting the suscep-
tibility for ReA. The close association between the class I
major histocompatibility (MHC) antigen HLA-B27 and
ReA has been known for more than 3 decades10 and studies
from rheumatology referral centers have shown that patients
with severe arthritis and sometimes extraarticular complica-
tions often are HLA-B27-positive11. However, it is still
uncertain to what extent HLA-B27, and presumably other
risk factors, contributes to the susceptibility and clinical
course of ReA when subjects are identified shortly after
clinical symptoms from the triggering infection have
appeared.
We conducted a case to case comparison study through

collecting clinical data from individuals with Campylo-
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bacter, Salmonella, Shigella, Escherichia coli, or Yersinia
infections verified by fecal cultures to identify possible risk
factors for postinfectious joint pain (JP) and to estimate the
role of HLA-B27 in this context. By comparing gastroen-
teritis caused by different bacterial species we were able to
analyze differences in incidence, course, and outcome of
postinfectious articular complications.

MATERIALS AND METHODS
Study design and population. This study was designed as a prospective
case-case comparison study and was conducted between January 2002 and
November 2003. Participants were recruited from the Danish Registry of
Bacterial Enteropathogens (DRBE; results of positive fecal cultures are
reported from microbiological laboratories in Denmark and stored in a cen-
tral database) after a stool culture had confirmed bacterial gastroenteritis
caused by Campylobacter, Salmonella, E. coli, Shigella, or Yersinia. The
Statens Serum Institut in Copenhagen performs constant surveillance of
infectious diseases in Denmark, and information on patient identity, refer-
ring doctor, and results of cultures is stored in the database. All patients
older than age 18 years, who gave informed consent to participate, were
included consecutively and sent a questionnaire. Subjects responding to the
first questionnaire received a second one 6 months after onset of gastroen-
teritis. A reminder was mailed 3 weeks later to all nonrespondents. Only
participants infected with one bacterial species were included. If the fecal
culture contained more than one pathogenic bacterial strain, even if the
genus was the same, the subject was not included. All patients were encour-
aged to visit their personal general practitioner (GP) to give a blood sample
(serum and EDTA blood) for serological and genetic testing.

Letters of information were simultaneously sent to the patients and the
referring GP; informed consent was obtained by the GP before taking the
blood sample.

The Ethical Scientific Committee for Copenhagen approved the study
(KF01-300/00).

The questionnaires. In questionnaire 1 (Q1) patients were asked to give
information about their GI symptoms by marking boxes with “yes” or “no”
for diarrhea, stomach pain, nausea, vomiting, fever, and blood in the stool,
and whether they had been admitted to a hospital for enterocolitis. Duration
of diarrhea in days (specified as ≥ 3 loose stools per day) and time of onset
and termination of diarrhea were recorded. Based on the GI symptoms
patients were assigned to 3 groups according to severity: “mild GI” was diar-
rhea and stomach pain or nausea (one or both); “moderate GI” was the above
plus fever and vomiting (one or both). “Severe GI” was diarrhea and any one
of the other symptoms plus blood in the stool and/or hospitalization.

Patients were asked whether joint pain had occurred in a previously
healthy joint within 4 weeks after onset of gastroenteritis.

Severity of JP was estimated in 2 ways: on a visual analog scale (VAS)
from 0 to 100 mm, people were asked to provide an overall evaluation
about their JP ranging from “no pain” to “the worst imaginable pain.”
Further, patients should mark with “yes” or “no” to the following questions:
“Were your joint symptoms mild, did the joint symptoms affect your daily
work, did you take painkillers for joint pain, did you consult a doctor
because of joint pain, and did you take sick-leave because of joint pain.”

The joint symptoms were judged as “mild” when the subject had indi-
cated the “mild” box, “moderate” if “not mild” and painkillers were need-
ed and/or daily work was influenced, and “severe” if the individual had
required sick-leave or seen a doctor or visited a hospital (inpatient or out-
patient) for locomotor symptoms.

