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ABSTRACT

Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease 
in children.  It is a heterogenous group of immunological disorders characterized by 
joint inflammation in children under 16 years, persisting for more than six weeks 
and of unknown etiology. Our increasing knowledge of the pathogenesis of JIA has 
catalyzed the development of anti-rheumatic medication. Treatment can be targeted at 
immunological pathways, e.g., by blocking cytokines which are central mediators of the 
inflammation of JIA. The outcome of JIA has improved significantly during the last 
two decades thanks to early introduction of methotrexate (MTX) and biologic disease-
modifying anti-rheumatic drugs (bDMARD). 

Children with JIA are at risk for infections because of the immunologic disturbance 
in the body. Modern immunosuppressive medication affects the immune response 
further, and medication is often long-term and often given in combination. There is a 
concern about an increased risk of serious infections in these patients, but, on the other 
hand, inactive JIA with suppressed inflammation may balance out this risk. Overall, 
infections are common in children, but knowledge of the epidemiology of serious 
infections in JIA patients is scarce. 

The present dissertation project comprises four separate studies. The aim was to 
evaluate the epidemiology of serious infections, including bloodstream infection (study 
I), pneumonia (studies II-III) and acute pyelonephritis (study IV) in patients with JIA 
and to compare the epidemiology with the general child population. The study aimed 
to describe the characteristics of JIA and bloodstream infection (BSI) or pneumonia on 
the individual patient’s level as documented in patient records (I, III). Changes in the 
treatment patterns of JIA over time were also taken into account and any trends in the 
rates of serious infections were assessed.

In this nationwide retrospective register study, data on serious infections including 
BSI, pneumonia and acute pyelonephritis in JIA patients under 18 years of age were 
collected to assess the incidence of these infections and to compare them with the general 
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population. The data was retrieved from the Finnish Social Insurance Institution’s 
register of reimbursement of medicines and the National Infectious Diseases Register 
in the BSI study (data available 2004-2011) (I). The National Care Register for Health 
Care was used to study the incidence of pneumonia and acute pyelonephritis (data 
available 1999-2014) (II-IV). Demographic and descriptive data of BSI and pneumonia 
among JIA patients was also collected (data available 1998-2014). 

The data in Study I consisted of 1604 patients with recent-onset JIA. The incidence 
of BSI was 3-fold compared with the general population during 2004–2011, but the 
difference was not statistically significant. The absolute number of documented cases 
of BSI was five, two of whom had active JIA and two had comorbidities. Three patients 
had combination medication and two of them took bDMARDs. Two patients were 
without medication. All patients recovered well. 

Study II demonstrated that the incidence of pneumonia increased during the 
period from 1999 to 2014 in both JIA and control groups; during the latter half of 
the follow-up (2007–2014) the incidence of pneumonia was significantly higher in the 
group of JIA patients than controls. During follow-up, the use of MTX and bDMARD 
increased significantly. 

Study III examined serious vs. non-serious pneumonias and found that there was 
a decreasing trend of serious pneumonias in JIA patients during the period from 
1998 to 2014. Altogether 157 episodes of pneumonia in JIA patients were verified 
with chest radiography. Nearly half of the JIA patients with pneumonia had active 
JIA, comorbidities and combination medication. One third of the JIA patients with 
pneumonia had bDMARD medication. Two patients with pneumonia (1.3%) died in 
the beginning of the follow-up while the others recovered fully.

In study IV, the incidence of acute pyelonephritis among JIA patients aged 2–17 
years showed an increasing trend when the period 1999–2006 was compared with the 
period 2007–2014.  It differed significantly from the general population of similar age 
where the trend was decreasing. Hospitalization for acute pyelonephritis decreased 
significantly in JIA patients from 1999–2006 to 2007–2014, while the need for 
inpatient care remained unchanged in the general population.

There is still a real risk for serious infections among JIA patients, despite improved 
diagnostics and therapies over the recent decades. There are signs of an increasing trend 
in the incidences of pneumonia and acute pyelonephritis but the need for hospitalization 
for these infections has actually decreased. To optimize prevention and treatment 
of infections in this risk group, not only should the use of immunosuppressive anti-
rheumatic medication be evaluated, but also other infection risk factors, such as JIA 
activity and comorbidities, must be taken into consideration. The vaccination schedule 
of JIA patients should be carefully reviewed, and it is important to search for and treat 
infections actively in all patients with JIA.
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TIIVISTELMÄ

Lastenreuma on lasten yleisin pitkäaikainen reumaattinen niveltulehdus, joka 
määritelmän mukaan on alle 16-vuotiaiden lasten yli kuusi viikkoa kestänyt 
niveltulehdus ilman muita selittäviä tekijöitä. Lisääntyvä tutkimustieto lastenreuman 
patogeneesista on edistänyt lääkehoidon kehittymistä. Hoito voidaan kohdistaa 
eri puolustusjärjestelmän osa-alueisiin kuten sytokiineihin, jotka ovat keskeisiä 
tulehdusreaktion välittäjäaineita. Lastenreuman ennuste on parantunut huomattavasti 
kahden viime vuosikymmenen aikana varhaisen metotreksaatin aloituksen ja 
biologisten reumalääkkeiden käytön myötä. 

Lastenreumapotilaat ovat alttiita infektioille elimistön puolustusjärjestelmien häi-
riön vuoksi. Lastenreuman lääkehoito saattaa edelleen heikentää puolustusjärjestelmää. 
Infektiopuolustuksen heikentyminen lisää vakavien infektioiden riskiä, mutta toisaalta 
remissiossa oleva lastenreuma voi vähentää riskiä. Lapset sairastavat usein infektioita, 
mutta lastenreumapotilaiden vakavien infektioiden epidemiologiasta on vähän tietoa.

Väitöskirja koostuu neljästä erillisestä osatyöstä. Tutkimuksen tavoitteena oli 
selvittää lastenreumaa sairastavien potilaiden veriviljelypositiivisten infektioiden 
(osatyö I), keuhkokuumeiden (osatyöt II-III) ja akuuttien munuaistulehdusten (osatyö 
IV) epidemiologiaa ja verrata niiden ilmaantuvuutta vastaavan ikäisen normaaliväestön 
infektioiden ilmaantuvuuteen. Potilasasiakirjoista kerättiin yksilökohtaista tietoa 
lastenreuman ja infektioiden erityispiirteistä (I ja III). Lisäksi tutkimuksessa selvitettiin 
mahdollisia infektiomäärien kehityssuuntia (II ja IV), koska lastenreumapotilaiden 
lääkehoito on muuttunut merkittävästi seuranta-aikana. 

Tässä kansallisessa retrospektiivisessa rekisteritutkimuksessa etsittiin alle 
18-vuotiaiden lastenreumapotilaiden veriviljelypositiiviset infektiot Kansan-
eläkelaitoksen lääkerekisterin ja Terveyden ja hyvinvoinnin laitoksen (THL) tartunta-
tautirekisterin tietoja yhdistämällä (potilastiedot vuosilta 2004-2011) (I). THL:n 
hoitoilmoitusrekisteristä etsittiin lastenreumadiagnoosit sekä infektiodiagnooseista 
keuhkokuume ja akuutti munuaistulehdus infektioiden ilmaantuvuuden laskemista 
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varten (tiedot vuosilta 1999-2014) (II–IV). THL:n tartuntatautirekisteristä (I) ja 
hoitoilmoitusrekisteristä (II, IV) analysoitiin koko väestön vastaavien infektioiden 
ilmaantuvuustiedot vertailua varten. Potilasasiakirjoista kerättiin potilaskohtaista 
tietoa lastenreumaan ja vakaviin infektioihin liittyvistä muuttujista (potilastiedot 
vuosilta 1998-2014).

Osatyö I osoitti, että vuosina 2004–2011 äskettäin lastenreumadiagnoosin saaneilla 
potilailla (n=1604) oli kolminkertainen määrä veriviljelypositiivisia infektioita 
normaaliväestöön verrattuna, mutta ero ei ollut tilastollisesti merkitsevä. Yhteensä 
viisi lasta sairasti veriviljelypositiivisen infektion, ja heistä kahdella oli aktiivinen 
lastenreuma sekä kahdella jokin liitännäissairaus. Kolme potilasta käytti useampia 
reumalääkkeitä, ja kaksi heistä sai biologista lääkettä. Kahdella potilaalla ei ollut 
lääkitystä. Kaikki potilaat toipuivat hyvin veriviljelypositiivisesta infektiosta. 

Osatyössä II todettiin, että lastenreumapotilaiden keuhkokuumeen ilmaantuvuus 
lisääntyi vuosina 1999–2014. Näin tapahtui myös vertailuväestössä, mutta vuosina 
2007–2014 keuhkokuumeiden määrä lisääntyi lastenreumapotilailla merkittävästi 
enemmän kuin vertailuväestöllä. Samaan aikaan keuhkokuumeen sairastaneilla 
lastenreumapotilailla metotreksaatin ja biologisten lääkkeiden käyttö kasvoi 
merkittävästi.

Osatyö III kuitenkin osoitti, että vakavien keuhkokuumeiden osuus kaikista 
keuhkokuumeista laski vuosina 1998–2014. Lastenreumapotilailla todettiin 157 
keuhkokuvalla varmistettua keuhkokuumetta. Lähes puolella potilaista oli aktiivinen 
lastenreuma, jokin liitännäissairaus tai lastenreuman yhdistelmälääkehoito. Kolmannes 
lastenreumapotilaista sai biologista lääkehoitoa keuhkokuumeen diagnosointihetkellä. 
Kaksi potilasta (1.3%) kuoli seuranta-ajan alkuvuosina, mutta muut potilaat toipuivat 
täysin.

Osatyössä IV todettiin lastenreumapotilaiden (2–17-vuotiaat) akuutin 
munuaistulehduksen ilmaantuvuudessa nouseva suunta vuosien 1999–2006 ja 2007–
2014 välillä. Tämä erosi merkittävästi vertailuväestön (2–17-vuotiaat) ilmaantuvuudesta, 
jossa havaittiin laskeva suuntaus. Lastenreumapotilaiden sairaalahoitoa vaativat 
munuaistulehdukset vähenivät, kun taas vertailuväestön kohdalla ne pysyivät ennallaan.

Lastenreumapotilaiden vakavien infektioiden riski on todellinen huolimatta 
parantuneesta lastenreuman diagnostiikasta ja hoidosta viime vuosien aikana. 
Tutkimuksessa havaittiin viitteitä keuhkokuumeen ja äkillisen munuaistulehduksen 
ilmaantuvuuden noususta, mutta sairaalahoitoisen infektion ilmaantuvuus väheni 
seurantavuosien aikana. Infektioiden riskitekijöitä kartoitettaessa arvioidaan 
lastenreuman aktiivisuutta, lääkehoitoa ja liitännäissairauksia. Lastenreumapotilaiden 
vakavien infektioiden ehkäisyyn kuten rokotuksiin ja riittävän aikaiseen infektioiden 
toteamiseen sekä hoidon aloittamiseen on tärkeä kiinnittää huomiota. 
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1. INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common chronic joint inflammation 
in children and it is divided into seven heterogenous subtypes based on clinical and 
laboratory features. The immune system is dysregulated by different mechanisms in 
the distinct subtypes (Prakken, Albani & Martini, 2011, Prakken, Albani, 2009, 
Ravelli, Martini, 2007). JIA is a polygenetic disease with both autoimmune and 
autoinflammatory features. The innate and adaptive immune systems are activated, 
followed by activation of T lymphocytes and production of proinflammatory cytokines 
such as tumor necrosis factor α (TNFα), interleukin-1 (IL-1) and IL-6 (Van Loosdregt 
et al., 2017). JIA patients are prone to infections due to immune dysregulation related 
to JIA (Horneff, 2012, Davies, H. D., 2016), but also comorbidities, such as other 
autoimmune diseases, may impair the immune response  (Pohjankoski et al., 2010). 

The increasing understanding of the pathogenesis of JIA has made it possible to 
develop drug therapy and with new drugs, the goal of treatment has shifted from 
symptom relief to remission (Hinze, Gohar & Foell, 2015, Ravelli et al., 2018). However, 
the use of immunosuppressive medication has raised the concern of infectious adverse 
effects, since the drugs can further decrease the immune response of these children. 
Immunosuppressive drugs with potentially long-term effects are often combined with 
each other to achieve remission. On the other hand, active JIA is, as such, a risk for 
infection, but when the inflammatory reaction of JIA is treated effectively the risk may 
decrease (Davies H.D., 2016, Woerner, Ritz, 2013). 

The most common synthetic disease-modifying anti-rheumatic drug (sDMARD) 
used in JIA is methotrexate (MTX). MTX has improved the outcome of JIA 
considerably, but if the efficacy of MTX is not enough, biologic DMARDs (bDMARD) 
are taken into use (Giancane, Ruperto, 2019, Ringold et al., 2019). The bDMARDs 
affect the immunologic mechanisms of the body, including various cytokine pathways 
which normally constitute the body’s defense system against infections (Davies, H.D., 
2016).
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The international Pharmachild registry, conducted by the Paediatric Rheumatology 
International Trials Organisation (PRINTO), showed that the most common adverse 
effects of DMARDs (29%) are infections  (Swart et al., 2018). Glucocorticoids (GC) are 
associated with an increased risk of infections in both adults and children (Beukelman, 
Xie et al., 2012, Wolfe, Caplan & Michaud, 2006). Mild infections, like upper 
respiratory infections, have been the most common infections in children with JIA on 
bDMARD therapy (Davies, R. et al., 2015, Toussi et al., 2013). The results of the studies 
assessing infection risks among these children have, however, been conflicting and 
similar conflicting results are reported in adult studies  (Lee et al., 2018, Beukelman, Xie 
et al., 2012, Dixon et al., 2006, Singh, 2016). The use of the most common bDMARD, 
the TNF inhibitor (TNFi), predisposes to a higher risk of serious bacterial infections 
than the use of other DMARDs  (Lee et al., 2018). A recent French study showed that 
infectious complications (including viral, bacterial and fungal infections) among JIA 
children treated with bDMARDs were rare (Dumaine et al., 2020).

Serious infections (fatal or life-threatening infections, infections requiring 
hospitalization or intravenous antibiotics) show the vulnerability of these patients to 
immunologic disturbances. Both serious infections and JIA are rare among children, 
and hence the side effects of immunosuppressive medication, including serious 
infections, are difficult to assess. This has led to a paucity of data on the epidemiology 
of serious infections among children with JIA, and infectious complications of anti-
rheumatic medication are commonly based on adult studies (Woerner, Ritz, 2013, 
Davies, H.D., 2016).

The aim of this nationwide retrospective register linkage study was to establish 
the incidence of serious infections among Finnish children with JIA. The incidence 
of bloodstream infections (BSIs) in patients with recent-onset JIA was evaluated in 
2004–2011 and detailed patient data was searched.  The rates of pneumonia and acute 
pyelonephritis among JIA patients were analyzed during the follow-up time 1999–2014 
to establish any incidence changes during the follow-up period during which many 
medical innovations in the field of diagnosis and treatment of JIA emerged. The rates of 
infections among children with JIA were compared with the general child population. 
The clinical data of all JIA patients with BSI and pneumonia was analyzed to examine 
closely the characteristics of JIA, of JIA medication and of the features and outcomes 
of infections.
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2 LITERATURE REVIEW

2.1 Juvenile idiopathic arthritis (JIA)

JIA is a relatively rare disease but still the most common chronic rheumatic disease 
of childhood. Among the criteria of JIA are inflammation in one or more joints for 
longer than six weeks in children under 16 years and exclusion of other causes of 
arthritis (Giancane et al., 2016, Prakken, Albani & Martini, 2011, Ravelli, Martini, 
2007). JIA comprises seven different subtypes, according to the criteria laid down by 
the International League of Associations for Rheumatology (ILAR): systemic JIA, 
oligoarticular JIA, rheumatoid factor (RF)-negative polyarticular JIA, RF-positive 
polyarticular JIA, psoriatic arthritis, enthesitis-related arthritis and undifferentiated 
arthritis. The division into these subtypes is based on clinical and laboratory findings 
(Petty et al., 2004) (Table 1). Revised criteria for JIA defined by PRINTO are under 
consideration (Martini et al., 2019).
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Table 1.

Subtype Joints Other features Frequency

• Persistent
• Extended

Uveitis 30% 50-70%

Uveitis 15% 30%

(RF-positive)
5%

1-3%

Enthesitis-related 
arthritis

Arthritis and enthesitis 

(3) onset of arthritis in a 

<10%

Psoriatic arthritis <10%

Undifferentiated

RF, Rheumatoid factor; HLA

The annual incidence of JIA varies from 2 to 20 cases per 100,000 and the prevalence 
from 16 to 150 cases per 100,000 in the developed countries (Ravelli, Martini, 2007). 
There is considerable variation in the epidemiology of JIA between different regions in 
the world. In the Nordic countries, the incidence of JIA in 2003 was 15 per 100,000 
children (Berntson et al., 2003) and in Finland 23 cases per 100,000 children under 16 
years of age (Savolainen, E. et al., 2003).
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2.1.3 Clinical features 

2.1.3.1 Systemic juvenile idiopathic arthritis (sJIA)

Systemic JIA is an autoinflammatory disease defined as an entity of quotidian fever 
for two weeks and arthritis, and one of the following manifestations: rash, enlarged 
liver or spleen, generalized lymphadenopathy or serositis. The condition is acute and 
constitutes the most serious form of JIA. There are unequivocal inflammatory findings: 
leucocytosis, elevated erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP), thrombocytosis, high ferritin level and microcytic anemia. The clinical course 
may be monophasic, polycyclic (with alternating remissions and relapses) or persistent. 
Of the patients with sJIA, 50% express the persistent course (Shenoi, Wallace, 2016, 
Bruck, Schnabel & Hedrich, 2015, Martini, 2012). 

2.1.3.2 Oligoarticular JIA (oJIA)

Oligoarticular is the most common subtype of JIA. During the first six months after 
the arthritis diagnosis, 1–4 joints are affected, the knee very often. oJIA is characterized 
by onset at an early age (under six years), female preponderance and the presence of 
antinuclear antibodies (ANA) in the patient’s serum. Approximately one third of 
patients have chronic uveitis. After the first 6 months, oJIA is divided into two groups 
in relation to the number of affected joints: in persistent oJIA 1–4 joints are inflamed, 
in extended oJIA five or more joints. Arthritis in upper limb joints and a high ESR are 
associated with the extended form of oJIA. About half of oJIA patients are subclassified 
into the extended form (Giancane et al., 2016, Gowdie, Tse, 2012, Ravelli, Martini, 
2007).

2.1.3.3 Rheumatoid factor (RF) -negative polyarticular JIA (pJIA)

RF-negative pJIA affects five or more joints for at least six months after diagnosis. It 
comprises three different phenotypes. One resembles early-onset oJIA and the other 
adult-onset RF-negative rheumatoid arthritis (RA). The third subset is characterized 
by dry synovitis and flexion contractures (Ravelli, Martini, 2007).

2.1.3.4 Rheumatoid factor (RF) -positive polyarticular JIA (pJIA)

RF-positive pJIA is similar to adult onset RF-positive RA and occurs most often among 
adolescent girls. There are five or more inflamed joints, often symmetrically in the wrists 
and small joints of the hands. Erosions and rheumatoid nodules may evolve (Ravelli, 
Martini, 2007). 
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2.1.3.5 Enthesitis-related arthritis (ERA)

ERA is defined as the presence of arthritis and enthesitis. Typically, patients are over six 
years old boys. Arthritis often affects the sacroiliac and lower limb joints and enthesitis 
is present at the calcaneal insertions of the Achilles tendon. ERA is associated with the 
human leucocyte antigen (HLA)-B 27, but not with the RF or ANA (Giancane et al., 
2016, Ravelli, Martini, 2007).

2.1.3.6 Psoriatic arthritis (PsA)

Arthritis and psoriatic rash are associated in PsA. If the rash is lacking, the criteria 
are fulfilled if the patient has arthritis and either a first-degree relative has psoriasis 
or dactylitis and nail changes. There are two subgroups: early-onset PsA is similar to 
young children’s ANA-positive oJIA or pJIA, while late-onset PsA resembles ERA 
(Zisman et al., 2017). Approximately 2% of children with psoriasis develop arthritis 
and one third of the PsA patients have a diagnosis of psoriasis before arthritis emerges 
(Brandon et al., 2018).

The etiology of JIA is not known but it is thought to be a result of several factors. Joint 
inflammation is a common feature for the different subtypes of JIA (Ravelli, Martini, 
2007). The synovium is a thin lining of the joint cavities, tendons and bursae. The 
synovial inflammation leads to synovial hyperplasia with increased vascularity and 
a granulomatous process which appears as joint stiffness and pain. Eventually the 
inflamed joint may undergo destruction if the inflammation continues for a long time 
(Orr et al., 2017).

JIA is divided into a heterogenous group of subtypes all characterized by an 
autoimmune or autoinflammatory origin. Adaptive and innate immunity balance with 
each other. The onset of JIA may be triggered by genetic, epigenetic and environmental 
factors (Prakken, Albani & Martini, 2011, Prakken, Albani, 2009, Lin et al., 2011). 
Premature aging of the immune system may interrupt immune self-tolerance primarily, 
or it may occur as a secondary autoimmune process following continuous stimulation 
and activation of the immune system (Mayerl, Prelog, 2012). 

2.1.4.1 Genetic factors

Sibling studies have shown that there is a genetic contribution to the development of 
JIA; the siblings and first cousins of JIA patients have a 12- and 6-fold risk for JIA, 
respectively (Prahalad et al., 2010). A Finnish monozygotic twin study reported a relative 
risk of approximately 250 for a monozygotic twin and 20 for siblings (Savolainen, A. 
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et al., 2000). There are similarities in HLA associations between oJIA and RF-negative 
pJIA (Hersh, Prahalad, 2015, Hinks et al., 2017, Lin et al., 2011). HLA B27 is associated 
with ERA and patients are more prone to a long-term, axial disease course (Hersh, 
Prahalad, 2015, Woo, Colbert, 2009). RF-positive pJIA and RA express some common 
HLA variants. There are also associations between RA and both oJIA and RF-negative 
pJIA (Hinks et al., 2013).

Genomic studies of sJIA have shown distinctive genetic features between sJIA on 
the one hand and oJIA and RF-negative pJIA on the other (Ombrello et al., 2017).The 
major histocompatibility complex (MHC) class II allele DRB1*11 has been identified as 
a risk factor for sJIA and this finding means that autoreactive CD4+ T cells are essential 
in the pathophysiology of all JIA subtypes (Ombrello et al., 2015). This may relate to 
the development of sJIA from the initial autoinflammatory phase toward autoimmune 
disease (Ombrello et al., 2015, Nigrovic, 2015).

2.1.4.2 Epigenetic factors

Epigenetic factors are heritable differences in gene expression caused by changes in 
chromatin structure without alterations in the DNA sequences themselves. DNA 
methylation or histone modification alter the nucleosome structure (Woo, Colbert, 
2009). About 90% of single-nucleotide polymorphisms (SNP) connected with JIA are 
situated in noncoding regions of the genes and they may be associated with epigenetic 
regulation and also with gene expression (Van Loosdregt et al., 2017).

2.1.4.3 Environmental factors

Environmental factors may trigger the onset of JIA in genetically susceptible subjects. 
Infection may initiate an inflammation process and activate antigen-presenting cells 
(APC) (Lin et al., 2011). Shenoi et al. found no connection between JIA and smoking, 
hospitalization because of infection during the first year of life or breastfeeding (Shenoi, 
Shaffer & Wallace, 2016). Smoking stimulates the immune system and maternal 
smoking during pregnancy has been associated with pJIA of the offspring from birth to 
age 7 years (Jaakkola, Gissler, 2005).

The associations between antibiotics and recent-onset JIA have been studied and 
there may be an association through interference by antibiotics with the normal gut 
microbiota. The microbiome may affect the immune system, the integrity of the intestinal 
mucosal barrier and the development of T cell subsets which leads to autoimmunity in 
predisposed persons (Arvonen et al., 2015, Giancane, Alongi & Ravelli, 2017, Horton et 
al., 2015). On the other hand, children with JIA may be susceptible to serious infections 
already before a diagnosis of JIA because of immune dysfunction (Shenoi, Wallace, 
2016, Horton et al., 2015, Arvonen et al., 2015). Obviously, multiple triggers contribute 
to the development and emergence of autoimmune diseases (Prakken, Albani, 2009).
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2.1.4.4 Adaptive and innate immunity

In oJIA and pJIA, CD4+ T cells accumulate in the synovium and cluster around APCs 
(Lin et al., 2011). The triggering factor may ignite the adaptive response to a self-antigen 
but, after the autoreactive event, the whole immune system comes into action (Prakken, 
Albani & Martini, 2011). Autoantigens, like aggrecan from cartilage and other joint-
related tissues, fibrillin from synovial linings of joints and cartilage-related matrix-
metalloproteinases, can activate autoreactive CD4+ T cells (Prakken, Albani, 2009). 
CD4+ T cells, including T helper (Th) 1 and Th17 cells, produce the proinflammatory 
cytokines interferon-γ (IFN-γ) and IL-17 and inhibit the anti-inflammatory cytokine 
IL-10 produced by regulatory T cells (Treg) (Figure 1). Th17 seems to play a key role 
in initiating and maintaining the autoimmune joint inflammation in oJIA and pJIA. 
Treg cells have an immunosuppressive function and maintain immunologic tolerance. 
An imbalance between proinflammatory Th1/Th17 and anti-inflammatory Treg cells 
may lead to JIA (Lin et al., 2011).

The pathophysiology of sJIA is not exactly known, but the innate immune system 
plays a central role. A lack of autoantibodies or autoreactive T-cells is typical in sJIA 
and distinguishes sJIA from other JIA subtypes. The titers of the proinflammatory 
cytokines IL-1, IL-6 and IL-18 are elevated in sJIA as well as proinflammatory S100 
proteins (Figure 1). However, dysregulation of IL-1 may influence both the innate 
and the adaptive immunity (Martini, 2012). According to the biphasic model of sJIA, 
an autoinflammatory febrile period initiates the disease course (the innate immune 
system) following an autoimmune period of afebrile chronic arthritis driven by the 
adaptive immune system. Especially in the late phase of sJIA, with chronic arthritis, 
IL-1 activates T cells and this promotes Th17 differentiation and inhibition of Treg 
cells (Nigrovic, 2014).

The high levels of IL-18 are related to the macrophage activation syndrome 
(MAS), a life-threatening complication of sJIA. This secondary hemophagocytic 
lymphohistiocytosis spreads rapidly and activates T lymphocytes and macrophages 
resulting in massive secretion of proinflammatory cytokines. The amounts of IL-6 
are associated with the severity of joint involvement, platelet counts, anemia, growth 
retardation and disease activity (Ravelli et al., 2016, Shenoi, Wallace, 2016).
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Inflammatory active arthritis is characterized by joint swelling, tenderness, and heat. 
Typically, joint inflammation causes limitation of motion with or without pain on 
motion. Morning stiffness, pain in the joint regions and difficulties in gait impair the 
functional status of patients. Systemic features like fever and rash may occur (Gowdie, 
Tse, 2012, Ravelli, Martini, 2007).

The diagnosis of JIA is made by careful clinical examination and by excluding 
other joint disorders, such as malignancies, infections and connective tissue diseases. 
The personal and family history of patient is scrutinized. The laboratory markers 
may show elevated CRP and ESR, anemia and changes in autoimmune markers (RF, 
cyclic citrullinated peptide [CCP], HLA B27 and ANA) (Gowdie, Tse, 2012, Ravelli, 
Martini, 2007).

Figure 1.
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Evaluation of the growing skeleton by imaging is a demanding task. With 
conventional radiography joint damage and growth disturbances may be detected. 
Ultrasonography and magnetic resonance imaging (MRI) are used to diagnose synovial 
inflammation and bone erosions (Giancane et al., 2016, Prakken, Albani & Martini, 
2011). By means of these imaging methods, synovitis can be visualized and measured. 
The diagnosis, treatment efficacy, pre-erosive joint changes and outcome of JIA may be 
assessed by imaging (Malattia et al., 2018).

