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Abstract
Objective—To determine whether long
term doxycycline improves symptoms in
patients with chronic seronegative or
reactive arthritis.
Methods—A randomised, triple blind,
controlled clinical trial of three months’
treatment with doxycycline or placebo of
patients with chronic reactive or sero-
negative arthritis was conducted. The pri-
mary study end points were three month
pain and functional status measured by a
self administered Arthritis Impact Meas-
urement Scales version 2 (AIMS2) quality
of life questionnaire. Secondary end
points were pain and functional status at
6–12 months, three month rheumatologist
assessed joint count, pain, and arthritis
activity, and treatment eYcacy in those
with previous exposure to chlamydia.
Results—Of 60 patients randomly allocated
to receive doxycycline or placebo, results
from 37 were evaluable at three months.
Groups were well balanced for major prog-
nostic variables. Doxycycline had no de-
tectable eVect at three months on pain
change scores (mean diVerence 1.5, 95% CI
−1.2 to 4.2, p=0.25) or composite functional
change scores (mean diVerence 0.8, 95% CI
−5.6 to 7.1, p=0.81). Furthermore, there
were no diVerences in secondary study end
points, and no apparent treatment eVect in
patients with previous chlamydia infection.
Conclusion—Three months’ treatment
with doxycycline did not improve pain or
functional status in patients with chronic
reactive or seronegative arthritis.
(Ann Rheum Dis 2001;60:1088–1094)

In genetically predisposed (particularly HLA-
B27 positive) subjects, reactive arthritis is caus-
ally associated with a number of genitourinary
or gastrointestinal Gram negative bacterial
pathogens.1 2 Arthritis occurs in 1–15% of
patients with inflammatory gastroenteritis owing
to Salmonella, Shigella, Campylobacter, or Yersinia
species,2–4 or after cervicitis or urethritis with
Chlamydia trachomatis.5–8 Pharyngitis or dermati-
tis caused by Streptococcus pyogenes, and respira-
tory infection due to Chlamydia pneumoniae,
may also cause arthritis,9 10 but streptococcal

associated arthritis is often considered distinct
from reactive arthritis, whereas a causal role for
C pneumoniae in arthritis remains unclear. Up to
50% of reactive arthritis, and up to 30% of
undiVerentiated seronegative arthritis, may be
attributable to C trachomatis infection.11 12

In 20–50% of patients with acute reactive
arthritis, chronic arthritis symptoms follow.1–4

In patients with post-salmonella reactive ar-
thritis, acute symptoms settled by four
months.4 In patients with chronic symptoms, a
role for chronic or recurrent infection has been
postulated,1 13–16 and bacterial DNA and anti-
gen have been detected in synovial fluid.14 17–20

If chronic infection has an aetiologic role in the
maintenance of chronic arthritis, an appropri-
ate antibiotic should decrease the inflammation
and improve pain and joint function.

In randomised controlled trials, 5–14 days of
antibiotic treatment were ineVective in reduc-
ing symptoms or disease activity in patients
with reactive arthritis.21 22 The single published
randomised study of long term antibiotics
available at the time that we designed our study
indicated that three months of lymecycline (a
drug related to tetracycline but not available in
Canada) may induce symptom remission in
chlamydia associated acute reactive arthritis.23

In this study we tested the hypotheses that
three months’ treatment with doxycycline
improves symptoms of reactive arthritis in gen-
eral, and of arthritis associated with chlamydia
exposure in particular. As acute reactive arthri-
tis is often self limited,3 we chose to study
patients with chronic symptoms (six months or
more). We further suggested that patients with
undiVerentiated seronegative arthritis repre-
sented a spectrum of reactive arthritis,1 and
designed a “pragmatic” or “eVectiveness”
study with broad inclusion criteria to test
whether long term antibiotics improve pain
and functional status of patients with reactive
or seronegative arthritis.

