
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Tuompo et al. BMC Rheumatology            (2025) 9:41 
https://doi.org/10.1186/s41927-025-00491-1

BMC Rheumatology

*Correspondence:
Riitta Tuompo
riitta.tuompo@hus.fi
1Department of Rheumatology, University of Helsinki and Helsinki 
University Hospital, PO box 372, Rheumatology, Helsinki  
00029 HUS, Finland
2Department of Public Health, University of Helsinki, Helsinki, Finland
3Research Institute Orton, Helsinki, Finland
4Primary Health Care Unit, Kuopio University Hospital, Kuopio, Finland
5Folkhälsan Research Center, Helsinki, Finland
6Kanta-Häme Central Hospital, Hämeenlinna, Finland

Abstract
Background  The role of preceding infections in the development of reactive arthritis (ReA) is well known but is less 
studied in association with other inflammatory arthritides. Therefore, in 1979-80 we screened for infections in patients 
with early musculoskeletal symptoms who were referred for rheumatological consultation and assessed the role of 
infections and other clinical factors in the development of chronic disease in following 14 years.

Methods  A total of 104 consecutive patients with suspected inflammatory musculoskeletal symptoms with a 
duration < 6 months were examined and screened for preceding infections in an outpatient rheumatology clinic. 
Follow-up evaluation was conducted after 14 years.

Results  ReA, undifferentiated arthritis, and rheumatoid arthritis were the most common diagnoses at baseline and 
at the 14–year follow-up. Of the 80 patients participating in the 14–year follow-up evaluation, 34 (42.5%) had had 
evidence of infection at baseline. Twenty-four patients (30%) had developed chronic rheumatic disease. Polyarticular 
disease at baseline and positive rheumatoid factors predicted the development of chronic diseases. Of the patients 
originally diagnosed with ReA, 7.3% proceeded to ankylosing spondylitis.

Conclusion  At baseline, signs of preceding infections were detected in 41% of the patients with early 
musculoskeletal symptoms. Preceding infections showed no association with either specific diagnosis of arthritis, 
except for ReA.

Clinical trial number  Not applicable.
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Introduction
The connection between infections and arthritis is mul-
tidimensional, varying from severe septic arthritis to 
acute or chronic reactive arthritis (ReA) or milder forms 
of viral arthritis [1]. Although the pathogenesis of rheu-
matoid arthritis (RA) is multifactorial, viruses including 
parvovirus B19, hepatitis C and Epstein–Barr have been 
associated with the development of RA [2]. Recently, an 
association between periodontal infections and RA has 
emerged [3–4]. Recent evidence has suggested an associ-
ation between periodontal infections, particularly involv-
ing Porphyromonas gingivalis, and the development of 
RA due to mechanisms such as protein citrullination. 
ReA may develop into chronic spondyloarthritis (SpA) or 
ankylosing spondylitis (AS) in 10–25% of patients, Chla-
mydia-induced ReA having the worst outcome [5–6]. 
Prognostic factors for chronic sequelae from ReA to SpA 
include the type of triggering infection, HLA-B27 posi-
tivity, presence of gut inflammation, and a positive family 
history of SpA or AS [7].

The prognosis of RA is influenced by early diagno-
sis and initiation of disease-modifying antirheumatic 
drugs (DMARDs) [8–9]. Consequently, early referral of 
patients with inflammatory arthritis is recommended to 
enable early diagnosis and institution of early treatment 
to prevent joint damage and the burden of chronic dis-
ease. However, despite acute arthritis in the early phase, 
the symptoms may be self-limiting, especially in undiffer-
entiated arthritis (UA) in up to 60% of cases [10]. Nev-
ertheless, patients progressing from UA to RA should be 
recognized with an emphasis on early treatment.

The aim of the present study was to investigate the 
14–year outcome in a group of patients referred to the 
university rheumatological center with suspicion of 
inflammatory musculoskeletal disease with duration of 
symptoms less than 6 months, and to assess predicting 
clinical factors for prolonged and chronic disease with 
respect to the acute diagnosis and the role of baseline 
infections.

