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Immune Response to 2009 Pandemic H1N1 Influenza Virus A
Monovalent Vaccine in Children With Cancer
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Purpose. This study investigated the immune response to 2009
pandemic H1NT1 influenza monovalent vaccine in children with
cancer receiving chemotherapy. Methods. We enrolled 25 pediatric
patients. Ten patients younger than 10 years old received two vac-
cinations and the remaining 15 patients older than 10 years old
received one. We checked hemagglutination-inhibition (HAI) anti-
body titers in sera of patients before and 3-4 weeks after vaccina-
tion. Seroprotective titer was defined as HAI antibody titer >40 and
seroresponse as >4-fold increase in HAI antibody titers after vacci-
nation. Results. The pre- and post-vaccination seroprotective rates
were 52% and 72% (P = 0.24). Sixteen (64%) patients were
possibly exposed to 2009 pandemic H1NT1 influenza previously,
and there was significant association between possible exposure
and pre-vaccination seroprotective rate (P = 0.03). Post-vaccina-
tion seroresponse rate was 32%, and seroresponse was greater in
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patients without pre-vaccination seroprotective titer than those with
pre-vaccination seroprotective titer (50% vs. 15%, P = 0.07). Chil-
dren with lymphocyte counts above 1,500/p! during vaccination
period had better seroresponse than those with lymphocyte counts
below 1,500/l (P = 0.008). Post-vaccination geometric mean titer
(GMT) significantly increased in patients younger than 10 years
receiving two vaccinations (pre- and post-vaccination GMT were
21.4 and 60.6, respectively; P = 0.025). Conclusions. Monovalent
vaccine for the 2009 pandemic HINT1 influenza A was found to be
partially immunogenic in children with cancer, as evidenced by
32% of seroresponse rate. Immune response can be improved with
vaccinations administered to patients whose absolute lymphocyte
counts returned to a level of 1,500/l or higher. Pediatr Blood
Cancer © 2011 Wiley-Liss, Inc.

INTRODUCTION

The pandemic influenza virus A (2009 HIN1), which was first
identified on April 2009 in California and in Mexico, has caused
significant morbidity and mortality around the world. In most
individuals, infection results in influenza-like symptoms and
usually runs a benign course [1]; however, in those with comor-
bidities such as cancer or other chronic diseases, influenza infec-
tions can cause serious clinical complications [1-4], including
death [5,6]. Prolonged influenza infection or severe influenza-
related complications in children being treated for cancer can
force an interruption in chemotherapy [7—-10], which can increase
the risk of death from cancer [9,11]. The primary strategy
of preventing such complications is the use of influenza
vaccinations.

The American Academy of Pediatrics and the Advisory Com-
mittee on Immunization Practices recommends influenza vacci-
nations for all children 6 months old or older, especially those at
high risk of influenza complications (e.g., children with chronic
medical conditions such as asthma, diabetes, morbid obesity,
immunosuppression, or neurologic disorders) [12,13]. Despite
these recommendations, the immunization rate in high-risk
children remains low. For example, it has been reported that only
about 65-69% of pediatric oncologists routinely recommend
yearly influenza vaccinations for children being treated for cancer
[14]. They may be reluctant to prescribe such a vaccination
because research has not found conclusive evidence regarding
the effectiveness of influenza immunization in children with can-
cer. Some studies have reported adequate responses [15-23] but
others only revealed limited results [24-31]. In addition, few
studies investigated the immune response and safety of mono-
valent-inactivated vaccine for the pandemic influenza virus A
(2009 HINI1) for children with cancer. This prospective study
evaluates the immune response and safety of 2009 pandemic
influenza virus A (HIN1) monovalent-inactivated vaccine in
children receiving chemotherapy for cancer.
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METHODS
Study Design

We enrolled 6-month to 18-year-old children who received
chemotherapy for cancer at National Taiwan University Hospital
from December 2009 to January 2010. We excluded children with
a previous history of monovalent 2009 pandemic influenza A
vaccination, confirmed diagnosis of the pandemic influenza A
(2009 HIN1) virus infection prior to the vaccination, and past
history of allergy to eggs or egg products as well as those who
were receiving other vaccines during the study period. The pro-
tocol for this study was approved by Institutional Review Board
of National Taiwan University Hospital. Written consent was
given by parents or guardians of each child.

