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Alimited number of reports are available regarding the effect of the influenza vaccine in pediatric patients
receiving steroid and immunosuppressant therapy. The influenza A(H1N1)pdmO09 vaccine was admin-
istered to 15 children with renal disease who were receiving steroid and immunosuppressant therapy
(treatment group) and 23 children with who were not receiving these drugs (non-treatment group). Titer
transition of the hemagglutination inhibition antibody was compared between the 2 groups immediately
before vaccination and 4 weeks and 6 months after vaccination. Multivariate analysis showed a signifi-
cant correlation between geometric mean titer, SCR, and SPR with age, while no correlation was observed
between treatment with immunosuppressant therapy and efficacy. No serious adverse reactions occurred
after vaccination.

This strain is not present in existing influenza vaccines, and A(H1N1)pdmO9HA vaccination was admin-
istered alone in 2009. The children in this study had not previously been exposed to this strain. Therefore,
we evaluated the effect of the A(H1N1)pdmO9HA vaccine without the effects of vaccination or past
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infection with A(H1N1)pdmO9HA or A(H3N2) vaccination in the previous year.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The Advisory Committee on Immunization Practices recom-
mends that patients with chronic renal disease should receive
vaccination to prevent worsening of the underlying disease due to
influenza A(H1N1)pdmO9 infection [1]. While a number of studies
have investigated vaccination in adult renal transplant recipients,
only a limited number studies have evaluated the efficacy and
safety of vaccination in pediatric renal transplant recipients [2],
particularly there are no studies by pediatric non-transplant patient
in those receiving immunosuppressant therapy.

In Japan, immunosuppressant and steroid therapy is used to
treat frequently relapsing nephrotic syndrome, IgA nephropathy,
and other common renal diseases in children on the basis of dis-
ease severity. There is growing concern that acquisition of the
influenza antibody may be affected during steroid pulse therapy or
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long-term daily steroid treatment (>2 mg/kg/day or >20 mg/day)
[3]. In the field of transplantation, the effects of vaccine are
reportedly different depending on the type and dose of immuno-
suppressants and steroids used to treat renal diseases [4-11].
There is no consensus regarding adverse reactions and worsening
of the underlying disease associated with vaccination in pedi-
atric patients with renal disease. It is also controversial whether
vaccination induces recurrence of frequently relapsing nephrotic
syndrome [12,13] and whether inactivated influenza vaccine
is involved in rejection reactions in pediatric organ transplant
recipients [14,15].

A(H1N1)pdmO09 vaccination was not actively administered to
children due to the concern of adverse reactions. However, vac-
cination is now recommended for designated individuals with
underlying renal disease due to the risk of developing severe renal
disease in influenza A(H1N1)pdmO09 infection [1]. Therefore, it is
important to understand the efficacy and safety of vaccination in
pediatric patients with renal disease on immunosuppressant and
steroid therapy as well as independent background factors involved
in antibody induction.
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2. Materials and methods
2.1. Study design

This prospective study was conducted in pediatric patients
with renal disease who visited the Department of Pediatrics
and Child Health, Kurume University Medical Center on an
outpatient basis. The study subjects comprised 15 children con-
comitantly receiving steroid and immunosuppressant therapy
(treatment group) and 23 children (6 Bronchial asthma with
no treatment and 17 health) not receiving steroid and immu-
nosuppressant therapy (non-treatment group). Children who
had already acquired influenza A(H1N1)pdmO09 infection dur-
ing the same season were excluded from participation in the
study.

In November 2009, the influenza HA vaccine (lot No. HPO1A,
BIKEN) A/California/7/2009 strain was administered to all patients.
Children aged <1 year were vaccinated twice with 0.1 mL of vaccine,
children aged between 2 and —6 years were vaccinated twice with
0.2 mL of vaccine, children aged between 6 and —13 years were
vaccinated twice in the left and right arms with 0.3 mL of vaccine,
and children aged >13 years were vaccinated once with 0.5 mL of
vaccine. The interval between the first and second vaccinations was
4 weeks.