Materials and methods
During 1979-80 one hundred and four consecutive 
patients with suspected inflammatory musculoskele-
tal symptoms with duration of less than 6 months were 
referred to the Outpatient Department of Rheumatol-
ogy of Helsinki University Hospital for diagnosis and 
treatment. The onset of joint symptoms was defined as 
acute (within 7 days), subacute (2–4 weeks) or insidious 
(> 4 weeks). Arthritis was defined as monoarticular (one 
affected joint), oligoarticular (2–5 affected joints), or 
polyarticular (> 5 affected joints).

In addition to clinical examination, laboratory inves-
tigations included erythrocyte sedimentation rate 
(ESR), total blood count, kidney and liver function tests, 

antinuclear antibodies (upper limit of normal [ULN] 80, 
reciprocal titer), and rheumatoid factor (RF). To measure 
RF, both the Waaler-Rose (ULN 64, reciprocal titer) and 
latex tests (+ or – ) were used. Urine was examined for 
leukocytes, erythrocytes, and proteins. The infections 
were screened as follows: antibodies against Yersinia 
enterocolitica serotypes 3 and 9 by agglutination method 
[11]; against Salmonella O antigens by Widal test; against 
Chlamydia trachomatis by the immunofluorescent anti-
body test. Antistreptolycin O (ASO) and teichoic acid 
antibodies were analyzed by radioimmunoassay methods 
to detect Streptococcal and Staphylococcal infections. 
Mycoplasma pneumoniae and Toxoplasma gondii and 
the following viruses: herpes simplex, varicella zoster, 
cytomegalovirus, adenovirus, influenza A and B, corona-
virus, parainfluenza 1, 2, 3, mumps, respiratory syncytial 
virus, measles, rubella, polio, coxsackie virus B and rota-
virus were analyzed by a complement fixation method. 
Serological tests for infections were repeated two weeks 
later to evaluate the change in the level of the titres. Tests 
were considered positive for yersinia with a titre of 1:320 
or higher, for salmonella with a titre of 1:320 or higher, 
for chlamydia with a titre of ≥ 1:256 (females) and ≥ 1:128 
(males). ASO was positive with ≥ 500 units and teichoic 
acid antibodies with ≥ 1:8. For viral infections a positive 
result was defined as a fourfold change in paired sera. The 
patients were also HLA-typed using a standard micro-
lymphocytotoxicity test for HLA-A, -B and -DR antigens. 
Radiographs of the hands, feet, and lumbosacral spine 
were obtained when clinically indicated.

The initial diagnosis was based on the clinical features 
and laboratory and radiological findings. RA patients 
fulfilled the American Rheumatism Association 1958 
revised criteria [12], AS patients fulfilled the New York 
1984 criteria [13], and those with rheumatic fever ful-
filled the 1965 Jones revised criteria [14]. The diagnosis 
of ReA and SpA was assessed according to the 1991 ESSG 
criteria [15]. The patients were treated according to the 
diagnosis. Of the original 104 patients, 92 were followed 
up for six months.

Fourteen years later, patients were invited to par-
ticipate in a follow-up evaluation. Of the original 104 
patients, five had died and 19 could not be reached or 
refused to participate. Thus, information on 80 patients 
was available for the analysis of the 14–year outcome. 
Investigations included HAQ (Health Assessment Ques-
tionnaire) [16], clinical and laboratory evaluations (ESR, 
total blood count, RF, antinuclear antibodies, and sero-
logical screening including antibodies for B. burgdorferi 
in addition to the original bacteria). Additional serum 
samples were collected and stored at − 20  °C. Of those 
samples, anti-citrullinated protein antibodies (ACPAs) 
were later determined using fluorometric enzyme-linked 
immunoassay for 64 patients. In addition to negative/
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positive values (positive ≥ 7 U/ml), ACPAs were graded 
as low-level positive and high-level positive. Low-level 
positive = higher than the ULN but equal or less than 
three times the ULN; high-level positive = higher than 
three times the ULN [17]. Radiographs of the hands, feet, 
and lumbosacral spine were examined, if indicated. The 
detailed data collecting form is provided in Supplemen-
tary Information [S1].

