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With special reference to age, body mass index, and HbAlc
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Subjects with diabetes mellitus are considered to be at high risk of influenza infection and influenza-associated
complications. To evaluate the immunogenicity of the influenza A(HIN1)pdm09 vaccine among these subjects, we
performed a prospective cohort study and measured hemagglutination inhibition antibody titers at baseline and 3
weeks after vaccination in 49 patients. No serious adverse events were reported. We were able to perform analyses for
48 patients, after excluding one patient with suspected infection. The vaccine induced a rise of about 9-fold in the mean
antibody level. The sero-response proportion was 79%, and the sero-protection proportion was 73%. Patients with older
age and lower body mass index tended to show lower immune response. Multivariate analysis indicated an independent
negative effect of hemoglobin Alc level on the sero-protection proportion. A single A(H1N1)pdm09 vaccination achieved
a sufficient level of immunity among diabetic patients, but both clinicians and patients should be aware of the potential

for reductions in immune response.

Introduction

Patients with diabetes mellitus (DM) are presumed to have
abnormalities in immune function and are classified as a high-risk
group for developing complications, hospitalizations and death
related to influenza.'® According to the Advisory Committee on
Immunization Practices (ACIP) in the United States, vaccinating
high-risk individuals before influenza season each year is the most
effective measure for reducing the impact of influenza.* Annual
influenza vaccination has therefore long been recommended for
these individuals.®

In June 2009, the World Health Organization (WHO)
declared a global pandemic of the influenza A(HIN1)pdm09
and identified chronic medical conditions as being specific
risks for infection.® As a result, many diabetic patients received
HINI vaccination according to the recommendations of the
WHO.” However, these recommendations were based on clinical
trials in healthy individuals,® and little is known about the
immunogenicity of the vaccine in high-risk groups, including
diabetic patients. The present study investigated immunogenicity
of the vaccine in diabetic individuals and tried to identify factors
affecting immune response.

*Correspondence to: Yumi Egawa; Email: yegawa@mbr.nifty.com

Results

Study subjects

We excluded 1 patient in whom both pre- and post-vaccination
titers were 1:160, as subclinical infection was suspected in that
patient. Among the total of 48 diabetic patients, 7 patients with
type 1 DM (3 men, 4 women; mean age (+ standard deviation),
47.3 + 14.6y) and 41 patients with type 2 DM (33 men, 8 women;
mean age, 59.8 + 11.4 y) were analyzed. Subject characteristics are
shown in Table 1. Mean hemoglobin (Hb)Alc level was 7.44%,
and more than half of the patients were treated with insulin. No
patients were receiving steroid therapy or undergoing dialysis.
Type 1 patients were younger and the proportion of males was
lower compared with type 2 patients. The distribution of HbAlc
levels and body mass index (BMI) did not differ between groups.

Immune response

Results of antibody response by background factors are
summarized in Table 2. The vaccine induced a mean increase
in hemagglutination-inhibition (HAI) antibody level of 9-fold
(P < 0.0001). Sero-response proportion was 79% (95% CI,
62-97%), and the sero-protection proportion was 73% (95%
CI, 60-86%). The corresponding sero-conversion proportion
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Table 1. Characteristics of study participants

Study subjects
Characteristics
n (%) Total (N=48) Type 1 (N=7) Type 2 (N=41) P value
Sex male 36 (75) 3(43) 33(81) 0.043
Age (y) mean (S.D.) 57.9(12.5) 47.3(14.6) 59.8(11.4)
median (range) 61.0 (26-75) 45.0 (26-66) 62.0 (28-75) 0029
Duration of disease(y) mean (S.D.) 7.0 (15.0) 8.0(8.2) 12.9(10.0)
median (range) 9.5(1-37) 5.0 (3-26) 10.0 (1-37) 0235
HbA1c mean (S.D.) 7.44 (1.45) 7.81(1.06) 7.37 (1.51)
median (range) 7.30(4.9-14.4) 8.20 (5.9-9.0) 7.30(4.9-14.4) 0160
Body mass index (kg/m?) mean (S.D.) 23.8(3.3) 23.0(2.1) 23.9(3.5)
median (range) 23.5(17.0-32.2) 22.2(20.8-27.3) 23.5(17.0-32.2) 0363
Treatment of DM no medication 5(10) 0(0) 5(12)
internal use only 16 (33) 0(0) 16 (39)
insulin + 27 (56) 7 (100) 20 (49)
Treatment of hypertension received 21 (44) 1(14) 20 (49) 0.096
Treatment of hyperlipidemia received 17 (35) 2(29) 15(37) 0.698
Steroid therapy received 0 0 0
Dialysis received 0 0 0

was 73% (95% confidence interval [95% CI], 60—86%). Older
patients showed a smaller immune response, as reflected in post-
vaccination geometric mean titer (GMT) (2 = 0.027) and sero-
protection proportion (P = 0.059). Lower BMI was associated
with lower sero-response proportion, displaying a clear dose-
response relationship (P = 0.006). This relationship remained
unchanged (trend P = 0.008) even after considering the effects of
potential confounders (Table 3). The odds ratio (OR) for sero-
response among those subjects with highest HbAlc (27.6%) was
low, although no significant relationship was apparent.