Uveitis is the most common extra-articular form of involvement in JIA. It is an 
intraocular inflammation affecting the uveal part of eye: iris, choroid and sometimes 
retina (Sen, Dick & Ramanan, 2015). The Nordic study reported uveitis in 21% of 
children with JIA: 36% in PsA, 14% in RF-negative pJIA, 25% in ERA, 21% in extended 
oJIA and 19% in persistent oJIA. During the first year after JIA onset, uveitis was 
diagnosed six times more often than during the second year (Nordal et al., 2017). JIA-
associated uveitis is often initially symptom-free. Both the uveitis and its treatment may 
cause keratopathy, cataract, glaucoma and impair vision even further (Sen, Ramanan, 
2017). The risk factors for uveitis are oJIA, positive ANA, female gender and age under 
four years. Regular ophthalmological evaluations are recommended (Angeles-Han et 
al., 2019, Nordal et al., 2017, Sen, Ramanan, 2017). 

In early days and even today, if the inflammation becomes chronic and refractory 
to treatments, JIA can cause joint damage and long-term disability. It may also lead 
to systemic or local growth disorders. The inflammation process and proinflammatory 
cytokines affect the growth plate and impair the insulin like growth factor. The 
active inflammation may induce locally the growth plate to grow faster than normally 
while continuing inflammation can contribute to premature closing of this area, both 
processes may lead to disturbed leg length. Also, micrognathia and hip anomalies may 
develop. The use of GC may impair the growth of children with JIA and put them at 
risk for osteopenia and osteoporosis (Gowdie, Tse, 2012, Ravelli, Martini, 2007). These 
complications used to be common in severe JIA but are uncommon today, when the 
aim of treatment is to achieve permanent remission and prevent permanent changes. 
Patients with severe treatment-refractory disease are still unfortunately encountered, 
albeit rarely.

The worst complication of sJIA, MAS with sudden onset of sustained fever and 
multiorgan involvement, develops in approximately 10% of sJIA patients and subclinical 
MAS in 30–40% (Shenoi, Wallace, 2016, Ravelli et al., 2016). In the past, amyloidosis 
was a significant complication of sJIA but its occurrence has become rare thanks to 
effective treatment (Immonen, Savolainen & Hakala, 2007).
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A Finnish study found that the risk for a coemerging or coexisting autoimmune 
disease, like diabetes mellitus (DM1), celiac disease and hypothyroidism, is 5-fold 
in JIA patients compared with the general population. The risk for DM1 is 2-fold 
(Pohjankoski et al., 2010). An Italian study found that 15% of JIA patients have at 
least one other autoimmune disease: of these, 10% have autoimmune thyroid disease 
and the remaining patients have celiac disease, psoriasis, alopecia or DM1 (Tronconi, 
Miniaci & Pession, 2017). Children with PsA have a high risk for uveitis, diabetes and 
depressive disorders (Brandon et al., 2018). The Childhood Arthritis and Rheumatology 
Research Alliance Registry (CARRA) reported that 21% of JIA patients have at least 
one comorbid condition: uveitis 18%, psoriasis 11%, asthma 14%, inflammatory bowel 
disease 0.8%, thyroiditis 0.1% and DM1 0.1% (Natter et al., 2014). 

The target for JIA treatment is clinical remission and inactive disease: relief of pain, 
prevention of joint damage, maintenance of functional ability, protection of normal 
growth and development and improvement of quality of life; this may be achieved with 
or without medication (Dueckers et al., 2012). With the aid of physical and occupational 
therapy the joint function can be maintained as normal as possible. Also, psychosocial 
support and education are important measures to help children and their families to cope 
with the chronic disease course. A multidisciplinary team of a pediatric rheumatologist, 
ophthalmologist, orthopedic surgeon, specialist nurse, physical therapist, occupational 
therapist and psychologist is needed (Giancane et al., 2016, Gowdie, Tse, 2012, Ravelli, 
Martini, 2007). The development of effective pharmacological treatment has decreased 
the need for surgical procedures substantially (Giancane et al., 2016).

The selection of anti-rheumatic drugs has increased significantly since the 1990’s owing 
to advances in our understanding of the pathogenesis of JIA. In the past, NSAIDs and 
GC were the basis of medication but nowadays several treatment options are available, 
including bDMARDs (Table 2). The older drugs are often used in the beginning of the 
treatment or as additional medication (Swart et al., 2018). 

Currently, a treat-to-target plan for the management of JIA in children is 
recommended (Ravelli et al., 2018), as has been the case for adults with RA (Smolen et 
al., 2016). Also, the target may be set at low JIA activity, especially in patients with the 
most aggressive disease course (Ravelli et al., 2018). Early introduction of medication 
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has been in focus, since appropriate timing of the start of pharmacotherapy improves 
long-term outcome (Hinze, Gohar & Foell, 2015, Stoll, Cron, 2014). Ravelli et al. 
recommend that treatment should achieve 50% reduction in disease activity within 
3 months and the target within 6 months (Ravelli et al., 2018). Studies on the use of 
early aggressive pharmacotherapy in children with pJIA have shown promising results 
(ACUTE-JIA and TREAT) (Tynjälä et al., 2011, Wallace et al., 2012).

The UK Childhood Arthritis Prospective study (CAPS) reported that 58% of JIA 
patients received DMARDs and 20% bDMARDs in 2011–2014. bDMARDs were used 
more actively in sJIA and pJIA than in the other JIA subtypes (Davies R. et al., 2016). 
Treatment initiation with bDMARDs and TNFi has increased 2- to 3-fold from 2005 
to 2012 (Mannion et al., 2014). In Finland, treatment start with MTX for new cases 
of JIA increased from 73% to 90% from 2006 to 2014. Of the JIA patients, 31% used 
subcutaneous bDMARDs in 2011–2014, according to the medication reimbursement 
registry of the Finnish Social Insurance Institution (SII) (Pohjankoski et al., 2020). 
The differences in the use of bDMARDs between countries may be explained, at least 
partly, by financial factors and registration logistics.

Evidence-based recommendations and guidelines, e.g., of the American College of 
Rheumatology (ACR 2019), the German Society of Paediatric Rheumatology (2012) 
and the Childhood Arthritis and Rheumatology Research Alliance (CARRA 2014), 
are standardized and provide guidance on safe and effective pharmacologic treatment  
(Ringold, Weiss et al., 2013, Ringold et al., 2019, Ringold et al., 2014, Beukelman et 
al., 2011, Dueckers et al., 2012). Optimal, individualized drug therapy must, however, 
consider guidelines as well as the features of the individual patient (Ravelli et al., 2018, 
Hinze, Gohar & Foell, 2015, Stoll, Cron, 2014). 

NSAIDs are used to relieve symptoms of JIA after diagnosis and after changing 
medication to DMARDs, i.e., before the new medications provides full benefit 
(Giancane et al., 2016, Ringold et al., 2019). NSAIDs alleviate pain, stiffness and 
inflammation by inhibiting prostaglandin synthesis. They are tolerated quite well but 
gastrointestinal adverse effects are not rare. The need of NSAIDs has decreased with 
the emergence of effective anti-rheumatic therapy (Kochar et al., 2012). 

2.1.9.2 Glucocorticoids (GCs)

Synthetic corticosteroids resemble human steroids and have both mineralocorticoid and 
glucocorticoid effects. Mineralocorticoids regulate electrolyte and water balance. GCs 
have anti-inflammatory, immunosuppressive, anti-proliferative and vasoconstrictive 
properties (Liu et al., 2013). The name ‘glucocorticoid’ is used in this connection 
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according to the recommendation of the European League Against Rheumatism 
(EULAR) (Buttgereit et al., 2002).

Intra-articular GC injections are used to initiate JIA therapy and to provide rapid 
relief of the joint inflammation, especially in oligoarticular diseases (Ravelli et al., 2011). 
This therapy is quite well tolerated. Any adverse effects are those of systemic GCs. Local 
problems, like skin atrophy and hypopigmentation, are rare as are iatrogenic infections 
after joint injections if the injections are given correctly (Marti et al., 2008, Harris, J. 
G., Kessler & Verbsky, 2013, Giancane et al., 2016).

Systemic GCs are initiated in highly active JIA, mainly sJIA. The most common 
indications for systemic GCs are serious complications of JIA: myocarditis, pericarditis, 
pleuritis, peritonitis, severe anemia and MAS, since GCs are effective and fast-acting 
in severe inflammation. Systemic CGs can be used in active pJIA and uveitis before 
the DMARD effect begins to set in (Batu, 2019, Ravelli et al., 2011). A recent large 
European register data research showed wide variation (17–42%) in the use of GC 
across Europe in JIA (Swart et al., 2018). 

A short course (< 3 months) of low-dose GC (0.2 mg prednisolone equivalent/kg/
day) is the typical way to use systemic GCs (Dueckers et al., 2012). High doses of GC 
are used to treat MAS, usually as intravenous (iv) methylprednisolone pulses (30 mg/
kg, max 1g/day) for three days (Dueckers et al., 2012, Shenoi, Wallace, 2016). Oral 
doses of 1–2 mg/kg/day (max 60 mg/day) are considered high. High doses and/or long-
term use of GC increases the risk of infections, growth failure, hypertension, diabetes, 
thrombosis, gastrointestinal ulcers, osteoporosis, cataract, glaucoma and psychiatric 
disorders (Liu et al., 2013). An individual plan for the use of GC is recommended and 
it should cover dose, duration and tapering of GC (Batu, 2019, Ravelli et al., 2011).

Methotrexate (MTX) has been the mainstay of JIA medication since the 1990s. The 
exact pharmacologic action mechanism of this folate antagonist is not known but it 
inhibits pyrimidine and purine synthesis, which further affects the synthesis of DNA 
and RNA. MTX has anti-proliferative and immunosuppressive effects. Low-dose 
MTX as an anti-rheumatic may induce cell apoptosis by inhibiting lymphocyte and 
monocyte proliferation as well as by decreasing cytokine production (TNFα, IL-4, IL-
6, IL-13, IFNγ) (Wessels, Huizinga & Guchelaar, 2008).

MTX is recommended in pJIA and in oJIA if the disease activity continues despite 
NSAID and intra-articular GC treatment. MTX is also recommended in sJIA with 
joint inflammation and no active systemic features (Ferrara et al., 2018, Ringold et al., 
2019). MTX is used if uveitis does not respond to local treatment (Ferrara et al., 2018, 
Angeles-Han et al., 2019). The oral or parental route of MTX dosing are alternatives, but 
when higher concentrations are needed, subcutaneous administration is recommended 
(Ferrara et al., 2018). 
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Approximately one third of patients treated with MTX experience some adverse 
effects but severe ones are rare. The most common adverse effects are gastrointestinal, 
e.g., nausea and vomiting. Other symptoms are mouth sores, rash, diarrhea and alopecia  
(Ferrara et al., 2018, Kearsley-Fleet, Vicente González et al., 2019). Folic or folinic acid 
reduces the toxicity of MTX but not the therapeutic effect (Ferrara et al., 2018).

Leflunomide (LEF) is an immunomodulatory drug which inhibits pyrimidine 
synthesis and has a long half-life (14 days) (Harris, Kessler & Verbsky, 2013, Silverman 
et al., 2005). Silverman et al. showed that MTX and LEF have comparable effectiveness 
and safety in pJIA but LEF is slightly inferior to MTX (Silverman et al., 2005). ACR 
guidelines recommend MTX as first-line medication because of more experience of 
MTX than LEF (Ringold et al., 2019). LEF is teratogenic and its adverse effects include 
gastrointestinal symptoms, headache, rash and hepatotoxicity (Silverman et al., 2005). 
LEF has no official indication for the treatment in children with JIA.

Sulfasalazine (SLZ), a 5-aminosalicylic acid analog combined with sulfonamide, 
has anti-inflammatory and immunomodulatory properties (Plosker, Croom, 2005). 
The safety and efficacy of SLZ has been established in oJIA and pJIA, but one third of 
patients discontinue therapy because of intolerable adverse effects like nausea, headache, 
rash and cytopenias (Van Rossum et al., 1998). ACR recommends sulfasalazine mainly 
for the treatment of ERA (Ringold et al., 2019). 

Hydroxychloroquine (HCQ) is currently used only seldom in children but when it 
is, it is often an adjuvant drug in low-active oJIA or used in combination with MTX 
in pJIA (Kröger et al., 2012). The Finnish registry study showed that the use of HCQ 
decreased from 40% to 10% in JIA from 2006 to 2014 (Pohjankoski et al., 2020). The 
disease-modifying anti-rheumatic drugs azathioprine, cyclosporine, tacrolimus and 
thalidomide are used in refractory JIA (Harris, Kessler & Verbsky, 2013).

bDMARDs are genetically engineered biological products of biological origin. Because 
the inflammatory process raises the cytokine levels in autoimmune and inflammatory 
disorders, the targets of biologic treatment are inhibition of cytokines or cytokine 
receptors or direct binding to lymphocyte receptors (Prakken, Albani, 2009, Isaacs, 
2009, Gartlehner et al., 2008). The specific choice of bDMARDs is based on the JIA 
subtype and cytokine targets, like TNFα, IL-1 and IL-6, or on signaling molecules 
involved in the regulation of B cell and T cell lymphocyte responses (Prakken, Albani 
& Martini, 2011, Pardeo, Bracaglia & De Benedetti, 2017). 

According to ACR guidelines, bDMARDs are introduced if MTX is not tolerated 
or has insufficient effect. They are also used for some patients with risk factors and 
inflammatory activity in high-risk joints, like the cervical spine, hip or wrist. Also, if 
disease activity is high or the physician considers that there is a defined high risk of 
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disabling joint damage bDMARDs are considered (Ringold et al., 2019). The most 
common bDMARDs in use are listed in the Table 2. 

Tarkiainen et al. showed that 92% of bDMARD users experienced adverse effects 
(Tarkiainen et al., 2015). Serious infections are the most common serious adverse effect 
of bDMARDs. Because bDMARDs have a highly specific molecular target in the 
body, they generally lack nonspecific adverse effects like headache and nausea. They are 
administered parenterally because they consist of large proteins. Infusion or injection 
site reactions may occur (Mehta, Beukelman, 2017).

2.1.9.5 Tumor necrosis factor alpha inhibitors (TNFi)

The group of TNF inhibitors includes etanercept (ETA), infliximab (IFX), adalimumab 
(ADA), golimumab (GOL) and certolizumab (CZP). Currently, biosimilars are 
developed for ETA, ADA and IFX. The level of the proinflammatory cytokine TNFα 
both in the blood and synovial fluid is increased in inflammatory joint diseases (Breda 
et al., 2011). 

The adverse effects of TNFi include injection site reactions, infusion reactions, 
infections, activation of tuberculosis, malignancies and autoimmune diseases. 
Chimeric drugs may produce human anti-chimeric antibodies. There may also be a risk 
for demyelinating diseases, leucocytoclastic vasculitis and drug-induced lupus (Harris, 
Kessler & Verbsky, 2013, Breda et al., 2011). JIA increases the risk of malignancy 2–3-
fold and this risk is not further enhanced by TNFi therapy (Mannion, Beukelman, 
2014, Beukelman, Haynes et al., 2012).

Etanercept (ETA) was the first TNFi approved for pediatric use in JIA. This took 
place in 1999 by the U.S. Food and Drug Administration (FDA). Also, in Finland, 
ETA has been used since 1999 and it has been the most popular bDMARD used 
(Kröger et al., 2012). ETA is a fully human, soluble TNFα receptor fusion protein 
that binds soluble TNFα and inhibits the interaction with TNFα receptors on the 
cell surface. It consists of two extracellular domains of human TNF-R2 fused to the 
fragment-crystallizable (Fc) part of human immunoglobulin (Ig) (Isaacs, 2009, Lovell 
et al., 2006). The efficacy of ETA has been demonstrated in pJIA, extended oJIA, ERA 
and PsA (Windschall et al., 2015, Lovell et al., 2003). 

Adalimumab (ADA) is a recombinant, fully human monoclonal IgG1 antibody 
against TNFα that binds both soluble and membrane-bound TNFα. It has been 
approved for the treatment of pJIA (in 2008), ERA and PsA with or without MTX   
(Lovell et al., 2008, Vanoni, Minoia & Malattia, 2017, Mehta, Beukelman, 2017). ACR 
recommends that patients with JIA and sight-threatening severe and acute uveitis should 
immediately be put on combined MTX and ADA (or IFX) treatment (Angeles-Han et 
al., 2019). A Finnish study showed that uveitis improved in two thirds of JIA patients 
on ADA therapy, usually combined with MTX (Kotaniemi, Säilä & Kautiainen, 2011).
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Infliximab (IFX) is a chimeric (human-murine) monoclonal antibody that binds 
both soluble and membrane-bound TNFα. It has been used in pJIA, ERA and refractory 
uveitis (Vanoni, Minoia & Malattia, 2017, Harris, Kessler & Verbsky, 2013, Breda 
et al., 2011). A combination with MTX is recommended to reduce the formation of 
antibodies (Ringold et al., 2019). Although quite commonly used, IFX is not officially 
approved for JIA in Finland.

Golimumab (GOL) is a recombinant, fully human TNFα monoclonal antibody 
that binds to both soluble and transmembranous TNFα (Brunner et al., 2018, Vanoni, 
Minoia & Malattia, 2017). It has proven efficacy in adult psoriatic arthritis and 
ankylosing spondylitis (Webb, Wedderburn, 2015). EMA approved GOL in pJIA with 
MTX in 2016 and from 2018 it has been used in children aged 2 years and older.

Certolizumab (CZP) is a pegylated humanized antibody against TNFα. Pegylation 
prolongs the half-life and CZP can be administered at 2–4 weeks intervals. A clinical 
trial of CZP in JIA is underway. (Webb, Wedderburn, 2015, Vanoni, Minoia & 
Malattia, 2017). CZP is not officially indicated for JIA.

Abatacept (ABA)

Abatacept (ABA) is a recombinant, fully human, soluble fusion protein which consists 
of the extracellular domain of the cytotoxic T-lymphocyte antigen 4 (CTLA-4) and a 
fragment of the Fc domain of IgG-1. ABA prevents the costimulatory signal between 
CD80/CD86 on APCs and CD28 on T cells, thus inhibiting T cell activation 
(Kuemmerle-Deschner, Benseler, 2008, Lovell et al., 2015). ABA is thus a costimulation 
modulator and it is recommended for pJIA patients if MTX and TNFi therapies have 
failed (Ringold et al., 2019, Dueckers et al., 2012). FDA and the European Medicines 
Agency (EMA) approved ABA for the treatment of pJIA in 2008 (Mehta, Beukelman, 
2017).

Interleukin-1 inhibitors

IL-1 is a central proinflammatory cytokine, the production of which is dysregulated 
in sJIA (Pascual et al., 2005). Anakinra, a recombinant, fully human IL-1 receptor 
antagonist, inhibits IL-1 signaling. A recent study showed that 95% of sJIA patients 
who got an early short course of IL-1 receptor antagonist therapy achieved disease 
inactivity within five years of follow-up and 72% of included patients did not need 
medication (Ter Haar et al., 2019). There is a “window of opportunity” in recent-onset 
sJIA which should be exploited by prompt initiation of anti-IL treatment to improve 
the treatment effect (Nigrovic, 2014, Ter Haar et al., 2019).

Canakinumab is a fully human, monoclonal antibody against IL-1β. FDA has 
approved it in 2013 for the treatment of sJIA in children over 2 years of age. The safety 
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profile of IL-1 inhibitors is acceptable, but infections are a major concern (Mehta, 
Beukelman, 2017).

Rilonacept is a fully human fusion protein which is linked to the extracellular 
domains of the IL-1 receptor and the Fc portion of IgG1 (Harris, Kessler & Verbsky, 
2013). It is not currently approved for the treatment of JIA.

Interleukin-6 inhibitors

Tocilizumab (TOC) is a humanized, monoclonal antibody against the IL-6 receptor 
(IL-6R). IL-6 is a proinflammatory cytokine produced by mononuclear cells, vascular 
endothelial cells and fibroblasts due to activation by IL-1 and TNFα (Akioka, 2019). 
The most common adverse effects are infections, neutropenia and elevated liver enzymes 
(Brunner et al., 2015). TOC was approved by the FDA for the treatment of sJIA in 
2011 and for pJIA by the FDA and EMA in 2013 (Mehta, Beukelman, 2017).

Sarilumab is a novel, fully human monoclonal antibody against the IL-6 receptor 
and it has similar adverse effects as TOC. It is currently approved for treatment of RA  
(Lamb, Deeks, 2018) but a study in sJIA is underway (Giancane, Ruperto, 2019).

Rituximab (RTX)

Rituximab (RTX) is a chimeric (human/mouse) monoclonal antibody against the 
CD20 antigen, which is present on the cell surface of pre-B cells and mature B cells. 
Initially, RTX was used to treat B cell lymphoma, since it destroys CD20 B lymphocytes, 
inhibits cell growth and induces apoptosis (Mehta, Beukelman, 2017). RTX is not 
licensed for JIA but after failure of another bDMARD it may be used especially to treat 
RF-positive pJIA. Infusion reactions and infections are rare (Kearsley-Fleet, Sampath 
et al., 2019).

Ustekinumab 

Ustekinumab is a human monoclonal antibody against the combined IL-12 and IL-23 
p40 subunit. IL-23 has been associated with difficult-to-treat PsA and ERA (Webb, 
Wedderburn, 2015).

Secukinumab 

Secukinumab is a fully human IgG1κ anti-IL-17A monoclonal antibody which 
binds and neutralizes IL-17A. This causes inhibition of IL-17 receptor activation 
on keratinocytes, fibroblast-like synoviocytes, endothelial cells, chondrocytes and 
osteoblasts. Secukinumab is approved for the treatment of adult PsA and ankylosing 
spondylitis (Webb, Wedderburn, 2015). Studies with secukinumab in children with 
PsA and ERA are ongoing (Giancane, Ruperto, 2019).
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2.1.9.7 Janus kinase (JAK) inhibitors 

The first oral targeted synthetic DMARD is tofacitinib which is a small-molecule Janus 
kinase (JAK) inhibitor. JAK comprises four tyrosine-receptor kinases which transmit 
signals from various cytokine receptors. Tofacitinib inhibits the Janus Kinase/Signal 
Transducer and Activator of Transcription (JAK-STAT) pathway. Tofacitinib is 
efficacious in the treatment of RA and PsA (Kerrigan, McInnes, 2018). A clinical trial 
of tofacitinib in children with pJIA and sJIA is ongoing (Ruperto et al., 2017).

The other novel JAK inhibitor, baricitinib has been approved for RA by EMA, and 
studies in JIA-associated uveitis in children are being planned (Kerrigan, McInnes, 
2018, Sen, Ramanan, 2020). The most common adverse effects of JAK inhibitors are 
infections (Kerrigan, McInnes, 2018).

2.1.9.8 Hematologic stem cell transplantation

Hematologic stem cell transplantation (HSCT) is considered as a treatment option 
in very severe refractory JIA and/or life-threatening complications (MAS or serious 
infections). Autologous HSCT has been used since 1997 as an experimental therapy 
to reset the dysregulated immune system and to remove autoreactive T cells, but 
relapses and severe T cell depletion leading to viral infections and MAS complicate 
the treatment (Wulffraat et al., 2004, Silva et al., 2018). Allogeneic HSCT is safe and 
effective treatment and provides constant remission, but there is a significant risk for 
graft-versus-host-disease (Silva et al., 2018)
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Table 2.

Mechanism of action Name Route Pediatric indication for JIA

NSAID po

GC po, iv
ia

DMARDs methotrexate 

sulfasalazine 

azathioprine

po, sc
po
po
po
po

-

-

• TNFi

• 
• 
• 

• 
• 
• 

etanercept 

rilonacept

sc
sc
iv
iv
sc
iv, sc
iv
sc
sc
sc
sc
sc
iv

pJIA, uveitis
pJIA, uveitis
-

-
pJIA, 
sJIA, pJIA
sJIA

-
-
-

po
po

-
-

GC
TNFi IL CTLA-4

Ig JAK po, oral; iv, intravenous; ia, intraarticular; sc

2.1.10 Outcome

Modern medication has shifted the goal from symptom relief to low disease activity 
or to clinical remission. Clinical remission on medication is described as no signs or 
symptoms of inflammatory disease activity and no extra-articular features for six 
months, and clinical remission off medication as remission that has lasted for 12 months 
without anti-rheumatic medication (Ravelli et al., 2018). In the past, JIA caused 
disability and impaired the health-related quality of life due to functional impairment, 
pain and psychosocial dysfunction. Clinically inactive disease is defined by the criteria 
of Wallace et al. (Table 3) (Wallace, Ruperto & Giannini, 2004, Wallace et al., 2011).
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Table 3.

• 
• 
• 
• 
• 
• 

JIA, SUN, Standardization of the Uveitis Nomenclature; ESR,
CRP, C-reactive protein.

The outcome of JIA treatment is assessed by patient-reported and parent-reported 
questionnaires to evaluate the functional ability and the health-related quality of life 
(HRQoL). The Juvenile Arthritis Disease Activity Score (JADAS) and clinical JADAS 
(cJADAS, excluding ESR) are also used. The score includes the physician’s assessment 
of disease activity, the parent’s and/or child’s assessment of his/her well-being, number 
of joints with active arthritis and ESR or CRP values. The visual analog scale (VAS) is 
used to assess the child’s overall well-being and degree of pain (Consolaro et al., 2016, 
Giancane et al., 2016, Luca, Feldman, 2014). Backström et al. have defined the criteria 
for high disease activity in JIA with the 10-joint Juvenile Arthritis Disease Activity 
Score (JADAS10); the cut-off values were 6.7 for oJIA and 15.3 for pJIA (Backström 
et al., 2019). 

Guzman et al. showed that during 2005–2010, 70–90% of children achieved 
inactive disease two years after JIA diagnosis with the exception of children with 
pJIA (48%). About 50% of actively treated JIA-patients reached remission without 
medication within five years (Guzman et al., 2015). In a German study (in 2010–2014) 
half of the patients achieved inactive disease and 75% had experienced at least once a 
period of inactive disease one year after JIA had been diagnosed: 88% of patients with 
sJIA, 80% of patients with persistent oJIA and only 55% of patients with ERA (Sengler 
et al., 2015). The quality of life of JIA patients was close to the one of their healthy peers 
three years after the JIA diagnosis in a study covering the years 2010–2012 (Listing, M. 
et al., 2018). 

In a long-term Nordic follow-up study (18 years after disease onset), drug-free-
remission was present in 33% of JIA patients and 46% had active JIA. Altogether 
30% of JIA patients received DMARDs and 19% bDMARDs. Clinical remission was 
achieved in 54% of sJIA and persistent oJIA and in 8% of patients with ERA (Glerup 
et al., 2020). In Finland, an average of 60% of adolescents and young adults with JIA 
had active disease and one-third received bDMARDs (Vidqvist et al., 2013). A recent 
Finnish study reported 2.4-fold higher health care costs for adults with active JIA 
compared with adults with low or inactive disease in 2007–2016 (Mars et al., 2019). 
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The mortality rate of Finnish JIA patients was similar to the general population in 
2000–2014 (Kyllönen et al., 2019).

The defense system of body has many ways to protect against pathogens. The innate 
immunity acts first and does not require previous contact to pathogens. The mechanical 
barriers, like skin and mucus membranes, protect the body against microbes. These 
surfaces are colonized by the body’s own microflora which competes with the harmful 
microbes. Enzymes like lysozyme and lactoferrin inhibit the growth of bacteria. 
Secretory IgA prevents pathogens from adhering to mucosal cells. Ciliary motion, 
ventilation and coughing keep the lower airways sterile (Van der Meer, Kullberg, 
2002). In the tissues, the complement system participates in pathogen elimination.  
The complement system consists of proteins that induce the inflammation cascade and 
help natural killer (NK) cells, granulocytes that kill microbes through phagocytosis, 
monocytes/macrophages and dendritic cells to remove the pathogens from tissues. 
Impaired phagocytosis, as seen, for instance, in neutropenia, predisposes to infections 
by purulent bacteria and fungi. The cells of innate immunity secrete cytokines and 
present antigens (mainly APCs) which initiates the adaptive immunity process (Meri, 
Julkunen, 2011). 

Cytokines are cell mediators which transfer signals between cells of the immune 
system. Examples of such cytokines are the interleukins, TNFα and the interferons. 
Especially in the beginning of an infection, the proinflammatory cytokines IL-1, IL-6 
and TNFα are pivotal and they activate target cells to produce more chemokines and 
proinflammatory cytokines. The anti-inflammatory cytokines, e.g., IL-4, IL-10 and 
TNFβ, suppress the infection reaction. Interferons signal and strengthen the cells to 
resist viral infections (Meri, Julkunen, 2011). 