The study was approved by the Ethics Committee of 
Helsinki University Hospital. Informed consent was 
obtained from all the participants.

The data are expressed as mean and standard deviation 
(SD) or count and percentage (%). Statistical comparisons 
between the diagnosis groups were performed with the 
analysis of variance (ANOVA) and Pearson’s chi-square 
test. Multivariate logistic regression analysis with odds 
ratios (ORs) to assess baseline variables as risk factors for 
chronic disease. In the case of violation of the assump-
tions (e.g. non-normality) for continuous variables, a 
bootstrap-type method or Monte Carlo p-values (small 
number of observations) for categorical variables were 

used. Stata 17.1 (StataCorp LP, College Station, TX, USA) 
were used for the analysis.

Results
Baseline characteristics and diagnoses
Of the 104 patients, 62 (59.6%) were women and the 
mean age was 35.6 years (SD 12.4). The onset of joint 
symptoms was acute in 46 (44.2%), subacute in 32 (30.8%) 
and insidious in 25 (24.1%) patients. Of the patients, 66 
(63.5%) had large joint and 36 (34.6%) small joint involve-
ment. The arthritis was monoarticular in 11 patients 
(12%), oligoarticular in 60 (65.2%) and polyarticular in 
21 (22.8%). The mean ESR was 41 mm/h (SD 31.9). Nine 
(8.6%) were positive for RF, 33 (31.4%) for HLA-B27, 20 
(19.2%) for HLA-DR1 and 18 (17.3%) for HLA-DR4.

ReA was the most common (39.4%, N = 41) diagnosis 
during the acute disease, followed by UA (19.2%, N = 20) 
and RA (15.4%, N = 16) (Table  1). Notably, none of the 
patients were diagnosed with psoriatic arthritis, gout, 
SpA or AS within the first six months.

Screening for any infections at the onset of joint symp-
toms was positive in 43 of the 104 (41.3%) patients, 
mostly in patients with ReA (63%). The most common 
trigger of ReA was C. trachomatis (15 patients), followed 
by Yersinia (5 patients), and Salmonella (2 patients).

14–year follow-up
Patient characteristics and laboratory findings
Eighty patients attended at the 14–year follow-up evalu-
ation. The mean age of the patients was 48.8 years (SD 
11.7), and 50 (62.5%) were female. The joint disease had 
resolved in 43 (54%) patients, while 27 (34%) had devel-
oped chronic rheumatic disease. Compared with the 
acute phase, there was a significant decrease in ESR 
(mean 40.9  mm/h, [SD 32.2] to 13.2  mm/h, [SD 13.1]) 
(p < 0.001) at the 14–year follow-up. The mean HAQ was 
0.3 (SD 0.65).

Main disease groups
The baseline diagnosis was reassessed and changed in 30 
patients (38% of the 80 patients participating in the fol-
low-up, 29% of the original 104 patients). At follow-up, 
ReA was still the most common (30.0%, N = 24) diagno-
sis, followed by RA (15.0%, N = 12) and UA (10.0%, N = 8) 
(Table 1). The baseline characteristics of the patients par-
ticipating in the follow-up are shown in Table 2.

Reactive arthritis
At the 14–year follow-up, 24 (30%) of the 80 participants 
were assessed as having had ReA. Of those with a ReA 
diagnosis at baseline, 31 patients participated in the 14–
year visit. The original diagnosis remained unchanged in 
21 patients. The other final diagnoses are presented in 
Fig. 1.

