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ORIGINAL STUDIES

Immunogenicity of Influenza Vaccine in Children With Pediatric
Rheumatic Diseases Receiving Immunosuppressive Agents

Chikara Ogimi, MD,* Risa Tanaka, MD,* Akihiko Saitoh, MD, PhD, 7 and Tsutomu Oh-ishi, MD, PhD*

Background: Children with rheumatic diseases receiving immunosuppres-
sive therapy are a high-risk group for influenza virus infection; however,
few data are available regarding the efficacy and safety of influenza
vaccine for those individuals.

Metheds: This was a prospective study evaluating the immunogenicity and
safety of influenza vaccine in 49 children (mean * standard deviation:
12.1 = 4.8 years, age range: 0—21 years) with pediatric rheumatic diseases
including juvenile idiopathic arthritis (n = 23), systemic lupus erythema-
tosus (n = 12), juvenile dermatomyositis (n = 6), and others (n = §), who
were receiving immunosuppressive therapies. A total of 36 healthy chil-
dren were selected as a control. The influenza virus type-A and B antibody
titers were measured using hemagglutinin inhibition before and after the
vaccination.

Results: There were no significant differences in the percentage of vaccine
recipients with an increase in the serum titers =4X after vaccinalion
(HIN1, H3N2, and B strain) between the 2 groups (P = 0.49, P = 0.25,
P = 0.56, respectively), demonstrating similar imimunogenicity of the
influenza vaccination between patients and control groups. There were no
serious adverse effects related to the vaccine in either group.
Conclusions: In the children with pediatric rtheumatic diseases receiving
immunosuppressive agents, influenza vaccination resulted in serum anti-
body titers similar to those in the controls without major adverse effects.
Such children receiving immunosuppressive therapy are a high-risk group
for influenza virus infection, therefore vaccine should be given.

Key Words: influenza, vaccination, rheumatic diseases,
immunosuppression, child

(Pediatr Infect Dis J 2011;30: 208-211)

lnﬁuenza vaccine is recommended for persons with a variety of
underlying diseases, including children receiving immunosup-
pressive therapy.' In children receiving immunosuppressives, the
risks of influenza infection are high®*; however, the efficacy of
influenza vaccine remains controversial because the degree of
antibody response vaccination is unknown. We conducted a pro-
spective study investigating the immunogenicity and safety of
influenza vaccine in children with pediatric rheumatic diseases
who were receiving immunosuppressives and compared their re-
sponses with those of control subjects.
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MATERIALS AND METHODS

We administered influenza vaccine to 49 children with
pediatric rheumatic diseases receiving immunosuppressives be-
tween October 2004 and January 2007. Characteristics of the study
population are listed in Table 1. We selected 36 children as a
control who had not received immunosuppressives and were being
treated at the outpatient clinic at our hospital for other medical
conditions without abnormalities of an antibody-producing capac-
ity. Patients with bronchial asthma or atopic dermatitis had no
history of receiving a corticosteroid therapy.

Detailed information regarding immunosuppressive agents,
their combination, and their dosages are summarized in Table 2. In
all, 38 (78%) children had continuously undergone immunosup-
pressive therapy for 1 year or longer; the longest duration of the
therapy was 16 years.

We used influenza HA vaccine (The Chemo-Sero-Thera-
peutic Research Institute, Kaketsuken and Microbial Diseases of
Osaka University, BIKEN). Influenza vaccine was subcutaneously
administered twice at a 1- to 4-weeks interval in both patients and
controls. The volume of vaccine per injection was 0.1 mL in
infants <1 year, 0.2 mL in children 1 to 5.years, 0.3 mL in children
6 to 12 years, and 0.5 mL in children =13 years. Blood was
collected at 5 weeks before the first vaccination 'and 2 to 4 weeks
after the second vaccination. Serum was isolated, frozen, and
stored at —20°C until viral antibody titers were measured. The
influenza virus type-A (HIN1, H3N2) and B antibody titers were
determined using hemagglutinin inhibition (HI).

We compared the influenza antibody-producing capacity
between the 2 groups based on the following 2 important param-
eters: (1) a fold increase in the serum geometric mean titer after
vaccination (seroconversion factor) and (2) a percentage of vac-
cine recipients with an increase in the serum titers =4X after
vaccination (seroconversion rate).

To examine the safety of vaccine, an interview for each
individual was conducted at the outpatient clinic 1 month after
vaccination. Prior to the study enrollment, informed consent was
obtained from patients (>>6 years old) and caregivers. This study
was approved by the Internal Review Board at the Saitama Chil-
dren’s Medical Center.

