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ABSTRACT 

 

The drinking water-related gastroenteritis epidemic in Nokia, Finland in Novem-

ber-December 2007 was widespread and led to multiple visits to health care. The 

purpose of this study was to assess the occurrence, clinical picture and triggering 

infections of reactive arthritis (ReA) and other joint symptoms related to this out-

break. As Campylobacter was the most prevalent bacterial pathogen involved, a 

further study was undertaken among patients with proven Campylobacter infection 

compared to Campylobacter-negative subjects. 

The first study (Study I) comprised an evaluation of patients admitted for 

rheumatological examination at Tampere University Hospital. Altogether 45 pa-

tients were examined by the end of May 2008, 21 of them fulfilling the criteria for 

ReA. This was diagnosed if the patient had synovitis (swollen and tender joints), 

tendinitis, enthesopathy, bursitis or probable sacroiliitis, and the symptoms had 

started within two months of the outbreak. Additionally, 13 patients were diag-

nosed as having postinfectious arthralgia, and 11 had other musculoskeletal condi-

tions.  

In Study II patients, fulfilling the criteria for ReA in Study I, were followed up 

for one year. Although the outcome was in general favorable, 1/3 of the patients 

had a chronic course. At 12 months 19% (4/21) were still using NSAIDs, 43% 

(9/21) other analgesics, 38% (8/21) oral glucocorticoids and 33% (7/21) 

DMARDs. 
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In study III a self-report questionnaire was used to study the occurrence of gas-

trointestinal and joint symptoms 8 weeks after the outbreak. It included a sample 

of 1000 inhabitants from the contaminated and uncontaminated parts of Nokia 

and from the control population, Kangasala. Joint symptoms were prevalent; 13.9 

% of the respondents in the contaminated area reported joint symptoms and 6.7% 

arthritis-like symptoms, as against 4.3% joint symptoms and 2.1% arthritis-like 

symptoms in the uncontaminated area and 1.5% and 0.5% in the control town, 

respectively. Gastrointestinal symptoms predicted joint symptoms, but mere resi-

dence in the contaminated area without gastroenteritis increased the risk of joint 

symptoms (OR 4.0 for any joint symptom, 95% CI 1.8-9.0; and OR 7.3 for joint 

pain, 95% CI 2.1-24.8). 

In study IV the purpose was to investigate gastrointestinal and joint symptoms 

related to Campylobacter infection by means of a questionnaire study. All partici-

pants had had symptomatic gastroenteritis during the outbreak. On average 21 

months after the outbreak, 45% (33/73) of those who had had Campylobacter 

cultured in their stool samples during the outbreak reported ongoing joint symp-

toms. In the Campylobacter-negative group, 24% (23/95) of the respondents re-

ported continuing joint symptoms (OR 2.57, 95% CI 1.27-5.27). Use of antibiotics 

for gastroenteritis did not seem to shorten the duration of joint symptoms. In tele-

phone interview at five years from the outbreak, 23% (17/73) in the Campylobac-

ter positive group still reported ongoing joint symptoms and 21% (15/73) continu-

ing gastrointestinal symptoms. 
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TIIVISTELMÄ 

 

Laaja vesivälitteinen vatsatautiepidemia Nokialla, Pirkanmaalla marras-joulukuussa 

2007 aiheutti paljon sairastavuutta ja terveydenhuollon käytön tarvetta. Tämän 

tutkimuksen tarkoitus oli kartoittaa kyseiseen epidemiaan liittyviä reaktiivisia nivel-

tulehduksia (reaktiivisia artriitteja) ja muita niveloireita, erityisesti niiden esiintymis-

tä, laatua ja laukaisevia infektioita. Koska kampylobakteeri oli yleisin bakteeri-

taudin aiheuttaja tässä epidemiassa, päädyttiin selvittämään myös niveloireita niillä 

vatsaoireisilla, joilla oli ulosteviljelypositiivinen kampylobakteeri-infektio, verrattuna 

niihin, joiden ulosteviljelyssä ei ollut kampylobakteeria. 

Ensimmäisessä osatyössä selvitettiin kliinisesti, laboratorionäytteiden ja kuvan-

tamistutkimuksien avulla Tampereen yliopistolliseen sairaalaan reumalääkärin arvi-

oon uusien niveloireiden takia lähetettyjen nokialaisten potilaiden löydöksiä. Tou-

kokuun 2008 loppuun mennessä arvioon lähetettiin yhteensä 45 potilasta, joista 

21:llä todettiin reaktiivinen niveltulehdus, 13:lla reaktiivinen nivelkipu ja 11:llä muu 

nivelsairaus. 

Toisessa osatyössä näitä 21:tä potilasta, joilla oli ensimmäisessä tutkimuksessa 

todettu reaktiivinen niveltulehdus, seurattiin järjestelmällisesti vuoden ajan. Vaikka 

reaktiivinen niveltulehdus oli yleensä lievä, 1/3:lla potilaista oli krooninen taudin 

kulku. Vuoden kohdalla edelleen 19 % (4/21) potilaista käytti tulehduskipulääkkei-

tä, 43 % (9/21) muita kipulääkkeitä, 38 % (8/21) glukokortikoideja ja 33 % (7/21) 

antireumaattisia lääkkeitä. 



13 

Kolmannessa osatyössä tutkittiin 8 viikon kuluttua epidemian alusta kyselytut-

kimuksella vatsa- ja niveloireiden esiintyvyyttä ja luonnetta sekä saastuneella että ei-

saastuneella alueella Nokialla sekä vertailuväestössä Kangasalla. Kyselyssä niveloi- 

reet olivat yleisiä; 13,9 % vastanneista raportoi niveloireita ja 6,7 % niveltulehduk-

sen viittaavia oireita saastuneella alueella. Näiden oireiden yleisyys oli vastaavasti 4,3 

% ja 2,1 % ei-saastuneella alueella ja 1,5 % ja 0,5 % vertailuväestössä Kangasalla. 

Mahasuolikanavan oireet ennustivat niveloireita, mutta pelkästään saastuneella alu-

eella asuminenkin ilman vatsaoireita lisäsi niveloireiden todennäköisyyttä. 

Neljännessä osatyössä tutkittiin kampylobakteeri-infektioon liittyviä niveloireita 

epidemian yhteydessä. Keskimäärin 21 kuukauden kuluttua epidemiasta tehdyssä 

kyselyssä 45 % (33/73) vastaajista, joilla oli ollut ulosteviljelyssä varmistettu kampy-

lobakteeri-infektio, ilmoitti edelleen jatkuvia niveloireita. Kampylobakteeri-

negatiivisista 24 % (23/95) ilmoitti edelleen jatkuvia niveloireita (OR 2,57; 95 % CI 

1,27 – 5,27). Vatsataudin hoitoon käytetyt antibiootit eivät näyttäneet vähentävän 

myöhempiä niveloireita. Puhelinhaastattelussa 5 vuotta vesiepidemian jälkeen 23 % 

(17/73) kampylobakteeri -positiivisista ilmoitti edelleen jatkuvia niveloireita ja 21 % 

(15/73) jatkuvia vatsaoireita. 
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1  INTRODUCTION 

 

Clean drinking water is essential to our well-being, but too often the supply be-

comes contaminated by pathogens causing gastroenteritis and other consequences. 

Every year waterborne outbreaks occur all over the world. Joint symptoms and 

reactive arthritis (ReA) are known to arise after foodborne and waterborne out-

breaks (Kuusi et al 2005, Hannu 2011, Batz et al. 2013).  

In November 2007, an extensive epidemic broke out in the town of Nokia, in 

Pirkanmaa, Finland when 450 m³ of waste water effluent flowed into the drinking 

water system. The tap water of one third of the town´s population was contami-

nated with fecal microbes. Campylobacter, Salmonella, Clostridium difficile, no-

rovirus, rotavirus and Giardia lamblia were found both in the water system and in 

patients´ stool samples, whereas Shigella only in stool cultures (Laine et al. 2011). 

The purpose of this present work was to study the occurrence, character and out-

come of joint symptoms related to this outbreak.  
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2  REVIEW OF THE LITERATURE 

 

2.1 Waterborne gastroenteritis outbreaks 

2.1.1   Epidemiology 

Numerous waterborne gastroenteritis outbreaks occur in both developed and un-

developed countries every year. The epidemics described in the literature come 

from developed countries. A review of waterborne outbreaks is presented in a re-

cent thesis from Finland (Laine 2014).  

The largest reported drinking water-associated outbreak occurred in Milwaukee, 

Wisconsin, USA in 1993, when over 400 000 people fell ill with cryptosporidiosis 

(MacKenzie et al. 1995). Several outbreaks involving multiple known pathogens, 

have been reported however without data regarding musculoskeletal symptoms 

(Gallay et al. 2006, O'Reilly et al. 2007). 

The most extensive waterborne outbreak in which joint symptoms are also re-

ported took place in the rural town of Walkerton, Ontario, Canada in 2000. During 

that outbreak at least 2300 resident fell ill. Escherichia coli O157:H7 and Campylo-

bacter were the main pathogens (Clark et al. 2003, Garg et al. 2006). The Walker-
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ton Health Study (WHS) has since described the long-term effects of the outbreak, 

for example postinfectious irritable bowel syndrome (PI-IBS) (Marshall et al. 2010). 

Previously reported waterborne outbreaks in Finland include those from Heino-

la (Rautelin et al. 1990), Noormarkku (Kukkula et al. 1997), Heinävesi (Kukkula et 

al. 1999), Asikkala (Kuusi et al. 2004a), Nurmes (Kuusi et al. 2004b), Haukipudas 

(Kuusi et al. 2005), Eastern Finland (Pitkänen et al. 2008) and the Pirkanmaa out-

break in Nokia 2007 (Laine et al. 2011). In addition to this present assessment, 

joint symptoms after these outbreaks have also been studied in Asikkala (Hannu et 

al. 2004) and Haukipudas (Kuusi et al. 2005). 

2.1.2   Microbiology 

Norovirus and Campylobacter have been the most prevalent microbiological 

agents related to waterborne outbreaks in Finland (Kuusi 2004). The same agents 

are likewise the most common in other Nordic countries.  However, outbreaks 

caused by Salmonella, Shigella, Giardia, Cryptosporidium and hepatitis A have also 

occurred (Kvitsand and Fiksdal 2010), and data from the US show that Legionella 

and parasites can equally cause noteworthy waterborne outbreaks (Laine 2014). 
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2.1.2.1  Campylobacter 

 

Campylobacter is one of the most common causes of bacterial gastroenteritis 

worldwide. Surveillance data from the Center for Disease Control´s FoodNet 2010 

in the US report 13 laboratory-confirmed cases of campylobacteriosis per 100 000 

persons annually (Kirkpatrick and Tribble 2011). In a prospective cohort study of 

infectious intestinal diseases in the UK during 2008-2009, Campylobacter was the 

most common bacterial pathogen, with a rate of 9.3 cases per 1000 person-years 

(Tam et al. 2012). In Denmark, the incidence of human Campylobacter infections 

was 73 per 100 000 inhabitants in 2010 and a recent waterborne outbreak has also 

been reported (Gubbels et al. 2012). 

Campylobacter enteritis is usually self-limiting needing no specific treatment. 

Antimicrobial therapy may, however, be indicated in prolonged or complicated 

illness (Blaser and Engberg 2008). Clinical features of Campylobacter enteritis in-

clude diarrhea (52-100%), abdominal pain (56-99%), fever (6-75%), headache (6-

69%), myalgia (28-59%), vomiting (1-42%) and blood in feces (0.5-32%); the fre-

quencies representing surveys of community outbreaks (Blaser and Engberg 2008). 

Campylobacter can even cause septic infections. Bacteremia due to Campylobacter 

jejuni or C. coli has been estimated to develop in 0.1 to 1% of patients with campyl-

obacteriosis, and hematogenous spread is considered more common in older pa-

tients and those with severe underlying disease (Skirrow et al. 1993, Samuel et al. 

2004, Nielsen et al. 2009). However, in a Finnish study from the years 1998-2007, 
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the bacteremia patients were moderately young with a median age of 46 years, 70% 

of the patients having no significant underlying disease and having rather favorable 

outcome (Feodoroff et al. 2011). Only two of 76 patients (3%) died within 30 days 

after the blood culture, and one patient developed spondylodiscitis and one Guil-

lain-Barré syndrome (Feodoroff et al. 2011). 

 Campylobacter infection is associated with a variety of chronic effects in addi-

tion to reactive arthritis (Pope et al. 2007), e.g. Guillain-Barré syndrome (Nacham-

kin 2002), ulcerative colitis (Ternhag et al. 2008), Crohn´s disease (Gradel et al. 

2009) and post-infectious irritable bowel syndrome (Schwille-Kiuntke et al. 2011). 

Previously, four drinking water-associated outbreaks with Campylobacter have 

been reported in which also joint symptoms have been studied (Melby et al. 2000, 

Hannu et al. 2004, Kuusi et al. 2005, Garg et al. 2008). These are presented here in 

greater detail. 

 In summer 1988 in Norway, due to renovation of the chlorination system, 

drinking water was distributed unchlorinated for four weeks. As soon as an out-

break became evident, the residents of this community were encouraged to contact 

the local health care centre. A subset of patients contacting this centre during the 

outbreak were examined by fecal culture (n=66) and serum samples (n=88), also 

persons without symptoms of gastrointestinal illness. Stool culture was positive for 

Campylobacter jejuni/coli in 9 out of 33 persons with gastroenteritis and in 1 out of 33 

healthy persons. All stool culture-positive patients were also positive for Campylo-

bacter antibodies in the acute-phase serum samples. Likewise 27% of culture-
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negative healthy controls and 46% of culture-negative patients were seropositive 

for Campylobacter. Two cases of ReA were diagnosed among the 330 patients with 

gastroenteritis (0.6%). Additionally, a questionnaire was sent to all 3085 residents, 

with a response rate of 17%. In reply, 15% (77/520) of the respondents reported 

becoming ill during the outbreak, and 21 % of these reported joint pain and 9% 

swelling of joints (Melby et al. 2000).  

In August 1998, a widespread gastroenteritis outbreak occurred in the commu-

nity of Haukipudas in Northern Finland (population 15000) (Kuusi et al. 2005). 

Campylobacter jejuni was isolated in 45 out of 74 (61%) stool samples tested. The 

questionnaire study included a random sample of 10% of the residents aged 15 

years or older. The response rate was 78%. In this study, implemented within one 

month of the outbreak, 218 out of 1167 respondents (19%) met the case definition 

of gastroenteritis and 101 out of 218 gastroenteritis cases (46%) reported new joint 

or other musculoskeletal symptoms. About one month later a further questionnaire 

was mailed to persons reporting new musculoskeletal symptoms (n=101) and to 

persons contacting the municipal health centre because of new joint or musculo-

skeletal symptoms (n=13). Altogether 85 persons (75%) returned the second ques-

tionnaire and 76 (89%) reported new joint or other musculoskeletal symptoms. 

Neck and lower back pain were the most common complaints and 30 persons re-

ported joint swelling and pain consistent with ReA (Kuusi et al. 2005). Calculated 

from the report in question, 30 out of 218 gastroenteritis patients (14%) had prob-

able ReA. 



20 

In summer 2000, a water-related outbreak with Campylobacter jejuni occurred in 

the community of Asikkala (population 8600) in Southern Finland. During the 

epidemic 350 patients contacted the local health care centre. Patients with muscu-

loskeletal symptoms were encouraged to be referred to the Rheumatism Founda-

tion Hospital. Altogether 15 patients (11 women and 4 men, mean age 58 years) 

with acute musculoskeletal complaints were examined by a rheumatologist. Nine 

cases of ReA (9/350, 2.6%), two of reactive arthralgia, three with exacerbation of 

previous rheumatoid arthritis and one with previous fibromyalgia were diagnosed 

within 3 months of the outbreak (Hannu et al. 2004).  

In May 2000, an extensive outbreak occurred in Ontario, Canada, when the 

municipal water supply in Walkerton became contaminated with bacteria, predom-

inantly E. coli O157:H7 and Campylobacter species. Over 2300 people became ill with 

gastroenteritis, 27 cases of hemolytic-uremic syndrome and six deaths occurred. A 

cohort of 2299 persons participated in a long-term follow-up questionnaire study, a 

mean 4.5 years after the outbreak. Individuals with a history of arthritis prior to the 

outbreak and those younger than 18 years of age were excluded. During the out-

break, 788 participants had been asymptomatic, 1034 had had moderate symptoms 

of gastroenteritis and 477 severe symptoms requiring medical attention. New ar-

thritis was reported by 15.7 % of participants who had been asymptomatic during 

the outbreak, and by 17.6 % and 21.6 % respectively of those who had had moder-

ate or severe symptoms of gastroenteritis. Of the 65 participants with severe gas-
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troenteritis and stool cultures conducted, 29 were positive for E. coli, 32 for Cam-

pylobacter and four for both (Garg et al. 2008). 
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2.2. Joint symptoms and reactive arthritis 

2.2.1  Definition of reactive arthritis 

Reactive arthritis (ReA) belongs to the group of spondyloarthritides (SpA), includ-

ing also ankylosing spondylitis (AS), psoriatic arthritis (PsA), arthritis in inflamma-

tory bowel disease (IBD) and undifferentiated spondyloarthritis (uSpA) (Rudwaleit 

et al. 2009, Dougados and Baeten 2011). 

The term “reactive arthritis” was first introduced in 1969 (Ahvonen et al. 1969). 

The condition was defined as arthritis developing during or soon after infection at 

another body site without evidence of microorganisms entering the joint. Subse-

quently, a distinction between post-infectious arthritis and ReA was made accord-

ing to the presence or absence of microbial antigens in the joint (Dumonde 1976). 

It has since been shown that antigens of the triggering microbe can be detected in 

the synovial fluid or tissue of the affected joints (Granfors et al. 1990). Rarely, even 

replicating microbes have been demonstrated in the joints of patients evincing 

typical clinical features of ReA (Inman et al. 2000).  

At the 4th International Workshop on Reactive Arthritis in 1999, the consensus 

was that the term should be confined to cases with clinical features typical for ReA 

and in which the preceding infection was caused by a microbe commonly associat-

ed with ReA. Also preliminary, non-validated classification criteria were proposed 

(Braun et al. 2000). Disagreement remained as to whether enthesopathy or inflam-
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matory back pain alone would be sufficient for a diagnosis of ReA. Likewise ambi-

guity persisted regarding the criteria for a minimum and maximal time interval to 

the onset of arthritis. Most experts agreed that the term “reactive arthritis” should 

be applied only with infections caused by Campylobacter, Salmonella, Shigella, 

Yersinia or Chlamydia species. Other infections were suggested to be labeled 

“postinfectious arthritis” (Braun et al. 2000). After the discussions over a decade 

ago, it must be stressed that we still lack universal validated classification criteria 

for ReA (Townes 2010). 

Table 1.  Suggested preliminary classification criteria for ReA, 

modified from Braun et al. 2000 

________________________________________________________________ 
Major criteria 

1. Arthritis, with 2 of 3 of the following findings 

a. Asymmetric 

b. Mono- or oligoarthritis 

c. Affecting predominantly lower limbs 

2. Preceding symptomatic infection, with 1 or 2 of the following findings 

d. Enteritis (diarrhea for at least 1 day, 3 days to 6 weeks before the onset of ar-

thritis)    

e. Urethritis (dysuria or discharge for at least 1 day, 3 days to 6 weeks before the 

onset of arthritis) 

Minor criteria, at least 1 of the following 

Evidence of triggering infection 

a. Positive nucleic acid amplification test in the morning urine or urethral  or     

cervical  swab for Chlamydia trachomatis 

b. Positive stool culture for enteric pathogens associated with ReA 

Evidence of persistent synovial infection (positive immunohistology or PCR for 

Chlamydia) 

Definition of reactive arthritis 

Definite ReA : Both major criteria and a relevant minor criterion 

Probable ReA : 1) Both major criteria, but no relevant minor criteria or  

      2) Major criteria 1 and one or more minor criteria 

Exclusion criteria 

Other causes for acute arthritis 

________________________________________________________________ 
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 This notwithstanding, many authors have used the term ReA in conjunction 

with infections caused by other organisms such as Chlamydia pneumoniae (Hannu et 

al. 1999), Clostridium difficile (Putterman and Rubinow 1993, Birnbaum et al. 2008, 

Prati et al. 2010), diarrhogenic strains of Escherichia coli (Locht and Krogfelt 2002, 

Schiellerup et al. 2008, Houtman et al. 2012), Cryptosporidium (Cron and Sherry 

1995, Shepherd et al. 1989), Giardia (Carlson and Finger 2004) and Strongyloides 

species (van Kuijk et al. 2003, Richter et al. 2006). 

A classification proposal including two forms of ReA has been made; the HLA-

B27 associated ReA and the HLA-B27 non-associated ReA. Usually the HLA-B27 

associated ReA appears with urethritis and conjunctivitis, whereas it is not so clear-

ly described in the B27 non-associated form. Only the B27 associated form is pro-

posed to belong to the group of spondyloarthropathies (Toivanen and Toivanen 

1999). 

Using tests for identification of triggering bacteria are only useful in the context 

of the clinical picture of ReA, and the differential diagnosis of rheumatic diseases 

must be born in mind. None of the tests or the clinical symptoms alone is strong 

enough to make a definite diagnosis of ReA. This is especially true for serology and 

for HLA-B27 testing. A combination of tests or clinical symptoms or both has to 

be applied (Sieper et al 2002). 

Serology and routine stool culture are not always diagnostic in patients with a 

suspicion of enteroarthritis. Shiga toxin-producing Escherichia coli (STEC) has been 
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reported as a triggering infection, and screening for STEC in stool samples by pol-

ymerase chain reaction (PCR) has been suggested (Houtman et al. 2012). 

 Recently, some authors have questioned the conception of ReA as a nonseptic 

arthritis (Carter and Hudson 2009, Morris and Inman 2012). New improved meth-

ods of detecting pathogens in the joint and recognition of new pathogens implicat-

ed in ReA imply the need for a practical and more generalized definition of ReA 

(Morris and Inman 2012). 

