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Abstract
Objective
Influenza vaccination in children with rheumatic diseases is often recommended, but not frequently performed. Our aim
was to assess the safety and efficacy of annual influenza vaccination in a longitudinal follow-up study of an unselected
group of children with juvenile idiopathic arthritis (JIA).

Methods
Thirty-one children with stable JIA (10 boys, 21 girls, mean age 11.0 years) receiving various therapies and 14 children
in a control group (10 boys, 4 girls, mean age 11.9 years) were vaccinated with the annual influenza vaccine Begrivac®
2008/2009. The children in both groups were followed for adverse events and infections 6 months after vaccination.
Autoantibodies production and antibody titers against three vaccine viruses were determined in serial samples taken
before, 1 and 6 months after vaccination.

Results
Eleven (35%) children with JIA and 5 (36%) children in the control group reported short-term adverse events. A JIA
flare was observed one month after vaccination in 4 (13%) patients, and in the following five months in 7 (23%) patients
The response to vaccination after one month was significant in the control and study groups as a whole, but not in a
subgroup of 4 children receiving anti-TNF-a therapy. After six months, no significant differences in the protective titers
against vaccine viruses among the patient and control groups were observed. Changes in the mean values of
autoantibodies after vaccination were found only for IgG aCL in the JIA group.

Conclusion

No long-term adverse events were reported after influenza vaccination in JIA and control group. Thirty-five percent
of children with JIA experienced flare of the disease after vaccination. Protective antibodies against at least 2 vaccine
viruses 6 months after vaccination were detected in all patients.
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Introduction

The safety and efficacy of vaccination
in children with rheumatic diseases
receiving immunosuppressive medi-
cations has been questioned for years.
Recommendations on the vaccination
of immunocompromised patients were
issued by the Advisory Committee of
Immunisation Practice (ACIP), but
these did not specifically address chil-
dren with rheumatic diseases (1). Re-
cently, the European League Against
Rheumatism (EULAR) has published
recommendations for the vaccination of
children and adult patients with autoim-
mune inflammatory rheumatic diseases.
Inactivated influenza vaccine should be
strongly considered for these patients
(2,3).

In general, there is no contraindication
for vaccination with inactivated vac-
cines. However, vaccination in patients
with rheumatic diseases should ideally
be administrated during stable disease
3).

Annual influenza vaccination is recom-
mended for all children from 6 months
to 18 years of age and for all patients
with chronic diseases (4). Influenza
vaccine was found to be safe and effec-
tive in healthy children. A single dose
of vaccine was highly immunogenic
in children equal to or over 9 years of
age. To produce potentially protective
antibody titers, a two-dose regimen is
needed in younger children (5). In chil-
dren with rheumatic diseases, only a
few studies have investigated the safety
and efficacy of influenza vaccination
(6-9). To our knowledge, no study has
so far addressed the safety and efficacy
of influenza vaccination in children
with juvenile idiopathic arthritis (JIA)
receiving anti-TNF-a therapy.

The possible appearance of antiphos-
pholipid antibodies (aPL) and their
clinical significance in children with JIA
after annual influenza vaccination have
not been investigated. Only a few stud-
ies have assessed the induction of aPL
antibodies in adult patients with rheu-
matic diseases after influenza vaccina-
tion (10, 11).

The aim of our study was to assess the
safety and efficacy of annual influenza
vaccination in a longitudinal follow-up
study in children with JIA, and to deter-
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mine the clinical significance of autoan-
tibodies possibly induced by influenza
vaccination.

Methods

Study population

The study design was a prospective

study with a 6-month follow-up after

the annual influenza vaccination in the

2008/09 season. The study population

consisted of 31 children with stable JIA,

who had no progression of disease in
the last 6 weeks. Inactive disease was
defined as described earlier (12). Eryth-
rocyte sedimentation rate (ESR) values
of <20 mm/hour were considered nor-

mal for all ages and both genders (13).

Children with JTA were divided into four

groups depending on their treatment at

the time of vaccination:

1: patients without therapy or receiving
only non-steroidal anti-inflammatory
drugs (NSAIDs);

2: patients receiving disease-modifying
anti-rheumatic drugs (DMARD:s);

3: patients also receiving low-dose ster-
oids;

4: patients also receiving anti-TNF-a
agents.

The control group consisted of 14 chil-

dren who were evaluated at a cardiology

outpatient clinic at the time of recom-
mended annual influenza vaccination.