The Q1 included a graphic presentation of the body on which the per-
son was asked to mark swollen or painful joints.

Participants were also queried about concurrent rheumatic disorders.
Patients who claimed they suffered from chronic rheumatic conditions such
as rheumatoid arthritis, psoriatic arthritis, or generalized osteoarthritis were
excluded from the study. Worsening of symptoms in a previously painful

joint (affected by surgery or from other causes) precluded participation in
the study.

From questionnaire 2 (Q2), 6 months postinfection, we obtained infor-
mation about persistence or resolution of joint symptoms.

Validation of questionnaires. Reproducibility of the data in Q1 was
assessed by retesting the answers given in the questionnaire after 1 month
in 10 randomly selected participants, who were mailed a second copy of Q1
and asked to complete it identically to the first. The reproducibility was
87% (range 55%–100%).

Similarly, validation of Q2 was done by telephone interviews of 10 par-
ticipants randomly chosen among the first 100 responders. The repro-
ducibility of Q2 was 96% (range 92%–99%).

The capacity of Q1 to detect infection-triggered joint symptoms was
evaluated in a subcohort of patients from the Greater Copenhagen area
(defined by postal codes). Eighty-three patients who reported joint pain
were invited to a clinical examination performed by a rheumatologist (HL).
Based on history and objective findings, patients were allocated into 3
groups: “definite ReA” if objective signs of synovitis, enthesopathy or axial
joint involvement were diagnosed; “probable ReA” if a typical history and
tenderness on palpation or motion were found; and “not ReA” if symptoms
were unrelated to the gastroenteritis or suggested noninflammatory causes,
e.g., neck tension, fibromyalgia, frozen shoulder, etc.

The rheumatologist, blinded to the HLA-B27 status and bacterial
species causing the infection, assessed all the Q1 from patients with self-
reported joint pain (JPsr). If a patient satisfied the following criteria, thus
suggesting a causal relationship between the triggering infection and onset
of arthralgia, a diagnosis of reactive joint pain (JPrea) was made. The crite-
ria were onset of pain within 4 weeks after gastroenteritis, duration of
arthralgia exceeding 7 days, the patient should have no concurrent rheu-
matic illness, and the questionnaire should be completed adequately (if
important data were missing, precluding a reliable evaluation of the joint
symptoms, the case was categorized as “not JPrea”).

The calculations were thus based on the entire group responding to the
Q1 and complaining of JPsr, the group of patients with JPrea, and the num-
ber of individuals who delivered a blood sample for HLA-B27 typing.

Fecal cultures. Data on individual bacterial isolates were retrieved from the
DRBE or from fecal cultures performed at the Laboratory for Intestinal
Pathogens at the Statens Serum Institut. Bacteria were identified at species
level and serotyped as Salmonella enteritidis, Salmonella typhimurium, or
other zoonotic Salmonella species. Yersina enterocolitica was serotyped as
O:3 or O:9. Shigella was serotyped as S. sonnei, S. dysenteriae, S. boydii,
or S. flexneri. The group of E. coli consisted of enterotoxinogenic E. coli
(ETEC), attaching and effacing E. coli (A/EEC), enteropathogenic E. coli
(EPEC), and verocytotoxin (shigatoxin)-producing E. coli (VTEC).

Blood samples and HLA-B27 screening. DNA was extracted from EDTA
blood samples with Nucleospin Blood Quick Pure® according to the man-
ufacturer’s protocol.