Hitherto, different authors have used various definitions for ReA depending al-

so on the study approach. In a population-based Campylobacter study including 

clinical evaluation, ReA was defined as the development of synovitis (either swell-

ing or limitation of joint movement, and pain) in a previously asymptomatic joint, 

or as inflammatory low back pain (worse at night) within the first two months after 

a gastrointestinal infection. Also the criterion for reactive tendinitis, enthesitis or 

bursitis (ReTEB) has been used (Hannu et al. 2002). A definition of reactive joint 

pain was used in one questionnaire study if joint pain had started within 4 weeks 

after gastroenteritis, arthralgia lasted more than 7 days and the patient had no con-

current rheumatic illness (Schiellerup et al. 2008). 
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2.2.2   Epidemiology of reactive enteroarthritis 

Most cases of ReA occur sporadically. Single-source epidemics have been reported 

in association with various gastrointestinal microbes; Campylobacter, Salmonella, 

Shigella and Yersinia. The results of these studies depend on the means by which 

the information is gathered; whether only a questionnaire is used or is supplement-

ed by personal interview, and whether patients have been clinically examined. 

Likewise the response rate in questionnaire studies has a notable effect on results. 

The frequency of ReA in these studies varies considerably, from 1% to 21% (Lei-

risalo-Repo 2005). In a population-based cohort (n=71) from Sweden in which all 

subjects were systematically screened for infections with serology, stool culture and 

urine PCR for Chlamydia, 45% of patients presenting with acute arthritis had had a 

prior infection. Campylobacter was the most prevalent microbe in the ReA group 

(n=27), but only one patient had had prior gastrointestinal symptoms (Söderlin et 

al. 2003). 

Salmonella has been studied in almost 20 outbreak cohorts, the frequency of 

ReA ranging from 1% to 29%, as reviewed elsewhere (Leirisalo-Repo 2003, Hannu 

2011). In one study dealing with children up to 9 years of age, no ReA was ob-

served (Rudwaleit et al. 2001). The most recent epidemiological study from Finland 

reported an occurrence of ReA of 4.4% in patients yielding a Salmonella-positive 

stool culture, with an annual incidence of 1.8/100 000 (Tuompo et al. 2013). 
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In an analysis of 144 patients with Yersinia arthritis a complete or an incom-

plete Reiter´s syndrome was observed in one third of the patients. Patients who 

were HLA-B27 positive had a more severe acute disease with more frequent back 

pain, urologic symptoms, mucocutaneous manifestations and a longer duration of 

the disease (Leirisalo et al. 1982). In a Yersinia pseudotuberculosis O:1 infection cohort 

of children, ReA was seen in 3% of patients (Tertti et al. 1989) and recently in 22% 

of adult patients (Vasala et al. 2014). In Y. pseudotuberculosis O:3  infection ReA has 

been reported in 12% of patients (Hannu et al. 2003), and in as many as 21% in an 

older hospital cohort (Tertti et al. 1984). Recently 12% of Yersinia enterocolitica pa-

tients have reported symptoms consistent with ReA (Rosner et al. 2013). 

Already during the Second World War the Finnish physician Ilmari Paronen 

studied ReA in a cohort of 344 cases of shigellosis (Paronen 1948). Since then, the 

occurrence of ReA has been reported as 1.5% for Shigella species (Noer 1966), and 

1.5-6.9 % for various serotypes of S. flexneri (Simon et al. 1981, Finch et al. 1986). 

Also S. sonnei can cause ReA (Lauhio et al. 1988). In one questionnaire study 1.2% 

of respondents reported new joint symptoms after a Shigella infection (Rees et al. 

2004). 

After Campylobacter gastroenteritis, ReA has been reported in 1-24% of pa-

tients, depending on the population in question and the study approach (Table 2).  

Acquired immunity has an important effect on Campylobacter infection (Kirk-

patrick and Tribble 2011). Endemic Campylobacter exposure has been shown to 

frequently induce seroconversion in young children and fecal excretion of the or-
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ganism is inversely related to the age-related immune response to infection (Taylor 

et al. 1993). In the developing world the symptomatic infection is limited to chil-

dren younger than two years of age (Coker et al. 2002). In developed countries the 

highest incidence is observed in children under five years of age, and the majority 

of Campylobacter infections are asymptomatic. This causes possibility for bias in 

epidemiological studies (Havelaar et al. 2009).  

Also a human C. jejuni 81-176 infection model in volunteers demonstrated a 

dose-related increase in campylobacteriosis rates, and provided evidence of com-

plete short-term protection which waned with time. A cell-mediated immune re-

sponse was associated with this protection (Tribble et al. 2010). 
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Table 2. Occurrence of reactive arthritis and reactive joint pain after sympto-

matic Campylobacter gastroenteritis. 

Citation/year  ReA , n (%)         Follow-up HLA-B27  Comment 

Gumpel et al. 1981   8/33 (24%)  NA  Culture+, Retro, Hosp 

Kosunen et al. 1981  8/342 (2%) 21 mo 5/7 (71%)  Culture+, Retro 

Pitkänen et al. 1981  4/56 (7%)   NA  Culture+, Hosp chart/Q 

Eastmond et al. 1983 1/130 (1%)  0/1  Culture+, Outbreak 

Johnsen et al. 1983  5/37 (14%)  0%  Culture+ 

Pitkänen et al.1983  9/188 (5%)  NA  Culture+, Hosp chart/Q 

Pönkä et al. 1984  6/283 (2%)  NA  Culture+,Outpatients,Q 

        Articular pain in 19% 

Bremell et al.1991  7/35 (20%)  1/1  Culture+/Ab, Outbreak 

   4/66 (6%)  5.5 years    SpA also without GE 

Melby et al.2000  2/330 (1%)  NA  Part culture+,Outbreak 

        Q,pain21%,swelling9% 

Hannu et al. 2002  45/609 (7%)  14%  Culture+, Q, CE  

Locht et.al. 2002  27/173 (16%)  NA  Culture+,Q, Prob ReA 

   5/27 (19%) >1 year 

Hannu et al. 2004  9/350 (3%)  5/15(33% ) Part culture+/Ab 

        Outbreak, CE 

Rees et al. 2004  9/324 (3%)  NA  Culture+, Q 

Kuusi et al. 2005  30/218 (14%)  NA  Part culture+ 

        Outbreak, Q 

Doorduyn et al. 2008 20/434 (5%)  NA  Culture+, Q 

Schiellerup et al. 2008 131/1003 (13%)  12/91(13%) Culture+, Q,  

Part CE, 7 ReA 

Ternhag et al. 2008  15/57425  1 year NA  Culture+, register of 

Hosp dis, SIR 6.3 

  

Townes et al. 2008  302/2384 (13%)  12%  Culture+, Q 

   39/2384 (1.6%)    CE, 39 ReA 

Schönberg-Norio    8/201 (4%)  NA  Culture+, Q 

 et al. 2010      

 

Ab= antibodies against Campylobacter, CE=clinical evaluation, Culture+ = stool culture positive for Cam-

pylobacter, GE=gastroenteritis, Hosp dis=hospital discharge, NA=not analyzed, Part culture= only part of 

the patients cultured and positive in culture, Prob ReA= probable ReA, Q=questionnaire, ReA=reactive 

arthritis, Retro=retrospective study, SIR=standardized incidence ratio , SpA=spondyloarthitis 
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According to one systematic review of studies from the years 1966 to 2006 

(Pope et al. 2007), the incidence and prevalence of Campylobacter-associated ReA 

varies widely. Reasons for this were differences in exposure and case definition, 

lack of diagnostic criteria for ReA, and perhaps the genetics and age of exposed 

individuals. The review by Pope and associates (2007) suggested that the incidence 

of ReA in Campylobacter infection varies from 1 to 5%. It may not be associated 

with HLA-B27, and inflammatory back involvement is uncommon. In a recent 

new systematic literature review of cohort studies concerning enteric pathogens 

and ReA, the weighted mean incidence of ReA was 9, 12, and 12 cases per 1000 

cases of Campylobacter, Salmonella and Shigella infections, respectively (Ajene et 

al. 2013). 

In population studies the annual incidence of reactive enteroarthritis has been 

14 per 100 000 in a study conducted in the 1970s (Isomäki et al. 1978), 5 per 

100 000 in the 1990s (Kvien et al. 1994) , and 0.6-18 per 100 000 in studies pub-

lished since 2000 (Savolainen et al. 2003, Söderlin et al. 2003, Townes et al. 2008, 

Hanova et al. 2010, Porter at al. 2013). In a large population-based Finnish study, 

which also included an evaluation by a rheumatologist, the annual incidence of 

Campylobacter-induced ReA was 4.3 per 100 000 (Hannu et al. 2002).  

 



31 

2.2.3 Triggering infections in reactive arthritis 

The microbes which cause ReA are mostly gram-negative, intracellular pathogens 

and contain lipopolysaccharide (LPS) as part of their outer membrane. They all 

have a capacity to cause the primary infection in mucosal tissues and act as intracel-

lular parasites. They contain virulence factors which help them to survive and dis-

seminate in the body, in spite of the defense mechanisms of the host (Granfors 

1992). Since the introduction of the term ReA, new pathogens have been implicat-

ed and the list of the causative agents is still growing. It has become clear that dif-

ferent infectious agents can trigger same kind of clinical picture (Flores 2003). 

Some authors list the arthritogenic agents as well-defined, probable and potential 

agents (Colmegna et al. 2004). Neisseria gonorrhoeae can cause septic and sterile ar-

thritis, but its role as trigger of ReA is not well established (Leirisalo-Repo 2005). 

Likewise the existence of true post-streptococcal ReA is open to discussion. It 

includes a heterogenous group of disease manifestations from acute rheumatic 

fever to more limited, ReA-like manifestations (Mackie and Keat 2004). 
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Table 3. Commonly accepted infections triggering ReA (modified from Flores 
2003, Leirisalo-Repo 2005, Hannu 2011). 
__________________________________________________________________ 

Enteric infections 

Salmonella 
 Various serovars 

Shigella 
 S. flexneri 
 S. dysenteriae 

S. sonnei 
Yersinia 
 Y.enterocolitica (especially O:3 and O:9) 
 Y. pseudotuberculosis 
 
Campylobacter 
 C. jejuni 
 C. coli 
 
Clostridium difficile 
 

Urogenital infections 

Chlamydia trachomatis 
Ureaplasma urealyticum 
 

Respiratory infections 
 

Chlamydia pneumoniae 
 

 



33 

 

2.2.4 Pathogenesis of reactive enteroarthritis 

Infection launches a complex sequence of events in an individual with ReA. Pa-

tients with acute ReA have activated T cells both in the synovium and in the pe-

ripheral blood (Beacock-Sharp et al. 1998). The HLA-B27 antigen has been linked 

to a number of bacteria in conjunction with ReA (Aho et al 1973). Also a classifica-

tion proposal including two forms of ReA has been made (Toivanen and Toivanen 

1999). 

A model linking gut to joint inflammation in spondyloarthritis has been pre-

sented (Jacques et al. 2010).  Bacteria are assumed to attach to and invade the intes-

tinal epithelium and the lamina propria. HLA-B27 and NOD2/CARD15 polymor-

phisms can cause altered recognition of bacterial antigens. The invading bacteria 

infect or are taken by macrophages and survive within these. Activated T cells and 

macrophages with bacterial components migrate to the target joint via blood ves-

sels. In the joint, the gut-derived macrophages and T cells recruit other immune 

cells, activating mesenchymal cells, which further exacerbate and maintain inflam-

mation (Jacques et al. 2010). 

The mammalian intestine contains a vast number of non-pathogenic bacteria, 

so-called commensal bacteria. It has been shown that infecting mice with a patho-

gen, which causes intestinal damage, allows the commensal bacteria to migrate to 
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other parts of the body. This induces activation and proliferation of both patho-

gen-specific and commensal-specific CD4+ T cells in the lymphoid organs, and 

migration of these cells to the intestine. A population of commensal-specific 

memory T cells persists in the intestine long after the resolution of the infection 

and restoration of the mucosal barrier (Hand et al. 2012).  

As to factors underlying susceptibility to enteritis, it has been shown that elevat-

ed commensal E.coli loads reduce colonization resistance against Campylobacter jejuni 

in mice (Haag et al. 2012). An intestinal microbiota shift has been linked to suscep-

tibility to C. jejuni infection in mice fed with a fat-rich diet (Masanta et al. 2013) and 

also individuals consuming the Western diet have been observed to be more prone 

to C. jejuni infections than those on a fairly low-fat plant polysaccharide-rich diet 

(De Filippo et al. 2010). 

In the synovial fluid of the joint, bacterial antigens can arouse the immune sys-

tem by direct activation or by production of antibody epitopes with cross-reactivity 

with bacterial and human antigens. This latter mechanism, so-called molecular 

mimicry, can cause activation of cytotoxic T lymphocytes with reactivity against 

HLA-B27, which contains protein sequences homologous to proteins of bacteria 

associated with ReA (Connor and Riddle 2013). 

A number of theories have been put forward as to the role of HLA-B27 in reac-

tive arthritis and spondyloarthritis. The three main conceptions are the arthritogen-

ic peptide hypothesis, the dimerization hypothesis and the misfolding hypothesis. 

Growing evidence indicates that increased responsiveness of innate immune cells 
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such as macrophages, mast cells and neutrophils drives inflammation in SpA. The 

altered innate immune response may be related to nonantigen-presenting functions 

of HLA-B27, including the induction of an unfolded protein response, and can be 

triggered by bacterial and mechanical stress (Ambarus et al. 2012).  

The percentages of IL-17 CD4+ T cells among synovial fluid mononuclear cells 

are increased in patients with ReA compared with peripheral blood mononuclear 

cells, supporting the hypothesis that Th17 cells are involved in the ReA pathogene-

sis (Shen et al. 2010). Inflammatory synovitis in ReA/uSpA is mediated by proin-

flammatory cytokines such as IL-17, IL-6, IL-1β and IL-21. However, IL-23 was 

not detectable in synovial fluid (Singh et al. 2011). Single-nucleotide polymorphism 

in the interferon-gamma gene has been reported to be an independent risk factor 

for ReA after bacterial enteritis (Doorduyn et al. 2008) and polymorphism in IL-18 

and interferon-gamma have since been linked to the risk of post-infectious ReA, 

but not to irritable bowel syndrome (Nielsen et al. 2012).  

Also existence of a variant toll-like receptor-2 (TLR-2) in patients with ReA 

suggests that TLR-2 may have a role in the ReA pathogenesis (Tsui et al. 2008). 

Progress has been made in understanding the mechanisms underlying ReA. An 

imbalance between Th1 and Th2 immune responses seems to be critical in deter-

mining susceptibility to the disease (Gracey et al. 2012). 
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2.2.5 Outcome of reactive enteroarthritis 

The duration of acute ReA is usually 3-5 months. Clinically, duration of arthritis of 

more than six months is regarded as a sign of chronicity (Leirisalo-Repo 1998). 

In a cohort of 100 Finnish patients with Shigella arthritis during the Second 

World War, 14% of patients had developed ankylosing spondylitis (AS) and 32% 

radiological sacroiliitis after 20 years of follow-up (Sairanen et al. 1969). 

 In a ten-year follow-up of 85 patients with Yersinia arthritis, development of 

new ReA (4.7%) and chronic arthritis (2.4%) was uncommon (Leirisalo-Repo and 

Suoranta 1988). Nevertheless, frequent joint symptoms occurred during the follow-

up period. Altogether 51.8% of the patients had some joint symptoms, which in 

most cases were mild or transient. One third of the patients experienced low back 

pain, and also one third of the patients had at least minimal sclerosis in the sacroili-

acal radiographs at 10 years. More patients with HLA-B27 antigen had low back 

pain and sacroiliitis, but there was no association with HLA-B27 with the residual 

symptoms in peripheral joints (Leirisalo-Repo and Suoranta 1988). 

 In a meeting abstract, the 20-year follow-up of a cohort of 75 patients with 

Yersinia arthritis was reported by Leirisalo-Repo and colleagues (Kingsley and Sie-

per 1996). Chronic arthritis was seen in 7%, ankylosing spondylitis in 16% and 

grade II-IV sacroiliitis in 22% of the patients. 

 At 11 years after Salmonella infection radiological sacroiliitis (grade II-IV) was 

seen in 6/35 (17%) of HLA-B27 positive patients and in 0/6 (0%) of the HLA-
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B27 negative ones. Chronic clinical arthritis was noted in 8/42 (19%) of HLA-B27 

positive patients vs. 0/6 (0%) of HLA-B27 negative patients (Leirisalo-Repo et al. 

1997).  

 

  Clinical studies on the long-term prognosis of reactive enteroarthritis are summa-

rized in Table 4.  
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Table 4. Clinical studies on the long-term prognosis of reactive enteroarthritis 

 

Citation  N       Bacteria  Follow-up Chronic arthritis HLA-B27+ Mode of study 

__________________________________________________________________________________________________________________________  

Sairanen et al. 1969  100      Shigella  20 years  18%  NA  Outbreak-based cohort 

Leirisalo-Repo et al.1988  85        Yersinia  10 years  2 %  89%  Cohort study  

Bremell et al. 1991 86       Campylobacter 5.5 years  3%  NA*  Outbreak-based cohort  

Herrlinger et al. 1992  22      Yersinia  10 years  9%  73%  Cohort study 

Glennås et al. 1994 27      Enterobacteriae 2 years  4%  74%  Cohort study  

Thomson et al.1995 27      Salmonella 5 years  30%  22%  Outbreak-based cohort 

Leirisalo-Repo et al.1997  50       Salmonella 11 years  16%  88%  Hospital-based cohort study 

Laasila et al. 2003 17      3 Chlamydia 10 years  12%  100%  Antibiotic study, cohort 

    5 Yersinia      

             2 Campylobacter     

             2 preceding urethritis 

4 preceding enteritis      

             1 no symptoms  

Yli-Kerttula et al. 2003  53 ** Salmonella 4 -7 years  41%  85%  Antibiotic study, cohort 

                Yersinia                

          Campylobacter     

          Undefined 

    Uroarthritis                 

________________________________________________________________________________________________________________________ 

HLA-B27+ = HLA-B27 antigen-positive, N= number of patients in the study, NA = not analyzed, *only analyzed and positive in one of 5 of chronic/relapsing patients  

** In the primary antibiotic study N =71 with 22 Salmonella, 29 Yersinia, 12 Campylobacter, 1 Clostridium difficile, 5 undefined and 11 uroarthritis patients



 

 

There is only one work addressing the long-term outcome of Campylobacter-

associated arthritis, namely the 5.5-year follow-up study by Bremell and colleagues, 

in which chronic arthritis was seen in one patient in a symptomatic outbreak co-

hort of 35 (3%). If persons not evincing gastrointestinal symptoms during the out-

break but with laboratory findings indicative of infection with C. jejuni are taken 

into account, 5/66 (7.6%) had a chronic or relapsing rheumatic disorder (Bremell 

et al. 1991). 

The factors increasing the chronicity of ReA are incompletely understood. Data 

are to hand indicating that low secretion of TNFα and HLA-B27 positivity corre-

late with longer disease duration. Diminished TNFα- production could be a sign of 

relative immunodeficiency contributing to bacterial persistence (Braun et al. 1999). 

There is no clear correlation with gender factors (Selmi and Gershwin 2014), but it 

is known that gender affects immunity. Females have a lower burden of bacterial, 

viral and parasitic infections, especially during reproductive years. On the other 

hand females have a higher prevalence of many autoimmune diseases. High estro-

gen levels influence T cell polarization towards the Th2 response, but also enhance 

regulatory T-cell and B-cell function, inhibiting the Th17 response (Pennell et al. 

2012). 

High circulating sIL-2R level in acute ReA has seen to be a marker of good out-

come, probably reflecting well-functioning immune response to eradicate the trig-

gering microbe (Kuuliala 2005). 
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2.2.6 Treatment of reactive arthritis 

 

2.2.6.1  Chlamydia-induced arthritis 

 
Treatment of the triggering infection is important in acute Chlamydia-infection. 

The effect of long-term antibiotics in Chlamydia-induced arthritis has been studied 

already in the 1990´s. In a randomized placebo-controlled study with a three-

month course of lymecycline, a favorable effect was shown in acute Chlamydia-

induced ReA suggesting that Chlamydia may persist as chronic infection in ReA 

(Lauhio et al. 1991, Lauhio 1995). However, the three month lymecycline treatment 

did not have a favorable effect among patients with enteroarthritis (Lauhio et al. 

1991). Antibiotics effective for Chlamydia trachomatis also reduced the risk of uroar-

thritis according to a study performed in Greenland (Bardin et al. 1992).  

Recently interest in combination therapy has been rekindled. Concern regarding 

the possible persistence of the microbe especially in chronic Chlamydia-induced ReA 

has been raised (Carter and Hudson 2009). A randomized, placebo-controlled trial of 

rifampicin combined with doxycycline or azithromycin for six months, in Chla-

mydia-induced ReA, provided evidence of antibiotic efficacy, reducing swollen and 

tender joint counts compared to placebo (Carter et al. 2010).  
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2.2.6.2  Enteroarthritis 

 
In a study with an experimental model of ReA in rats, Yersinia enterocolitica O:8 was 

applicated intravenously. If ciprofloxacin was given immediately after inoculation 

of the microbe or when the arthritis was developing a positive effect on arthritis 

was seen. If it was administrated later, no effect was seen. Some rats treated with 

antibiotics even became late carriers of Yersinia, secreting bacteria into the stool 

(Zhang et al. 1997).  

In a study of the effect of a 3-month-course of ciprofloxacin on the outcome of 

ReA, no significant difference was seen as compared to placebo in one year (Yli-

Kerttula et al. 2000). In a subsequent follow-up study more patients in the placebo 

group (11/27, 41% vs. 2/26, 8%) developed chronic rheumatic disease after 4-7 

years (Yli-Kerttula et al. 2003). According to a review in 2001, short-term antibac-

terial treatment has no effect on the outcome of ReA (Toivanen 2001). 

According to a more recent review, the value of long-term-antibiotic treatment 

in ReA still remains controversial and antimicrobial treatment in acute ReA is not 

recommended. However, treatment of even uncomplicated enteritis may be justi-

fied in patients with a past history of ReA (Hannu 2011). According to a systematic 

review and meta-analysis, current evidence does not support the use of antibiotics 

in routine clinical practice in the treatment of ReA (Barber et al. 2014). Also in a 

recent Finnish study with 56 patients with ReA (47 enteroarthritis and 9 uroarthri-
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tis patients), a 3-month course of two antibiotics had no effect as against placebo 

in a follow-up of six months (Kuuliala et al. 2013). 