All statistical analyses were performed using SPSS for
windows (version 11.0, Chicago, IL). The Mann-Whitney U test
and the Kruskal-Wallis test were used for comparison of 2 and 3
categorical variables, respectively. The x* test was used for 2 X 2
categorical variables. The geometric mean titers were calculated
using log-transformed titer values. A logistic regression analysis
was performed to evaluate various factors potentially associated
with a rise in a titer of antibodies. P < 0.05 was considered as
statistically significant.

RESULTS

Antibody Production After Vaccination

. After vaccination, antibodies against influenza were pro-
duced equally between children who received immunosuppressive
agents and controls. No significant differences were observed
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TABLE 1. Characteristics of the Patients and Controls

Patients Controls

(n = 49) (n = 36)
Gender: male 14 (29%) 23 (64%)
Age: mean [*+] SD 121 [+]48 yr 8.6[x]143yr
Range 0-21 yr 2-18 yr
Diseases Juvenile idiopathic arthritis (23) Post-acute infection (11)

Systemic lupus erythematosus (12)
Juvenile dermatomyositis (6)
Mixed connective tissue disease (2)

Takayasu arteritis (2)
Kawasaki disease (2)

Wegener granulomatosis (1)

Crohn disease (1)

Musculoskeletal diseases (7)
Bronchial asthma (6)

Reactive arthritis (4)

Chronic granulomatous disease (3)
Post-Kawasaki disease (2)

Atopic dermatitis (1)
Developmental disorder (1)
Psychiatric disease (1)

8D indicates standard deviation.

TABLE 2. Immunosuppressive Agents in 49 Children
With Rheumatic Diseases at the Time of Vaccination

Treatment No. Cases (%)
Only prednisolone 14 (29%)
Prednisolone + 1 immunosuppressant 18 (37%)
PSL + MTX 7
PSL + MMF 7
PSL + AZP 2
PSL + MZB 2
Prednisolone + 2 immunosuppressants 13 (27%)
PSL + MTX + CyA 6
PSL + MTX + AZP 1
PSL + MTX + tacrolimus 1
PSL + MTX + infliximab 1
PSL + CY + MZB 1
PSL + CY + MMF 1
PSL + CyA + AZP 1
PSL + AZP + MZB 1
Only immunosuppressant(s) 4 (8%)
MTX + CyA + AZP 1
CyA 2
MTX 1

Mean dosages of immunosuppressive agents are as follows: PSL, prednisolone 0.21 *
0.16 mg/kg (n = 45); MTX, methotrexate 6.9 = 3.1 mg/m”® (n = 18); CyA, cyclosporine
3.4 * 1.7mg/kg (n = 10); MMF, mycophenolate mofetil 24.3 = 6.3 mg/kg (n = 8); AZP,
azathioprine 1.9 * 0.4 mg/kg (n = 6); MZB, mizoribine 8.0 = 0.8 mg/kg (n = 4); CY,
cyclophosphamide 500 mg/m® (n = 2); tacrolimus 1.5 mg/d (n = 1); infliximab 3
mg/kg/dose (n = 1).

when we compared HINI and H3N2 titers between 2 groups
(Fig. 1A, B). The influenza virus type-B antibody titers were
higher in the patient group compared with controls (P = 0.002;
Fig. 1C). There was no significant difference in seroconversion
factor or seroconversion rate of HIN1, H3N2 or B between the
2 groups (P > 0.14, P > 0.25, respectively) (Table 3). Of note,
before vaccination, the influenza virus type-A antibody titers
(HIN1) (48.1) were higher in the patients group than in controls
(20.8) (P = 0.026, Fig. 1A). In addition, type-B antibody titers
(19.7) were higher in the patient group than in controls (10.8)
(P = 0.006; Fig. 1C).

Impact of Immunosuppressants

There were no significant differences in the rates of increase
in the antibody titers between the patient and control groups,
possibly due to the fact that the patient group that included 14
children treated with prednisolone alone received a relatively low
dosage of prednisolone (0.18 = 0.17 mg/kg) and 4 children treated
with other immunosuppressive agents alone. We compared 31

© 2011 Lippincott Williams & Wilkins

children who had received a combination of prednisolone (0.22 =
0.15 mg/kg) and other immunosuppressive agents with the con-
trols. There were also no significant differences in seroconversion
factor (P > 0.21) or seroconversion rate (P > 0.26).