Prevalences of the tissue-type HLA-B27 gene were measured by a
polymerase chain reaction (PCR), with primers and controls as described
by Olerup12. The following primer pairs were used: B27-3 (5’-CAG TCT
GTG CCT TGG CGT TGC-3’) matching nucleotides 199 to 219, and B27-
5 (5’-GCTACG TGGACGACA CGC T-3’) matching nucleotides 76 to 94
of the HLA-B27 gene. To ensure there was DNA present in the reaction, the
primer pair SSPhgh-5 (5’-GCC TTC CCA ACC ATT CCC TTA-3’) and
SSPhgh-3 (5’-TCA CGGATT TCT GTT GTG TTT C-3’), which amplifies
the human growth hormone (hgh), was used together with the HLA-B27
primers. PCR was performed using the DNA polymerase AmpliTaq Gold
(Applied Biosystems, Foster City, CA, USA). For the PCR solution we
used Dynal PCR solution (Dynal Biotech Ltd., Bromborough, UK). The
PCR program comprised denaturation at 95°C for 10 min, 10 cycles of
denaturation at 95°C for 10 s and annealing at 61°C for 1 min, 20 cycles of
denaturation at 95°C, annealing at 57°C for 50 s, and extension at 72°C for
30 s. The PCR product for HLA-B27 was 144 bp and the PCR product for
hgh was 429 bp.
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RESULTS
Study population. A total of 3146 subjects were invited to
participate and 2105 (67%) responded to Q1. Fifty percent
(n = 1558) of the total delivered a blood sample for HLA-
B27 typing. Followup data on duration of JPrea after 6
months were retrieved from the participants who responded
to both questionnaires (n = 1670; 53%). Of these, 1359
(43%) persons were typed for HLA-B27.
The male/female ratio was 42.9%/57.1% and the median

age in the study population was 42 years for men (range
18–79) and 38 years for women (range 18–79). There was
an overrepresentation of women in the group with JPrea
(M/F 36.4%/63.6%) and their median age was slightly high-
er compared to the overall population.
The infections were as follows: Campylobacter (n =

1003), Salmonella (n = 619) [S. typhimurium 193 (31%), S.
enteritidis 270 (44%), other zoonotic Salmonellae 156
(25%)], E. coli (n = 290) [EPEC 17 (6%), ETEC 112 (39%),
A/EEC 138 (47%), VTEC 23 (8%)], Shigella (n = 102) [S.
sonnei 70 (69%), S. flexneri 23 (22%), other Shigellae 9
(9%)], and Yersinia (n = 91) [Y. enterocolitica O:3 83 (91%),
other 8 (9%)]. The median response time from onset of diar-
rhea until returning the Q1 was 42 days; 66% responded
between 1 and 3 months after onset of gastroenteritis.

Rheumatological evaluation of Q1. Of the 2105 subjects
returning Q1, 420 (20%) had JPsr. One hundred twenty-six
were excluded according to the predefined criteria for JPrea
(45 returned the questionnaire inadequately completed or
presented no or inaccurate joint locations, 27 had preexist-
ing rheumatic condition at the time of diarrhea, 49 had joint
pain < 7 days, 5 had joint complaints beginning more than 4
weeks after onset of enterocolitis). Thus the group with JPrea
consisted of 294 (14%) individuals.

Clinical examination of patients with joint symptoms.
Eighty-three persons with joint symptoms were invited to a
clinical examination and 71 responded. Fifteen (21%) had
objective signs of synovitis and were designated “definitive
ReA,” 30 (42%) had joint tenderness on palpation or motion
and a history compatible with ReA and were judged as
“probable ReA,” and 26 (37%) had joint symptoms from
other causes unrelated to the preceding infection and were
termed “not ReA.” The results of HLA-B27 typing in this
group were as follows: 29% of the definitive ReA were B27-
positive (4 of 14 tested), 24% of probable ReA were positive
(5 of 21), and 5% of the not ReA subjects had the B27 anti-
gen (1 of 22). In the group with definitive ReA, 6 were
caused by Salmonella, 7 by Campylobacter, and 2 by
Shigella. Among the probable ReA patients, 11 had
Salmonella, 13 Campylobacter, 3 Shigella, and 3 had E. coli
infections.