Influenza vaccination

The children in both groups were vac-
cinated with annual influenza vaccine
(Begrivac 2008/2009, Novartis Vac-
cines and Diagnostics GmbH & Co.
KG, Marburg, Germany) from Novem-
ber 2008 to January 2009. Each 0.5 ml
dose of the vaccine contained 15 ug of
inactivated purified surface fragments
from 3 different strains of influenza
virus (A/Brisbane/59/2007 (HIN1)-
like (A(HINT1)), A/Brisbane/10/2007
(H3N2)-like  (A(H3N2)), B/Flori-
da/4/2006 (Yamagata lineage)-like (In-
fluenza B)) according to the latest Rec-
ommendations of the World Health Or-
ganisation (WHO). Children under the
age of 9 who were vaccinated for the
first time against influenza received a
second dose of vaccine after 1 month.
All children were surveyed and ques-
tioned at the time of vaccination about
intercurrent infections, past and present
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medical history, vaccination history,
and history of autoimmune diseases.
Children with infections, egg allergy,
or history of previous vaccine-adverse
events were not included in the study.
Children with confirmed or suspected
inflammatory or autoimmune diseases
were excluded from the control group.

Adverse events and infections

after vaccination

All children included in the study were
followed for adverse events and infec-
tions 6 months after influenza vaccina-
tion. Parents were instructed to write a
detailed diary about any adverse events
and infections after the vaccination pe-
riod. In the case of febrile illness with
body temperature above 37.5°C and/or
signs of respiratory tract infection, such
as runny nose, throat pain, coughing or
hoarseness, the parents took nasal and
oral swabs at home according to instruc-
tions, and sent samples to the Laboratory
for Virology in a specially prepared en-
velope. Each child received three pairs
of swabs with viral transport medium
and specific written instructions, includ-
ing drawings, on how to take swabs at
home in case of acute infection. They
were also asked to attach a survey form
with the swabs. All nasal and oral swabs
were tested for influenza and three other
respiratory viruses (adenoviruses, en-
teroviruses, Respiratory Syncytial Virus
(RSV)) using the polymerase chain re-
action (PCR) method.

JIA disease activity

JIA disease activity was assessed at
three time points: 1) before influenza
vaccination; 2) 1 month after vaccina-
tion; and 3) 6 months after vaccination.
Patients were monitored according to
6 variables of the American College of
Rheumatology (ACR) paediatric core
set (14). A flare was defined as a wors-
ening of 40% in at least 2 disease ac-
tivity parameters of the ACR paediatric
core set, without a simultaneous im-
provement of 30% or more in at least
2 of the remaining parameters (15). To
evaluate the relapse rate in a group of
children vaccinated against influenza,
we retrospectively reviewed the medi-
cal charts of 31 unselected patients with
JIA who were not vaccinated against in-
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fluenza in the 2008/09 season and were
followed at our outpatient clinic. The
medical data from the group of unvac-
cinated children were collected for the
6 month observational time from au-
tumn 2008 to spring 2009. The therapy
of unvaccinated group of children with
JIA was as follows: 6 were treated with
methotrexate, 1 with tacrolimus, 1 with
cyclosporine A, 2 also received a low
dose of methylprednisolone (less than
10 mg per day), and 4 children also re-
ceived anti-TNF-a agents (2 infliximab
and 2 etanercept).

Determination of protective

antibodies

The presence of protective antibod-
ies was assessed at three time points:
(1) before influenza vaccination; (2)
1 month after vaccination; and (3) 6
months after vaccination. Antibody
titers against the 3 vaccine influenza
viruses were measured using a virus
neutralisation test on Madin-Darby Ca-
nine Kidney cells (MDCK) cells (16,
17). Two-fold dilutions of each serum
were made and the sera were tested at
an initial dilution of 1:4 to 1:128. For
sera whose titers were below 4, an arbi-
trary value of 2 was assigned for subse-
quent calculation. For sera whose titers
were above 128, a value of 256 was es-
tablished. Serum samples were tested
separately and in duplicates; if a result
showed a difference by a factor of 2,
the sample was retested. For the final
result, the mean value of all repeated
titers was calculated. Seroprotection
was defined as an antibody titer equal
as or higher than 40 (18, 19). Recon-
valescent titer before vaccination was
defined as an antibody titer equal to or
higher than 80. One month after vac-
cination, an adequate immune response
to the vaccine was defined as a 4-fold
increase in an antibody titer for indi-
viduals with antibody titers lower than
40. For individuals with prevaccinal
titers higher than 40, at least a 2-fold
increase in an antibody titer was de-
fined as an adequate immune response
to the vaccine (19).