Table 1  Diagnoses of all patients within first 6 months and 
baseline and final diagnoses of patients participating the 14-year 
follow-up

All patients Patients participating 
the 14-year follow-up

Established di-
agnosis within 
6 months,
n (%)

Established di-
agnosis within 
6 months,
n (%)

14 
years,
n (%)

Total number of patients 104 80 80
Rheumatoid arthritis 16 (15) 15 (19) 12 

(15)
Undifferentiated arthritis 20 (19) 16 (20) 8 (10)
Reactive arthritis 41 (39) 31 (39) 24 

(30)
Sarcoid arthropathy 3 (3) 3 (4) 1 (1)
Polymyalgia rheumatica 2 (2) 0 (0) 0 (0)
Connective tissue 
disease

5 (5) 3 (4) 7 (9)

Arthralgia 6 (6) 5 (6) 3 (4)
Septic arthritis 1 (1) 1 (1) 1 (1)
Ankylosing spondylitis 0 (0) 0 (0) 4 (5)
Peripheral 
spondyloarthritis

0 (0) 0 (0) 2 (3)

Rheumatic fever 3 (3) 2 (3) 1 (1)
Miscellaneous 7 (7)* 4 (5)** 17 

(21)***
*Dermatomyositis 1, autoimmune haemolytic anaemia and nephrotic 
syndrome 1, rubella arthritis 1, postinfectious arthralgia 1, fever of unknown 
origin 1, urticaria1, enteroarthritis associated with Crohn’s disease 1

** Arthrosis 2, enteroarthritis with Crohn’s disease 1, rubella arthritis 1

*** Osteoarthritis 6, fibromyalgia 3, enteroarthritis with Crohn’s disease 2, 
borreliosis 2, anti-phospholipid syndrome 2, rubella arthritis 1, fibrosing 
alveolitis 1
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Table 2  Baseline characteristics, laboratory findings and diagnoses of the 80 patients participating the follow-up
ReA
n = 31

UA
n = 16

RA
n = 15

Other *
n = 18

P-value

Age, years, mean
(range)
SD

30(9) 40(13) 40(12) 37(11) 0.010

Female, n (%) 16(52) 10(63) 13(87) 11(61) 0.19
Onset of joint symptoms, n (%)
acute
subacute
insidious

21(68)
8 (26)
2 (6)

9 (56)
2 (13)
5 (31)

2 (14)
4 (29)
8 (57)

10 (53)
5 (26)
4 (21)

0.005

Size of affected joints, n (%)
small
large

8 (27)
22 (73)

7 (44)
9 (56)

6 (43)
8 (57)

8 (42)
11 (58)

0.55

Type of arthritis, n (%)
monoarthritis
oligoarthritis
polyarthritis

3(10)
22 (76)
2 (7)

1 (6)
9 (64)
3 (21)

1(7)
2 (13)
10 (77)

2(12)
10 (59)
5 (29)

< 0.001

Back pain, n (%) 11(35) 4(25) 0(0) 2(11) 0.17
ESR mm/h, mean (SD) 53(33) 30(21) 47(28) 38(40) 0.11
RF positive, n (%) 1(3) 1(6) 5(33) 2(12) < 0.001
HLA–B27 positive, n (%) 18(60) 4(27) 2(14) 4(22) 0.008
HLA–DR1 positive, n (%) 7(27) 4(29) 3(20) 6(40) 0.66
HLA–DR4 positive, n (%) 7(26) 5(36) 5(42) 1(6) 0.12
ASO positive, n (%) 4(13) 1(6) 2(14) 1(5) 0.77
Chlamydia antibodies positive, n (%) 10(32) 1(6) 2(14) 2(11) 0.13
Yersinia antibodies positive, n (%) 5(16) 0(0) 0(0) 0(0) 0.062
Salmonella antibodies positive, n (%) 2(7) 0(0) 0(0) 0(0) 0.66
Viral antibodies positive, n (%) 1(3) 1(6) 0(0) 3(22) 0.096
Any positivity of infection, n (%) 23(74) 6(38) 6(43) 7(39) 0.035
Percentages were calculated for positive cases of the given samples. Samples were not available of all the patients