Antibody Production and Patients’ Background
Because rheumatic diseases are more frequent in older
children and female,” we investigated if patient’s age and gender
impact on the immunogenicity of vaccination. The subjects were
divided into 3 age groups based on the volume of vaccine (<6
years: n = 18; 612 years: n = 37; and =13 years: n = 30). No
significant differences were observed in the seroconversion factor
or seroconversion rate in any of these groups (P > 0.33). There
were no significant differences in the seroconversion factor or
seroconversion rate between female and male (P > 0.09).

Logistic Regression Analysis

We conducted a logistic regression analysis to evaluate
various factors related to HIN1, H3N2, and B seroconversion
factors =4, in children with rheumatic diseases. Gender, age,
vaccine dosage, diagnosis, prednisolone dosage, or use of other
immunosuppressants did not significantly impact on the sero-
conversion factor of HINI (P > 0.08), H3N2 (£ > 0.08), or B
(P > 0.18).

Adverse Effects

Finally, we investigated the safety of influenza vaccine
between 2 groups. Local side effects such as pain and swelling at
the injection site were observed in 1 (2%) in patients’ group and 3
(8%) in control groups. There was no serious adverse effect
observed in both groups. In 2 children (juvenile idiopathic arthritis
[JIA] and Takayasu arteritis), there was a flare of original diseases
within 2 weeks after vaccination, presenting with fever, arthralgia,
and an elevation of C-reactive protein. Their conditions have
stabilized after increasing the dosage of prednisolone in both cases.

DISCUSSION

Children with pediatric rheumatic diseases receiving immu-
nosuppressive comprise a high-risk group for influenza virus
infection®*; however, many children have been excluded from the
subjects to be vaccinated, because it has been believed that they
have limited capacity producing antibodies or they experience
exacerbation of the primary diseases after vaccination. Although a
very few studies have emphasized that administration of influenza
vaccine could be beneficial in children with rheumatic diseases®”’;
there is a variation in practice regarding immunization of children
with rheumatic diseases due to a lack of available published
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FIGURE 1. Pre- and postinfluenza vaccine antibody titers using hemagglutinin inhibition. A, B, and C, show pre- and
postinfluenza antibody titers of HIN1, H3N2, and B, respectively. This box and whisker plot shows pre- and postinfluenza
vaccine antibody titers by using geometric means. Bottom side, inside, and upper side of rectangle indicate lower quartile,
median, and upper quartile of antibody titers, respectively. Lower whisker and upper whisker indicate 1.5-interquartile
range (IQR) below lower quartile and 1.5-IQR above upper quartile, respectively. IQR is calculated by subtracting the first
quartile from the third quartile. @ indicates between 1.5-IQR and 3-IQR below lower quartile or between 1.5-IQR and 3-IQR
above upper quartile. ®e indicates more than 3-IQR below lower quartile or more than 3-IQR above upper quartile. * indi-

cates P < 0.05, ** indicates P < 0.01.

TABLE 3. Changes in Influenza Virus Antibody Titers
Using Hemagglutinin Inhibition (HI) in the Pre- and
Postvaccination

Patients Controls P
(n = 49) (n = 36)
HIN1
Pre (GMT) 48.1 20.8 0.026*
Post (GMT) 189.7 102.8 0.062
Seroconversion factor 4.0 4.9 0.393
Seroconversion rate 42.9% 52.8% 0.493
H3N2
Pre (GMT) 38.4 26.7 0.199
Post (GMT) 151.4 76.9 0.096
Seroconversion factor 4.0 2.9 0.340
Seroconversion rate 51.0% 36.1% 0.252
B
Pre (GMT) 19.7 10.8 0.006"
Post (GMT) 60.3 23.8 0.0027
Seroconversion factor 3.1 2.2 0.146
Seroconversion rate 44.9% 36.1% 0.555
#P < 0.05.
P < 001

Seroconversion factor: the fold increase in the serum geometric mean titer after
vaccination. Seroconversion rate: the percentage of vaccine recipients with an increase
in the serum titers =4x after vaccination.