Predictors of immune response in terms of sero-protection
proportion were also analyzed (Table 4). Older age was suggested
to be related to lower sero-protection with marginal significance
in the crude model. This relationship appeared significant in
Model 2, which involved age, HbAlc level and BMI (trend P
= 0.033). In addition, subjects with the highest HbAlc level
(27.6%) tended to show a lower sero-protection proportion
(crude OR, 0.39; 95% CI, 0.06-2.42) than subjects with the
lowest HbAlc level (<6.5%), although this difference was not
significant. After adjusting for potential confounders, we found
that a higher HbAlc was independently associated with lower
sero-protection with marginal significance (Model 1: trend P
= 0.071; Model 2: trend P = 0.074). In addition, subjects with
lower BMI showed a decreased OR for sero-protection (trend P
=0.079).

These findings suggested that (1) older age may be related to
poorer antibody response as reflected in post-vaccination GMT
and sero-protection rate, (2) lower BMI seemed to be associated
with lower sero-response and sero-protection, and (3) higher
HbAlc level might have affected immune response, showing
lower ORs for sero-response and sero-protection.
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To explore these findings in more detail, we conducted
stratified analyses. In the analyses in which effects of age and
HbAlc (Table 5, A), and effects of BMI and HbAlc level (Table 5,
B) were examined, higher HbAlc still induced lower immune
response, although significant relationships could be detected in
only part of the trends. Particularly among older patients (=61 y),
higher HbAlc was significantly associated with lower GMT ratio
(GMTR), fold rise, and sero-protection proportion (P = 0.043, P
= 0.044, and P = 0.043 for each). Similar relationships were also
suggested among patients with higher BMI (=23.5 kg/m?).

Discussion

The influenza A(HIN1)pdmO09 virus was reported to be
distinct from seasonal human A(HIN1).® The pre-vaccination
antibody titer of every subject we analyzed was <1:40 in the present
study. This situation facilitated the evaluation of immunogenicity.
We showed that a single 15-pg dose of unadjuvanted A(HINI)
pdmO09 vaccine induced sufficient antibody among patients with
DM. This immunity was sufficient to meet the international
criteria of the European Agency for the Evaluation of Medical
Products and the US Food and Drug Administration. However,
the sero-protection proportion among subjects (73%) was slightly
lower than reported proportions in healthy adults (79-95%).7%1
In particular, the proportion among patients >65-y-old (58%)
was rather lower than the reported proportions in age-matched
healthy adults (79-80%).”" No serious adverse effects were
observed and all reported adverse reactions were self-limited.

This study also investigated factors that may affect
immunogenicity of the vaccination. We found that the following
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factors might have induced lowered
immunogenicity—older age, lower BMI,
and higher HbAlc level. Decreased
immune response in the elderly has been
reported in previous studies of A(HIN1)
pdm09 vaccine'®'? and seasonal influenza
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vaccine.
status'®"® and decreased T-cell activity'
could be contributing factors for that
finding. One study in patients with
hepatitis C reported a decreasing effect
of lower BMI on immune response to
A(HIN1)pdmO09 vaccine." Another study
in the elderly reported that a combination
of BMI < 18.5 kg/m? and loss of more
than 5% of body weight in 6 mo found
to be significantly associated with
poor immune response.”’ Although the
mechanisms remain unclear, nutritional
status and physical strength might be
involved in decreased immune response.

To the best of our knowledge, no
studies have reported the effects of HbAlc
on immune response. Originally, few
clinical trials examined the efficacy of
influenza vaccination in patients with
DM. One previous study suggested an
impaired immune response in patients
with poorly controlled diabetes.?? Another
study in patients with well-controlled
diabetes showed that humoral and cell-
mediated immune responses to seasonal
influenza vaccine were normal and
immune response did not differ from
those observed in age-matched normal
subjects.”® A third study showed that
diabetic patients in the older age range
or with longer disease duration showed
a lower sero-conversion proportion with
A(HIN1)pdm09 vaccine.** Such results
are broadly consistent with our findings
that immunity was sufficient as a whole,
but older age, decreased BMI and
increased HbAlc level were associated
with poor immunogenicity. The reason
for these minor differences is unclear, but
differences in the severities of DM and the
comorbidities or genetic characteristics of
the population may have been involved.
In stratified analysis, older patients
with poorer HbAlc showed rather lower
immune response. Although the sample
size of the present study was small, the
results might be useful in addressing
this point. Larger studies are needed to
confirm the present findings.
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Table 2. Immuno responses to monovalent 2009 influenza A(H1N1) vaccine among diabetic patients

