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Abstract

Objective To examine the safety of and immune response to the influenza A(H1N1)pdm09 vaccine in pa-
tients with Duchenne muscular dystrophy (DMD).
Methods Forty-four non-ambulatory patients with DMD hospitalized in a muscle disease ward and 41
healthy healthcare workers each received one dose of the influenza A(H1N1)pdm09 vaccine. Serum samples
were collected before and four weeks after vaccination to measure the hemagglutinin inhibition antibody tit-
ers.
Results No severe adverse events were noted in any of the subjects. The immune responses of the patients
were comparable to those of the healthcare workers. Among the patients, tube feeding and a lower total pro-
tein level in the serum were identified to be significantly associated with a lower immune response.
Conclusion A single dose of the vaccine was found to be safe and induced an optimal level of immunity in
the DMD patients. The nutritional status may be associated with the immune response in patients with DMD.
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Introduction

Duchenne muscular dystrophy (DMD) is an inherited
myogenic disorder characterized by progressive skeletal
muscle involvement in which weakness of the respiratory
muscles, distortion of the thorax and inability to perform
postural changes result in the retention of secretions and
chronic microatelectasis. In association with pulmonary dys-
function, respiratory infections, including influenza, can
cause severe complications that further weaken the respira-
tory function, necessitating admission to an intensive care
unit and potentially causing death (1, 2). Therefore, prevent-
ing respiratory infections is a matter of clinical importance.
Although recent guidelines for the treatment of DMD rec-
ommend annual influenza vaccination (3, 4), there are cur-
rently no reports regarding the immune response in patients

treated with these vaccines. Another concern is whether
disease-related conditions, such as the patient’s physical
condition and nutritional status, are associated with the anti-
body response in cases of DMD.
In the present study, we investigated whether influenza

vaccination is safe and immunogenic in patients with DMD
as compared to that observed in healthy healthcare workers
and identified the factors affecting the immune response in
DMD patients.

Materials and Methods

Subjects

We invited 46 inpatients with DMD treated at National
Hospital Organization Toneyama National Hospital from Oc-
tober 21 to 30, 2009, of whom 44 agreed to participate. All
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subjects were non-ambulatory, including 33 (75%) patients
from the long-term care unit and 11 (25%) short-term inpa-
tients. During the same period, 41 healthcare workers em-
ployed by the same hospital were also recruited to partici-
pate in the study as a control group. None of the subjects
met the exclusion criteria, including prior episodes of influ-
enza A(H1N1)pdm09 infection, acute febrile illnesses at the
time of vaccination, history of anaphylaxis resulting from
the vaccine components or other conditions making it inap-
propriate to undergo vaccination. Written informed consent
was obtained from each participant or their guardian if
younger than 20 years of age at the time of recruitment. The
study protocol was reviewed and approved by the ethics
committees of Osaka City University Graduate School of
Medicine and Toneyama National Hospital.

Data collection

Prior to vaccination, all participants completed a self-
administered questionnaire regarding sex, date of birth,
height, weight and comorbid diseases. In addition, clinical
information was extracted from the patients’ medical re-
cords, including medications, ejection fraction of the left
ventricle (EF) within the last six months, activities of daily
living (ADLs), use of mechanical ventilation and levels of
total protein, albumin, hemoglobin and hematocrit on rou-
tine laboratory tests.

Vaccine

A monovalent, unadjuvanted, inactivated, split influenza A
(H1N1)pdm09 vaccine (Lot. HP01A; BIKEN) was used. All
participants received a subcutaneous injection of the vaccine
at a dose of 0.5 mL containing 15 μg of hemagglutinin anti-
gens and 0.0008% thimerosal.

Assessment of adverse reactions

All vaccinated subjects recorded solicited local and sys-
temic reactions occurring within 48 hours after vaccination
using a self-administered questionnaire. For patients who
were unable to independently fill in the questionnaire,
nurses completed the form based on a direct interview and
observation. Local reactions included redness, swelling, in-
duration, itching and pain at the injection site. Systemic re-
actions included fever (axillary temperature �37.5℃), mal-
aise, myalgia, headache and rashes.

Measurement of the antibody titer

Blood samples were collected 0-2 days before and 28-30
days after vaccination. The serum was stored at -20℃ until
all samples were assayed at the same time in July 2010. The
titer of serum antibodies to hemagglutinin was measured us-
ing the standard microtiter HAI method (5). All samples
were tested at the laboratory of the Research Foundation for
Microbial Diseases of Osaka University.