Severity of GI symptoms. The patients were divided into
those with mild, moderate, and severe GI symptoms accord-
ing to the individual bacterial species. In the Campylobacter
group, 285 had mild disease, 376 moderate, and 342 patients

had severe enterocolitis. For Salmonella the figures were
174, 226, and 219; for Yersinia 49, 25, and 17; for Shigella
36, 28, and 38; and for E. coli 186, 62, and 42 patients,
respectively. Among patients with Campylobacter,
Salmonella, and Shigella the distribution was similar, in that
about one-third of subjects had mild, moderate, or severe GI
complaints. However, in the Yersinia and E. coli groups the
majority of individuals, 54% and 64%, respectively, had
only mild GI symptoms (Yersinia and E. coli vs
Campylobacter, Salmonella, and Shigella, p < 0.0001).

Incidence of JPrea according to bacterial species. Two hun-
dred ninety-four patients had probable infection-related
JPrea. In the Campylobacter group there were 131 (13.1%)
subjects, in Salmonella 104 (16.8%), in Yersinia 21 (23.1%),
in Shigella 10 (9.8%), and in the E. coli group 28 (9.7%).
The incidence of JPrea in the Yersinia and Salmonella groups
was significantly higher compared to the Campylobacter
patients (p = 0.01 and p = 0.04, respectively; Table 1).
When incidence of JPrea was correlated to GI symptoms,

there was a significant tendency to an increased risk of
postinfectious joint symptoms when people had severe
intestinal disease. Of 730 subjects with mild GI symptoms,
76 (10.4%) developed ReA, 107 of 717 (15.2%) with mod-
erate GI symptoms had JPrea, and 109 of 658 (16.6%) with
severe GI symptoms had JPrea (mild vs severe GI symptoms,
p = 0.001).
The OR for developing JPrea in a person with severe ente-

rocolitis (i.e., diarrhea plus blood in the stool or admission
to hospital) for Salmonella was 1.94 (95% CI 1.08–3.47;

Table 1. The result of HLA-B27 typing in patients with reactive joint pain
(JPrea) according to bacterial species.

Species Total, n JPrea, n (%) HLA-B27 HLA-B27-
Typed, n positive, n (%)

Campylobacter 1003 131 (13.1) 91 12 (13)
Salmonella 619 104 (16.8) 86 19 (22)
S. typhimurium 193 29 23 7 (30)
S. enteritidis 270 49 44 10 (23)
Other 156 26 19 2 (11)
Shigella 102 10 (9.8) 6 2 (33)
S. sonnei 70 6 3 1 (33)
S. flexneri 23 4 3 1 (33)
Other 9 0 0 0
Yersinia 91 21 (23.1) 18 4 (22)
Y. enterocolitica 0:3 83 20 17 4 (24)
Other 8 1 1 0
E. coli 290 28 (9.7) 20 2 (10)
A/EEC 138 16 11 2 (18)
ETEC 112 8 6 0
EPEC 17 1 0 0
VTEC 23 3 3 0
All bacteria 2105 294 (14.1) 221 39 (17.6)

A/EEC: attaching and effacing E. coli, ETEC: enterotoxinogenic E. coli,
EPEC: enteropathogenic E. coli, VTEC: verocytotoxin-producing E. coli
(USA: STEC: Shigatoxin-producing E. coli).
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p = 0.03) and was even more pronounced for E. coli with an
OR of 3.56 (95% CI 1.47–8.63; p = 0.007; Table 2).
The median duration of diarrhea was 7 days [interquartile

range (IQR) 5-12 days] in the patient group without joint
symptoms and 8 days in subjects with JPrea (IQR 5–14 days;
p = 0.003). At species levels, patients with Campylobacter
and Salmonella JPrea had slightly longer periods of diarrhea
than people with uncomplicated enteritis; however, the dif-
ference was statistically significant only for Campylobacter
(data not shown).