(continu
Geometric mean* Fold rise* Postvac titer™

>4-fold rise >1:40

Category N Pre vac Post vac n (%) n (%)

sEal:l::Iee 48 6 53 9 (P <0.00071) 38(79) 35(73)

Sex

Male 36 6 44 8 (P <0.0001) 28 (78) 25 (69)

Female 12 7 95 13(P < 0.0001) 10(83) 10 (83)
(P=00.101) (P=00.124) P=0.254) (P=00.682) | (P=00.348)

Age

<57 15 8 96 12(P < 0.0001) 12 (80) 13(87)

57-64 14 6 62 11(P < 0.0001) 12 (86) 11(79)

65+ 19 5 30 6(P < 0.0001) 14 (74) 11(58)
(P=0.021) (P=0.027) (P=0.3201) (P=0.624) (P =0.059)

DM subtype

Type 1 7 6 54 9(P=0.0034) 5(71) 5(71)

Type 2 4 6 53 9(P < 0.0001) 33(80) 30(73)
(P=0.812) (P=0.870) (P =1.000) (P=0.585) (P=0.924)

Duration of disease (y)

<10 24 6 55 9 (P <0.0001) 19 (79) 17(71)

10+ 24 6 52 9 (P <0.0001) 19 (79) 18 (75)
(P=0.132) (P =0.900) (P =0.505) (P =1.000) (P =0.745)

HbA1c (%)

<6.5 10 6 65 11 (P =0.0007) 8 (80) 8(80)

6.5-7.5 20 6 61 11(P < 0.0001) 17 (85) 16 (80)

7.6+ 18 7 42 6 (P <0.0001) 13(72) 11(61)
(P=0.115) (P=0.243) (P=0.198) (P=0.529) (P=0.222)

Body mass index (kg/m2)

<22.1 13 6 34 6 (P =0.0006) 8(62) 9 (69)

22.1-23.8 16 6 50 9 (P <0.0001) 11(69) 10 (63)

23.9+ 19 6 77 12 (P <0.0001) 19 (100) 16 (84)
(P=0.806) (P=0.454) (P=0.221) (P=0.006) (P=0.296)

Treatment of DM
No 15 6 70 12(P=00491) |  4(80) 4(80)
medication
Internaluse | -, 7 50 7 (P < 0.0001) 11(69) 10 (63)
only

Insulin + 27 6 53 9 (P <0.0001) 23 (85) 21(78)
(P=0.472) (P =0.846) (P=0.674) (P=0.410) (P =0.649)

Insulin- 21 7 54 8 (P <0.0001) 15(71) 14 (67)

Insulin+ 27 6 53 9 (P <0.0001) 23 (85) 21(78)
(P=0.319) (P=0.841) (P=0.624) (P =0.244) (P =0.390)

*Wilcoxon signed-rank test for intra-category comparisons, and the Wilcoxon rank sum test for inter-
category comparisons. **x? test between 2 categories and the Mantel-extension method for trend
test among 3 categories.
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Table 2. Immuno responses to monovalent 2009 influenza A(H1N1) vaccine among diabetic patients

adjuvants might thus represent a better

(continued) method for diabetic subjects with poor
Postvac titer** immune response. Further studies are
Geometric mean* Fold rise* - . I
>4-fold rise >1:40 needed to verify this possibility.
Several limitations must be considered
Category N Pre vac Post vac n (%) n (%) V . .
when interpreting the results of this study.
Treatment of hypertension First, the investigation was conducted
None 27 6 54 9 (P <0.0001) 21(78) 20 (74) in a single university hospital. Our
Received | 21 6 52 9(P<00001) | 17(81) 15 (71) study population comprised  relatively
1l-controlled, tel ish

(P-0580) | (0882 | (0875 | (078 | poossg | Vel-controlled, adequarely nourished
patients without serious comorbidities,
Treatment of hyperlipidemia which may well have influenced the
None 31 6 57 9 (P <0.0001) 24(77) 24(77) generalizability of the results. In addition,
Received | 17 6 47 8(P<00001) | 14(82) 11 (65) the number of subjects was small,

limiting the st . Second,
(P—0457) | (P-0a28) | (P—0914) | (P-os87) | (poosay | |miting the study power. Second, we
evaluated immunogenicity by antibody
Prevaccination titer response only. Cell-mediated immunity to
<1:10 37 5 45 9 (P <0.0001) 30 (81) 26 (70) A(HIN1)pdm09 vaccine also needs to be
1:10-1:20 | 11 12 97 8 (P =0.0004) 8(73) 9(82) investigated to elucidate the mechanisms
f diminished n n tient
(P<00001) | (P=0169) | (=0321) | (P=0549) | (P=0449 | © [UShEC respofise. among patients

*Wilcoxon signed-rank test for intra-category comparisons, and the Wilcoxon rank sum test for inter-
category comparisons. **x? test between 2 categories and the Mantel-extension method for trend

testamong 3 categories.

