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Introduction

Influenza virus infections account for ≥30% of all res-
piratory viral infections among recipients of allogeneic 
hematopoietic stem cell transplantation (allo-HSCT), and 
these infections are associated with considerable morbidity 
and mortality [1–5]. Furthermore, the incidence of influ-
enza pneumonia among allo-HSCT recipients is 26–33%, 
and the related morality rate is approximately 12–30% [3, 
6–8]. Vaccination is considered a useful strategy for pre-
venting influenza infection among allo-HSCT recipients 
[9], and the influenza vaccine is generally recommended 
for allo-HSCT recipients at >6  months after transplanta-
tion, although the vaccine may be given at >4 months after 
allo-HSCT during an influenza outbreak [10, 11]. However, 
the humoral immune response to the influenza vaccine is 
poor among allo-HSCT recipients, compared to that among 
healthy controls [3]. Several investigators have suggested 
that the timing of the vaccination may predict the serologi-
cal response, and have demonstrated that its immunogenic-
ity was improved if the vaccine was administered >1 year 
after allo-HSCT [12–15]. In contrast, immune reconsti-
tution is slow among allo-HSCT recipients who receive 
prolonged immunosuppressive treatment for graft-versus-
host disease (GVHD) [16], and the immune response to 
the influenza vaccine may vary according to the patient’s 
immune status. Furthermore, most immunodeficient long-
term survivors of allo-HSCT visit outpatient clinics, and 
these patients have a high risk of influenza virus infec-
tion during the prevalent season. In fact, severe influenza 
infections can occur at several years after allo-HSCT, espe-
cially among patients with chronic GVHD [17]. Thus, it is 
important to identify factors that can predict the immune 
response to the influenza vaccine to optimize long-term 
outcomes among allo-HSCT recipients. However, there are 
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few studies regarding the immune response to the influ-
enza vaccine among only long-term allo-HSCT survivors, 
and it remains unclear whether any factors are associated 
with the serological response in this population. Therefore, 
the present study evaluated long-term allo-HSCT survivors 
vaccinated at >1 year after transplantation, to identify fac-
tors that might predict their immune response to trivalent 
inactivated influenza vaccine (TIV).

Patients and methods

Patients

This retrospective study examined consecutive allo-HSCT 
recipients who received the TIV as outpatients between 
November 2013 and December 2013. The eligibility cri-
teria were: (a) age of >18  years; (b) Eastern Cooperative 
Oncology Group performance status of 0–2; (c) sufficient 
heart, lung, liver, and kidney functions to permit adminis-
tration of the vaccine; (d) vaccination at >1 year after allo-
HSCT; (e) no treatment using intravenous immunoglobulin 
within the previous 3 months; and (f) no suspected allergies 
to the ingredients of the vaccine. In accordance with the 
tenets of the Declaration of Helsinki, all patients provided 
their informed consent for treatment.

Study design

The design of this retrospective study was approved by 
the institutional review board of the Hamamatsu Univer-
sity School of Medicine. The patients received a single 
0.5-mL dose of the TIV (KAKETSUKEN, Kumamoto, 
Japan) via hypodermic injection. The TIV contained 15 μg 
of hemagglutinin protein from each strain: A/Califor-
nia/7/2009 (H1N1) pdm09, A/Texas/50/2012 (H3N2), and 
B/Massachusetts/02/2012. Each milliliter of the vaccine 
included formalin (0.01 w/v%), thimerosal (0.005  mg), 
sodium chloride (8.1  mg), hydrogen phosphate sodium 
hydrate (2.5  mg), and potassium dihydrogen phosphate 
(0.4  mg). A baseline hemagglutination inhibition (HAI) 
test was performed before the vaccination, and the humoral 
responses to the three antigens (H1N1, H3N2, and B strain) 
were evaluated 28 days later, as previously described [18]. 
Laboratory data regarding immunological markers were 
also collected before the vaccination. Blood samples were 
obtained before the vaccination, and standard immuno-
fluorescence tests were performed in a reference labora-
tory to obtain counts of CD3+, CD4+, and CD8+ T cells, 
as well as counts of CD19+ and CD20+ B cells. The cut-
off immunoglobulin levels for comparing patients with or 
without a response to the TIV were selected based on a 
previous study’s findings [12]. All patients were monitored 

for safety and adverse events, and any injection site or sys-
temic reactions during 28 days after the vaccination were 
recorded. We also evaluated patients for a new diagnosis or 
worsening of GVHD after the vaccination. Chronic GVHD 
was diagnosed using clinical and/or histological evidence, 
based on the standard criteria [19].