Statistical analysis

For comparisons of the baseline variables, adverse reac-

tions and antibody responses between the subject groups
(patients vs. healthcare workers), the Wilcoxon rank-sum
test was used for continuous variables and the chi-square
test, Fisher’s exact test and Mantel-extension method were
used for categorical variables.
Categorical variables included the pre-vaccination titer

(<1:10, 1:10-1:20, and �1:40), ADLs (wheelchair use or
bedridden status) and mechanical ventilation (none, noninva-
sive positive-pressure ventilation (NPPV) or tracheal
positive-pressure ventilation (TPPV)). The immunogenicity
endpoints were determined based on conventional interna-
tional criteria, as follows: geometric mean titer (GMT), fold
rise, seroprotection proportion (post-vaccination titer �1:40)
and seroresponse proportion (fold rise �4) (6, 7). A titer of
<1:10 was defined as 1:5 for the calculations. Reciprocal an-
tibody titers were analyzed after logarithmic transformation.
The results are presented in the original scale by calculating
the antilogarithm.
We evaluated the independent effects of several factors on

immunogenicity solely in the patient group, then calculated
the odds ratio (OR) and 95% confidence interval (CI) using
logistic regression models. Since only 44 patients were en-
rolled, care was taken to select explanatory variables for the
multivariate models. In the first multivariate model (model
1), we controlled for age and pre-vaccination titer, which
have been inconsistently reported to be related to immuno-
genicity from influenza vaccinations (8-10). In order to ob-
tain meaningful calculation results, we combined the pre-
vaccination subcategory titers 1:10-1:20 and �1:40 into one
category of �1:10. In model 2, in order to identify additional
potential confounders, we used a stepwise regression model
(significance level for entry into the model =0.15), which re-
sulted in the feeding method being included.
Two-sided p values less than 0.05 were considered to be

statistically significant. All analyses were performed using
the SAS software package, version 9.1 (SAS Institute, Inc.,
Cary, USA).

Results

Study subjects

Table 1 summarizes the baseline characteristics of the
subjects. Most of the patients were in an advanced stage,
with a high age, low cardiopulmonary function and low
level of ADLs. None of the patients were currently receiving
oral steroid therapy, although this therapy is now the stan-
dard treatment worldwide for young patients with
DMD (11).

Vaccine safety

Solicited adverse reactions to the vaccine among the pa-
tients and healthcare workers are shown in Table 2. Both lo-
cal and systemic reactions were less frequent in the patients.
All symptoms were mild, and none of the affected subjects
required medical treatment.
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Table　1.　Baseline Characteristics of the Study Subjects (n=85).

Characteristics
Total Patients Healthcare workers

(n=85) (n=44) (n=41) p value*
(Comparison between patients and healthcare workers)
Sex: male, n (%) 62 (73) 44 (100) 18 (44) 0.001 
Age (years)

mean (SD) 35.8 (11.1) 30.9 (8.6) 41.2 (11.1) <0.001
median (range) 33.0 (17-62) 31.3 (17-47) 43.0 (23-62)

Body mass index (kg/m2)
mean (SD) 17.4 (4.5) 13.7 (2.4) 21.4 (2.4) <0.001
median (range) 17.6 (10.2-30.5) 13.3 (10.2-19.5) 21.2 (17.1-21.2)

Prevaccination titer
<1:10, n (%) 57 (67) 31 (70) 26 (63) 0.857 
1:10-1:20, n (%) 24 (28) 11 (25) 13 (32)

40, n (%) 4 (5) 2 (5) 2 (5)
Underling disease  

diabetes mellitus, n (%) 1 (1) 1 (2) 0 0 1.000 
atopic dermatitis, n (%) 4 (5) 3 (7) 1 (2) 0.617 

(Specific factors in patients)
EF (%), mean (SD) 36.7 (15.3)
Activity of daily living 

wheelchair user, n (%) 17 (39)
bedridden, n (%) 27 (61)

Respiratory status
none, n (%) 2 (5)
NPPV, n (%) 16 (36)
TPPV, n (%) 26 (59)

Feeding method
tube feeding (-), n (%) 20 (45)
tube feeding (+) **, n (%) 24 (55)

Albumin (g/dl), mean (SD) 3.9 (0.5)
Total Protein (g/dl), mean (SD) 7.1 (0.5)
Hemoglobin (g/dl), mean (SD) 12.8 (1.5)
Hematocrit (%), mean (SD) 38.1 (4.5)
EF: ejection fraction of the left ventricle, NPPV: non-invasive positive pressure ventilation, TPPV: Tracheal positive 
pressure ventilation
* Wilcoxon rank sum te 2 test, Fisher's exact test or Mantel extension method for trend tests
** Tube feeding (+): gastrostomy feeding (n=5), nasal or oral tube feeding (n=19)

Table　2.　Local and Systemic Reactions to the Vaccine.