GMT indicates geometric mean titer.

evidence.® The current study shed a light on the beneficial effects
of influenza vaccine in children with rtheumatic diseases receiving
immunosuppressives because it demonstrates that the immunoge-
nicity of influenza vaccine in those patients with high risks for
influenza virus infection was similar to that in the control group.

| www.pidj.com

) The assessment of the effectiveness of influenza vaccine is
usually based on a decline in infection rates or an increase in
immunogenicity after vaccination. When the -type of influenza
vaccination is consistent with that of an outbreak strain, the
prevention of influenza infection is documented in 70% to 80% of
healthy children (range, 50%-95%)."® However, the data in pa-
tients with rheumatic diseases are lacking. Regarding a decline in
infection rates, a few studies found that lower infection rates after
influenza vaccination in adults'® and children.® For immunogenic-
ity, several studies evaluated:the immunogenicity of influenza
vaccine in patients with rheumatic diseases. In adults, a few studies
demonstrated attenuation of antibody production after vaccination
in comparison with healthy adults,'’"'*> whereas other studies
indicated no difference.'®™'% In children, only a few studies have
reported its immunogenicity®”'; but only 1 study compared the
data with those in healthy children.” Malleson et al evaluated the
immunogenicity of influenza vaccine in 33 children with chronic
arthritis (91% were JIA) and in 10 healthy controls.” In that study,
only one-third of patients were rece€iving immunosuppressive ther-
apies; thus, the impact of immunosuppressants on immunoge-
nicity of influenza vaccine is difficult to assess. The study
concluded no difference in the rates of increases in (1) antibody
titers after vaccination between children with chronic arthritis
and controls and (2) antibody titers between chronic arthritis
patients treated with immunosuppressives and those without
immunosuppressive therapies. Compared with the study,” our
study has a few strengths. First, we included a larger number of
patients and controls. Second, we included patients with wider
variety of rheumatic diseases in children. Finally, all patients
received more potent immunosuppressive agents compared with
the ones in the previous study.

© 2011 Lippincott Williams & Wilkins
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Our logistic regression analysis demonstrated that pred-
nisolone dosage did not significantly impact on the response to
vaccine controlling other factors. Reviewing currently available
literatures, the relationship between the prednisolone dosage and
the response to influenza vaccine has been inconclusive. In adults
with systemic lupus erythematosus (SLE), a lower immune re-
sponse to influenza vaccine was observed in patients receiving
prednisone dosage =10 mg/d."” In contrast, Mauch et al investi-
gated the immunogenicity of the influenza vaccine in children with
solid organ transplants and compared with healthy children as
controls.'® There was no difference observed in immunogenicity
between patients receiving prednisone (mean: 0.67 *= 0.91 mg/
kg/d) and controls, and regression analysis showed that prednisone
dosage did not correlate with the antibody response to influenza
vaccine. Our results are consistent with their conclusion. The
American Academy of Pediatrics, the Committee on Infectious
Diseases states that prolonged administration of high doses of
prednisolone (=2 mg/kg/dose or =20 mg/d) may impair antibody
response.’ However, in the current study, 2 children who had been
treated with =20 mg/d of prednisolone, their antibody titers (A and
B) increased =4x. All these results may indicate that, although
the dosage of corticosteroid may affect the response to influenza
vaccine in children, an administration of influenza vaccine is
beneficial for children with rheumatic diseases regardless of the
corticosteroid dosage in children.

Interestingly, the influenza virus type-B antibody titers after
vaccination was higher in patient group (60.3) compared with the
one in controls (23.8). This may be due to the fact that the
influenza virus type-B antibody titers before vaccination in this
group (19.7) were higher than those in the control group (10.8). In
addition, this group showed a higher prevaccine influenza virus
type-A (HIN1) antibody titers. This may be related to the active
influenza vaccination program in children receiving immunosup-
pressive therapies at our department, showing high vaccination
rates before enrolling the current study; however, we are not able
to provide data how many of the patients in each group had
previously been vaccinated. Altematively, the influence of a non-
specific enhanced antibody-producing capacity in children with
rheumatic diseases such as SLE and juvenial dermatomyositis may
play a role.'®~*' These unsolved issues need to be clarified.

In 2 children (JIA and Takayasu arteritis), the original
diseases condition deteriorated within 2 weeks after vaccination.
We cannot evaluate if the exacerbation of the primary diseases was
directly related to the vaccination because of the nature of the
study design; however, the majority of the previously published
studies have suggested that there was no influenza vaccine-related
exacerbation of primary diseases in adults,' 32?223 or children
with rheumatic diseases,® except a few reports in adults with
SLE.?*5 The exacerbation of primary diseases also has not been
reported in using other vaccines, such as hepatitis B vaccine in
children with JIA.®

In conclusion, in the children with rheumatic diseases re-
ceiving immunosuppressive agents, influenza vaccination led to
the acquisition of an antibody-producing capacity similar to that in
controls. Because these children comprise a high-risk group for
influenza virus infection, administration of influenza vaccine is
strongly encouraged to decrease the morbidity and mortality of
influenza infection in this specific population.
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