Treatment of acute arthritis with NSAIDs is usually beneficial and glucocorti-

coid injections can be applied. Systemic use of glucocorticoids is indicated in severe 

polyarthritis or with high systemic inflammation or carditis. Since the short-term 

outcome of ReA is favorable, use of DMARDs is often not relevant (Hannu 2011). 

Sulphasalazine is the most widely studied DMARD in ReA and has been shown to 

induce clinical remission more rapidly than placebo (Egsmose et al. 1997) and also 

to be effective in chronic ReA (Clegg et al. 1996, Clegg et al. 1999). There is some, 

albeit limited, experience with the use of anti-TNF agents in ReA and guidelines in 

their use are called for (Morris and Inman 2012). In resistant cases of ReA anti-TNF 

therapy has been used, but its effect on bacterial persistence in the joints is still contro-

versial (Meyer et al. 2011).  

 

 

 

 

 

 

 

 

 

 

 

 



 

43 

3 AIMS OF THE STUDY 

 

The aims of the present study were to assess joint symptoms related to a wide-

spread waterborne outbreak of gastroenteritis in November 2007 in Nokia, Pir-

kanmaa, Finland. The specific objectives were: 

1. to describe the occurrence, clinical picture and triggering infections of reac-

tive arthritis and other joint symptoms related to this outbreak, 

2. to assess clinically the one-year outcome of reactive arthritis, 

3. to study the occurrence of gastrointestinal and joint symptoms among the 

whole population affected by the outbreak, 

4. to investigate the gastrointestinal and joint symptoms related to Campylo-

bacter gastroenteritis. 
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4  POPULATION AND METHODS 

4.1 Setting and study population 

4.1.1  Setting  

Nokia is a town in the county of Pirkanmaa, in Southern Finland, with a popula-

tion of 30 016 in the year 2007. The public water system supplies household and 

drinking water to about 90 % of the population, the remainder having private 

wells. The town`s waterworks uses ground water, which is disinfected with sodium 

hypochlorite. Waste water is processed by the town´s waste water plant, covering 

86 % of the population (Laine et al. 2011). 

Routine maintenance work was carried out at the waste water plant on 28th No-

vember 2007. During the process an inappropriate cross-connection between the 

town´s tap water and effluent waste water was accidentally left open for two days. 

Some 450 m³ of treated waste water effluent flowed into the drinking water system 

carrying a large amount of fecal microbes. Residents complained of the bad smell, 

taste and appearance of the water, but it was first attributed to harmless deposits 

from pipe walls, loosened by repair work in the clean water pipes. On 30th No-

vember 2007 many patients suffering from gastroenteritis were treated in the 

Nokia Health Care Centre. On the same day the cross-connection at the waste 
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water plant was observed to be open. It was immediately closed and a notice was 

issued to the public to boil tap water (Laine et al. 2011). 

Based on microbiological data from distribution system samples and technical 

modeling of water flow directions within the water network the town was divided 

into contaminated (population 9 538) and uncontaminated areas (population 

20 478). Most subjects fell ill with gastroenteritis within one week from the con-

tamination of the water. Bacterial stool samples were not examined in all cases, but 

were studied in those with more severe symptoms. Samples from 5 randomly se-

lected patients were studied for norovirus during the first week of the outbreak. 

Other viral pathogens were studied in children admitted to the Emergency De-

partment of Tampere University Hospital. Samples from ten consecutive patients 

were studied for enteric parasites during the second week of the outbreak. Later, 

since cases of giardiasis were detected, all symptomatic patients were investigated 

for parasites. Seven enteropathogens were detected in fecal samples, the most fre-

quent being Campylobacter species, followed by Giardia lamblia, rotavirus, Salmonella 

species, norovirus, Clostridium difficile and Shigella boydii. The same pathogens, except 

Shigella boydii, were detected in the water system (Laine et al. 2011).  

 

 

 



 

46 

4.1.2 Study population 

 

As soon as the magnitude of the outbreak became evident a study group including 

members from the National Institute of Health and Welfare, The Pirkanmaa 

Health Care District, the School of Medicine at the University of Tampere and The 

Nokia Health Care Centre was formed. The population of Nokia was informed of 

the outbreak and of the possibility of developing articular symptoms. Residents 

were advised that mild joint symptoms could be self-treated at home with over-the-

counter (OTC) analgesics. General practitioners in the Nokia Health Centre and 

occupational health care physicians were urged to refer all new patients with swol-

len joints or sacroiliitis-like symptoms to the Centre for Rheumatic Diseases in 

Tampere University Hospital (TAUH). Residents of Nokia referred to TAUH for 

rheumatological evaluation up to May 31st 2008 (n=45) constituted the study popu-

lation in Study I. 

The patients in Study I examined at the Centre for Rheumatic Diseases in 

TAUH and fulfilling the criteria for ReA were followed up for one year in Study II. 

A questionnaire study addressed to the contaminated (population 9 538) and 

uncontaminated areas (population 20 478) of Nokia and to the control municipality 

of Kangasala (population 27 259) was carried out 8 weeks after the outbreak. A 

random sample of 1000 persons of all ages, only one person per household, was 
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selected from the population register from each area. The groups were matched for 

age and gender. These three groups formed the study population in Study III.  

The Laboratory Centre of Pirkanmaa Health Care District examined 539 fecal 

cultures from the inhabitants of Nokia between November 28th and December 

31st, 2007, for Campylobacter (as well as Salmonella, Shigella and Yersinia). A total 

of 153 individuals proved positive for Campylobacter in stool culture. Cases with 

co-infection by Salmonella, Shigella and Yersinia were excluded from the study. 

For every case of positive Campylobacter culture two age- and gender-matched 

controls negative for Campylobacter, Salmonella, Shigella and Yersinia were select-

ed from the same period for a questionnaire study. Respondents without sympto-

matic gastroenteritis and those not giving further permission to use data from the 

Social Insurance Institution register and outpatient registers at the National Insti-

tute for Health and Welfare were excluded from the study. The remaining re-

spondents constituted the population of Study IV (Figure 1). 

Demographics of the subjects in studies I-IV are presented in Table 5.   

 

 

 

 

 

 



 

48 

Figure 1. Flow chart of patients included in the Campylobacter study (Study IV) 
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Table 5. Demographics of the subjects in Studies I-IV 

__________________________________________________________________________________________________ 

Clinical studies     Questionnaire studies 

__________________________________________________________________________________________________ 

Study I  Study II   Study III    Study IV 

_______________________________ ___ __________ 

        Conta-  Unconta- Control 

minated  minated    CB+ CB- 

Nokia  Nokia  Kangasala 

______________________________________________________________________________________________

          

Number of subjects 45  21   808  717  598  73 95 

 

Males (%)  26  29   45  45  46  40 32 

 

Age median  53  54   41  44  42  47 44 

(range) years  (16-77)  (30-77)   (0-92)  (0-94)  (0-96)  (0-82) (0-82) 

 

Sample size  -  -   1021  979  1000  153 308 

 

Accepted response 

rate (%)   -  -   79  73  60  48 31 
_____________________________________________________________________________________________________________________________

   

CB+ = Campylobacter-positive group, CB- = Campylobacter-negative group 
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4.2 Methods 

4.2.1  Clinical studies (Study I and Study II) 

4.2.1.1  Rheumatological examination 

 

Clinical evaluations of patients referred to the Centre for Rheumatic Diseases at 

Tampere University Hospital were made by two specialists (MK and TU). Exami-

nations included patients´ self-report of their condition, including recorded general 

health and articular pain, BASFI (Calin et al. 1994) and BASDAI (Garrett et al. 

1994) by visual analogue scale (VAS 0-100mm) and functional capacity by the 

Health Assessment Questionnaire (HAQ) (Fries et al. 1980). At the first visit data 

on previous medical conditions were recorded (i.e. inflammatory back pain, joint 

and bowel diseases, psoriasis and iritis). The rheumatologists performed structured 

physical examination at each visit with special attention to signs of spondyloar-

thritides. The number of tender and swollen joints was recorded, as well as possible 

signs of sacroiliitis, enthesopathy, dactylitis and tendinitis. 

On the basis of patients´ history and clinical evaluation participants were classi-

fied into three categories. ReA was diagnosed if the patient had synovitis (swollen 

and tender joints), tendinitis, enthesopathy, bursitis or probable sacroiliitis, and the 
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symptoms had started within two months of the outbreak. Postinfectious arthralgia 

was diagnosed if the history indicated probable new arthritis or joint pain, but no 

evidence of synovitis, tendinitis or sacroiliitis was noted clinically. When other def-

inite articular disease was found, patients were categorized as having a miscellane-

ous musculoskeletal condition. The treatments of the patients were structurally 

recorded (the use of NSAIDs and other analgesics, DMARDs and intra-articular 

glucocorticoid injections). 

 

4.2.1.2  Laboratory tests 

 

At the baseline visit a large set of diagnostic tests were carried out on all patients 

referred to TAUH. These included analysis of the HLA-B27 antigen, rheumatoid 

factor (RF), anti-citrullinated peptide antibodies (ACPA), antinuclear antibodies 

(ANA) and IgG, IgA and IgM antibodies against Chlamydia pneumoniae, Salmonella, 

Yersinia and Campylobacter. Stool samples for routine enteropathogens (Salmonel-

la, Shigella, Yersinia and Campylobacter), Clostridium difficile and parasites were ana-

lyzed, as well as a screening sample and PCR for Chlamydia and Gonococcus in 

urine. Additionally, ECG was taken and joint fluid analysis performed when possi-

ble. At each follow-up visit a smaller set of laboratory tests was analyzed, including 

ESR, CRP, blood cell count, liver enzymes and kidney function. 
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4.2.1.3  Radiographic examination 

 

Radiographic examinations of all referred patients were made at baseline (chest X-

ray, radiographs of hands, feet and sacroiliac joints) and at 12 months hands, feet 

and sacroiliac joints were re-examined in patients in the follow-up. Only if clinically 

indicated, other joints and/or spine were imaged. Upon clinical suspicion of sacro-

iliitis magnetic resonance imaging (MRI) of sacroiliac joints and sacrolumbal MRIs 

were implemented. 

 

4.2.1.4  One-year follow-up 

 

Patients whose ReA was confirmed at baseline were followed up for one year by 

the same rheumatologists, with visits at 1 month, 3 , 6 and 12 months. The same 

set of patient self-reports and clinical examinations were employed at these visits as 

at baseline. The inflammatory parameters and treatments of the patients were sys-

tematically recorded. ReA patients were treated according to the rheumatologists´ 

judgement, primarily with NSAIDs and intra-articular glucocorticoid injections, 

and in resistant cases also oral glucocorticoids and/or DMARDs were used. Medi-

cation was structurally registered. 

 



 

53 

4.2.2  Questionnaire studies (Study III and Study IV) 

4.2.2.1  Population-based questionnaire study 8 weeks after the outbreak  

(Study III) 

 

Soon after the magnitude of the outbreak had become evident, a questionnaire 

study for the residents of Nokia was designed in collaboration with Pirkanmaa 

Health District, the National Institute of Health and Welfare and the Health Care 

Centre of Nokia. A random sample of 1000 persons each from the contaminated 

and uncontaminated areas of Nokia and from the control municipality of Kangasa-

la was chosen. The questionnaire was sent 8 weeks after the start of the outbreak 

and a repeat questionnaire 3 weeks later to non-responders. Later the limits of the 

contaminated area changed as data accumulated, and 21 persons were moved from 

the uncontaminated to the contaminated group (Laine et al. 2011). 

 The questionnaire (appendix in Laine 2014) included ten pages with questions 

on gastrointestinal (GI) and new joint symptoms occurring between November 

28th 2007 and January 20th 2008 (within 8 weeks of the water contamination). GI 

symptoms (vomiting, diarrhea and blood in feces), as well as fever, were inquired 

after. Gastroenteritis was defined as vomiting and/or diarrhea (three or more loose 

stools per day). The usual daily amount of tap water consumption (glasses per day) 

before the outbreak was also asked. 



 

54 

Joint pain, pain in joint movement, joint swelling, redness or warmth and back 

pain at rest were inquired after. Each joint symptom was analyzed separately and 

also two symptom groups were formed: 1) any of the above joint symptoms and 2) 

arthritis-like symptoms, if at least one of the following symptoms (pain in joint 

movement, joint swelling, redness or warmth) was present. 

 

4.2.2.2  Population-based questionnaire study of Campylobacter-positive 

and -negative respondents 21 months after the outbreak (Study IV) 

 

Respondents were asked about previous diseases such as psoriasis, iritis, inflamma-

tory joint diseases (rheumatoid arthritis, ankylosing spondylitis, Sjögren´s syndrome 

and SLE) and inflammatory bowel disease. They were also asked to report drinking 

unboiled tap water in Nokia at the end of November 2007, experiencing gastroen-

teritis during the outbreak and travelling abroad from November to December 

2007. Details of gastrointestinal symptoms (vomiting, diarrhea, blood in feces) and 

fever and treatment of gastroenteritis were also noted. Duration of gastroenteritis, 

intravenous hydration and use of antibiotics as well as the occurrence of new joint 

symptoms after November 28th 2007 were inquired after. 

Joint symptoms were probed in detail. Experience of joint ache, pain in joint 

movement, joint swelling, joint warmth or redness and heel pain were recorded. 

Symptoms were regarded as arthritis-like if pain in joint movement, joint swelling, 
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or joint warmth or redness was reported, similarly to Study III. Also the occurrence 

of back pain at rest, redness or discharge in the eyes; and pain or burning sensation 

while urinating was noted. The starting date and duration of joint and gastrointes-

tinal symptoms were asked, as well as use of medication, visits to a doctor, or tak-

ing sick leave because of joint symptoms.  

Information on the use of antibiotics, NSAIDs, other analgesics, oral glucocor-

ticoids, and disease-modifying antirheumatic drugs (DMARDs) during the years 

2007-2009 in the two groups was obtained from the prescription register of the 

Social Insurance Institution. Data on hospital inpatient care were acquired from 

the National Institute for Health and Welfare. 

 

4.2.2.3  Telephone survey 5 years after the outbreak (Study IV) 

 

To supplement the follow-up data on the outbreak a telephone survey was carried 

out after 5 years (60 months). Participants in Study IV, who still had joint symp-

toms at 21 months and had given permission to be contacted later, were inter-

viewed by a rheumatologist (TU) by telephone. Twenty-three Campylobacter-

positive and 33 Campylobacter-negative individuals were sought. With a structured 

questionnaire form, they were interviewed regarding continuing joint or gastroin-

testinal symptoms and use of medication for joint symptoms. 
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4.2.3 Statistics 

In Studies I and III median and range were calculated for the discrete variables and 

mean and standard deviation for continuous variables. Due to the low number of 

subjects in these studies, no further statistical analysis was undertaken. 

In Study III crude differences between symptom occurrences were tested using 

Fisher´s exact test. For all other analyses univariate logistic regression was used 

with occurrence of arthritis-like symptoms as response and gastrointestinal symp-

toms, fever or water use as covariates. The analyses were performed separately in 

groups and groups were also compared among those reporting any gastrointestinal 

symptom. The results were reported as percentages or odds ratio (OR) with 95% 

confidence interval (CI). Calculations were made using the R System version 

2.10.1. at the National Institute of Health and Welfare.  

In study IV the odds ratios (OR) between the cases (Campylobacter-positive) 

and controls (Campylobacter-negative) were calculated using Fisher´s exact meth-

od. All computer calculations were carried out with the R version 2.15.3. at the 

National Institute of Health and Welfare. 

4.2.4 Ethical consideration 

The Studies I, II and IV were approved by the Ethics Committee of Tampere Uni-

versity Hospital. Participants gave informed consent in clinical Studies I-II. Ac-
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cording to Finnish legislation, immediate outbreak investigations can be undertak-

en without approval from an ethics committee. Hence the questionnaire study 8 

weeks after the outbreak (Study III) was conducted without such approval. The 

Ministry of Social Affairs and Health was consulted regarding this interpretation of 

the law on communicable diseases. In Study IV the Finnish Office of Data Protec-

tion required additional permission from respondents to use data from the Social 

Insurance Institution registers and Institutional and outpatient registers. This fur-

ther permission was requested and received from primary respondents in separate 

correspondence. 
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5 RESULTS 

5.1 Patients referred for rheumatological examination 

 (Study I) 

 

Altogether 45 patients (33 females and 12 males) were referred to TAUH for ex-

amination in the Centre for Rheumatic Diseases. The median age of the patients 

was 53 years (range 16-77 years). Most (n=29) were referred by a Health Centre 

physician, eight by occupational physicians, six by private physicians and two by 

other specialists (Figure 2). ReA was diagnosed in 21 cases (15 females, six males), 

postinfectious arthralgia in 13 (10 females, three males) and other musculoskeletal 

conditions in 11 (eight females, three males). The last group consisted of patients 

with multiple osteoarthritis (n=4), rheumatoid arthritis (n=3), gouty arthritis (n=2) 

and complex regional pain syndrome (CRPS) and arthralgia-fibromyalgia syndrome 

in one patient each. Additional polyarticular osteoarthritis or degenerative lumbal 

spine was seen in several patients in the ReA (n=12) and arthralgia (n=2) groups 

and fibromyalgia in two patients in the ReA group. 

 The clinical details in the different categories are shown in Table 6.
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Figure 2. Flow chart of patients remitted to rheumatological examination 

due to suspicion of reactive enteroarthritis (Study I) 
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Table 6. Clinical characteristics of 45 patients in different clinical disease categories examined upon suspicion of ReA. 

      Reactive arthritis Postinfectious   Miscellaneous musculo- 

      (n=21)   arthralgia (n=13) skeletal conditions (n=11) 

 

Sex (female/male), n    15 / 6   10 / 3   8 / 3 

Age (years), median (range)   54 (30-77)  46 (16-76)  59 (36-72) 

ESR (mm/h), mean (SD)   23 (28)   7 (6)   16 (20) 

CRP (mg/l), mean (SD)    28 (71)   3 (4)   25 (73) 

Number of swollen joints, median (range)   2(0-14)   0 (0-1)   2 (0-8) 

Number of tender joints, median (range)  5(1-20)   3 (0-27)   7 (0-13) 

General health (VAS 0-100mm), mean (SD) 65 (27)   52 (28)   61 (28) 

Articular pain (VAS 0-100mm), mean (SD) 67 (28)   61 (26)   58 (29) 

Physical function (HAQ), mean (SD)  1.1 (0.8)  0.59 (0.5)  0.94 (0.4) 

HLA-B27 antigen (% positive)   1/21 (5)  3/13 (23)  1/10 (10) 

Rheumatoid factor (% positive)   1/21 (5)  3/13 (23)  2/11 (18) 

ACPA (% positive)    1/19 (5)  0/12 (0)  1/11 (9) 

 
ACPA= Anti-citrullinated peptide antibodies, CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, HAQ= Health Assessment Questionnaire, SD= 

standard deviation, VAS= visual analogue scale 
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In radiographs of hands, feet and sacroiliacal joints no arthritic changes were 

seen. MRI was performed in seven cases with no signs of sacroiliitis. Chest radio-

graphs showed no signs of infection or tumor.  

The ReA patients experienced their first joint symptoms at a median of 16 days 

(range 2-46) after the first GI symptoms. The median interval between the first 

joint symptoms and rheumatological examination was 41 days (range 8-136). The 

median number of swollen joints was 2 (range 0-14) and that of tender joints 5 

(range 1-20). Clinical suspicion of sacroiliitis was noted in seven patients, tendinitis 

in five, dactylitis in one, previous skin condition in two, and conjunctivitis in two. 

No symptomatic urethritis was recorded. HLA-B27 antigen was positive in one 

(5%) of the 21 patients with ReA and in five of the 44 patients studied (11%). 

Signs of possible triggering infections were observed in seven patients (33%) in 

the ReA group. Campylobacter was found in four, Yersinia in three and Salmonella 

in one patient. In the postinfectious arthralgia group, fecal culture was positive for 

Campylobacter in two patients, Salmonella Newport in one, and Yersinia antibodies 

in three. In the miscellaneous group, Yersinia antibodies were positive in one pa-

tient (Table 7). Giardia lamblia was found in two patients with ReA. Urine Chlamyd-

ia and gonococcal PCR tests were all negative.  

In conclusion, a small number of patients were referred for rheumatological ex-

amination and only 21 cases of ReA were confirmed by a rheumatologist. 
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Table 7. Possible triggering infections (number of findings) in patients classified according to different disease 

conditions. 

   Reactive arthritis Postinfectious arthralgia  Miscellaneous musculoskeletal conditions 

   (n=21)   (n=13)    (n=11) 

 

Campylobacter  4    2    0 

   Antibodies  3    0    0 

   Fecal culture  1    2    0 

 

Yersinia  3    3    1 

   Antibodies  3    3    1 

   Fecal culture  0    0    0 

 

Salmonella  1    1    0 

  Antibodies  0    0    0 

   Fecal culture  1    1    0 

 

Any finding  8    6    1 

 Antibodies  6    3    1 

 Fecal culture  2    3    0 

__________________________________________________________________________________________________ 
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5.2 One-year follow-up of ReA patients (Study II) 

The 21 patients (15 females, six males) were clinically followed up every three 

months up to one year. The median age in this group was 54 years (range 30-77). 

The duration of gastrointestinal symptoms was nine days (median) with a range 

from one day to over 90 days. Fifteen patients were examined and treated as outpa-

tients only. Five subjects were treated as inpatients by reason of joint problems at 

baseline, and one patient was hospitalized several times during the follow-up. The 

clinical characteristics and inflammatory parameters are shown in Table 8. 

 

Figure 3. The number of swollen joints in the one-year follow-up of the 21 ReA 

patients 
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Table 8. Clinical characteristics and inflammatory parameters of patients with reactive arthritis (n=21), one-year     

follow-up. 