HLA-B27. Of the 1558 participants tested for HLA-B27,
140 (9.0%) were positive, which is not significantly differ-
ent from the overall prevalence of 9.4% in the Danish popu-
lation (Svejgaard A, personal communication). There were
no statistically significant differences in HLA-B27 preva-
lence among Campylobacter, 59/694 (8.5%), Salmonella,
51/503 (10.1%), E. coli, 20/212 (9.4%), Yersinia, 7/76
(9.3%), and Shigella, 3/73 (4%) (Table 3).

JPrea and association with HLA-B27. Three hundred thir-
teen (20.1%) of 1558 patients had JPsr and 45 (14.4%) were
HLA-B27-positive, giving an overall OR of 2.03 (95% CI
1.39–2.97). When the “joint population” was narrowed to
those with JPrea, the fraction of HLA-B27-positive increased
to 17.6% (39 of 221 subjects). The OR for JPrea in a B27-
positive patient was 2.62 (95% CI 1.76–3.92) for the entire
group, indicating a considerable influence of HLA-B27 on
susceptibility to postinfectious joint disease. At the micro-
bial level there was a significant association between JPrea
and HLA-B27 in the Salmonella and Shigella subgroups. A

borderline relationship was found for Yersinia, whereas no
significant relation to HLA-B27 was established for
Campylobacter and E. coli (Table 3).

HLA-B27 and severity of JPrea. Patients with JPrea were
divided into those with mild, moderate, and severe joint dis-
ease according to the individual bacterial species. There
were no significant differences between the microbe groups
although we observed a tendency to more severe JPrea
among Yersinia patients (44%) compared to the
Campylobacter patients (25%). In the entire group there
were 93 with mild JPrea of which 12 (12.9%) were HLA-
B27-positive, 62 with moderate JPrea of which 9 (14.5%)
were HLA-B27-positive, and 66 with severe JPrea of which
18 (27.3%) were HLA-B27-positive (Figure 1). There was a
statistically significant difference between the mild and
severe groups with respect to the proportion of HLA-B27-
positive patients (p = 0.037; Figure 1).

VAS pain score and severity of JPrea. Of the 294 patients
with JPrea, 133 (45%) were categorized as mild, 82 (28%) as
moderate, and 79 (27%) as severe JPrea according to the pre-
defined criteria. The median VAS was 25.5 mm (IQR 15–38
mm) in the mild group, 45.0 mm (IQR 37–58 mm) in the
moderate, and 66.5 mm (IQR 49–78 mm) in the severe JPrea
group. The difference between groups was significant, p <
0.0001.
The median VAS joint pain score for Campylobacter was

37.5 mm, for Salmonella 42.5 mm, Yersinia 62.0 mm,
Shigella 39.5 mm, and for E. coli 35.5 mm.A significant dif-
ference was observed between Yersinia and Campylobacter

Table 2. Numbers of patients with JPrea according to bacterial species and severity of gastrointestinal (GI) symp-
toms; mild: diarrhea and nausea, or stomach pain; moderate: diarrhea and fever and/or vomitting; severe: diar-
rhea and blood in stool and/or hospitalized.

GI Symptoms
Mild, Moderate, Severe, Mild vs Severe,

Species n JPrea (%) n JPrea (%) n JPrea (%) OR (95% CI) p

Campylobacter 285 28 (9.8) 376 56 (14.9) 342 47 (13.7) 1.46 (0.89–2.40) 0.16
Salmonella 174 19 (10.9) 226 43 (19.0) 219 42 (19.2) 1.94 (1.08–3.47) 0.03
Yersinia 49 12 (24.5) 25 5 (20.0) 17 4 (23.5) 0.95 (0.26–3.47) 0.80
E. coli 186 15 (8.1) 62 3 (4.8) 42 10 (23.8) 3.56 (1.47–8.63) 0.007
Shigella 36 2 (5.6) 28 2 (7.1) 38 6 (15.8) 3.19 (0.60–16.96) 0.30

Table 3. Distribution of patients with self-reported joint pain (JPsr ) and JPrea among 1558 patients who were typed for HLA-B27. OR for joint pain in a sub-
ject who is HLA-B27-positive is given.