Better methods to improve immunogenicity among subjects
with poor immune response clearly need to be considered. A
second vaccination might be effective. Previous studies®? have
suggested that 2 doses of vaccine are required to elicit a protective
immune response in populations that are immunologically naive
to a new influenza strain. One study" reported that immune
responses in the elderly could be substantially boosted by a
second dose of vaccine—among subjects 261-y-old who received
a 15-pg dose of unadjuvanted A(HIN1)pdm09 vaccine, the sero-
protection proportion was 79.1% at 21 d after the first dose,
and 93.3% at 14 d after the second dose (35 d after first dose).
According to our data, the proportion at 21 d after vaccination
among diabetic patients >65-y-old was substantially lower (58%)
and a second dose might improve immunogenicity. In addition,
adjuvants might be of help. Adjuvants are used to augment cellular
and humoral responses by attracting greater numbers of antigen-
presenting cells to the vaccination site. According to another
study® that performed a randomized trial in healthy adults and
older individuals to evaluate the immunogenicity and safety of
A(HIN1)pdmO09 vaccine at varying dosages of hemagglutinin
with and without adjuvants, GMTs were higher in the adjuvanted
groups than with the 15-wg unadjuvanted group in both age
groups. And only 61% of participants achieved sero-protection
after a single dose of the 15-pg unadjuvanted vaccination,
whereas 81% achieved this state after a single dose of the 7.5-pg
adjuvanted vaccination. The proportion increased to 94% after a
second dose in the adjuvanted group, but remained low (68%) in
the unadjuvanted group. Another study that performed a similar
randomized trial of A(HIN1)pdmO09 vaccine also reported that
the addition of MF59 adjuvant to the vaccine increased the speed
and magnitude of antibody response.’' A second vaccination with
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with older age, lower BMI or higher
HbAlc level. Finally, serum samples were
collected only twice (before and 3 wk after
vaccination) and we did not measure serum
antibody responses after the pandemic
season. We therefore had no data regarding the subsequent
maintenance of immunogenicity, which represents a shortcoming
of this study. In addition, we were unable to monitor subjects for
clinical occurrences of influenza infection or influenza-like illness
during the year. We were therefore unable to evaluate the actual
effects of A(HIN1)pdmO09 vaccine in protecting subjects. This
represents another limitation of the current study. However, this
is the first report on the effects of HbAlc on immune response
to influenza A(HIN1)pdm09 vaccine. The independent negative
effect of HbAlc we showed in this study is noteworthy to promote
awareness regarding the potential for low immunogenicity in
patients with poorly controlled diabetes.

In conclusion, we found that a single dose of A(HIN1)pdm09
vaccine safely induced a sufficient level of immunity and met
international criteria in patients with DM. No severe adverse events
were encountered. However, older age, lower BMI, and higher
HbAlc were associated with reduced immune responses. Our
results showed that older patients with higher HbA1c levels should
be followed particularly carefully. Further studies are needed to
clarify the mechanisms involved. To minimize influenza-related
morbidity and mortality in the case of future influenza pandemics,
it is important to determine the most effective methods for
developing protective titers among patients with DM.

Patients and Methods

Study subjects

Study subjects were 49 patients with DM who visited the
department of diabetes at Osaka City University Hospital
for clinical follow-up. All subjects provided written informed
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Table 3. Association between selected characteristics and sero-response proportion (=4-fold rise)

Crude analysis Multivariate model*
Category N n (%) OR (95%Cl) P value OR (95% Cl) P value
Sex
Male 36 28(78) 1.00 1.00
Female 12 10 (83) 143 (0.26-7.89) 0.683 9.28 (0.22-390) 0.243
Age
<57 15 12 (80) 1.00 1.00
57-64 14 12 (86) 0.50 (0.21-10.6) 0.685 0.28 (0.01-6.12) 0417
65+ 19 14 (74) 0.70 (0.14-3.56) 0.667 0.63 (0.04-9.79) 0.738
(Trend P =0.622) (Trend P =0.666)
Type
Type 1 7 5(71) 1.00 1.00
Type 2 41 33(80) 1.65 (0.27-10.1) 0.588 2.59 (0.05-149) 0.645
Duration of disease (years)
<10 24 19(79) 1.00 1.00
10+ 24 19 (79) 1.00 (0.25-4.03) 1.000 0.48 (0.04-5.92) 0.567
HbA1c (%)
<6.5 10 8(80) 1.00 1.00
6.5-7.5 20 17 (85) 1.42 (0.20-10.2) 0.730 0.97 (0.06-15.3) 0.985
7.6+ 18 13(72) 0.65 (0.10-4.18) 0.650 0.13 (0.005-3.51) 0.223
(Trend P=0.527) (Trend P=0.243)
Body mass index (kg/m2)
<22.1 13 8(62) 1.00 1.00
22.1-23.8 16 11 (69) 138 (0.30-6.40) 0.685 4.30 80.35-52.6) 0.254
23.9+ 19 19 (100) N.A. N.A.
(Trend P =0.012) (Trend P =0.008)
Treatment of DM
Insulin- 21 15(71) 1.00 1.00
Insulin+ 27 23(85) 1.52 (0.57-4.06) 0.409 4.22 (0.26-70.3) 0.316
Prevaccination titer
<1:10 37 30(81) 1.00 1.00
1:10-1:20 1 8(73) 0.62 (0.13-2.96) 0.551 0.26 (0.01-6.02) 0.403

