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Abstract
Introduction The most effective and concurrently the safest treatment regimen selection is important to provide early control of
juvenile idiopathic arthritis (JIA) and to have an acceptable quality of life. The effectivity of biologic agents as well as standard
disease-modifying drugs is well documented in treatment of JIA. In spite of their high benefit, these drugs have the risk of serious
infections. Herein, we conducted a prospective study to investigate the infectious complications of biologic agents in patients
diagnosed with JIA.
Methods Patients on biologic treatment regimen were examined by the pediatric infectious disease specialist in every 2 months
during 1-year long.
Results Throughout the study period, 57% (n:175) of the patients developed infection and 43% (n:132) of them completed this
period without any infection. Upper respiratory tract infections which were treated in outpatient clinic were the most common
infection. Only three serious infections (two pneumonia, one pleural effusion), which required hospitalization, developed. The
infection rate was highest in systemic JIA and lowest in enthesitis-related arthritis (p < 0.001). The total rate of infection
development after 1-year period was lowest for etanercept; it was highest for the patients on infliximab treatment (p < 0.001).
Conclusion We comment that the altered immune system of JIA can be responsible from the serious infections irrespective of
immunosuppressive therapy. Biologic agents can be safely used in JIA evaluating the loss and benefit statement.
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Introduction

Juvenile idiopathic arthritis (JIA) is the most common
rheumatic disease of childhood having significant physi-
cal disability with high morbidity and mortality. JIA is a
clinically heterogeneous condition with seven categories
that have different characteristics and outcomes, which
are based on the number of joints affected during the first
6 months of disease and extra-articular involvement.
The cause of JIA still remains unclear, but the autoim-
mune and autoinflammatory processes are held to be

responsible. Dysregulation in cytokines that mediate in-
nate immune responses is also a strong evidence [1–5].
Selection of the most effective and concurrently the safest
treatment regimen is important to provide early disease
control and to have an acceptable quality of life and to
decrease the systemic complications of the disease [6].

The biologic agents as well as standard disease-modifying
anti-rheumatic drugs (DMARDs) are highly effective thera-
peutic choices in JIA. In spite of their high benefits, biologic
agents have the risk of serious bacterial and viral infections as
they act as immunosuppressant and immunomodulator thor-
ough cytokine pathways. There are a number of studies eval-
uating reliability of biologic agents, with various results and
counter-view [7–12]. Currently, the association between the
increased rate of infection and biologic agent treatment is un-
clear due to scarcity of clinical and observational data regard-
ing the infectious complications of biologic agents particularly
in children with JIA. Besides, there is not also any report yet in
our country. In this study, we conducted a prospective study to
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elucidate the infectious complications of biologic agents in
patients diagnosed with JIA.

Patients and methods

Study participants

The diagnosis of patients was done according to the
International League of Associations for Rheumatology
(ILAR) classification criteria for JIA [13].

The treatment of JIA consists of non-biological medical
treatment which is composed of non-steroidal anti-inflamma-
tory drugs (NSAIDs), corticosteroids, and disease-modifying
anti-rheumatic drugs (DMARDs). The DMARDS include
methotrexate, sulphasalazine, leflunomide, and cyclosporine-
a. The first treatment protocol of all patients diagnosed with
JIA began with NSAIDs and DMARD. According to the local
legislations, biologic agents could only be started to the pa-
tients whose disease activity remains uncontrolled despite the
usage of DMARDs for 3 months.

The biologic agents the patients used in our study were
tumor necrosis factor alpha (TNF-α) inhibitors (etanercept,
adalimumab, infliximab), IL-1 receptor antagonist (anakinra),
IL-1b antibody (canakinumab), and antibody against the IL-6
receptor (tocilizumab).