ASO antistreptolysin O; RA rheumatoid arthritis; ReA reactive arthritis; UA undifferentiated arthritis

* Sarcoid arthropathy 3, connective tissue disease 3, arthralgia 5, septic arthritis 1, rheumatic fever 2, arthrosis 2, rubella arthritis 1, and enteroarthritis associated 
with Crohn’s disease 1

Anova chi (MonteCarlo)

Fig. 1  Final diagnosis after 14 years of patients with reactive arthritis at 6 months. ReA reactive arthritis; AS ankylosing spondylitis; SpA peripheral spondy-
loarthritis; CTD connective tissue disease. *The diagnosis remained unchanged after 14 years
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Although 13 (54.2%) of the patients with acute ReA as 
final diagnosis had recovered from the disease already 
during the first 6 months, six of 41 patients with ReA at 
baseline (14.6%) had progressed to chronic disease at the 
14–year follow-up. Of these six patients with chronic dis-
ease, HLA-B27 positivity was detected in 83% (5/6) and 
in 53% (10/19) of those recovered (p = 0.408). The quality 
of the triggering infection in ReA did not contribute to 
the prognosis of ReA.

Spondyloarthritis
None of the patients had SpA or AS at baseline, but four 
patients were diagnosed with AS and two with peripheral 
SpA at the follow-up.

In the four patients with AS (two men, two women), 
the baseline diagnosis was UA in one patient and ReA in 
three patients. In two patients with ReA at baseline, one 
had had Yersinia and the other Salmonella infection; the 
one with Yersinia also had elevated antistreptolysin O 
(ASO) at baseline. Three (75%) were HLA-B27–positive. 
At baseline, all four patients had had peripheral arthritis, 
but only one had had back pain. At follow-up, all four had 
bilateral sacroiliitis on radiographs.

One of the two patients (male, 1; female, 1) with 
peripheral SpA as the final diagnosis was HLA-B27–pos-
itive. The baseline diagnosis was ReA in one and sarcoid 
arthropathy in the other. Both had had arthritis in the 
large joints (knees and ankles) at baseline and were RF-
negative at baseline and at follow-up.

Rheumatoid arthritis
Fourteen of the 16 (88%) patients originally diagnosed as 
having RA participated in the follow-up. The diagnosis 
was still RA in 11 patients (69%), but in three patients it 
was changed (one to UA, two to CTD). In addition, the 
diagnosis was changed to RA in one patient with ReA as 
the baseline diagnosis. Diagnosis of RA was established 
already during the acute phase in 11 of the 12 (91.7%) 
patients with RA as the final diagnosis at the 14–year 
visit.

Of these 12 RA patients, RF was positive in five (42%) 
at baseline and in seven (58%) at the 14–year visit. Each 
of the 10 RA patients tested was ACPA-positive: seven 
had high-level ACPAs and three had low-level ACPAs. 
Furthermore, HLA-DR4 was positive in six (50%) and 
HLA-DR1 in two (16.7%) patients. Radiographs exam-
ined in 11 patients showed erosions and/or joint space 
narrowing in the hands in 10 (83%) and in the feet in nine 
(75%) patients. DMARDs had been started at baseline in 
nine (75%) patients.

Undifferentiated arthritis
Of the 20 patients with UA at baseline, the final diagno-
sis at follow-up was assessed in 16 patients. It remained 

as UA in seven patients, but changed to chronic ReA in 
three, to AS in one and to other rheumatological disease 
in five patients (osteoarthritis 3, fibromyalgia 1, anti-
phospholipid syndrome 1).

Of the eight patients with UA as the final diagnosis, 
one (12.5%) had positive ASO at baseline, but no other 
antibodies against bacteria or viruses, and two patients 
(25%) had ACPAs at a low level at follow-up. All these 
eight patients with UA had recovered from arthritis at 
follow-up.