Species No. Patients HLA-B27+ JPsr HLA-B27+ OR (95% CI) JPrea HLA-B27+ OR (95% CI) p

Campylobacter 694 59 138 15 1.4 (0.76–2.63) 91 12 1.8 (0.91–3.53) 0.12
Salmonella 503 51 114 21 2.7 (1.48–4.99) 86 19 3.4 (1.83–6.37) 0.0001
Yersinia 76 7 20 5 8.8 (1.55–50.18) 18 4 5.2 (1.05–26.15) 0.05
Shigella 73 3 9 2 18.0 (1.47–228.21) 6 2 33.0 (2.44–446.1) 0.02
E. coli 212 20 32 2 0.6 (0.13–2.70) 20 2 1.1 (0.23–5.01) 1.0
All 1558 140 313 45 2.03 (1.39–2.97) 221 39 2.62 (1.76–3.92) < 0.0001
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(p = 0.006) and between Yersinia and E. coli (p = 0.04), indi-
cating an increased overall burden of pain in the Yersinia
JPrea group. This is in accord with the finding of relatively
more cases of severe JPrea in this group.
When patients with VAS scores below and above 50 mm

were compared with respect to proportion of HLA-B27, we
found an OR of 2.18 (95% CI 1.04–4.59), indicating that
people that were HLA-B27-positive predominated among
individuals with the higher pain scores. This correlation is
illustrated in Figure 2, showing the increasing number of
HLA-B27-positives in the groups with the highest VAS
scores (p = 0.0024, Wilcoxon test for trend).
A logistic regression model identified the following risk

factors for development of JPrea: carriage of HLA-B27
allele, severe gastroenteritis, age 30 to 59 years, and female
sex. OR were, respectively, 2.62 (95% CI 1.74–3.95), 1.77
(95% CI 1.28–2.45), 2.30 (95% CI 1.66–3.18), and 1.43
(95% CI 1.06–1.94) (Table 4).

Followup of JPrea and correlation to HLA-B27. Of the 294
participants with JPrea, 125 (42.5%) had persistent joint pain
when answering Q2 after 6 months. The response rate to Q2
was 78% for the group with JPrea and 79% for the whole
study population, thus probably alleviating the potential bias
that subjects with joint symptoms might be more inclined to

respond to the survey questionnaires. HLA-B27 was posi-
tive in 17.6% (39 of 221 JPrea patients) of those responding
to Q1 and in 21.3% (23 of 108) of those with persistent joint
symptoms according to Q2. This difference was, however,
not statistically significant.

DISCUSSION
Due to the prospective design of this study, where cases
were collected during a period of nearly 2 years, the spec-
trum of bacterial microorganisms causing infectious entero-
colitis reflects the overall pattern in the Danish population. It
is notable that the incidence rates obtained for different enteric
pathogens do not reflect the true exposure per se but merely
represent the numbers of individuals (inevitably with some
degree of case selection) who consult their doctor because of
diarrhea. However, as patients are unaware of the microbial
strain causing their problems, it is reasonable to assume that
the threshold for seeking medical advice is the same, regard-
less of the triggering bacterium. We obtained an acceptable
response rate of about 70%. There were slightly more female
responders, probably illustrating that women were keener to
respond to questionnaires and participate in epidemiological
studies. The female preponderance in the group who had a
blood sample drawn by their GP (60% women, 40% men)
strengthened this impression. There was, however, no indica-
tion that women in general were overrepresented among indi-
viduals with a registered positive fecal culture because the
female/male ratio in the DRBE data was 1:1.

Table 4. A logistic regression model showing contribution of individual
risk factors for development of ReA.

Risk Factor OR 95% CI

HLA-B27-positive 2.62 1.74–3.95
Age group 30–59 yrs 2.30 1.66–3.18
Severe gastroenteritis 1.77 1.28–2.45
Female sex 1.43 1.06–1.94

Figure 1. The percentage of HLA-B27 in the cohort of 221 patients with JPrea after GI infec-
tion. Subjects are grouped according to severity of joint symptoms. Significantly more patients
with severe joint disease were HLA-B27-positive.