The adaptive immunity deletes specific microbes with the aid of the immunological 
memory upheld by B and T cells. In the cell-mediated immune defense, T cells are 
divided to cytotoxic CD8+-coreceptor lymphocytes and CD4+-coreceptor Th cells. 
CD8+ T cells kill pathogens and CD4+ Th cells help other cells with cytokine stimulus. 
Th cells are subdivided into Th1 cells (viral and intracellular bacterial infection), Th2 
cells (extracellular bacterial and parasite infection), Th17 cells (IL-17 production) 
and Treg cells (regulation of other cells, maintenance of immunologic tolerance). 
Cell mediated immunity is responsible for the destruction of intracellular pathogens 
and granuloma formation. When granuloma formation is impaired, tuberculosis 
(TB) infection may be reactivated. Also, intracellular bacteria (Mycobacteria, Listeria 
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monocytogenes, Salmonella, Legionella), fungi and viral opportunistic infections pose a 
risk for patients with impaired cell mediated immunity (Arstila, 2011).

B cells need both antigen and Th cells to initiate immunoglobulin secretion. 
Immunoglobulins together with complement adhere to the surface of the microbe 
leading to phagocytosis. Immunoglobulin or complement deficiencies predispose to 
infections by encapsulated bacteria, like Streptococcus pneumoniae and Haemophilus 
influenzae (Van der Meer, Kullberg, 2002).

At birth, the immune response of children is immature. Innate immunity develops 
during the first years of childhood, mostly before school age, but complete functionality 
is achieved only in adolescence. In children, the production of cytokines is limited: by 
age 3 years, children have attained similar levels of TNFα and IL-6 as adults, but the 
levels of other cytokines, like IFNγ and IL-12, are low until adolescence. Therefore, 
especially children younger than 2 years are prone to serious viral infections. Adaptive 
immunity is also defective, e.g., due to impaired differentiation of CD8+ and CD4+ T 
cells to memory cells in children of this age and older. The levels of B and T cells are 
increased but their functionality is decreased during the first years of life (Randolph, 
McCulloh, 2014, Ygberg, Nilsson, 2012).

Maternal antibodies can protect the child against infections during the first six 
months of life. Young children have many infections because of a defective immune 
system and immunological memory. Infections, vaccinations and microorganisms 
colonizing the skin and mucosal sites facilitate the development of the individual’s 
immune system during growth (Simon, Hollander & McMichael, 2015).

2.3.1 Juvenile idiopathic arthritis 

The immunologic disorders of JIA predispose children to infections. In non-systemic 
JIA, adaptive immunity is disturbed and activation of Th1 and Th17 cells leads to 
production of IFN , and IL-17, to inhibition of IL-10 and to overproduction of the 
proinflammatory cytokines TNF , IL-1 and IL-6. This results in synovial inflammation. 
In contrast, the autoinflammatory disease sJIA affects the innate immunity resulting 
in increases of cytokines IL-1, IL-6 and IL-18 and finally in multisystem inflammation 
(Lin et al., 2011).
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Children with chronic medical conditions have an increased risk of serious infections. 
Pelton et al. graded patients with chronic diseases into two categories based on 
indications for pneumococcal vaccination to prevent pneumonia of any cause. At-risk 
for pneumonia were patients (adults or children) with chronic heart or lung diseases, 
diabetes, asthma, Down’s syndrome or RA. High-risk conditions were reduced 
gestation, low birth weight, asplenia and immunosuppressive therapy. Children with 
two or more at-risk conditions had the same or a higher risk of pneumonia compared 
with high-risk patients. The risk increased with age, and children under 5 years of 
age with Down’s syndrome had a RR of 3.9 (95%CI: 3.8–3.9) and in the age group 
5–17 years the RR was 5.5 (5.3–5.7) (Pelton et al., 2015). Asthma is associated with 
pneumonia and 43% of hospitalized children with CAP had a codiagnosis of asthma 
(Wilson et al., 2015). Urinary tract abnormalities predispose to febrile urinary tract 
infections (UTI) (Montini, Tullus & Hewitt, 2011). 

Because JIA patients are prone to other autoimmune diseases, the immune 
response becomes further disrupted. The mucosal immune function is altered in 
patients with inflammatory bowel diseases (Toussi et al., 2013). Also, psoriasis is 
associated with an increased infection risk despite any bDMARD or non-bDMARD 
medication (Schneeweiss et al., 2020). DM itself disrupts the immune system and 
affects disadvantageously the lymphocyte response, neutrophil function and cytokine 
secretion and this increases the risk of infections (Calliari, Almeida & Noronha, 2019).

Anti-rheumatic medication affects immune responses in distinct ways and predisposes 
to certain infections (Table 4). GC disturbs both the adaptive and the innate immunity 
and predisposes to bacterial, fungal and viral infections (Batu, 2019). The use of GC 
affects the function of phagocytic cells, impairs the antigen-presenting mechanisms 
and diminishes the number of APCs and circulating T and B cells. If high-dose or 
long-term use of GC is needed, Pneumocystis jirovecii pneumonia and reactivation of 
hepatitis B, hepatitis C and varicella zoster virus (VZV) are real risks (Caplan et al., 
2017).

MTX decreases the proliferation of lymphocytes, production of cytokines and 
adhesion of leucocytes and reduces humoral immunity (Cronstein, Aune, 2020, Salonen, 
J. H., 2014). MTX may cause leucopenia and hypogammaglobulinemia, which further 
expose to infections (Ferrara et al., 2018). LEF affects proliferating, activated CD4+ T 
lymphocytes in RA and impairs the immune response. The pharmacodynamic profile 
of SLZ and HCQ is not associated with an increased risk of infections (Caporali et al., 
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2008). Azathioprine has a moderate effect on cellular and humoral immunity but only 
a slight effect on granulocyte function (Salonen, 2014).

TNFα plays a central role in the initiation of the defense of the host against viral 
and bacterial infections. It assists the activation of macrophages and thereby the 
initiation of responses of the innate immune system. TNFα regulates the proliferation, 
development, survival and apoptosis of immune cells. TNFα is also essential for the 
formation of granulomas and for maintenance of granuloma integrity. Thus, TNFi 
drugs predispose patients to granulomatous infections, including TB (Wallis, 2008). 
Because TNFα contributes to fever and pain reactions, the inhibition of it may change 
or mask the symptoms of infections (Salonen, 2014).

IL-1 attends to the activation of leucocytes, epithelial cells and endothelial cells. 
It also induces fever (Van der Meer, Kullberg, 2002). Inhibition of IL-1 (anakinra, 
canakinumab) impairs the inflammatory reaction. IL-6 activates B cells and T cells  
(Meri, Julkunen, 2011). IL-6 exerts a proinflammatory action that influences, via 
hepatic CRP synthesis, opsonization and phagocytosis of microbes (Salonen, 2014). 
Since ABA inhibits T cell activation through a costimulatory pathway, it affects cell 
mediated immune responses and opportunistic infections may ensue (Kuemmerle-
Deschner, Benseler, 2008). 

RTX binds to the CD20 B cell receptor leading to depletion of peripheral B cells that 
lasts for several months when RTX is used at clinical doses. Since plasma cells and stem 
cells are not CD20 positive, immunoglobulin concentrations should not be affected, 
but, in fact, reduced values do occur during long-term use of RTX. Neutropenia occurs 
as well (Salonen, 2014, Vanoni, Minoia & Malattia, 2017).

Mutations in the genes coding the JAK-STAT pathway may cause cytopenias, 
including leucopenia (neutropenia and lymphopenia) which predisposes to infections. 
The immunosuppressive effects of JAK inhibitors raise especially the risk of VZV 
infections, possibly due to the effect on NK cell function or IFN production (Kerrigan, 
McInnes, 2018).
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Table 4. Anti-rheumatic medication, effects on immune response and reported infections.

Medication Humoral Cellular TB HBV Opportunistic

immunity immunity reactivation reactivation infections

GC NA

MTX NA

Azathioprine NA NA

TNFi NA

RTX NA

NA NA

ABA NA NA NA

TOC NA NA

TB, HBV, hepatitis B virus infection; GC , methotrexate; TNFi, tumor necrosis factor
ABA TOC

NA

Infections are common among children and self-limiting respiratory infections are very 
common. In a study from the United States in 2011, infections accounted for 28% of 
emergency department visits by patients aged under 19 years. Altogether 5% of these 
patients with infections needed hospitalization and 40% of them had lower respiratory 
infections (Hasegawa et al., 2015). Because serious infections cause significant morbidity 
and mortality, it is crucial to diagnose and treat them effectively. Bacterial serious 
infections, like sepsis, pneumonia, meningitis, pyelonephritis, bacterial gastroenteritis, 
osteomyelitis and cellulitis, are most often defined as serious, but it is good to remember 
that viral infections can be serious, as well, as so eminently well shown by the Covid-19 
pandemic starting in the spring of 2020. The etiology of an infection can be difficult to 
elucidate, especially in children (Van den Bruel et al., 2006). An infection is defined as 
serious if it is associated with hospitalization, intravenous antibiotics, life-threatening 
event or death; these are the criteria of serious adverse effects used for safety analyses of 
drugs (Singh et al., 2015, Woerner, Ritz, 2013).
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A Belgian study reported that the incidence of serious infections (sepsis, pneumonia, 
meningitis, pyelonephritis and osteomyelitis) among children aged 0–14 years was 
1.2/100 per year in 1998–2002 in primary care. The rate of serious infections was 1% 
of selected acute infections in the study group which consisted of children who visited 
a general practitioner at least once a year. Children under 4 years of age had the highest 
risk for infections (Van den Bruel et al., 2006). Infection mortality in Finnish children 
decreased from 0.12% to 0.013% (89%) between 1969 and 2004 (Lantto, Renko & 
Uhari, 2013).

2.4.2.1 Sepsis

Sepsis is defined as a suspected or verified infection in a patient with a systemic 
inflammatory response syndrome (SIRS) (abnormal body temperature, heart rate, 
blood pressure and respiratory rate) which interferes with the host response leading to 
signs of systemic organ involvement. The diagnosis of sepsis is challenging because of 
age-specific vital signs and physiologic reserves which mask the development of serious 
infections in children (Randolph, McCulloh, 2014). 

The host response to infection is dysregulated in sepsis: the innate immunity is 
hyperactivated and, at the same time, immunosuppression ensues. Proinflammatory 
cytokines in sepsis include TNF , IL-1β, IL-12 and IL-18. B cells, T cells and dendritic 
cells are depleted by apoptosis during the early stage of infection resulting in lymphopenia 
and immunosuppression. The production of proinflammatory cytokines by monocytes 
and macrophages is decreased. Among the characteristics of sepsis are activation 
of the complement system, the coagulation system and the vascular endothelium. 
Complement activation is normally protective, but dysregulated activation leads to 
organ failure (Van der Poll et al., 2017).

In Finland, the incidence of bloodstream infection (BSI) in the age group 1–14 
years was 33 episodes per 100,000 during 2004–2007 (Skogberg et al., 2012). There 
has been a decreasing trend in the rate of positive blood cultures in children under 15 
years of age in Finland: during 2012–2015 on average 452 positive blood cultures per 
year were recorded, whereas 2007–2011 the number was, on average, 608 per year. Half 
of the children with BSI were under one year old (Jaakola et al., 2017). A Swiss study 
(2011–2015) reported an incidence of BSI of 25 episodes per 100,000 children and 
146 per 100,000 neonates. One third of the children were otherwise healthy, one third 
neonates and the rest had comorbidities. Malignancies, cardiovascular diseases and 
gastrointestinal diseases were the most frequently associated comorbidities (Agyeman 
et al., 2017). A meta-analysis of high-income and middle-income countries reported an 
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incidence of sepsis of 48 per 100,000 person-years (py) in children. Altogether 40–49% 
of the children with severe sepsis had comorbidities (Fleischmann-Struzek et al., 2018).

According to a Finnish report (2016), the most common pathogens of BSIs were 
Staphylococcus aureus (26%), Streptococcus pneumoniae (19%) and coagulase-negative 
staphylococci (19%) (Jaakola et al., 2017). In healthy children, pneumonia (20%) was 
the most common infection causing sepsis, followed by urinary tract (15%), bone and 
joint (15%), central nervous system (14%) and primary bloodstream (13%) infections. 
Mortality within 30 days after hospital admission was 7% (Agyeman et al., 2017). A 
viral origin for sepsis is difficult to establish and false positive results of viral specimens 
may occur (Gupta et al., 2018).

2.4.2.2 Pneumonia 

Pneumonia is an infection in the pulmonary alveoli or interstitial tissue (Korppi, 
2012, Shah et al., 2017). The infection in the lung causes secretion of proinflammatory 
cytokines, such as TNF , IL-1ß and IL-6. In contrast, IL-10 has anti-inflammatory 
effects and, together with TNF converting enzyme, it inhibits spread of the infection 
to sepsis (Greene et al., 2002).

Pneumonia is one of the most common infections in children, especially among 
children under 5 years. In the United States in 2010–2012, the annual incidence of 
hospitalizations because of community-acquired pneumonia (CAP) was 157/100,000 
py among children under 18 years (Jain et al., 2015). The overall incidence of 
CAP in Finland in the 1980’s was 3600/100,000 py in children under 5 years and 
1600/100,000 py in the age group 5–14 years (Jokinen et al., 1993). After introduction 
of pneumococcal vaccination in Finland in 2010, the rate of serious pneumonia has 
decreased especially among children under 4 years (Palmu et al., 2017).

Pneumonia is diagnosed with chest radiography or by clinical symptoms and signs  
(Harris, M. et al., 2011, Tapiainen et al., 2016). In children with fever and cough, the 
typical signs of CAP are hypoxemia and increased respiratory effort, tachypnea and 
characteristic auscultatory findings (Korppi, 2012, Shah et al., 2017). According to the 
guidelines for the management of CAP, a chest radiograph is not needed if the child 
is in good general condition and is treated at home (Tapiainen et al., 2016, Harris et 
al., 2011, Bradley et al., 2011). Jain et al. verified a microbiological diagnosis in 81% of 
CAP episodes: 66% viral, 8% bacterial and 7% both viral and bacterial (specimen from 
blood, pleural fluid, endotracheal aspirate, bronchoalveolar lavage, naso/oropharyngeal 
swab or paired serum specimen). The respiratory syncytial virus (RSV) was the most 
common pathogen (28%) and the most common bacteria were Mycoplasma pneumoniae 
(8%) and Streptococcus pneumoniae (4%) (Jain et al., 2015). In the 1990’s, before the 
pneumococcal vaccination era, a Finnish study reported a viral etiology in 62%, 
bacterial in 53% and coinfection in 30% of radiographically verified CAP episodes, 



44

where the children needed hospitalization (Juvén et al., 2000). Bacteremia occurred in 
7% of the children with CAP (Myers et al., 2013). 

The initial recommended antibiotic therapy is oral amoxicillin or intravenous 
penicillin G, depending on the severity of CAP (Korppi, 2012, Tapiainen et al., 2016).  
If the response to therapy is insufficient during the first 48 hours, the pneumonia and 
emergence of any complications, e.g. empyema, must be reassessed (Korppi, 2012, 
Tapiainen et al., 2016, Bradley et al., 2011). 

The quality of hospital care is evaluated by the hospital readmission rate within 
30 days after discharge. This rate is around 8% among children with pneumonia. 
Readmission occurs more often in children with concomitant chronic medical 
conditions than in children without comorbidities (Neuman et al., 2014).

2.4.2.3 Urinary tract infections (UTI)

When the invasion of pathogens begins in the urine tract, innate immunity acts first 
followed by adaptive immunity. Several factors of innate immunity maintain the 
urinary tract sterile: urine flow, epithelial surfaces and intracellular tight junctions, 
phagocytic cells, cytokines and chemokines (Spencer et al., 2014). Most children with 
primary immune deficiencies are not predisposed to UTI, which only emphasizes the 
significance of innate immunity (Montini, Tullus & Hewitt, 2011).

Acute pyelonephritis, a renal parenchymal infection, occurs in 7–8% of girls and 
2% of boys during their first six years of life; most frequently children under 2 years are 
affected (Mårild, Jodal, 1998). The incidence of UTI requiring hospitalization among 
children in Finland in 1993 was 162/100,000 per year in girls and 88/100,000 per year 
in boys aged 0–14 years (Nuutinen et al., 1999).

The most common bacteria causing UTI are Escherichia coli (80–90%), Klebsiella, 
Enterococcus, Enterobacter, Proteus and Pseudomonas species (Morello et al., 2016). 
The treatment of UTI has shifted from parenteral toward oral antibiotic courses. 
Hospitalization is recommended if a child is severely ill, dehydrated or cannot take 
medicine orally (Montini, Tullus & Hewitt, 2011).

2.4.2.4 Others

Skin and soft tissue infections are a common cause for hospitalization of children. 
Superficial infections like impetigo, cellulitis and erysipelas are often treated on an 
outpatient basis, but there is a risk of deep infections (necrotizing fasciitis, pyomyositis) 
(Vayalumkal, Jadavji, 2006). 

The rate of septic arthritis and osteomyelitis has been reported to increase among 
pediatric patients. The incidence is 8/100,000 per year and these infections occur 
more often in children under 5 years than in older age groups (Castellazzi, Mantero & 
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Esposito, 2016). There is variation in the rate of osteoarticular infections in different 
studies and this may be due to improved diagnostics, vaccinations, comorbidities and 
immunosuppressive treatment (Dodwell, 2013).

Bacterial meningitis is a severe inflammation of the meninges and subarachnoidal 
space (Davis, 2018). The incidence of bacterial meningitis in Finland has decreased due 
to vaccination (Haemophilus influenzae [from 1986], Streptococcus pneumoniae [from 
2010], Neisseria meningitidis [military conscripts]). The incidence of meningitis among 
children under two years of age was 11.4 /100,000 py and among children 5–17 years 
of age 0.8 /100,000 py in 1995–2014 (Polkowska et al., 2017). Encephalitis is defined 
as an inflammatory process of the brain with neurological dysfunction. The etiology of 
encephalitis can be difficult to establish, but the Herpes simplex virus, enterovirus and 
influenza viruses are the most common infectious causes. In the 1990’s the incidence 
of encephalitis was 10.5 / 100,000 child-years in Finland (Thompson et al., 2012, 
Koskiniemi et al., 1997).

Infections are common among children, and young children have approximately 6–8 
viral respiratory infections annually (Heikkinen, 2016). Virus infections predispose 
children to bacterial infections. Approximately 40% of children in the age group 
3–16 years hospitalized with influenza had some predisposing, underlying condition 
(Silvennoinen et al., 2011). The microbiological diagnosis of pneumonia is challenging, 
because obtaining reliable respiratory specimens and interpretation of the test results 
are difficult. The most frequently detected viruses in pneumonia are RSV, rhinovirus, 
human metapneumovirus, human bocavirus and parainfluenza viruses (Ruuskanen et 
al., 2011).

Opportunistic infections are due to bacteria, fungi, viruses or parasites that normally 
do not cause disease but do so in immunocompromised hosts. Typically, opportunistic 
infections are characterized by common pathogens causing complicated serious 
infections with a prolonged or recurrent course. The incidence of opportunistic 
infections may vary by environmental exposures to pathogens. Furthermore, hepatitis 
B and C may be reactivated in these children. A persistent VZV or herpes simplex 
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virus infection (localized or disseminated) in immunocompromised children is an 
opportunistic infection (Riccardi, Rotulo & Castagnola, 2019). 

Candida spp. is the most common cause of invasive fungal disease in children and 
it is the fourth most common finding in pediatric patients with hospital-acquired BSI. 
Candidemia and invasive aspergillosis prolong the hospital stay and increase in-hospital 
mortality (Pana et al., 2017).

In Finland, TB is an infrequent disease; the incidence of TB was 7.7/100,000/year 
and only 2% of the cases occurred in children under 15 years in 2009 (Hulkko et al., 
2010). In 2016, the incidence of TB was as low as 4.2/100,000 (Jaakola et al., 2017). The 
diagnosis of TB is challenging in immunocompromised patients because radiological 
and histopathological diagnostics is difficult if there are no tuberculotic granulomas 
(Armbrust et al., 2004). 

2.5 
The risk of infections has been of concern due to the effective and often long-term use 
of immunosuppressive medication by patients with chronic inflammatory diseases like 
RA and JIA. JIA and RA themselves, as well as immunocompromising comorbidities, 
predispose even further to infections (Davies, 2016, Davies et al., 2015, Listing, J. et al., 
2005, Horneff, 2015).

It is a challenge to collect sufficiently statistically confirmed data on the safety and 
efficacy of the medication in children, since sample sizes are small and the patient 
material of the randomized, placebo controlled clinical trials is selected. Registry and 
postmarketing studies have provided large patient materials and long follow-up times, 
but still more data on the safety of novel immunosuppressive pharmaceuticals is needed  
(Becker, Horneff, 2017, Dumaine et al., 2020, Woerner, Ritz, 2013).

RA is far more common than JIA and its pathogenesis is assumed to be similar to 
JIA. Therefore, clinical drug trials with adult RA patients have been used to evaluate 
the infectious adverse effects of immunosuppressive medication also with regard to the 
pediatric patient population. However, differences in pathogenesis do exist, e.g., uveitis 
in JIA and a lack of circulating autoantibodies in most cases of JIA. Also, especially age, 
comorbidities and disease duration are variables which complicate the interpretation 
of adult studies (Horneff, 2015). Since the data on serious infections in children with 
JIA is limited, the aim of the present study was to clarify the rate and trends of serious 
infections.
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RA is one of the most common chronic inflammatory diseases which causes long-
term synovial joint inflammation. This inflammation results in cartilage and bone 
destruction unless treated effectively. RA is often complicated by extra-articular features 
and systemic comorbidities. The outcome of RA has improved significantly with novel 
anti-rheumatic medication, early diagnosis and early start of medication (Smolen, 
Aletha & McInnes, 2016). However, still today, there are numerous RA patients in the 
general population whose disease began decades ago, and they have often permanent 
changes and complications of RA. Many are elderly and have comorbidities. All these 
aspects have to be remembered when the occurrence of infections in the RA population 
is evaluated.

The rate of hospitalization of RA patients due to infection was 9.6/100 py in 1955–
1994 which was 2-fold compared with non-RA patients (Doran et al., 2002a). These 
figures represent largely the effect of the RA disease itself, since the immunosuppressive 
potential of the anti-rheumatic drugs (except GCs) of those years was low compared 
with modern medication. The predictors of infection in RA patients include disease 
severity, comorbidities, leucopenia, aging and the use of GC (Doran et al., 2002b). The 
age-standardized mortality rate of RA was 1.0/100,000 in Finland in 2015 (Kiadaliri, 
Kristensen & Englund, 2017).

The use of GC has been associated dose-dependently with the risk of infections in 
patients with RA, but also low-dose prednisone (≤5 mg/day) increases the risk (Au et al., 
2011, Bernatsky, Hudson & Suissa, 2007, Wolfe, Caplan & Michaud, 2006). However, 
GCs are used when the RA is more severe and the increase in the risk of complications 
may be related to this circumstance, as well. According to a meta-analysis, the rate of 
serious infections related to sDMARDs was 2/100 per year (Singh et al., 2015). There 
is a small to moderate risk of infection with the use of MTX and a moderate risk with 
azathioprine, but HCQ is not associated with serious infections (Bernatsky, Hudson 
& Suissa, 2007).

Studies on serious infections in patients with RA on bDMARD therapy have yielded 
conflicting results. A meta-analysis of data from randomized controlled trials found 
that the risk of serious infections was 2-fold in RA patients on ADA or IFX treatment 
compared with placebo (Bongartz et al., 2006). Other studies, on the other hand, have 
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not found any increase in the risk of serious infections in patients with RA on TNFi 
therapy compared with patients on sDMARDs (Dixon et al., 2006, Grijalva et al., 
2011). 

There was a four-fold risk of skin and soft tissue infections and an increased risk 
of bacterial intracellular infections among RA patients on TNFi therapy (Dixon et 
al., 2006). Galloway et al. reported a 1.2–1.8-fold increased risk of infection during 
the first six months after start of TNFi therapy compared with sDMARDs (Galloway, 
Hyrich et al., 2011b). An Italian retrospective study reported an overall incidence of 
hospitalized infections among RA patients treated with bDMARDs of 0.9/100 py in 
2004–2013. Pneumonia (0.3/100 py), bacteremia (0.3/100 py) and cellulitis (0.1/100 
py) were the most frequent infections. The combination of MTX and bDMARD 
decreased the rate of serious infections, which might be due to good disease control, 
but channeling bias cannot be excluded. Conversely, the use of GC increased the rate of 
infection (Carrara et al., 2019).

In patients with RA, pneumonia is the most common serious infection and an 
incidence of 1.5/100 py irrespective of TNFi therapy has been reported (Wolfe, Caplan 
& Michaud, 2006). The rate of hospitalization for acute UTI among RA patients was 
2.16-fold compared with a control group in a study of Puntis et al. (Puntis et al., 2013). 
The incidence of skin and soft tissue infections has been reported to be 1.6/100 py among 
patients on TNFi therapy and 0.7/100 py on sDMARDs (Galloway et al., 2013). The 
risk of septic arthritis may increase 2.3-fold in RA patients on TNFi therapy and an 
incidence of septic arthritis of 0.42/100 py has been reported (Galloway, Hyrich et al., 
2011a). Reactivation of hepatitis B during bDMARD therapy occurs among 0 to 17% 
of bDMARD users (Mori, Fujiyama, 2015).

Patients with RA on bDMARD therapy have a slightly but significantly increased 
risk for opportunistic infections, excluding superficial or invasive fungal infections and 
Pneumocystis jirovecii (Kourbeti, Ziakas & Mylonakis, 2014). The reported incidence 
of herpes zoster (reactivation of VZV) has varied from 1.6 to 2.5/100 py in RA patients 
on bDMARD therapy. Also, an increased, dose-dependent rate of herpes zoster among 
RA patients on GCs has been observed (Yun et al., 2015).

A Swedish study reported a 4-fold risk of TB associated with TNFi treatment 
compared with the general population in 1999–2001 (Askling et al., 2005). However, 
the risk of TB in RA patients on bDMARD treatment has decreased since then and 
was 2.5-fold in 2007–2011 compared with RA patients on non-bDMARDs (Arkema 
et al., 2015). In Finland, the incidence of TB in RA patients was 4-fold compared with 
the general population in 1995–2007 and the incidence decreased by 50% during 
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follow-up (from 59 to 30/100,000 per year) (Vuorela et al., 2019). Patients scheduled 
for treatment with a bDMARD treatment are screened for TB, and thus these drugs 
are either not used by patients with latent TB or TB is actively treated if bDMARD is 
initiated. The risk of new TB infections has decreased among RA patients as well as in 
the general population in Finland. 

There is a two-fold increase in the risk of serious infections in JIA patients without 
bDMARD and MTX medication compared with non-JIA controls. The most common 
infections requiring hospitalization are upper respiratory tract infections (30%), 
pneumonia (24%), sepsis (18%), urinary tract infections (18%) and skin and soft tissue 
infections (12%) (Beukelman, Xie et al., 2012). Children with sJIA on medication are 
especially susceptible to infections during complicated, active phases of the disease 
when combination medication and GC are used (Horneff, 2015, Aygun et al., 2019). 
Patients with extended oJIA on ETA treatment have more infections than patients 
with ERA and PsA, but the rate of serious infection is similar between JIA subgroups  
(Foeldvari et al., 2019). Children with ERA treated with bDMARD therapy have the 
lowest rate of infections compared with the other JIA subtypes (Aygun et al., 2019).

A German registry study showed that a high disease activity defined by cJADAS10 
(clinical JADAS10; maximal count of 10 active joint) at start of bDMARD therapy is 
related to the risk of infection. Univariate risk analysis showed that disease duration 
before therapy start and a high mean cJADAS10 score during therapy are significant 
risk factors (Becker, Horneff, 2017). Davies et al. found that younger age, sJIA, the use 
of GC and multiple comorbidities were associated with serious infections (Davies, R. 
et al., 2015).

No exact safe dose of GC can be set, because infectious adverse effects depend on the 
GC user’s individual features, like age, comorbidities and previous history of infections. 
The present use of GC is more important than earlier use (Batu, 2019). GC increases 
the risk of serious infections in a dose-dependent manner (Beukelman, Xie et al., 2012).