At the time of vaccination, the subject’s baseline demo-
graphic data were collected using physician- and self-administered
questionnaires. Patient serum samples were collected 3 times,
including immediately before vaccination (S0), immediately before
the second vaccination, which was 4 weeks after the ini-
tial vaccination (S1), and 6 months after vaccination (S2).
All samples were collectively subjected to titer measurement
of hemagglutination inhibition reaction (HI) antibody at the
Surveillance Center of Research Institute for Microbial Diseases,
Osaka University, and vaccine efficacy was evaluated based
on the criteria of the European Medicines Evaluation Agency
(EMA).

Additionally, follow-up visits were conducted for 24 weeks
using postcards (once every week) to monitor the occurrence
of adverse events potentially related to vaccination; worsening
of the underlying disease; symptoms such as fever, nasal dis-
charge/congestion, pharyngeal pain, and cough/sputum; visit to a
medical institution; results of a rapid diagnostic kit; and hospital-
ization.

Table 2
geometric mean titer response After Vaccination in age and sex and pre HI titer.

Table 1
Clinical background of the study population.
Immunosuppressant
Yes (n=15) No (n=23)
Sex (male (%)) 533 65.2
Age (mean (SD)) 11.8 (4.0) 4.8(2.9)
Frequently relapsing nephrotic syndrome 9 0
Systemic lupus erythematosus 5 0
IgA nephropathy 1 0

2.2. Statistical analysis

When calculating indicators of immunogenicity, geometric
mean fold rise (GMFR), seroconversion rate (SCR), seroprotection
rate (SPR), and geometric mean titer (GMT), 1:5 was used for
HI titers <1:10. HI titers were logarithm-transformed for evalua-
tion. SCR, SPR, GMT, and 95% confidence intervals were calculated
according to the level of influential factors, and a two-sided test
was used with a significance level set at 0.05. Univariate and mul-
tivariate logistic regression analyses were conducted for SCR and
SPR, and univariate and multivariate regression analyses were con-
ducted for GMT. SPSS and Microsoft Excel were used for statistical
analyses.

This study was approved by the Ethics Committee of Kurume
University, and prior written consent was obtained from the legal
guardians of the subjects to participate in the study.

3. Results
3.1. Subject demographics

The underlying diseases in the 15 children in the treatment
group included frequently relapsing nephrotic syndrome in 9
children, systemic lupus erythematosus in 5 children, and IgA
nephropathy in 1 child. 6 Bronchial asthma with no treatment and
17healh were the underlying disease in the 23 children in the non-
treatment group.

Mean and median ages of children not receiving immuno-
suppressant therapy were 4.8 years and 4 years, respectively,
and 15 children receiving concomitant steroid and immunosupp-
ressant therapy (Table 1) had a mean age of 11.8 years and
a median age of 12 years. Prednisolone was administered at a

Immuno-suppressant

Geometric mean titer

Time of blood sampling

SO (shortly before)

S1 (4 weeks after) S2 (6 months after)

Age (year)

Yes 1 5
-5 No 18 54

Yes 4 5.0
6-10 No 4 7.1

Yes 10 7.1
11-18

No 1 5
Sex

Yes 8 7.1
Male No 15 5.7
Female Yes 7 35

No 8 5.5
Pre HI titer

Yes 13 5
<10

No 20 5
>10 Yes 2 283

No 3 12.6

20 80
14.7 223
283 141
80.0 20.0
246.6 100.8
80 -
95.1 141
15.9 17.6
1213 95.1
36.7 31.7
100.8 34.8
17.4 19.0
160 320
80 40
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dose of <20 mg/day (0.14 mg/kg/d) in 14 children and >20 mg/day
(0.50mg/kg/d) in 4 children, with a mean dose of 9.3 mg/day
(0.22 mg/kg/d). Prednisolone was the sole steroid used in this study,
and immunosuppressants used included cyclosporin (CsA) in 10
children (mean dose at the time of vaccination, 3.28 mg/kg/day;
mean blood concentration at the time of vaccination CO (medicine
Blood concentration before internal use), 90.88; mean treatment
duration before vaccination, 29.3 months), tacrolimus (Tac) in 3
children (mean dose at the time of vaccination, 0.09 mg/kg/day;
mean blood concentration at the time of vaccination C12 (medicine
Blood concentration 12 h after internal use), 3.53; mean treatment
duration before vaccination, 7.3 months), mizoribine (MZB) in 3
children (mean dose at the time of vaccination, 4.81 mg/kg/2d;
mean blood concentration at the time of vaccination C2,2.96; mean
treatment duration before vaccination, 11.6 months), and a combi-
nation of CsA and MZB in 1 child.