Determination of autoantibodies

The presence of autoantibodies was as-
sessed at three time points: (1) before

438

influenza vaccination; 2) 1 month after
vaccination; and 3) 6 months after vac-
cination.

All participants were screened for
the presence of antinuclear antibod-
ies (ANA), antibodies against extract-
able nuclear antigens (anti-ENA),
anti-neutrophil cytoplasmic antibodies
(ANCA), IgG/IgM anticardiolipin an-
tibodies (aCL), IgG/IgM/IgA anti-f3,
glycoprotein I antibodies (anti-f3,-GPI),
and lupus anticoagulant (LA) before
and after vaccination.

ANA were detected by a standard in-
direct immunoflorescence technique
on HEp-2 cells (Immuno Concepts,
Sacramento, CA, USA). An ANA of
1:80 or higher was considered positive.
Anti-ENA antibodies were detected by
standard counter-immunoelectrophoresis
using rabbit thymus and human spleen
extracts as the antigen substrates (20).
ANCA were detected by indirect im-
munofluorescence on ethanol-fixed leu-
kocytes (21).

aCL and anti-3,GPI antibodies were
determined by our in-house enzyme-
linked immunosorbent assays (ELI-
SAs), as described previously (22).

LA was detected by a one-stage clot-
ting assay using a simplified dilute
Russell viper venom time test (ARVVT)
and a confirmation dRVVT test with a
high phospholipid concentration (Sie-
mens Healthcare Diagnostics Products
GmbH, Marburg, Germany) to neu-
tralise the possible LA effect (23). The
normalised ratio of both tests was cal-
culated, and a value of 1.2 or higher in-
dicated the presence of LA.

Statistical methods

Statistical tests were performed using
the R software package. The Chi-square
test, Student’s #-test and the Wilcoxon
signed-rank test were used where ap-
propriate. The statistical significance
of the difference between the inter-
group frequency rates before and after
vaccination was determined using the
Chi-square test. The Student’s #-test
was used to compare the mean values
of autoantibodies before and after vac-
cination. The Wilcoxon signed-rank test
was used to compare the values of geo-
metrical mean titers (GMT) of antiviral
antibodies before and after vaccination.
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For all statistical tests, a significance
threshold of 95% was used.

Ethics Committee approval

The parents of each child included in
the study were informed about the aim
of the study and asked for written in-
formed consent for drawing blood be-
fore and after vaccination. The study
was approved by the Ethics’ Commit-
tee of the Slovenian Ministry of Health,
and was conducted according to the
principles of the Helsinki Declaration.

Results

General characteristics of the study
population and control group before
influenza vaccination

General characteristics of the study pop-
ulation and control groups of children,
including the group of unvaccinated
children with JIA, are presented in Table
I. The children with JIA were classified
according to the classification criteria
of the International League of Associa-
tions for Rheumatology (ILAR) (24).
The therapy of the study group is pre-
sented in Table II.

Twenty seven (87%) children with JTA
were vaccinated against influenza in-
fection for the first time. Eleven (79%)
children in the control group, who were
evaluated at a cardiology outpatient
clinic, were vaccinated against influen-
za infection for the first time. Ten chil-
dren with JIA and two children in the
control group received a second dose
of influenza vaccine one month after
the first vaccination.

Safety of influenza vaccination

- Adverse events

Eleven children (35%) in the JTA group
and 5 (36%) children in the control
group reported short-term adverse
events. In the group of children with
JIA, 10 (32%) had pain at the injection
site lasting 1-4 days, and 1 patient (3%)
had a mild systemic reaction (malaise
and headache 30 minutes after vaccina-
tion). In the control group, 3 children
(21%) had pain at the injection site
lasting 1-2 days, and 2 children (14%)
had a mild systemic reaction (both with
malaise). No long-term adverse events
were reported during the 6-month fol-
low-up period after vaccination.

PAEDIATRIC RHEUMATOLOGY

Table I. General characteristics of the study group and control groups.