Development of infection

JIA patients on biologic treatment regimen were examined by
the pediatric infectious disease specialist in every 2 months,
between January and December 2017, during 1-year long. A
serious infection was defined as an infection that needs hos-
pitalization, intravenous antibiotics or antiviral treatment, op-
portunistic infections including tuberculosis, systemic myco-
sis, and varicella. All of the patients were routinely analyzed
about latent tuberculosis prior to starting biologic treatment,
and none of the patients developed active tuberculosis during
the course of study. Hepatitis virus B and C infections were
also excluded. Serious infections were classified by site as
skin or soft tissue, lower respiratory tract, urinary tract, gas-
trointestinal tract, and central nervous system. Mild infections
were defined as symptoms such as fever, rhinorrhea. Upper
respiratory tract infections (URTIs) referred to infections
of the nasopharynx, larynx, tonsillae, sinuses, ears, inclu-
ding rhinosinusitis, tonsillitis, pharyngitis, laryngitis/
laryngotracheitis, and otitis media which were treated at out-
patient clinics with oral antibiotics.

The analyzed variables were recorded as patient’s age, sex,
age at disease onset, JIA category, disease duration until ther-
apy, the name of biologic agent, concomitant steroid, and
DMARD treatment. The informed consent form was obtained
from parents. SPSS program (version 20.0, IBM Company,

SPSS Inc.) was used for statistical analysis. Numerical data
were expressed as mean ± standard deviation, categorical data
were expressed as frequency (n), and percentage (%).The
Shapiro-Wilk test was used to show continuous measurement
load. The x2 and Fisher’s exact test were used to compare the
differences. Mann-Whitney test was used in non-parametric
values.

Results

Totally, 307 patients participated in the study. One hundred
seventy-one (55.7%) of the patients were female and 136
(44.3%) were male. The mean age of the patients at diagnosis
was 6.24 ± 4.37 years (range 2 months–17 years). The mean
age of patients at starting to use biologic agents was 9.00 ±
4.33 years (range 1–19 years). The mean length of biologic
treatment was 42.11 ± 35.78 months (range 2–380 months).
The mean duration of the illness at starting to use biologic
agents was 30.58 ± 32.83 months (range 0–179 months).

The distribution of JIA patients according to ILAR criteria
were as follows: oligoarticular (n:100, 32.6%), seronegative
polyarticular (n:85, 27.7%), systemic JIA (n:52, 16.9%),
enthesitis-related arthritis (n:42, 13.6%), seropositive (n:18,
5.9%), and juvenile psoriatic arthritis (n:10, 3.3%). One hun-
dred eighty-nine patients were on etanercept, 60 were on
adalimumab, 22 were on anakinra, 11 were on infliximab,
12 were on canakinumab, and 13 were on tocilizumab treat-
ment during the study period. The demographic parameter
patients are given in Table 1.

Throughout the study period (1 year), 57% (n:175) of the
patients developed infection and 43% (n:132) of them com-
pleted this period without any infection. A total of 157 upper
respiratory tract infections (URTI) developed during 1-year of
biologic therapy. None of them required hospitalization that
was treated in outpatient clinic. We were able to detect viral
respiratory pathogens in 62 (40%) of them. In regard to respi-
ratory viruses’ subtypes, human rhinovirus (HRV) and respi-
ratory syncytial virus (RSV) were the most common viruses
detected in nasopharyngeal swab samples by multiplex poly-
merase chain reaction (PCR)method. Seasonal influenza virus
was determined only in two patients. Most of the viruses were
detected in the winter season. Only the two patients having
influenza had mild increase in aspartate aminotransferase, al-
anine aminotransferase, and creatine kinase enzyme levels.
Oseltamivir was used as antiviral treatment in both of them.

In forty acute tonsillopharyngitis infections developed,
group A Streptococcus pyogenes was positive in eight throat
culture. In forty-two urinary tract infections, culture positivity
was found only in 12 of them, treated by oral cephalosporins
without hospitalization. Twenty-four acute gastroenteritis and
20 nonspecific dermatitis were the rest of the infections. We
did not determine bacterial culture positivity in acute
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gastroenteritis, 4 of themwere rotavirus positive and 2 of them
were positive for adenovirus.