Serum samples were collected from 38 children immediately
before vaccination, 36 children 4 weeks after vaccination, and 23
children 6 months after vaccination; the pre-vaccination antibody
titer was <1:10in 89.5% of the subjects. Follow-up visits using post-
cards did not identify any patients with positive influenza rapid test
results or suspected latent infection with at least a 4-fold increase
in antibody titer after the pandemic compared with those patients
after vaccination.

3.2. Antibody titer

(i) Geometric mean titer and geometric mean fold rise
Table 2 shows the time profile of GMT according to age,
sex, and pre-vaccination antibody titer. Showing a higher
GMT in older age groups. Analyses according to sex and pre-
vaccination antibody titer revealed no apparent differences in
GMT after vaccination. The children were divided into 2 groups
according to whether they were receiving immunosuppressant
therapy to generate a time profile of GMT and GMFR (Table 3).
GMFR increased by at least 2.5-fold in the 2 groups at both time
points of 4 weeks and 6 months after vaccination, satisfying the
criteria of EMA regardless of whether children were receiving
immunosuppressant therapy.
(ii) Seroconversion rate: Proportion of children with an at least
4-fold increase in antibody titer after vaccination.
Both groups met the criterion for EMA, an SCR >40%, at 4
weeks after vaccination (Table 3).

(iii) Seroprotection rate: Proportion of children showing an
increase to 40 or higher. This number exceeded 50%, the
criterion for EMA, in the treatment group at 4 weeks after vac-
cination, demonstrating a statistically significant increase in
antibody titer (Table 3).

3.3. Impact of steroid and immunosuppressant therapy on
geometric mean time (regression analysis)

While univariate analysis showed (P=.000) for immuno-
suppressant treatment and age, multivariate analysis showed a
regression coefficient of 0.01 (P=.001) only for age, leading to the
conclusion that age is a significant relative factor for increased GMT
in treatment group and non-treatment group (Table 4). The higher
age of the treatment group may have resulted in the age appearing
to be a relative factor in univariate analysis.

3.4. Impact of steroid and immunosuppressant therapy on
seroconversion rate (logistic regression analysis)

Based on the results of multivariate analysis, the odds ratio
for age was found to be 1.78 (P=0.008), demonstrating a signif-
icant correlation between SCR and age in treatment group and

Table 3

Immune response among immunosuppressant and nonimmunosuppressant.

Seroprotection rate

Seroconversion rate

Geometric mean fold rise

Geometric mean titer

Immuno-suppressant

S1(95%CI) S2 (95%Cl)

S2 (95%C)

$2/S0 (95%Cl)
9.0 (1.7-48.4)
3.7 (2.2-6.2)

S$1/S0 (95%C)
16.9 (6.0-47.4)

S2 (95%C)
3.8(2.3-6.1)

S1(95%CI)

S0 (95%Cl)

66.7 (22.3-95.7)

76.9 (46.2-95.0)

66.7 (22.3-95.7)

69.2 (38.6-90.9)

50.4(8.2-311.3)

104.4 (40.0-272.9)

6.3 (4.9-6.5)
5.6 (4.2-9.4)

=15)
23)

Yes (n

35.3 (14.2--61.7)

43.5(23.2-65.5)

35.3 (14.2-61.7)

43.5(23.2-65.5)

21.7 (12.6-37.5)

21.2 (12.5-36.0)

No (n
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Table 4
Assessment of impact of steroid and immunosuppressant on geometric mean titer (regression analysis).
Univariate Multivariate
Regression coefficient P Regression coefficient P
Immunosuppressant 0.692 0.002 0.079 0.822
Age 0.107 <0.001 0.100 0.001
Sex 0.293 0.214 0.193 0.310
Prevaccination titer 0.010 0.254 0.007 0.376

non-treatment group (Table 5). No significant correlation was
observed between treatment, sex, and pre-vaccination antibody
titer and SCR.

3.5. Impact of steroid and immunosuppressant therapy on SPR
(logistic regression analysis)

Based on the results of multivariate analysis, the odds ratio
for age was 1.82 (P=0.008), demonstrating a significant correla-
tion between SPR and age in treatment group and non-treatment
group (Table 5). No significant correlation was observed between
treatment and sex and SPR.