Children with JIA
vaccinated against

Children with JIA
not vaccinated against

Children evaluated
at a cardiology clinic,

Group of children

influenza influenza vaccinated against
influenza®
Number (M/F) 31 (10/21) 31 (13/18) 14 (10/4)
Mean age + SD (range) 11.0 £ 4.5 years 8.0 +4.0.years 11.9 £ 4.5 years
(3-18) (2-15) (4-18)
Inactive disease n. (%), 13 (42) 24.(77)
off /on medications 7/6 15/9
Mean disease duration + SD 3.4 + 2.4 years 3.2 +2.7.years
(range) (0.2-9) (0.1-8.4)
Disease subtype® POA 15%* 16
EOA 3 3
PA 3 5
SJIA 2 3
PsA 4 4
ERA 4 0

JIA: juvenile idiopathic arthritis; M: male; F. female; SD: standard deviation.

*POA: persistent oligoarthritis; EOA: extended oligoarthritis; PA: polyarthritis (RF negative); SJIA:
systemic JIA; PsA: psoriatic arthritis; ERA: enthesitis-related arthritis.

**one child was treated for uveitis that was inactive at the time of vaccination.

Ssix children had congenital heart disease; 3 were operated in the neonatal period and 3 later, in the first
years of life. One child had ventricle septum defect and was not operated. Three children had valve
disease and one child had concentric hypertrophy of left ventricle. Three children were examined for
innocent heart murmur. Three children were treated with angiotensin converting enzyme inhibitors;
one among them was also treated with spironolactone, sildenafil and bosentan. Others were without
therapy at the time of vaccination.

Table II. Data depending on the therapy of children with JIA before vaccination. The
number of patients with deterioration 1 and 6 months after vaccination and the number of
patients with protective titers against all 3 vaccine subtypes before, 1 and 6 months after
vaccination are shown.

Therapy n. of n. of patients with n. (% ) of patients with protective
patients deterioration titers against all 3 vaccine subtypes
1 month 6 months  Before 1 month 6 months
after after after after

vaccination vaccination vaccination vaccination

Without therapy or NSAIDs 18 1 4 2 (11) 13* (81) 14* (78)
methylprednisolone™ (<8 mg) 7 2 1 2 (29) 5(71) 4 (67)
methothrexate 8 3 0
leflunomide 3 0 0 4 (31) 8 (73) 10 (83)
sulfasalazine 2 0 2
anti TNF-o therapy™** 4 0 0 1(25) 2 (50) 4 (100)
Together 31 4 6 6 (20) 21 (68) 24 (77)
Control group 14 3 (21) 11 (79) 11 (79)

NSAIDs: non-steroidal anti-inflammatory drugs; n: number.

*16 samples were available after 1 month and 18 samples after 6 months.

**Children who received methylprednisolone (mean dosage 0.1 mg/kg body weight (bw), range 0.07—
0.4 mg/kg bw) were also treated with disease-modifying anti-rheumatic drugs (DMARDs).
***Children who received anti-TNF-a agents (3 etanercept and 1 infliximab) were also treated with
disease-modifying anti-rheumatic drugs (DMARDS).

Disease activity in

vaccinated children

The number of patients with deteriora-
tion 1 and 6 months after vaccination,
depending on the therapy before vacci-
nation, is presented in Table II. A dis-
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ease flare was observed 1 month after
vaccination in 4/31 (13%) patients (2
psoriatic arthritis (PsA), 1 enthesitis-
related arthritis (ERA), 1 systemic JIA
(SJIA)). In all four patients the number
of swollen joints increased. During the
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Table III. Infections in a period of 6 months after influenza vaccination in the study group
(JIA patients with a flare and without flare) and in the control group. Seven children with
JIA and 3 in the control group send more than one swab.

Group Ch Sw Positive PCR for respiratory viruses™
Influenza A Influenza B Adenovirus Enterovirus RSV All
Study group
flare 7 11 0 0 1 0 0 1
no flare 10 15 0 1 0 0 0 1
Control group 9 14 2 0 1 1 0 4
All 26 40 2 1 2 1 0 6

Ch: number of children with tested swabs; Sw: number of swabs received; PCR: polymerase chain
reaction; RSV: respiratory syncytial virus.

“Time relationship after the vaccination: 10 and 11 days, respectively, for Influenza A virus, 4 months
for Influenza B virus, 3 months (study group) and 21 days (control group) for Adenovirus, 20 days for
Enterovirus.

Table IV. Children with positive autoantibodies before, 1 and 6 months after influenza
vaccination.