Patients and methods
PATIENTS

Consecutive patients referred by family doctors
to a participating academic rheumatologist
aYliated with McMaster University in Hamil-
ton, Ontario, Canada, were invited to partici-
pate in this study. We enrolled consenting
patients aged 18–65 years with oligoarthritis or
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polyarthritis, signs of acute joint inflammation
on initial rheumatological examination, and
with negative laboratory tests for rheumatoid
factor and antinuclear antibodies. x Ray
examinations of sacroiliac joints and other
laboratory tests were obtained according to the
rheumatologist’s usual practice. The require-
ment for six months of symptoms before enrol-
ment was modified during the study, and six
patients with symptoms for four or five months
were also enrolled. Patients with psoriatic
lesions were eligible if the skin manifestations
appeared within one year of arthritis onset.
Exclusions were a history of allergy or sensitiv-
ity to doxycycline or tetracycline; concurrent or
recent use of corticosteroids (prednisone >5
mg/day), methotrexate, or sulfasalazine; and,
for premenopausal women, pregnancy, consid-
ering pregnancy, or not using a reliable form of
birth control. The study protocol was approved
by the research ethics boards at McMaster
University Medical Centre and St Joseph’s
Hospital, Hamilton, Ontario, Canada. In-
formed written consent was obtained from all
patients.

RANDOMISATION

Consenting patients were randomly allocated
in equal numbers to receive doxycycline 100
mg twice daily or an identical appearing
placebo for 90 days. The study pharmacist
filled the prescriptions by computer generated
random assignment in blocks of six, and had
sole access to the randomisation code.
Throughout the study, patients, treating doc-
tors, and laboratory personnel were unaware of
treatment status, and patients and treating
doctors were unaware of antibody status. After
completion of the study in July 1998, patients
allocated to placebo were oVered one to three
months of open label doxycycline. Seven
patients crossed over 3–12 months after study
enrolment. To avoid bias introduced by this
cross over, no further patient data were
accepted from either study arm after the study
closing date.

BASELINE HISTORY AND RHEUMATOLOGICAL

EXAMINATIONS

From the initial clinical encounter and the
patient’s medical record, a case report form
was filled out giving details of age, sex, date of
joint symptom onset, joints aVected, and
history of overseas travel before onset of joint
symptoms, diarrhoea, pharyngitis, psoriasis,
aphthous ulcers, conjunctivitis or iritis, urethri-
tis, cervicitis, known chlamydial infection in
the patient or partner, and other sexually
transmitted diseases in the patient or partner.

During the initial rheumatological consulta-
tion an assessment was made of the aVected
joints and total joint count; enthesopathy;
rashes; eye involvement; and skin involvement.
The rheumatologist assessed pain, functional
impairment, and overall arthritis activity using
a 10 cm visual analogue scale (VAS, 0 = best,
10 = worst). Repeat examinations were per-
formed at three, six, and 12 months, and con-
sisted of joint count and VAS estimates of pain,
functional impairment, and arthritis activity.

HEALTH RELATED QUALITY OF LIFE

QUESTIONNAIRE

We measured health related quality of life using
the second version of the Arthritis Impact
Measurement Scales (AIMS2).24 The original
AIMS questionnaire was designed specifically
for patients with arthritis, and has demon-
strated validity against clinical observation and
other questionnaires, as well as showing
responsiveness to change in clinical trials of
treatment.25–27 In the AIMS2 questionnaire,
additional domains were added to include 12
domains in total. It is self administered and
takes 20–25 minutes to complete.

AIMS2 questionnaires were completed be-
fore starting treatment, monthly while receiv-
ing treatment (one, two, and three months),
and at six and 12 months or at the end of the
study. Patients who discontinued treatment
were encouraged to complete questionnaires at
the prespecified times.

STATISTICAL ANALYSIS

Data from case report forms, AIMS2 question-
naires, and laboratory testing were analysed
with BMDP (Biomedical Data Programs Inc,
1990, Los Angeles, CA) and SPSS software
(SPSS version 10 for Windows, SPSS Inc,
Chicago, IL). The mean or median of clinical
and laboratory factors was examined for
balance between treatment groups. The
AIMS2 pain scale consists of five questions
(each scored 1–5), which were summed to give
a single pain score of between 5 (worst) and 25
(best). For composite functional score, four
separate AIMS2 scales (mobility, walking and
bending, self care, and household tasks) were
summed and responses inverted as appropriate
to ensure consistency (1 = worst, 4 or 5 = best),
for a score of 18 (worst) to 90 (best). All 12
AIMS scales are presented for descriptive pur-
poses.