3.6. Adverse reactions after vaccination

Adverse reactions were monitored for 24 weeks after vaccina-
tion using postcards. No serious adverse reactions were reported.
Furthermore, no children experienced worsening of the underlying
disease after vaccination.

4. Discussion

For studies examining the influenza vaccine, infection and vacci-
nation in the previous year affects the vaccine during the following
year, complicating the study. In our study, children were exposed
to the A(H1N1)pdmO9 strain for the first time because the strain is
not included in existing trivalent influenza vaccines. GMT at pre-
vaccination antibody titer was lower than 40 in this study.

Multivariate analyses in our study deemed GMT, SCR, SPR, and
age to be relevant factors. As with the non-treatment group, the
treatment group met the criteria of EMA for all GMFR, SCR, and
SPR, showing no correlation between treatment and vaccine effi-
cacy. The impacts of immunosuppressant therapy on antibody titer
were not evaluated due to the sample size in this study. These
results demonstrate the usefulness of the influenza A(H1N1)pdmO09
vaccine in the treatment group.

Effectiveness of the existing influenza vaccine is predominantly
influenced by age, immunologic status, and history of infection of
vaccinated individuals.

In terms of age, efficacy of existing influenza vaccines in healthy
adult ranges between 43% and 58%[16]. The efficacy in children
ranges between 44% and 49% in the age group of 1-5 years, 74-76%
in the age group of 6-10 years, and 70-81% in the age group of

11-15 years, indicating a different effect depending on age [17].
This study also showed that an increase in GMT at 4 weeks after
vaccination with increasing age; these values were 15.0, 47.6, and
217.8 in children aged 1-5, 6-10, and 11-18 years, respectively.
Multivariate analyses results also demonstrated a significant dif-
ference in both SCR and SPR according to age, with odds ratios of
1.78 and 1.82, respectively.

Several studies have examined the impacts of steroid and
immunosuppressant therapy on acquisition of antibody after vac-
cination for various drugs and underlying diseases. Concerns arise
regarding the efficacy of inactivated vaccines when prednisolone at
>2 mg/kg/day or >20 mg/day is used daily, and 1 report found that
alternate-day administration does not affect antibody acquisition
[3]. The mean dose of prednisolone in this study was 9.3 mg/day
given every other day, which was considered to not affect anti-
body acquisition. Of the 4 children using >20 mg/day prednisolone
daily at the time of vaccination, 4 children showed increase in
S1 antibody titer. A comparison of steroid/immunosuppressant
and immunosuppressant groups following pediatric renal trans-
plant and a control group of healthy children showed a difference
in GMT according to vaccine type, but showed no difference in
SPR, revealing no influence on vaccine effectiveness. These results
were also assumed to be due to the low dose of prednisolone
used in this study (3.6 mg/m?/day; 2.9-5.4 mg/m?/day) [2]. Based
on these reports, we successfully demonstrated that prednisolone
at a dose of less than 2 mg/kg or 20 mg/day does not influence
influenza vaccine effectiveness. Ulinski et al. [18] administered
pneumococcal vaccination when minimal lesion nephrotic syn-
dromerecurred and reported that no significant difference between
a group of patients who simultaneously initiated daily use of pred-
nisolone 60 mg/m? and a group of patients who received low-dose
prednisolone (<15 mg/m? given every other day) after remission.
Further studies of the efficacy of vaccination when prednisolone is
administered at >2 mg/kg/day or >20 mg/day should be conducted.

Several studies have been conducted to examine the rela-
tionship between immunosuppressant therapy and vaccination.
Salles et al. [4] conducted a study in 69 renal transplant recipi-
ents to compare antibody acquisition after influenza vaccination
between a mycophenolate mofetil (MMF) group and an azathio-
prine (Aza) group and revealed lower antibody acquisition in the
MMEF group. Other reports have stated that MMF used for trans-
plantation therapy impaired antibody acquisition after influenza
vaccination [5-7]. In our study, 4 children used MZB, which has a