      Baseline 1 month 3 months 6 months 12 months 

      (n=21)  (n=21)  (n=19)  (n=19)  (n=19) 

Number of swollen joints, median (range) 2(0-14)  0(0-6)  0(0-5)  0(0-4)  0(0-2) 

Number of tender joints, median (range) 5(1-20)  4(0-10)  2(0-12)  1(0-14)  2(0-11) 

Patient´s global (VAS 0-100 mm), mean (SD) 65(27)  51(29)  52(27)  55(34)  45(32)* 

Physician´s global (VAS 0-100mm), mean (SD) 23(21)  10(11)  14(17)  11(11)  10(9) 

Articular pain (VAS 0-100mm), mean (SD) 76(28)  49(30)  58(29)  52(35)  50(33)* 

Physical function (HAQ 0-3), mean (SD) 0.88(0.8) 0.72(0.8) 0.75(0.6) 0.78(0.7) 0.72(0.7)* 

BASDAI (0-100mm), mean (SD)  59(28)  42(29)  46(27)  44(30)  42 (28)* 

BASFI (0-100mm), mean (SD)   42(32)  32(29)  36(28)  35(31)  36(31)* 

ESR (mm/h), mean (SD)   23(28)  10(7)  11(9)  8(6)  9(5) 

CRP (mg/l), mean (SD)    27.8(71) 4.9(8.1)  4.5(5.1)  3.2(2.3)  3.1(2.4) 

 

BASDAI= Bath Ankylosing Spondylitis Disease Index, BASFI= Bath Ankylosing Spondylitis Functional Index, ESR= erythrocyte sedimentation rate, CRP= 

serum C-reactive protein, HAQ= Health Assessment Questionnaire, SD= standard deviation, VAS= visual analogue scale, * n=20, in one patient only postal 

query without clinical examination 
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In spite of the low number of swollen joints (Figure 3) and low inflammatory 

parameters, the patients experienced considerable discomfort, with a mean articular 

pain of 50 mm (VAS) and HAQ of 0.72 at 12 months. Concomitant multiple ar-

throsis and/or spondylarthrosis was diagnosed in 12 and fibromyalgia in two of the 

21 patients. 

All patients received either NSAIDs or other analgesics at baseline, as shown in 

Table 9 (next page).  

Two patients had been treated with oral glucocorticoids and two with 

DMARDs even before the baseline visit, but in most cases these were started at the 

first or second visit. At 12 months four patients (19%) were still using NSAIDs 

and nine (43%) other analgesics; seven patients (33%) still used DMARDs. At 12 

months four patients (19%) were symptomless using no medication at all. 

No arthritis-like erosions were seen in radiographs of hands, feet or sacroiliac 

joints. At baseline, sacroiliitis was clinically suspected in seven patients. These and 

two additional patients with long-lasting low back pain were imaged by MRI, no 

signs of inflammation being detected. One patient out of four with hip joint radio-

graph examined yielded arthritic findings. 
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Table 9. Medication in patients with reactive arthritis (n=21), one-year-follow-up, number of patients (%). 

Medication   Baseline 1 month 3 months 6 months 12 months 

    (n=21)  (n=21)  (n=20)  (n=20)  (n=21) 

 

NSAID    16 (76)  10 (48)  8 (40)  6 (30)  4 (19) 

Other analgesics  5 (24)  10 (48)  11 (55)  9 (45)  9 (43) 

Intra-articular glucocorticoid 15 (71)  8 (38)  8 (40)  6 (30)  5 (24) 

Prednisolone   2 (10)  7 (33)  6 (30)  8 (40)  8 (38) 

Any DMARD   2 (10)  5 (24)  6 (30)  8 (40)  7 (33) 

Sulphasalazine   1 (5)  5 (24)  5 (25)  5 (25)  6 (28) 

Hydroxychloroquine  1 (5)  2 (10)  3 (16)  5 (25)  5 (24) 

Methotrexate   0 (0)  1 (5)  1 (5)  2 (10)  1 (5) 

NSAID= non-steroidal anti-inflammatory drug, DMARD= disease-modifying antirheumatic drug 
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One 56-year-old woman with febrile polyarthritis was admitted to hospital 17 

days after the onset of the outbreak (patient 1 in Figure 3). The highest serum CRP 

level was 313 mg/l and HLA-B27 antigen was positive. Salmonella enterica serotype 

enteritidis was cultured from the stool sample and also Campylobacter IgM-class 

antibodies were clearly positive. In spite of an intravenous course of ceftriaxone 

antibiotics Salmonella was also subsequently detected in blood culture and stool 

carriage persisted even after new courses of ceftriaxone and ciprofloxacin. Later, in 

May 2008, the same pathogen was cultured from a hip joint aspirate. This infec-

tious arthritis caused progressive joint destruction and osteonecrosis and in De-

cember 2008 hip arthroplasty was performed.  

One 35-year-old-patient was diagnosed with Crohn´s disease during the follow-

up. She had mild tendinitis-type ReA at baseline with positive ACPA, with gastro-

enteritis for nine days, but later persistent anemia leading to colonoscopy and sub-

sequently to the diagnosis of inflammatory bowel disease (IBD).  

In conclusion, the outcome of ReA observed in this study was overall favorable, 

but in many individuals postinfectious arthralgia was remarkable and the use of 

DMARDs and analgesics continued at least up to one year. 
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5.3 Questionnaire study 8 weeks after the outbreak   

(Study III) 

 

Altogether 2154 out of the 3000 questionnaire forms were returned; 31 responses 

were however insufficient in content or the respondent was unidentifiable, and 

were thus excluded from the analysis. The overall response rate was 71 % (2123 

responses), 79% in the contaminated area, 73% in the uncontaminated area and 

60% in the control municipality of Kangasala. The gastroenteritis attack rate was 

53% in the contaminated area, 15.6% in the uncontaminated area and 6.5% in the 

control area. 

The frequencies of self-reported joint symptoms are presented in Table 10.  

Symptoms were prevalent especially in the contaminated area, with 13.9% of re-

spondents declaring any joint symptoms, 9.2 % joint pain and 6.7% arthritis-like 

symptoms. Corresponding symptoms were also more frequent among respondents 

from the uncontaminated area (4.3%, 2.4%, 2.1%, respectively) when compared to 

those from the control area (1.5%, 0.7%, 0.5%, respectively). Respondents in the 

contaminated area had an OR of 9.7 (95% CI 5.1-18.5) for any joint symptom, 12.5 

(95% CI 5.1-30.4) for joint pain, 11.2 (95% CI 4.1-30.2) for arthritis-like symptoms 

and 8.1 (95% CI 2.9-22.2) for back pain at rest when compared with controls.  
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Table 10. Frequency of self-reported new symptoms from November 28
th

 2007 to January 20
th

 2008 in the study areas,     

% (n). 

   Contaminated area (n=808)  Uncontaminated area (n=717)  Control area (n=598) 

Joint symptom  % (n)  p-value   % (n)  p-value   % (n) 

 

Any joint symptom  13.9 (112) <0.001   4.3 (31)  0.003   1.5 (9) 

Joint pain   9.2 (74)  <0.001   2.4 (17)  0.015   0.7 (4) 

Arthritis-like symptoms  6.7 (54)  <0.001   2.1 (15)  0.016   0.5 (3) 

Pain in joint movement  5.9 (48)  <0.001   1.7 (12)  0.027   0.3 (2) 

Joint swelling   1.6 (13)    0.032   0.4  (3)  1.000   0.3 (2) 

Joint redness or warmth  0.9 (7)    0.023   0.1  (1)  1.000   0.0 (0) 

Back pain at rest  4.8 (39)  <0.001   1.4 (10)  0.160   0.5 (3) 

p-value is for the difference against the control area 
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Among participants under 15 years of age, the frequency of any joint symptom 

was 7.1% and of arthritis-like symptoms 3.9% in the contaminated area and 0.8% 

and 0.0% in the uncontaminated area, respectively. 

The predictive impact of gastrointestinal symptoms is presented in Table 11. All 

the various gastrointestinal symptoms and fever predicted the occurrence of joint 

symptoms both in the contaminated and in uncontaminated areas. Among re-

spondents who had experienced gastroenteritis, the OR for any joint symptom was 

higher, 9.3 (95% CI 4.5-19.4) in the uncontaminated area than in the contaminated 

area, OR 4.8 (95% CI 2.9-7.9), when compared with those without gastroenteritis 

in the same area. Among those without gastrointestinal symptoms, the OR for any 

joint symptom was significantly increased in the contaminated area, OR 4.0 (95% 

CI 1.8-9.0), but not in the uncontaminated area, OR 1.5 (95% CI 0.6-3.6) when 

compared to control. For arthritis-like symptoms the ORs were 3.0 (95% CI 0.9-

9.9) and 1.1 (95% CI 0.3-4.1), in contaminated and uncontaminated areas, respec-

tively. 

In conclusion, self-reported joint pain, swelling, redness and back pain were 

common after this waterborne gastroenteritis outbreak. Exposure to contaminated 

water increased the risk of joint pain, even without gastroenteritis. 
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Table 11. Univariate analysis of the probability of developing joint symptoms within 8 weeks, according to 

gastrointestinal symptoms and fever, in contaminated and uncontaminated areas. 

Gastrointestinal symptom Any joint symptom Joint pain Arthritis-like symptoms  Back pain at rest 

or fever 

Gastroenteritis 

  Contaminated (n=428) 4.8 (2.9-7.9)  4.5 (2.5-8.2)  6.1 (2.8-13.1)  7.3 (2.8-19.1) 

  Uncontaminated (n=112) 9.3 (4.5-19.4)  12.3 (4.5-33.3)  13.5 (4.6-39.7)  3.2 (0.9-10.7) 

Vomiting 

  Contaminated (n=308) 3.8 (2.5-5.7)  3.7 (2.3-6.2)  4.1 (2.3-7.4)  4.8 (2.4-9.7) 

  Uncontaminated (n=75) 5.8 (2.7-12.4)  5.8 (2.2-15.2)  5.4 (1.9-15.0)  4.9 (1.4-17.0) 

Diarrhea 

  Contaminated (n=377) 5.0 (3.1-8.0)  4.5 (2.6-7.9)  7.9 (3.7-17.0)  7.5 (3.1-18.2) 

  Uncontaminated (n=80) 9.6 (4.6-20.0)  11.2 (4.3-29.2)  11.4 (4.1-31.4)  4.6 (1.3-15.8) 

Blood in feces 

  Contaminated (n=14)  5.9 (2.1-16.6)  7.1 (2.5-20.6)  5.2 (1.6-16.8)  7.4 (2.2-24.6) 

  Uncontaminated (n=3) 6.4 (0.6-67.5)  11.5 (1.0-134)  13.0 (1.1-155)  20.0 (1.6-250) 

Fever 

  Contaminated (n=191) 2.6 (1.7-4.0)  2.2 (1.4-3.7)  3.8 (2.2-6.56)  2.8 (1.5-5.4) 

  Uncontaminated (n=40) 7.9 (3.4-18.5)  9.3 (3.3-26.1)  5.7 (1.8-18.5)  6.2 (1.6-24.2) 

 

Participants with a specific symptom were compared with those without that symptom within the same study area. The probability is presented as OR (95% ).
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5.4 Questionnaire study of joint symptoms in 

Campylobacter-positive vs.-negative subjects (Study IV) 

The response rate in this questionnaire study was 63% in the Campylobacter-

positive (CB+) group and 46% in the Campylobacter-negative (CB-) group. The 

age range in the study population was 0-85 years. The majority of respondents were 

female; 60% of the Campylobacter-positive and 68% of Campylobacter-negative 

respondents. The characteristics of the study groups are presented in Table 12. 

Table 12. Characteristics of the Campylobacter-positive (CB+) and -negative 

(CB-) groups. 

     CB+ (n=73)  CB- (n=95) 

Age, years (%) 0-15   13 (18)   14 (15) 

  16-30    7   (9)   12 (13) 

  31-45   15 (21)   24 (25) 

  46-60   23 (31)   24 (25) 

  61-75   13 (18)   19 (20) 

  76-90    2   (3)    2   (2) 

 

Sex, n (%) Female   44 (60)   65 (68) 

  Male   29 (40)   30 (32) 

 

Previous inflammatory joint disease 6   4 

Previous psoriasis   3   1 

Previous inflammatory bowel disease 1   4 

Previous iritis    1   0 

 

Received antibiotics for GE, n (%) 34/71 (48)  25/93 (27) 

Days from start of outbreak to culture, 

  median   12   14
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All patients in this study had experienced gastroenteritis and 48% in the CB+ 

group and 27% in the CB- group reported using antibiotics for gastroenteritis dur-

ing the outbreak (OR 2.49, 95% CI 1.24-5.06). The duration of gastroenteritis was 

longer in the CB+ group, 86% (60/70) of respondents evincing symptoms for 

more than a week, 51% (36/70) over two weeks and 30% (21/70) over three 

weeks, as compared to 58% (53/92), 41% (38/92) and 22% (20/98) in the CB- 

group, respectively (Figure 4). 

Figure 4. Duration of gastroenteritis in Campylobacter culture-positive (n=73) 

and - negative (n=95) patients. 
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The respondents in the CB+ group reported new joint symptoms in 60% of cases 

(37/62) and in the CB- group in 46% (38/83), OR 1.75 (95% CI 0.86-3.61). Not all 

respondents answered all the specific questions, as seen e.g. in this item, with 13 

missing answers in the CB+ and 12 in the CB- group. Arthritis-like symptoms were 

reported in 63% (42/67) in the CB+ group and in 52% (42/81) in the CB- group, 

OR 1.56 (95% CI 0.77-3.19). Continuing joint symptoms at 21 months were re-

ported by 45% (33/73) in the CB+ group and by 24% (23/95) in the CB- group, 

OR 2.57 (95% CI 1.27-5.27). All answers are shown in Table 13. 

At 21 months continuing joint symptoms were observed in all age groups. The 

highest proportions (53%, 52% and 54%) were recorded among CB+ respondents 

at ages 31-45, 46-60 and 61-75 years, whereas in the CB- group the proportions 

were 21%, 38% and 32%, respectively. In the age group 16-30 years, 43% in CB+ 

and 17% in CB- still reported continuing joint symptoms. In both groups one per-

son younger than 16 years of age was reported to have continuing joint symptoms 

(7-8%). Longer duration of gastroenteritis seemed to some extent to increase the 

occurrence of long-lasting joint symptoms. In the CB+ group 53% of respondents 

(19/36) with GI symptoms for more than two weeks had joint symptoms at 21 

months, compared with 40% of those (4/10) with GI symptoms for less than a 

week. 
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Table 13. Joint symptoms and consequences of them in Campylobacter-positive (CB+) and -negative (CB-) 

respondents. 

% of positive answers (n)   CB+   (n=73)  CB-   (n=95)  OR  95%CI 

 

New joint symptoms   60 (37/62)  46 (38/83)  1.75  0.86-3.61 

Joint ache    61 (39/64)  53 (43/81)  1.38  0.67-2.84 

Arthritis-like symptoms   63 (42/67)  52 (42/81)  1.56  0.77-3.19 

Pain in joint movement   60 (40/67)  49 (40/82)  1.55  0.77-3.15 

Joint swelling    40 (25/65)  26 (19/73)  1.86  0.85-4.13 

Joint warmth/ redness   28 (17/60)  20 (15/75)  1.58  0.66-3.80 

Heel pain    23 (14/62)  20 (15/76)  1.19  0.48-2.92 

Low back pain    34 (21/62)  38 (31/82)  0.84  0.40-1.77 

Medication for joint pain  43 (27/63)  37 (28/76)  1.28  0.61-2.69 

Visiting doctor for joint symptoms 40 (24/60)  28 (22/78)  1.69  0.78-3.69 

Sick leave due to joints after outbreak 15  (9/61)  12  (9/76)  1.29  0.42-3.95 

Sick leave due to joints at questionnaire   3 (2/73)   1 (1/95)  2.63  0.14-1.58 

 

Continuing joint symptoms    45 (33/73)  24 (23/95)  2.57  1.27-5.27 

at 21 months 

 

________________________________________________________________________________________________ 
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During the outbreak 48% (34/71) of the CB+ respondents had been treated 

with antibiotics for gastroenteritis. Additionally, 63% (19/30) of the CB+ respond-

ents with joint symptoms at 21 months had received antibiotics and 59% (10/17) 

of those still having joint symptoms in the telephone survey at 60 months. It would 

thus appear that antibiotics did not shorten the duration of joint symptoms, but 

instead even lengthened them. 

Data on hospitalizations in the study groups are presented in Table 14. Most 

hospitalizations occurred in December 2007 due to gastroenteritis, in 30% (22/73) 

of CB+ and 20% (19/95) of CB- patients.  

Medication data from prescription registers are presented in Table 15. Increased 

use of antibiotics, NSAIDs and other analgesics was seen after the outbreak at the 

end of 2007, especially in the CB+ group. Only the increased use of antibiotics was 

statistically significant. Later, in the year 2008, the use of these drugs was only 

slightly increased but in 2009 it returned almost to the level observed at the begin-

ning of 2007. Use of DMARDs was infrequent, but somewhat increased in 2008 

and 2009.  Oral glucocorticoids and other immunosuppressive agents and drugs for 

IBD were used more than DMARDs and also the increase in their use was more 

prominent in both groups. 
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Table 14. Number of Campylobacter-positive and -negative patients with gastrointestinal or musculoskeletal ICD-10 diagnosis 

 at discharge from hospital, during different periods in 2007-2009.     

_________________________________________________________________________________________________________________ 

Group    Campylobacter-positive (n=73)   Campylobacter-negative (n=95) 

 

Time period    1-11/  12/       1/2008-    1-11/  12/        1/2008- 

    2007  2007      12/2009  2007  2007       12/2009 

_________________________________________________________________________________________________________________ 

 

Diagnosis 

 
A04.5 Campylobacter enteritis 0  2  0  0  0  0 

A04.9 Unspecific enteritis  0  0  0  0  2  0 

A08.4 Virus enteritis  0  6  0  0  5  0 

A09    Enteritis    0  14  4  2  12  2 

 

K50.8 Crohn´s disease  0  0  0  1  1  2 

K51.2 Ulcerative colitis  0  0  0  0  1  1 

K60.3 Anal fistule    0  1  0  0  0  0 

 

M02.9 Reactive arthritis  0  0  1  0  1  0 

M08.4 Juvenile oligoarthritis 1  1  1  0  0  0 

M17.1 Knee arthrosis  1  1  3  0  0  2 

M32.9 SLE    0  0  0  1  1  1 

M31.3 Wegener´s granulomatosis 1  1  1  1  0  1 

M54.9 Back pain    0  1  0  0  0  0 

M65.8 Tendinitis    0  1  1  0  0  0 

 

__________________________________________________________________________________________________________



 

78 

Table 15. Reimbursed medication in 2007-2009, % among Campylobacter-positive versus -negative patients with OR and 95% CI. 

_______________________________________________________________________________________________________________________________ 

   Campylobacter  +  Campylobacter  -  OR  95% CI 

______________________________________________________________________________________________________________________________ 

Antibiotics 1.-27.11.2007  36   40  0.85  0.43-1.65 

 28.11.-31.12.07  43   23  2.46  1.21-5.06 

 2008   52   45  1.31  1.31-2.51 

 2009   40   42  0.92  0.47-1.77 

NSAIDs 1.-27.11.2007  31   32  0.96  0.47-1.94 

 28.11.-31.12.07  15     5  3.07  0.93-11.8  

 2008   41   37  1.21  0.62-2.35 

 2009   39   33  1.30  0.66-2.57  

Other analgesics 1.-27.11.2007  20   16  1.33  0.56-3.18 

 28.11.-31.12.07    8     2  4.01  0.69-41.8 

 2008   28   20  1.55  0.72-3.38 

 2009   31   32  0.96  0.47-1.94 

DMARDs 1.-27.11.2007    4     1  3.89  0.31-207 

 28.11.-31.12.07    0     1  0.0  0.00-49.4 

 2008     7     1  6.65  0.72-320 

 2009     7     4  1.62  0.34-8.48 

Oral GC 1.-27.11.2007    9     4  2.33  0.57-11.3 

 28.11.-31.12.07    3     1  2.56  0.13-153 

 2008   15   12  1.31  0.48-3.57 

 2009   16   13  1.32  0.50-3.44 

Other 1.-27.11.2007    4     5  0.75  0.11-4.01 

 28.11.-31.12.07    4     3  1.28  0.17-9.81 

 2008   11     6  1.77  0.51-6.49 

 2009     7     9  0.68  0.17-2.40 

Antibiotics= incl. metronidazole, GC=glucocorticoids, Other analgesics= incl.glucosamine and topical NSAIDs, Other=incl.other immunosuppressants and drugs for IBD
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Five years after the outbreak an investigator (TU) contacted those respondents 

who at 21 months still reported joint symptoms. One patient in each group had 

died and an additional two in the CB+ group could not be reached by telephone. 

Still 23% (17/73) of the original CB+ group and 8% (8/95) of the CB- group re-

ported continuing joint symptoms. Regarding continuing GI symptoms the figures 

were 21 % (15/73) and 4% (4/95), respectively. Most of the joint symptoms were 

mild, only four respondents in the CB+ group using DMARDs at five years. All 

four had an inflammatory condition previous to the outbreak (psoriasis, seronega-

tive rheumatoid arthritis, spondyloarthrtis and polymyalgia rheumatica).  

In conclusion, joint symptoms in Campylobacter-positive subjects were particu-

larly prevalent, with 45% (33/75) of respondents reporting continuing joint symp-

toms at 21 months after the outbreak and still 23% (17/73) at 5 years.
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6  DISCUSSION 

6.1 Study methods 

Clinical studies are usually planned long before their actual initiation. Studies are 

well structured and the recruitment of participants is standardized. Diagnostic cri-

teria and study methods have a great influence on the accuracy of the results. In 

acute situations such as water-related outbreaks studies must be planned and im-

plemented without delay. In such situations the expertise of institutions used to 

monitoring acute epidemics is invaluable, as is co-operation with all local authori-

ties. 

   As the magnitude of the present outbreak became evident, the first study plans 

were drawn up very rapidly in collaboration with the National Institute of Health 

and Welfare, the Nokia Health Care Centre and the Pirkanmaa Health District. 