The primary study end points were three
month AIMS2 pain and functional change
scores. We performed unpaired t tests of
change scores for patients with complete base-
line and three month AIMS2 questionnaires.
In nine patients, two month questionnaires
were used in the absence of three month ques-
tionnaires. An analysis of variance (ANOVA)
model including block randomisation assign-
ment was performed to examine homogeneity
across strata before pooling.

The secondary study end points were three
month changes in rheumatologist assessed
joint count, pain, functional status, and overall
arthritis activity, and patient assessed pain and
functional status at 6–12 months. We per-
formed an a priori subgroup analysis for treat-
ment eVect in patients with a history or
serological evidence of previous chlamydial or
streptococcal infection by including interaction
variables in an ANOVA model.

For case-control comparisons of Chlamydia
trachomatis and Streptococcus pyogenes sero-
prevalence, patients were compared with age
and sex matched outpatient controls by logistic
regression, with patient status as the dependent
variable (SPSS).
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All analyses were performed on an intention
to treat basis. For primary end points, p<0.05
was considered significant. The results of
secondary analyses were judged significant for
p<0.05 only if the primary analyses were also
significant.

LABORATORY METHODS

To detect active genitourinary C trachomatis
infection, a first void urine was tested for C tra-
chomatis nucleic acid amplification (LCx,
Abbott, Chicago, IL). Serum IgG and IgA
antibodies were measured by a recombinant
polypeptide enzyme immunoassay specific for
C trachomatis (SeroCT, Savyon Diagnostics,
Kiryat Minrat, Israel). Serum was diluted
1:105, incubated for 30 minutes at 37°C, con-
jugated for 30 minutes with anti-IgG or
anti-IgA antibody, and read in a spectropho-
tometer at 450 nm. A cut oV level was
determined as twice the mean of three negative
control sera, and a cut oV index of 1.1 or
greater was considered positive, as recom-
mended by the manufacturer. Serum (diluted
1:100) was also tested for serological evidence
of previous Streptococcus pyogenes infection by a
slide agglutination assay (Streptozyme,
Wampole Laboratories, Cranbury, NJ) that
measures antibodies to five streptococcal exo-
antigens (streptolysin O, hyaluronidase, DNase
B, NADase, and streptokinase).

Results
PATIENT DESCRIPTION

Sixty patients were enrolled between January
1997 and June 1998. Patients had a median age
of 44 years (range 18–65), median of 24
months of arthritis symptoms (4–432 months),
and 35/60 (58%) were female (table 1). Back
involvement alone was present in two (3%)
patients, peripheral joints alone in 50 (83%),

and eight (13%) were aVected in both.
Extra-articular manifestations were uncom-
mon, with a history of urethritis or cervicitis in
two (3%) patients, diarrhoea in the month pre-
ceding onset of arthritis in seven (12%)
patients, and a psoriatic skin rash in eight
(13%). Patients were concurrently taking non-
steroidal anti-inflammatory drugs, but none
were taking disease modifying agents at study
enrolment. Four patients started disease modi-
fying drugs during the study, including sul-
fasalazine, methotrexate, or prednisone.

Six (10%) patients had previous chlamydia
or other sexually transmitted disease, and none
reported partners with previous sexually trans-
mitted diseases. One patient of 59 (2%) tested
had a positive first void urine for C trachomatis
nucleic acid. Serological evidence of previous C
trachomatis infection (IgG or IgA positive) was
present in 17/42 (40%) tested, compared with
7/42 (17%) age and sex matched controls
(odds ratio (OR) 3.3, 95% confidence interval
(CI) 1.2 to 9.2, p=0.02). Eleven of 45 (24%)
tested had evidence of recent streptococcal
infection, compared with 8/45 (18%) controls
(OR 1.5, 95% CI 0.5 to 4.0, p=0.47).
Serological testing for Lyme disease and for
syphilis, in 39 and 36 patients respectively, and
stool cultures in 35 patients, were all negative.

At study baseline, AIMS2 questionnaires
were completed by 58 patients. Patients identi-
fied moderately severe pain scores (mean 11.3
of 25) and mildly impaired composite func-
tional scores (mean 73.2 of 90). Of the four
scales in the composite functional score, the
greatest impairment was seen in the walking
and bending scale (mean 14.6 of 25). Moder-
ate diYculty was identified in the hand and
finger (9.6 of 25), arm (9.0 of 25), and family
and friends (7.1 of 20) scales.