Patients Healthcare workers
(n=44) (n=41)

Symptom n ( % ) n ( % ) p value*

Local reactions
Total 14 ( 32 ) 21 ( 51 ) 0.071
Redness 12 ( 27 ) 17 ( 41 ) 0.170
Swelling 4 ( 9 ) 8 ( 20 ) 0.171
Induration 0 ( 0 ) 7 ( 17 ) 0.005
Itching 0 ( 0 ) 8 ( 20 ) 0.002
Pain 2 ( 5 ) 13 ( 32 ) 0.001

Systemic reactions
Total 3 ( 7 ) 12 ( 29 ) 0.007
Fever (>37.5 C) 2 ( 5 ) 4 ( 10 ) 0.423
Malaise 0 ( 0 ) 8 ( 20 ) 0.002
Myalgia 0 ( 0 ) 2 ( 5 ) 0.230
Headache 0 ( 0 ) 2 ( 5 ) 0.230
Rash 1 ( 2 ) 0 ( 0 ) 1.000

* 2 test or Fisher's exact test 

Immune response

The results for the antibody response in relation to the
background factors are shown in Table 3. The only identi-
fied significant factor was the pre-vaccination titer, as a
higher pre-titer value was associated with a greater post-

vaccination GMT, lower seroresponse proportion and higher
seroprotection proportion. There were no significant differ-
ences in any of the endpoints of immunogenicity between
the subject groups. In the logistic regression analysis, the
OR after adjustment for age and pre-vaccination titer in the
patients as compared to the healthcare workers was 1.71
(95%CI: 0.50-5.87) for the seroresponse proportion and 0.88
(0.29-2.63) for the seroprotection proportion, neither of
which were statistically significant.
Figure shows the pre- and post-vaccination GMTs in the

patients based on several predictors. In a comparison of the
fold rise between each factor, we found that the oral-fed pa-
tients exhibited better fold rise values than the tube-fed pa-
tients (16 vs. 7, p=0.047). We also examined the effects of
disease-related factors on the seroresponse and seroprotec-
tion proportions, with the results shown in Tables 4 and 5.
An older age was suggested to have a relationship with a
greater seroresponse in model 2. Furthermore, the tube-fed
patients demonstrated a decreased OR for the seroresponse
proportion compared to the oral-fed patients, and a higher
total protein level was found to be significantly associated
with a higher seroprotection proportion. Variables of the
functional status, such as EF, ADLs and the respiratory con-
dition, were not related to the immune response.
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Figure.　Pre- and post-vaccination HAI titers in the patients (n=44) based on age and disease-related 
factors. EF: ejection fraction, ADL: activities of daily living, NPPV: non-invasive intermittent posi-
tive pressure ventilation, TPPV: tracheal positive pressure ventilation. Age is presented according to 
tertile. The EF is presented according to the median. *In a comparison using the Wilcoxon rank-sum 
test or Kruskal-Wallis rank test, the p values for post-vaccination GMT were not significant, while 
the p value for the fold rise (post-/pre-vaccination GMT) in the feeding method was 0.047.

Table　3.　Immunogenicity to the Vaccine Based on the Background Factors (n=85).

GMT Fold rise Seroresponse Seroprotection
N S0 S1 n (%) n (%)

Entire sample 85 7 72 9.7 68 (80) 61 (72)

Sex
Male 62 8 79 10.5 51 (82) 45 (73)
Female 23 7 56 8.0 17 (74) 16 (70)

p value 0.488 0.274 0.428 0.381 0.785 

Age (years) 

<34.5 42 8 74 9.6 34 (81) 31 (74)
.5 43 7 70 9.9 34 (79) 30 (70)

p value 0.589 0.686 0.993 0.829 0.681 

Body mass index (kg/m2)  

<18.5 45 7 70 9.6 37 (82) 31 (69)
.5 40 8 75 9.8 31 (78) 30 (75)

p value 0.494 0.947 1.000 0.589 0.535 

Pre-vaccination titer
<1:10 57 5 51 10.2 46 (81) 35 (61)
1:10-1:20 24 12 127 10.4 21 (88) 22 (92)