Only three serious infections (two pneumonia, one pleural
effusion), which required hospitalization, developed. One of
them was a four-year-old systemic JIA patient, who was on
anakinra treatment with concomitant high-dose steroid. She
developed pneumonia and pleural effusion on the second
and the sixth month of treatment, respectively. Streptococcus
pneumoniae serotype 19 A was isolated in the pleural fluid
culture of the patient. She was fully vaccinated with seven
valent pneumococcal vaccine; however, serotype 19A is not
included in the vaccine. The second pneumonia case was also
a systemic JIA patient who was also on anakinra treatment.
Seven of the patients had varicella infection without any com-
plication requiring hospitalization, none of them had varicella
vaccine. Four of the patients were on etanercept, others were
on anakinra, infliximab, canakinumab regimen respectively.

The infection rate was highest in systemic JIA and lowest
in enthesitis-related arthritis (p < 0.001). The total rate of in-
fection development after 1 year period was lowest for
etanercept; it was highest for the patients on infliximab treat-
ment (p < 0.001).

There was a statistically significant relationship between
the risk of infection development and subgroup diagnosis of

patients, the type of biologic agents. The P scores were
p < 0.001, p < 0.001, and p = 0.041, respectively. The compar-
ison of infection development according to diagnosis of pa-
tients and biologic agents is given in Table 2. The various
infection rates in JIA patients on biologic agents over a period
of 1 year are summarized in Table 3.

Discussion

Juvenile idiopathic arthritis is a complex disorder with severe
disability and pain, complicated by linear or localized growth
disturbance. DMARDs have been used safely for a long time
in controlling disease activity in JIA. Although the effectivity
of DMARDs in preventing the damage and decreasing the
disease burden is well documented, JIA still continues to re-
sult in long-term sequela. In the past 20 years, many new
biologic agents are introduced to treatment of JIA. The earlier
use of biologic agents has been reported to improve both short
and long-term clinical outcomes of patients with JIA.
According to the local legislations, biologic agents could only
be started to the patients whose disease activity remains un-
controlled despite the usage of DMARDs for 3 months. The
agents seem to achieve complete disease remission and nor-
malize physical development in a substantial number of JIA
patients [3, 6].

It is necessary to examine the underlying pathogenesis of
the disease in order to evaluate the efficacy of these drugs. The
innate immune system and the uncontrolled activation of
phagocytic cells leading to increased secretion of inflammato-
ry cytokines such as interleukin 1 (IL-1), IL-6, and tumor
necrosis factor alpha (TNF-α) are accused mechanisms caus-
ing JIA. Increased level of inflammatory cytokines promotes
an inflammatory cascade, local injury, and tissue damage
[14–17]. Since biologic agents counter the effects of the in-
flammatory cytokines, suppression of the immune system is a
natural process.

There are various clinical studies indicating the safety
and benefit of biologic agents in treatment of JIA [18–21].
The URTI followed by gastroenteritis are the most fre-
quently reported infections in majority of them. Herein,
at the end of the 1-year period, 57% (n:175) of the patients
developed infection and 43% (n:132) of them completed
the treatment episode without any infection. Most of the
infections were mild URTI and tonsillopharyngitis which
were treated at outpatient clinics without hospitalization.
The HRV and RSV were the most common respiratory
viral pathogens and most of the infections developed dur-
ing the winter season. These viruses are the common caus-
ative respiratory viruses that can also infect healthy sub-
jects all over the world, so we comment that the result was
not surprising. Yet, viral infections are common in winter.

Table 1 Demographic Characteristics of Patients

Number of patients (n = 307) n (%)/Mean
± S.D.