Definitions of the TIV response and responders

Serological response was assessed using seroconversion 
rates and seroprotection rates. Seroconversion rates were 
defined as the percentages of patients with a 4-fold increase 
in their post-vaccination titers, compared to their baseline 
titers. Seroprotection rates were defined as the percentages 
of patients with a post-vaccination titer of at least 1:40. In 
this study, “responders” were defined as patients with a 
serological response to the influenza vaccine, which was 
based on the achievement of seroconversion and/or sero-
protection for at least one influenza antigen at 28 days after 
the TIV vaccination.

Statistical analysis

Categorical data were compared using the χ2 test or Fish-
er’s exact test. Continuous data were compared using Wil-
coxon’s rank-sum test. Factors that exhibited a P value of 
<0.05 in the univariate analysis were included in the mul-
tivariate logistic regression model. All statistical analyses 
were performed using the SPSS software (version 21.0; 
SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

Twenty-seven allo-HSCT recipients (13 patients with acute 
myeloid leukemia, 12 patients with acute lymphoblastic 
leukemia, and 2 patients with myelodysplastic syndrome) 
were vaccinated between November 2013 and December 
2013. The clinical characteristics of the patients are shown 
in Table  1. The median patient age was 42  years (range 
19–60  years), and the median time from transplantation 
to vaccination was 4.3  years (range 1.0–10.1  years). Six 
patients (23%) received cord blood transplantation. Twelve 
patients (44% of all patients) had chronic GVHD at the 
vaccination. Among these patients, five patients had mild 
chronic GVHD and seven patients had moderate chronic 
GVHD. No patients had severe chronic GVHD. Seven 
patients (26%) were receiving calcineurin inhibitors at the 
vaccination (three patients received a calcineurin inhibi-
tor and mycophenolate mofetil, and four patients received 
a calcineurin inhibitor and corticosteroids). A prednisone 
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Table 1   Clinical features of 
patients vaccinated at >1 year 
after undergoing allogeneic 
hematopoietic stem cell 
transplantation (allo-HSCT)

HSCT hematopoietic stem cell transplantation, HLA human leukocyte antigen, CNI calcineurin inhibitor, 
GVHD graft-versus-host disease

No. of patients (n = 27) %

Median age at allo-HSCT, years (range) 36 years (16–56)

 <40 16 59

 40–60 11 41

 >60 0 0

Median age at vaccination, years (range) 42 years (19–60)

 <40 14 52

 40–60 12 44

 >60 1 4

Sex

 Male 15 56

 Female 12 44

Underlying disease

 Acute myeloid leukemia 13 48

 Acute lymphoblastic leukemia 12 44

 Myelodysplastic syndrome 2 8

Type of donor source

 Matched related donor 13 48

 Unrelated donor 8 30

 Cord blood transplantation 6 22

Conditioning regimen

 Myeloablative 23 85

 Nonmyeloablative 4 15

HLA matching

 Matched 19 70

 Mismatched 8 30

Relapse after allo-HSCT (before enrollment)

 Yes 3 11

 No 24 89

Additional chemotherapy after allo-HSCT (before enrollment)

 Yes 3 11

 No 24 89

Median time from allo-HSCT to vaccination, years (range) 4.3 years (1.0–10.1)

 1–2 years 5 19

 >2 years 22 81

Immunosuppression at vaccination

 CNI 7 26

 No CNI 20 74

Chronic GVHD at vaccination

 Yes 12 44

 No 15 56

Moderate chronic GVHD at vaccination

 Yes 7 26

 No 20 74

Influenza vaccination after allo-HSCT (before enrollment)