Logistic regression model. *Model included all variables in the table.

consent after the nature and possible consequences of the study
had been explained. The study protocol was approved by the
ethics committee at Osaka City University Graduate School of
Medicine and was performed in accordance with the Declaration
of Helsinki. None of the applicants met the exclusion criteria
for eligibility, including history of 2009 influenza A (HINI)
infection, acute febrile illness or signs of severe acute illness at
the time of vaccination, history of anaphylaxis due to vaccine
components, or other condition contraindicating vaccination.
In November 2009, subjects were administered a single dose of
monovalent inactivated unadjuvanted splitvirus 2009 pHINI
vaccine containing 15 wg/0.5 mL of hemagglutinin antigen
(Lot. HPO1A; BIKEN). The vaccine contained thimerosal.

www.landesbioscience.com
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The seed virus was prepared from reassortant vaccine virus A/
California/7/2009 NYMC X-179A (New York Medical College),
distributed by the Centers for Disease Control and Prevention
in the United States. The vaccine was prepared in embryonated
chicken eggs using standard methods for the production of
seasonal trivalent inactivated vaccine.

Information collection

Before vaccination, subjects completed a self-administered
questionnaire asking about sex, age at vaccination, date of birth,
and comorbid diseases. In addition, one of the investigators
extracted the following patient background and clinical
information from the medical records—height, weight, DM
subtype, treatment for DM; hypertension, hyperlipidemia,
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Table 4. Association between selected characteristics and sero-protection proportion (titer > 1:40)

Crude analysis Multivariate model1* Multivariate model2**
Category N n(%) OR (95%Cl) Pvalue | OR (95%ClI) Pvalue | OR (95%Cl) P value
Sex
Male 36 | 25(69) | 1.00 1.00
Female 12 |1 10(83) | 2.20 | (0.41-11.8) 0.356 174 | (0.12-24.4) 0.681
Age
<57 151 13(87) | 1.00 1.00 1.00
57-64 14 1 11(79) | 0.56 | (0.08-4.01) 0.567 0.28 (0.02-3.86) 0.343 0.22 | (0.02-2.24) 0.202
65+ 19 | 11(58) | 0.21 | (0.04-1.21) 0.081 0.16 | (0.02-1.57) 0.116 0.09 | (0.01-0.77) 0.028
(Trend P =0.066) (Trend P=0.137) (Trend P=0.033)
Type 1 7 5(71) 1.00 1.00
Type 2 41 1 30(73) | 1.09 | (0.18-6.47) 0.924 1.10 | (0.04-28.0) 0.956
Duration of disease (years)
<10 24 | 17(71) | 1.00 1.00
10+ 24 | 18(75) | 1.24 | (0.35-4.43) 0.746 113 (0.21-6.12) 0.886
HbA1c (%)
<6.5 10 | 8(80) [ 1.00 1.00 1.00
6.5-7.5 20 | 16(80) | 1.00 | (0.15-6.67) 1.000 | 0.93 | (0.09--9.32) 0.948 1.22 | (0.15-10.1) 0.853
7.6+ 18 | 11(61) | 0.39 | (0.06-2.42) 0.313 0.10 | (0.007-1.45) 0.091 0.16 | (0.02-1.57) 0.115
(Trend P =0.224) (Trend P =0.071) (Trend P =0.074)
Body mass index (kg/m?)
<22.1 13 9 (69) 1.00 1.00 1.00
22,1-23.8 | 16 | 10(63) | 0.74 | (0.16-3.50) 0.705 1.27 | (0.17-9.24) 0.815 1.02 | (0.17-6.16) 0.980
23.9+ 19 | 16(84) | 237 | (0.43-13.0) 0.321 9.17 | (0.85-99.2) 0.068 7.15 | (0.84-60.6) 0.071
(Trend P =0.295) (Trend P =0.078) (Trend P =0.079)
Treatment of DM
Insulin- 21 | 14(67) | 1.00 1.00
Insulin+ 27 | 21(78) | 1.75 | (0.49-6.31) 0.393 169 | (0.25-11.6) 0.592
Prevaccination titer
<1:10 37 | 26(70) | 1.00 1.00
1:10-1:20 | 11 | 9(82) | 1.90 | (0.35-10.3) 0454 | 292 | (0.25-34.8) 0.397

Logistic regression model. *Model included all variables in the table. **Model included age, HbA1c and BMI.

steroid use, and laboratory data. We determined HbAlc levels
using a Japan Diabetes Society (JDS)-certified method.