40 4 95 320 3.4 1 (25) 4 (100)
p value <0.001 0.002 0.222 0.035 0.010 

Subject group
Patients 44 7 75 10.5 37 (84) 31 (70)
Healthcare workers 41 8 69 9.0 31 (76) 30 (73)

p value 0.508 0.631 0.571 0.332 0.782
GMT: geometric mean titer, S0: pre-vaccination, S1: post-vaccination, Fold rise: S1/S0, Seroresponse: S1
Seroprotection:S1 1:40 
p value: The Wilcoxon rank-sum test or Kruskal-Wallis rank test were used to compare the GMT and fold rise, while
the 2 test, Fisher's exact test or Mantel extension method were used to compare the seroprotection and seroresponse 
proportions.

Discussion

No harmful adverse effects from vaccination were ob-
served in any of the participants, while the patients with
DMD experienced less frequent local and systemic reac-
tions. Information bias derived from the self-administered
questionnaire protocol may have been present, as the health-
care workers may have been more sensitive to subtle
changes after vaccination. However, the patients showed
lower risks for each objective reaction observed by the

nurses, including redness, swelling and induration, and the
lower frequency of induration was significant. There are
likely several modifiers of inflammatory mediators, includ-
ing sun exposure (12) and immobility, in patients with
DMD that may decrease stimulation, although the patho-
physiology of skin reactions remains unclear. Nevertheless,
the present results are encouraging for both patients and cli-
nicians concerned about risks associated with influenza vac-
cination.
The immune responses to the influenza vaccine were

comparable between the patients with DMD and the health-
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Table　4.　Associations between Selected Characteristics and the Seroresponse Proportion in 
the Patients (n=44).

Crude Multivariate model 1* Multivariate model 2*

Category OR (95%CI) OR (95%CI) OR (95%CI)
Age

1 year increased 1.10 (0.98-1.22) 1.14 (0.99-1.22)‡ 1.23 (1.02-1.48)†

BMI
1 kg/m2 increased 1.38 (0.86-1.17) 1.38 (0.85-2.24) 1.29 (0.79-2.12)

Pre-vaccination titer
1:10/<1:10 1.06 (0.18-6.30) 3.14 (0.36-27.12) 4.59 (0.37-56.70)

EF
1% increased 1.00 (0.95-1.05) 1.02 (0.96-1.08) 1.02 (0.95-1.10)

Activities of daily living
bedridden/wheelchair user 2.46 (0.48-12.72) 2.02 (029-13.82) 5.21 (0.53-51.58)

Respiratory status
TPPV/NPPV or none 2.19 (0.43-11.2) 1.11 (0.14-9.07) 6.81 (0.51-92.28)

Feeding method
tube feeding (+/-) 0.16 (0.02-1.44) 0.06 (0.01-0.83)† (identical in model 1)

Albumin 
0.1 g/dL increased 1.00 (0.85-1.18) 1.03 (0.84-1.25) 0.92 (0.73-1.15)

Globulin**

0.1 g/dL increased 1.10 (0.95-1.28) 1.08 (0.90-1.28) 1.24 (0.99-1.54)

Total protein
0.1 g/dL increased 1.14 (0.96-1.37) 1.13 (0.93-1.38) 1.18 (0.95-1.49)

Hemoglobin
0.1 g/dL increased 1.02 (0.97-1.08) 1.08 (0.90-1.28) 1.01 (0.95-1.07)

Hematocrit
1% increased 1.08 (0.90-1.29) 1.09 (0.90-1.31) 1.01 (0.82-1.25)

Logistic regression model CI: confidence interval, OR: odds ratio, EF: ejection fraction of left ventricle, NPPV: 
non-invasive positive pressure ventilation, TPPV: tracheal positive pressure ventilation, †p<0.05, ‡ p<0.10
*model 1: adjusted for age and pre-vaccination titer
*model 2: adjusted for all variables in model 1 plus feeding method
** globulin=total protein - albumin 

care workers in the present study. The primary factor signifi-
cantly associated with immunogenicity was the pre-
vaccination titer, as a higher pre-vaccination titer was found
to be significantly associated with a higher post-vaccination
titer, lower seroresponse and higher seroprotection propor-
tion. The inverse association with the seroresponse reflects
an effect of “the law of initial values” or “negative feed-
back” (8, 9). It is important to take the pre-vaccination titer
into account when evaluating the immune response to pan-
demic vaccines. As such studies are often performed during
pandemic waves and asymptomatic infections in the study
population are inevitable, it is difficult to predict how the
immune status prior to vaccination has been modified. We
believe that our multivariate analysis including the pre-
vaccination titer was adequate to appropriately examine the
immune response in this study.
We also found that an increased age was associated with