Thirty patients each were allocated to receive
doxycycline or placebo. Groups were well
balanced for potential prognostic factors (see
table 1). Age, sex, years of arthritis, extra-
articular manifestations, joint counts, and
exposure to C trachomatis or Streptococcus
pyogenes were similar in both groups. AIMS2
questionnaire scores (table 2) were similar for
the two groups, except for arm function, which
was better in the doxycycline than the placebo
group.

PATIENT FOLLOW UP, COMPLIANCE, AND SIDE

EFFECTS

Thirty seven patients (62%) completed the
study, including 16 assigned to active treatment
and 21 assigned to placebo. Six month
questionnaires were available for 15 (25%)
patients, and 12 month questionnaires for six
(10%) patients. Three month rheumatology
case report forms were available for 25 (42%)
patients; six month forms for 12 (20%)
patients; and 12 month forms for eight (13%)
patients. Of the 23 patients lost to follow up,
two withdrew consent after randomisation
without starting treatment; two did not fill out
baseline or subsequent questionnaires; four
started disease remitting agents and did not fill
out follow up questionnaires; two stopped
active treatment owing to side eVects; five did

Table 1 Baseline patient characteristics by treatment group. Results are shown as No (%)
unless otherwise stated

Doxycycline Placebo p*

Total number 30 30
Evaluable at 3 months 16/30 (53) 21/30 (70) 0.29
Age (median (quartiles)) 45.0 (32.8, 51.3) 43.5 (39.0, 50.3) 0.48
Femal sex 18/30 (60) 17/30 (57) 0.80
Duration (median (quartiles)) 36 (12, 63) 24 (6, 69) 0.20

Gastrointestinal reactive 0/30 (0) 3/30 (10) 0.24
Genitourinary reactive 8/30 (27) 10/30 (33) 0.79
UndiVerentiated seronegative arthritis 15/30 (50) 12/30 (40.0) 0.60
Psoriatic arthritis 5/30 (17) 3/30 (10) 0.71
Sacroiliitis only 1/30 (3) 1/30 (3) 1.00
No acute arthritis 1/30 (3) 1/30 (3) 1.00

History of travel 0/30 (0) 1/30 (3) 1.00
History of diarrhoea 1/30 (3) 6/30 (20) 0.10
History of eye symptoms 6/30 (20) 11/30 (37) 0.25
History of urethritis/cervicitis 1/30 (3) 1/30 (3) 1.00
History of chlamydia infection 2/30 (7) 3/30 (10) 1.00
History of chlamydia in partner 0/30 (0) 0/30 (0) 1.00
History of streptococcal infection 1/30 (3) 1/30 (3) 1.00

C trachomatis IgG or IgA (n=42) 7/21 (33) 10/21 (48) 0.53
C. trachomatis by serology or history 7/30 (23) 12/30 (40) 0.22
S pyogenes serology (n=45) 3/23 (13) 8/22 (36) 0.14

Joint count (median (quartiles, n=53)) 3 (2, 5) 5 (2, 8) 0.14
VAS† pain (mean (SD), n=36) 4.3 (2.4) 3.6 (3.1) 0.49
VAS function (mean (SD), n=36) 4.0 (2.4) 2.2 (2.3) 0.27
VAS arthritis activity (mean (SD) n=36) 4.5 (2.8) 3.6 (2.9) 0.33

*÷2 (with Yates’s correction) or Fisher exact test used for comparison of proportions; t test for
comparison of means; Mann-Whitney U test for comparison of ranks.
†VAS = visual analogue scale (0–10 cm, 0 = best, 10 = worst).
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not attend for further rheumatology follow up;
and eight attended rheumatology follow up but
did not submit questionnaires. There were no
statistically significant diVerences in baseline
characteristics between patients lost to follow
up and those completing the study. Side eVects
were reported infrequently, and included
photosensitivity in two patients, oesophagitis in
one patient, and gastric upset in one other. One
patient experienced a flare of finger and wrist
pain and swelling after starting doxycycline,
which improved when it was stopped and
immediately recurred after rechallenge. One
patient developed hepatitis during open label
doxycycline treatment after completion of the
study. Liver enzymes improved after stopping
treatment, but he declined a liver biopsy and
the cause of his hepatitis remains unclear.