Table 5
Assessment of impact of steroid and immunosuppressant on seroconversion rate and seroprotection rate (logistic regression analysis).
Univariate Multivariate
OR P OR P
Immuno-supressant Seroconversion rate 2.924 0.144 0.692 0.854
Seroprotection rate 4333 0.060 0.918 0.966
Age Seroconversion rate 1.421 <0.001 1.782 0.008
Seroprotection rate 1.552 0.002 1.822 0.008
Sex Seroconversion rate 0.342 0.214 0.294 0.262
Seroprotection rate 0.407 0.219 0.291 0.266
Prevaccination titer Seroconversion rate 0.977 0.504 0.959 0.265

Seroprotection rate
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similar mechanism to MMF, and no impact on antibody acquisition
was observed in all 4 children. Additionally, there is no consen-
sus regarding the impact of calcineurin inhibitors, CsA, Tac, and
sirolimus (Sir). While CsA was reported to reduce the effect of the
vaccine [8], and since there were no significant differences in the
effect of the vaccine with CsA and Sir [9], antibody acquisition for all
influenza HIN1, H3N2, and B are more favorable with Sir, and there
was no impact of Sir on antibody acquisition between patients on
Sir and healthy subjects, resulting in no clear conclusion [10]. In
our study, 7 of 10 children who received CsA were not affected.
The 3 children with impaired antibody acquisition were aged 3,
9, and 11 years, indicating that the lower age of the 3-year-old
child and cause is unknown in the 9-year-old child may have influ-
enced these results. The antibody titer of the 11-year-old child was
1:80 before vaccination and 1:160 4 weeks after vaccination. This
patient was asymptomatic, had no latent infection with a less than
4-fold increase in antibody titer, and did not meet efficacy crite-
ria. A previous report examining Tac showed a reduced effect of
the vaccine in 53 renal transplant recipients within 6 months of
transplantation as compared to 106 healthy control subjects [11].
In our study, 3 patients used Tac; 2 of these patients were unaf-
fected and 1 did not undergo measurement. GMT GMFR SCR SPR
are higher in immunosuppressant groups of Table 3, the reason is
because immunosuppressant groups is older.

In transplantation therapy, immunosuppressants are often used
at high doses and in various combinations. The results of our study
may be affected by immunosuppressants used at therapeutic doses
for nephritis. Therefore, the effect of the influenza vaccine can be
maintained in patients with nephritis receiving therapeutic doses
of immunosuppressants that are lower than those used in trans-
plantation therapy.

5. Conclusions

In 2009, a vaccination program was launched against the
influenza A(HIN1)pdmO09 strain, which is not included in exist-
ing influenza vaccines; the children in this study were exposed
to this strain for the first time. Nevertheless, antibody acquisition
after vaccination was favorable, and no adverse events occurred in
pediatric patients with renal disease receiving concomitant steroid
and immunosuppressant therapy. The impact of age on antibody
acquisition was more prominent than that of medications used
in the study. Influenza A(HIN1)pdmO09 vaccination can be rec-
ommended for patients receiving steroid and immunosuppressant
therapy.

Acknowledgments

This study was supported by the Health and Labour Sci-
ences Research Grants (Emerging/Re-emerging Infection Research

Project) for influenza and other analytical epidemiological stud-
ies related to policy evaluation of immunizations. Results were
released during the 114th Annual Meeting of the Japan Pediatric
society.

References

[1] Fiore AE, Uyeki TM, Broder K, Finelli L, Euler GL, Singleton JA, et al., Centers
for Disease Control and Prevention (CDC). Prevention and control of influenza
with vaccines: recommendations of the Advisory Committee on Immunization
Practices (ACIP), 2010. MMWR Recomm Rep 2010;59(RR-8):1-62.

[2] Nailescu C, Xu X, Zhou H, Hall H, Wilson AC, Leiser JD, et al. Influenza vaccine
after pediatric kidney transplant: a Midwest Pediatric Nephrology Consortium
study. Pediatr Nephrol 2011;26:459-67.

[3] Pickering LK. Report of the Committee of Infectious Diseases. Red Book. 27th
ed. Grove Village: American Academy of Pediatrics; 2006. p. 407.

[4] Salles MJ, Sens YA, Boas LS, Machado CM. Influenza virus vaccination in kidney
transplant recipients: serum antibody response to different immunosuppress-
ive drugs. Clin Transplant 2010;24:E17-23.

[5] Scharpe ], Evenepoel P, Maes B, Bammens B, Claes K, Osterhaus AD, et al.
Influenza vaccination isefficacious and safe in renal transplant recipients. Am
J Transplant 2008;8:332.