The safety profile of MTX combined with bDMARDs has been acceptable (Ferrara 
et al., 2018). The German BIKER study showed that serious infections occurred in 
0.16/100 JIA patients on MTX per year (Table 5) (Becker, Horneff, 2017). 
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A Finnish study (1999–2012) showed that the most common adverse effects of 
bDMARDs are infections (79%). Serious infections (44/348, 13%) accounted for one 
third of all serious adverse effects (Tarkiainen et al., 2015). Aygun et al. showed in a 
patient series from 2017 that 57% of bDMARD users had an infection (175/307) and 
that only 1% (three patients) had a serious infection (Aygun et al., 2019). Recently, 
Dumaine et al. reported an overall incidence of infectious adverse effects of 6.0/100 py 
and of serious infections of 0.4/100 py among JIA patients on bDMARD therapy. The 
infections occurred a median of 13 months after start of bDMARD therapy (Dumaine 
et al., 2020).

The incidence of infectious adverse effects varies from 3.7/100 py (ETA) to 15.5/100 
py (TOC). The most common infections are infections of the upper (2.4/100 py) 
and lower respiratory tract (0.8/100 py), skin (1.2/100 py), gastrointestinal system 
(0.4/100 py) and genitourinary tract (0.3/100 py) (Dumaine et al., 2020). A Brazilian 
study reported a rate of serious infections that was quite high: 25% of JIA patients on 
bDMARD therapy during median exposure of 3 years experienced a serious infection; 
four opportunistic infections occurred. The incidence of serious infections ranged from 
2.6/100 py for ABA to 14.8/100 py for TOC in 2004–2016 (Brunelli et al., 2018). A 
meta-analysis of 19 trials concluded that serious infections were rare in JIA patients 
on bDMARD therapy; the incidence rate varied from 1 to 9/100 py (Horneff, 2015) 
(Table 5).

2.6.3.1 TNFi medication of juvenile idiopathic arthritis

Worrisome case series of serious infections among children with JIA on TNFi therapy 
have been published, since these infections have had a short history of mild and atypical 
symptoms leading to fast and invasive, even fatal disease despite rapid treatment start 
(Fitch, Cron, 2006, Morishita et al., 2010, Renaud et al., 2011). Nevertheless, mild 
infections, such as upper respiratory tract infections, are still the most frequently 
reported adverse effects of TNFi treatment (Toussi et al., 2013).

However, studies on serious infections in JIA patients on TNFi treatment have 
provided contradictory results. A study using US Medicaid data showed no difference 
in the rate of hospitalized bacterial infection in patients with TNFi use (3.5/100 py), 
MTX use (3.3/100 py) or in the entire JIA group (2.8/100 py) (Beukelman Xie et al., 
2012). Lee et al. reported a 2.7-fold risk of serious infections when new TNFi users 
were compared with new sDMARD users. The rate of serious infection for TNFi was 
2.72/100 py and for sDMARD 1.28/100 py. The median time to infection was about 
3 months (Lee et al., 2018). A recent meta-analysis reported an infection rate for JIA 
patients treated with TNFi that was slightly and not significantly higher than for 
other DMARDs. Nor did this study find any difference in the infection sites (lower 
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respiratory tract, gastrointestinal tract, urogenital tract and soft tissue) (Nagy et al., 
2019). 

The first licensed TNFi, ETA is the most studied bDMARD in children. The safety 
data on ETA reports rates of serious infections between 0.7 and 3.2/100 py (Woerner, 
Ritz, 2013). The British Society for Paediatric and Adolescent Rheumatology Etanercept 
Cohort Study (BSPAR-ETN) found that the rate of medically significant infections 
(evaluated also by a clinician) among JIA patients on ETA therapy (5.5 per 100 py) were 
significantly higher (HR 2.13, 95%CI: 1.22–3.74) than among MTX users. The rate of 
serious infections in JIA patients on ETA was 2.2/100 py (Davies R., 2016). 

In clinical trials, the rate of serious infections in JIA patients on ADA therapy was 
2.7/100 py; pneumonia was the most common serious infection at a rate of 0.5/100 py  
(Horneff et al., 2018). The German BIKER registry recorded no significant difference 
in the rate of serious infections in JIA patients on ADA compared with ADA+MTX 
therapy (Klein et al., 2019). A Finnish study on children with JIA-associated uveitis on 
ADA therapy showed an incidence of infections of 97/100 py and the most common 
infections were respiratory. No serious infections occurred (Tynjälä et al., 2008). 

The occurrence of reported serious infections in JIA patients on IFX vary from 
0.7 to 8.1/100 py (Woerner, Ritz, 2013). Ruperto et al. reported infections in 73% of 
JIA patients (57 out of 78 patients) treated with IFX+MTX but only 2 patients had a 
serious infection (pneumonia) (Ruperto et al., 2010). Tynjälä et al. reported that there 
were no serious infections in JIA patients on IFX+MTX therapy in a 54-week trial 
(Tynjälä et al., 2011).

GOL had a similar infectious adverse effects profile among controls as among pJIA 
patients in a randomized, placebo-controlled double-blind withdrawal study (Brunner 
et al., 2018). Recently, the German BIKER registry study reported a 5-fold increased 
risk for medically significant infections in pJIA patients on GOL therapy compared 
with other TNFi, TOC and ABA (Klein et al., 2020).

2.6.3.2 Other medication for juvenile idiopathic arthritis 

In a clinical trial with ABA, the incidence of serious infections ranged from 1.13/100 
py in the short term (up to about one year) to 1.72/100 py in the long term (up to 
seven years). The most common infections were pyelonephritis, bacterial arthritis and 
appendicitis (Lovell et al., 2015).

No serious infections occurred in a multicenter, randomized, double-blind placebo-
controlled trial with anakinra, although infections were the most common adverse 
effects (Quartier et al., 2011). Also, in a canakinumab study, infections were the most 
common adverse effects and the crude incidence rate of infections during canakinumab 
treatment was similar to that of placebo (Ruperto et al., 2012).

The annual risk of a serious infections in JIA patients treated with TOC is about 
11% (Frampton, 2013). The rate of serious infections was 4.9/100 py in children 



52

with pJIA on TOC therapy in a phase 3 clinical trial (Brunner et al., 2015). A recent 
Finnish observational study of pJIA patients on TOC reported a high rate of adverse 
events, 200.9/100 py. Of the adverse events, 54 were infections (63.5/100 py) and three 
were serious infections (3.5/100 py). The rate of infectious adverse events was 24 out 
of 56 patients (43%) (Grönlund et al., 2020). Notably, TOC decreases the levels of 
inflammation markers, e.g. CRP and ESR, in patients with sJIA and pJIA and this 
poses some additional challenges to the diagnosis of infection (Frampton, 2013).

Among patients with pJIA on RTX therapy, the rate of first serious infections 
was 6.2/100 py. The first serious infections appeared within 14–115 days after 
administration of RTX (Kearsley-Fleet, Sampath et al., 2019). It is recommended that 
blood neutrophil count should be followed regularly and in case of recurrent ear, nose 
and throat infections, serum immunoglobulin values should be checked. Sometimes 
immunoglobulin treatment may be needed (Mehta, Beukelman, 2017, Davies, 2016).

To establish the etiology of an infection, microbiological testing is required but it is 
challenging and often not available in clinical trials. The most common pathogenic 
bacteria identified in JIA patients treated with TNFi with an infection are Streptococcus 
pyogenes and Staphylococcus aureus (Toussi et al., 2013).

According to French register study, VZV infection is the most common causative 
agent of skin infections in JIA patients on bDMARD therapy (Dumaine et al., 2020). 
A German study reported an incidence of VZV infection of 0.3/100 py among JIA 
patients on immunomodulatory treatment; no serious or refractory VZV infections 
were observed (Nimmrich, Horneff, 2015). A Brazilian bDMARD study evaluated 
infections in children with JIA in a real-life setting and reported a rate of opportunistic 
infections of no less than 2.8/100 py and of VZV infections of 2.3/100 py (Brunelli et 
al., 2018).

Opportunistic infections are rare among children with JIA with or without 
medication; the incidence rate is around 0.3/100 py. The incidence rate ratio is 2.4 for 
children with JIA compared with children without JIA. Immunosuppressive treatment 
was not associated with a high risk for these infections. The most common findings 
were Coccidioides (0.02/100 py), Salmonella (0.04/100 py) and VZV (0.23/100 py) 
(Beukelman et al., 2013). Since TNFi inhibits granuloma formation and impairs 
existing granulomas, the risk of granulomatous infections caused by M. tuberculosis, 
Coccidiodomycosis and Histoplasmosis is increased during TNFi therapy (Wallis, 2011). 
Invasive fungal infections are rare in JIA patients treated with TNFi but when they do 
occur, the most common fungus is Histoplasma (Tragiannidis et al., 2017). 
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Table 5.

Study Study type
(years)

Drug Follow-up 
patient-years

Serious
infections (n)

SI/100 py

Dumaine et al.
(2019) (2001–2015) ETA

ADA
IFX
TOC

3075

203
138
83

10
1
1

0.8
0.7
0.2
0.2
1.7

(2019) (2013–2017)
TOC 85 3 3.5

Lee et al.
(2018) (2009–2013)

DMARD
TNFi

2013 18
11

1.3
2.7

Brunelli et al.
(2018) ETA

ADA
ABA
TOC

398
179
93
78
27

31
19
10
2

0.9

10.9

(2018) (2017)
307 3 1.0

Horneff (2017) (2000–2013)
MTX

2588

3125

21
2
5

0.8
1.0
0.2

(2015) (1999–2012)
ETA
IFX
ADA

710
591
188

21
19
3

2.9

2.1

Davies et al.
(2015)

MTX
ETA

13 1.7
2.2

(2012) (2000–2005)
no MTX, no TNFi
MTX
TNFi

8777

1580

222
88
55

2.5
3.3
3.5

Wallace et al.
(2012)

Clinical trial
(2007–2010)

ETA 2 3.7

(2011)
Clinical trial IFX 21 0 0

(2008)
Clinical trial
(2003–2007)

ADA 20 0 0

Lovell et al.
(2008)

Clinical trial
(2000–2008)
(2002–2005)

ETA

ADA

318

319

9

7

2.83

2.19

JIA ETA, etanercept; , 
TOC ABA , methotrexate; TNFi

SI, serious infection; py
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2.7 Prevention of serious infections
The risk of infections in children with JIA is difficult to assess, because infections are 
so common among children. It is crucial to evaluate the patient’s history of infections 
when JIA is diagnosed. When drug therapy is planned, the overall individual infection 
risk should be taken into account as well as other diseases that could suppress the 
patient’s immune system. Before initiation of bDMARD therapy, acute infections and 
any chronic infection focuses (e.g., dental) should be treated (Woerner, Ritz, 2013). 

Screening and treatment for latent TB is recommended before starting bDMARD 
therapy. Children are screened with an IFNγ release assay (IGRA). Serologic tests for 
hepatitis B virus and VZV are taken, if appropriate (Davies, H.D., 2016). Retesting 
for TB during bDMARD therapy is advised only if new, suspicious symptoms and 
new risk factors arise, because especially TNFi treatment may cause false-negative test 
results (Noguera-Julian et al., 2019).

Immunizations are valuable for prevention of infections and are checked before 
starting the immunosuppressive medication. Pneumococcal vaccination was 
introduced in 2010 and VZV vaccination in 2017 in the Finnish vaccination program  
(Finnish Institute for Health and Welfare, 2020). VZV vaccination is recommended 
before initiation of bDMARD therapy if the patient is not immune. Annual influenza 
vaccination is also recommended. The other members of the family should be screened 
for infections and vaccinated, if necessary, because the response to immunization in 
JIA patients may be blunted and the response may disappear more quickly than in 
healthy individuals. Live virus vaccines are contraindicated for immunocompromised 
patients, because they may cause serious infections (Salonen, 2014).

If the daily dose of GC is 2 mg/kg or over 20 mg and treatment will last for more than 
4 weeks, prophylaxis against Pneumocystis pneumonia should be considered (Caplan et 
al., 2017). No prophylaxis with antibiotics is required during bDMARD therapy. The 
risk of hepatitis B infection activation is considered if bDMARD is initiated. Acute 
hepatitis B infection is a contraindication for bDMARD therapy and chronic hepatitis 
B infection is treated before the initiation of bDMARD (Anttila et al., 2016).

To decrease the risk of transmission of Listeria monocytogenes and Toxoplasma 
gondii immunocompromised patients should avoid consuming undercooked meat, 
unpasteurized milk products (including soft cheeses) and raw eggs (Le Saux, 2012).

Early diagnosis and treatment of infections are crucial for immunocompromised 
patients to prevent morbidity and mortality because of serious infections. The patient 
and family should be informed about the infectious adverse effects related to drug 
therapy and what action is to be taken if an infection arises (Salonen, 2014). During 
regular clinical appointments infection queries are routine and follow-up blood tests, 
including a full blood count, are taken. Infections in immunocompromised children 
may have a different clinical presentation than in non-immunocompromised children, 
e.g., fever may be absent. Also, the values of CRP and leucocytes might be within the 
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reference range during the course of a serious infection or if the patient is seen very soon 
after contracting the infection (Woerner, Ritz, 2013, Horneff, 2015).

The use of bDMARDs is discontinued during serious infections, but during 
mild upper respiratory infections it is not needed (Anttila et al., 2016). The risk for 
postoperative infections and decreased wound healing is assessed individually before 
any surgical procedure. DMARDs like MTX and SLZ can be continued in JIA 
patients undergoing elective operation. In general, elective surgical procedures should 
be planned at the end of the dosing cycle of bDMARD. The time intervals without 
bDMARD before and after operation depend on the half-life of the specific drug  
(Goodman et al., 2017). Reducing the doses of GC and other immunomodulating 
drugs in case of inactive JIA is essential also for protecting the patient from infections. 
Effective treatment of JIA reduces inflammation and the risk of bacterial infections  
(Horneff, 2015).
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3 AIMS OF THE STUDY

The aims of this thesis were to evaluate serious infections among children with juvenile 
idiopathic arthritis (JIA).  The specific objectives were:

1. To study the occurrence of bloodstream infections (BSI) in patients with JIA 
and to compare it with the general population of same age during 2004–2011 
(I).

2. To evaluate the clinical features of BSI in JIA patients (I).

3. To establish the incidence of pneumonia and acute pyelonephritis in JIA patients 
and the general population during 1999–2014 (II, IV).

4. To describe and compare the characteristics of JIA, of the immunosuppressive 
medication used to treat JIA and of the comorbidities of JIA patients with 
serious and non-serious pneumonia (III).

5. To assess the outcome of BSI and pneumonia in patients with JIA (I, III).
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This retrospective, national, register-based study during 1998–2014 utilized the 
following registers: the SII register of reimbursement of medication, the National 
Infectious Disease Register (NIDR) and the National Care Register for Health Care 
(HILMO). The data on patients with JIA under 16 years was first collected and this 
data was then linked further with JIA patients under 18 years with infection. Searches 
were made to identify diagnoses of the following infectious diseases treated on either an 
inpatient or outpatient basis: BSI, pneumonia and acute pyelonephritis.

 

The anti-rheumatic medication needed to treat JIA is reimbursed by the SII for patients 
on application written by the treating pediatric rheumatologist. The SII maintains 
a national register of reimbursement of medication by ICD-10 (the International 
Classification of Disease, 10th revision) diagnosis codes. The ICD-10 diagnosis codes 
which are required for reimbursement of medications to treat JIA are M08.0–M08.4 
and M08.8–M08.9 (codes M08.5–M08.7 are not in use) and include:  juvenile 
rheumatoid arthritis, juvenile ankylosing spondylitis, juvenile rheumatoid arthritis 
with systemic onset (Still’s disease), seronegative juvenile rheumatoid polyarthritis, 
pauciarticular juvenile rheumatoid arthritis, other juvenile arthritis and unspecified 
juvenile arthritis.  Because ICD-10 codes were released in 1990 the former name of JIA, 
juvenile rheumatoid arthritis, is used in this connection. The time of reimbursement 
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approval was the index day of the JIA diagnosis in Study I. The data on purchased anti-
rheumatic drugs for JIA patients was also collected from this register. 

The NIDR is maintained by the National Institute for Health and Welfare. All positive 
bacterial and fungal blood culture findings are notified to the NIDR from all clinical 
microbiology laboratories in Finland. If several notifications of the same microbe were 
made of the same patient within three months, it was considered to be a single case of 
BSI. This register registered the patient identity codes as of 2004. In Study I, the SII and 
NIDR registers were crosslinked with the identity codes to identify the JIA patients 
with BSIs.

The National Institute for Health and Welfare maintains the National Care 
Register for Health Care, formerly called the National Hospital Discharge Register 
(Hoitoilmoitusjärjestelmä or HILMO). This register has collected the data on all 
inpatient and outpatient visits at hospitals since 1998. It includes individual identity 
codes, age, gender, principal and secondary diagnoses (ICD-10), procedures, information 
of admission and discharge dates from ward care and hospital identity codes. 

The numbers of patients’ first pneumonias and episodes of acute pyelonephritis 
within each calendar year of the study were used to calculate the incidence of these 
infections in Study II and IV. When the definition of incidence of pneumonia was 
changed to categorize pneumonia episodes by three months as distinct cases, there was 
no remarkable effect on the incidence estimates: the difference between the numbers of 
pneumonia episodes was less than 3%.

 

During 2004–2011 patients under 16 years with a JIA diagnosis (M08.0–M08.9) were 
identified from the register of reimbursement of medicines maintained by the SII. The 
identity code data was used in the NIDR register as of 2004. Children under 2 years 
were excluded, since JIA is rare in this age group (Petty, Laxer & Wedderburn, 2015) and 
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BSI due to any case occurs more frequently in young children than older ones (Skogberg 
et al., 2012). The patients were followed until they were 18 years old or to the end of year 
2011. A short follow-up period (of patients aged 16–17) was used in the register analysis 
to evaluate the infection risk of the patients with JIA diagnosed close to age 16 years. 
The identity codes of these JIA patients were connected to the respective codes of the 
NIDR register and if there was a hit, the case was recorded as positive for BSI.  

 

Patients under 16 years with a diagnosis covering ICD-10 codes M08.0–M08.9 (JIA), 
M32–M35 (systemic lupus erythematosus, dermatopolymyositis, systemic sclerosis and 
other systemic involvement of connective tissue) and M45 (ankylosing spondylitis) were 
first sought from the HILMO register and thereafter these patients were linked to the 
diagnoses pneumonia (J13–J18.9) and acute pyelonephritis (N10). Only the bacterial 
and unspecified diagnose codes of pneumonia were included because a microbiological 
diagnosis of pneumonia is challenging.

In the studies on the incidences of pneumonia and pyelonephritis (Studies II and 
IV) the follow-up years were 1999–2014 to obtain reliable register data from HILMO, 
which has included the hospital outpatient data since 1998.  The follow-up continued 
until the JIA patients were 18 years or to the end of year 2014. In study III the clinical 
data on all pneumonia episodes was scrutinized by thorough examination of the patient 
records covering years 1998 to 2014. In the pyelonephritis study (IV), children under 
2 years were excluded because acute pyelonephritis, unrelated to JIA, is common 
especially in infants (Shaikh et al., 2008).

The control group comprised the general population of the same age, gender and 
calendar year. In the first study, data on BSIs were collected from the NIDR register 
and in studies II–IV the data on pneumonia and acute pyelonephritis from the 
HILMO register. The incidences and incidence changes of BSI, pneumonia and acute 
pyelonephritis were compared between the JIA patients and the general population.
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The patient records of JIA patients were retrieved from the hospitals where JIA patients 
were treated for BSI or pneumonia. The data in the patient records was evaluated in 
detail, including subtype and time of JIA diagnosis, history of medication, infections, 
comorbidities, surgical treatment, risk factors for infection (neutropenia, lymphopenia), 
JIA activity at the time of infection, symptoms of infection, clinical and microbiological 
diagnosis of BSI or pneumonia, radiological findings, laboratory findings, treatment 
and outcome of infection. 

Only radiologically verified pneumonia episodes (pulmonary infiltrate) assessed by 
a radiologist or pediatrician were included. Pneumonia was defined as serious, if the 
patient was hospitalized or received intravenous antibiotics or the infection was life-
threatening   (Woerner, Ritz, 2013, Singh et al., 2015). If the pneumonia was diagnosed 
48 hours after hospital admission due to some other reason than suspicion of pneumonia 
it was considered hospital-acquired (Scott et al., 2012).

The activity of JIA was evaluated from the data in the patient records either at the 
previous hospital visit or at the time of the pneumonia or BSI. The criteria defined 
by Wallace et al. (Table 3) were used to assess inactive JIA: no active arthritis, no 
general symptoms (fever, rash, serositis), no active uveitis and ESR and/or CRP within 
the reference range before pneumonia diagnosis (Wallace et al., 2011). Because of the 
retrospective study design of the study, the disease activity measures such as JADAS 
values were not available. The data regarding use of GC was divided into two groups: 
patients using more than 10 mg of prednisolone equivalent per day and patients using 
less.

The use of antibiotics, if any, two weeks before the pneumonia was recorded as was 
the duration and changes in the antibiotic therapy. Readmission to hospital within 
30 days after the pneumonia diagnosis was recorded to assess the outcome of patients 
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hospitalized for pneumonia (Neuman et al., 2014). The variables of interest were need 
for intensive care, complications, procedures and mortality.

 

The expected number of BSI episodes was calculated by multiplying the rate of person-
years in each 1-year age and gender group with the corresponding average BSI incidence 
in the Finnish child population during the follow-up time. Standardized incidence ratios 
(SIRs) were calculated by dividing the observed rate of BSI episodes by the expected 
numbers of episodes. Exact 95% confidence intervals (CI) were analyzed under the 
assumption that the observed rates followed a Poisson distribution. The product limit 
estimate (Kaplan-Meier) of the cumulative “emergence” function was used to evaluate 
time-to-event analysis. The 95% confidence bands for the Kaplan-Meier estimate of BSI 
was calculated with the bootstrap method.

 
 (Studies II and IV)

The crude rates of pneumonia and acute pyelonephritis were calculated for children with 
JIA and for the control group per 100,000 py during 1999–2014. Poisson’s regression 
model was used to evaluate the incidence trend separately for both groups and also 
for comparing the differences of the incidence trends between JIA and control group 
during follow-up. The difference of incidences by 8-year intervals (1999–2006 and 
2007–2014) was calculated with the χ2-test. The age and gender standardized incidence 
rates of the control group were calculated based on age and gender distribution of the 
JIA patients. Trends in the use of anti-rheumatic medication were analyzed with the 
function “prop.trend.test” in R.

The characteristics of JIA patients and pneumonia episodes were described by  
frequencies, percentages and means (with the respective standard deviations) and 
medians (with other quartiles). Fisher’s exact test or the Mann-Whitney test were 
used to assess the differences between the serious and non-serious pneumonia groups 
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concerning patient characteristics and anti-rheumatic medication at the time of 
the pneumonia episode. The risk factors for pneumonia were analyzed with logistic 
regression and serious pneumonia as the dependent variable. The independent variables 
were active JIA, JIA duration (more or less than 2 years), previous recurrent infections, 
asthma, age (above or below 5 years), combination medication, MTX, bDMARD, GC, 
previous antibiotic therapy and follow-up period (1998–2006 and 2007–2014). 

Over-fitting and possible multicollinearity may cause instability of the regression 
models and thereby affect substantially the estimate values and the generalizability of 
the results. To check for this eventuality, logistic regression with a backward selection 
procedure was used, where the probability of the Wald statistic was used with a removal 
p-value of 0.10. With the aid of the Akaike information criterion (AIC), the best model 
was evaluated.

The coordinating ethics committee of the Helsinki and Uusimaa Hospital District 
approved the study protocol (228/13/03/00/10). The permissions to use the registry 
data was obtained from the SII’s register of reimbursement of medication (Kela 
25/522/2011) and from the National Institute for Health and Welfare (Dnro 
THL/1383/5.05.00/2010) which maintains the NIDR and the HILMO registries. 
Updated permissions concerning the study data and the study group was obtained from 
the National Institute of Health and Welfare in 2015 (Dnro THL 445/5.05.00/2015). 
Permission for collecting the data from the patient health records from the Finnish 
hospitals was granted. This retrospective study was based on registers without patient 
contacts and the collected patient data was encrypted.
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5 RESULTS

 

JIA was diagnosed in 1,604 patients aged 2–15 years during 2004–2011 and this 
yielded 6,630 follow-up years. The patients were followed for a mean of 4.1 years (range 
1–8 years). Their mean age was 8.2 years (SD 4.2 years) and 62% were girls. The most 
common anti-rheumatic medication in use was MTX (60% of the total follow-up time), 
followed by HCQ (30%) and SLZ (7%). 

Five patients with recent-onset JIA had BSI. The mean time from JIA diagnosis 
to BSI was 1.4 years (0–3 years). Two of the patients had RF-negative pJIA, two had 
persistent oJIA and one had ERA. Three JIA patients took combination DMARD 
therapy including MTX and two of them had bDMARDs. Two patients had 
comorbidities (Study I, Table 1). 

There were 2,184 subjects with BSI in the control population. The cumulative 
emergence of BSI was 0.38% (95% CI 0.16%–0.92%) during the first 5 years after the 
JIA diagnosis (Study I, Figure 1). The incidence of BSI in JIA patients was 7.5 and in 
the general population 2.8 per 10,000 py (95% CI 2.4–17.6 and 2.7–2.9, respectively). 
JIA patients had thus a 3-fold risk for BSI compared with the general population 
[standardized incidence ratio 3.0 (95% CI 1.2–7.2)]. 

 

When all JIA patients were included in the study group during 2004–2011, there were 
11 JIA patients with BSI (12 episodes). The mean age of the patients was 12 8.5 years 
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and JIA was diagnosed a mean of 4.6 years before BSI (median 3, range 0–12). Seven 
patients (63.6%) had active JIA at the time of the BSI episodes. The use of bDMARDs 
and the use of MTX combined with other drugs were both recorded in the patient 
records before seven of the 12 BSI episodes (58.3%). bDMARDs were introduced a 
mean of 3 years before BSI (median 2 years, range 2 weeks – 10 years) (Table 6). Nine 
patients took combination medication (81.8%). Two patients had no medication: one 
patient was on drug-free remission and the other had JIA and BSI diagnoses at the same 
time (Salonen, P. H. et al., 2013).

The patient with acute pyelonephritis and BSI had vesicoureteral reflux as a 
predisposing factor. One patient had the CATCH 22 syndrome (cardiac defects, 
abnormal facies, thymic dysplasia, cleft palate, hypocalcemia) and two patients had 
asthma. Five patients in the entire JIA group had a history of recurrent infections 
(Table 6). 

The most common infections etiologically related to the BSIs were pneumonia 
(n=3) and pyelonephritis (n=2). In 12 BSI episodes Staphylococcus aureus (n=4) and 
Streptococcus pneumoniae (n=4) were the most common causative agents followed 
by Escherichia coli, Staphylococcus epidermidis, Fusobacterium necrophorum and 
Pseudomonas, each in one patient. The infectious focus of two patients could not be 
confirmed (Table 7). 

During 2004–2011, none of the JIA patients had neutropenia or lymphopenia. 
CRP values varied from 22 to 262 (mean 142, median 164) at the time of hospital 
admission. The mean duration of intravenous antibiotic therapy was 6 days (range 
4–7). MTX and bDMARDs were discontinued during the infection and JIA patients 
resumed the anti-rheumatic medication after the infection. A 12-year-old PsA patient 
with high disease activity treated with IFX, MTX and prednisolone (12.5 mg/day) was 
readmitted within 2 weeks because of refractory BSI (Staphylococcus aureus). All other 
patients recovered uneventfully.
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Table 6. 

Patient Age /
gender

Subtype JIA
duration
(years)

Active
JIA

Comorbidity bDMARD
(exposure, 
months)

MTX
+/-

GC
+/-

Concomitant
medication

Previous
bDMARD 
(exposure, 
months)

1. oJIA Atopic 
eczema

- - LEF, HCQ -

2. RF-pJIA 2 - CATCH22 ETA (1) - HCQ -

3. 15/M sJIA 12 Asthma,
Wilms tumor 
operated

ANA (22) HCQ, 
SLZ, T

ETA (5)

2/F oJIA 0 - - - - - -

5. 5/F RF-pJIA 2 - ETA (5) - HCQ -

15/M ERA 1 - - IFX (0.5) - SLZ -

7. oJIA 8 - Asthma, 

operated

- - - HCQ, LEF -

8. 13/F RF-pJIA 1 VUR - HCQ -

9. RF-pJIA 11 - RTX (1) - ETA (21),
IFX (80),
ADA (5),
TOC (10),
ABA (5)

10. 17/M oJIA 3 - - - - - -

11a. 12/F PsA 7 Psoriasis - ETA (3) 

13/F PsA 8 Psoriasis - - RTX (1),

JIA, RF, Rheumatoid factor; oJIA pJIA sJIA
JIA; ERA, Enthesitis related arthritis; PsA, Psoriatic arthritis; CATCH 22 syndrome

VUR, GC ETA, etanercept; 
ANA TOC HCQ SLZ, 

sulfasalazine; T, thalidomide.
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Table 7. 