PATIENT OUTCOMES

Table 3 lists patient outcomes at three months
(n=37). AIMS2 pain scores (5 = worst, 25 =
best) increased from study enrolment to three

months in both groups, from 10.8 to 13.5
(doxycycline), and from 12.7 to 13.8 (pla-
cebo), for a mean treatment diVerence in pain
change scores of 1.5 points (95% CI −1.2 to
4.2, p=0.25). Composite functional scores (the
sum of the four AIMS2 scales of mobility,
walking and bending, self care, and household
tasks; 18 = worst, 90 = best) increased in both
groups, from 71.9 to 75.1 (doxycycline), and
from 73.0 to 75.4 (placebo), for a mean diVer-
ence in change scores of 0.8 (95% CI −5.6 to
7.1, p=0.81). The four individual function
scales were similar between active treatment
and placebo, and no statistically significant dif-
ferences were detected for the remaining seven
AIMS2 scales (hand and finger, arm, mood,
tension, family and friends, social activity, and
work scales).

At the three month rheumatology assess-
ment (n=25), joint counts increased in both
study groups (mean diVerence 1.6, 95% CI
−1.6 to 4.7, p=0.32). Rheumatologist assessed
pain (visual analogue change score mean
diVerence –0.6 cm), functional score (mean
diVerence –0.9 cm), and overall arthritis activ-
ity (mean diVerence –0.6 cm) were similar for
doxycycline and placebo groups (table 3).

At 6–12 months, AIMS2 pain scores were
15.2 (doxycycline) and 14.5 (placebo), with
mean change scores of 3.5 v 2.2 (mean diVer-
ence 1.3, 95% CI −5.6 to 8.2, p=0.69). Com-
posite functional scores were 70.8 (doxy-
cycline) and 73.7 (placebo), with mean change
scores of –2.0 v 0.2 (mean diVerence −2.2,
95% CI −14.2 to 9.8, p=0.70). These analyses
were based on 16 patients. A repeated meas-
ures ANOVA based on 15 patients and three to
five available time periods found no treatment
eVect on pain (p=0.48) and composite func-
tional score (p=0.71).

SUBGROUP ANALYSES FOR TREATMENT EFFICACY

Of the 37 patients evaluable at three months,
11 patients were C trachomatis serology status

Table 2 Baseline mean scores from the Arthritis Impact Measurement Scales version 2
(AIMS2) instrument by treatment group (n=58)

AIMS2 Scale Possible scores* Patient scores

Mean scores

p†Doxycycline Placebo

1 Pain 5–25 5–22 10.9 11.7 0.46
2–5 Functional score‡ 18–90 41–90 73.4 73.1 0.92

2 Mobility 5–25 9–25 21.9 21.3 0.58
3 Walking and bending 5–25 9–25 14.5 14.8 0.77
4 Self care 4–20 10–20 18.7 18.9 0.73
5 Household tasks 4–20 11–20 18.3 18.1 0.74

6 Hand and finger 5–25 5–19 10.4 8.8 0.13
7 Arm 5–25 5–21 10.3 7.7 0.01
8 Mood 5–25 19–24 18.7 18.3 0.67
9 Tension 5–25 8–23 15.6 14.4 0.19
10 Family and friends 4–20 5–19 7.0 7.2 0.76
11 Social activity 5–25 8–23 15.3 16.5 0.17
12 Work 4–20 6–20 14.2 14.3 0.92

*Lower numbers indicate worse score.
†Comparison of mean scores by unpaired t test (SPSS).
‡Composite functional score consists of sum of mobility, walking and bending, self care, and
household tasks AIMS2 scales.