[6] Smith KG, Isbel NM, Catton MG, Leydon JA, Becker GJ, Walker RG, et al. Sup-

pressino of the humoral immune response by mycophenolate mofetil. Nephrol

Dial Transplant 1998;13:160.

Sanchez-Fructuoso Al, Prats D, Naranjo P, Fernandez-Pérez C, Gonzilez

M], Mariano A, et al. Influenza virus immunization effectivity in kidney

transplant patients subjected to two different triple-drug therapy immuno-

suppression protocols: mycophenolate versus azathioprine. Transplantation
2000;69:436-9.

[8] Versluis DJ, Beyer WE, Masurel N, Wenting GJ, Weimer W. Impairment of the
immune response to influenza vaccination in renal transplant recipients by
cyclosporine, but not azathioprine. Transplantation 1986;42:376-9.

[9] Willcocks LC, Chaudhry AN, Smith JC, Ojha S, Doffinger R, Watson (], et al. The
effect of sirolimus therapy on vaccine responses in transplant recipients. Am |
Transplant 2007;7:2006-11.

[10] Hayney MS, Welter DL, Francois M, Reynolds AM, Love RB. Influenza
vaccine antibody responses in lung transplant recipients. Prog Transplant
2004;14:346-51.

[11] Birdwell KA, Ikizler MR, Sannella EC, Wang L, Byrne DW, Ikizler TA, et al.
Decreased antibody response to influenza vaccination in kidney transplant
recipients: a prospective cohort study. Am ] Kidney Dis 2009;54:112-21.

[12] Abeyagunawardena AS, Goldblatt D, Andrews N, Trompeter RS. Risk of relapse
after meningococcal C conjugate vaccine in nephrotic syndrome. Lancet
2003;362:449-50.

[13] Taylor B, Andrews N, Stowe ], Hamidi-Manesh L, Miller E. No increased risk of
relapse after meningococcal C conjugate vaccine in nephrotic syndrome. Arch
Dis Child 2007;92(10):887-9.

[14] Candon S, Thervet E, Lebon P, Suberbielle C, Zuber ], Lima C, et al. Humoral
and cellular immune responses after influenza vaccination in kidney transplant
recipients. Am ] Transplant 2009;9:2346-54.

[15] Vilchez RA, McCrry K, Dauber J, Lacono A, Griffith B, FungJ, et al. Influenza virus
infection in adult solid organ transplant recipients. AmJ Transplant 2002;2:287.

[16] Breteler JK, Tam ]S, Jit M, Ket JC, De Boer MR. Efficacy and effectiveness
of seasonal and pandemic A (H1N1) 2009 influenza vaccines in low and
middle income countries: a systematic review and meta-analysis. Vaccine
2013;31(45):5168-77, http://dx.doi.org/10.1016/j.vaccine.2013.08.056.

[17] Feldman S, Wright PF, Webster RG, Roberson PK, Mahoney J. Efficacy of inactiv-
ated and cold-adapted vaccines against influenza A infection, 1985 to 1990: the
pediatric experience. Pediatr Infect Dis ] 2001;20:733-40.

[18] Ulinski T, Leroy S, Dubrel M, Danon S, Bensman A. High serological response
to pneumococcal vaccine in nephrotic children at disease onset on high-dose
prednisone. Pediatr Nephrol 2008;23:1107-13.

[7



http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0095
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0100
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0105
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0110
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0115
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0120
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0125
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0130
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0135
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0140
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0145
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0150
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0155
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0160
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0165
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
dx.doi.org/10.1016/j.vaccine.2013.08.056
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0175
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180
http://refhub.elsevier.com/S0264-410X(15)00838-5/sbref0180

	Serologic response after vaccination against influenza (A/H1N1)pdm09 in children with renal disease receiving oral immunos...
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Statistical analysis

	3 Results
	3.1 Subject demographics
	3.2 Antibody titer
	3.3 Impact of steroid and immunosuppressant therapy on geometric mean time (regression analysis)
	3.4 Impact of steroid and immunosuppressant therapy on seroconversion rate (logistic regression analysis)
	3.5 Impact of steroid and immunosuppressant therapy on SPR (logistic regression analysis)
	3.6 Adverse reactions after vaccination

	4 Discussion
	5 Conclusions
	Acknowledgments
	References