Patient Diagnosis Symptoms preceding
infections

Duration of symptoms 
before diagnosis 
(days)

Microbiological
etiology

History of earlier
infections

1. Pneumonia
headache

5 Str. pneumoniae several sinuitises

2. Pneumonia
headache

Str. pneumoniae -

3. Pneumonia 1 Str. pneumoniae pneumonia x2
pericarditis,
several URI

Sepsis fever, arthritis 2 Str. pneumoniae -

5. Periarticular fever, hip pain 2 S. aureus -

suspected
3 S. aureus -

7. 7 S. aureus pneumonia x1, 
several UTI

8. E. coli -

9. Catheter 
sepsis

port

1 S. epidermidis suspected BSI x1

pneumonia x1

10. Peritonsillar 2 F. necrophorum -

11a. Sepsis 2 S. aureus
infections and otitis

Sepsis 7 Pseudomonas UTI

URI  UTI, BSI, Str. pneumoniae, Streptococcus 
pneumoniae; S. aureus, Staphylococcus aureus; E. coli, Escherichia coli; S.epidermidis, Staphylococcus epidermidis; F. 
necrophorum, Fusobacterium necrophorum.
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When the entire follow-up period (1998–2014) was searched for either clinical or 
blood culture verified sepsis episodes, we found 38 bacterial or candidemic sepsis 
diagnoses (A32.7, A39.4, A40.0–A41.9, B37.7, H44.0, N39.0, T81.4), 14 of which were 
clinical and suspected. Altogether 22 JIA patients with 24 microbiologically verified 
BSI episodes were identified. JIA was active before 15 episodes of BSI (62.5%). The 
following JIA subtypes were present in patients with verified BSI (n=22): nine RF-
negative pJIA, eight oJIA, two sJIA, two PsA, and one ERA. At the time of the BSI 
episodes, DMARD therapy was used before 19 (79.2%) and combination medication 
before 17 (70.8%) episodes; MTX in 11, bDMARD in 12 and GC in 11 episodes. Five 
patients had a daily GC dose of more than 10 mg. 

During 1998–2014 the following blood culture findings (n=24) were recorded: 
Staphylococcus aureus in seven, Streptococcus pneumoniae in five, Escherichia coli in four, 
Staphylococcus epidermidis in two and Fusobacterium necrophorum in two episodes, and 
Streptococcus pyogenes, Candida albicans, Pseudomonas and Neisseria meningitidis each 
in one episode.

 

During 1999–2014 we identified 223 pneumonias in children under 18 years with 
JIA in 56,161 JIA patient years. The incidence of pneumonia was 386 per 100,000 
py (annual range 131–639) in JIA patients. In the control group, there were 53,058 
pneumonias in 17,546,609 py yielding an incidence of pneumonia of 303 (annual range 
225–438) per 100,000 py.

The incidence of pneumonia increased significantly in the group of children with 
JIA (p=0.013) and in the control group (p<0.0001) during follow-up. In 1999–2006, 
the incidences varied slightly between these groups but in 2007–2014 the incidence of 
pneumonia was significantly higher (p<0.0001) among JIA patients than controls. The 
incidence trend differences between the study groups was not statistically significant 
during the follow-up (Figure 2). The incidence of pneumonia was, on average, 1.3-fold 
(annual range 0.6–1.9) higher in children with JIA than in controls.
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Figure 2.

JIA

Altogether 150 pneumonia episodes in 131 patients were confirmed by chest radiography. 
Hospitalization for pneumonia was required in 103 of the 150 episodes (69%). The 
mean age of the JIA patients was 9 years, 57% were girls. The most common diagnoses 
were oJIA and RF-negative pJIA. JIA was diagnosed, on average, four years before the 
pneumonia. The characteristics of JIA patients with pneumonia are presented in Table 
I in Study II.

At the time of the pneumonia, 126 of the patients (84%) used DMARDs and 
70 patients (47%) took combination medication. The most common DMARD was 
MTX (61%) and its use increased significantly during follow-up among JIA patients 
with pneumonia (p=0.016). The most common bDMARD group was TNFi (38/47, 
80.9%) and 14 patients had used two or more TNFi’s before the pneumonia (9.3%) 
(Study II, Table 2). The patients without medication (16%) had either recent-onset JIA 
or JIA in remission. The use of bDMARDs increased significantly through 1999–2014 
(p<0.001), while the use of GC remained stable (Figure 3). 
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Figure 3. 

JIA MTX, methotrexate; GC, bDMARD

 

During 1998–2014, the Finnish hospitals reported a total 59,048 JIA patient years.  
In 1998–2006, the annual figure ranged from 2,292 to 3,575 and in 2007–2014 from 
3,633 to 4,511. There were 157 pneumonia episodes in 140 children with JIA between 
1998 and 2014. Of these episodes, 111 were serious (70.7%) and only one was hospital-
acquired. Altogether 19 patients had inactive JIA and did not need JIA medication 
(13.6%). JIA was diagnosed in 14 patients (10%) within 3 months before the pneumonia. 
Of the JIA patients, 64 had some concurrent disease (45.7%), most often asthma (17.9%) 
and Down syndrome (7.1%); 22 had a history of infections (15.7%) (Table 8).

Recurrent pneumonias affected 15 JIA patients (10.7%) and, of them, 12 had 
comorbidities (80%). They had 32 episodes of pneumonia and 18 of the episodes were 
serious (56.3%). Two patients had three pneumonias: one sJIA patient had very high 
disease activity treated with GC (>10mg/day) and the other patient had RF-negative 
pJIA and Down syndrome associated with neutropenia and recurrent infections.
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Table 8.
pneumonia.

All patients Serious 
pneumonia*

Non-serious
pneumonia*

(n=140) (n=101) (n=39)

9.1 10.2 

Female, n (%) 83 (59.3) 59 

JIA duration,
median (Q1–Q3

39 17
(1.0–5.9)

oJIA, n (%)
pJIA, n (%)
Others
Uveitis, n (%)

10

3 

(7.1)

(2.1)

9 

3
25 

(8.9)

(3.0)

1 
22 

0
9 (23.1)

Active JIA, n (%) 51 (50.5)

Asthma

IBD
Others

25
10
7
3
2

17

(17.9)
(7.1)
(5.0)
(2.1)

(12.1)

7

2
2

15

(13.9)

(5.9)
(2.0)
(2.0)

18
11
3
1
1
0
2 

(28.2)
(7.7)

(5.1)

JIA oJIA pJIA

5.5.2 JIA medication at the time of pneumonia

The patient took anti-rheumatic medication in 86% of the pneumonia episodes 
(48.4% combination medication). The use of MTX increased from 51% to 68% and of 
bDMARDs from 15% to 40% from 1998–2006 to 2007–2014. The use of bDMARD 
was connected to the use of MTX in 68.1% and to the use of GC in 38.3% at the time 
of pneumonia episodes (daily prednisolone equivalent of GC ≥ 10mg/day in 8.5%). The 
most common bDMARD in use was TNFi, mostly ETA (42.6%). TOC, anakinra and 
GC ≥ 10 mg/day were in use only at the time of the serious pneumonia episodes (Table 
9). The JIA patients with recurrent pneumonias had DMARDs in use at the time of 
28 pneumonia episodes (87.5%): 13 patients took bDMARDs (40.6%) and 8 patients 
took GC (25%). Six JIA patients needed intensive care; two had used bDMARDs 
and four GCs. Immunosuppressive therapy (except GC) was discontinued due to the 
pneumonias.
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Table 9.
JIA.

Medication All Serious
pneumonia
episodes

Non-serious 
pneumonia
episodes

(n=157) (n=111) (n=46)

MTX, n (%) 97 (59.5) 31 

Duration of MTX use, median (Q1–Q3) 1.7

TNFi
Etanercept

39
20
12

5
2
1

(29.9)

(12.7)

(3.8)
(3.2)
(1.3)

30
23
15
 8
0
5
2
0

(27.0)
(20.7)
(13.5)
(7.2)

(1.8)

17

5

0
0
1

(37.0)

(10.9)
(8.7)
(13.0)

(2.2)

median (Q1–Q3 1.3 (0.7–3.3) 1.1 (0.5–2.1)* 2.9

17 (10.8) 9 (8.1) 8

of GC, n (%)
Duration of GC use, median (Q1–Q3)

8 (5.1)
(0.7–5.1)

22

8 
2.0 

(19.8)

(7.2) 0

(8.7)

58 (52.3) 18 (39.1)

Without medication, n (%) 22 17 (15.3) 5 (10.9)

, methotrexate; Q1–Q3, , TNFi, tumor 
GC

Leucocytes were determined in 95% of the pneumonia episodes, whereas lymphocytes 
in 53%, CRP in 41% and ESR in 30% of the cases. Of the patients with serious 
pneumonia, 80 blood cultures were taken (72.1%). There were five positive blood 
cultures (6.3%) and one contamination (1.3%). Three of the positive cultures yielded 
Streptococcus pneumoniae: one patient was in remission without medication, one patient 
took a combination of prednisolone (1.25 mg/day), LEF and HCQ and one patient 
had active sJIA treated with a combination of prednisolone (10 mg/day), MTX and 
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bDMARD. One RF-positive pJIA patient with TOC, prednisolone (26 mg/day) and 
LEF therapy had normal CRP, ESR and leucocyte values despite Staphylococcus aureus 
sepsis and pneumonia.

In 21 episodes (13.4%) the microbiological findings were positive: Mycoplasma 
pneumoniae in six, influenza A in three, rhinovirus in two and Chlamydia pneumoniae 
in two episodes. RSV and parainfluenza virus were found in one episode each (Table 
10). No multiresistant microbes were detected. A 17-year-old patient with active 
RF-negative pJIA treated with prednisolone (10 mg/day), MTX and CZP (third 
bDMARD) had an episode of complicated pneumonia with prolonged intermittent 
fever and was diagnosed later with cerebral Mycobacterium tuberculosis abscesses.

Within two weeks before the pneumonia diagnosis, 29 patients (18.5%) had received 
antibiotic therapy: three for pneumonia and 26 for upper respiratory infections 
(prolonged upper respiratory infection, otitis or sinuitis). Altogether 105 JIA patients 
were treated with parenteral antibiotics, of which cephalosporins (57.1%) and 
G-penicillin (40%) were the most common.  Orally administered antibiotic therapy 
included most often amoxicillin either alone or in combination with macrolides. The 
duration of treatment of pneumonia was, on average, 10 days. The antibiotic treatment 
was changed in 38 pneumonia episodes (24.2%), 10 of which during the time the 
patient stayed at the ward (6.4%). Two or more antibiotic courses were required to treat 
12 pneumonia episodes (7.6%).

5.5.5 Outcome of pneumonia

The median duration of hospital stay was three days (range 1–114 days). Readmission 
was required in nine pneumonia episodes (8.1%), seven because of pneumonia, one of 
diarrhea and one of active JIA. Of the 32 recurrent pneumonia episodes, two led to 
intensive care and two to readmission. 

Minimal or moderate pleural effusion occurred in ten pneumonia episodes (6.4%). 
None of the patients required mechanical ventilation or invasive procedures, like pleural 
drainage. Four bronchoscopies were done due to prolonged cough or hemoptysis; this 
yielded three diagnoses of infection and one of primary ciliary dyskinesia (Kartagener 
syndrome).

Intensive care was needed in the treatment of six episodes; two of them ended in 
death. In 1998, a 10-year-old girl with aggressive RF-negative pJIA for nine years was 
treated with GC (15 mg/day), azathioprine and MTX. She underwent autologous 
HSCT followed by a prolonged intensive care course with neutropenia, pneumonia 
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and Candida albicans sepsis. She died of acute respiratory distress and heart failure. In 
2000, a 7-year-old girl with active sJIA for nearly five years had lobar pneumonia and 
pleuritis. Her anti-rheumatic medication included ETA since one year, MTX, GC and 
HCQ. The cause of death was respiratory failure due to pneumonia.

Table 10.

All Serious
pneumonia

Non-serious 
pneumonia

p-value

(n=157) (n=111) (n=46)

Fever (>38°)

Chest pain
21 

(89.8)
(89.2)
(15.3)
(10.2)

20
15
19

¥

(18.0)
(13.5)
(17.1)

37

1 
2

(95.7)
(8.7)
(2.2)

0.155
0.222

0.038

median (Q1–Q3) (3–12.3) 5 (3–7) 7 0.003

median (Q1–Q3 2 2 2.5 0.952

CRP, median (Q1–Q3 77 (28–150) 91 <0.001

median (Q1–Q3), E9/L 13.1
 

<0.001

21 17 (15.3) (8.7) 0.315

¥

JIA Q1–Q3 CRP, C-reactive protein.

Serious pneumonia was recorded during the first half of the follow-up (1998–2006) 
in 49 of 61 (80%) and during the latter half (2007–2014) in 52 of 79 JIA patients 
(66%) with pneumonia (p=0.104) (Table 11). No significant differences in patient 
characteristics were found between the serious and non-serious pneumonia groups 
(Table 8). There was a trend toward more frequent previous recurrent infections (OR 
0.34, 95% CI 0.11–1.04, p=0.058) and asthma (OR 0.39, 95% CI 0.14–1.11, p=0.078) 
in the non-serious pneumonia group compared with the serious pneumonia group 
(Table 11). Since the regression model may have been over-fitted in Table 11, the Akaike 
information criterion (AIC) for model selection was used and it contained the following 
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variables: follow-up period (p=0.030), previous recurrent infections (p=0.032), asthma 
(p=0.051), GC (p=0.069) and age (p=0.126). The use of the backward elimination 
procedure to the full model showed that only asthma (p=0.039) and follow-up period 
(p=0.047) remained in the final model. 

JIA patients with serious pneumonia had used bDMARD for a significantly shorter 
period of time before the pneumonia compared to those with non-serious pneumonia 
(p=0.046) (Table 9). JIA patients with serious pneumonia contacted the hospital earlier 
than patients with non-serious pneumonia (p=0.003) (Table 10). The hospitalized 
patients had higher CRP (p<0.001) and leucocyte (p<0.001) values than the patients 
with non-serious pneumonia (Table 10). The frequencies of antecedent antibiotic use 
before the pneumonia episodes were similar in the groups (Table 11) and there was no 
difference in the need for subsequent recurrent antibiotic courses between the groups 
(data not shown).

Table 11. 

Variable, n (%) Serious 
pneumonia

Non-serious
pneumonia

OR (95% CI)* p-value

(n=39)(n=101)

Active JIA 51 (50.5)

JIA duration
39 17 

13 (12.9) 9 (23.1) 0.058

Asthma  (13.9) 11 (28.2) 0.39 (0.14–1.11) 0.078

27 2.93 (0.92–9.35)

15 (38.5) 3.00 (0.83–10.9) 0.095

MTX 59 0.183

27 13 (33.3) 0.098

Glucocorticoid 19 (18.8) (10.3) 0.193

18 (17.8) 9 (23.1)

 
(80.3) 12 (19.7) 1

52 27 0.46 (0.18–1.17)

underlined.
bolded.

JIA, , methotrexate; CI, 
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The mean age of the children at the time of JIA diagnosis was 6.6 years (SD 4.4) and 
JIA was diagnosed, on average, 4 years before acute pyelonephritis. The most common 
subtype of JIA was oJIA. At the time of the acute pyelonephritis, JIA patients were 
nearly ten years old and the corresponding age of the control population was 7 years. 
A total of 39% of the controls but only 21% of the JIA patients were 2–4 years old. In 
the study group, on average, one third of patients were 15–17 years, while 16% of the 
controls were of the same age (Table 12). Children under 2 years were excluded but still 
the controls were younger than the JIA patients with acute pyelonephritis (p<0.001). In 
both groups, girls were overrepresented. When the control group with similar age limits 
and gender distribution was considered, the difference between the incidences in the 
study groups decreased, which reflects the predominance of girls among JIA patients 
and also among patients with acute pyelonephritis (Figure 4).

On average, half of the episodes of acute pyelonephritis in both study groups led to 
inpatient care. Hospitalization due to acute pyelonephritis of JIA patients decreased 
significantly from 73.9% in 1999–2006 to 45.8% in 2007–2014 (p=0.041). In the 
control group, the need for hospitalization remained stable (from 46% to 45%) (Table 
12).

Altogether 71 episodes of acute pyelonephritis occurred in 55 JIA patients aged 2–17 
years covering 51,379 JIA patient years. This yielded a mean incidence of 138 per 
100,000 py (annual range 37–337) during 1999–2014. In the general population of the 
same age there were 16,390 episodes of acute pyelonephritis in 15,744,434 py which 
yielded an incidence of 104 per 100,000 py (range 90–116) (Figure 4).

The incidence of acute pyelonephritis in the study group increased 1.6-fold from 
1999–2006 (102/100,000) to 2007–2014 (166/100,000). This change was not 
statistically significant (p=0.087), but patient numbers were small. The incidence of 
acute pyelonephritis in the control group decreased statistically significantly (p<0.001) 
from 109/100,000 py during 1999–2006 to 99/100,000 during 2007–2014. This 
incidence change over time was statistically significant (p=0.036).
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Table 12.

Variable JIA Control group 
(n=71) (n=16,390)

9.9 (5.2) 7.1 (5.2)

Female, n (%)

2.1
NA

n (%) 
oJIA
pJIA
sJIA
Undifferentiated JIA

32
15 
5

19

(21.1)
(7.0)

NA
NA
NA
NA

 n (%)
15
22
10

(21.1)
(31.0)

(33.8)

(39.1)
(33.1)
(11.8)

Inpatient care, n (%) 39 

JIA, oJIA pJIA sJIA NA

Figure 4. 

JIA,



77

This nationwide register study showed that Finnish JIA patients had a higher rate of 
BSI during 2004–2011 and a significantly higher rate of pneumonia during 2007-2014 
compared with the general population. There were also signs of increasing trends in the 
incidences of pneumonia and acute pyelonephritis in JIA patients (Figures 2 and 4). 
At the same time, hospitalization for pneumonia and acute pyelonephritis decreased. 
The pharmacological treatment of JIA has changed significantly  (Pohjankoski et al., 
2020). Although the increased use of immunosuppressive medication may predispose 
to infectious complications in already immunosuppressed JIA patients, the improved 
outcome of the JIA disease may lower the risk of infection. Nevertheless, this study 
shows that JIA patients are still susceptible to infections. 

The rate of BSI was low among children with recent-onset JIA (75/100,000), but 
still 3-fold compared with the general population (28/100,000). However, due to 
small numbers of patients the difference was not statistically significant. There is a 
risk for hospitalized bacterial infections in JIA patients also when they do not take 
immunosuppressive medication (Beukelman, Xie et al., 2012). A Finnish study 
identified a similar incidence of BSI (33/100,000) in children aged 1–14 years during 
2004–2007 as in our study among the general child population. The mortality was 
0.6/100,000 in the child population aged 1–14 years old and it was low compared 
with the average annual BSI mortality 21/100,000 in the overall general population 
(Skogberg et al., 2012).
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Depending on age, 1–4% of children are diagnosed annually with pneumonia and 
0.1%–2% are hospitalized for CAP (Don, Canciani & Korppi, 2010). The incidence 
of hospital visits due to pneumonia increased significantly in JIA patients (p=0.013) 
and in the general population (p<0.0001) during 1999–2014, and the trends were 
similar throughout the study period. During the second half of the follow-up period 
(2007–2014) the patients with JIA had a significantly higher incidence of pneumonia 
(p<0.0001) compared with the general population of similar age (Figure 2). At the 
same time, the use of MTX and bDMARDs increased. After the introduction of 
pneumococcal vaccination in 2010 in Finland, the incidence of hospitalization of 
children under age 6 years due to pneumonia decreased, and a similar indirect positive 
effect on unvaccinated children was observed in 2012–2013, possibly due to improved 
herd immunity (Palmu et al., 2017). 

The incidence of hospitalization for pneumonia has ranged from 200 to 2,300 per 
100,000 py in children aged under 5 years in the developed countries, and it has been 
estimated that 3–4% of children under 5 years have pneumonia annually (Madhi et 
al., 2013). In the present study, the overall incidence of CAP requiring an inpatient or 
outpatient hospital visit was 303/100,000 py in the general population compared with 
386/100,000 for JIA patients.

We observed that the rate of serious pneumonia decreased significantly from 1998–
2006 to 2007–2014. There were altogether 157 episodes of radiographically defined 
pneumonias in 140 JIA patients and 71% of episodes were serious. This might reflect 
the changes in diagnostic, coding and treating patterns of pneumonia in children 
favoring outpatient care. Children on immunosuppressive medication who have signs of 
infection may be referred to hospital more promptly than children without these drugs. 
The health care system can catch incipient pneumonias in time and early intervention 
may reduce the development of serious pneumonia. 

During the study period, the annual variation of pneumonias was remarkable; 
the incidence of pneumonia peaked twice (2001 and 2009–2010) in the JIA group. 
In Finland, there was a moderate influenza epidemic in 2001, an H1N1 influenza 
pandemic in 2009 and a rise in respiratory syncytial virus infections among children in 
2010  (Hulkko et al., 2010, Jaakola et al., 2017). Annual and seasonal variations in the 
rates of pneumonia occur especially due to viral epidemics.

Altogether 10% of the children under 6 years have UTI when all UTIs are considered 
(Ladomenou, Bitsori & Galanakis, 2015). UTIs requiring hospitalization decreased 
from 174/100,000 to 162/100,000 among Finnish girls from 1987 to 1993. The 
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corresponding figures for boys were 74/100,000 and 88/100,000 (Nuutinen et al., 
1999). In our study, the incidence of acute pyelonephritis among JIA patients aged 
2–17 years increased from 102/100,000 in 1999–2006 to 166/100,000 in 2007–2014, 
which is a 1.6-fold increase, but this was not statistically significant (p=0.087). In the 
control group of subjects aged 2–17 years, on the other hand, the incidence of acute 
pyelonephritis decreased statistically significantly (p<0.001) during this time from 109 
to 99 per 100,000. In adult studies, the incidence of UTIs is double among mainly 
elderly female RA patients compared to controls (Puntis et al., 2013). There has been 
a shift from inpatient care to outpatient treatment of acute pyelonephritis in children 
(Morello et al., 2016) which was also seen in this study regarding JIA patients.

Age and gender

Altogether 74% of children with BSI were under five years of age in a Swiss study 
(Agyeman et al., 2017). In our study, covering the years 2004–2011, the mean age of 
JIA patients with BSI in the age group 2–17 years was 8 years and in the whole JIA 
group (n=11) 12 years (Study I and unpublished data). 

Jain et al. showed that 70% of hospitalized pediatric patients with CAP are under 5 
years and that the median age is 2 years (Jain et al., 2015). Also, in our study (Study III) 
there was a trend for more frequent hospitalization due to pneumonia of children under 
5 years compared with older children, but the mean age was 9 years in the JIA group. 
Urinary tract infections are the most common bacterial infection in children under 2 
years (Shaikh et al., 2008). In the present study, the highest rate of acute pyelonephritis 
in the general population occurred in the age group under 5 years, although children 
under 2 years were excluded. Conversely, JIA patients were significantly older than the 
controls at the time of acute pyelonephritis (Table 12).

In all JIA subtypes, except sJIA, girls are overrepresented (Gowdie, Tse, 2012) and 
it is known that UTIs affect girls more often than boys  (Montini, Tullus & Hewitt, 
2011). The gender difference between the study groups with acute pyelonephritis 
decreased when the general population of similar age limits and gender distribution 
was taken into account (Figure 4).

JIA activity

Because JIA affects the immune system disadvantageously, a high activity of JIA raises 
the infection risk. Effective immunosuppressive treatment of JIA is reflected in the 
activity of JIA. Especially the use of GC predisposes to infections but is also a sign of 
active disease   (Hurd, Beukelman, 2013, Davies, R. et al., 2016). In adult studies, high 
RA activity predicts infections requiring hospitalization (Au et al., 2011). In our study, 
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40% of the patients with recent-onset JIA (Table I, Study I) and 64% of the whole JIA 
group (Table 6) had active disease at the time of BSI and 48% at the time pneumonia 
(Table 8). 

Comorbidities

In Study I two JIA patients with BSI had comorbidities which predispose to infections: 
vesicoureteral reflux associated with pyelonephritis and the CATCH 22 syndrome 
with thymic dysplasia associated with a risk of infection (Table I, Study I). Urinary 
tract anomalies are often a root cause of UTIs  (Montini, Tullus & Hewitt, 2011).

Asthma is a common coexisting condition among children hospitalized for 
pneumonia, and one third of children under 5 years with pneumonia have asthma 
(Leyenaar et al., 2014, Wilson et al., 2015). Altogether 18% of the JIA patients with 
pneumonia in the present study had asthma and half were hospitalized. Asthma was 
more common in the non-serious pneumonia group than in in the serious pneumonia 
group (Table 11), which might be explained by active diagnostics and rapid treatment 
of pneumonia of asthma patients.

Of the children with JIA and pneumonia, 7% had Down syndrome (Table 8), 
although the prevalence of Down syndrome is only 0.27% in Finland  (Finnish 
Institute for Health and Welfare, 2018). The prevalence of JIA in children with Down 
syndrome is 6-fold (0.87%) compared with the general population (Juj, Emery, 2009). 
This finding confirms previous data (Pelton et al., 2015) that children with Down 
syndrome are susceptible to pneumonia.

In Study III, 46% of the JIA patients with pneumonia had concomitant diseases and 
16% had recurrent infections. Altogether 80% of the children with JIA and recurrent 
pneumonias had comorbidities. The significance of comorbidities in children with JIA 
and pneumonia is highlighted because 21% of JIA patients have at least one comorbidity 
according to register study (Natter et al 2014). Recent infection and a history of 
infections predispose to infections in patients with rheumatic diseases (Beukelman, 
Xie et al., 2012, Au et al., 2011). In all age groups, the risks for CAP are recurrent upper 
respiratory infections and a history of wheezing (Jokinen et al., 1993). We found that 
when JIA patients fall ill with pneumonia, a history of frequent infections tends to be 
related more often with non-serious pneumonia than serious pneumonia (Table 11). 
Antibiotic therapy may be initiated with a lower threshold for these patients. Ringold 
et al. showed that the rate of outpatient antibiotic prescriptions for children with MTX 
and/or TNFi treatment were 2-fold compared with the figures for children without 
these medications  (Ringold, Grant et al., 2013).
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(Studies I–III)

The use of MTX and bDMARDs increased significantly during follow-up period, 
while the use of GC remained stable among JIA patients with pneumonia (Figure 3). 
Pohjankoski et al.  showed that 90% of patients with recent onset JIA used MTX in 
2009-2014. Altogether 30% of JIA patients took subcutaneous bDMARDs within 2 
years of the JIA diagnosis during 2012–2014 but the use of intravenous bDMARDs 
is missing from this data  (Pohjankoski et al., 2020). Because of the Finnish drug 
imbursement system intravenous bDMARDs are paid by the hospitals and thus are 
not included in the national registers. The Childhood Arthritis Prospective Study 
(CAPS) showed in 2011–2014 that 58% of JIA patients received sDMARDs and 20% 
bDMARDs. The use of these drugs was more common in sJIA and pJIA groups than 
in oJIA (Davies, R. et al., 2016).

Despite effective treatment of JIA during the last 20 years, most JIA patients do 
have active disease and need long-term medication (Vidqvist et al., 2013, Glerup et al., 
2020, Nordal et al., 2011). In 2005–2011, 66% of adolescents and young adults received 
MTX, 29% bDMARD and 9% GC (Vidqvist et al., 2013). We found that 40% of 
JIA patients with pneumonia were on bDMARD therapy during the latter half of the 
follow-up (2007–2014). 

A Finnish study showed that about 33% of JIA patients on a bDMARD experienced 
serious adverse effects and, of these, 13% were serious infections (Tarkiainen et al., 
2015). The connection between serious infections and the use of immunosuppressive 
medication by JIA is not straightforward. Mild infections, like upper respiratory tract 
infections, have been reported most often in patients on bDMARD therapy (Becker, 
Horneff, 2017, Davies H.D., 2016, Toussi et al., 2013) but case reports have described 
features of serious infections in JIA patients on TNFi medication (Morishita et al., 
2010, Renaud et al., 2011). 