Gender

Female 171 (55.7%)

Male 136 (44.3%)

Diagnosis of patients

Systemic JIA 52 (16.9%)

Seropositive polyarticular JIA 18 (5.9%)

Seronegative polyarticular JIA 85 (27.7%)

Oligoarticular JIA 100 (32.6%)

Juvenile psoriatic arthritis 10 (3.3%)

Enthesitis-related arthritis 42 (13.6%)

The mean age of the patients at diagnosis (years) 2 months–17 years
(6.24 ± 4.37)

The mean duration of the illness at starting to use
biologic agents(months)

30.58 ± 32.83

The mean length of biologic treatment (months) 42.11 ± 35.78

The patients used to stop biologic treatment 2 (0.6%)

Biologic agents

Etanercept 189 (61.6%)

Adalimumab 60 (19.5%)

Anakinra 22 (7.2%)

Canakinumab 12 (3.9%)

Infliximab 11 (3.6%)

Tocilizumab 13 (4.2%)
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The urinary tract infection, acute gastroenteritis, and der-
matitis were the other mild infections developed during the
course of study. We confirm the safety of biologic agents in
JIA that has been described in previous studies.

On the other hand, increased infectious rates of biologic
agents are reported in many other reports especially the ones
comparing biologic agents with DMARD [11, 12, 22, 23].
Pneumonia, aseptic meningitis, and soft tissue infections were
the serious adverse events needing hospitalization. The British
Society for Paediatric and Adolescent Rheumatology reported
to 2.1-fold increased rate of infection with etanercept com-
pared with methotrexate, as the varicella and pneumonia were
the most common infections [24]. We experienced varicella
infection in seven of the patients, four of whom were on

etanercept treatment, others were on anakinra, infliximab,
and canakinumab regimen. None of the varicella cases were
hospitalized and developed complication. All of our patients
were on concomitant methotrexate, so we were not able to
make such a comparison. But varicella developed mainly in
patients using etanercept. The varicella infections occurred in
the unvaccinated patients who have the risk to develop as high
as healthy children, especially in secondary house hold attack.
We can comment that the patients diagnosed with JIA should
be evaluated and if necessary should be vaccinated for vari-
cella prior to starting biologic agents.

Only 2 of 307 patients required hospitalization. Both of
them were systemic JIA patients and were on anakinra treat-
ment. One of them was a 4-year old girl who developed

Table 2 Comparison of infection
development according to
diagnosis of patients and biologic
agents

Infection rate in 1 year p value

Infection did not
develop n (%)

Infection developed
n (%)

Biologic agent < 0.001

Etanercept 101 (53.4) 88 (46.6)

Adalimumab 19 (32.2) 40 (67.8)

Anakinra 6 (27.3) 16 (72.7)

Canakinumab 2 (16.7) 10 (83.3)

Infliximab 1 (9.1) 10 (90.9)

Tocilizumab 2 (15.4) 11 (84.6)

Diagnosis < 0.001

Systemic JIA 8 (15.4) 44 (84.6)

Seropositive polyarticular JIA 8 (44.4) 10 (55.6)

Seronegative polyarticular JIA 40 (47.1) 45 (52.9)

Oligoarticular JIA 47 (47.0) 53 (53.0)

Juvenile psoriatic arthritis 3 (30.0) 7 (70.0)

Enthesitis-related arthritis 25 (60.9) 16 (39.1)

Table 3 Various infection rates in
JIA patients on biologic agents
over a period of 1 year

Etanercept
(n = 189)

Adalimumab
(n = 59)

Anakinra
(n = 22)

Canakinumab
(n = 12)

Infliximab
(n = 11)

Tocilizumab
(n = 13)

URTI 52 (27.5%) 19 (32.2%) 11 (50%) 10 (45.4%) 8 (72.7%) 5 (38.4%)

AT 12 (6.3%) 10 (16.9%) 4 (18.1%) 4 (33.3%) 2 (18.1%) 1 (7.6%)

UTI 32 (16.9%) 14 (23.7%) 6 (27.2%) 1 (8.3%) 2 (18.1%) 3 (23.0%)