Table 3 Three month treatment eVect of doxycycline compared with placebo for chronic seronegative or reactive arthritis

Doxycycline (n=16) Placebo (n=21) Comparison

0 m 3 m Change 0 m 3 m Change
Mean diVerence
(95% CI) p*

AIMS2† pain 10.8 13.5 2.7 12.7 13.8 1.1 1.5 (−1.2 to 4.2) 0.25
AIMS2 function‡ (4 scales) 71.9 75.1 3.2 73.0 75.4 2.4 0.8 (−5.6 to 7.1) 0.81

AIMS2 mobility 21.5 22.1 0.6 21.1 21.7 0.6 0.0 (−3.2 to 3.1) 0.97
AIMS2 walking and bending 13.2 16.3 3.2 15.1 16.6 1.6 1.6 (−0.9 to 4.2) 0.21
AIMS2 self care 18.9 19.4 0.6 19.1 19.2 0.2 0.4 (−1.1 to 1.8) 0.61
AIMS2 household tasks 18.4 17.3 −1.1 17.9 17.9 0.0 −1.2 (−3.0 to 0.6) 0.19

AIMS2 hand and finger 11.1 10.5 −0.6 8.8 8.2 −0.6 0.0 (−2.3 to 2.2) 0.97
AIMS2 arm 10.9 9.1 −1.9 7.4 6.8 −0.6 −1.3 (−3.0 to 0.5) 0.15
AIMS2 mood 18.5 19.2 0.7 19.0 20.0 1.0 −0.3 (−2.0 to 1.4) 0.72
AIMS2 tension 14.8 15.3 0.5 16.2 17.6 1.4 −0.9 (−3.0 to 1.2) 0.38
AIMS2 family and friends 6.8 7.4 0.6 7.2 8.5 1.3 −0.7 (−2.6 to 1.1) 0.41
AIMS2 social activity 15.6 15.5 −0.1 16.5 16.5 0.0 −0.1 (−2.7 to 2.6) 0.96
AIMS2 work 12.2 12.2 0.0 14.9 17.4 2.5 −2.5 (−5.4 to 0.5) 0.10

Joint count 4.0 5.6 1.6 5.4 5.5 0.1 1.6 (−1.6 to 4.7) 0.32
Pain score (VAS §) 4.3 4.6 0.3 3.6 4.5 0.9 −0.6 (−3.1 to 1.9) 0.46
Functional score (VAS) 4.0 3.7 −0.3 2.2 2.8 0.7 −0.9 (−2.5 to 0.7) 0.15
Arthritis activity (VAS) 4.5 4.7 0.1 3.6 4.4 0.8 −0.6 (−3.1, 1.9) 0.48

*Change score means compared by unpaired t test (SPSS).
†AIMS2 = Arthritis Impact Measurement Scales version 2 self assessed questionnaire (n=37). Lower numbers indicate a worse score. AIMS2 pain and composite
functional scores constituted the primary study end points.
‡Composite functional score consists of sum of mobility, walking and bending, self care, and household tasks AIMS2 scales.
§VAS = visual analogue scale (0 = best, 10 = worst) assessed by rheumatologist (n=25).

Doxycycline RCT 1091

www.annrheumdis.com

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.60.12.1088 on 1 D
ecem

ber 2001. D
ow

nloaded from
 

http://ard.bmj.com/


positive and 26 patients were serology negative
or unknown. Treatment eVects were examined
by pain and functional status change scores by
chlamydia status (table 4). In addition, the
interaction of serological status and treatment
was examined in an ANCOVA design. For pain
at three months, pain scores improved 2.1
points (95% CI −2.7 to 6.8) in the chlamydia
positive group, compared with 1.5 points (95%
CI −2.1 to 5.1) in the chlamydia negative
group. The chlamydia-by-treatment regression
interaction term was non-significant (p=0.90).
For functional status there was a decline of 4.3
points (95% CI −19.9 to 11.1) in the chlamy-
dia positive group, compared with an improve-
ment of 3.6 (95% CI −3.8 to 10.9) in the
chlamydia negative group. The chlamydia-by-
treatment interaction terms were not signifi-
cant (p=0.72).

Of the 37 patients evaluable at three months,
six patients were streptococcal status positive
and for 31 patients streptococcal status was
negative or unknown (table 4). Pain change
scores at three months improved by 2.8 points
(95% CI −12.6 to 18.2) and 1.2 points (95%
CI −1.7 to 4.1) in the streptococcal status
positive and negative groups, respectively.
Composite functional change scores improved
10.4 points (95% CI −12.3 to 33.1) and –0.6
points (95% CI −7.8 to 6.7) in the streptococ-
cal status positive and negative groups, respec-
tively. The streptococcus-by-treatment interac-
tion terms were not significant (p=0.74 for
pain change scores and p=0.33 for functional
change scores).