Authorities worked together from the very start and soon the Pirkanmaa Water-

borne Outbreak Study Group was also formed. The first questionnaire study was 

planned and carried out 8 weeks after the beginning of the outbreak in Nokia and 

also in the control municipality of Kangasala. The questionnaire covered issues 

from demographics and previous diseases to gastrointestinal and joint symptoms 

after the outbreak. The response rate was good, with a response
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rate of 79% in the contaminated and 73% in the uncontaminated part of Nokia. In 

the control municipality of Kangasala the response rate was also satisfactory, 60%. 

During the outbreak period the public was informed of the possibility of devel-

oping joint symptoms after gastroenteritis, as many pathogens were found both in 

water and in stool samples from the first patients. Physicians were advised to refer 

all new cases of arthritis or inflammatory back pain to the Centre for Rheumatic 

Diseases at Tampere University Hospital. On the other hand, the public was in-

formed that minor joint problems could be treated with over the counter (OTC) 

medication without consulting health care. Thus only patients with more disabling 

symptoms were seen by a physician. 

 In situations where we lack commonly accepted diagnostic criteria for a disease 

or a syndrome, estimation of the effects of an exposure, such as a waterborne out-

break, becomes notably difficult. Different opinions prevail as to criteria for the 

diagnosis of ReA, regarding both the symptoms and findings needed for diagnosis. 

Our clinical study of ReA was planned shortly after the beginning of the outbreak, 

with two specialists taking care of the structured clinical examination. The first 

patient in the clinical study was examined in December 2007 and the last almost six 

months later. The period was this long in order to find all possible cases of ReA, 

but of course only persons with the most long-standing joint symptoms were still 

symptomatic in late spring 2008. Many patients had by then already recovered. If 
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persons with milder symptoms had also been admitted to TAUH soon after the 

outbreak, the figures would have been higher. 

Since Campylobacter proved to be the most frequent bacterial pathogen in this 

outbreak, a study of Campylobacter-related joint and gastrointestinal symptoms 

was designed. It was carried out in August-October 2009, on average 21 months 

after the outbreak, among persons who had gastroenteritis during the outbreak and 

a stool sample had been analyzed for routine pathogens. The long interval after the 

outbreak probably reduced the response rate and answers to some questions; the 

primary response rate was nevertheless 63% in the CB+ and 46% in the CB- 

group. The Finnish Office of Data Protection required additional permission to 

link the data to the Social Insurance Institution´s register of reimbursed medication 

and to the Institutional and Outpatient Registers at the National Institute for 

Health and Welfare. This, together with exclusion of respondents without symp-

tomatic gastroenteritis and those with insufficient data in the questionnaire, re-

duced the number of accepted responses. 

The selection effect in the Campylobacter study certainly had an influence on 

the results. People with more severe and long-lasting symptoms were more ready 

to return the questionnaire, as is the case in all questionnaire studies. 

 Eventually the accepted response rate in our study was not very high; 48% in 

the CB+ group and 31% in the CB- group, calculated from the questionnaires 

posted. At 60 months (five years) after the outbreak the respondents with joint 
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symptoms still persisting at 21 months were telephoned by a rheumatologist, this 

lengthening our follow-up. 

Questionnaire studies are based on self-report of symptoms and self-

interpretation of questions asked. It is not always easy even for a physician to eval-

uate whether a joint is e.g. swollen or not. The respondent meets the same uncer-

tainty while filling the questionnaire. Hence some questions are often left unan-

swered. A layman can also assess the clinical condition differently compared with a 

health care professional. 

A combination of clinical and questionnaire studies during the outbreak and al-

so follow-up with both modalities gives us the best possible summary of the effects 

of the gastroenteritis outbreak on joint symptoms. 

 

 

6.2  Incidence and outcome of joint symptoms 

The incidence of joint symptoms related to this extensive waterborne outbreak was 

estimated by several approaches. First, the clinical approach aimed at identifying all 

cases of ReA by evaluating patients admitted to TAUH due to new joint symptoms 

with a suspicion of ReA. Even though co-operation with the Nokia Health Care 

Centre was good and also occupational health care physicians were informed of 

our study, some cases of ReA could have escaped. However, the study period was 
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long enough, that at least all prominent and long-standing joint symptoms were 

noted. Some patients with prolonged joint symptoms came to our study as late as 

six months after the outbreak, but the median interval between the first joint symp-

toms and rheumatological examination was 41 days (range 8-136).  

We followed all 21 cases of confirmed ReA for one year.  At that time-point 

33% (7/21) of the patients were still using DMARDs and as many as 38% (8/21) 

were on oral glucocorticoids. These represent the most chronic cases of ReA relat-

ed to this outbreak. The most severe case of ReA had persistent Salmonella infec-

tion and additionally even septicemia and infectious arthritis of the hip joint. She 

was also positive for HLA-B27 antigen. 

 In study I, which included determination of HLA-B27 antigen, the frequency 

of HLA-B27 was low; 5% (1/21) in the ReA group, 23% (3/13) in the postinfec-

tious arthralgia, and 10% (1/10) in the miscellaneous musculoskeletal conditions 

group. In many previous cohort studies the positivity of HLA-B27 has been much 

higher (Table 4), but for instance in one population-based cohort, the positivity for 

HLA-B27 antigen was only 12% (Townes et al. 2008).  HLA-B27 does not seem to 

predispose to ReA itself, but increases the risk of a more severe and prolonged 

arthritis (Leirisalo 1982, Leirisalo-Repo and Suoranta 1988, Leirisalo-Repo et al. 

1997). It has also been estimated that HLA-B27 positive persons carry a 20-fold 

increased risk of developing spondyloarthritis (Braun et al. 1998). In a population-
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based study of Campylobacter-triggered ReA, no association with HLA-B27 anti-

gen was seen (Hannu et al. 2002). 

In Study I there were also 13 cases with post-infectious arthralgia. This was di-

agnosed if a convincing history of arthritis or arthralgia between the beginning of 

the outbreak and the clinical rheumatological examination was noted, without clini-

cal evidence of synovitis, tendinitis or sacroiliitis at presentation. This group repre-

sents the part of the residents of Nokia with somewhat milder and/or shorter joint 

symptoms, in whom the signs of true ReA vanished in 1-3 months. The third 

group, categorized as miscellaneous musculoskeletal conditions (n=11), was indeed 

heterogeneous, with some cases (n=3) of rheumatoid arthritis which had started 

before the outbreak. There were also cases of multiple osteoarthrosis (n=4), gout 

(n=2), and complex regional pain syndrome (CRPS) and arthralgia-fibromyalgia 

syndrome in one patient each. Moreover, additional polyarticular osteoarthrosis or 

degenerative lumbal spine were noted in several patients in the ReA (n=12) and 

post infectious arthralgia (n=2) groups. The concomitant conditions in the ReA 

group can explain the surprisingly high HAQ scores seen in many patients during 

the follow-up. It is also known that pain and HAQ scores are higher in patients 

with fibromyalgia and that secondary fibromyalgia is also common in early arthritis 

patients as well (Lee et al. 2013). 

Musculoskeletal complaints are particularly common in the general population; 

chronic widespread musculoskeletal pain affects up to 10% of Western populations 
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(McBeth and Jones 2007). Over 20% of primary health-care visits are made be-

cause of musculoskeletal complaints (Rekola et al. 1993). In a population-based 

study of Campylobacter infection, the matched control group without Campylo-

bacter infection reported recent joint or other musculoskeletal symptoms in a ques-

tionnaire in 24%, compared with 38% in the Campylobacter group (Hannu et al. 

2002). 

 Also in another questionnaire study to Campylobacter positive patients muscu-

loskeletal complaints were reported in 39%, while the incidence of classical ReA 

was only 4% on the basis of information from medical records. The incidence of 

enthesopathy and/or heel pain based on information from the questionnaire, was 

9% in that study (Schönberg-Norio et al. 2010).  It is understandable that in ques-

tionnaire studies other causes of musculoskeletal symptoms besides those specifi-

cally sought (e.g. symptoms of ReA) increase the numbers of self-reported joint 

symptoms. 

 In Study III, the control population from Kangasala gave us a possibility to es-

timate the general prevalence of joint symptoms and find the excess cases related 

to this outbreak. The control group self-reported any joint symptom in 1.5% and 

arthritis-like symptoms in 0.5%. In the contaminated area of Nokia the rates were 

clearly higher: 13.9% (OR 9.7, 95% CI 5.1-18.5) and 6.7% (OR 11.2, 95% CI 4.1-

30.2), respectively. It is thus clear that the outbreak increased joint symptoms sub-
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stantially at population level in Nokia. It was also shown that the outbreak in-

creased the rate of joint symptoms even without symptomatic gastroenteritis. 

In Study I, an effort was made to find the possible triggering infections in pa-

tients admitted for rheumatological evaluation. In most cases no stool samples 

were taken before the time of rheumatological evaluation and the delay from the 

outbreak to antibody tests was also long. This most likely reduced the number of 

positive results (Table 7). One patient in our clinical ReA group (Study I) was posi-

tive for Campylobacter in fecal culture and three others had positive antibodies; in 

the arthralgia group two patients were positive for Campylobacter in fecal culture. 

One patient in the ReA and one in the arthralgia group were positive for Salmonel-

la in stool culture. Yersinia bacteria were not found in the water system or in the 

fecal samples. It is possible that the positive Yersinia antibody findings in our clini-

cal study were in no way related to the outbreak. 

Based on the bacterial findings during the outbreak, Campylobacter was the 

most prevalent bacterial pathogen. Altogether 28% of the 539 fecal cultures taken 

from the inhabitants of the town of Nokia between November 28th and December 

21st, 2007 were positive for Campylobacter. We studied gastroenteritis patients 

positive or negative for Campylobacter in Study IV. According to patients´ self-

report 60% of the CB+ and 46% of the CB- respondents had new joint symptoms 

after the outbreak; 63% (42/67) in the CB+ group and 52% (42/81) in the CB- 

group declared arthritis-like symptoms, and 40% (25/63) in the CB+ and 26% 
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(19/73) the CB- groups joint swelling. Of respondents in the CB+ group 40% 

(24/60) reported visiting a doctor for joint symptoms. The response rate to this 

specific question was rather low, increasing the percentage presented. In a recent 

questionnaire study based on Campylobacter culture-confirmed cases, musculo-

skeletal complaints were prevalent (39%), but only 13% of patients visited a doctor 

for them (Schönberg-Norio et al. 2010).   

At 21 months 45% (33/73) of CB+ and 24% (23/95) of CB- respondents still 

had ongoing joint symptoms. At five years 23% (17/73) of the original CB+ and 

8% (8/95) of the CB- respondents still had some joint symptoms and 21% (15/73) 

of the CB+ and 4% (4/95) of the CB- respondents had gastrointestinal symptoms. 

 A recent study from Germany (Zautner et al. 2014) assessed sera from 91 Guil-

lain-Barré syndrome (GBS) patients, 60 patients with acute Campylobacter-

enteritis, 50 ReA patients, 39 IBD patients and 80 blood donors. Altogether 34-

49% of GBS cases, 44-62% of ReA cases and 23-40% of IBD cases were associat-

ed with Campylobacter infection and Campylobacter seropositivity was significant-

ly higher than with other triggering pathogens. The authors concluded that Cam-

pylobacter is important in the development of GBS and ReA and their results sup-

port the hypothesis that recurrent acute campylobacteriosis also triggers IBD 

(Zautner et al. 2014). In our telephone survey at 5 years frequent GI symptoms 

were noted and in our clinical study (Study II) one case of IBD was diagnosed dur-

ing the one-year follow-up. 
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According to a previous report on the Nokia outbreak (Laine et al. 2011), the 

attack rate of gastroenteritis was 53% in the contaminated area and 15.6 % in the 

uncontaminated area. An estimated 8453 residents of Nokia fell ill during the out-

break (5174 in the contaminated area). In the questionnaire 8 weeks after the be-

ginning of the outbreak 13.9% and 4.3% reported new joint symptoms, 6.7% and 

2.1% arthritis-like symptoms and 1.6% and 0.4% joint swelling in the contaminated 

and uncontaminated groups, respectively. These figures include all respondents, 

also those without gastroenteritis. According to these data there could have been 

860 patients (719+141) with some new joint symptoms, 415 with arthritis-like 

symptoms (346+69) and 96 (83+13) with swollen joints overall in Nokia. Only 45 

patients came to our clinical evaluation within 6 months, with 47% fulfilling the 

diagnosis of ReA and 76% either ReA or postinfectious arthralgia. 

 A second questionnaire study was mailed at 15 months after the outbreak, with 

a response rate of 53%, to residents in the contaminated area who had had symp-

tomatic gastroenteritis and had participated in the study at 8 weeks. In this latter 

study 31.8% (55/174) of respondents reported having arthritis-like symptoms after 

acute gastroenteritis. At 15 months 19% (33/174) still reported continuing arthri-

tis-like joint symptoms and 10.9% gastrointestinal symptoms (Laine et al. 2014). 

Having gastrointestinal symptoms (loose stools and abdominal pain or distension) 

predicted arthritis-like symptoms at 3 and 15 months. Those with joint symptoms 

in the original cohort (Study III) were more likely to take part in the follow-up 
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study at 15 months, with OR 1.7 (95% CI 1.3-2.2), (Laine et al. 2014). The results 

presented may thus overestimate the persistence of symptoms in the whole popula-

tion of Nokia at that time-point.  

However this may be the figures in the different questionnaire studies are well 

in line with each other. Among patients with symptomatic gastroenteritis the high-

est frequency of joint symptoms was in the CB+ group (Study IV), with proven 

Campylobacter infection. In other studies respondents including probably “only 

viral” gastroenteritis, and patients without gastrointestinal symptoms (Study III) 

were also included.  

 It seems that this water-related outbreak, with multiple pathogens, caused 

wide-spread joint symptoms, but most patients recovered in three to five months. 

Nevertheless, in a considerable proportion of them, symptoms lasted longer, with 

23% of those with proven Campylobacter infection still reporting continuing, but 

mostly slight, joint symptoms at the telephone survey even at 5 years. This study 

confirms the results in the previous studies showing that Campylobacter causes 

mostly mild ReA but longstanding pain (Hannu 2002, Schönberg-Norio et al. 

2010). 
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6.3 Limitations of the study 

There are several limitations to this study. The patients of the clinical study (Study 

I) came for rheumatological evaluation in some cases very late, with signs of ReA 

already disappeared. At least some of them may have had true ReA before this. 

Also the microbiological tests (both stool samples and antibody tests) were taken in 

some cases too late to be able to find the triggering infection. No viral samples 

from patients´ stools were examined in our study, neither were polymerase chain 

reaction (PCR) methods for identification of fecal bacteria used. The PCR tech-

nique can find non-culturable Campylobacters in patients presenting with gastroen-

teritis (Leblanc-Maridor et al. 2011, Bullman et al. 2012). New means of antibody 

testing have also been developed (Ang et al. 2007, Kuhn et al. 2012). Even though 

the public were informed of possible joint symptoms occurring after gastroenteritis 

and referring doctors were informed of our study, we relied on the referred cases 

and no active case identification was undertaken. Additionally, there was no as-

sessment of referral policies as part of this study. 

The recall bias affected the questionnaire studies, in particular in Study IV. The 

interval between the outbreak and the questionnaire was so long that it might have 

had an effect on the accuracy of responses. In several questions on details of the 

joint symptoms missing answers were frequent.  
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6.4 Open questions 

The long-term outcome of the ReA patients in our study is not fully known, as the 

structured follow-up lasted for only one year. Subsequent analysis of their condi-

tion could be interesting, e.g. whether signs of ankylosing spondylitis develop in 

future years. Also questionnaire or clinical examination with HLA-B27 status anal-

ysis of patients with known Campylobacter infection and joint symptoms after a 

longer time would add to our understanding of the long-term effects of Campylo-

bacter infection. Campylobacter is a significant pathogen leading to gastroenteritis 

and to post-infectious sequel. Further research into the mechanisms, prevention 

and treatment of Campylobacter-related disease, including vaccine development, is 

important (Kirkpatrick and Tribble 2011). 

We still lack definite criteria for ReA and further studies on the treatment of 

ReA are also needed. Knowledge of the pathogenesis of ReA is growing and new 

treatment modalities have also been suggested. Besides antibiotics, DMARDSs and 

biologics, probiotics are a new interesting field of research into the treatment of 

ReA (Noto Llana et al. 2013). Likewise, the role of matrix metalloproteinase-8 

(MMP-8) and drugs targeting MMPs in inflammatory response in infectious diseas-

es (Lauhio et al. 2011, Fink 2012, Solan et al. 2012, Vandenbroucke et al. 2012) and 

infectious associated arthritides such as ReA (Lauhio et al. 1992, Lauhio et al. 

1994a, Lauhio et al. 1994b, Lauhio et al. 2011) and disseminated borreliosis are an 

interesting research field (Lin et al. 2001, Lauhio et al. 2012). 
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7 SUMMARY AND CONCLUSIONS 

 

The waterborne gastroenteritis outbreak in the town of Nokia in 2007 was unique 

in many ways. It was extensive and caused considerable morbidity. About 8500 

residents of Nokia had acute gastroenteritis during the epidemic.  In many cases a 

prolonged change in bowel habits was also noted. Many people suffered from joint 

symptoms after the outbreak. Most of these were so mild that they were treated at 

home without consulting health care providers. In only a small subset of patients 

the joint symptoms were serious enough to have a long-standing effect, but per-

manent joint damage also occurred.  

 The main pathogen causing joint symptoms was Campylobacter. In the majori-

ty of the patients joint symptoms abated within one to five months without need 

for antirheumatic medication. Nevertheless, at one year and even after five years 

from the outbreak, there were persons with ongoing gastrointestinal and joint 

symptoms which had started during the outbreak period. Prolonged gastrointesti-

nal symptoms seemed to correlate with long-standing joint symptoms. Milder 

forms of joint complaints were more much common than full-blown ReA. In a 

unique study setting with a gastroenteritis control group negative for Campylobac-

ter, we could show that Campylobacter causes mostly mild ReA, but nevertheless 

prolonged musculoskeletal pain. 
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Kyselylomake suolistoinfektion jälkeiset niveloireet/ Pirkanmaan vesiepidemia 
2007   

 

Taustatiedot    0.   Täyttöpäivämäärä: __ __ /__ __ / 20___   

Lomakkeen täyttäjä:  henkilö, jolle lomake on osoitettu  hänen omaisensa tai 

huoltajansa 

1.Sukupuoli:  mies  nainen 

Ikä: ________v 

2. Olitteko Nokian vesiepidemian aikaan marras-joulukuussa 2007  

 työssä 

 työtön 

 eläkkeellä 

 vanhempain- tai hoitovapaalla 

 armeijassa, vuorotteluvapaalla tai muuten tilapäisesti poissa työstä 

 koulussa tai opiskelemassa 

 alle kouluikäinen lapsi 

Ammattinne: ________________________________ 

Työpaikka/koulu/ päivähoitopaikka_____________________________________ 

3. Onko Teillä diagnosoitu ennen joulukuuta 2007 

psoriaasi   ei      kyllä           en tiedä 

krooninen suolistotulehdus 

 (Colitis ulcerosa/Crohnin tauti)  ei      kyllä           en tiedä 

silmän värikalvon tulehdus (iriitti)   ei      kyllä           en tiedä 

tulehduksellinen nivelsairaus   ei      kyllä           en tiedä 

 (esim.nivelreuma, selkäreuma, Sjögrenin tauti, SLE jne) 

- jos kyllä, mikä 

__________________________________________________________  
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Vatsataudin oireet 

4. Joitteko keittämätöntä vettä (sellaisenaan tai johonkin sekoitettuna) likaantu-

neen veden alueella Nokialla marraskuun lopussa 2007 

 ei      kyllä           en tiedä 

5. Kävittekö ulkomaan matkalla 1.11.-31.12.2007 välillä?   ei      kyllä 

missä_____________  

6. Sairastuitteko vatsatautiin 28.11.2007 tai sen jälkeen? 

 ei    kyllä  en tiedä 

7. Oliko Teillä joitain seuraavista oireista: 

Oksentelu               ei     kyllä  en tiedä 

Kuume  (mitattu yli 38 ast.)      ei   kyllä   en tiedä 

Ripuli (yli 3 ulostuskertaa/vrk)      ei    kyllä  en tiedä 

Näkyvää verta ulosteessa   ei    kyllä  en tiedä  

8. Mikä oli vatsataudin alkamispäivä?  __ __  . __ __ .  200___ (Ilmoittakaa sillä 

tarkkuudella kun pystytte). 

9. Kuinka pitkään vatsatauti kesti? Ilmoittakaa kesto päivinä, viikkoina tai kuu-

kausina 

_______ päivää ______viikkoa  ______kuukautta    

10. Jouduitteko vatsataudin takia tiputukseen? (Tiputuksella tarkoitetaan suo-

neen annettavaa nestehoitoa, joka voidaan toteuttaa sairaalassa, terveyskeskuksen 

vuodeosastolla tai terveyskeskuksen vastaanotolla 

  en 

  kyllä 

  missä _____________________________________________________ 

11. Määrättiinkö Teille vatsataudin hoitoon antibiootteja?  

 ei  

 kyllä, lääkkeen nimi jos tiedossa ____________________________ 
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Niveloireet 

12. Ilmaantuiko Teille 28.11.2007 jälkeen uusia niveloireita? 

 ei    kyllä  en tiedä 

13. Mitä seuraavista oireista Teillä oli? 

Nivelsärkyä?    kyllä  ei    en tiedä 

Kipuja niveliä liikuteltaessa?  kyllä  ei    en tiedä 

Nivelturvotusta?   kyllä  ei     en tiedä 

Nivelkuumotusta/punoitusta?         kyllä   ei    en tiedä 

Alaselkäkipuja levossa (makuuasennossa)?    kyllä      ei    en tiedä 

Silmien punoitusta ja rähmimistä?        kyllä   ei    en tiedä 

Kipua tai kirvelyä virtsatessa?         kyllä   ei    en tiedä 

Kantapääkipua (kantaluun takana tai alla)?     kyllä   ei    en tiedä 

Missä nivelissä oli oireita?_____________________________________________ 

Mikä nivel oli pahin? __________________________________________________ 

 

14.  Niveloireiden alkamispäivämäärä __ __ .__ __.  200__(ilmoittakaa sillä 

tarkkuudella, kuin muistatte) 

15. Kuinka pitkään niveloireenne kestivät?  Ilmoittakaa niveloireiden kesto päi-

vinä, viikkoina tai kuukausina. 