Varicella 3 (1.5%) 1 (1.69%) 1 (4.5%) 1 (8.3%) 1 (9.0%) 0

Pneumonia 2 (1.0%) 4 (6.7%) 3 (13.6%) 1 (8.3%) 0 2 (15.3%)

AGE 2 (1.0%) 0 2 (9%) 1 (8.3%) 0 1 (7.6%)

HSV 0 0 0 0 0 1 (7.6%)

Dermatitis 4 (2.1%) 4 (6.7%) 1 (4.5%) 0 0 1 (7.6%)

Perianal
abscess

0 1 (1.69%) 0 0 0 1 (7.6%)

Tuberculosis 1 (0.52%) 1 (1.69%) 0 0 0 0

URTI upper respiratory tract infection, AT acute tonsillopharyngitis, UTI urinary tract infection, AGE acute
gastroenteritis, HSV Herpes Simplex Virus
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pneumonia and empyema on the second and the sixth month
of treatment. She had been fully vaccinated with seven valent
pneumococcal vaccine. Streptococcus pneumoniae serotype
19 A was isolated in the pleural fluid culture which is not a
serotype that present in vaccine. Streptococcus pneumoniae is
the leading cause of bacteremia and pneumonia, resulting in
significant morbidity and mortality worldwide even in healthy
children. At present, over 95 serotypes have been described,
with the introduction of pneumococcal vaccine the incidence
of pneumococcal diseases associated with vaccine serotypes
reduced but non-vaccine serotypes are still of great concern to
clinicians. Previously, healthy children also have the risk of
infection with various serotypes of S. pneumoniae.

Streptococcal bacteremia and pneumonia have been report-
ed with anakinra; the vaccination status of the patients was not
noted. Although there are some case reports documenting se-
rious infections with anakinra, there are no published compar-
ative studies.

In addition to systemic JIA, high disease burden and cu-
mulative high-dose steroid were shared characteristics in both
of our patients. Systemic JIA is the most related subtype to
serious infections due to higher corticosteroid need and con-
comitant immunosuppressive therapy [12, 23–25]. Compared
with the healthy children, patients with JIA already have in-
creased rate of infection even without biologic agents or im-
munosuppressive therapy, yet the disease itself is the major
risk factor [3]. Higher disease activity and longer disease du-
ration were suggested as other risk factors associated with an
increased tendency to infections [26]. Anyway, the infection
rate was highest in systemic JIA and lowest in enthesitis-
related arthritis (p < 0.001) in our study.

Tuberculosis and other opportunistic infections are the oth-
er serious infections that can develop in the course of JIA
patients on biologic therapy. We did not experience any tuber-
culosis and fungal infection during the 1-year period.
However, the short follow-up period in our study hinders to
make a more accurate statement regarding the association of
biologic agents and tuberculosis/fungal infections.

In the present study, the total rate of infection development
after the 1-year period was lowest for etanercept; it was
highest for the patients on infliximab treatment (p < 0.001).

Our study has some limitations with short follow-up period
being the most important. Moreover, we did not compare the
infection rates of patients on biologic agents (± DMARDs)
with the subjects solely on DMARDs.

Conclusion

But, timely and accurate treatment is important to provide the
control of JIA. Early and proper treatment must begin to pre-
vent the permanent disability and complications of the dis-
ease. We suggest that biologic agents are quite safe in

treatment of JIA patients who could be monitored closely.
However, there is still need for comparative studies to better
evaluate the safety of biologic agents in terms of infections.

Compliance with ethical standards

The study protocol was in line with the guidelines of the 1975Declaration
of Helsinki. Ethics Committee approval was obtained from Faculty Local
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Disclosures None.