Serum collection and antibody titer measurement

Serum samples were collected twice: before vaccination and
3 wk after vaccination. Serum antibody titer against the vaccine
strain was measured using the HAI assay according to standard
methods using chicken erythrocytes.'*** All samples were assayed
at the same time at the Surveillance Center Research Institute for
Microbial Disease at Osaka University at April 2010.

Statistical analysis

We analyzed 48 patients, excluding 1 patient with suspected
infection

To compare baseline characteristics between patients with
type 1 and type 2 DM, we used the chi-square test for categorical
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variables and Wilcoxon rank-sum test for continuous variables.
For assessment of the immunogenicity of influenza vaccine, the
following outcomes were calculated—GMT, GMTR, fold rise,
sero-response proportion (=4-fold rise), and sero-protection
proportion (post-vaccination titer > 1:40). A titer <1:10 was
regarded as 1:5 for the purpose of calculations. Reciprocal
antibody titers were analyzed after logarithmic transformation.
All results are presented in the original scale by calculating the
antilogarithm.

Data were stratified for analysis by sex, age (<57 y, 57-64
y, or 265 y), DM subtype, duration of DM (<10 y or =10 y),
HbAlc level (<6.5%, 6.5-7.5%, or =7.6%), body mass index
(BMI) (<22.1 kg/m? 22.1-23.8 kg/m? or 2239 kg/m?),

treatment of DM (no medication, internal use only or insulin
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Table 5.

A. Stratified immunogenicity analysis by age and HbA1c

seroresponse** seroprotection®**
HbA1c N GMTR* Fold rise* n (%) n (%)
Age <61
<6.5 4 12.3 7 3(75) 3(75)
6.5-7.5 9 33.9 17 8(89) 8(89)
7.6+ 9 17.8 9 7(78) 8(89)
P=0.390 P=0.421 P =0.947 P=0.573
Age > 61
<6.5 6 30.8 16 5(83) 5(83)
6.5-7.5 11 11.5 8 9(82) 8(73)
7.6+ 9 4.2 4 6(67) 3(33)
P=0.043 P =0.044 P=0.427 P=0.043

B. Stratified immunogenicity analysis by BMI and HbA1c

seroresponse** seroprotection**
HbA1c N GMTR* Fold rise* n (%) n (%)
BMI<23.5
<6.5 6 11.0 6 4(67) 4(67)
6.5-7.5 11 238 10 9(82) 8(73)
7.6+ 6 7.3 4 2(33) 3(50)
P=0.379 P=0.364 P=0.236 P=0.553
BMI = 23.5
<6.5 4 42.0 32 4(100) 4(100)
6.5-7.5 9 18.9 12 8(89) 8(89)
7.6+ 12 12.8 8 11(92) 8(67)
P=0.061 P =0.084 P=0.723 P=0.109

*Kruskal-Wallis test. **Mantel-extension method.

use), treatment of hypertension (no medication or internal use),
treatment of hyperlipidemia (no medication or internal use), and
prevaccination titer (<1:10 or 1:10-1:20). The significances of
GMT, GMTR, and fold rise within a category were assessed using
the Wilcoxon signed—rank test, and intercategory comparisons
were made using the Wilcoxon rank—sum test or Kruskal-Wallis
test. The chi-square test and Mantel-extension trend test were
also used where appropriate.

In addition, we calculated OR and 95% CI using logistic
regression modeling to evaluate the independent effects of
potential confounders. The models were constructed using
sero-response or sero-protection as the dependent variable, and
potential predictors such as sex, age, DM subtype, duration of
DM, HbAlc level, BMI, treatment of DM and prevaccination

www.landesbioscience.com

titer as explanatory variables. From these models, we also
constructed a reduced model using potential predictors (age,
HbA1c level, and BMI) which showed P values or trend P values
< 0.2 as explanatory variables. The sero-response proportion
among patients with highest BMI (=23.9) was 100%, which was
why we used the group with lowest BMI (<22.1) as the reference
stratum.

Two-sided P values less than 0.05 were considered significant.
All analyses were performed using SAS version 9.3 software (SAS
Institute).