Figure 2. Percentage of HLA-B27-positive subjects according to severity
of JPrea, measured by VAS pain score (mm). p = 0.0024; Wilcoxon test for
trend.
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Data relying on the patient’s own observations should be
regarded with caution, but due to the comparative design of
the study it is possible to compare the incidence and course
of arthralgia following enteric infection between various
arthritogenic microbes. As all patients and their physicians
were informed about the purpose of the study it cannot be
excluded that recall bias may have interfered. People were
informed that joint pain could follow as a complication to
infectious gastroenteritis thus eventually leading to an over-
estimate of JPrea. However, to evaluate the test instrument
(Q1) we conducted a clinical examination of 71 individuals
with joint pain recruited from a local area. Based on a typi-
cal history and objective findings, 63% of subjects had
definitive or probable ReA. The subsequent evaluation of all
Q1 data from people with joint pain led to exclusion of 30%,
resulting in only 70% where infection-triggered joint dis-
ease was found to be likely. It cannot be excluded that bias
may have occurred as the questionnaires were evaluated
subjectively, and in several instances a JPrea diagnosis had to
be rejected based on inadequately completed survey forms.
As no generally accepted standards exist for classifica-

tion of gastroenteritis into mild, moderate, and severe dis-
ease we developed an arbitrary set of criteria and applied
these on the study population.
When subjects were grouped according to severity of GI

symptoms, there was a significant overrepresentation of
mild cases among the patients with Yersinia and E. coli. A
large British study described to what extent people with
infectious enterocolitis in the population actually sought
medical advice and had a stool culture performed. The ratio
between cases in the community (who were actively looked
for) and the numbers who visited their GP varied from 1 to
2.1 for Salmonella, Shigella, and Campylobacter species,
whereas it reached 11.7 for Yersinia and between 4 and 13
for the various E. coli subtypes13. This indicated that the
majority of people with gastroenteritis caused by Yersinia
and E. coli had only minor or transient GI symptoms and
thus did not visit their physician.
The incidence of JPrea was highest among patients with

Yersinia and Salmonella, and significantly higher relative to
the Campylobacter group. Although no comparative studies
have been performed, some investigators have found a par-
ticularly high frequency of infection-triggered joint symp-
toms following Yersinia infections, and it even appeared that
these patients experienced a more severe course of arthri-
tis9,14,15. Patients with serious GI symptoms, such as hospi-
talization or blood in the stools, were more prone to devel-
op JPrea. A significant association was found for Salmonella
and E. coli as well as for the entire group. It cannot be ruled
out that people who have experienced severe abdominal dis-
comfort will also be more observant on extraintestinal
symptoms, thus causing overreporting of joint pain in that
group. However, we found an analogous association in pre-
vious studies investigating JPrea after Salmonella and

Campylobacter6,16 where GI severity, measured as duration
of diarrhea in days, seemed to be a risk factor for joint prob-
lems. An explanation could be that the increased bacterial
load or impaired host defense system leading to serious gas-
troenteritis might also promote the development of joint
inflammation.
The prevalence of HLA-B27 among patients with anky-

losing spondylitis is over 95% in many hospital series17,18,
whereas the occurrence in patients with ReA varies from
more than 80% in hospital-based followup studies11,19 to
around 40% or less in population-based series or localized
outbreaks4,20-22.
We found a highly significant OR for JPrea when the indi-