Autoantibodies Study group n. (%) Control group n. (%)

Before Im 6m Before 1m 6m
ANA 4 (13) 7 (23) 4 (13) 0 1(7) 0
Anti-ENA 0 0 0 0 0 0
ANCA 0 0 0 0 0 0
aCL IgG 3 (10) 6 (20) 10 (32) 3(21) 3(21) 3 (21)
aP2-GPI 1gG 13 0 0 0 0 0
LA 13 3 (10) 0 0 0 0

N: number; m: month; ANA: antinuclear antibodies; Anti- ENA: antibodies against extractable nuclear
antigens; ANCA: anti-neutrophil cytoplasmic antibodies; aCL: anticardiolipin antibodies; af32-GPI:
anti-f3, glycoprotein I antibodies; LA: lupus anticoagulant.
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Fig. 1. Percentage of children with JIA with protective titers against 3 vaccine viruses (and 95% con-
fidence intervals of the estimates) before, 1 and 6 months after vaccination.

6-month follow-up period, additional
7/31(23%) patients had a flare — 1 child
with persistent oligoarthritis (POA) had
a flare after 2 months, and 6/31 (20%)
patients (4 POA, 1 ERA, 1 PsA) had
a flare after 6 months. In 5/7 children

the number of swollen joint increased.
All children who had a flare one month
after vaccination had at least one crite-
rion for an active disease before vacci-
nation (swollen joint, elevated ESR or
physician global assessment indicating
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disease activity) (12). Five out of 7 chil-
dren who had a flare during the follow-
ing five months after vaccination had an
active disease before vaccination.

Two children, one with SJIA and one
with PsA, started anti-TNF-o treatment
one month after vaccination because of
a disease flare. One child with ERA
started sulfasalazine 3 months after
vaccination because of a disease flare.
Four children received intra-articular
steroid injections during the 6-month
follow up period after vaccination.
The numbers of swabs received from
patients who had a disease flare and
from patients without a flare were not
significantly different (Table III). There
was no significant correlation between
the incidence of infectious episodes
and JIA activity.

Disease activity in children with JIA
who were not vaccinated

Five children with inactive disease in
autumn, 4 without therapy and 1 treated
with methothrexate (3 POA and 2 poly-
arthritis (PA)) developed a swollen joint
during the observational period. Two ad-
ditional children with active oligoarthri-
tis progressed to extended oligoarthritis
(EOA). One started infliximab therapy
in January 2009 and the other, who had
an influenza-like illness at the beginning
of February 2009, started methothrexate
therapy a few weeks later. According
to the medical records, 3 more children
had influenza-like infections during the
observational period (high fever, ma-
laise, headache or cough). However, no
swabs for virus detection were taken.
Two among them were on immunosup-
pressive therapy; 1 was treated with
cyclosporine and the other with inflixi-
mab. They did not have any relapse of
the disease. A relapse of disease after an
influenza-like illness was observed in 1
child who had an inactive disease and
was without therapy.

All together, in an observational pe-
riod of 6 months after the vaccination,
35% of vaccinated children and 23% of
unvaccinated children with JIA experi-
enced worsening of disease. However,
before the winter season the number
of children with inactive disease was
higher in unvaccinated group of chil-
dren with JIA (Table I).
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Autoantibodies

Autoantibodies before, 1 and 6 months
after vaccination are presented in Table
IV. A tendency for progressively in-
creased mean values of IgG aCL after
influenza vaccination was found, but
the difference before and 6 months af-
ter vaccination did not reach statistical
significance (p=0.05). No other signifi-
cant changes have been detected.
There was no significant association
between infections in the study group
and the level of IgG aCL autoantibod-
ies. Two children with a disease flare
after 6 months and negative aCL before
the vaccination were positive for aCL 6
months after vaccination.

The efficacy of influenza vaccination
The efficacy of influenza vaccination
was evaluated by determination of the
number of infectious episodes during
the 6-month period after the vaccina-
tion and by the immunogenicity of the
influenza vaccine.

There was no statistically significant
difference in the rate of influenza infec-
tion between the children with JIA and
children in the control group (Table III).
Among 3 children who got influenza
infection in the observational period of
6 months after vaccination, 2 were vac-
cinated against influenza for the first
time.

In the group of vaccinated children
with JIA one was infected with Influ-
enza B virus. In the group of unvacci-
nated children with JIA no swabs were
taken but 4 children had influenza like
illness in the observational period.
The number of patients with protective
titers against all 3 influenza vaccine vi-
ruses before, 1 and 6 months after vacci-
nation depending on the therapy before
vaccination is presented in Table II.
The percentages of children with JIA
and children in the control group with
protective titers against 3 vaccine vi-
ruses before, 1 and 6 months after vac-
cination are presented in Figures 1 and
2, respectively.