TNFi is associated with a higher risk of serious infections than other DMARDs  
(Lee et al., 2018), also among adults. The risk of serious infections in adults with RA is 
increased during the first 6 months after initiation of TNFi  (Galloway et al., 2011a). In 
Study III, JIA patients on bDMARD therapy had a significantly shorter mean duration 
of bDMARD use in the serious pneumonia group than in the non-serious pneumonia 
group by the time of pneumonia (1.1 years vs. 2.9 years, p=0.046, Table 9). 
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The use of bDMARDs raises the risk for medically significant infections (defined as 
fulfilling the serious infection criteria and diagnosed by the treating physician) but not 
the incidence of serious infections (Davies, R., 2016). According to a literature review, 
the association between serious infections and bDMARD therapy in JIA patients was 
rare until 2017. Bronchopulmonary infections and varicella were the most common 
infections (Aeschlimann et al., 2019).  A Brazilian study reported higher rates of serious 
infections (25%), including opportunistic infections (11%), that could be associated 
with endemic circumstances in 2004–2016 (Brunelli et al., 2018). 

The use of GC in the treatment of JIA patients is associated with a risk of serious 
infections, as shown by many studies (Becker, Horneff, 2017, Davies, R., 2016). Adult 
studies have shown that the rate of hospitalization because of pneumonia increases 
with the use of GC in a dose-dependent manner (Wolfe, Caplan & Michaud, 2006). 
Recorded GC doses over 10 mg/day were encountered only at the time of serious 
pneumonia episodes in Study III (Table 9). 

When combination medication is used, the immunosuppressive effect is at least as 
powerful as with the most immunosuppressive drug alone (Davies, H.D., 2016). The 
use of MTX alone or in combination with TNFi has not increased the occurrence 
of hospitalized infections (Beukelman et al., 2016). In a prospective one-year study 
57% of JIA patients on bDMARD therapy reported infections, mostly mild upper 
respiratory tract infections and only three serious infections (2 pneumonias and one 
pleural effusion). The authors discuss whether dysregulation of the immune system in 
JIA raises the susceptibility to infections, regardless of immunosuppressive treatment 
(Aygun et al., 2019). In the present study nine JIA patients with BSI (82%) were on 
combination therapy, six patients on GC and two had no medication (Table 6), while 
48% of JIA patients with pneumonia had combination therapy (Table 9).

The diagnosis of a serious infection may be challenging because of indistinct or absent 
features of infection in children on immunosuppressive medication (Woerner, Ritz, 
2013). In Finland, blood cultures are obtained more readily when CRP values are high. 
All patients with BSI had fever and high CRP values (Table 2, Study I). 

Fever, cough and breathing difficulties are the most common symptoms of 
pneumonia (Tapiainen et al., 2016), which was the case also in our study. Chest 
radiography is recommended of children with suspicion of severe or complicated 
pneumonia (Tapiainen et al., 2016). A total of 70% of JIA patients with pneumonia 
requiring a hospital visit were diagnosed with chest radiography. CRP was taken of 
nearly all JIA patients with pneumonia. Low T helper lymphocyte counts predict 
hospitalization for infections of patients on immunosuppressive therapy and a low 
CD4+ T lymphocyte count is an independent predictor of infection  (Glück et al., 
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2005). In JIA patients with pneumonia, a lymphocyte count was obtained of 44% of 
the patients; the lymphocyte count is important for assessing the risk for infection in 
patients with long-term immunosuppressive medication.  The leucocyte count and 
CRP may remain unchanged during GC or TNFi treatment (Woerner, Ritz, 2013). 
We observed that one JIA patient with pneumonia on TOC and GC medication had 
normal infection parameters despite Staphylococcus aureus sepsis. 

The most common causative agents of BSIs among all JIA patients during 2004–2011 
were Streptococcus pneumoniae and Staphylococcus aureus (Table 7). In 2017 the most 
common blood culture finding in the age group 1-14 years in Finland was Staphylococcus 
aureus and the rate of positive Streptococcus pneumoniae cultures decreased after the 
introduction of pneumococcus vaccination in 2010. Other common pathogens were: 
coagulase-negative staphylococci, Escherichia coli and Streptococcus pyogenes (Jaakola 
et al., 2017). In a Swiss pediatric BSI study Escherichia coli, Staphylococcus aureus 
and coagulase-negative staphylococci were the main causes of BSI in children with 
comorbidities  (Agyeman et al., 2017). In our study, no resistant bacteria were cultured, 
and, importantly, not a single case of methicillin resistant Staphylococcus aureus nor of 
extended spectrum b-lactamase producing bacteria. 

Guidelines recommend that blood cultures are to be taken if children are hospitalized 
for moderate or severe CAP  (Bradley et al., 2011, Korppi, 2012). The prevalence of 
bacteremia in children with CAP is low, but it is increased if there is a long duration of 
fever, a high CRP value, complicated pneumonia and metastatic complications (Myers 
et al., 2013).  Streptococcus pneumoniae is the most common pathogen in children with 
pneumonia in inpatient as well as outpatient care (Don, Canciani & Korppi, 2010). 
In study III, blood cultures were obtained from 72% of the JIA patients (n=80) 
with serious pneumonia and five of them were positive (6%) with three findings of 
Streptococcus pneumoniae. 

A Finnish population-based prospective study demonstrated serologic evidence of 
a specific microbial etiology in 66% of pneumonia patients and, of them, a bacterial 
etiology in half, Streptococcus pneumoniae most often  (Heiskanen-Kosma, Korppi, 
2010).  Mycoplasma pneumoniae is often found in children > 5 years and Chlamydia 
pneumoniae in children > 10 years with CAP. Respiratory viruses, e.g., RSV and 
rhinovirus cause CAP alone or together with bacteria especially in young children 
(Don, Canciani & Korppi, 2010).

Opportunistic infections are rare among children, but JIA patients have reportedly 
higher rates of Coccidioides, Salmonella and herpes zoster compared with children 
without JIA (Beukelman et al., 2013). In RA patients on bDMARD therapy, there 
is a low but significant rate of specific opportunistic infections (Kourbeti, Ziakas & 
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Mylonakis, 2014). According to a Spanish study, the prevalence of TB (1.4%) among 
children with JIA on TNFi therapy is similar to the prevalence in the general population 
(Calzada-Hernández et al., 2015). Although TB is rare in Finland, TB was diagnosed 
in one patient with refractory JIA on intensive immunosuppressive medication (Study 
III). A case of Candida sepsis occurred in one patient with aggressive JIA and HSCT 
treatment leading to a fatal course of pneumonia (Study III).

We observed no difference in the use of antibiotics before pneumonia episodes between 
the serious and non-serious pneumonia groups (Study III). In Study III, the mean 
duration of hospital stay was three days, and this was similar to the results of previous 
pneumonia studies. In a large CAP study, intensive care was required by 21% of the 
patients (Jain et al., 2015). Maybe due to older children in the JIA group, only six JIA 
patients needed intensive care (2%) in our study. The incidence of pleural empyema, 
a complication of pneumonia, has increased among children and the diagnosis of 
empyema is challenging (Korppi, 2010, Lahti et al., 2007). No suppurative complications 
occurred and none of the patients needed pleural drainage nor mechanical ventilation 
(Study III). 

Excluding one JIA patient with BSI who was readmitted to the hospital because of 
recurrent BSI, all patients with BSI recovered well. None required intensive care (Study 
I). Readmissions for hospital treatment are reported in 8% of children with CAP and 
an increased risk of readmission among young children and children with chronic 
medical conditions is known (Neuman et al., 2014).  In Study III, 8% of JIA patients 
with pneumonia were readmitted to hospital. Two patients (1%) died of pneumonia 
in the beginning of the follow-up period. Both patients had disabling JIA and had 
needed long-term JIA treatment including combined DMARD medication and GC at 
a dose of over 10 mg/day. British authors reported severe, unexpected infections in four 
children and adolescents with refractory JIA on combined DMARD therapy leading 
to death despite appropriate antibiotic treatment (Abinun et al., 2016).

An evaluation of the history of infections is the basis of prevention of serious infections. 
Patients should be informed of possible infectious adverse effects of immunosuppressive 
medications. Also, a good, mutual relationship between patients and health care 
workers is important for the prevention of serious infections. This was also seen in the 
present study – despite the increase in the use of immunosuppressive drugs to treat JIA, 
hospitalization of JIA patients for pneumonia and acute pyelonephritis decreased. The 
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patient’s history of infections is pivotal to clarify when immunosuppressive medication 
can be initiated and careful monitoring of any predisposing factors for infections is 
crucial, e.g., neutropenia, lymphopenia and low serum immunoglobulin concentrations 
(Glück et al., 2005, Davies, H.D., 2016). In the long-term, the dose of GC should be 
minimized or the medicine discontinued, if possible, to avoid the adverse effects of 
GC. The dosage or discontinuation of other immunosuppressive medication should be 
considered, if recurrent infections occur. 

Pneumococcal vaccination was introduced in 2010 in the Finnish vaccination 
program and about 95% of children take the vaccinations (Finnish Institute for Health 
and Welfare, 2020). Since the start of pneumococcal vaccination, hospitalizations due to 
pneumonia have decreased in the general population, especially among children under 
2 years  (Griffin et al., 2013).  Despite pneumococcal vaccination immunocompromised 
patients of all ages still get pneumonia (Pelton et al., 2015). There were no signs of a 
decreasing trend of pneumonias in our study (Figure 2). The Finnish vaccination 
program has included influenza vaccination since 2007, first for children aged 6–36 
months and since 2018 for children aged 6 months to 7 years. The most recent influenza 
vaccination coverage of children under 3 years was 43% and of children aged 3–6 years 
it was 29%. VZV vaccination for children was introduced in 2017 but before that, 
pediatric rheumatologists have prescribed it for Finnish JIA patients  (Finnish Institute 
for Health and Welfare, 2020). The importance of an appropriate vaccination schedule 
for JIA patients, which should include annual influenza immunization, should be 
emphasized.

Since the risk of granulomatous infections is increased in patients on TNFi 
therapy, TB should be screened before TNFi therapy is started. A false-positive result 
of screening may occur during immunosuppressive treatment  (Noguera-Julian et al., 
2019). Although TB is rare in Finland, there was one case of pneumonia with TB in an 
adolescent with active JIA on long-term immunosuppressive therapy (Study III).

To avoid infectious morbidity and mortality the evaluation of infections is 
important in JIA patients, vigilance is needed to diagnose infections early and to 
start antibiotics rapidly (Salonen, 2014). At the time of a moderate or severe infection 
immunosuppressive medication is discontinued, as was the case in the present study. 
The overall outcome of serious infections in JIA patients was good in the present study: 
hospital stay for pneumonia was short, only a few patients needed intensive care and 
complications in patients with BSI and pneumonia were minimal (Study I and III).

The strengths of this study are the use of nationwide register data, considerable size 
of the study cohort and the long follow-up period of 16 years (studies II–IV) and 8 
years (study I). The HILMO data covers the entire hospital network in Finland. In 
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practice, pediatric rheumatologists manage nearly all JIA patients treated in hospitals 
and comprehensive data on inpatient and outpatient discharge diagnoses are available 
in the HILMO register. The data includes the entire population of JIA patients with 
infection diagnoses. The individual patient records in studies I–III were scrutinized to 
confirm the diagnoses of JIA and infections. Detailed patient data allowed us to record 
the treatment of JIA and outcome of infection.

A limitation of the study is that register data and the retrospective study design 
may introduce bias due to incomplete data. ICD-coding and changes in the coding 
practices might cause some errors in the incidence numbers during the long follow-
up time (1999–2014) but these deviations in infection diagnoses would affect both 
study groups equally. Evaluation of all patient records and controls would have been 
a momentous task and it was not possible to collect and compare the data on all JIA 
patients with and without infection. Comparisons between the general population 
and the JIA study group provides an appropriate way to assess the incidences of serious 
infections. After all, the size of the study group was not large enough to allow the 
calculation of all statistically interesting items, e.g., JIA subtypes.

The register of reimbursement of medicine does not include medicines which are 
used in the hospital, e.g., intravenous bDMARDs (IFX, TOC, ABA). However, the 
data on anti-rheumatic treatment at the time of BSI and pneumonia episodes were 
collected directly from the patient data. There was also data missing from the patient 
records, including data on growth, vaccinations and clinical signs of pneumonia. The 
severity of pneumonia could not be assessed by general guidelines, e.g., of the American 
and British Societies, since the clinical signs were only partially recorded in the patient 
records. Because the etiological diagnosis of pneumonia is difficult to establish and 
because of the retrospective study design, the quality of data was limited and we 
focused on bacterial and unspecified pneumonia ICD-diagnoses. Milder episodes of 
pneumonia are treated by open-care physicians and this data is not included in this 
study. Nevertheless, serious infections, defined as infections associated with intravenous 
antibiotic therapy, hospitalization or death, are used to analyze the safety of medication 
including bDMARDs and this data was available.

The data on serious infections in children with JIA revealed that these patients are 
predisposed to infections, but that they recover quite well even from serious infections. 
During follow-up, there were signs of a rise in the incidence of pneumonia and acute 
pyelonephritis but, fortunately, the occurrence of serious infections decreased over the 
study period. This observation delineates the need for infection screening, for active 
follow-up and for early treatment of infections. The clinical features of infections 
may be exceptional. Effective cooperation between health care professionals on the 
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management of patients in hospital care and outpatient care is pivotal. Also, continuous 
education of new medication practices of JIA is needed for open-care physicians and 
clinicians not regularly treating these patients.

Although the present study has given additional insight into the problem of infections in 
JIA, information on the epidemiology of serious infections in JIA patients is still scarce. 
Because JIA is a rare disease, large international register data may be a more productive 
data source than a single register, albeit it covers an entire nation. Population-based 
registers do help to evaluate the public health burden of serious infections. Registers 
on the effect of medical treatment are collected in several countries, and hopefully they 
will include also reliable data on intercurrent infections. 

Despite the long follow-up period in this study, statistical precision was still limited. 
Therefore, a prospective study design is needed to compare serious infections between 
JIA patients on and off different anti-rheumatic medication. At the same time, the 
clinical features of JIA, comorbidities, JIA treatment and infections could be examined 
in detail. Also, the epidemiology of both mild and serious infections could be studied in 
children with JIA. Evaluation of various follow-up practices with regard to infections 
could be compared. 

The challenges of register data are well known, but the valuable register data of this 
study should be updated and used to collect further information on serious infections, 
which is important also from the point of view of the evolving pharmacological 
treatment of JIA. Skin and soft tissue infections and osteoarticular infections remain 
unexplored. Case reports on infections in children with connective tissue diseases 
might also be valuable research objects. Further studies are needed to investigate the 
effects of pharmacotherapy and the overall risk of infections in JIA patients.
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7 SUMMARY AND CONCLUSION

Study I showed that BSIs were rare in Finnish children with recent-onset JIA in 2004–
2011, with only five documented cases.  The risk for BSI was 3-fold compared with the 
general population, but this finding was not statistically significant. JIA was diagnosed 
several years before BSI. Two patients had active JIA and three used combined anti-
rheumatic medication. No multiresistant bacteria were found and all patients recovered 
fully from BSI. 

During 1999–2014 there was a trend toward an increasing incidence of pneumonia 
in JIA patients which was also seen among the general population (Study II). There was 
a slight variability in the incidences between the study groups but during the latter half 
of the follow-up period, JIA patients had significantly higher incidences of pneumonia 
compared with the control group. Throughout the follow-up time, the use of MTX and 
bDMARDs increased significantly and the use of GC remained stable. Combination 
medication was common among JIA patients with pneumonia. 

The rate of serious pneumonia decreased during 1998–2014 (Study III). There was 
no significant difference in the use of DMARD medication between patients who 
had serious or non-serious pneumonias. Nearly half of the patients with pneumonia 
had active JIA, comorbidities and used combination medication. Two patients died 
in the beginning of the follow-up (1%) and six pneumonia episodes were treated in 
the intensive care unit (4%).  The other JIA patients recovered well. There were no 
suppurative complications of pneumonia.

The change in the incidence of acute pyelonephritis from 1999–2006 to 2007–
2014 was only slightly higher among JIA patients than controls. JIA patients were 
significantly older than the controls at the time of acute pyelonephritis (Study IV). The 
need for hospitalization for acute pyelonephritis decreased significantly in JIA patients 
but remained unchanged in the control group from the first (1999–2006) to the second 
follow-up period (2007–2014). 
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Despite the increasing use of immunosuppressive medication during the study 
years, there was only a slight difference in the incidence of pneumonia between JIA 
patients and controls. There was a trend toward increasing outpatient care among JIA 
patients with pneumonia or acute pyelonephritis which indicates good cooperation 
between JIA patients and the health care system. Since active JIA, comorbidities and 
combination medication at the time of serious infection were not uncommon, these 
patients should be followed carefully to prevent or treat early and effectively infections. 
Although serious infections are rare in children with JIA, clinicians need to be vigilant 
and keep in mind the possibly exceptional symptoms and signs of serious infections, 
especially among JIA patients on immunosuppressive medication.
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Abstract
Objective

To describe the incidence and nature of bloodstream infections (BSI) among children with juvenile idiopathic arthritis (JIA) 
followed-up prospectively from disease onset.

Methods
The Social Insurance Institution’s (SII) national register on individuals with reimbursement for medication of chronic 
diseases was used to identify children with JIA from 2004 through 2011 and their medications. The National Infectious 

Disease Register (NIDR) collects data of all blood culture positive samples from all microbiology laboratories in Finland. 
We combined the NIDR and SII registers to identify JIA patients with BSI. Clinical and laboratory data of each JIA-BSI 

patient were collected from hospital records. 

Results

were 7.5/10 000 follow-up years for JIA (95% CI 2.4–17.6) and 2.8/10 000 follow-up years for the age-matched general 
population (95% CI 2.7–2.9). The standardised incidence ratio was 3.0 (95% CI 1.2 to 7.2). The causative bacteria were 

Streptococcus pneumoniae, Staphylococcus aureus, Escherichia coli and Fusobacterium necrophorum. Three patients 
were on anti-rheumatic drugs, including two on TNF inhibitors. All patients responded rapidly to antimicrobial therapy 

and recovered uneventfully. 

Conclusion
Although BSI is rare among children with JIA, the incidence is 3-fold higher than among the general population. 

Key words
juvenile idiopathic arthritis, infection, disease-modifying anti-rheumatic drugs
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Introduction
Juvenile idiopathic arthritis (JIA) is 
the most common chronic arthritis in 
childhood. Although the pathogenesis 
is not known in detail, the different 
forms of JIA are considered to be of 

-
gin (1) and evidence has accumulated 
that the background rate of infections is 
increased in children with JIA (2), per-
haps due to immune dysregulation as-
sociated with JIA (3). The patient’s risk 
to bacterial infections may be further 
enhanced through the use of immuno-
suppressive agents, like oral glucocor-
ticosteroids (GC), disease-modifying 
anti-rheumatic drugs (DMARDs), e.g. 
methotrexate (MTX), and biologicals 
used to treat JIA (2, 4-6).
A common way to evaluate the risk of 
infection associated with the immuno-
suppressive therapy is to survey the oc-
currence of serious infections, i.e. those 
requiring hospitalisation or intravenous 
antimicrobial drugs (6). Recent studies 
recommend early diagnosis of JIA and 
early introduction of MTX (7, 8). Such 
therapy might render JIA patients sus-
ceptible to infections early in the course 
of their disease. We reasoned that the 
occurrence of bloodstream infections 
(BSI), a life-threatening form of the se-
rious infections, might provide a useful 
tool to evaluate the risk of infections 
of JIA children undergoing aggressive 
antirheumatic therapy. The National 
Institute for of Health and Welfare in 
Finland maintains a National Infectious 
Disease Register (NIDR) covering the 
entire country (9, 10). This provided us 
with an opportunity to study the inci-
dence, etiology, duration and follow-up 
of BSI together with the individual risk 
factors predisposing Finnish children 
with JIA to BSI.

Material and methods
Study populations
This was a national register study of BSI 
in children with JIA. We used two na-
tional registers. First, children under 17 
years of age, diagnosed with JIA during 

the Finnish Social Insurance Institution’s 
(SII) register of reimbursement of medi-
cines. The reference population consist-
ed of the general population of the same 

age, sex and calendar year. Patients 
under two years of age were excluded 
because JIA is rare in this age group 
(11) and the occurrence of BSI is also 

children (9). The patients were followed 
up to the end of year 2011 or until they 
were 18 years old. Secondly, we used 
the National Infectious Disease Register 
(NIDR) maintained by the National 
Institute of Health and Welfare to collect 
data of all instances of positive bacterial 
blood cultures from all Finnish laborato-
ries. We combined these two registers to 
identify JIA patients with BSI. The pre-
scription register of SII was further used 
to obtain data on the use of DMARDs by 
the JIA patients. The coordinating ethics 
committee of the Helsinki and Uusimaa 
Hospital District approved the study 
protocol.

Registers
– Diagnoses and medication
In Finland, drugs are reimbursed for cer-
tain chronic diseases. Reimbursement 
is applied for on a form supplied by the 
treating physician, often a rheumatolo-
gist, that includes the patient’s identity 
code. The date of reimbursement ap-
proval was set as the index day. SII 
approves reimbursement of medicines 

Disease, 10th Revision (ICD-10) codes 
M08.0-M08.9. The reimbursement data 
and the data on purchased medicines to 
treat the above conditions were used to 
collect the medications purchased for 
the JIA patients.
 
– Bloodstream infections
All clinical microbiology laboratories 
in Finland are required to notify all 
bacterial and fungal blood-culture iso-

-
tions of the same microbe in the one 
and same patient were considered as a 
single episode of BSI if they occurred 
within three months (10). The identity 
codes of the patients with BSI were 
available from 2004. With the aid of the 
identity number we were able to cross-
link the SII and NIDR registers. 

Data collection
By cross running of the SII and NIDR 
register data a list of individual patients 
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with JIA and BSI was obtained. The 
patient records of these patients were 
obtained from the hospitals where the 
patients had been treated. The follow-
ing data were collected for each in-
dividual patient: subtype and time of 
JIA diagnosis, history of medication, 
infections, comorbidities, surgical 
treatment, risk factors for infections 
(neutropenia, lymphopenia), JIA activ-
ity at the time of infection, symptoms, 
clinical and microbiological diagnosis 

of infection and outcome of infection.

Statistical analyses 
The expected number of BSI cases was 
calculated by multiplying the number 
of person-years in each 1-year age and 
gender group by the corresponding av-

erage BSI incidence among all Finnish 
children during the same period of ob-
servation. To calculate standardised 
incidence ratios (SIRs), the observed 
numbers of cases were divided by the 
expected numbers of cases. Exact 95% 

-
der the assumption that the observed 
numbers followed a Poisson distribu-
tion. Time-to-event analysis was based 
on the product limit estimate (Kaplan-
Meier) of the cumulative “emergence” 

the Kaplan-Meier estimate of BSI were 
calculated using the bootstrap method.

Results
During the 8-year study period, 2004–
2011, JIA was diagnosed in 1604 pa-
tients (992 girls, 612 boys) aged 2–16 

years. Their mean age was 8.2 years 
(SD 4.2 years). The patients were fol-
lowed up until they were 18 years old 
or to the end of year 2011. There were 
altogether 6630 follow-up years. The 
mean (range) follow-up time was 4.1 
(1–8) years. MTX was the most com-
monly used DMARD (60% of the total 
follow-up time), followed by hydroxy-
chloroquine (30%) and sulfasalazine 
(7%).

years after diagnosis the cumulative 
emergence of BSI was 0.38% (95% 
CI 0.16%–0.92%) (Fig. 1). The inci-
dence rates of BSI were 7.5 per 10,000 
person-years for JIA patients (95% CI 
2.4–17.6) and 2.8 per 10 000 person-
years for the general population (95% 
CI 2.7–2.9). JIA patients had a 3-fold 
risk for BSI compared with the general 
population [standardised incidence ra-
tio 3.0 (95% CI 1.2–7.2)]. 
Two of the JIA patients with BSI had 
seronegative polyarthritis, two had per-
sistent oligoarthritis and one had en-
thesitis related arthritis (Table I). None 
of the patients had neutropenia or lym-
phopenia before BSI.  
Three patients used combination 
DMARD therapy (Table I). Three had 
MTX, one GC and two a TNF inhibi-

patients had no DMARD; one was in 
drug-free remission and the other had 
the diagnosis of JIA at the same time as 
the BSI. The average time between the 
diagnosis of JIA and the BSI was 1.4 
years (0–3 years).
The causative agents of BSI were 
Streptococcus pneumoniae in two 
patients, Staphylococcus aureus, 
Escherichia coli and Fusobacterium 
necrophorum each in one patient (Table 
II). In practice, each patient had sepsis 

patient with E. coli BSI had pyelone-

also had active JIA and a biologic agent 
was started after the BSI had been 
cured. One patient had the CATCH 22 
syndrome (cardiac defects, abnormal 
facies, thymic hypoplasia, cleft palate, 
hypocalcaemia) and she also received 
a biologic agent. -
tients had had recurrent infections be-

Fig. 1. Cumulative emer-
gence of bloodstream in-
fections (BSI) from time 
of diagnosis in juvenile 
idiopathic arthritis (JIA). 

-
dence interval.

Table I. JIA patients with bloodstream infections.

 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 
    
Age/Sex 16/F 15/M   13/F 17/M 2/F

JIA subtype PA, RF- Enthesitis PA, RF- OA  OA
  related arthritis  (persistent) (persistent)
JIA duration (years) 2  1 1 3 0
Active JIA - - + - +
Comorbidity      CATCH 22 - VUR - -
Biologic agents ETA (1) INF (0.5) - - -
   (exposure months)
MTX + + + - -
GC - - + - -
Concomitant medication     HCQ SSZ HCQ - -

PA: polyarthritis; RF: rheumatoid factor; OA: oligoarthritis; CATCH 22 syndrome: cardiac defects, 

-
roquine; SSZ: sulfasalazine.
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fore the occurrence of BSI. All the pa-
tients required hospital treatment. 
The mean duration of intravenous anti-
biotic treatment was 5 days (range 4–7) 
followed by oral antibiotics for a week. 
MTX and biologic DMARDs were 
paused during the infection. The medi-
cation was discontinued in patients no. 
1 and 3 for two weeks and in patient no. 
2 for 4 weeks. All patients recovered 
and resumed their JIA therapy.

Discussion
The results of this prospective regis-
ter study show that Finnish children 
with JIA, who are treated according 

strategies with DMARDs (7, 8), have 
a 3.0-fold risk for BSI compared with 

in accordance with a recent study by 
Beukelman et al. (2) showing a 2.8-fold 
risk for severe infections in entire co-
hort of JIA patients, irrespective of im-
munosuppressive therapy. In that study 
the use of MTX and/or a TNF inhibitor 
did not, while that of GC did, increase 

-

present study, one took GC, one was in 
drug-free remission and three were on 
combination therapy, which included 
a TNF inhibitor in two patients. Taken 
together, these results imply that BSI 
is rare in JIA children during the early 
phase of the disease and that BSI may 
not be associated with the use of im-
munosuppressive therapy at all.  
Immunosuppressive therapy, particu-
larly GC or TNF inhibitors, may sup-
press the clinical symptoms and signs 
of infection: fever and the acute phase 
responses. This may cause diagnos-

tic delay, and the patient’s prognosis 
may deteriorate rapidly (12, 13). In the 
present study, each BSI patient had fe-
ver for 1–6 days prior to admission to 
the hospital. All had high CRP values 
on admission and, after sampling for 
blood culture, intravenous antibiotics 
were immediately started. Each pa-
tient recovered from the BSI rapidly 
and uneventfully. The BSI patients did 
not have a history of recurrent serious 
bacterial infections and they were nei-
ther neutropenic nor lymphopenic. Two 
patients had comorbidities, which pre-
dispose to infections: vesicouretheral 

to pyelonephritis and the CATCH 22 
syndrome with thymic hypoplasia in-
creases the risk of infection slightly 
(14). Two patients had active JIA when 
they fell ill with BSI. The blood cul-
tures grew Streptococcus pneumoniae, 
Staphylococcus aureus, Escherichia 
coli and Fusobacterium necrophorum - 
life-threatening microbes in previously 
healthy subjects. We were ultimately 
left with the impression that the BSI 

terms of clinical features, were similar 
to those which may occur in children 
without JIA, as well. 
The threshold for a physician to sam-
ple blood for microbial culture may 
be lower in the case of a child with 
JIA than of healthy subjects, and this 
might introduce bias favouring more 
frequent sampling in the former group 
of patients. Obviously increased sam-
pling would increase the sensitivity for 
detecting BSI. In Finland CRP levels 
strongly guide sampling for blood cul-

patients with BSI had high CRP levels, 

suggest that the 3.0-fold increase in 
BSI was not due to increased sampling 
for blood cultures in JIA patients. 
The strength of this study is that compre-
hensive national retrospective data was 
used covering all BSI in JIA patients for 

Although most BSI registers are main-
tained by single or selected hospitals, 
also population-based registers, like the 
ones used in this study, exist (15-17). 
Population-based registers allow the 
evaluation of the public health burden 
of BSI and to improve treatment, e.g. 
by providing information about antimi-
crobial resistance and by providing a 
basis for prevention (9, 10). 
In the present study it was most reas-

BSI were not of strains with increased 
antimicrobial resistance (e.g. methi-
cillin resistant Staphylococcus aureus 

producing bacteria). We also analysed 
the records of each individual patient, 
which made it possible to verify the di-
agnoses of JIA and BSI and to record 
the activity and medications of the JIA. 
The use of a prescription register based 
on purchased medications increases re-
liability of the medication data. 
A limitation of the study is that we 
did not have the possibility to have 
JIA patients without BSI as controls.  
Still, using the general age- and gen-
der-matched population as a control 
provides an adequate basis for com-
parison. Another limitation is that the 
register of reimbursement of medicine 

and tocilizumab, since these pharma-
ceuticals are used in hospital settings. 
On the other hand, detailed history of 

Table II. Bloodstream infections.