vidual was HLA-B27-positive, most pronounced for the
Salmonella and Shigella species, indicating a considerable
influence of this allele on susceptibility to contracting JPrea.
The borderline association with Yersinia probably depended
on the relatively few patients in this group. In
Campylobacter enteritis, representing the largest subgroup
in the study, we found no statistically significant relation
between JPrea and HLA-B27. It is generally believed that
Campylobacter belongs to the HLA-B27-related arthritides.
However, this concept is mainly based on case reports or
studies containing only a few patients. In a review of report-
ed cases in 1994, 56% of 29 cases were HLA-B27-positive,
and a more severe course of arthritis was associated with
this tissue type23,24. In a recent outbreak caused by
Campylobacter the investigators found a frequency of HLA-
B27 of 33% among the relatively small number of patients
with ReA25. However, a population-based survey conducted
by the same authors showed the same rate of HLA-B27
among ReA subjects (14%) as in the control group8.
The allocation of subjects with JPrea into mild, moderate,

and severe disease was based on arbitrarily predefined crite-
ria. But there seemed to be a reliable discrimination between
groups as the median VAS pain scores were significantly
different (25.5, 45.0, and 66.5 mm, respectively). This
strengthens the impression that JPrea clinically runs a con-
tinuum from very light to serious joint disease. The propor-
tions of patients with mild, moderate, and severe joint symp-
toms were comparable between groups, but patients with
Yersinia developed more severe disease manifestations,
reflected by higher median VAS scores, which is in agree-
ment with previous observations9,11. When individuals pos-
itive and negative for HLA-B27 were compared for the
entire population, there was a clear statistically significant
trend that B27-positive subjects were overrepresented in the
group with severe joint disease. This accounted for the sub-
groups defined by the mild–severe arthritis criteria as well
as for the VAS estimates. These findings corroborate the
assumption that patients who carry the HLA-B27 gene often
get more advanced joint disease, which likely explains the
observation of a high frequency of patients with this geno-
type presenting to rheumatology referral centers.
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We performed a logistic regression analysis of the puta-
tive risk factors for JPrea and found that HLA-B27 had the
highest OR, followed by age 30 to 59 years, severe gas-
troenteritis, and female sex. In followup reports describing
patients from hospital series there was a pronounced male
preponderance11,19,26,27. It is therefore interesting that
women accounted for an OR of 1.43 in our study. Obviously,
it cannot be ruled out that men are more susceptible to
severe arthritis when followed over the years.
At the 6-month followup fewer than half of the patients

had persisting joint complaints (42.5%). Slightly more
patients were B27-positive among the JPrea subjects at 6
months than at onset of symptoms (17.6% vs 21.3%). This
difference was not statistically significant, however.
We included E. coli in this study although no confirmed

cases of postenteric joint complication have been estab-
lished following infection with this microorganism. Yet we
found 9.7% (the lowest incidence among all the bacterial
species) with JPrea in this group, mostly due to the A/EEC
subtype. Interestingly, E. coli patients tended to have less
severe GI symptoms (mild GI accounted for 64.1%). This
fraction was much higher compared to patients with
Campylobacter and Salmonella. Nevertheless, the E. coli
patients with the most severe GI disease also had the high-
est incidence of joint symptoms (OR 3.56). E. coli JPrea was
not associated with HLA-B27. In the group that was clini-
cally examined we found 3 E. coli patients classified as hav-
ing “probable ReA.” Thus, it is possible that E. coli may be
an arthritogenic microorganism. That this has evaded detec-
tion may be because the search for pathogenic E. coli strains
is not performed routinely at most microbiological laborato-
ries and due to our findings of predominately mild diarrhea
caused by this bacterium.
In this large population-based study we compared the

occurrence of infection-triggered joint pain between patients
with different enteric pathogens. We established close asso-
ciation between HLA-B27 and the development of JPrea for
Salmonella, Shigella, and probably Yersinia, but not for
Campylobacter or E. coli. We showed that the incidence of
JPrea is dependent on the severity of diarrhea, where more
pronounced GI symptoms increased the risk for joint com-
plications. Additional risk factors were middle age and
female sex. JPrea is likely to occur after GI infection with E.
coli, thus this microorganism should be included in the
panel of arthritogenic bacteria.
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