GMTs of protective antibodies and the
p-values for the JIA group as a whole,
a subgroup receiving DMARDs and the
control group before, 1 and 6 months af-
ter vaccination are presented in Table V.
Before vaccination, 6 (20%) JIA pa-
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Fig. 2. Percentage of children in the control group with protective titers against 3 vaccine viruses
before (and 95% confidence intervals of the estimates), 1 and 6 months after vaccination.

tients and 3 (21%) of the controls al-
ready had neutralisation antibodies
against all three vaccine viruses. Two
children in the JIA group and 2 in the
control group had reconvalescent titers
to all three vaccine viruses; 1 child in
the JIA group and both children in the
control group had also been vaccinated
against influenza in previous seasons.
One month after vaccination, 27/31
samples in the JIA group and all sam-
ples in the control group were available
for testing.

In general, protective titers against all
three vaccine viruses one month after
vaccination were detected in 21 (68%)
children in the JIA group and 11 (79%)
children in the control group (Table II).
GMTs for all vaccine viruses were sig-
nificantly elevated 1 month after vac-
cination in the whole group of children
with JIA including children receiving
DMARD:Ss and in the control group (Ta-
ble V). However, the group of 4 chil-
dren also receiving anti-TNF-a therapy
did not respond significantly to any of
the vaccine viruses one month after
vaccination.

In the whole group of children with
JIA, an inadequate response (below 4-
fold increase in patients with prevacci-
nal titers below 40, or less than 2-fold
increase in patients with prevaccinal
titers equal to or higher than 40) to vac-
cination was mainly observed for the
Influenza B vaccine virus; 9 children
in the JIA group (one among them was
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vaccinated also in previous seasons)
and 7 in the control group (one among
them was vaccinated also in previous
seasons) did not respond adequately
or had values below the prevaccinal
titers. Six children in the JIA group (3
among them were vaccinated also in
previous seasons) and 3 in the control
group did not respond adequately to the
A (H3N2) vaccine virus. The best re-
sponse was detected for the A (HIN1)
vaccine virus - only 2 children in the
JIA group and 1 in the control group
did not respond adequately. However,
the protection titers were reached in
the majority of children in both groups.
Only 5 children in the JIA group and 3
in the control group did not reach the
protective titers against the Influenza B
vaccine virus.

All children receiving anti-TNF-a. ther-
apy were vaccinated against influenza
for the first time. However, one of them
already had protection titers against all
three vaccine viruses. One 6 years old
child on anti-TNF-a therapy did not
develop a protection titer against the A
(HINT) and A (H3N2) vaccine viruses.
He received a second dose of vaccine
after 1 month.

Six months after vaccination, 30/31
samples in the JIA group and all sam-
ples in the control group were available
for testing.

Protective titers against all three vac-
cine viruses were detected in 24 (77%)
children in the JIA group and 11 (79%)
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Table V. Geometrical mean values of protective antibody titers for three vaccine viruses in the control and JIA groups, separately presented
for children receiving DMARDs, before, 1 and 6 months after vaccination. The reported p-values correspond to the Wilcoxon signed-rank
test of the statistical difference between the concentrations observed before and after vaccination.

Control group (n=14)

Study group™ (n=31)

DMARD:s (n=13)

Vaccine virus before Im 6m before Im 6m before Im 6m
A (HINT1) 53.55 240.70 72.68 32.8 174.9 90.93 23.02 1394 105.9
p=0.0039 p=0.58 p<0.001 p=0.07 p=0.0059 p=0.17
A (H3N2) 60.58 158.7 88.47 62.16 153.2 86.34 65.53 118.7 95.37
p=0.017 p=0.36 p<0.001 p=0.36 p=0.044 p=0.44
Influenza B 29.44 92.15 113.5 16.75 100.2 98.32 23.69 118.7 113.8
p=0.011 p=0.021 p<0.001 p<0.001 p=0.032 p=0.022

n: number of patients; m: month; DMARDs: disease-modifying anti-rheumatic drugs. *including children receiving DMARD:s.

children in the control group (Table II).
All 4 children on anti-TNF-a therapy
had protective titers to all three vac-
cine viruses 6 months after vaccination
although, as a group, they did not re-
spond significantly. All children in the
study had protective antibodies against
at least 2 vaccine viruses 6 months after
vaccination. However, we observed sig-
nificantly lower GMTs 6 months after
the vaccination for the A (HIN1) and
A (H3N2) vaccine viruses compared to
the values after 1 month. Compared to
the GMTSs before vaccination, the val-
ues after 6 months were still significant-
ly elevated for the Influenza B vaccine
virus in both study groups including
children treated with DMARDs, but not
in a subgroup of 4 children also receiv-
ing anti-TNF-a therapy.