_______ päivää ______viikkoa ______kuukautta      jatkuvat yhä  

16.  Kävittekö edellä mainittujen niveloireiden takia lääkärissä tai olitteko sairaa-

lassa?  

   en 

  kyllä, 

missä _________________________________________________ 

milloin  __ __  . __ __ .  200___ (ilmoittakaa sillä tarkkuudella, kun pystytte) 
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17. Olitteko niveloireiden vuoksi sairauslomalla 

 en  kyllä  

Kuinka pitkään? Ilmoittakaa kesto päivinä, viikkoina tai kuukausina. 

_______ päivää ______viikkoa  _____ kuukautta  

Olen edelleen niveloireiden vuoksi sairauslomalla/sairaseläkkeellä  

 
18. Oletteko käyttänyt niveloireiden hoitoon lääkkeitä (muita kuin vatsataudin hoi-

toon tarkoitettuja) 

 ei 

       kyllä , lääkkeen nimi ____________________________ 

 

19. Voimmeko ottaa Teihin myöhemmin yhteyttä, jos on tarvetta? 

  kyllä   ei   

Puhelinnumeronne    

Lisätietoja: 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

  

EI tai EN TIEDÄ -vaihtoehtojen merkintä on yhtä tärkeää kuin KYLLÄ -vaihtoehdon, 

ja ne unohtuvat helposti. Voitteko vielä tarkistaa, että teitte huolellisesti merkinnät 

myös näistä tiedoista. 

PALJON KIITOKSIA 

AVUSTANNE! 
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Objectives: To assess the occurrence, clinical picture, and triggering infections of reactive arthritis (ReA) associated
with a large waterborne gastroenteritis outbreak.
Methods: After an extensive sewage contamination of the water supply system, an estimated 8453 of the 30 016
inhabitants of the town of Nokia fell ill. General practitioners and occupational physicians were advised to refer any
patients with suspicion of new ReA to rheumatological examination including faecal culture, human leucocyte antigen
(HLA)-B27 and antibody tests for Campylobacter, Salmonella, and Yersinia.
Results: Forty-five patients (33 females, 12 males) aged 16–77 years (median 53) were referred. ReA was diagnosed in 21,
postinfectious arthralgia in 13, and other musculoskeletal conditions in 11 patients. HLA-B27 was positive in five out
of 44 patients (11%). Of the 21 patients with ReA, possible triggering infections were observed in seven (33%),
Campylobacter in four, Yersinia in three, and Salmonella in one, who also had Campylobacter infection. ReA was mild
in all but one patient who presented with persistent Salmonella enterica serotype enteritidis infection.
Conclusions: Taking into account the large population contaminated with potentially arthritogenic agents, the
occurrence of ReA was rare and mild in character.

Reactive arthritis (ReA) is a sterile joint inflammation
triggered mostly by infections in the urogenital tract or
the intestine. Campylobacter jejuni and Campylobacter
coli are the most common enteropathogens triggering
ReA in developed countries (1). Other important patho-
gens are Yersinia, Salmonella, and Shigella.

The occurrence of confirmed ReA in different
epidemics has varied considerably, ranging from 0.6%
in a Campylobacter outbreak to 29% in a Salmonella
outbreak (2, 3). The age and the genetic background of
the population, the infective amount of the bacteria and
differences in the arthritogenity of the bacteria explain
at least some of the divergence in findings. Most cases
of ReA occur sporadically, but clusters following
epidemics have been reported with a single trigger-
ing agent (2–4). The largest reported outbreak so far
occurred in Walkerton, Canada, with 2300 gastroenteri-
tis (GE) cases (5).

The purpose of the present study was to prospectively
assess the occurrence and clinical features of ReA fol-
lowing a large waterborne outbreak of GE.

Methods

In late November 2007, sewage contamination of the
water supply system caused an extensive GE outbreak in
the town of Nokia in Finland. According to the epidemio-
logical survey, 53% of the population in the contami-
nated area and 16% of those living in other areas of the
town experienced acute GE (6). An estimated 8453 per-
sons among the 30 016 inhabitants of Nokia fell ill.
Campylobacter jejuni, other Campylobacter species, and
norovirus were the most prevalent faecal pathogens at
the beginning of the outbreak; later a considerable
number of Giardia lamblia were found. Campylobacter,
Salmonella, Clostridium difficile, norovirus, rotavirus,
and Giardia lamblia were found both in the water system
and in patients’ stool samples. Shigella boydii was
detected in four patients’ faecal cultures, but was not
found in the water (6).
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To identify all possible waterborne outbreak-related
cases of ReA, general practitioners in the Nokia Health
Centre and occupational healthcare physicians were
advised to actively refer all new patients with swollen
joints or sacroilitis-like symptoms to Tampere University
Hospital (TAUH) until 31 May 2008. The Nokia popula-
tion was informed about the possibility of developing
articular symptoms and advised that mild joint pain could
be self-treated with over-the-counter (OTC) analgesics.

The rheumatological examination in TAUH was per-
formed by two specialists. It included a structured physi-
cal examination. General health, articular pain, number
of swollen and tender joints, tendinitis, entesopathy,
dactylitis, urethritis, skin or eye conditions and func-
tional capacity by the Health Assessment Questionnaire
(HAQ) were recorded. Only patients with symptomatic
GE during the outbreak were included.

Radiographs of hands, feet, sacroiliac joints, and
chest were taken in all patients, magnetic resonance
imaging (MRI) of sacroiliacal joints was performed only
with clinical suspicion of sacroilitis. Erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), rheu-
matoid factor, anti-citrullinated peptide antibodies,
human leucocyte antigen (HLA)-B27, urine Chlamydia,
and gonococcal polymerase chain reaction (PCR) were
determined. Faecal cultures of bacteria and detection of
parasites were conducted. Immunoglobulin (Ig)G, IgA,
and IgM antibodies against Campylobacter, Salmonella,
and Yersinia were measured by a routine enzyme immu-
noassay (EIA). The antigens were home-made Campy-
lobacter jejuni extract, commercial Salmonella
enteritidis and S. typhimurium antigen by Sigma (USA),
and commercial Yersinia enterocolitica and Y. pseudo-
tuberculosis antigen by Migrogen (recomWell, Germany).

Patients were clinically classified into three categories.
ReA was diagnosed if the patient had synovitis (swollen
and tender joints), tendinitis, enthesopathy, bursitis, or
probable sacroilitis, and the symptoms had started within
2 months of the outbreak. Postinfectious arthralgia was

diagnosed if the history indicated probable arthritis or
arthralgia, but no evidence of synovitis, tendinitis, or sac-
roilitis was noted clinically. When other definite articular
disease was found, patients were categorized as having a
miscellaneous musculoskeletal condition.

Results

Clinical rheumatological examination

Forty-five patients (33 females and 12 males) were
referred for examination. The median age of the patients
was 53 years (range 16–77 years).

The clinical details in the different categories are
shown in Table 1. ReA was diagnosed in 21 patients (15
females, six males), postinfectious arthralgia in 13 (10
females, three males), and other musculoskeletal condi-
tions in 11 (eight females, three males). These latter
included multiple osteoarthrosis (n = 4), rheumatoid
arthritis (n = 3), gouty arthritis (n = 2), and complex
regional pain syndrome (CRPS) and arthralgia–fibro-
myalgia syndrome in one patient each. Additional poly-
articular osteoarthrosis or degenerative lumbal spine
was noted in several patients in the ReA (n = 12) and
arthralgia (n = 2) groups and fibromyalgia in two
patients in the ReA group.

No arthritic changes were seen in radiographs of
hands and feet, nor sacroilitis in plain radiographs. MRI
was performed in seven cases showing no signs of sacro-
ilitis. Chest radiographs showed no signs of infection or
tumour.

The ReA patients experienced their first joint symp-
toms at a median of 16 days (range 2–46) after the first
GI symptoms. The median interval between the first
joint symptoms and rheumatological examination was
41 days (range 8–136). The ReA was mild in character;
the median number of swollen joints was 2 (range 0–14)
and that of tender joints 5 (range 1–20). Clinical suspi-
cion of sacroilitis was noted in seven patients, tendinitis

Table 1. Clinical characteristics of 45 patients in different clinical disease categories examined upon suspicion of reactive arthritis.

Reactive arthritis
(n=21)

Postinfectious arthralgia
(n=13)

Miscellaneous musculoskeletal 
conditions (n=11)

Sex (female/male), n 15/6 10/3 8/3
Age (years), median (range) 54 (30–77) 46 (16–76) 59 (36–72)
Erythrocyte sedimentation rate (mm/h), 

mean (SD)
23 (28) 7 (6) 16 (20)

Serum CRP (mg/L), mean (SD) 28 (71) 3 (4) 25 (73)
Number of swollen joints, median (range) 2 (0–14) 0 (0–1) 2 (0–8)
Number of tender joints, median (range) 5 (1–20) 3 (0–27) 7 (0–13)
General health (VAS 0–100 mm), mean (SD) 65 (27) 52 (28) 61 (28)
Articular pain (VAS 0–100 mm), mean (SD) 67 (28) 61 (26) 58 (29)
Physical function (HAQ), mean (SD) 1.1 (0.8) 0.59 (0.5) 0.94 (0.4)
HLA-B27 antigen (% positive) 1/21 (5) 3/13 (23) 1/10 (10)
Rheumatoid factor (% positive) 1/21 (5) 3/13 (23) 2/11 (18)
ACPA (% positive) 1/19 (5) 0/12 (0) 1/11 (9)

ACPA, Anti-citrullinated peptide antibody; CRP, C-reactive protein; HAQ, Health Assessment Questionnaire; SD, standard deviation;
VAS, visual analogue scale.
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in five, dactylitis in one, previous skin condition in two,
and conjunctivitis in two, whereas no symptomatic ure-
thritis was recorded (Table 2). HLA-B27 was positive in
one (5%) of the 21 patients with ReA and in five of the
44 patients studied (11%).

The most severe ReA was observed in a 56-year-old
HLA-B27-positive female, admitted in December 2007
with fever and polyarthritis (14 swollen and 20 tender
joints). Salmonella enteritica serotype enteritidis was
found in faecal culture, and despite multiple courses of
antibiotics, the patient developed Salmonella septicae-
mia, persistent stool carriage, and chronic infectious
arthritis of the hip joint. The hip joint aspirate was ini-
tially sterile, but later in May 2008, Salmonella enteritica
serotype enteritidis was grown from a new aspirate. This

infectious arthritis resulted in joint destruction,
osteonecrosis, and hip arthroplasty.

Triggering infections

Signs of possible triggering bacterial infections were
observed in seven patients (33%) in the ReA group.
Campylobacter was found in four, Yersinia in three, and
Salmonella in one. In the postinfectious arthralgia
group, faecal culture was positive for Campylobacter in
two patients, Salmonella Newport in one, and Yersinia
antibodies in three. In the miscellaneous group, Yersinia
antibodies were positive in one patient (Table 3). Giardia
lamblia was found in two patients with ReA. Urine
Chlamydia and gonococcal PCR tests were all negative.

Table 2. The reactive arthritis group at the first rheumatological examination.

Age (years) Sex SJC TJC HLA-B27 Sacroilitis Tendinitis Dactylitis Conjuctivitis Skin

30 F 2 2 − − − − − +*
35 F 0 1 − − + − − −
38 M 0 1 − − + − + −
48 F 1 2 − + − − + −
48 F 1 14 − + − − − −
50 F 2 9 − − − − − −
50 M 3 4 − − − − − −
51 M 1 4 − − + − − −
53 F 3 6 − + − − − +†
53 F 6 11 − − + − − −
54 F 0 2 − + − − − −
56 F 14 20 + + − − − −
57 F 2 5 − + − − − −
59 F 2 4 − − − − − −
64 M 2 6 − − + − − −
68 M 4 6 − − − − − −
70 F 2 12 − − − − − −
70 F 2 5 − − − − − −
70 M 2 3 − − − + − −
71 F 1 3 − + − − − −
77 F 4 11 − − − − − −
Total 
number

1 7 5 1 2 2

SJC, Swollen joint count; TJC, tender joint count; F, female; M, male; +, present; –, absent.
* Previous palmoplantar pustulosis.
† Previous nail psoriasis.

Table 3. Possible triggering infections (number of findings) in patients classified according to different disease categories.

Reactive arthritis 
(n=21)

Postinfectious arthralgia 
(n=13)

Miscellanous musculoskeletal conditions 
(n=11)

Campylobacter jejuni 4 2 0
Antibodies 3 0 0
Faecal culture 1 2 0

Yersinia 3 3 1
Antibodies 3 3 1
Faecal culture 0 0 0

Salmonella 1 1 0
Antibodies 0 0 0
Faecal culture 1 1 0
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Discussion

This outbreak was unique in its scale, with 8500 persons
experiencing GE almost simultaneously. The largest GI
outbreak in which articular symptoms were reported
involved 2300 cases caused by Escherichia coli
O157:H7 and Campylobacter in Walkerton, Canada, in
2000 (5). One year after the outbreak, 7% of participants
self-reported a new arthritis diagnosis. Much of the vari-
ation in estimates of the frequency of ReA stems from
inconsistencies in case definitions and study methods (7).
In our study the diagnosis of ReA was made by a rheuma-
tologist and the case definition was strict. Many arthrito-
genic pathogens were found in the sewage-contaminated
water, but only 21 (0.2%) cases of true ReA were found.

The recruitment time for the study was long to find all
the cases of ReA. Some patients with prolonged joint
symptoms were sent to a rheumatologist as late as 5 to
6 months after the outbreak. It is likely that patients with
moderate to severe ReA were referred to our study since
all new cases of arthritis are referred to TAUH in normal
situations as well. Because of the absence of active case
identification, we were unable to calculate the exact inci-
dence of ReA or to definitely compare the incidence rates
between those with or without GE during the outbreak.

The long interval between the outbreak and the rheu-
matological examination has doubtlessly affected the
findings concerning triggering infections. Serological
tests were performed in some patients several months
after the outbreak. If patients had been referred earlier,
more cultures might have been positive. Yersinia was
cultured neither from the water system nor from
patients’ faecal samples and it is possible that the posi-
tive Yersinia antibody findings were not related to the
outbreak at all. Campylobacters were evidently the most
common bacterial pathogens (6). The occurrence of
Campylobacter ReA varies considerably in different
reports. In a cohort of 609 faecal Campylobacter-posi-
tive patients, 7% had ReA, and 1% had tendinitis, enthe-
sitis, or bursitis (8). In a questionnaire study of patients
with Campylobacter jejuni enteritis, musculoskeletal
symptoms were common (39%) but mostly mild, and
only 13% visited a physician. The occurrence of ReA in
that study was 4% (9).

Some cases of ReA related to Giardia lamblia have
been published (10), but in our study the significance of
the Giardia findings remains unresolved. The water
samples were positive for noro-, astro-, rota-, entero-,
and adenoviruses. Noroviruses were found in 89/294
(30%) of the faecal samples from GE patients and also
astro-, adeno-, rota-, and enteroviruses were detected
during this outbreak (11, 12). Our patients’ stool sam-
ples were not examined for viruses. It is probable that
many patients experienced a mixed infection with seve-
ral pathogens, the most prevalent being Campylobacters
and a variety of viruses.

Several studies have confirmed the association of ReA
with HLA-B27, but the risk of developing post-enteric

ReA seems to depend on the organism involved (13).
HLA-B27 does not seem to predispose to ReA itself, but
increases the risk of a more severe and prolonged arthri-
tis. In a population-based study of Campylobacter-trig-
gered ReA, no association with HLA-B27 was seen (8).
Our findings are identical. The most severe case of ReA
had a mixed infection with Salmonella and Campylo-
bacter. In her case, HLA-B27 positivity and the persi-
stent Salmonella infection probably determined the poor
prognosis of the condition.

In our study, 15 of the 21 patients with ReA were
women (71%), which correspond to previous reports
concerning enteropathogenic infections (14, 15). ReA
occurred in the latter study only in adults, the median
age of patients being 60 years (15).

In conclusion, even though a large population was
exposed to potentially arthritogenic agents, the number
of true ReA cases was very low. The age of the patients
was higher than that commonly regarded as typical for
ReA. The condition was generally mild.
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Abstract The purpose of the study was to assess the 1-year
outcome of definitive reactive arthritis (ReA) after a water-
borne outbreak. A cohort of 21 patients (15 females and 6
males, median age 54 years) with ReA related to an extensive
waterborne outbreak in Finland was clinically followed-up by
rheumatologists with visits at baseline, at 1 month and 3, 6 and
12 months. Although the outcome was in general favourable,
1/3 of the patients had chronic course; 7 (33 %) of the 21
patients needed disease-modifying anti-rheumatic drugs
(DMARDs) and even 8 (38 %) of them used glucocorticoids
at 12 months. Four (19 %) were using non-steroidal anti-
inflammatory drugs and nine (43 %) other analgesics. Many
patients had articular pain and impaired physical function still
at 12 months, even though inflammatory parameters and the
number of swollen joints were low. Only one patient (5 %)
was human leucocyte antigen-B27-positive. She had the most
severe ReA and also additional infectious arthritis caused by
Salmonella serotype enteritidis leading to osteonecrosis of her

hip joint with subsequent need for arthroplasty. ReA as ob-
served in our study was overall fairly mild, but in many
individuals, postinfectious arthralgia and DMARD use con-
tinued at least up to 1 year.

Keywords Follow-up . Gastroenteritis . Outbreak .

Reactive Arthritis

Introduction

A large gastroenteritis outbreak due to sewage contamination
of the water supply system took place in the town of Nokia in
Pirkanmaa, Finland in November 2007 [1]. An estimated
8,453 out of the 30,016 inhabitants of Nokia fell ill. Cam-
pylobacter, Salmonella, Clostridium difficile, norovirus, rota-
virus and Giardia lamblia were both found in the water
system and cultured in patients’ stool samples. Joint symp-
toms and reactive arthritis (ReA) were expected to occur in
relation to the outbreak, especially since 148 faecal cultures
were positive for Campylobacter in the 539 patients tested
(Nov 28 to Dec 31 2007). Also, 14 Salmonella cultures were
positive among the 689 patients tested [1].

We have previously characterised a cohort of patients
with ReA related to the waterborne outbreak in question
[2]. Forty-five patients were referred for rheumatological
examination at Tampere University Hospital, 21 fulfilling
the definition of ReA. All ReA patients had experienced
symptomatic gastroenteritis before their joint symptoms
appeared a median 16 days (range 2–46) after their first
gastrointestinal symptoms. The median interval between
the first joint symptoms and the rheumatological examina-
tion was 41 days (range 8–136) [2]. This report reveals
prospectively the 1-year outcome of ReA by means of
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structurally recorded clinical evaluations and strictly con-
trolled treatment.

Materials and methods

The characteristics of the cohort are presented in Uotila et al.
[2]. In short, the cohort of this study consisted of 21 ReA
patients (15 females, 6 males) with a median age of 54
(range 30–77). Reactive arthritis was diagnosed if the
patient had synovitis (swollen and tender joints) or tendini-
tis, enthesopathy or bursitis or probable sacroiliitis, and the
symptoms had started within 2 months of the gastroenteritis
outbreak [2]. In this study, patients with ReAwere followed-
up for 1 year with visits at baseline and at 1 month, 3, 6 and
12 months. Two specialists (TU and MK) in the Centre for
Rheumatic Diseases at Tampere University Hospital
implemented the clinical rheumatological examinations,
including a structured physical examination focused on
evaluation of spondyloarthritides.

Patient’s and physician’s global assessment of disease
activity (0–100 mm visual analogue scale, VAS), articular
pain (0–100 mm VAS), number of swollen and tender joints,
tendinitis, enthesopathy, dactylitis, urethritis, skin or eye
conditions and functional capacity as elicited by Health
Assessment Questionnaire (HAQ), Bath Ankylosing Spon-
dylitis Disease Activity Index (0–100 mm) and Bath Anky-
losing Spondylitis Functional Index (0–100 mm) were
recorded. At baseline, human leucocyte antigen (HLA)-
B27, anti-citrullinated peptide antibodies (ACPA) and rheu-
matoid factor (Rf) were also measured [2]. Erythrocyte
sedimentation rate (ESR) and serum C-reactive protein
(CRP) were measured at each visit, as well as blood count,
liver enzymes and kidney function and joint aspiration and
examination when clinically needed. The mean and standard
deviation was calculated for continuous variables, and the
median number with range was reported for tender and
swollen joints. Due to the low number of subjects in the
study, further quantitative analysis was not undertaken.

The clinical follow-up in our study was strict and struc-
tured. One patient was so symptomless after two visits that
he declined further visits, but his continuing good condition
at 12 months was confirmed by email contact and his
information is included only concerning medication. Anoth-
er patient missed the visits at 3 and 6 months but attended at
12 months. A third patient did not come to clinical visit at
12 months but answered the patient questionnaires by mail.

Radiographic examinations performed at baseline and at
12 months included radiographs of chest, hands, feet and
sacroiliac joints. Only if clinically indicated, other joints
and/or spine were examined. Upon strong clinical suspicion
of sacroiliitis, magnetic resonance imaging (MRI) of the
sacroiliac joints and in three cases also sacrolumbal MRI

were also performed. All radiological images were evaluat-
ed by an experienced radiologist (AP), blinded to the pa-
tients’ clinical data. Evaluations were made with an
Advantage Windows 4.3 workstation (General Electric
Medical System, Paris).

Our treatment strategy for ReAwas to use primarily non-
steroidal anti-inflammatory drugs (NSAIDs) or other anal-
getics and intra-articular glucocorticoid injections. In resis-
tant cases oral glucocorticoids and disease-modifying anti-
rheumatic drugs (DMARDs) were also used. If the arthritis
persisted, DMARDs were initiated according to clinician’s
decision in purpose to achieve remission, mainly as
monotherapy. Allergies or side effects of medication also
influenced treatment. When remission was achieved, pred-
nisolone was tapered off first, thereafter DMARDs were
reduced if remission was sustained. Long-term antibiotics
were not prescribed for ReA, but four patients received a
short course of antibiotics, lasting for about a week.

Ethical consideration

This study has been approved by the Ethics Committee of
Tampere University Hospital.