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Human Vaccines & Immunotherapeutics 1193



References

Smith SA, Poland GA. Use of influenza and
pneumococcal vaccines in people with diabetes.
Diabetes Care 2000; 23:95-108; PMID:10857977;
http://dx.doi.org/10.2337/diacare.23.1.95

Simonsen L, Fukuda K, Schonberger LB, Cox NJ. The
impact of influenza epidemics on hospitalizations.
J Infect Dis 2000; 181:831-7; PMID:10720501;
http://dx.doi.org/10.1086/315320

Muller LM, Gorter KJ, Hak E, Goudzwaard WL,
Schellevis FG, Hoepelman AL Rutten GE. Increased
risk of common infections in patients with type
1 and type 2 diabetes mellitus. Clin Infect Dis
2005; 41:281-8; PMID:16007521; http://dx.doi.
org/10.1086/431587

Prevention and control of influenza:
recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Recomm
Rep 1997; 46(RR-9):1-25; PMID:9148134

Smith SA, DPoland GA; American Diabetes
and pneumococcal
immunization in diabetes. Diabetes Care 2004;
27(Suppl 1):S111-3; PMID:14693944; http://dx.doi.
org/10.2337/diacare.27.2007.5111

New influenza A (HIN1) virus: global epidemiological
situation, June 2009. Wkly Epidemiol Rec 2009;
84:249-57; PMID:19537358.

Greenberg ME, Lai MH, Hartel GF, Wichems CH,
Gittleson C, Bennet ], Dawson G, Hu W, Leggio
C, Washington D, et al. Response to a monovalent
2009 influenza A (HINI) vaccine. N Engl J Med
2009; 361:2405-13; PMID:19745216; http://dx.doi.
0rg/10.1056/NEJM0a0907413

Garten RJ, Davis CT, Russell CA, Shu B, Lindstrom
S, Balish A, Sessions WM, Xu X, Skepner E, Deyde
V, et al. Antigenic and genetic characteristics of
swine-origin 2009 A(HINI)
circulating in humans. Science 2009; 325:197-
201; PMID:19465683; http://dx.doi.org/10.1126/
science.1176225

Liang XF, Wang HQ, Wang JZ, Fang HH, Wu ],
Zhu FC, Li RC, Xia SL, Zhao YL, Li FJ, et al. Safety
and immunogenicity of 2009 pandemic influenza
A HINI vaccines in China: a multicentre, double-
blind, randomised, placebo-controlled trial. Lancet
2010; 375:56-66; PMID:20018364; http://dx.doi.
0rg/10.1016/S0140-6736(09) 62003-1

Zhu FC, Wang H, Fang HH, Yang JG, Lin X],
Liang XF, Zhang XF, Pan HX, Meng FY, Hu
YM, et al. A novel influenza A (HIN1) vaccine in
various age groups. N Engl ] Med 2009; 361:2414-
23; PMID:19846844; http://dx.doi.org/10.1056/
NEJMo0a0908535

Ohfuji S, Fukushima W, Tamori A, Maeda K,
Maeda A, Hirota Y. Immunogenicity of influenza
A(HIN1)pdm09 and the
factors on lowered immune response in patients
with hepatitis C. Influenza Other Respir Viruses
2013; 7:456-65; PMID:22897938; http://dx.doi.
org/10.1111/j.1750-2659.2012.00424.x

Kao TM, Hsich SM, Kung HC, Lee YC, Huang KC,
Huang LM, Chang FY, Wang NC, Liu YC, Lee WS,
et al. Immune response of single dose vaccination
against 2009 pandemic influenza A (HINI) in
the Taiwanese elderly. Vaccine 2010; 28:6159-
63; PMID:20659517; http://dx.doi.org/10.1016/j.
vaccine.2010.07.026

Association. Influenza

influenza viruses

vaccine associated

1194

6

20.

21.

22.

23.