A treatment eVect could not be shown in any
other subgroup examined. For pain or func-
tional change scores, there were no significant
diVerences in outcome comparing men v
women (p=0.74 for pain and p=0.56 for func-
tional score, respectively); age <40 years v 40
or older (p=0.60 and p=0.50); duration of
symptoms <1 year v >1 year (p=0.64 and
p=0.94); central involvement v no central
involvement (p=0.69 and p=0.11); or presence
v absence of psoriatic lesions (p=0.69 and
p=0.87).

Discussion
Among patients with chronic reactive or undif-
ferentiated seronegative arthritis, long term
doxycycline did not improve patient or rheu-
matologist assessed pain, functional status, or
disease activity at three, six, or 12 months. For
the overall study, relatively narrow confidence
intervals for pain and composite function
change scores virtually rule out a clinically
important improvement. Similarly, no benefit
was seen in clinically important subgroups,
such as those with previous chlamydial expo-
sure, but the confidence intervals were much
wider because the numbers of patients in the
individual subgroups were small.

Exposure to chlamydia or streptococcal
infections was common. Chlamydial sero-
prevalence was higher in patients than among
age and sex matched controls, suggesting that
some 60% of arthritis among those with
positive serology could be attributed to C
trachomatis. In contrast, no association was
found between arthritis symptoms and strepto-
coccal serology.

The role of antibiotics for reactive or sero-
negative arthritis remains unclear. In a retro-
spective study, the incidence of reactive arthri-
tis after non-gonococcal urethritis was lower
with tetracycline based treatment than with
penicillin based treatment or no treatment
(10% v 37%).28 Thus timely treatment for pre-
sumed chlamydial infection may prevent sub-
sequent reactive arthritis.

However, once arthritis has developed, anti-
biotics may not improve symptoms. Short
courses of antibiotics for acute reactive arthri-
tis were not eVective in two randomised
controlled trials. Five days’ treatment with lin-
comycin for urethritis associated reactive ar-
thritis,21 and 10–14 days of pathogen-specific
treatment after gastrointestinal or genitouri-
nary infection were all ineVective in decreasing
symptoms, joint count, or inflammatory mark-
ers.22

In two non-randomised studies, longer
courses of antibiotics seemed to be more eVec-
tive. Penicillin or minocycline for three

Table 4 Treatment eVect of doxycycline compared with placebo for chronic seronegative or reactive arthritis on pain and
functional change scores (AIMS2) by chlamydia and streptococcus status

n AIMS2 scale*

Change Scores

F test p†Doxycycline Placebo
Mean diVerence (95%
CI)

CT‡ positive 11 Pain (3 m) 3.3 1.3 2.1 (−2.7 to 6.8) 0.35
CT unknown 26 Pain (3 m) 2.5 1.1 1.5 (−2.1 to 5.1) 0.41
CT interaction§ 37 Pain (3 m) 0.02 0.90
CT positive 11 Functional¶ (3 m) 2.3 6.6 −4.3 (−19.9 to 11.1) 0.55
CT unknown 26 Functional (3 m) 3.4 −0.2 3.6 (−3.8 to 10.9) 0.33
CT interaction 37 Functional (3 m) 0.13 0.72

Strep** positive 6 Pain (3 m) 3.0 0.2 2.8 (−12.6 to 18.2) 0.64
Strep unknown 31 Pain (3 m) 2.7 1.4 1.2 (−1.7 to 4.1) 0.39
Strep interaction 37 Pain (3 m) 0.11 0.74
Strep positive 6 Functional (3 m) 10.0 −0.4 10.4 (−12.3 to 33.1) 0.27
Strep unknown 31 Functional (3 m) 2.7 3.3 −0.6 (−7.8 to 6.7) 0.87
Strep interaction 37 Functional (3 m) 0.98 0.33

*AIMS2 = Arthritis Impact Measurement Scales version 2 questionnaire (n=37).
†Change score mean diVerence and 95% confidence interval from unpaired t test.
‡CT = Chlamydia trachomatis positive by serology (IgA or IgA) or clinical history.
§Interaction term analysed in a full factorial ANCOVA model (SPSS).
¶Composite functional score consists of sum of mobility, walking and bending, self care, and household tasks AIMS2 scales.
**Strep = Streptococcus pyogenes antibody positive by slide agglutination.
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months,29 or doxycycline for 3–4 months,30

improved pain, stiVness, functioning, inflam-
mation, and clinical assessment of disease
activity and prevented relapse during two years
of follow up.