 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Diagnosis Pneumonia Osteomyelitis Pyelonephritis Peritonsillar abscess  Sepsis
    

 headache  nausea, stomach ache  
    
Duration of symptoms before 4 3 6 2 1
diagnosis (days)
    
CRP, mg/L (at time of diagnosis) 190 171 157 116 98
    
Etiology Str. pneumoniae S. aureus E. coli F. necrophorum Str. pneumoniae
     
CRP: C-reactive protein; Str. pneumoniae: Streptococcus pneumoniae; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; F. necrophorum: 
Fusobacterium necrophorum.
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all anti-rheumatic medication was col-
lected of each patient with BSI.
MTX was the most commonly used 
drug by JIA patients, which is in accord-
ance with a previous study (8). During 
the study period the use of TNF inhibi-
tors among children with JIA was low, 
probably since the use of TNF inhibi-
tors was limited to patients with an in-

time in the literature, the incidence of 
BSI among children with JIA and fol-
lowed them prospectively from the 
onset of the disease. Although low, the 
incidence of BSI in this population was 
no less than 3-fold higher than among 
the general population. The increased 
risk for BSI was not apparently asso-
ciated with the use of immunosuppres-
sive therapy, suggesting that the cur-
rent guidelines for early active therapy 
of JIA are reasonably safe in terms of 
infectious adverse events.  
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Abstract
Objective

To compare the incidence of pneumonia in children with juvenile idiopathic arthritis (JIA) to the aged-matched 
general population and to evaluate the use of anti-rheumatic medication among children with JIA and pneumonia.

Methods
The National Hospital Discharge Register collects data on ICD-diagnoses of hospital patients in Finland. From this 

group consisted of age-matched patients derived from the general population with a diagnosis of pneumonia made in the 
same calendar year as the pneumonia of the JIA patients. The patient records of the children with JIA were scrutinised 

for the use of anti-rheumatic medication.

Results

over time among JIA patients (p=0.013) and in the control group (p<0.001). Through 2007-2014 the rate of pneumonia 

Conclusion
The incidence of pneumonia increased in children with JIA and in the general population from 1999 to 2014. During 

anti-rheumatic medication was common.

Key words
juvenile idiopathic arthritis, pneumonia, disease-modifying anti-rheumatic drugs, biologic agents
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Introduction
The risk of infections among children 
with juvenile idiopathic arthritis (JIA) is 
increased because of the JIA itself and 
the immunomodulatory medication used 
for treatment (1). The increasing use of 
biologic agents in the treatment of JIA 
raises concern about an increased risk 
of infections further (2). Among adults, 
the risk of serious infections associated 
with rheumatoid arthritis is increased (3) 
and this risk is doubled by the use of bio-
logic agents (4, 5). In children with JIA, 
with or without anti-rheumatic medica-
tion, mild infections, e.g. upper respira-
tory tract infections have been described 
most frequently, but the risk of serious 
infections in JIA patients on biologic 
agents may also be increased (1, 6-8).  
The most common serious infection 
among JIA patients is pneumonia (7-9). 
The rates of all-cause pneumonia are 
higher for patients with certain chronic 
medical conditions, like rheumatoid 
arthritis, and for patients on immuno-
suppressive medication compared to 
healthy controls (10). Pneumonia is 
one of the most common indications 
for hospitalisation of children (11) and, 
despite pneumococcal vaccination, chil-
dren on immunosuppressive medication 
are prone to all-cause and pneumococ-
cal pneumonia (12).
We have previously shown that the inci-
dence of bloodstream infections among 
children with recent-onset JIA is 3-fold 
compared to the general population, al-

(13). The aim of this retrospective na-
tional register study was to determine 
the incidence of pneumonia among JIA 
patients under 18 years of age in Finland 
during 1999–2014 and to compare the 
incidence to the general child popula-
tion. We evaluated the trends of the in-
cidence of pneumonia in this population 
during this follow-up period in the both 
groups and took into account the chang-
es in the treatment of JIA. In addition to 
national register data, we retrieved the 
pneumonia cases and recorded the data 
on the level of individual patients as 
presented in the patients’ health records. 

Materials and methods
Register
We collected the register data for this 

national retrospective study from the 
National Hospital Discharge Register 
(HILMO) maintained by the National 
Institute for Health and Welfare. This 
register includes both outpatient and 
inpatient visits, including admission 
and discharge dates from ward care, 
individual identity codes, principal 
and secondary diagnoses (International 

-
sion, ICD-10), procedures, age, gender 

The coordinating ethics committee of 
Helsinki and Uusimaa Hospital District 
approved the study protocol.

Study population
The data on children diagnosed with 
JIA from 1999 through 2014 were 

children younger than 16 years with a 
diagnosis of JIA (M08.0-M08.9, M32-
M35 and M45). The follow-up period 
lasted until the day children were 18 
years or to the end of year 2014. After 
this search, we linked the identity codes 
of the JIA patients to the diagnosis of 
pneumonia (J13-J18.9) of the hospital 
discharge registries. Pneumonias occur-
ring after the diagnosis of JIA had been 
established were included. 
The reference population consisted of 
the general population matched for age, 
gender and calendar year. The incidence 
of pneumonia in the general population 
younger than 18 years was compared to 
the incidence of pneumonia among JIA 
patients of the same age. 

a calendar year as the baseline estimate 

pneumonia episodes separated by three 
months as distinct cases did not mark-
edly affect the incidence estimates. The 

than 3%. 

Patient records
Using the HILMO register we deter-
mined the group of JIA patients with 
the diagnosis of pneumonia. We re-
ceived permissions to collect data from 
the patient health records from all the 
Finnish hospitals. An experienced 
pediatrician reviewed the records in 
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JIA and pneumonia was compatible 
with the respective clinical diagnoses.   
Only JIA patients whose pneumonia 

included. The patient records included 
the subtype and the time of JIA diag-
nosis, medication history, comorbidi-
ties, date of the pneumonia, inpatient 
and outpatient visits at the hospital and 
examinations before the diagnosis of 
pneumonia.

Statistical analyses
We calculated the crude pneumonia 
rates of children with JIA and the con-
trol group during the study period per 
100,000 person-years. Poisson’s re-
gression model was used to analyse the 
incidence trend separately in the study 
and the control group and also for com-
paring the differences of the incidence 
trends between these groups during the 

2-test was used to cal-
culate the difference of incidences sep-
arately by 8-year intervals (1999-2006 
and 2007–2014). The trends in the use 
of anti-rheumatic medication were cal-
culated using the function ”prop.trend.
test” in R (Software environment for 
statistical computing and graphics, v. 
3.3.0, The R Foundation for Statistical 
Computing).

Results
There were 477 children younger than 
18 years with JIA and pneumonia; this 
included the cases of pneumonia before 
the JIA diagnosis was set. The incidence 
of pneumonia was 990 per 100,000 (an-
nual range 790–1437) patient-years. 
This is 3-fold compared to the general 
population at the same age. When the 
pneumonias diagnosed before the di-
agnosis of JIA was set were excluded, 
there were 223 pneumonias in 56,161 
JIA patient-years during 1999–2014. 
This yielded an incidence of 386 (annu-
al range 131–639) per 100,000 patient-
years in patients with JIA. In the control 
group, there were 53,058 pneumonias in 
17,546,609 person-years, which yielded 
an incidence of 303 (annual range 225–
438) per 100,000 person-years. 
Through the follow-up the incidence of 

JIA patients (p=0.013) and in the con-

trol group (p<0.0001). The incidence 
of pneumonia was on average 1.3-fold 
(annual range 0.6–1.9) higher in chil-
dren with JIA compared to the control 
group throughout the entire follow-up. 

period (1999–2006) there was a slight 
variability in the incidences between 
the study and the control groups, but 
during the latter half (2007–2014) the 

-
cantly higher (p<0.0001) in the study 

2-
-

cant difference when the trend of the 
incidences of pneumonia in the two 
groups was assessed (Poisson’s regres-
sion) (Fig. 1). 
We analysed the records of patients with 
JIA and pneumonia. In this detailed 
clinical part of the research we included 
only patients whose pneumonia was 

by chest radiography. Thus, of the 223 
pneumonias in patients who had a diag-
nosis of JIA at the time of the pneumo-

(131 children) in 1999–2014. This data 
included both inpatient and outpatient 
visits. Of these 150 pneumonia episodes 
111 (74%) were treated in the hospital 
and the rest were treated at home.
At the time of the pneumonia, the mean 
age of JIA patients was 9 years and 57% 
were girls. The most common JIA diag-
noses were oligoarthritis and rheuma-

toid-factor negative polyarthritis. The 
mean duration of JIA before the pneu-
monia was 4 years (Table I). 
Altogether 126 of the radiography-

(84%) received disease modifying an-
ti-rheumatic drugs (DMARDs) at the 
time of the pneumonia diagnosis (Table 
II); 70 patients (47%) had two or more 
DMARDs. The use of combination 
medication remained unchanged dur-
ing the follow-up. The most common 
DMARD was methotrexate (MTX) and 

p=0.016) 
during the study period. Tumour necro-
sis factor inhibitors (TNFi) were the 
most common biologic agents (bD-
MARD). Fourteen of the bDMARD 

Fig. 1. Incidence of pneumonia in JIA patients and in control group.

Table I. Characteristics of children with 
JIA at the time of pneumonia (n=150).

Age (mean  ± SD) 9.2 ± 4.8
JIA duration (years, mean ± SD) 4.1 ± 3.1

Age (%)
< 5 years 35 (23.3)
5–9 years 49 (32.7)
10–14 years 43 (28.7)
15–17 years 23 (15.3)
Female (%) 86 (57.3)

JIA subgroups (%) 
Systemic arthritis 14 (9.3)
Oligoarthritis persistent 40 (26.7)
Oligoarthritis extended 22 (14.7)
Polyarthritis, RF- 60 (13.3)
Polyarthritis, RF+ 10 (6.7)
Psoriatic arthritis 3 (2.0)
Enthesitis-related arthritis 1 (0.7)
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users (30%) had received two or more 
TNFi:s. The proportion of patients 
treated previously with biologic agents 

p<0.001) dur-
ing the study. The use of glucocorticoids 
(GC) was stable throughout the study 
period (Fig. 2).  Only six patients (4%) 
had a prednisolone dose of more than 
10 mg per day. A total of 24 children 
(16%) took no anti-rheumatic medica-
tion at the time of the pneumonia either 
because the JIA diagnosis was so recent 
or because the disease was in remission.

Discussion
This retrospective national register 
study revealed that the incidence of 
hospital visits requiring pneumonia 

2014 in children with JIA but also in 
the general population of the same 

(1999–2006) there were only slight 
differences between the groups but in 
2007–2014 the JIA patients had a sig-

Still, the trends of the incidence of 
pneumonia between the study and the 
control group were similar throughout 
the entire study period.
In the developed countries, the inci-
dence of pneumonia is 3400 to 4000 per 
100,000 patient-years among children 

of pneumonia requiring hospitalisation 
of children has varied between 200 and 

2300 per 100,000 patient-years in the 
same age group (14). In our study, the 
incidence of pneumonia among JIA 
patients was 3-fold compared to the 
general population, when pneumonias 
before the JIA diagnosis are also taken 
into account. However, the difference 
was smaller when only the pneumonias 
diagnosed before the diagnosis of JIA 

previous evidence that JIA patients are 
susceptible to infections (1, 15) and 
raises the question of the possible pro-
tective role of the treatment of JIA by 

-
tion. In a very recent study, however, 
hospitalisation due to infection has not 
been associated with the risk of JIA in 

The annual variation in the incidence of 
pneumonia was substantial in the study 
group and control group.  The incidence 
of pneumonia peaked twice in the JIA 
group, in 2001 and 2009–2010. The oc-
currence of pneumonia must be viewed 
against the concurrent epidemics: In 

epidemic in Finland, in 2009 an H1N1 
-

atory syncytial virus infections affected 
the child population (17). 
Hospitalisations for pneumonia, es-
pecially in children under 2 years, 
have decreased after introduction of 
pneumococcal vaccination in the gen-
eral population (18-20). In a Finnish 

prospective study on the aetiology of 
pneumonia (21), bacterial infection 
was diagnosed in half of the cases and 
Streptococcus pneumoniae was the 
most common bacteria (28%). Pelton 
et al. pointed out that immunocompro-
mised persons of all ages suffer from 
pneumonia despite pneumococcal vac-
cination (12). Vaccination of children 
against pneumococcal infections start-
ed in Finland in 2010 and the vaccina-
tion uptake is about 95% (17). Despite 
the introduction of pneumococcal vac-
cination, there was no decreasing trend 
in the incidence of pneumonia (Fig. 1). 

-
rus of children aged 6–36 months was 
started in Finland in 2007 but the vac-
cination coverage is only 20% (17). 
Consequently, the increasing trend of 
pneumonias in JIA patients must be ex-
plained by healthcare patterns and im-
proved, active diagnostics of infections 
of immunocompromised patients. Gen-
eral practitioners may refer patients on 
immunosuppressive treatment who fall 
ill with infections for hospital treat-
ment and radiological examinations 
with a lower threshold than patients 
not on immunosuppressive treatment.  
Also, families are advised to contact 
the hospital without delay in the case 
of infection.
According to a US register study, chil-
dren with JIA have a 2-fold increase in 
the rate of hospitalisation because of 

Table II. Anti-rheumatic medication before 
pneumonia in JIA patients (n=150).

Medication n (%)

Methotrexate 92 (61.0)
Biologic agents 47 (31.0)
     TNFi 38 (25.3)
          Etanercept 20 (13.3)
          Adalimumab 6 (4.0)

    Abatacept 1 (0.7)
    Anakinra 2 (1.3)

Hydroxychloroquine 36 (24.0)
Glucocorticoids any dose 23 (15.0)

Combination medication 70 (46.7)
Without medication 24 (16.0)

TNFi: Tumour necrosis factor inhibitor.
Fig. 2. Anti-rheumatic medication before pneumonia in JIA patients (n=150).
MTX: methotrexate; GC: glucocorticoids; bDMARD: biologic disease-modifying anti-rheumatic drugs.
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bacterial infections when not treated 
with methotrexate or TNFi; there was 
no connection between infection risk 
and anti-rheumatic medication (1). Ac-
cording to the literature, however, the 
risk of lower respiratory tract infections 
and soft tissue infections does increase 
in children with JIA treated with TNFi 
(22).  A Finnish study pointed out seri-
ous adverse effects in one third of the 
children with JIA treated with biologic 
agents (23), the most common of which 
were infections which occurred at a rate 
of 4000 per 100,000 patient-years (23). 
A British register study showed that the 
use of TNFi increases the risk of medi-

the treating physician but there was no 
difference in the occurrence of serious 
infections, the most common of which 
were pneumonia and varicella (24). 
Beukelman and colleagues (9) reported 
that since the introduction of biologic 
agents, including TNFi (etanercept, 

anakinra has been associated with an in-
crease in the risk of infections. The risk 
factors for hospitalisation due to infec-
tions (pneumonia, urinary tract and soft 
tissue infections) were recent infection 
and high-dose oral GC, according (9). 
Also in adult studies the risk of pneu-
monia was related to the use of high 
dose prednisone in RA patients (26). In 
our study only 4% of the patients were 
treated with high doses of GC.
In Finland, there has been increasing 
trend in the use of biologic agents, es-
pecially etanercept since 1999 (27), 
and almost one-third of adolescents 
and young adults with JIA use biologic 
agents (28). In the present study, JIA 
patients with pneumonia had been treat-
ed at an increasing rate with biologic 
agents but oral GC use remained quite 
stable throughout the study period. An-
ti-rheumatic combination medication 
was common. Mannion and colleagues 
(2) also reported that from 2005 to 2012 
the use of TNFi in children with JIA in-
creased 2- to 3-fold while and GC use 
was relatively unchanged. According 
to the CARRA registry, 45% of JIA pa-
tients had ever received biologic agents 
and 28% of TNFi users had received 

>1 anti-TNF agent during the course of 
their disease (29). This registry includes 
selected patients collected by paediatric 
rheumatologists.

on the incidence of pneumonia in JIA 
patients. The strength of our study is 

-
ulation and the long follow-up time of 
16 years. In addition, this national reg-
ister data covers all the entire hospital 
network in Finland. Paediatric rheuma-
tologists manage all JIA children treat-
ed in hospitals and comprehensive data 
on inpatient and outpatient discharge 
diagnoses are available in the HILMO 
register. This study comprises the en-
tire population of JIA patients with 
pneumonia in Finland.
This register study, as many others, 
has its limitations. The retrospective 
study design may cause bias because 
of incomplete data. From the HILMO 
register it is not possible to extract data 
on JIA treatment, disease activity or the 
etiology of pneumonia. Nor were we 
able to obtain reliable data on comorbid 
diagnoses from the register. Because 
the data of the registry is limited and 
evaluation of all patient records and 
controls would have been a momentous 
task, it was not feasible to compare JIA 
patients with and without pneumonia. 
Rather, we decided to include only 

pneumonia for a detailed evaluation of 
the anti-rheumatic medication.
The data of the HILMO register was 
used to assess the incidence of pneumo-
nia among JIA patients. Although chil-
dren with serious infections are treated 
at hospitals, milder cases of pneumo-
nia not visible in this data are treated 
by open-care physicians. Logistically, 
there may be some errors in the registry 
data, e.g. ICD-10 coding and changes 

-

span of this study (1999–2014) but such 
deviations would be similar in both 
study groups. 

Conclusion
The incidence of pneumonia increased 

in the general age-matched population 
in 1999–2014. The incidences varied 

slightly between these groups and dur-
ing the latter half of the study period the 
incidence was higher in JIA patients. 
Active treatment of JIA with the use 
of several immunosuppressive drugs 
concomitantly was common. The use 
of methotrexate and biologic agents 

among children with JIA and pneumo-
nia during the study period. This trend 
of intensifying immunosuppressive 
therapy of JIA may increase the risk of 
pneumonia, but the difference in rela-
tion to the general population was not 
big. Modern intensive and effective an-
ti-rheumatic treatment may improve the 
condition of the JIA patients and thus at 
least partly compensate for the slightly 
increased infection risk caused by the 
immunosuppressive effect of the drugs. 

References
  1. BEUKELMAN T, XIE F, CHEN L et al:            

-
sociated with juvenile idiopathic arthritis 
and its treatment. Arthritis Rheum 2012; 64: 
2773-80.

  2. MANNION ML, XIE F, CURTIS JR, BEUKEL-
MAN T: Recent trends in medication usage 
for the treatment of juvenile idiopathic ar-

factor inhibitors. J Rheumatol 2014; 41: 
2078-84.

  3. SMITTEN AL, CHOI HK, HOCHBERG MC et 
al. -
tients with rheumatoid arthritis. J Rheumatol 
2008; 35: 387-93.

  4. CURTIS JR, PATKAR N, XIE A et al.: Risk of 
serious bacterial infections among rheuma-
toid arthritis patients exposed to tumor ne-

Arthritis Rheum 
2007; 56: 1125-33.

  5. LISTING J, GERHOLD K, ZINK A: The risk      
of infections associated with rheumatoid ar-
thritis, with its comorbidity and treatment. 
Rheumatology 2013; 52: 53-61.

  6. BECKER I, HORNEFF G: Risk of serious in-
fection in juvenile idiopathic arthritis pa-
tients associated with tumor necrosis factor 
inhibitors and disease activity in the German 
biologics in pediatric rheumatology registry. 
Arthritis Care Res 2017; 69: 552-60.

  7. DAVIES HD: Infectious complications with 

infants and children. Pediatrics 2016; 138: 
e20161209.

  8. WALTERS HM, PAN N, LEHMAN TJA et al:     
A prospective study comparing infection risk 
and disease activity in children with juvenile 
idiopathic arthritis treated with and without 
tumor necrosis factor-alpha inhibitors. Clin 
Rheumatol 2015; 34: 457-64.

  9. BEUKELMAN T, XIE F, BADDLEY JW et al.: 

initiation of biologic agents versus metho-
trexate in the treatment of juvenile idiopathic 



507Clinical and Experimental Rheumatology 2018

Pneumonia and juvenile idiopathic arthritis / P.H. Salonen et al.

arthritis. Arthritis Res Ther 2016; 18: 201-
18.

10. PELTON SI, SHEA KM, FARKOUH RA et al.: 
Rates of pneumonia among children with 
chronic medical conditions in Germany. 
BMC Inf Dis 2015; 15: 470-9.

11. JAIN S, WILLIAMS DJ, ARNOLD SR et al.: 
Community-acquired pneumonia requiring 

2015; 372: 835-45.
12. PELTON SI, WYECKER D, FARKOUH RA, 

STRUTTON DR, SHEA KM, EDELSBERG J: 
Risk of pneumococcal disease in children 
with chronic medical conditions in the era of 
pneumococcal conjugate vaccine. Clin Infect 
Dis 2014; 59: 615-23.

13. SALONEN PH, SÄILÄ H, SALONEN JH et al.: 
Bloodstream infections among children with 
juvenile idiopathic arthritis: a prospective 
study from the onset of disease. Clin Exp 
Rheumatol 2014; 32: 979-83.

14. MADHI SA, DE WALS P, GRIJALVA CG et al.: 
The burden of childhood pneumonia in the 
developed world: a review of the literature. 
Pediatr Infect Dis J 2013; 32: e119-e127.

15. CARLENS C, JACOBSSON L, BRANDT L,     
CNATTINGIUS S, STEPHANSSON O, ASKLING 
J: Perinatal characteristics, early life infec-
tions and later risk of rheumatoid arthritis and 
juvenile idiopathic arthritis. Ann Rheum Dis 
2009; 68: 1159-64.

16. SHENOI S, SHAFFER LM, WALLACE CA:    

Environmental risk factors and early-life 
exposures in juvenile idiopathic arthritis: a 
case-control study. Arthritis Care Res 2016; 
68: 1186-94.

17. HULKKO T, LYYTIKÄINEN O, KUUSI M,     
SEPPÄLÄ S, RUUTU P (Eds.): Infectious 
diseases in Finland 1995-2009. Helsinki: 
National Institute of Health and Welfare 

thl-client/pdfs/d6d63c66-9690-4f4d-9ee1-
319665648eaf.

18. GRIFFIN MR, ZHU Y, MOORE MR, WHITNEY 
CG, GRIJALVA CG
pneumonia after a decade of pneumococcal 
vaccination. NEJM 2013; 369: 155-63.

19. GRIJALVA CG, NUORTI JP, ARBOGAST PG, 
MARTIN SW, EDWARDS KM, GRIFFIN MR: 
Decline in pneumonia admissions after rou-
tine childhood immunisation with pneumo-
coccal conjugate vaccine in the USA: a time-
series analysis. Lancet 2007; 369: 1179-86.

20. NAIR H, WATTS AT, WILLIAMS LJ et al.: 
Pneumonia hospitalisations in Scotland fol-
lowing the introduction of pneumococcal 
conjugate vaccination in young children. 
BMC Infect Dis 2016; 32: e119-e127.

21. HEISKANEN-KOSMA T, KORPPI M, JOKINEN 
C et al.: Etiology of childhood pneumonia: 
serologic results of a prospective, population-
based study. Pediatr Infect Dis J 1998: 17: 
986-91.

22. TOUSSI SS, PAN N, WALTERS HM, WALSH TJ: 

Infections in children and adolescents with 
-

ry bowel disease treated with tumor necrosis 

literature. Clin Infect Dis 2013; 57: 1318-29.
23. TARKIAINEN M, TYNJÄLÄ P, VÄHÄSALO P, 

LAHDENNE P: Occurence of adverse events 
in patients with JIA receiving biologic 
agents: long-term follow-up in a real-life set-
ting. Rheumatology 2015; 54: 1170-6.

24. DAVIES R, TAUNTON R, SOUTHWOOD MD, 
KEARSLEY-FLEET
infections in juvenile idiopathic arthritis.        
Arthritis Rheum 2015; 67: 2487-97.

25. WOLFE F, CAPLAN L, MICHAUD K: Treat-
ment for rheumatoid arthritis and the risk 

Arthritis 
Rheum 2006; 54: 628-34.

26. KRÖGER L, VÄHÄSALO P, TYNJÄLÄ P et al.: 
Medical treatment of juvenile idiopathic ar-
thritis. Duodecim 2012; 5: 477-85.

27. VIDQVIST KL, MALIN M, VARJOLAHTI-
LEHTINEN T, KORPELA MM: Disease activ-
ity of idiopathic juvenile arthritis contin-
ues through adolescence despite the use of 
biologic therapies. Rheumatology 2013; 52: 
1999-2003.

28. BEUKELMAN T, RINGOLD S, DAVIS TE et al.: 
Disease-modifying antirheumatic drug use in 
the treatment of juvenile idiopathic arthritis: 
a cross-sectional analysis of the CARRA reg-
istry. J Rheumatol 2012; 39: 1867-74.



888 Clinical and Experimental Rheumatology 2019

Erratum corrige

“Pneumonia in children with juvenile idiopathic arthritis in Finland 1999-2014: a nationwide retrospective register 
linkage study”
Salonen PH, Säilä H, Salonen JH, Linna M, Helminen M, Kauppi MJ

Published in: Clin Exp Rheumatol 2018; 36: 502-7.

The authors have brought to our attention that there was an error in the Results section on page 504 relating to the number 
of hospitalised pneumonia episodes: Of these 150 pneumonia episodes, 111 (74%) were treated in the hospital and the rest 
were treated at home.

The correct sentence is:

Of these 150 pneumonia episodes, 103 (69%) were treated in the hospital and the rest were treated at home
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Abstract
Objectives Children with juvenile idiopathic arthritis (JIA) may be predisposed to serious pneumonia due to modern disease-
modifying anti-rheumatic treatment. In this nationwide retrospective study with clinical data, we describe the pneumonia
episodes among children with JIA.
Methods Patients under 18 years of age with JIA and pneumonia during 1998–2014 were identified in the National Hospital
Discharge Register in Finland. Each individual patient record was reviewed, and detailed data on patients with JIA and pneu-
monia were retrieved, recorded, and analyzed. If the patient was hospitalized or received intravenous antibiotics, the pneumonia
was considered serious.
Results There were 157 episodes of pneumonia among 140 children with JIA; 111 episodes (71%) were serious (80% in 1998–
2006 and 66% in 2007–2014). The mean age of the patients was 9 years. Forty-eight percent had active JIA and 46% had
comorbidities. Disease-modifying anti-rheumatic drugs (DMARD) were used at the time of 135 episodes (86%): methotrexate
(MTX) by 62% and biologic DMARDs (bDMARD) by 30%. There was no significant difference in the use of bDMARDs,MTX
and glucocorticoids between the patient groups with serious and non-serious pneumonia episodes. During six of the episodes,
intensive care was needed. Two patients (1.3%) died, the remaining ones recovered fully.
Conclusions Although the incidence of pneumonia and the use of immunosuppressive treatment among children with JIA
increased from 1998 to 2014, the proportion of serious pneumonias in these patients decreased. There was no significant
difference in the use of anti-rheumatic medication between patients with serious and non-serious pneumonia.