Hui SL, Chu LW, Peiris JS, Chan KH, Chu D,
Tsui W. Immune response to influenza vaccination
in community-dwelling Chinese elderly persons.
Vaccine 2006; 24:5371-80; PMID:16713661; http://
dx.doi.org/10.1016/j.vaccine.2006.04.032
Goodwin K, Viboud C, Simonsen L. Antibody
response to influenza vaccination in the elderly:
a quantitative review. Vaccine 2006; 24:1159-69;
PMID:16213065; http://dx.doi.org/10.1016/j.
vaccine.2005.08.105
Fiilsp T Jr., Wagner JR, Khalil A, Weber J, Trottier
L, Payette H. Relationship between the response to
influenza vaccination and the nutritional status in
institutionalized elderly subjects. J Gerontol A Biol
Sci Med Sci 1999; 54:M59-64; PMID:10051856;
http://dx.doi.org/10.1093/gerona/54.2.M59
Bellei NC, Carraro E, Castelo A, Granato CF. Risk
factors for poor immune response to influenza
vaccination in elderly people. The Brazilian journal
of infectious diseases: an official publication of
the Brazilian Society of Infectious Diseases 2006;
10:269-73.
Hara M, Tanaka K, Hirota Y. Immune response to
influenza vaccine in healthy adults and the elderly:
association with nutritional status. Vaccine 2005;
23:1457-63; PMID:15670881; heep://dx.doi.
0rg/10.1016/j.vaccine.2004.09.022
Deng Y, Jing Y, Campbell AE, Gravenstein S. Age-
related impaired type 1 T cell responses to influenza:
reduced activation ex vivo, decreased expansion
in CTL culture in vitro, and blunted response
to influenza vaccination in vivo in the elderly. J
Immunol 2004; 172:3437-46; PMID:15004143
Kang I, Hong MS, Nolasco H, Park SH, Dan JM,
Choi JY, Craft J. Age-associated change in the
frequency of memory CD4+ T cells impairs long
term CD4+ T cell responses to influenza vaccine. ]
Immunol 2004; 173:673-81; PMID:15210831
Saurwein-Teissl M, Lung TL, Marx F, Gschésser
C, Asch E, Blasko I, Parson W, Bock G, Schonitzer
D, Trannoy E, et al. Lack of antibody production
following immunization in old age: association
with CD8(+)CD28(-) T cell clonal expansions
and an imbalance in the production of Thl and
Th2 cytokines. ] Immunol 2002; 168:5893-9;
PMID:12023394
Sagawa M, Kojimahara N, Otsuka N, Kimura
M, Yamaguchi N. Immune response to influenza
vaccine in the elderly: association with nutritional
and physical status. Geriatr Gerontol Int 2011;
11:63-8; PMID:20738411; htep://dx.doi.
org/10.1111/j.1447-0594.2010.00641.x
Delespesse G, Duchateau J, Bastenie PA, Lauvaux JP,
Collet H, Govaerts A. Cell-mediated immunity in
diabetes mellitus. Clin Exp Immunol 1974; 18:461-7;
PMID:4283119
Pozzilli P, Gale EA, Visalli N, Baroni M, Crovari P,
Frighi V, Cavallo MG, Andreani D. The immune
response to influenza vaccination in diabetic patients.
Diabetologia  1986; 29:850-4; PMID:3569690;
hetp://dx.doi.org/10.1007/BF00870139

24.Nam JS, Kim AR, Yoon JC, Byun Y, Kim SA, Kim KR,

Cho S, Seong BL, Ahn CW, Lee JM. The humoral
immune response to the inactivated influenza A
(HIN1) 2009 monovalent vaccine in patients with
Type 2 diabetes mellitus in Korea. Diabetic medicine:
a journal of the British Diabetic Association 2011;
28:815-7.

Human Vaccines & Immunotherapeutics

25.

26.

27.

28.

29.

30.

31.

32.

Englund JA, Walter EB, Gbadebo A, Monto
AS, Zhu Y, Neuzil KM. Immunization with
trivalent inactivated influenza vaccine in partially
immunized toddlers. Pediatrics 2006; 118:e579-
85; PMID:16950949; http://dx.doi.org/10.1542/
peds.2006-0201

Neuzil KM, Jackson LA, Nelson J, Klimov A, Cox
N, Bridges CB, Dunn J, DeStefano F, Shay D.
Immunogenicity and reactogenicity of 1 versus 2
doses of trivalent inactivated influenza vaccine in
vaccine-naive 5-8-year-old children. ] Infect Dis
2006; 194:1032-9; PMID:16991077; http://dx.doi.
0rg/10.1086/507309

Parkman PD, Hopps HE, Rastogi SC, Meyer HM Jr.
Summary of clinical trials of influenza virus vaccines
in adults. J Infect Dis 1977; 136(Suppl):S722-30;
PMID:606797; http://dx.doi.org/10.1093/
infdis/136.Supplement_3.5722

Sencer DJ, Millar JD. Reflections on the 1976
swine flu vaccination program. Emerg Infect Dis
2006; 12:29-33; PMID:16494713; http://dx.doi.
org/10.3201/eid1201.051007

Treanor JJ, Campbell JD, Zangwill KM, Rowe
T, Wolff M. Safety and immunogenicity of an
inactivated subvirion influenza A (H5N1) vaccine.
N Engl ] Med 2006; 354:1343-51; PMID:16571878;
http://dx.doi.org/10.1056/NE]JMoa055778

Jackson LA, Chen WH, Stapleton JT, Dekker CL,
Wald A, Brady RC, Edupuganti S, Winokur P,
Mulligan M], Keyserling HL, et al. Immunogenicity
and safety of varying dosages of a monovalent 2009
HINT influenza vaccine given with and without AS03
adjuvant system in healthy adults and older persons.
J Infect Dis 2012; 206:811-20; PMID:22782949;
http://dx.doi.org/10.1093/infdis/jis427

Clark TW, Pareek M, Hoschler K, Dillon H,
Nicholson KG, Groth N, Stephenson I. Trial of
2009 influenza A (HIN1) monovalent MF59-
adjuvanted vaccine. N Engl ] Med 2009; 361:2424-
35; PMID:19745215;  http://dx.doi.org/10.1056/
NEJMo0a0907650

Hirst GK. The Quantitative Determination of
Influenza Virus and Antibodies by Means of Red
Cell Agglutination. ] Exp Med 1942; 75:49-64;
PMID:19871167; http://dx.doi.org/10.1084/
jem.75.1.49

Volume 10 Issue 5