Results

The median age of the 21 patients with ReA was 54 years
(range 30–77); 15 of them were female (71 %) and 6 male.
The median duration of gastrointestinal symptoms was
9 days (range from one day to over 90 days).

At the first rheumatological examination (baseline), the
median number of tender joints was 5 (range 1–20) and that
of swollen joints 2 (range 0–14). Signs of tendinitis were
noted in five patients, dactylitis in one and conjunctivitis in
two patients, whereas symptomatic urethritis was not pres-
ent. Two cases of previous skin condition were seen (nail
psoriasis and palmoplantar pustulosis). Fifteen patients were
examined and treated as outpatients only, and five as
inpatients for a few days at baseline due to arthritic prob-
lems, and one patient was hospitalised several times during
the follow-up.

During follow-up, the median number of swollen joints
was 0 (range 0–6) at 1 month, 0 (0–5) at 3 months, 0 (0–4) at
6 months and 0 (0–2) at 12 months, and the median number
of tender joints 4 (range 0–10) at 1 month, 2 (0–12) at
3 months, 1 (0–14) at 6 months and 2 (0–11) at 12 months
(Table 1).

However, patients experienced a substantial amount of
pain, the mean articular pain VAS being 76, 49, 58, 52 and
50 mm at 0, 1, 3, 6 and 12 months, respectively, even though
the inflammatory parameters were low. Also patients’ global
assessment and the HAQ score remained relatively high
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throughout the follow-up. Concomitant multiple arthrosis
and/or spondylarthrosis was observed in 12 and fibromyal-
gia in two of the 21 patients. At 12 months, the mean HAQ
score was 0.73 in these 14 patients, compared with the mean
HAQ score of 0.59 in the rest of the patients (NS, p=0.58).
Laboratory parameters reflecting inflammation were fairly
stable during the follow-up.

All patients received either NSAIDs (n=15) or other
analgesics (n=6) at the first visit. At the 12-month visit,
four patients (19 %) were still using NSAIDs and nine
(43 %) other analgesics. Two patients’ ReA symptoms were
treated with oral glucocorticoids and an additional two with
DMARDs even before the baseline visit, but the medication
was started at the first or control visit in most cases. In some
cases, medication was changed owing to side effects. The
arthritis was mild in most of the cases, but at 12 months,
seven of 21 patients (33 %) still used DMARDs. All patients
received intra-articular glucocorticoid injections at some
point in the follow-up, most of them before (n=2) or at
baseline (n=13) (Table 2). At 12 months, four of 21 patients
(19 %) were symptomless using no medication at all.

Chest radiographs showed no signs of active infections or
tumours. No findings showing arthritis-like erosions were
seen in radiographs of hands, feet or sacroiliac joints.
At baseline, sacroiliitis was clinically suspected in seven
patients and these and an additional two patients with
persisting low back pain were imaged with MRI during
the follow-up. All nine evinced no signs of acute or chronic
sacroiliitis. Three sacrolumbal MRIs were also performed
without signs of inflammation. In four patients, a hip joint
radiograph was taken, only one patient having arthritic
findings.

The patient with this hip joint arthritis was a 56-year-old
woman, admitted 17 days after the onset of the outbreak in
December 2007 with diarrhoea, fever and polyarthritis and
intensive thoracolumbar and joint pain. On admission,
serum CRP was 313 mg/l, ESR 108 mm/h and Campylo-
bacter IgM-class antibodies were clearly positive as well as
HLA-B27 antigen was positive. Several intra-articular glu-
cocorticoid injections were given and oral prednisolone
started along with sulphasalazine and hydroxychloroquine.
Salmonella enterica serotype enteritidis was cultured from

Table 1 Clinical characteristics and inflammatory parameters of patients with reactive arthritis (n=21), 1 year follow-up

Baseline
(n=21)

1 mo
(n=21)

3 mo
(n=19)

6 mo
(n=19)

12 months
(n=19)

Number of swollen joints, median (range) 2 (0–14) 0 (0–6) 0 (0–5) 0 (0–4) 0 (0–2)

Number of tender joints, median (range) 5 (1–20) 4 (0–10) 2 (0–12) 1 (0–14) 2 (0–11)

Patient’s global assessment (VAS 0–100 mm), mean (SD) 72 (27) 51 (29) 52 (27) 55 (34) 45 (32)a

Physician’s global assessment (VAS 0–100 mm), mean (SD) 23 (21) 10 (11) 14 (17) 11 (11) 10 (9)

Articular pain (VAS 0–100 mm), mean (SD) 76 (28) 49 (30) 58 (29) 52 (35) 50 (33)a

Physical function (HAQ 0–3), mean (SD) 0.88 (0.8) 0.72 (0.8) 0.75 (0.6) 0.78 (0.7) 0.72 (0.7)a

BASDAI (0–100 mm), mean (SD) 59 (28) 42 (29) 46 (27) 44 (30) 42 (28)a

BASFI (0–100 mm), mean (SD) 42 (32) 32 (29) 36 (28) 35 (31) 36 (31)a

ESR (mm/h), mean (SD) 23 (28) 10 (7) 11 (9) 8 (6) 9 (5)

CRP (mg/l), mean (SD) 27.8 (71) 4.9(8.1) 4.5 (5.1) 3.2 (2.3) 3.1 (2.4)

BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, ESR erythrocyte sedimen-
tation rate, CRP serum C-reactive protein, HAQ Health Assessment Questionnaire, SD standard deviation, VAS visual analogue scale
a n=20

Table 2 Medication in patients
with reactive arthritis (n=21),
1 year follow-up. Number of
patients (%)

NSAID non-steroidal anti-in-
flammatory drug, DMARD dis-
ease-modifying anti-rheumatic
drug

Medication Baseline
(n=21)

1 month
(n=21)

3 month
(n=20)

6 month
(n=20)

12 month
(n=21)

NSAID 16 (76) 10 (48) 8 (40) 6 (30) 4 (19)

Other analgetics 5 (24) 10 (48) 11 (55) 9 (45) 9 (43)

Intra-articular glucocorticoid 15 (71) 8 (38) 8 (40) 6 (30) 5 (24)

Prednisolone 2 (10) 7 (33) 6 (30) 8 (40) 8 (38)

Any DMARD 2 (10) 5 (24) 6 (30) 8 (40) 7 (33)

Sulphasalazine 1 (5) 5 (24) 5 (25) 5 (25) 6 (28)

Hydroxychloroquine 1 (5) 2 (10) 3 (16) 5 (25) 5 (24)

Methotrexate 0 (0) 1 (5) 1 (5) 2 (10) 1 (5)
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her stools and an intravenous course of ceftriaxone was
given. Later, as the arthritis continued to be aggressive,
one 10-mg dose of oral methotrexate was given, but at the
end of January 2008, she developed fever and Salmonella
was detected in blood culture. Salmonella faecal culture was
continuously positive, and stool carriage persisted in spite of
renewed ceftriaxone and ciprofloxacin treatments, and in
May 2008, S. enterica serotype enteritidis was cultured
from the hip aspirate. This infectious arthritis resulted in
progressive joint destruction and osteonecrosis, and in
December 2008, hip arthroplasty was performed, with
favourable recovery. At the 12-month visit, she was still
taking prednisolone, sulphasalazine, hydroxychloroquine
and analgetics.

One 35 year-old-female with mild tendinitis-type ReA
with negative Rf and positive ACPA had symptoms of
gastroenteritis for 9 days, but later suffered from persistent
anaemia. Colonoscopy, performed in July 2008, revealed
chronic colitis, later specified as Crohn’s disease.

Discussion

This is the first study in which a cohort of patients with a
waterborne ReA was followed prospectively and systemat-
ically. Compliance with follow-up was high since almost
every patient completed all control visits. Our main finding
was that the majority of the ReA patients had a limited
number of swollen joints, but that many had prolonged
arthralgia in small and/or large joints. Only one of the 21
patients was positive for HLA-B27. She also had the poorest
outcome. MRIs showed no inflammation in sacroiliac joints
even though patients had persisting back pain. The mean
age of the nine patients in question was 58 years (median 54,
range 48–77) and they also had degenerative lumbal spine
contributing to the back pain.

Our strategy for ReA was to treat initially with NSAIDs
or/and intra-articular glucocorticoid injections, which is the
prevailing policy [3]. If the ReA remained active, oral gluco-
corticoids and DMARDs were also used. At the moment,
there are no generally accepted guidelines on use of DMARDs
in ReA. In our study, sulphasalazine was the first-line
DMARD, since it is the best documented DMARD in
the treatment of ReA [4–6]. In addition, we used hydro-
xychloroquine and methotrexate. The more active the ReA,
the more vigorous treatment is needed. Data are lacking as to
whether early treatment with DMARDs can prevent chronic
arthritis. Is there “a window of opportunity” in the treatment of
ReA as is the case in rheumatoid arthritis? Our study provides
no answer to this question.

The status of long-term antibiotic therapy in the treatment
of ReA remains controversial. In a study of the effect of a
3-month-course of ciprofloxacin on the outcome of ReA, no

significant difference was observed as compared to placebo,
since at 12 months, 50–60 % of patients were in complete
remission in both groups [7]. In a subsequent follow-up
study, more patients in the original placebo group than in
the ciprofloxacin group had developed chronic rheumatic
disease [8]. In another 10-year-follow-up study of ReA
treated with lymecycline or placebo, chronic arthritis was
observed in 12 %. All 17 patients in the study were HLA-
B27-positive [9]. With no hard evidence or general consen-
sus as to the use of antibiotics in ReA, we did not use long-
term antibiotic therapy.

In resistant cases of ReA, anti-TNF therapy has been used,
but its effect on bacterial persistence in the joints is still
controversial [10]. Concern about the possible persistence of
the microbe especially in chronic Chlamydia-induced ReA
has been raised [3]. Our patient with the most severe arthritis
showed Salmonella persistence and developed bacterial ar-
thritis in her hip joint in spite of multiple targeted antibiotic
treatments. Persistence of infective bacteria is thus a matter of
concern in enteroarthritis patients as well.

Earlier clinical studies regarding the long-term prognosis
of enteroarthritis are summarised in Table 3. The study
populations and evaluation of outcome of ReA have varied
considerably. Typically, follow-up studies have been made
on cohorts triggered by certain bacteria like Shigella [11],
Yersinia [12, 13], Campylobacter jejuni [14] and Salmonella
[15, 16], whereas cohorts triggered by Chlamydia and var-
ious enterobacteria infections [8, 9, 17] have been included
in some studies.

The evaluation of outcome of ReA has been performed
prospectively including physical examination in some stud-
ies [8, 9, 17] like in ours. However, in many studies, the
diagnosis or outcome of ReA has been assessed cross-
sectionally years after the outbreak based on telephone, mail
or questionnaire screening [18], completed by checking
medical records or by physical examination [11, 14, 16].
Also, hospital-based Salmonella ReA cohort has been eval-
uated by physical examination after 11 years [15]. Classical
follow-up study in this research area was published by
Sairanen el al. [11] with 100 cases of Shigella induced
Reiter’s syndrome, examined clinically and by radiographs
20 years after the outbreak. The strength of our study was
structurally conducted clinical follow-up by rheumatolo-
gists, tight disease control and targeted treatment. However,
the follow-up time in our study (1 year) was much shorter
than that of these previous reports (range 2–20 years;
Table 3).

A shorter evaluation of ReA is a study of culture-confirmed
(Campylobacter, E. coli 0157, Salmonella, Shigella and
Yersinia) infections from the USA [19]. In that study, 575
out of 4,468 subjects (13 %) self-reported having new rheu-
matological symptoms lasting three or more days after enter-
itis onset. In the same study, ReA was confirmed by a
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rheumatologist in 54 of the 82 patients clinically examined
(66 %). According to a follow-up questionnaire at 6 months,
23 of the 34 responding subjects (68 %) still had persistent
joint symptoms [19]. In our primary study, the occurrence of
ReA was lower (21 patients in the estimated population of
8,453 inhabitants) [2], but consistent with Townes et al. [19],
the persistence of subjective symptoms remained also at re-
markably high level and stable during our follow-up.

In addition to our study, there is only one previous
population based study focusing on a large waterborne
gastroenteritis outbreak with multi-pathogenic triggering
microbes [18]. After a large bacterial water outbreak in
Walkerton Canada, the arthritis risk was studied after a
mean follow-up of 4.5 years. Persons with a history of
arthritis prior to the outbreak were excluded as well as
individuals younger than 18 years of age. The reported
annual rate of new arthritis diagnoses relied on patients’
self-reported diagnosis of arthritis and its prescription
medication. The annual rate was 7.0 % after 1 year and
4.2, 3.2 and 3.5 % as observed 2, 3 and 4 years after the
outbreak, respectively. The authors concluded that acute
bacterial gastroenteritis was associated with a higher risk
of arthritic symptoms, but not with need for arthritic
medications, up to 4 years afterwards [18].

Considering the differences in study populations or
cohorts and methodological variations in examinations
and definitions, the variability in the occurrence of
chronic arthritis in ReA cohorts is high, ranging from
2 to 41 % after 2–20 years of follow-up (Table 3). In
our study, at 1 year, 8 of 21 ReA patients (38 %) still
needed low-dose prednisolone and/or DMARD therapy,
although they were in remission or only mildly active.
This indicates chronicity of the disease and need for
further follow-up.

The well-known finding in the ReA cohorts is the high
proportion of HLA-B27 antigen, ranging from 73 to 100 %
in most studies [8, 9, 12, 13, 15, 17] (Table 3). HLA-B27
was positive in only 22 % in an outbreak based cohort by
Thomson et al. [16] and even 5 % (1 of 21 patients) in our
study [2]. Interestingly, in a population-based cohort de-
scribed by Townes et al. [19], the proportion of HLA-B27
positivity was also low (12 %).

Acute joint symptoms after the Pirkanmaa 2007 outbreak
have also been investigated by means of a controlled,
population-based questionnaire study [20]. Eight weeks
after the outbreak, 13.9 % of respondents in the contaminat-
ed part of the town reported having some kind of new joint
symptoms and 6.7 % arthritis-like symptoms [20]. A

Table 3 Clinical studies on the long-term prognosis of reactive enteroarthritis

Citation N Bacteria Follow-up
(years)

Chronic arthritis
(%)

HLA-B27
positivity (%)

Mode of study

Sairanen et al. 1969 [11] 100 Shigella 20 18 NA Outbreak based cohort

Leirisalo-Repo et al. 1988 [12] 85 Yersinia 10 2 89 Cohort study

Bremell et al. 1991 [14] 86 Campylobacter 5.5 3 NAa Outbreak based cohort

Herrlinger et al. 1992 [13] 22 Yersinia 10 9 73 Cohort study

Glennås et al. 1994 [17] 27 Enterobacteriae 2 4 74 Cohort study

Thomson et al. 1995 [16] 27 Salmonella 5 30 22 Outbreak based cohort

Leirisalo-Repo et al. 1997 [15] 50 Salmonella 11 16 88 Hospital based cohort
study

Laasila et al. 2003 [9] 17 3 Chlamydia 10 12 100 Antibiotic study, cohort
5 Yersinia

2 Campylobacter

2 preceding urethritis

4 preceding enteritis

1 no symptoms

Yli-Kerttula et al. 2003 [8] 53 Salmonellab 4–7 41 85 Antibiotic study, cohort
Yersinia

Campylobacter

Undefined

Uroarthritis

AS Ankylosing spondylitis, EHEC Enterotoxigenic E. coli, GI gastrointestinal, HLA-B27+ HLA-B27 antigen-positive, N number of patients in the
study, NA not analysed
a Only analysed and positive in one of 5 of chronic/relapsing patients
b In the primary antibiotic study N=71 with 22 Salmonella, 29 Yersinia, 12 Campylobacter, 1 Clostridium difficile, 5 undefined and 11 uroarthritis
patients
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subsequent questionnaire study will provide information as
to the persistence of these symptoms.

Our present study has the strength of being structurally
recorded, clinical and prospective in nature, even though the
number of patients referred for rheumatological examination
was relatively small. We believe that most patients with
prolonged joint symptoms were evaluated by rheumatolo-
gist, since general practitioners and healthcare physicians
were advised to refer all new patients with swollen joints or
sacroiliitis-like symptoms to us [2]. Our study describes the
1-year outcome of the most seriously affected patients after
an exceptionally large multi-pathogen waterborne outbreak.
The major shortcoming of our study is the low number of
patients and the shortness of follow-up. The reviewed pre-
vious studies on the long-term prognosis of enteroarthritis
have been longer in duration than this present study. Nev-
ertheless, similarly to them, a considerable proportion of our
ReA patients had a chronic course.

In spite of low serum CRP and low number of swollen
joints, many patients in our study still had considerable pain
and impaired physical function at 12 months. This may reflect
the concomitant multiple arthrosis and/or spondylarthrosis or
fibromyalgia observed in many patients. Our patients were
older than those generally regarded as typical for ReA. Nev-
ertheless, in another cohort of enteroarthritis patients, the
median age of the patients was as high as 60 years [21].
Two of our patients in the follow-up study suffered from
psoriasis, which can play a part in the poorer outcome of
recent-onset spondyloarthritis [22]. The reactive arthritis
observed in our study was fairly mild and was treated with
symptomatic and/or non-aggressive anti-rheumatic medica-
tions. The 1-year outcome was overall favourable, but chronic
in a substantial number of affected patients.
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Original article

Joint symptoms after a large waterborne
gastroenteritis outbreak—a controlled,
population-based questionnaire study
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Eila Kujansuu4, Jukka Lumio1,3, Elisa Huovinen2, Jukka Mustonen1,3,
Petri Ruutu2, Mikko J. Virtanen2, Markku Kuusi2 and
the Pirkanmaa Waterborne Outbreak Study Group*

Abstract

Objectives. Waterborne outbreaks offer an opportunity to study joint symptoms after a simultaneous

exposure. In November 2007, a gastroenteritis outbreak due to faecal contamination of tap water took

place in a Finnish town. The purpose of this study was to evaluate the occurrence of joint symptoms after

the outbreak.

Methods. The authors conducted a controlled, population-based questionnaire survey to study the oc-

currence of joint symptoms within 8 weeks after the exposure. The survey covered three areas: contami-

nated and uncontaminated parts of the town and a control town. A total of 1000 residents were randomly

selected from each area, and the joint symptoms were first analysed separately and thereafter categorized

as arthritis-like if joint swelling, redness, warmth or pain in movement was reported.

Results. A total of 2123 responses could be evaluated. The overall prevalence of joint symptoms was 13.9%

in the contaminated group, 4.3% in the uncontaminated group and 1.5% among the control group, and the

frequency of arthritis-like symptoms in the groups was 6.7, 2.1 and 0.5%, respectively. Gastrointestinal symp-

toms predicted joint complaints, diarrhoea and blood in faeces being the most significant. Residing in the

contaminated area was associated with any joint symptom [odds ratio (OR) = 4.0, 95% CI 1.8, 9.0] and

joint pain (OR = 7.3, 95% CI 2.1, 24.8) without preceding gastroenteritis.

Conclusion. The frequency of joint symptoms was high in the contaminated group and also increased in

the uncontaminated group. Furthermore, the risk of joint symptoms was increased in the contaminated

group even without gastroenteritis.

Key words: waterborne, outbreak, reactive arthritis, joint symptoms, epidemiology.

Introduction

ReA has long been recognized as a consequence of acute

bacterial gastroenteritis [1]. Among the gastrointestinal

pathogens, Salmonella, Shigella, Campylobacter and

Yersinia are common aetiologies of gastroenteritis pre-

ceding ReA [2]. Of these, Campylobacter has become

most prevalent in northern Europe during recent decades

[3]. In a Finnish population-based study, the annual inci-

dence of Campylobacter-induced ReA was 4.3 per

100 000 [4]. According to the same study, 7% of those

infected with Campylobacter developed ReA.
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A number of studies have examined ReA after food- or

waterborne, single-source outbreaks. According to these

studies, ReA has developed in 1�21% of those with

gastrointestinal symptoms [5]. However, lack of precise

clinical definition makes interpretation of the results diffi-

cult [6]. The reported frequency of ReA after the out-

breaks depends on whether the findings of synovitis are

required or if milder symptoms are also taken into account

and whether the diagnosis is verified by a specialist.

Furthermore, the frequency depends on the study design,

whether the data are based on patient charts, clinical

examination or a questionnaire.

Waterborne outbreaks offer an opportunity to study the

frequency of gastroenteritis-induced joint symptoms in

relatively large cohorts exposed within a short period of

time. In a study of a waterborne outbreak caused by

Campylobacter and Escherichia coli O157:H7 in Walkerton,

Canada, 17.6% of the participants with moderate symp-

toms and 21.6% with severe symptoms of acute gastro-

enteritis reported having an arthritis diagnosed by a

doctor [7]. In a Finnish study, ReA verified by a rheuma-

tologist was observed in 2.6% within 3 months after a

waterborne Campylobacter jejuni outbreak [8].

To date, the largest waterborne epidemic in Finland

broke out in November 2007 [9]. The objective of this

study was to investigate the frequency of self-reported

new joint symptoms occurring within 8 weeks after the

exposure and to investigate the correlation between dif-

ferent gastrointestinal and joint symptoms.

Materials and methods

Setting and outbreak

Nokia (population of 30 000) is a town in southern Finland.

At the end of November 2007, �450 m3 of wastewater

plant effluent water was accidentally mixed with the

water for household use. A valve between the effluent

line and the municipal water distribution line made an

inappropriate cross-connection in the plant. This valve

had been opened during maintenance work, and by mis-

take, was left open for 2 days. The household water of

over 9500 inhabitants became heavily contaminated with

faecal microbes, causing a large outbreak of gastroenter-

itis [9]. Seven different pathogens were detected from pa-

tient specimens, six of them also from water or pipeline

samples. Although Campylobacter species were the most

common bacterial finding (n = 148) from the stool samples,

Salmonella species were also detected. In addition, noro-

virus was also a major pathogen [9, 10]. In a study on

children admitted to hospital because of this outbreak, a

high prevalence of viral pathogens and mixed infections

was found [11]. Subsequently, 65 cases of giardiasis were

diagnosed [12].

Questionnaire study

The town was divided into contaminated (population of

9538) and uncontaminated (population of 20 478) areas.

The assessment was based on microbiological findings

from different parts of the water distribution network and

technical modelling of flow directions in the network.