Discussion

Vaccinations in children with JIA are
often postponed or refused by parents
or doctors because of safety and effica-
cy issues, especially in children receiv-
ing immunosuppressive drugs. In both
groups included in our study, we found
a very high percentage of children who
received influenza vaccination for the
first time (87% in the study group and
79% in the control group) regardless of
the ACIP recommendations on influ-
enza vaccination for all children from
6 month to 18 years, and especially
for chronically ill and immunocom-
promised patients (1). However, we
observed a high percentage of children
with protective antibodies to at least
one vaccine virus before vaccination,
probably due to infections encountered
in previous years.

One month after vaccination, a flare
of disease was observed in 4 patients.
They had a stable disease before vac-
cination but none of them had inactive
disease. In the observational period of 6
months, another 7 children had a flare.
Two among them had inactive disease
before vaccination; both developed a
swollen joint in a period of 6 months
after vaccination. The infections did
not have any influence on disease ac-
tivity, and we found no association be-
tween disease activity and autoantibod-
ies after vaccination.

To obtain a better insight on the impact
of influenza vaccination on JIA disease
activity, we retrospectively reviewed the
medical charts of 31 unselected children
with JIA who had not been vaccinated
against influenza in the 2008/09 season.
Unvaccinated JIA control group had a
higher percentage of patients with inac-
tive disease as the study group, which
may reflect a possible selection bias that
parents of children with milder disease
were not concerned regarding the influ-
enza infection and refused vaccination.
In the 6 months observational period, 5
children who had had inactive disease
before the winter season developed a
swollen joint, and 2 with active arthritis
showed worsening of their condition. In
2 of these 7 children influenza-like in-
fection could have been the trigger for
disease flare. According to the medical
records, 2 additional children had influ-
enza-like illness, but did not experience
a disease relapse. It is, however, inter-
esting to note that both of them were
treated with immunosuppressive drugs,
i.e. cyclosporine A and infliximab, re-
spectively. The number of children with
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disease relapses or disease progression
was not significantly different among
vaccinated and unvaccinated groups.
However, there are limitations in com-
parison of both groups. The unvaccinat-
ed group of children was included ret-
rospectively and not all parameters for
ACR disease activity score were avail-
able. We counted the number of swol-
len joints and if we do the same for the
study group the percentage of patients
with disease flare in a 6 months period
in a study group is 29, comparing to 24
in a control group.

The safety of influenza vaccination in
children with rheumatic diseases was
first studied by Olson et al. (6). It was
noticed that some patients with ju-
venile rheumatoid arthritis may have
clinically significant exacerbations of
disease activity after influenza vac-
cination. A study by Malleson et al.
followed 3 years later (7). The number
of patients included in that study was
similar to the number in the present
study but the children were followed
for only 4 weeks after vaccination. No
child with inactive arthritis developed
a swollen joint after vaccination. Dete-
rioration was observed in 3 patients by
global assessment and in 7 patients by
increased joint count. In a study pub-
lished in 2001 which included children
with several rheumatic diseases, no
flares were observed (8). In a recently
published study focusing on the immu-
nogenicity of influenza vaccine in chil-
dren with different rheumatic diseases,
including Kawasaki and Crohn disease,
two children (one with JIA and one
with Takayasu arteritis) had a flare of
disease 2 weeks after vaccination, but
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the disease activity before vaccination
was not described (9).