Association between the baseline infection and the 
rheumatological diagnosis at the 14-year follow-up
At the onset of joint symptoms, positive screening for 
infections was found in 34 of 80 (42.5%) patients.

Positive infectious serology was detected in 17 (71%) 
of the patients with ReA, while in seven patients (2 with 
enteric ReA, 3 with urogenital ReA, and 2 with symptoms 
indicating to Reiter’s syndrome) the infectious etiology of 
ReA remained unknown. Of the 12 patients with RA as 
the final diagnosis two (17%) had positive serology for C. 
trachomatis and one (8%) for Yersinia at baseline. One of 
the four patients with AS and had elevated ASO at base-
line. Viral antibodies had been detected in three patients 
(18%) with miscellaneous diagnoses (rubella 1, herpes 
simplex 1, cytomegalovirus 1) and in one patient with 
Chlamydia-triggered ReA (cytomegalovirus). None of 
the patients with RA as final diagnosis had had a positive 
serology for viruses (Table 3). At follow-up, the final diag-
nosis was changed in two patients with recurrent borrelia 
arthritis according to positive antibodies against B. burg-
dorferi. The baseline diagnoses of these two patients had 
been seronegative RA and ReA.

Factors predicting outcome, chronic disease and work 
disability
Of the 80 patients participating the 14–year follow-up, 
the joint disease had resolved in 43 (54%) patients, while 
27 (34%) had developed chronic rheumatic disease. Ten 
(12%) patients had experienced a new episode of joint 
inflammation (Table 4). Any positive laboratory evidence 
of infection at baseline seemed to increase the risk of 
chronic disease, while positive serology for solely viral 
infections did not (Table 5).

Of patients with poly-articular disease at baseline, 61% 
(11/18) had developed chronic arthritis at the 14–year 
follow-up, while the corresponding figures were 17% 
(1/6) in those with mono-articular and 20% (8/40) in 
those with oligo-articular disease (p = 0.017).

Of the eight patients with positive RF at baseline, seven 
(88%) had progressed to chronic arthritis (p = 0.004). 
Of the 34 patients with positive ACPAs at the 14–year 
follow-up, 19 (56%) had chronic arthritis (p < 0.001). Of 
those with high levels of ACPAs, seven of nine (78%) had 
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chronic arthritis. Of the 27 patients who tested positive 
for HLA-B27, 10 (37%) had chronic arthritis.

Of the 12 patients with RA as the final diagnosis, six 
(50%) had disability pensions, whereas none of the 
patients with UA as the final diagnosis had retired 
because of the arthritis. Disability pension had been 
granted to one of the 24 patients (8.3%) with ReA and to 
one of the four patients (25%) with AS. The presence of 
positive infectious serology at baseline was not signifi-
cantly associated with work status (still working vs. dis-
ability pension granted).

Discussion
At the onset of joint symptoms, positive antimicro-
bial serology of infections was detected in 41% of the 
patients. Infections were most common in patients with 
ReA, which was the most frequent diagnosis. Our results 
are in agreement with a Swedish early arthritis study, in 
which 45% of patients had evidence of recent infection 
preceding the arthritis, and also there the most common 
diagnosis was ReA [18].

At the 14–year follow-up, 43% of the patients (34 of 
80) had positive serology for the studied infections at 
baseline. The presence of infections was most frequent 
in patients with ReA but was also discovered in some 
patients who later developed AS or SpA. It has been sug-
gested that infections seem to play a role in the etiology of 
AS, although genetic factors like HLA-B27 also influence 
the development of AS [19]. Of the 41 patients originally 
diagnosed as having ReA, three developed AS (7.3%) and 
one peripheral SpA. Our results are compatible with pre-
vious follow-up studies, in which 6–7% of ReA patients 
developed AS [20–21]. In our series, the patients with AS 
or SpA as the final diagnosis had UA or ReA as the base-
line diagnosis and 2/3 of them were HLA-B27–positive. 
This is in accordance with a 10–year follow-up study of 
seronegative arthritis reporting 8.7% of patients reclassi-
fied as SpA and 0.7% as AS, the majority of those tested 
positive for HLA-B27 [22].