 Yes 25 93

 No 2 7

Influenza infection after allo-HSCT (before enrollment)

 Yes 1 4

 No 26 96
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dose of 5–10 mg/day was added to the calcineurin inhibi-
tor treatment for chronic GVHD. We did not detect any 
patients with uncontrollable active chronic GVHD despite 
immunosuppressant treatment. Twenty-five patients (93%) 
had already received at least one influenza vaccine after 
allo-HSCT. At the vaccination, five patients exhibited lym-
phocyte counts of <1000/μL. Eleven patients exhibited a 
CD4+ T-cell count of <500/μL, and 10 patients exhibited 
a CD8+ T-cell count of <500/μL. Three patients exhibited 
IgG levels of <4  g/L, 3 patients exhibited IgA levels of 
<0.5 g/L, and 8 patients exhibited IgM levels of <0.5 g/L.

Serological response to the TIV

Nineteen patients (70%) achieved a serological response 
(seroconversion and/or seroprotection for at least one 
influenza antigen at 28  days after the TIV vaccination). 
The seroconversion and seroprotection rates for A(H1N1), 
A(H3N2), B, and for all three influenza antigens after the 
vaccination are summarized in Table 2.

Factors associated with a serological response

The associations of the clinical and biological characteris-
tics with a low serological response are shown in Table 3. 
Low serological response to the TIV was significantly 
associated with calcineurin inhibitor treatment (P = 0.01), 
moderate chronic GVHD at the vaccination (P = 0.01), and 
IgM levels of <0.5 g/L (P = 0.002) (Table 3). The patients 
without a serological response to the TIV tended to have 
all grades of chronic GVHD at the vaccination (P = 0.09). 
The donor source for the allo-HSCT, patient age at the vac-
cination, time from allo-HCT to vaccination (1–2 years vs. 
≥2  years), lymphocyte counts, IgG levels, and IgA lev-
els were not significantly associated with the serological 
response to the vaccination. Multivariate analysis revealed 
that IgM levels of <0.5 g/L at the vaccination were an inde-
pendent predictor of a low response to the TIV at >1 year 
after the transplantation (hazard ratio 19.6; 95% confi-
dence interval: 1.16–330.8, P =  0.04) (Table 4). None of 
the patients experienced an influenza infection during the 
6 months after the vaccination.

Safety

Three patients experienced a localized reaction at the injec-
tion site. We did not observe any cases of systemic reac-
tions (e.g., myalgia, fever, headache, or fatigue). None 
of the patients showed a new diagnosis or worsening of 
chronic GVHD after the vaccination.

Discussion

Improvements in the best practices and supportive care for 
allo-HSCT recipients have contributed to better outcomes 
and an increasing number of long-term allo-HSCT sur-
vivors. However, long-term survivors who have chronic 
GVHD and/or are receiving immunosuppressive therapy 
experience delayed immune reconstitution, and influenza 
virus infection can lead to fatal complications (e.g., pneu-
monia) in these patients. Therefore, vaccination against 
influenza infection is an important method for optimizing 
the long-term outcomes after allo-HSCT. Previous stud-
ies have revealed that a shorter interval from transplanta-
tion to vaccination, rituximab administration during the 
year before vaccination, lower absolute CD19-positive cell 
counts, and the existence of active GVHD with immuno-
suppressive treatment or chronic GVHD at baseline were 
associated with a reduced response to the influenza vaccine 
[12–15]. However, 23–26.8% of the patients enrolled in 
the previous studies were vaccinated at <1 year after trans-
plantation [12, 13]. Therefore, the factors that influence 
the immunogenicity of the influenza vaccine among only 
long-term survivors have not been clearly elucidated. In the 
present study, we found that serum IgM levels of <0.5 g/L 
at the time of vaccination were a significant independent 
predictor of a lower response to TIV among long-term sur-
vivors vaccinated at >1 year after allo-HSCT.