Vaccine and Schedule

All children were vaccinated with monovalent-inactivated
influenza vaccine for 2009 pandemic influenza virus A (A/
California/7/2009 (H1N1)v like strain) according to the guidelines
of Taiwan’s Advisory Committee on Immunization Practices and
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recommendations by the World Health Organization. Children
over 1-year-old received one of monovalent-inactivated influenza
vaccine for 2009 pandemic influenza virus A (AdimFlu-S,
Adimmune, Taichung, Taiwan) and those between 6 and
12 months old received another monovalent-inactivated influenza
vaccine for 2009 pandemic influenza virus A (Focetria, Novartis,
Basel, Switzerland).

All children received the vaccine intramuscularly. Children
<36 months received the vaccine in two doses (0.25 ml with
7.5 pg of hemaglutinin antigen) administered 3—4 weeks apart.
Children 36 months old to 10 years old received two doses
(0.5 ml with 15 pg of hemaglutinin antigen) 3—4 weeks apart.
Children over 10 years old received one dose (0.5 ml).

Sample Collection and Serological Analysis

Once informed consent had been given, we took a 3 ml blood
sample from each participant via peripheral vein before they were
vaccinated and took another 3—4 weeks afterwards. Blood was
centrifuged to separate serum, which was immediately frozen and
stored at —80°C until laboratory measurement of hemagglutina-
tion-inhibition (HAI) antibody titers to the 2009 pandemic HIN1.
All paired sera were tested in duplicate on the same day using
identical reagents. Seroprotective was defined as having a HAI
antibody titer >40 and seroresponse was defined as having a
fourfold or greater increase in HAI antibody titers post-
vaccination.

Adverse Reactions and Medical Conditions

We collected each patient’s demographic data, laboratory data
and basic characteristics for the year before he or she was enrolled
in the study. We checked complete blood cell count of all the
patients just before vaccination of 2009 pandemic HINI influ-
enza. Then, they received complete blood cell count follow-up at
least once every other week till the end of final blood collection
for HAI titer. The vaccination follow-up period was defined as the
period from vaccination to the final blood collection for serologic
study. Neutropenia was defined as having an absolute neutrophil
count <1,500/pl, and lymphopenia as having absolute lympho-
cyte count <1,500/pl. We monitored possible vaccine-related
adverse events by telephone follow-up or by checking a diary
kept by the parents, who were requested to record daily body
temperatures and any local or systemic reactions for 7 days after
each vaccination.

Statistical Analysis

Results were measured in geometric mean titers (GMTs).
Immune responses were log transformed. Pre- and post-vaccina-
tion (paired samples) comparisons were analyzed using the
Wilcoxon-signed ranks test. Comparisons of proportions were
analyzed by Fisher’s exact test or Mantel-Haenszel chi-square
test. A P-value below 0.05 was considered significant. All stat-
istical operations were performed using Statistical Package for
Social Sciences (SPSS version 16.0).

RESULTS
Demographic Characteristics

Twenty-five cancer patients (19 males and 6 females) com-
pleted the study. Their mean age was 10.3 £ 4.8 years (median
11.3 years; range 0.5-17.8 years). The underlying diseases were
leukemia (11 patients), lymphoma (4), solid cancer (9), and severe
aplastic anemia (1). Ten patients were younger than 10 years old
and received two vaccinations; the remaining 15 were older than
10 years and received one vaccination. All 25 patients received
chemotherapy within 6 months before enrolled to the study.
Twenty-one (84%) of the 25 patients had received chemotherapy
within 1 month before vaccination, and 16 (64%) continued to
receive the scheduled chemotherapy after the vaccination. At the
time of vaccination, 9 patients were found to have neutropenia
and 18 had lymphopenia. During the vaccination follow-up
period, 17 patients had experienced at least one neutropenia
episode, and 22 patients ever had lymphopenia episodes.

Seroprotective and Seroresponse Rates

As shown in Table I, which summarizes the pre-vaccination
seroprotective, post-vaccination seroprotective, and seroresponse
rates, we found no significant differences between pre- and post-
vaccination seroprotective rates. The numbers of children with
pre-vaccination seroprotective titers in both age groups were
similar [5/10 (50%) and 8/15 (53%) for those younger than
10 years old and those older than 10 years old, respectively,
P =0.81].