Vaccine efficacy assessment is based
on the decline in infection rates and the
production of protective antibodies after
vaccination. Influenza vaccine efficacy
was evaluated in several studies. It was
estimated that annual influenza vac-
cination reduced laboratory confirmed
influenza A by 77-91%. Lower protec-
tion rates were found for the B influenza
virus, especially among children aged
2-6 years, where the vaccine efficacy
against laboratory confirmed influenza
B infection was only 22% (4). The ad-
vantage of our study compared to previ-
ously published reports is that infections
were followed by laboratory determina-
tions of viruses in the case of an illness
after vaccination. One 8-year-old child
with JTA who had received two doses of
vaccine was infected by the Influenza B
virus 4 months after vaccination in spite
of developing a seroconversion for In-
luenza B vaccine virus (Yamagata line-
age) already 1 month after vaccination.
However, the PCR analyses of the virus
detected in the swab revealed that the
child had been infected with Influenza
B virus of Victoria lineage, which was
not included in the vaccine. None of
the children with JIA got an influenza
A virus infection in the 6-month follow
up period. Two children in the control
group got an influenza A virus infec-
tion 10 and 11 days after vaccination,
respectively. Interestingly, both had had
reconvalescent titers against A (HIN1)
and A (H3N?2) viruses even before vac-
cination.

In the present study, the response to vac-
cination after 1 month was significant in
both groups for all vaccine viruses, and
in the subgroups of children receiving
different therapies except for those who
also received anti-TNF-a therapy. Six
months after vaccination, the mean val-
ues of GMTs were still significant for
the Influenza B vaccine virus, except
in a group of 4 children receiving also
anti-TNF-a therapy. In three so far pub-
lished studies investigating the efficacy
of influenza vaccination in children
with rheumatic diseases, the immuno-
genicity of the vaccine was comparable
to the controls regardless of immuno-
suppressive therapy (6-8).

In other studies a lower response rate to
the Influenza B virus one month after
the vaccination was found, including
studies of adult patients with rtheuma-
toid arthritis (RA) who were treated
with anti-TNF-a drugs (8, 25). How-
ever, the responses to vaccination in
adult RA patients were estimated only
6 weeks after vaccination.

In our study group, only one 6 years
old child was treated with infliximab at
the time of vaccination. The time span
from infliximab infusion until vacci-
nation was at least 2 weeks for both
vaccine doses. The child developed
an adequate immune response to the
A (HIN1) and A (H3N2) viruses only
after the second vaccine dose. In the
study published by Elkayam et al. of
a group of patients with RA who were
vaccinated 3 weeks after infliximab in-
fusion, but not in the group of patients
who received influenza vaccination on
the same day as infliximab infusion,
an insignificant response 4 weeks after
vaccination was observed for A (HIN1)
and A (H3N2) viruses. It was suggested
that the administration of a vaccine on
the day of infliximab infusion seems to
produce a better humoral response than
vaccination 3 weeks later (26).

In the present study, we observed a ten-
dency for progressively increased mean
values of IgG aCL after influenza vac-
cination, but the difference before and 6
months after vaccination did not reach
statistical significance. The induction of
IgG aCL did not have any clinical sig-
nificance and was not associated with
disease activity. Accurate information
on the induction of autoantibody syn-
thesis following routine immunisations
in humans is scarce. Recently, our group
published the first study investigating
the induction of autoantibodies follow-
ing influenza vaccination in apparently
healthy adults. Changes in autoantibody
values were most frequently observed
for aCL and anti-f,-GPI (27). A few
studies investigating the production of
autoantibodies following influenza vac-
cination in patients with systemic lupus
erithematosus (SLE) were published;
the most inducible autoantibodies were
again aPL, further supporting the infec-
tious and/or vaccination-induced pro-
duction of aPL (10, 11). The possible
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mechanisms for this autoimmune phe-
nomenon after vaccination, probably
in persons with genetic predisposition,
include molecular mimicry (28).

A limitation of our study is the small
number of children enrolled. In a study
published by Malleson, the number
of children was almost the same (7).
Seventy children were included in a
study published in 2001, but this study
group also included children with other
auto-immune diseases (8). Data on the
response to influenza vaccination in
children treated with anti-TNF have not
been published so far. Unfortunately,
the number of children receiving anti-
TNF-a therapy in our study was too
low to enable us to draw any conclu-
sions. Nevertheless, we recorded a good
response 6 months after vaccination in
4 children on anti-TNF-a therapy who
showed no change in disease activity.
Further studies on larger groups are
needed to support this finding.

In conclusion, no long-term adverse
events were reported during the 6-
month follow-up period after influenza
vaccination in JIA and control group.
Thirty-five percent of children with
JIA experienced flare of the disease af-
ter vaccination. Based on our data, we
can not exclude a temporal rather than
causal relation between vaccination
and disease flares. Protective antibod-
ies against at least 2 vaccine viruses 6
months after vaccination were detected
in all patients.
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