References

1. Barut K, Adrovic A, Şahin S, Kasapçopur Ö (2017) Juvenile idio-
pathic arthritis. Balkan Med J 34:90–101

2. Gowdie PJ, Tse SM (2012) Juvenile idiopathic arthritis. Pediatr
Clin N Am 59:301–327

3. Beukelman T, Patkar NM, Saag KG, Tolleson-Rinehart S, Cron
RQ, DeWitt EM et al (2011) American College of Rheumatology
recommendations for the treatment of juvenile idiopathic arthritis:
initiation and safety monitoring of therapeutic agents for the treat-
ment of arthritis and systemic features. Arthritis Care Res 63:465–
482

4. Weiss JE, Ilowite NT (2005) Juvenile idiopathic arthritis. Pediatr
Clin N Am 52:413–442

5. Ravelli A, Martini A (2007) Juvenile idiopathic arthritis. Lancet
369:767–778

6. Klein A, Horneff G (2009) Treatment strategies for juvenile idio-
pathic arthritis. Expert Opin Pharmacother 10:3049–3060

7. Kilic O, Kasapcopur O, Camcioglu Y, Cokugras H, Arisoy N,
Akcakaya N (2012) Is it safe to use anti-TNF-α agents for tuber-
culosis in children suffering with chronic rheumatic disease?
Rheumatol Int 32:2675–2679

8. Lovell DJ, Reiff A, Jones OY, Schneider R, Nocton J, Stein LD,
Gedalia A, Ilowite NT, Wallace CA, Whitmore JB, White B,
Giannini EH, Pediatric Rheumatology Collaborative Study Group
(2006) Long-term safety and efficacy of etanercept in children with
polyarticular-course juvenile rheumatoid arthritis. Arthritis Rheum
54:1987–1994

9. Lovell DJ, Reiff A, Ilowite NT, Wallace CA, Chon Y, Lin SL,
Baumgartner SW, Giannini EH, Pediatric Rheumatology
Collaborative StudyGroup (2008) Safety and efficacy of up to eight
years of continuous etanercept therapy in patients with juvenile
rheumatoid arthritis. Arthritis Rheum 58:1496–1504

10. Becker I, Horneff G (2017) Risk of serious infection in juvenile
idiopathic arthritis patients associated with tumor necrosis factor
inhibitors and disease activity in the German biologics in pediatric
rheumatology registry. Arthritis Care Res 69:552–560

11. Prince FHM, Twilt M, ten Cate R, van Rossum MA, Armbrust W,
Hoppenreijs EP et al (2009) Long-term follow-up on effectiveness
and safety of etanercept in juvenile idiopathic arthritis: the Dutch
national register. Ann Rheum Dis 68:635–641

12. Beukelman T, Xie F, Baddley JW, Chen L, Delzell E, Grijalva CG,
Mannion ML, Patkar NM, Saag KG, Winthrop KL, Curtis JR, on
behalf of the SABER Collaboration (2013) Brief report: incidence
of selected opportunistic infections among children with juvenile
idiopathic arthritis. Arthritis Rheum 65:1384–1389

13. Petty RE, Southwood TR, Manners P, Baum J, Glass DN,
Goldenberg J, He X, Maldonado-Cocco J, Orozco-Alcala J,
Prieur AM, Suarez-Almazor ME, Woo P, International League of

Clin Rheumatol (2019) 38:1025–1030 1029



Associations for Rheumatology (2004) International League of
Associations for Rheumatology classification of juvenile idiopathic
arthritis: second revision, Edmonton, 2001. J Rheumatol 31:390–
392

14. Prakken B, Albani S, Martini A (2011) Juvenile idiopathic arthritis.
Lancet 377:2138–2149

15. DeBenedetti F,MassaM, Pignatti P, Albani S, NovickD,Martini A
(1994) Serum soluble interleukin 6 (IL-6) receptor and IL-6/soluble
IL-6 receptor complex in systemic juvenile rheumatoid arthritis. J
Clin Invest 93:2114–2119

16. Pascual V, Allantaz F, Arce E, PunaroM, Banchereau J (2005) Role
of interleukin-1 (IL-1) in the pathogenesis of systemic onset juve-
nile idiopathic arthritis and clinical responseto IL-1blockade. J Exp
Med 201:1479–1486