Because pre-vaccination seroprotective rate was relatively high
(52%), we analyzed the possible factors associated with pre-
vaccination seroprotective titer are presented in Table II. Sixteen
patients had been possibly exposed to the 2009 pandemic HIN1

TABLE 1. Pre- and Post-Vaccination Seroprotective Rate and Post-Vaccination Rate in Patients

With Cancer Receiving Chemotherapy

Pre-vaccination (N, %) Post-vaccination (N, %) P-value®

Seroprotective rate

Age <10 years (N = 10) 5 (50%) 6 (60%) 1

Age >10 years (N = 15) 8 (53%) 12 (80%) 0.24

Total (N = 25) 13 (52%) 18 (72%) 0.24
Seroresponse rate

Age <10 years (N = 10) 4 (40%)

Age >10 years (N = 15) 4 (27%)

Total (N = 25) 8 (32%)

N, number. “Comparisons of pre- and post-vaccination seroprotective rate patients were performed using

Fisher’s exact test.
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TABLE II. Factors Associated With Pre-Vaccination Seroprotective Titer in Patients With Cancer Receiving Chemotherapy

Factors Seroprotective (N = 13) Non-seroprotective (N = 12) OR (95% CI) P-value®
Male 10 (77%) 9 (75%) 1.11 (0.18-6.99) 0.91
Age > 10 years old 8 (62%) 7 (58%) 1.14 (0.23-5.68) 0.87
Previous seasonal influenza vaccine 3 (23%) 3 (25%) 0.90 (0.14-5.65) 0.91
Blood transfusion” 8 (62%) 8 (67%) 0.80 (0.164.12) 0.79
Possible exposure history® 10 (77%) 4 (33%) 6.67 (1.14-38.46) 0.03
Baseline ANC >1,500/pl 8 (62%) 8 (67%) 0.80 (0.164.12) 0.79
Baseline ALC >1,500/pl 1 (8%) 5 (42%) 0.25 (0.04-1.69) 0.16
Chemotherapy >30 daysd 3(23%) 1 (8%) 3.30 (0.29-37.04) 0.33

N, number; CI, confidence interval; OR, odds ratio; ANC, absolute neutrophil count; ALC, absolute lymphocyte count. “Comparisons of
seroprotective and non-seroprotective patients were performed using Mantel-Haenszel chi-square test. "Received blood component therapy
within 1 year before vaccination. Previous possible exposure history to pandemic influenza A (2009 HIN1) virus. “The duration between the

last chemotherapy and vaccination more than 30 days.

influenza virus prior to the vaccination, and prior exposure was
significantly associated with pre-vaccination seroprotective rate
(P = 0.03). Gender, age, previous seasonal influenza vaccination,
blood component therapy, baseline absolute neutrophil count,
baseline absolute lymphocyte count, and the timing of last chemo-
therapy did not predict pre-vaccination seroprotective rate.

The seroresponse rate was 32% in patients receiving chemo-
therapy (Table I). For those patients without pre-vaccination sero-
protective antibody titers, the post-vaccination seroresponse was
higher than those patients with pre-vaccination seroprotective
antibody titers >40 [6/12 (50%) vs. 2/13 (15%), respectively,
P = 0.07]. Analyzing factors associated with seroresponse
(Table III), we found a significant association between having
an absolute lymphocyte count of more than 1,500/p1 during the
vaccination follow-up period and seroresponse (P = 0.008).
However, we failed to look for the association between serores-
ponse and absolute lymphocyte count above 1,000/l or above
500/pl. There was a borderline negative association between pre-
vaccination positive seroprotectivity and seroresponse (P = 0.07).
Other factors, including gender, age, previous seasonal influenza
vaccination, blood component therapy, absolute neutrophil count,
the timing or the type of chemotherapy, and underlying cancer
type were not significantly associated with seroresponse, and this
may be limited due to our small sample size.