Four published randomised trials of long
term antibiotic treatment for acute reactive or
seronegative arthritis were identified, with total
enrolment of 293 patients.23 31–33 All these stud-
ies showed no overall improvement in symp-
toms, inflammatory markers, joint count, or
time to improvement. Three of these studies
used ciprofloxacin, a fluoroquinolone anti-
biotic with excellent activity for gastrointestinal
pathogens and some activity against C tracho-
matis, for three months31 32 or 12 months.33 The
fourth study used lymecycline,23 a tetracycline
antibiotic with excellent C trachomatis activity.
In the latter study, 40 patients with acute
(within two months of onset) reactive arthritis
received lymecycline or placebo. In a subgroup
analysis of 21 patients with chlamydia associ-
ated arthritis, but not in the overall study
group, a statistically significant and clinically
important diVerence in improvement was seen.
Specifically, patients with serological evidence
of chlamydia infection improved after a median
of 15.0 weeks’ treatment with lymecycline v
39.5 weeks on placebo (p=0.02). However, the
optimal method and relevance of diagnosing
chlamydial exposure by serology remain uncer-
tain, and the findings of a subgroup analysis
require independent confirmation.

In the largest of the four studies,32 three
months’ treatment with ciprofloxacin was inef-
fective both in the entire study group, and in
subgroups defined by the length of symptoms
(less than three months v longer), clinical pres-
entation (reactive v undiVerentiated oligoar-
thritis), or aetiology (genitourinary v gastroin-
testinal). Patients with evidence of C
trachomatis infection (13/126) who were treated
with ciprofloxacin showed an improvement in
all indices except global health compared with
placebo treated patients. However, only 10
patients were evaluable for the treatment end
points, and a greater percentage of patients
randomly allocated to the ciprofloxacin arm
had symptoms for less than three months.
Although the authors did not present a statisti-
cal analysis of the chlamydia infected sub-
group, it is likely that neither unadjusted or
baseline-covariate adjusted diVerences were
statistically significant. Nevertheless, the re-
sults suggest that a treatment eVect in chlamy-
dia associated arthritis cannot be ruled out.

In this study we extend the observations of
these previous studies to a diVerent antibiotic
regimen with improved antichlamydial activity
(doxycycline), and to patients who had chronic
symptoms (median 24 months) and a wider
spectrum of disease than in previous studies
(spondyloarthropathy, psoriatic arthritis, and
various seronegative oligoarthritides and poly-
arthritides).

Two important research questions remain.
Firstly, a beneficial treatment eVect early in the
course of Chlamydia trachomatis associated
reactive arthritis remains plausible. We did not
study disease of acute onset, and had only 11

patients (with a median of 48 months of symp-
toms) with laboratory evidence of previous C
trachomatis exposure who completed the three
month questionnaire. In an animal model of
yersinia induced arthritis, antibiotics were
eVective if started within three days of
infection, but not if delayed until the onset of
arthritis.34 Studies targeting acute onset C
trachomatis associated arthritis are needed.

Secondly, we had few patients who returned
questionnaires six months or longer after
enrolment, and cannot rule out a possible long
term antibiotic eVect. By analogy with rheu-
matic heart disease, it is possible that years of
antibiotic prophylaxis would prevent future
exacerbations, but current disease flares may
not be amenable to antibiotics.

The lack of treatment eVect does not neces-
sarily contradict the hypothesis of persistent
antigenic stimulus by occult infection, because
bacterial persistence in a form unresponsive to
antibiotic treatment has been reported.35 36

Nevertheless, we conclude that doxycycline is
not an eVective treatment for chronic reactive
or undiVerentiated seronegative arthritis.
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