17. Woo P (2002) Cytokines and juvenilei diopathic arthritis. Curr
Rheumatol Rep 4:452–457

18. Lovell DJ, Ruperto N, Goodman S, Reiff A, Jung L, Jarosova K,
Nemcova D, Mouy R, Sandborg C, Bohnsack J, Elewaut D,
Foeldvari I, Gerloni V, Rovensky J, Minden K, Vehe RK, Weiner
LW, Horneff G, Huppertz HI, Olson NY, Medich JR, Carcereri-de-
Prati R, McIlraith M, Giannini EH, Martini A, Pediatric
Rheumatology Collaborat ive Study Group, Pediatr ic
Rheumatology International Trials Organisation (2008)
Adalimumab with or without methotrexate in juvenile rheumatoid
arthritis. N Engl J Med 359:810–820

19. Lahdenne P, Vahasalo P, Honkanen V (2003) Infliximab or
etanercept in the treatment of children with refractory juvenile idi-
opathic arthritis: an open label study. Ann Rheum Dis 62:245–247

20. Horneff G, Burgos-Vargas R, Constantin T, Foeldvari I, Vojinovic J,
Chasnyk VG et al (2014) Efficacy and safety of open-label
etanercept on extended oligoarticular juvenile idiopathic arthritis,
enthesitis-related arthritis and psoriatic arthritis: part 1 (week 12) of
the CLIPPER study. Ann Rheum Dis 73:1114–1122

21. Wallace CA, Giannini EH, Spalding SJ, Hashkes PJ, O'Neil KM,
Zeft AS, Szer IS, Ringold S, Brunner HI, Schanberg LE, Sundel RP,
Milojevic D, Punaro MG, Chira P, Gottlieb BS, Higgins GC,
Ilowite NT, Kimura Y, Hamilton S, Johnson A, Huang B, Lovell
DJ, for the Childhood Arthritis and Rheumatology Research
Alliance (2012) Trial of early aggressive therapy in polyarticular
juvenile idiopathic arthritis. Arthritis Rheum 64:2012–2021

22. Giannini EH, Ilowite NT, Lovell DJ, Wallace CA, Rabinovich CE,
Reiff A, Higgins G, Gottlieb B, Singer NG, Pediatric
Rheumatology Collaborative Study Group, Chon Y, Lin SL,
Baumgartner SW (2009) Long-term safety and effectiveness of
etanercept in children with selected categories of juvenile idiopathic
arthritis. Arthritis Rheum 60:2794–2804

23. Horneff G, Klein A, Klotsche J, Minden K, Huppertz HI, Weller-
Heinemann F, Kuemmerle-Deschner J, Haas JP, Hospach A (2016)
Comparison of treatment response, remission rate and drug adher-
ence in polyarticular juvenile idiopathic arthritis patients treated
with etanercept, adalimumab or tocilizumab. Arthritis Res Ther
18:272

24. Davies R, Southwood TR, Kearsley-Fleet L, Lunt M, Hyrich KL,
British Society for Paediatric and Adolescent Rheumatology
Etanercept Cohort Study (2015) Medically significant infections
are increased in patients with juvenile idiopathic arthritis treated
with etanercept: results from the British Society for Paediatric and
Adolescent Rheumatology Etanercept Cohort Study. Arthritis
Rheum 67:2487–2494

25. Horneff G (2015) Biologic-associated infections in pediatric rheu-
matology. Curr Rheumatol Rep 17:66

26. Walters HM, Pan N, Lehman TJ, Adams A, Huang WT, Sitaras L
et al (2015) A prospective study comparing infection risk and dis-
ease activity in children with juvenile idiopathic arthritis treated
with and without tumor necrosis factor-alpha inhibitors. Clin
Rheumatol 34:457–464

1030 Clin Rheumatol (2019) 38:1025–1030


	The frequency of infections in patients with juvenile idiopathic arthritis on biologic agents: 1-year prospective study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Patients and methods
	Study participants
	Development of infection

	Results
	Discussion
	Conclusion
	References