One quarter (3/12) of the patients with RA as final 
diagnosis had laboratory signs of infection at baseline, 
but no particular infection occurred prominently prior to 
RA. The preclinical phase of RA is longer, while changes 
in immunopathology can be seen years before the onset 
of symptoms [23]. Thus, the initial factors (such as infec-
tions) that initiate immunopathological changes before 
the onset of symptomatic RA may be difficult to discover. 
A large case-control study showed an association with 
a lower risk of RA in patients with prior gastrointesti-
nal and urogenital tract infections and no associations 
with upper respiratory infections and pneumonia [24]. 
In contrast, a recent study found an association between 

Table 3  Evidence of infection at baseline based on positive serology with respect to diagnosis at 14–year follow-up
Infection ReA

n = 24
RA
n = 12

UA
n = 8

CTD
n = 7

SpA + AS n = 6 Other*
n = 23

All
n = 80

ASO, n (%) 3 (12.5) 0 (0) 1 (12.5) 3 (42.9) 1 (16.7) 0 (0) 8 (10)
Chlamydia, n (%) 10 (41.7) 2 (16.7) 0 (0) 1 (14.3) 0 (0) 2 (8.7) 15 (18.8)
Yersinia, n (%) 3 (12.5) 1 (8.3) 0 (0) (0)0 1 (16.7) 0 (0) 5 (6.3)
Salmonella, n (%) 1 (4.2) 0 (0) 0 (0) 0 (0)** 1 (16.7) 0 (0)** 2 (2.5)
Viral ab, n (%) 1 (4.2) 0 (0) 0 (0) 0 (0) 0 (0)** 4 (17.4) 5 (6.3)
Any positivity, n (%) 17 (70.8) 3 (25) 1 (125) 4 (57.1) 2 (33.3) 7 (30.4) 34 (42.5)
AS ankylosing spondylitis; ASO antistreptolysin O; CTD connective tissue disease; SpA peripheral spondyloarthritis; RA rheumatoid arthritis; ReA reactive arthritis; UA 
undifferentiated arthritis

*sarcoid arthropathy 1, arthralgia 3, septic arthritis 1, rheumatic fever 1, osteoarthritis 6, fibromyalgia 3, enteroarthritis with Crohn’s disease 2, borreliosis 2, anti-
phospholipid syndrome 2, rubella arthritis 1, fibrosing alveolitis 1

**data of 1 patient missing

Table 4  Clinical outcome at 14-year follow-up
Baseline 
diagnosis

ReA
n = 31

UA
n = 16

RA
n = 15

Other
n = 18

P-
value

Outcome 0.002
  Recovered, 
n (%)

20(65) 10(63) 2(13) 11(61)

  Chronic disease, 
n (%)

6(19) 5(31) 12(80) 4 (22)

  New episode of 
arthritis
  n (%)

5(16) 1(6) 1(7) 3 (17)

HAQ, mean (SD) 0.12(0.58) 0.29 
(0.61)

0.61(0.61) 0.4 (1.0) 0.002

Diagnosis 
changed, n (%)