Table IV shows the pre- and post-vaccination GMT for the
2009 HINT influenza virus. In children younger than 10 years old

who had received two vaccinations, the post-vaccination GMT
was significantly higher than pre-vaccination GMT (P = 0.025).
However, there was no significant difference between the pre- and
post-vaccination GMTs of patients older than 10 years old, who
had received only one vaccination (P = 0.53).

Adverse Reactions

The parents of all 25 patients completed the diaries reporting
possible adverse reactions for 7 days after vaccination. The
vaccine was found to be well tolerated in all patients. No patients
reported tympanic temperature over 38°C. Only two patients
reported mild adverse events, one complaining of a non-painful,
non-itching, maculopapular rash 1 day after the vaccination and
the other complaining of soreness at the injection site for 2 days.

DISCUSSION

This study is to investigate the efficacy and safety of the
monovalent-inactivated vaccine for 2009 pandemic influenza
virus A in cancer children receiving current chemotherapy. The
vaccine was well tolerated but with limited seroresponse rate
(32%), and this was similar to the result of a study for an
ASO3g-adjuvanted 2009 pandemic influenza A vaccine in chil-
dren with cancer [32]. Recent studies have reported that the
immune response for influenza in vaccinated children with

TABLE III. Factors Associated With Seroresponse in Patients With Cancer Receiving Chemotherapy

Factors Seroresponse (N = 8) Non-seroresponse (N = 17) OR (95% CI) P-value®
Male 5 (63%) 14 (82%) 0.36 (0.05-2.39) 0.29
Age > 10 years old 4 (50%) 11 (65%) 0.55 (0.10-3.00) 0.49
Previous seasonal influenza vaccine 1 (13%) 5 (29%) 0.34 (0.03-3.56) 0.37
Pre-vaccination seroprotective cases 2 (25%) 11 (65%) 0.18 (0.03-1.20) 0.07
Blood transfusion® 3 (38%) 7 (58%) 0.86 (0.15-4.81) 0.86
ANC >1,500 cells/pl® 4 (50%) 4 (24%) 3.25 (0.55-19.23) 0.19
ALC >1,500 cells/pl? 3 (38%) 0 (0%) NA 0.008
Chemotherapy >30 days® 2 (25%) 2 (12%) 2.50 (0.28-22.22) 0.41
Solid tumor 3 (38%) 6 (35%) 1.10 (0.19-6.29) 0.91

N, number; CI, confidence interval; OR, odds ratio; ANC, absolute neutrophil count; ALC, absolute lymphocyte count. *P-values were from
analysis of comparisons of seroresponse and non-seroresponse patients and were performed using Mantel-Haenszel chi-square test. "Received
blood component therapy after vaccination. ANC maintain more than 1,500 cells/pl during vaccination follow-up period. ALC maintain more
than 1,500 cells/wl during vaccination follow-up period. “The duration between the last chemotherapy and vaccination more than 30 days.
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TABLE IV. Comparison of Pre- and Post-Vaccination GMTs to Both Age Groups (>10 Years Old and <10 Years Old) Following

Vaccination in Patients With Cancer Receiving Chemotherapy

Pre-vaccination (GMT, 95% CI) Post-vaccination (GMT, 95% CI) P-value®
>10 years old with one dose vaccine (N = 15) 40.0 (20.6-77.6) 57.9 (34.7-96.5) 0.53
<10 years old with two dose vaccine (N = 10) 21.4 (12.3-37.3) 60.6 (26.2-140.4) 0.025
Total patients (N = 25) 31.2 (19.6-49.5) 59.0 (37.8-92.0) 0.04

N, number; GMT, geometric mean titer; CI, confidence interval. *P-values were from comparisons of pre- and post-vaccination GMT (paired

samples) and were performed using the Wilcoxon-signed rank test.

different malignancies to be weaker than healthy controls
[21-23,30,33-35]. While two studies of influenza-immunized
children with acute lymphoblastic leukemia reported significant
seroconversion [19,20], most of the patients they studied had
completed chemotherapy. Three studies have also found that
oncology patients who had completed chemotherapy to have bet-
ter response to influenza vaccine than those actively receiving
chemotherapy treatment [25,27,34]. The majority of our patients
were still receiving chemotherapy during study period, and the
limited seroresponse was expected.