Unfortunately, it is difficult to compare our results with 
rates of serological response to the seasonal influenza vac-
cine from previous reports, based on differences in the defi-
nition of “response” and the use of different vaccine types 
(e.g., different strains of the influenza virus and adjuvant 
or no adjuvant) and administered doses (one dose vs. two 

Table 2   Response to the vaccination for each influenza antigen and for all three influenza antigens

A/California/7/2009 (H1N1) A/Texas/50/2012 (H3N2) B/Massachusetts/02/2012 All antigens

Seroconversion rate 37.0% (10/27) 44.4% (12/27) 7.4% (2/27) 3.7% (1/27)

Seroprotection rate 59.3% (16/27) 59.3% (16/27) 14.8% (4/27) 14.8% (4/27)
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Table 3   Clinical features among patients vaccinated at >1 year after undergoing allogeneic hematopoietic stem cell transplantation (allo-HSCT) 
according to the immune response

Respondera (n = 19) Non-responder (n = 8) P value

No. of patients (%) Median (range) No. of patients (%) Median (range)

No. of patients 19 (70) 8 (30)

Age at allo-HSCT, years (range) 36 (20–56) 41 (16–56) 0.82

Age at vaccination, years (range) 42 (24–58) 46 (19–60) 0.67

 <50 years 15 (79) 4 (50) 0.18

 ≥50 years 4 (21) 4 (50)

Sex 0.4

 Male 12 (63) 5 (63)

 Female 7 (37) 3 (37)

Donor source 0.32

 Bone marrow or peripheral blood stem cells 16 (84) 5 (63)

 Cord blood 3 (16) 3 (37)

Conditioning regimen 0.56

 Myeloablative 17 (89) 6 (75)

 Nonmyeloablative 2 (11) 2 (25)

TBI (Gy) 0.56

 12 17 (89) 6 (75)

 0–4 2 (11) 2 (25)

HLA matching 0.18

 Matched 15 (79) 4 (50)

 Mismatched 4 (21) 4 (50)

Median time from allo-HSCT to vaccination, years 
(range)

4.44 (1.07–8.03) 3.43 (1.01–10.06) 0.94

Time from allo-HCT to vaccination 1

 1–2 years 4 (21) 1 (13)

 >2 years 15 (79) 7 (87)

Calcineurin inhibitor at vaccination 0.01

 CNI 2 (11) 5 (63)

 No CNI 17 (89) 3 (37)

Chronic GVHD at vaccination 0.09

 Yes 6 (32) 6 (75)

 No 13 (68) 2 (25)

Moderate chronic GVHD at vaccination 0.01

 Yes 2 (11) 5 (63)

 No 17 (89) 3 (37)

Total lymphocytes 2295 (697–5212) 1742 (392–3392) 0.14

 <1000/μL 2 (11) 3 (37)

 ≥1000/μL 17 (89) 5 (63)

CD3+ lymphocytes 1212 (364–2952) 1254 (291–2349) 0.32

 <500/μL 3 (16) 3 (37)

 ≥500/μL 16 (84) 5 (63)

CD4+ lymphocytes 632 (172–1173) 474 (90–1254) 0.68

 <500/μL 7 (37) 4 (50)

 ≥500/μL 12 (63) 4 (50)

CD8+ lymphocytes 817 (214–2205) 672 (155–1900) 1

 <500/μL 7 (37) 3 (37)

 ≥500/μL 12 (63) 5 (73)

CD20+ lymphocytes 371 (38–1069) 60 (1.8–641) 0.15
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doses or standard dose vs. high dose). Issa et  al. recently 
assessed the response rates after one dose of an unadju-
vanted H1N1 influenza vaccine, based on the percentages 
of patients with a post-vaccination titer of at least 1:40 
(seroprotection rate) [13]. In that study, the response rate 
was 51.2% among all patients, compared to 38.7 and 69% 
among patients vaccinated at 1–2 years and >2 years after 
allo-HSCT, respectively. We observed similar seropro-
tective rates for the H1N1 antigen among all patients and 
patients vaccinated at >2 years after allo-HSCT (59.3 and 
54.5%, respectively). However, our seroprotective rate for 
the H1N1 antigen was noticeably higher for patients vacci-
nated at 1–2 years after allo-HSCT, compared to that from 
Issa et  al.’s study (80 vs. 38.7%) [13]. This discrepancy 
may be related to the relatively small proportion of patients 

vaccinated at 1–2  years after allo-HSCT in the present 
study (19.0 vs. 37.8% in Issa et al.’s study).