10 (32) 9 (56) 4 (27) 6 (33) 0.38

RA rheumatoid arthritis; ReA reactive arthritis; UA undifferentiated arthritis

HAQ, Health Assessment Questionnaire

Table 5  Risk factors for chronic disease
Variables OR (95% CI) P-value
Age 0.98 (0.93 to 1.4) 0.61
Sex (Male) 0.29 (0.08 to 1.05) 0.059
Any infection 3.56 (0.86 to 14.69) 0.079
Virus 0.66 (0.08 to 5.55) 0.70
Diagnosis
  ReA 1.00 (Reference)
UA 3.18 (0.62 to 16.41) 0.17
  RA 39.53 (4.82 to 79.11) < 0.001
  Other 2.37 (0.47 to 12.09) 0.30
RA rheumatoid arthritis; ReA reactive arthritis; UA undifferentiated arthritis
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the detection rate of respiratory viral infections and an 
increased number of incident RA cases [25]. The associa-
tion between RA and periodontitis has been investigated 
by several groups, who have showed a higher prevalence 
of Porphyromonas gingivalis in patients with early RA 
than in the control population [26–27]. This pathogen 
expresses peptidylarginine deiminase, an enzyme that 
generates citrullinated epitopes recognized by ACPAs 
[28].

Half of the patients recovered from rheumatic symp-
toms, whereas one third of the patients had developed 
chronic rheumatic disease. Patients with polyarticular 
disease at baseline had developed chronic arthritis dur-
ing the 14–year follow-up significantly more often than 
patients with monoarticular or oligoarticular disease. 
This is in line with an earlier study on inflammatory poly-
arthritis, in which the presence of inflammation in less 
than six joints was among the strongest predictors of 
remission at two years [29].

Patients with ReA had the most favorable long-term 
outcomes, with more than 50% of them recovering 
from the arthritis. On the other hand, RA patients had 
the worst prognosis of all the patient groups, with a 50% 
disability retirement rate at the 14–year follow-up. This 
is of same magnitude as in a Finnish follow-up study of 
patients with RA from the same era and geographic area, 
in which the RA-related retirement rate was 39% after 15 
years [30].

A considerable proportion of patients (19%) were diag-
nosed with UA within 6 months, whereas only 10% of 
patients still had this diagnosis at the 14–year follow-up. 
Understandably, the diagnosis was more accurate during 
the follow-up. In line with previous studies, the prognosis 
of the patients with UA as the final diagnosis was good. 
The diagnostic challenge of recognizing an unfavorable 
outcome in patients with UA has been studied in several 
early arthritis series [31–34], in which the transition rate 
from UA to RA has varied between 13% and 54%. How-
ever, the diagnosis remained UA in 21–87% of patients, 
and 20–60% had self-limited disease [10]. In a follow-up 
study, 42% of patients with UA had progressive disease 
after one year [31]. An Italian study confirmed that high 
or low levels of ACPAs increased the risk of developing 
RA in patients with a recent onset of UA, but the pro-
gression from UA to RA was more rapid with high levels 
[35]. Factors predicting persistent arthritis and poor out-
comes included the duration of symptoms, older age, the 
presence of biomarkers (RF, ACPAs), radiological ero-
sions, high disease activity, and a high score on the HAQ 
at baseline [31–32, 35–36].

The strengths of our study include the long follow-up 
time and the high participation rate of the study patients 
(77%) during the 14-year study-period. Our study has 
some limitations, such as the relatively small number 

of patients. No control population was included in the 
present study. However, some information exists on the 
prevalence of positive serology for different infections in 
the general population. In healthy populations, the prev-
alence of Yersinia antibodies has been 19–31% in Finland 
and 33–43% in Germany [37]. The prevalence of positive 
serology for Salmonella enteritidis in Finnish population 
was 8% when examining healthy blood donors [38]. Chla-
mydia trachomatis seroprevalence among young women 
(< 29 years of age) was 19.1–20.8% [39]. At the time of the 
baseline study, serological tests (ACPAs and antibodies 
against Borrelia or Campylobacter) and PCR tests (diar-
rhoeagenic Escherichia coli in stool samples) were not 
available. No information on smoking was gathered.

Conclusion
Signs of preceding infection were observed in 41% of the 
patients with early musculoskeletal symptoms, predomi-
nantly in those with ReA. Positive infectious serology at 
baseline was only of diagnostic use in ReA.
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