an increased seroresponse in the patient population. Previous
studies have reported decreased immune responses in elderly
individuals 65 years of age or older (10, 13). However, the
mean age of our patients was 30.9 years, with the oldest pa-
tient being 47; thus, we cannot simply compare our results
to those of other studies. The oldest group in the present

study had the lowest pre-GMT and highest post-GMT values
(Figure). On the other hand, the EF, ADLs and respiratory
status were not significantly associated with the immune re-
sponse, which indicates that the disease stage or severity is
not associated with immunity. Although several specific fac-
tors are assumed to be related to long-term survival in DMD
patients (14), a superior antibody response in older patients
has not been previously reported. Further cell biological and
epidemiological investigations of the immune status of long-
term survivors with DMD will provide new insight.
The significant OR values for tube feeding and total pro-

tein in the present study indicate that the nutritional status is
an independent predictor of the antibody response in pa-
tients with DMD. Our results are consistent with those of
previous studies showing that the nutritional status is associ-
ated with immunogenicity in elderly persons (15-17). These
findings may help to increase awareness regarding the
higher burden of infection in tube-fed patients with DMD.
This study is associated with several limitations. The in-

vestigation was conducted in a single hospital and the num-
ber of subjects was small; therefore, the study power was
limited. In addition, most of the patients were in an ad-
vanced stage of disease, which may limit the generalizability
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Table　5.　Associations between Selected Characteristics and the Seroprotection Proportion 
in the Patients (n=44).

Crude Multivariate model 1* Multivariate model 2*

Category OR (95%CI) OR (95%CI) OR (95%CI)
Age

1 year increased 0.98 (0.91-1.06) 1.05 (0.95-1.15) 1.05 (0.94-1.16)

BMI
1 kg/m2 increased 1.03 (0.78-1.36) 0.84 (0.59-1.21) 0.87 (0.60-1.26)

Pre-vaccination titer
1:10/<1:10 NA NA NA

EF
1% increased 1.01 (0.97-1.06) 1.03 (0.97-1.10) 1.03 (0.97-1.10)

Activities of daily living
bedridden/wheelchair user 0.62 (0.16-2.44) 1.12 (0.23-5.53) 1.33 (0.25-7.10)

Respiratory status
TPPV/NPPV or none 0.87 (0.23-3.26) 2.73 (0.39-18.92) 5.45 (0.51-58.35)

Feeding method
tube feeding (+/-) 0.42 (0.11-1.64) 0.35 (0.08-1.62) (identical in model 1)

Albumin 
0.1 g/dL increased 1.17 (1.00-1.36)† 1.14 (0.95-1.37)‡ 1.11 (0.92-1.34)

Globulin**

0.1 g/dL increased 1.03 (0.93-1.15) 1.07 (0.93-1.24) 1.13 (0.95-1.33)

Total protein
0.1 g/dL increased 1.24 (1.04-1.47)† 1.28 (1.03-1.60)† 1.45 (1.04-2.01)†

Hemoglobin
0.1 g/dL increased 1.05 (1.00-1.10)‡ 1.05 (0.99-1.10) 1.04 (0.98-1.10)

Hematocrit
1% increased 1.17 (1.00-1.37)‡ 1.16 (0.97-1.40) 1.14 (0.94-1.38)

Logistic regression model CI: confidence interval, OR: odds ratio, EF: ejection fraction of left ventricle, NPPV: 
non-invasive positive pressure ventilation, TPPV: tracheal positive pressure ventilation, NA: not applicable, 
†p<0.05, ‡ p<0.10
*model 1: adjusted for age and pre-vaccination titer
*model 2: adjusted for all variables in model 1 plus feeding method
** globulin=total protein - albumin

of our findings. Furthermore, since none of the study pa-
tients were given oral corticosteroids, we were unable to
evaluate the influence of immunosuppressive therapy on the
efficacy of vaccination. Additional studies with larger co-
horts including young patients and long-term survivors are
thus needed to thoroughly investigate immunogenicity to in-
fluenza vaccination in cases of DMD.

In conclusion, we found that the influenza A(H1N1)pdm
09 vaccine safely induced a good immune response in pa-
tients with DMD. Influenza infection is sometimes lethal in
DMD patients. The present results provide useful informa-
tion for preventing influenza infection in patients with
DMD.
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