We observed that serum IgM levels of <0.5  g/L were a 
significant predictor of a poor serological response to the 
influenza vaccine among patients vaccinated at >1 year after 
allo-HSCT. Given that the data regarding IgM levels are eas-
ily accessible in the clinical setting, this marker may help pre-
dict individual patients’ immune responses to the influenza 
vaccine. Interestingly, serum IgG and IgA levels were not 
associated with the response rate to the vaccine in the present 
study. Mohty et al. reported a significant relationship between 
serum immunoglobulin levels and a serological response 
in their univariate analysis [12], as well as a trend towards a 
lower response rate among patients with serum IgM levels of 
<0.5  g/L in their multivariate analysis; these results support 

Table 3   continued

Respondera (n = 19) Non-responder (n = 8) P value

No. of patients (%) Median (range) No. of patients (%) Median (range)

 <200/μL 3 (19) 4 (67)

 ≥200/μL 13 (81) 2 (33)

CD19+ lymphocytes 284 (42–1180) 166 (0.9–763) 0.15

 <200/μL 3 (19) 4 (67)

 ≥200/μL 13 (81) 2 (33)

Serum creatinine levels, mg/dL 0.97 (0.73–1.81) 1.24 (0.65–3.01) 0.16

Serum albumin levels, g/dL 4.3 (3.2–4.7) 4.2 (3.6–4.8) 0.36

Serum IgG levels, g/L 11.33 (3.63–24.11) 8.89 (4.74–16.64) 0.2

 <4 g/L 1 (5) 0 (0)

 ≥4 g/L 18 (95) 8 (100)

Serum IgA levels, g/L 1.4 (0.45–3.0) 1.3 (0.05–1.74) 0.2

 <0.5 g/L 1 (5) 2 (25)

 ≥0.5 g/L 18 (95) 6 (75)

Serum IgM levels, g/L 0.99 (0.38–2.9) 0.32 (0.05–1.82) 0.002

 <0.5 g/L 2 (11) 6 (75)

 ≥0.5 g/L 17 (89) 2 (25)

TBI total body irradiation, HLA human leukocyte antigen, HCT hematopoietic stem cell transplantation, CNI calcineurin inhibitor, GVHD graft-
versus-host disease, CD cluster of differentiation, Ig immunoglobulin
a  Responders were defined as patients who achieved seroconversion and/or seroprotection for at least one influenza antigen

Table 4   Predictors of a low immune response among patients vaccinated at >1 year after undergoing allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT)

TIV trivalent inactivated influenza vaccine, CI confidence interval, CNI calcineurin inhibitor, GVHD graft-versus-host disease, Ig immunoglobu-
lin

Factors affecting low immune response to the TIV Univariate analysis Multivariate analysis

P value Hazard ratio 95% CI P value

Administration of CNI at vaccination 0.01 8.72 0.36–211.7 0.18

Moderate chronic GVHD at vaccination 0.01 0.45 0.01–18.8 0.67

Serum IgM levels of <0.5 g/L at vaccination 0.002 19.6 1.16–330.8 0.04
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the findings of the present study. In this context, circulating 
B-cell counts reach their normal levels at 1–2 years after allo-
HSCT [20], donor B cells initially emerge with a naïve phe-
notype (IgM+ and IgD+), and memory B cells can take up to 
5 years to mature [21, 22]. IgM levels typically recover during 
the first 2–6 months, while IgG levels become normalized at 
3–18 months after allo-HSCT, and the reconstitution of IgA 
may be delayed for up to 3 years [23, 24]. Furthermore, most 
B cells produce IgM, rather than IgG or IgA, during the first 
2 years after allo-HSCT [25]. On the other hand, serum IgG 
levels may also reflect production from long-lived host plasma 
cells, which can persist for up to 2  years because of their 
resistance to the preparative regimen and radiation [26, 27], 
and IgG levels may not be correlated with B-cell reconstitu-
tion after allo-HSCT. Based on these factors, and the findings 
of the present study, lower serum IgM levels at the vaccination 
may be a more accurate marker of B-cell reconstitution after 
allo-HSCT, compared to serum levels of IgG or IgA.