Residents of these areas constituted two study groups:

contaminated and uncontaminated groups. A control

group was recruited from another municipality in the same

district, and of the same size (population of 27 259) and

demographics of the population. A random sample of

1000 persons was selected from the population register for

each study group. Later on, 21 persons were shifted from

the uncontaminated to the contaminated group as the

boundaries of the areas were defined. The study groups

were matched with age and gender. All ages were in-

cluded, and only one participant per household was

allowed [9].

The study was conducted using a 10-page question-

naire mailed 8 weeks after the beginning of the outbreak.

A reminder was sent 3 weeks later if the participant

had not responded to the first mailing. The participants

were asked about the onset and the spectrum of gastro-

intestinal symptoms between 28 November 2007 and

20 January 2008 (within 8 weeks after water contamin-

ation). Gastroenteritis was defined as vomiting and/or diar-

rhoea (three or more loose stools per day), and the usual

daily amount (glasses per day) of tap water consumption

for drinking before the outbreak was inquired.

The participants were asked about new symptoms

occurring between 28 November 2007 and 20 January

2008, such as joint pain, joint pain in movement, joint

swelling, redness or warmth and back pain at rest. After

analysing each joint symptom separately, two symptom

groups were created: (i) any of the above joint symptoms;

and (ii) arthritis-like symptoms if pain in joint movement,

joint swelling, redness or warmth was present.

Statistical methods

The data were divided into three groups as described ear-

lier. The crude differences between the symptom occur-

rences were tested using Fisher’s exact test. Univariate

logistic regression was employed for all other analyses,

with the occurrence of arthritis-like symptoms as a re-

sponse and gastrointestinal symptoms, fever or water use

as a covariate. The analyses were performed separately in

groups. In addition, the groups were compared among

those reporting any gastric symptoms. The results were

reported as percentages or odds ratio (OR) with 95% CI.

Calculations were performed using the R System version

2.10.1 [13].

Ethical considerations

According to Finnish legislation, immediate outbreak in-

vestigations such as the present study can be performed

without approval from an ethics committee to ensure

prompt measures. The Ministry of Social Affairs and

Health was consulted about this interpretation of commu-

nicable disease law.

Results

A total of 2154 questionnaire forms were received. Thirty-

one forms were excluded from the analysis because
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of insufficient content or unidentifiable responder, leaving

2123 responses for the analysis, with an overall response

rate of 71%. The rates were 79% (808/1021), 73% (717/979)

and 60% (598/1000) for the contaminated, uncontamin-

ated and control groups, respectively. The background

characteristics of the three study groups have been pre-

sented previously [9]. The gastroenteritis attack rate was

53.0% in the contaminated group, 15.6% in the uncon-

taminated group and 6.5% in the control group.

The frequencies of joint symptoms in the study group

are presented in Table 1. The frequency of any joint symp-

tom was over 9-fold higher among the contaminated

group when compared with the control group (13.9 vs

1.5%, P< 0.001), and the frequency was higher among

the uncontaminated group as well (4.3 vs 1.5%,

P = 0.003). Also, the frequency of arthritis-like symptoms

was significantly higher in the contaminated group (6.7 vs

0.5%, P< 0.001) and the uncontaminated group (2.1 vs

0.5%, P = 0.016) when compared with the control group.

The participants in the contaminated group had an OR of

9.7 (95% CI 5.1, 18.5) for any joint symptom, 12.5 (95% CI

5.1, 30.4) for joint pain, 11.2 (95% CI 4.1, 30.2) for

arthritis-like symptoms and 8.1 (95% CI 2.9, 22.2) for

back pain at rest when compared with the control

group. In the uncontaminated group, ORs, in comparison

with the control group, were 2.7 (95% CI 1.3, 5.5) for any

joint symptom, 3.0 (95% CI 1.1, 7.9) for joint pain,

3.3 (95% CI 1.1, 9.7) for arthritis-like symptoms and

2.2 (95% CI 0.7, 6.9) for back pain at rest. The frequency

of any joint symptom was 7.1% and that of arthritis-like

symptoms was 3.9% among the participants <15 years of

age in the contaminated group, while in the uncontamin-

ated group frequencies were 0.8 and 0.0%, respectively.

The predictive impact of the different gastrointestinal

symptoms is presented in Table 2. All the gastrointestinal

symptoms and fever predicted joint symptoms both in the

contaminated and uncontaminated groups. Among those

who experienced gastroenteritis, the OR for any joint

symptom was 4.8 (95% CI 2.9, 7.9) in the contaminated

area and 9.3 (95% CI 4.5, 19.4) in the uncontaminated

area, when compared with those without gastroenteritis

in the same study group. In this comparison, the OR in the

uncontaminated group was consistently higher than that

in the contaminated group. Among those without gastro-

intestinal symptoms, the OR for any joint symptom was

significantly increased (4.0, 95% CI 1.8, 9.0) in the con-

taminated group, but not in the uncontaminated group

(1.5, 95% CI 0.6, 3.6), when compared with the control

group (Table 3).

Among the participants in the contaminated group, a

large volume of tap water consumed daily increased the

probability of developing joint symptoms (Table 4). Those

drinking more than six glasses per day had a significantly

higher risk for all joint symptom categories when com-

pared with those consuming fewer than three glasses.

Consuming three to six glasses per day was not corre-

lated with the risk of joint symptoms, except for back pain

at rest.

Discussion

According to this population-based, controlled question-

naire study, the frequency of new joint symptoms was

high in the affected town within 8 weeks from exposure.

The authors observed a nine times higher prevalence of

any joint symptoms in the contaminated group than in the

control group. For arthritis-like symptoms and back pain

at rest, the excess prevalence was even greater. These

findings demonstrate that a waterborne outbreak can be a

major cause of joint complaints.

The present study demonstrated a high prevalence of

excess joint symptoms within the usual time span of ReA

manifestation [5]. The frequency of joint symptoms in this

survey was comparable with that observed (13%) after

bacterial gastroenteritis with mixed aetiologies in a pro-

spective US survey [14] and Campylobacter infection

(16%) found in a Danish study [15]. However, these sur-

veys included only culture-confirmed cases and were not

limited to a single outbreak. In the present study, a highly

representative sample of the population was studied. The

frequency of joint symptoms in this study was lower than

that of self-reported arthritis after the Walkerton outbreak

TABLE 1 Frequency of self-reported new symptoms [n (%)] from 28 November 2007 to 20 January 2008 in

the three study groups

Joint symptom

Contaminated group (n = 808) Uncontaminated group (n = 717)
Control
group

(n = 598)
n (%) P-value n (%) P-value n (%)

Any joint symptom 112 (13.9) <0.001 31 (4.3) 0.003 9 (1.5)

Joint pain 74 (9.2) <0.001 17 (2.4) 0.015 4 (0.7)
Arthritis-like symptoms 54 (6.7) <0.001 15 (2.1) 0.016 3 (0.5)

Pain in movement 48 (5.9) <0.001 12 (1.7) 0.027 2 (0.3)

Joint swelling 13 (1.6) 0.032 3 (0.4) 1.000 2 (0.3)
Joint redness or warmth 7 (0.9) 0.023 1 (0.1) 1.000 0 (0.0)

Back pain at rest 39 (4.8) 40.001 10 (1.4) 0.160 3 (0.5)

P-value for the difference against the control group.
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(17.9%) [7]. However, the follow-up time in that study was

4.5 years, while in the present study it was 8 weeks. The

authors included all age groups in this survey, in contrast

to the Walkerton study, which excluded subjects <18

years of age. ReA is considered to be uncommon

among children [16], and in this study also, the frequency

of joint complaints was lower among participants <15

years of age.

In a previous study of this outbreak, the authors

observed a significant excess of gastroenteritis in the un-

contaminated area [9]. In this study also, the prevalence of

joint symptoms was significantly higher in the uncontam-

inated group compared with the control group. Visiting the

contaminated area from the uncontaminated part of the

town may have caused exposure to contaminated water.

The control group was recruited from a municipality

35 km from Nokia, in a location that makes exposure to

contaminated water or mixing with the town’s population

unlikely.

Any gastrointestinal symptom during the outbreak

increased the odds of experiencing joint symptoms.

Among the specific symptoms, diarrhoea and blood in

faeces were most clearly associated with any joint symp-

toms and arthritis-like symptoms. The pronounced role of

diarrhoea seems plausible, because it is the major symp-

tom of bacterial gastroenteritis. However, many of those

who fell ill were likely to have been infected with several

pathogens.

Apart from joint symptoms developing after gastrointes-

tinal disease, the findings suggest that residents in the

contaminated area commonly experienced asymptomatic

infections that triggered joint symptoms. This is supported

by the stronger association between gastrointestinal

symptoms and subsequent joint symptoms in the uncon-

taminated area than in the contaminated area. In that ana-

lysis, participants with possible asymptomatic infection

were considered as unaffected, thus weakening the cor-

relation between gastrointestinal and joint symptoms in

the contaminated area. In the study of joint manifestations

after the Walkerton outbreak, those exposed to contami-

nated water without subsequent gastrointestinal symp-

toms reported nearly as high a frequency of arthritis as

those with symptomatic gastroenteritis [7].

The dose correlation between the quantity of water in-

gested and the risk of gastroenteritis has been shown in

several outbreak investigations [17�20]. The authors of

this study observed no dose response between moderate

daily consumption of tap water and the risk of having joint

illnesses. The lack of association may be caused by the

fact that tap water is so commonly used in Finland that

comparison with non-users is not possible. Since the

household water was extensively contaminated, small

doses of water were probably adequate to cause infection

leading to either gastroenteritis or joint symptoms, or

both. However, a larger amount of water was associated

with an increased risk of joint symptoms. As there were

TABLE 2 Univariate analysis of the probability of developing joint symptoms within 8 weeks according to gastrointestinal

symptoms and fever in the contaminated and uncontaminated groups

Gastrointestinal symptom
or fever Any joint symptom Joint pain Arthritis-like symptoms Back pain at rest

Gastroenteritis
Contaminated (n = 428) 4.8 (2.9, 7.9) 4.5 (2.5, 8.2) 6.1 (2.8, 13.1) 7.3 (2.8, 19.1)

Uncontaminated (n = 112) 9.3 (4.5, 19.4) 12.3 (4.5, 33.3) 13.5 (4.6, 39.7) 3.16 (0.9, 10.7)

Vomiting

Contaminated (n = 308) 3.8 (2.5, 5.7) 3.7 (2.3, 6.2) 4.1 (2.3, 7.4) 4.8 (2.4, 9.7)
Uncontaminated (n = 75) 5.8 (2.7, 12.4) 5.8 (2.2, 15.2) 5.4 (1.9, 15.0) 4.9 (1.4, 17.0)

Diarrhoea

Contaminated (n = 377) 5.0 (3.1, 8.0) 4.5 (2.6, 7.9) 7.9 (3.7, 17.0) 7.5 (3.1, 18.2)
Uncontaminated (n = 80) 9.6 (4.6, 20.0) 11.2 (4.3, 29.2) 11.4 (4.1, 31.4) 4.6 (1.3, 15.8)

Blood in faeces

Contaminated (n = 14) 5.9 (2.1, 16.6) 7.1 (2.5, 20.6) 5.2 (1.6, 16.8) 7.4 (2.2, 24.6)

Uncontaminated (n = 3) 6.4 (0.6, 67.5) 11.5 (1.0, 134) 13.0 (1.1, 155) 20.0 (1.6, 250)
Fever

Contaminated (n = 191) 2.6 (1.7, 4.0) 2.2 (1.4, 3.7) 3.8 (2.2, 6.56) 2.8 (1.5, 5.4)

Uncontaminated (n = 40) 7.9 (3.4, 18.5) 9.3 (3.3, 26.1) 5.7 (1.8, 18.5) 6.2 (1.6, 24.2)

Participants with a specific symptom were compared with those without that symptom within the same study group.

The probability is represented as OR (95% CI).

TABLE 3 OR (95% CI) for joint symptoms among

participants without symptoms of gastroenteritis

Joint symptom
Contaminated

group
Uncontaminated

group

Any joint symptom 4.0 (1.8, 9.0) 1.5 (0.6, 3.6)

Joint pain 7.3 (2.1, 24.8) 1.7 (0.5, 6.8)
Arthritis-like symptoms 3.0 (0.9, 9.9) 1.1 (0.3, 4.1)

Back pain at rest 1.7 (0.5, 6.4) 1.6 (0.5, 5.6)

Both the study groups were compared with the control
group.
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several pathogens involved in this outbreak, the concen-

tration of some arthritogenic pathogens may have been

low in water, and larger ingested volumes might have

been required to become infected. It is also possible

that those showing joint symptoms were prone to over-

estimating their water consumption, because they might

be aware that the water was a possible reason for their

complaints.

Although in outbreak investigations, determination of

the prevalence of joint symptoms is commonly based

only on those seeking medical care, the authors of this

study used a representative random sample population-

based design with a control group. On extrapolating the

representative survey data to the whole population of the

town, it can be assumed that over 2000 people experi-

enced joint symptoms and over 1000 people suffered

from arthritis-like symptoms. In a previously published

study of this outbreak, all clinically suspected ReA cases

were referred to the local rheumatology clinic. In the study

of these cases, 45 patients were referred to a rheumatolo-

gist and 21 cases of ReA were diagnosed [21]. These ob-

servations together suggest that mild forms of joint

complaints are far more prevalent than proven cases of

ReA. In addition, they also suggest that reliance on

self-reported ReA may overestimate the real burden of

ReA after a food- or waterborne outbreak.

This study has some limitations. First, the outbreak

gained wide attention in the regional and national media.

In addition, the residents were publicly informed about the

possibility of ReA. This may have led to over-reporting of

symptoms. Furthermore, those with gastroenteritis or joint

symptoms could have responded more actively, which

may have biased the results. This bias is probably not of

great significance, because the overall response rate was

good. Secondly, the 2-month delay from exposure until

survey created an 8-week recall period, which may have

caused a limited recall bias. Thirdly, some joint symptoms

may have occurred more than 8 weeks after the outbreak,

and therefore might have been missed from this study.

However, ReA is considered to develop within 1�2

weeks of bacterial gastroenteritis [5].

In conclusion, joint symptoms and symptoms

suggestive for ReA were common in the affected town

within 8 weeks after the onset of extensive tap water

contamination with sewage effluent, and the symptoms

of gastrointestinal infection correlated with the probability

of experiencing joint symptoms. In addition, living in the

contaminated area was related to joint symptoms even

without gastrointestinal symptoms. A population-based

study design is important in studying the consequences

of major outbreaks.

Rheumatology key messages

. Self-reported joint pain, swelling, redness and back
pain were common after a waterborne gastroenter-
itis outbreak.

. Exposure to water contaminated with sewage efflu-
ent increased the risk of joint pain, even without
gastroenteritis.

. A controlled, population-based study design is im-
portant when studying the consequences of large
waterborne gastroenteritis outbreaks.
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LETTER

Joint symptoms after a faecal culture positive Campylobacter infection
associated with a waterborne gastroenteritis outbreak: a questionnaire study

T Uotila1, M Korpela1, R Vuento2, J Laine1, J Lumio1, M Kuusi3, MJ Virtanen3, J Mustonen1,4, J Antonen1; for the
Pirkanmaa Waterborne Outbreak Study Group

1Department of Internal Medicine, Tampere University Hospital, 2Centre for Laboratory Medicine, Pirkanmaa Hospital District,
Tampere, 3National Institute for Health and Welfare, Helsinki, and 4University of Tampere, Tampere, Finland

In 2007, sewage contamination of a water supply system
caused an outbreak of gastroenteritis in the town of Nokia
in Finland. Campylobacter was the most frequent patho-
gen found in faecal cultures of the patients (1). The aim of
this study was to estimate the occurrence, character, and
duration of joint symptoms by self-report questionnaire in
persons infected by Campylobacter during the water-
borne outbreak.
The faecal cultures of 539 inhabitants were examined

between 28 November and 31 December 2007 for
Campylobacter, Salmonella, Shigella, and Yersinia.
A total of 153 individuals (28%) were positive for
Campylobacter (CBþ). Two paired controls negative
for these four pathogens (CB�) were selected from the

same period (Figure 1). Other pathogens were not stu-
died systematically.

A questionnaire study was performed on average 21
months after the outbreak. Symptoms were regarded as
‘arthritis like’ if pain in joint movement, joint swelling, or
joint warmth/redness was reported, as in our previous
study (2). Information about the use of prescribed medi-
cation was obtained from the prescription register. The
final group for analysis consisted of 73 CBþ and 95 CB�
individuals, all of whom had experienced gastroenteritis
during the outbreak. The study included persons of all
ages (0–85 years); 18% of CBþ and 15% of CB� respon-
dents were younger than 16 years. At 60 months (5 years)
after the outbreak, 33 CBþ and 23 CB� respondents with

153 individuals
positive for

Campylobacter

96 responses
(63%)57 no response

19 no additional
permit recieved

2 with co-infection
with Salmonella 2 insufficient data

73 responses
for analysis

95 responses
for analysis

77 Additional
permit for data of
national in-patient

and medication
registers (80%)

539 faecal
cultures 28.11.-

31.12.2007

2 gender and age
matched controls

negative for
Campylobacter,

n = 308

166 no response142 responses
(46%)

111 Additional
permit for data of
national in-patient

and medication
registers (78%)

31 no additional
permit recieved

12 no symptomatic
gastroenteritis 4 insufficient data

Figure 1. Flowchart of the study.
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continuing joint symptoms at 21 months were inter-
viewed by telephone.
The joint symptoms of the respondents are shown in

Table 1. At 21months after the outbreak, 45% of the CBþ
respondents reported continuing joint symptoms com-
pared with 24% of the CB� respondents. Continuing
joint symptoms were reported in all ages, with the highest
proportions recorded among 31–75-year-old CBþ
respondents (52–54%). Joint symptoms among those
CBþ respondents with gastrointestinal (GI) symptoms
over 2 weeks were more prevalent (53%) than among
those with GI symptoms for less than 1 week (40%).
The severity of gastroenteritis thus seemed to be related
to joint symptoms, as reported previously (3–5).
Antibiotics were used for gastroenteritis by 48% of

CBþ respondents. Antibiotics were also used by 63%
(19/30) of the CBþ respondents who still had joint symp-
toms at 21 months and 59% (10/17) of those with joint
symptoms at 5 years. In the whole CB� group, 27% of
respondents had used antibiotics, and 26% (6/23) and
13% (1/8) of respondents with joint symptoms at 21 and
60 months, respectively, had used antibiotics. Thus, it
seems that the use of antibiotics did not shorten the dura-
tion of joint symptoms.
Hospitalization occurred because of gastroenteritis in

30% of CBþ and 20% of CB� patients. The use of pre-
scribed antibiotics, non-steroidal anti-inflammatory drugs
(NSAIDs), and other analgesics increased after the outbreak
in both groups; their use was slightly increased in 2008, and
in 2009 it returned almost to the level observed at the
beginning of 2007. The use of disease-modifying anti-
rheumatic drugs (DMARDs) and oral glucocorticoids was
rare but also somewhat increased in 2009 in both groups.
At 5 years, 17 CBþ respondents (23% of the original

group) reported continuing joint symptoms compared
with eight patients (8%) in the CB� group [odds ratio

(OR) 3.3]. Additionally, 15 respondents (21%) of the
original CBþ group had continuing GI symptoms com-
pared with four (4%) in the CB� group (OR 6.3). Most of
the joint symptoms were mild, with only four respondents
in the CBþ group using DMARDs, and they had all had a
previous inflammatory disease.

In previous studies the occurrence of probable reactive
arthritis (ReA) with Campylobacter gastroenteritis has
varied between 1% and 24% (6). The results of
population-based questionnaire studies differ greatly
from clinical cohorts. In a previous questionnaire study
on Campylobacter-confirmed cases, musculoskeletal
symptoms were prevalent (39%) and ReA was reported
in 4% (7). In our study antibiotics were often used but, as
in earlierCampylobacter studies (3, 7), that did not reduce
the occurrence of joint symptoms.

Knowing the difficulties in Campylobacter faecal cul-
ture, some CB� respondents may still have had a
Campylobacter infection. We did not use polymerase
chain reaction (PCR) testing. Nevertheless, most of the
CB� respondents probably had viral gastroenteritis, as
reported previously (8). Our results are limited by self-
reporting, a low response rate, the long interval between
the outbreak and the questionnaire, and selection bias.
However, the presence of a clinically comparable control
group justifies the estimation of the effect of
Campylobacter infection upon joint symptoms. In clinical
studies, objective articular findings are fewer than the
symptoms reported in questionnaire studies, which is
also the case in this outbreak (2, 9, 10).
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Table 1. Characteristics of the Campylobacter positive (CBþ) and negative (CB�) respondents and self-reported joint symptoms 21
months after the outbreak.

CBþ (n ¼ 73) CB� (n ¼ 95) OR 95% CI

Characteristics
Female, % 60 68
Previous inflammatory joint disease, n 6 4
Previous psoriasis, n 3 1
Previous inflammatory bowel disease, n 1 4
Previous iritis, n 1 0
Number of stool samples examined, median 1 1
Days from start of outbreak to culture, median 12 14
Received antibiotics for gastroenteritis, n (%) 34/71 (48) 25/93 (27) 2.49 1.24–5.06

Reported joint symptoms after outbreak
New joint symptoms, n (%) 37/62 (60) 38/83 (46) 1.75 0.86–3.61
Joint ache, n (%) 39/64 (61) 43/81 (53) 1.38 0.67–2.84
Arthritis-like symptoms, n (%) 42/67 (63) 42/81 (52) 1.56 0.77–3.19
Pain in joint movement, n (%) 40/67 (60) 40/82 (49) 1.55 0.77–3.15
Joint swelling, n (%) 25/63 (40) 19/73 (26) 1.86 0.85–4.13
Joint warmth/redness, n (%) 17/60 (28) 15/75 (20) 1.58 0.66–3.80
Continuing joint symptoms at 21 months, n (%) 33/73 (45) 23/95 (24) 2.57 1.27–5.27

OR, Odds ratio, calculated as CBþ vs. CB– respondents; CI, confidence interval,
CBþ group includes 58 Campylobacter jejuni and 15 other Campylobacter species findings.
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