Key Points
• The incidence of serious pneumonias decreased from 1998 to 2014 among children with juvenile idiopathic arthritis (JIA).
• There was no significant difference in the use of the disease-modifying anti-rheumatic medication between JIA patients with serious and non-serious

pneumonias.
• Active JIA, comorbidities, and combination medication were associated with nearly half of the pneumonias.
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Introduction

The outcome of juvenile idiopathic arthritis (JIA) has im-
proved significantly as medications have developed, much
due to the advent of biologic disease-modifying anti-rheumat-
ic drugs (bDMARD) [1]. However, the adverse effects of im-
munosuppressive medication, including infections, are not
fully known. The risk of infections in children with JIA is
related to the JIA itself, to concurrent illnesses and to the
immunosuppressive treatment [2]. JIA patients without med-
ication have a 2-fold incidence of bacterial infections requir-
ing hospitalization when compared with a control population
of similar age [3]. The use of glucocorticoids (GC) increases
the risk of serious infections, while the effects of methotrexate
(MTX) and the most common group of bDMARDs used to
treat pediatric patients, tumor necrosis factor alpha inhibitors
(TNFIs), have yielded contradictory results on the occurrence
of infections [4]. Modern, effective immunosuppressive med-
ication may increase the risk of serious infections, but it im-
proves, at the same time, the control of JIA and reduces the
overall risk of infections [5]. Pneumonia is one of the most
common serious infections in children with JIA [5–7].

Recently, we reported that the rate of pneumonia increased
in Finnish children with JIA as well as in the general popula-
tion of corresponding age during the years 1999–2014. At the
same time, the use of MTX and bDMARD increased signifi-
cantly among JIA patients, while the use of GC remained
unchanged [8]. For this paper, we have analyzed the patient
data from 1998 to 2014 to describe in further detail the sever-
ity of pneumonia in this patient group and its relationship, if
any, to immunosuppressive medication.

Materials and methods

Data source

The data for this national retrospective study was retrieved
from the National Hospital Discharge Register (Care
Register for Health Care; HILMO) maintained by the
National Institute for Health and Welfare. This register has
been described in our previous study [8]. Because hospital
outpatient data was entered into the HILMO register starting
from 1998, our previous register study on the incidence of
pneumonia covered the years beginning with 1999 until
2014 to get reliable register information. For the present study,
all data available on patients with JIA and radiographically
verified pneumonia were retrieved from patient records cov-
ering the time from 1998 to 2014.

The coordinating ethics committee of the Helsinki and
Uusimaa Hospital District approved the study protocol (228/
13/03/00/10) and the use of the Care Register for Health Care
(HILMO) data.

Study population

We used the HILMO register to retrieve nationwide data on
children younger than 16 years with JIA (diagnose codes
M08.0–M08.9) during 1998–2014. They were followed until
the day theywere 18 years or to the end of 2014.We linked the
identity codes of these patients to the diagnosis of bacterial or
undefined pneumonia (J13–J18.9). Pneumonias before the di-
agnosis of JIAwere excluded.

Patient records

The data on JIA and pneumonia was confirmed by reviewing
the individual patient records obtained from the treating hos-
pitals. The study group comprised JIA patients with radio-
graphically verified pneumonia (pulmonary infiltrate)
assessed by a radiologist and a pediatrician. We collected the
information on JIA and pneumonia from the patient records as
described in our previous study [8].

Pneumonia was defined as serious, if the patient was hos-
pitalized or treated with intravenous antibiotics [9, 10]. The
pneumonia was considered hospital-acquired if it developed
48 h or later after hospital admission for other reasons [11].
The activity of JIA was assessed by scrutiny of the patient
record entries of the previous hospital visit or at the time of
the pneumonia. JIAwas considered inactive if the patient had
no active arthritis, no general symptoms (fever, rash, serositis)
and no active uveitis, and if the erythrocyte sedimentation rate
(ESR) and/or the C-reactive protein (CRP) were within the
reference range before the pneumonia diagnosis [12].
Otherwise, the JIA was considered to be active. No activity
scores were available. The use of GC was divided into two
groups: more than 10 mg or less than 10 mg of prednisolone
equivalent per day. Antibiotic therapies started within 2 weeks
before pneumonia episodes were included in the analysis.
Readmission was defined as a new hospital admission if it
occurred within 30 days after hospital discharge for pneumo-
nia [13].

Statistics

Patient and pneumonia episode characteristics were described
by frequencies, percentages, and means (with the respective
standard deviations) or medians (with other quartiles).
Differences in patient characteristics and anti-rheumatic med-
ication at the time of the pneumonia episodes were analyzed
with Fisher’s exact test or with the Mann-Whitney test. The
risk factors for serious pneumonia were assessed by logistic
regression with serious pneumonia as the dependent variable.
The independent variables were active JIA, JIA duration
(more/less than 2 years), previous recurrent infections, asth-
ma, age (higher/lower than 5 years), combination medication,
MTX, bDMARD, GC, previous antibiotic therapy, and

854 Clin Rheumatol (2020) 39:853–860



follow-up period (1998–2006 and 2007–2014). Instability in
the regression models due to over-fitting and probable
multicollinearity may affect substantially the estimate values
and the generalizability of the results. As one solution to this
problem, we additionally used logistic regression with a
backward selection procedure, where the probability of
the Wald statistic was used with the removal p value of
0.10. Also, the best model based on the Akaike informa-
tion criterion (AIC) was defined. Analyses were per-
formed with the SPSS statistics software, version 25.0
and with the R-version 3.3.0 (R: A language and environ-
ment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria).

Results

Characteristics of JIA patients with pneumonia

There were altogether 59,048 JIA patient years during the
follow-up. In 1998–2006, the number of children with JIA
per year varied between 2292 and 3575 and in 2007–2014
between 3633 and 4511. We identified 157 pneumonia epi-
sodes in 140 children with JIA. Of the pneumonia episodes,
111 were serious (70.7%) and all except one were community-
acquired. Nineteen patients (13.6%) had inactive JIA and were
not on DMARD treatment. Fourteen JIA patients (10%) had
an episode of pneumonia within the first 3 months of diagno-
sis. Almost half (45.7%) of the JIA patients with pneumonia
had some concurrent illness; the most common were asthma
(17.9%) and Down syndrome (7.1%) (Table 1). Previous re-
current infections had affected 22 children (15.7%).

Altogether 15 JIA patients (10.7%) had recurrent pneumo-
nias. They had 32 pneumonia episodes of which 18 (56.3%)
were serious. Comorbidities affected 12 of these patients
(80%). Two patients had three pneumonias: One of them
had aggressive systemic JIA (sJIA) treated with GC (> 10
mg/day), and one had seronegative polyarthritis and Down
syndrome associated with neutropenia and recurrent
infections.

JIA medication at the time of pneumonia

At the time of the pneumonia episodes, 86% of the patients
used DMARDs and 48.4% combination medication (Table 2).
Altogether 68.1% of bDMARD users took concomitantly
MTX and 38.3% took GC; 8.5% took a daily dose of ≥
10 mg prednisolone equivalent of GC. The use of MTX in-
creased from 51 to 68% and of bDMARDs from 15 to 40%
from 1998–2006 to 2007–2014. TNFIs (83%) were the most
common bDMARDs (etanercept 42.6%). Anti-rheumatic
medications with tocilizumab, anakinra, and GC (≥ 10 mg/
day) were associated exclusively with serious pneumonia

episodes (Table 2). Patients stood on DMARDs during 28
out of the 32 (87.5%) recurrent pneumonia episodes: Eight
(25%) took GC and 13 (40.6%) took bDMARDs. Six patients
were treated in the intensive care unit; two of them used
bDMARDs and four GCs. Immunosuppressive therapy for
JIA (except GC) was always discontinued when pneumonia
was treated.

Diagnostic testing

Altogether 80 blood cultures (BC) were obtained from the
patients with serious pneumonia (72.1%); of these, five were
bacteria-culture positive (6.3%), and one was a contamination
(1.3%). Streptococcus pneumoniae was detected in three
cases: One patient was in remission without medication; one
took a combination of prednisolone (1.25 mg/day),
leflunomide, and hydroxychloroquine; and one had active
sJIA treated with a combination of prednisolone (10 mg/
day), MTX, and bDMARD. The CRP, ESR, and leucocyte
values were within the reference range of one JIA patient on
tocilizumab, prednisolone (26 mg/day), and leflunomide de-
spite Staphylococcus aureus sepsis and pneumonia.

A microbiological etiology was verified in 21 episodes
(13.4%): Mycoplasma pneumoniae in six, Influenza A in
three, Rhinovirus in two, and Chlamydia pneumoniae in two
episodes. Respiratory syncytial and Parainfluenza viruses
were detected in one episode each (Table 3). There were no
multiresistant microbes. One patient with active JIA treated
with prednisolone (10 mg/day),MTX, and certolizumab (third
bDMARD) had an episode of complicated pneumonia with
prolonged intermittent fever and developed subsequently ce-
rebral Mycobacterium tuberculosis abscesses.

Outcome of pneumonia

Of the 157 episodes of pneumonia, 105 (66.9%) were treated
with parenteral antibiotics, more than half with cephalosporins
(57.1%). The mean duration of antibiotic treatment was 10
days. Twelve pneumonia episodes (7.6%) required two or
more consecutive courses of antibiotics.

The median duration of hospital stay was 3 days (range 1–
114 days). Six episodes were treated in the intensive care unit.
Nine pneumonia episodes (8.1%) were followed by readmis-
sion: Seven were due to pneumonia, one to diarrhea, and one
to active JIA. Of the 32 recurrent pneumonia episodes, two led
to readmission and three required intensive care. Minimal or
moderate pleural effusion was present in ten pneumonia epi-
sodes (6.4%). None of the patients needed mechanical venti-
lation, pleural drainage, or other invasive procedures. Four
bronchoscopies were performed because of prolonged cough
or hemoptysis: Infection was diagnosed in three and primary
ciliary dyskinesia (Kartagener syndrome) in one.
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Two patients died (1.3%). In 1998, a 10-year-old girl, who
had aggressive seronegative polyarthritis for 9 years, was
treated with GC (15 mg/day), azathioprine, and MTX. Since
the disease did not remit, she was further treated with an

autologous stem cell transplantation after which she required
prolonged intensive care period. She developed neutropenia,
pneumonia, and Candida albicans sepsis. She died of acute
respiratory distress and heart failure. In 2000, a 7-year-old girl

Table 1 Characteristics of 140 individual patients with juvenile idiopathic arthritis and pneumonia at the time of the first pneumonia

All patients (n = 140) Serious pneumonia* (n = 101) Non-serious pneumonia* (n = 39)

Age, mean (SD), years 9.4 (4.8) 9.1 (4.9) 10.2 (4.5)

Female, n (%) 83 (59.3) 59 (58.4) 24 (61.5)

JIA duration, median (Q1–Q3), years 2.6 (1.0–6.2) 2.6 (1.0–6.9) 2.6 (1.0–5.9)

< 2 years, n (%) 56 (40.0) 39 (38.6) 17 (43.6)

Systemic arthritis, n (%) 10 (7.1) 9 (8.9) 1 (2.6)

Oligoarthritis, n (%) 63 (45.0) 41 (40.6) 22 (56.4)

Polyarthritis, n (%) 64 (45.7) 48 (47.5) 16 (41.0)

Others 3 (2.1) 3 (3.0) 0

Uveitis, n (%) 34 (24.3) 25 (24.8) 9 (23.1)

Active JIA, n (%) 67 (47.9) 51 (50.5) 16 (41.0)

Comorbidities, n (%) 64 (45.7) 46 (45.5) 18 (46.2)

Asthma 25 (17.9) 14 (13.9) 11 (28.2)

Down syndrome 10 (7.1) 7 (6.9) 3 (7.7)

Iatrogenic adrenal insufficiency 7 (5.0) 6 (5.9) 1 (2.6)

Diabetes mellitus 3 (2.1) 2 (2.0) 1 (2.6)

IBD 2 (1.4) 2 (2.0) 0

Others 17 (12.1) 15 (14.9) 2 (5.1)

JIA juvenile idiopathic arthritis, Q1-Q3 lower-upper quartile, IBD inflammatory bowel disease

*There were no statistically significant differences between serious and non-serious pneumonia groups (Fisher’s exact test or the Mann-Whitney test)

Table 2 Anti-rheumatic medication at the time of 157 pneumonia episodes among patients with juvenile idiopathic arthritis

Medication All
(n = 157)

Serious pneumonia episodes
(n = 111)

Non-serious pneumonia episodes
(n = 46)

MTX, n (%) 97 (61.8) 66 (59.5) 31 (67.4)

Duration of MTX use, median (Q1–Q3) (years, n = 66 + 31) 1.6 (0.6–3.4) 1.7 (0.6–3.3) 1.6 (0.5–4.2)

bDMARD, n (%) 47 (29.9) 30 (27.0) 17 (37.0)

TNFI 39 (24.8) 23 (20.7) 16 (34.8)

Tocilizumab 5 (3.2) 5 (4.5) 0

Anakinra 2 (1.3) 2 (1.8) 0

Abatacept 1 (0.6) 0 1 (2.2)

Duration of bDMARD use, median (Q1–Q3) (years, n = 30 + 17) 1.3 (0.7–3.3) 1.1 (0.5–2.1)* 2.9 (0.9–4.6)*

≥ 1 prior biologic agent, n (%) 17 (10.8) 9 (8.1) 8 (17.4)

GC any dose, n (%) 26 (16.6) 22 (19.8) 4 (8.7)

≥ 10 mg prednisolone equivalent dose of GC, n (%) 8 (5.1) 8 (7.2) 0

Duration of GC use, median (Q1–Q3) (years, n = 22 + 4) 2.4 (0.7–5.1) 2.0 (0.6–2.0) 3.6 (1.7–4.8)

Combination medication, n (%) 76 (48.4) 58 (52.3) 18 (39.1)

Without medication, n (%) 22 (14.0) 17 (15.3) 5 (10.9)

MTXmethotrexate, Q1-Q3 lower-upper quartile, bDMARD biologic disease-modifying anti-rheumatic drug, TNFI tumor necrosis factor alpha inhibitor,
GC glucocorticoid

*The duration of bDMARD use was significantly shorter (p = 0.046) in the serious pneumonia group compared to the non-serious group (the Mann-
Whitney test). There were no other statistically significant differences between serious and non-serious pneumonia groups (the Mann-Whitney test or
Fisher’s exact test). Only those who used anti-rheumatic medication were included in the statistical analysis
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with active sJIA for nearly 5 years was diagnosed with lobar
pneumonia and pleuritis. Before the pneumonia, she had been
treated with etanercept for 1 year combined with GC and
hydroxychloroquine. She died of respiratory failure due to
pneumonia.

Comparison of serious and non-serious pneumonia
episodes

During the first half of the follow-up (1998–2006), 49 of 61
(80%) and during the latter half (2007–2014) 52 of 79 JIA

patients (66%) had an episode of serious pneumonia (p =
0.104). There was a trend of children under 5 years being
hospitalized more often than older children (p = 0.069)
(Table 4). There were no significant differences in the other
patient characteristics between the serious and non-serious
pneumonia groups (Table 1). The children with non-serious
pneumonia, in comparison with those with serious pneumo-
nia, had a trend of having previously more often recurrent
infections (OR 0.34, 95% CI 0.11–1.04, p = 0.058) and asth-
ma (OR 0.39, 95% CI 0.14–1.11, p = 0.078) (Table 4). The
regression model in Table 4 may have been over-fitted. The

Table 4 Comparison of serious and non-serious pneumonias at the time of the first pneumonia in 140 patients with juvenile idiopathic arthritis, logistic
regression analysis

Variable, n (%) Serious pneumonia (n = 101) Non-serious pneumonia (n = 39) OR (95% CI)* p value

Active JIA 51 (50.5) 16 (41.0) 1.44 (0.59–3.61) 0.432

JIA duration < 2 years 39 (38.6) 17 (43.6) 0.67 (0.23–1.93) 0.458

History of infections 13 (12.9) 9 (23.1) 0.34 (0.11–1.04) 0.058

Asthma 14 (13.9) 11 (28.2) 0.39 (0.14–1.11) 0.078

Age < 5 years 27 (26.7) 6 (15.4) 2.93 (0.92–9.35) 0.069

Combination medication 49 (48.5) 15 (38.5) 3.00 (0.83–10.9) 0.095

MTX 59 (58.4) 26 (66.7) 0.53 (0.24–1.36) 0.183

bDMARD 27 (26.7) 13 (33.3) 0.34 (0.09–1.22) 0.098

Glucocorticoid 19 (18.8) 4 (10.3) 2.69 (0.61–12.0) 0.193

Previous antibiotic therapy 18 (17.8) 9 (23.1) 0.66 (0.24–1.82) 0.424

Follow-up period

1998–2006 49 (80.3) 12 (19.7) 1 } 0.104
2007–2014 52 (65.8) 27 (34.2) 0.46 (0.18-1.17)

Variables remaining in the final model using Akaike information criterion are italicized. Significant variables after backward elimination are in bold

JIA juvenile idiopathic arthritis, MTX methotrexate, bDMARD biologic disease-modifying anti-rheumatic drug, CI confidence interval

*Odds ratios (OR) were assessed by logistic regression with serious pneumonia as the dependent variable

Table 3 Symptoms and laboratory findings at the time of 157 pneumonia episodes among patients with juvenile idiopathic arthritis

All
(n = 157)

Serious pneumonia
(n = 111)

Non-serious pneumonia
(n = 46)

p value

Symptom, n (%)

Fever (> 38°) 141 (89.8) 104 (94.5)a 37 (80.4) 0.014

Cough 140 (89.2) 96 (86.5) 44 (95.7) 0.155

Dyspnea 24 (15.3) 20 (18.0) 4 (8.7) 0.222

Chest pain 16 (10.2) 15 (13.5) 1 (2.2) 0.040

Vomiting 21 (13.4) 19 (17.1) 2 (4.3) 0.038

Duration of symptoms (days) before diagnosis, median (Q1–Q3) 6 (3–12.3) 5 (3–7) 7 (4–14) 0.003

Duration of fever (days) before diagnosis median (Q1–Q3) (n = 110 + 46) 2 (1–4) 2 (1–4) 2.5 (1–4) 0.952

CRP, median (Q1–Q3), mg/mL 77 (28–150) 91 (41–179) 46 (11.3–106.5) < 0.001

Leucocytes, median (Q1–Q3), E9/L 11.6 (7.0–17.4) 13.1 (7.4–18.8) 7.4 (6.1–12.2) < 0.001

Microbiological diagnosis, n (%) 21 (13.4) 17 (15.3) 4 (8.7) 0.315

The data was analyzed by Fisher’s exact test or by the Mann-Whitney test

Q1-Q3 lower-upper quartile, CRP C-reactive protein
a 94.5% (104/110), information on one patient’s fever symptom was not available
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best result when using the AIC criterion for model selection
contained the following variables: follow-up period (p =
0.030), previous recurrent infections (p = 0.032), asthma (p
= 0.051), GC (p = 0.069), and age (p = 0.126).When using the
backward elimination procedure to the full model, only asth-
ma (p = 0.039) and follow-up period (p = 0.047) remained in
the final model.

The most distinct difference in the use of anti-rheumatic med-
ication before pneumonia episodes was a significantly shorter
period of bDMARDuse among childrenwith serious pneumonia
than non-serious pneumonia (p = 0.046) (Table 2). JIA patients
with serious pneumonia sought hospital treatment significantly
earlier than patients with non-serious pneumonia (p = 0.003)
(Table 3). The leucocyte (p < 0.001) and CRP (p < 0.001) values
were significantly higher among the children with serious pneu-
monia than non-serious pneumonia (Table 3). The use of antibi-
otic therapy before the pneumonia episodes was similar in the
two groups (Table 4), and there was no difference with regard to
the use of consecutive antibiotic courses.

Discussion

In this Finnish national register-based, real-world study, there
were 157 episodes of mainly community-acquired pneumonia
among 140 JIA patients; 71% of these episodes were serious.
In our previous study, the overall incidence of pneumonia
increased through 1999–2014, and during the latter half of
the follow-up period (2007–2014), it was significantly higher
among patients with JIA than in the general population of
similar age [8]. Since there were signs of collinearity with
some of the target covariates, the model presented in Table 4
was probably over-fitted. The model was reduced with two
different methods, and the results corroborate the finding that
the rate of pneumonia, defined as serious, in fact decreased
from 1998–2006 to 2007–2014 among JIA patients. Maybe
treating patterns for pneumonia have shifted towards favoring
outpatient care which would decrease the recorded rate of
serious pneumonias, since serious pneumonia was defined as
pneumonia treated in a hospital or with intravenous antibi-
otics. On the other hand, maybe shifts in the treatment and
follow-up practices of JIA patients have changed in a direction
favoring a better contact between patients and the health care
system. If so, the health care system would catch upper respi-
ratory infections and incipient pneumonias at an earlier stage,
and earlier intervention would reduce the risk of the patient
developing serious pneumonia. It is also worth noting that a
decrease in pneumonia rates has been reported after introduc-
tion of pneumococcal vaccination into the Finnish national
vaccination program in 2010 [14].

Active JIA, expressed in terms of the clinical Juvenile
Arthritis Disease Activity Score (cJADAS10), is an independent
risk factor for serious infections [9]. Within 2 years after

JIA has been diagnosed and treated, on average, 78% of patients
experience inactivation of the disease; for patients with
rheumatoid-factor positive polyarthritis, the figure is 48% [15].
In this study, nearly half of the JIA patients had active disease
(Table 1) and 10% of the pneumonia episodes occurred within 3
months after JIA had been diagnosed. A study from Germany
concluded that patients on immunosuppressive therapy have a
high risk for pneumonia and that patients with ≥ 2 at-risk condi-
tions (e.g., rheumatoid arthritis, asthma, Down syndrome, diabe-
tes) have a similar or higher risk of pneumonia compared with
patients on immunosuppressive therapy [16]. Our results corrob-
orate these findings: 46% of our patients had some concurrent
illness ormorbidity, and 16%had had recurrent infections. Of the
recurrent pneumonias, 80% occurred in patients with some co-
morbidity and 88% in patients on DMARD therapy.

Children hospitalized for community-acquired pneumonia
(CAP) have frequent asthma [17]. Hospitalization for CAP is
greatest in children under 5 years of age and one third of them
have asthma [18, 19]. In our study, there was a trend for more
frequent hospitalization of children under 5 years than older
children. Altogether 18% of JIA patients with pneumonia had
asthma and of them 56% were hospitalized (Table 1). There
was a trend for asthma being more common in the non-serious
pneumonia group (OR 0.39, 95% CI 0.14–1.11, p = 0.078)
(Table 4), which could be due to more intensive treatment of
asthma and pneumonia.

Altogether 7% of JIA patients with pneumonia had Down
syndrome. The prevalence of Down syndrome in Finland is
0.27% [20], and the prevalence of JIA among children with
Down syndrome is 6-fold (0.87%) compared with JIA in the
general population [21]. Thus, we corroborated previous find-
ings [16] that JIA patients with Down syndrome have a higher
than average risk of pneumonia.

In our study, there was a trend for a history of infec-
tions being associated more often with non-serious than
serious pneumonia (OR 0.34, 95% CI 0.11–1.04, p =
0.058) in JIA patients. Antibiotic therapy may be started
in these children earlier and more efficiently than before.
The rate of outpatient antibiotic prescriptions for children
on MTX and/or TNFI is about two times higher than the
rate among children not on this medication [22]. We
found no significant difference in the previous use of an-
timicrobials between the serious and non-serious pneumo-
nia groups (Table 4).

Effective treatment of JIA has increased during the last 20
years, but still most pediatric JIA patients have active disease
and need long-term treatment [23–25]. In Finland, 72% of
recently diagnosed JIA patients used MTX about a decade
ago [26], and 66% of adolescents and young adults with JIA
took MTX, 29% bDMARDs, and 9% GCs [23]. In our study,
combination medication was used by nearly half of the pa-
tients with JIA and pneumonia and, in the latter half of the
follow-up, 40% of JIA patients were on bDMARDs. Serious
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infections account for one third of all serious adverse events
attributed to bDMARDs [27]. In a recent study, three out of
307 children with JIA on bDMARD therapy (1%) had a seri-
ous infection during 1 year of follow-up [28].

When immunosuppressive drugs are combined, the total
immunosuppressive effect is at least as powerful as with the
most immunosuppressive agent used alone [5]. A study on US
Medicaid data reported that there was no significant risk for
infections requiring hospital treatment among patients on
TNFI monotherapy or on TNFI in combination with MTX
[7]. Nor did we find any significant difference in the occur-
rence of serious and non-serious pneumonia episodes in rela-
tion to the use of MTX and bDMARDs. In adults with rheu-
matoid arthritis, a dose-related association between GC use
and the risk of hospitalization for pneumonia has been report-
ed [29]. In the present study, daily doses of GC ≥ 10 mg were
in use only at the time of the serious pneumonia episodes
(Table 2), which would support this observation.

Serious infections in adults with rheumatic diseases usually
occur during the first 6months after start of TNFI therapy [30]. A
recent study pointed out that when TNFIs are introduced into the
treatment of JIA in children, the risk of serious infections rises
2.7-fold compared with the introduction of DMARDs; here, the
mean follow-up time was 307 days [4]. In our study, the mean
duration of bDMARD use was significantly shorter (p = 0.046)
among children with serious pneumonia episodes than non-
serious pneumonia episodes (Table 2).

The microbiological diagnosis of pneumonia is challeng-
ing. The current management guidelines for CAP recommend
BCs if the patient is hospitalized and the pneumonia is mod-
erate or severe [31]. In a multicenter study, BCs were taken of
56% of the children hospitalized for CAP, and bacteremia was
present in 7% [32]. In our study, BCs were taken of 72% of the
patients with five positive findings in children with serious
pneumonia (6%). CRP was obtained of nearly all JIA patients
with pneumonia (Table 3). CRP and the leucocyte values do
not necessarily predict the degree of severity of the lung in-
fection in patients taking bDMARDs [10]. In agreement with
this, there was one patient on tocilizumab who had
Staphylococcus aureus sepsis, but whose CRP and leucocyte
values were within the reference range.

In our study, there were no suppurative complications and
none of the patients needed pleural drainage. The JIA patients
recovered largely well on antibiotics, although prolonged courses
of antibiotic therapy were needed in 12 episodes (7.6%) and
hospital readmission in nine (8%). Up to 8% of children with
pneumonia are readmitted for hospital treatment, and the rate of
readmission increases if the patient has chronic comorbidities
[13]. Abinun et al. [33] described four patients with refractory
JIA on combined DMARD therapy who developed unexpected-
ly a severe infection and died. In our series, two patients died in
the beginning of the follow-up; both had disabling JIA and

required long-term multiple and combined DMARD therapy,
including a dose of GC ≥ 10 mg/day.

To our knowledge, this is the first detailed, nationwide,
real-world study on JIA and pneumonia. The strength of our
study is that it is based on comprehensive national register
data which covers the entire hospital network in Finland.
Pediatric rheumatologists attend to children with JIA in the
hospitals, and the appropriate ICD diagnoses are available
from the HILMO register. In addition to register data, we
collected detailed data from patient records and analyzed only
radiographically verified pneumonias.

On the other hand, register datamay include errors of diagnosis,
although we checked painstakingly all registry data from individ-
ual patient records. The clinical data on patient records was also
incomplete, e.g., data on growth, vaccinations, and clinical signs of
pneumonia were only partially available. Therefore, it was not
possible to define the severity of pneumonia based on clinical
signs, and general guidelines (e.g., American or British Thoracic
Society guidelines) could not be used. Because an etiological di-
agnosis of pneumonia is often difficult to obtain and because this
study was retrospective, we focused on bacterial pneumonia ICD
codes. Unfortunately, it was not feasible to compare JIA patients
with and without pneumonia because selecting appropriate con-
trols would have been an unsurmountable task. Milder cases of
pneumonia are treated by open-care physicians, and thus, this data
is not available. Overall, the rather low number of pneumonia
episodes did not allow for all statistical calculations that would
have been of interest, like analyzing the subtypes of JIA.

Conclusion

Despite the increasing incidence of pneumonia and use of im-
munosuppressive treatment among children with JIA, the pro-
portion of serious pneumonias in these patients has decreased
over time. Active JIA, comorbidities and combination medica-
tion were associated with nearly half of the pneumonias. There
was no significant difference in the use of bDMARD, MTX, or
GC between patients with serious and non-serious pneumonia,
but this observation needs to be corroborated by further studies.
Clinicians should always keep in mind the possibility of serious
infectious complications in these immunocompromised patients.
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