The present study also revealed that moderate chronic 
GVHD and concurrent calcineurin inhibitor therapy were 
associated with a lower serological response in the univariate 
analysis, although we did not observe any significant associ-
ations in the multivariate analysis. In contrast, previous stud-
ies have reported that these factors influenced immunogenic-
ity after vaccination among allo-HSCT recipients [9, 12, 
15, 28]. This relationship remains plausible, as these factors 
could be attributed to the prolonged reconstitution of B cells. 
This difference may also be related to the small sample size 
and absence of severe chronic GVHD in the present study, 
which could limit the accuracy of our analysis. For example, 
the number of patients with moderate/severe chronic GVHD 
and immunosuppressive treatment may affect the appar-
ent response to the TIV. Additional large-scale studies are 
needed to clarify the relationship between these factors and 
the immunogenicity of the influenza vaccine.

Various strategies have been considered to enhance 
immunogenicity after vaccination among allo-HSCT recip-
ients. Although several investigators have evaluated a two-
dose influenza vaccine with an adjuvant among allo-HSCT 
recipients, this approach remains controversial [12, 28, 29]. 
Nevertheless, guidelines from the collaboration of several 
international organizations suggest that two doses of the 
influenza vaccine could be contemplated if the vaccine is 
administered at <6  months after allo-HSCT [30]. In con-
trast, Halasa et  al. have recently reported that allo-HSCT 
recipients achieved a better immunogenicity after receiv-
ing a high-dose TIV, compared to the standard vaccination 
[31]. However, the clinical efficacies of these novel strate-
gies might not be conclusive, based on the small number 
of enrolled patients. Therefore, large randomized trials are 
needed to confirm the efficacies of theses novel strategies.

This study has several limitations. First, as previously 
described, the small sample size may limit the accuracy of 

our analysis. The effect of chronic GVHD on the appar-
ent immunogenicity of the vaccine might also have been 
stronger if the cohort was larger and included more patients 
with moderate or severe chronic GVHD. In addition, the 
median time from allo-HSCT to vaccination was very long, 
with only five patients being vaccinated at 1–2 years. Fur-
thermore, only one patient was >60  years at vaccination 
and majority of patients (93%) had already received at least 
one influenza vaccine after allo-HSCT. Thus, these patients’ 
characteristics could have introduced unrecognized bias 
that might have influenced the TIV response rates. Sec-
ond, as with previous studies, we included patients who 
received a transplant from various stem cell sources. How-
ever, because immune reconstitution after allo-HSCT and 
response to the vaccine might vary according to the stem 
cell source, further studies are needed to identify any 
source-specific differences. Third, the existing studies 
(including ours) have only evaluated responses to the influ-
enza vaccine using the humoral response to one or more 
vaccine strains at various endpoints. However, no studies 
have focused on vaccine efficacy among allo-HSCT recipi-
ents. Therefore, we should clarify the vaccine’s effects on 
the incidences of influenza infection, morbidity, and mor-
tality in clinical trials.

In conclusion, our study revealed that low serum IgM 
levels at the vaccination were associated with a poor sero-
logical response to the TIV among long-term survivors vac-
cinated at >1 year after transplantation. Despite the study’s 
limitations, our findings suggest that serum IgM levels may 
be a clinically useful predictor of immune response, given 
that these data are easily accessed, even in the outpatient 
setting. However, additional steps are needed to improve 
the immunogenicity of the influenza vaccine, and other 
effective approaches are needed to optimize the vaccine-
specific immune response among long-term allo-HSCT 
survivors who have low serum IgM levels.
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