There have been many recommendations regarding the ideal
timing of vaccination, including 1 month after completion of
chemotherapy, after the peripheral WBC count recovers to a level
>1,000/pl [27,36], 2 months after completion of chemotherapy
[24], or early in the treatment course for acute lymphocytic leu-
kemia patients [31]. In our study, we could not look for any
association between timing of vaccination after completion of
chemotherapy and the immune response because most of our
patients were still receiving active chemotherapy. Bate et al.
[32] reported that lymphopenia (lymphocyte count <1,000/l)
did not influence the seroconversion rate of pandemic (HINI1)
2009 vaccine. However, we did find a significant association
between maintaining a lymphocyte count of more than 1,500/l
during vaccination follow-up period and improved seroresponse
(P = 0.008), suggesting that immunization is best indicated when
a patients’ absolute lymphocyte count returns to a level higher
than 1,500/l

Many reports suggest that a two-dose influenza vaccination
series produces a better immune response than a one-dose series
for oncology patients receiving chemotherapy in a variety of
populations and disease types [17,21,23,25,28,34,37,38], though
one small but well-designed randomized study failed to show such
a difference [39]. In our study, the GMT was found to be signifi-
cantly increased in patients younger than 10 years, who received
two doses of vaccination (pre- and post-vaccination GMT were
21.4 and 60.6, respectively, P = 0.025) but there was no signifi-
cant difference between the pre- and post-vaccination GMTs of
patients older than 10 years old, who had received only one
vaccination (P = 0.53). However, these results should be con-
sidered with caution due to the small number of cases we studied
in this investigation. Larger studies are needed to confirm such
findings before definite recommendations can be made about the
number of doses that should be administered to children receiving
chemotherapy for cancer.

It is clear that children with cancer have an increased suscepti-
bility to influenza infection [21]. The pre-vaccination seroprotec-
tive rate is relatively high (52%, 13/25) in our patients, and it may
limit the ability to detect seroresponse. We reviewed the medical
history up to 1 year prior to the vaccination and found that 10 of

Pediatr Blood Cancer DOI 10.1002/pbc

13 (77%) patients with positive pre-vaccination seroprotective
response had possibly been exposed to 2009 pandemic
HIN1 influenza virus before they received their vaccinations
(P = 0.03). For those patients without pre-vaccination seropro-
tective antibody titers, the post-vaccination seroresponse was 50%
(6/12). However, the post-vaccination seroresponse was only 15%
(2/13) for those patients with pre-vaccination seroprotective
antibody titers >40 (P = 0.07). This suggests that the primary
vaccination seroresponse seems to be better than the booster
responses after possibly prior natural infection.

This study has several limitations. First, the study sample size
was small. A larger sample size might have shown greater differ-
ences between groups. Second, we had no control group in this
study, making impossible to confirm comparisons of immune
responses to vaccinations in cancer patients and healthy ones.
However, our group reported that healthy children had a good
seroresponse (about 90%) to the 2009 pandemic HIN1 vaccine
[40]. Third, our study group consisted mostly of boys, though
gender did not appear to influence immune response to vaccina-
tion. Furthermore, we did not administer two-dose vaccinations to
children above the age of 10 years old, which might have begun
an evaluation of the efficacy of increasing the number of doses to
two in older children. Finally, because most of the patients in our
study were still receiving chemotherapy during vaccination
period, we could not evaluate the immunogenicity of vaccination
in patients who had completed the chemotherapy for certain
period.

In conclusion, this study found monovalent vaccine for the
2009 pandemic influenza virus A (HIN1) to be well tolerated in
children receiving chemotherapy for cancer, but we found
immune response in these children to be limited. Vaccinating
these children after the absolute lymphocyte count returned to
more than 1,500/pl may improve seroresponse, and the serores-
ponse was greater in patients that did not have pre-vaccination
seroprotective titer. Therefore, we suggest that cancer children
receiving chemotherapy should receive influenza vaccination as
early as possible and we also recommend their household mem-
bers and hospital staff members to receive annual influenza vac-
cination to better protect immunocompromised children. Further
randomized control trials with larger sample sizes may be per-
formed to test the immunogenicity of vaccination in children with
cancer and resolve the questions about the optimal timing and
number of doses of the vaccine to achieve better seroresponse.
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