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Abstract. The immune response to influenza vaccination 
in children with cancer is controversial. The objective of 
this study was to characterize the cellular and humoral 
immune responses to an influenza vaccine in children with 
cancer who were receiving chemotherapy. In this study, 
children with cancer, who were not previously immunized, 
received an influenza vaccine via intramuscular injec-
tion. Blood samples were obtained prior to and at 4 weeks 
after immunization. Antibodies were measured using a 
hemagglutination inhibition (HI) assay. Cell-mediated 
immunity was measured by specific lymphoproliferation with 
3H-thymidine incorporation and by measuring cell frequen-
cies following staining with monoclonal antibodies (CD8, 
CD4, CD19, CD45RA and CD27) using flow cytometry 
following incubation with the influenza antigen for 5 days. 
Geometric mean titers (GMT), mean counts per minute 
(cpm), cell frequencies prior to and following vaccination 
and percentage patient responses were compared using the  
Mann-Whitney non-parametric U and Chi-square tests; where 
p<0.05 was considered to indicate a statistically significant 
result. A total of 56 children were included. Their mean age 
was 6.64±3.61 years. Acute lymphoblastic leukemia (ALL) 
was diagnosed in 75, solid tumors in 23 and lymphoma in 2% 
of the children. Subjects with titers ≥40 hemagglutination units 
(HU) increased from 43% prior to vaccination to 73% following 
vaccination (p=0.01), whereas the GMT increased from 31.35 
[95% confidence interval (CI), 29-111] to 143.45 HU (95% CI, 

284-640) following vaccination (p<0.001). An increase in 
CD45RA expression in CD8+ T cells was observed following 
vaccination (p=0.01). An increase in CD27 expression was 
observed in the CD4/8-negative cell population stimulated 
with the influenza antigen following vaccination (p<0.05). 
No serious adverse effects were observed. An increase in the 
seropositivity rate and GMT values following influenza vacci-
nation were also observed. Influenza immunization was well 
tolerated among these children with cancer and increased the 
humoral and cellular immune responses with the activation of 
probable lymphoid precursors.

Introduction

The influenza virus is a pathogen that causes respiratory 
disease in humans and has the potential to cause epidemics 
and pandemics (1). During the 1918 pandemic, 40-50 million 
individuals succumbed to the disease globally  (2). During 
the 2009 pandemic, 17,483 mortalities were reported to the 
World Health Organization with an estimate of 200 million 
H1N1 influenza cases worldwide for December 2010 (3). In 
the United States, influenza is more frequent in winter and is 
associated with 36,000 mortalities annually (4). In Mexico, 
influenza has been associated with 7-12% of respiratory infec-
tions in certain areas (5,6).

Influenza infection is characterized by sudden respiratory 
symptoms (fever, myalgia, headache, coughing, pharyngeal 
aching and rhinitis) (7). The uncomplicated disease improves 
within 3-7 days. However, in certain individuals with risk 
factors, complications may present including viral pneumonia, 
secondary bacterial infections or coinfections, sepsis and even 
mortality. In young children, influenza infection may present 
as sepsis with a high fever (8). The risk factors include pneu-
mopathy, cardiopathy and an immunocompromised state that 
may be observed among patients with cancer or human immu-
nodeficiency virus (HIV) and steroid recipients (4,9-16).

Chemotherapy inhibits the ability of the immune system to 
develop an immune response to invading pathogens via vacci-
nation or incidental exposure and acts by suppressing bone 
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marrow production and decreasing the vital components of the 
immune system (17). There is controversy with regard to the 
humoral immune response to influenza vaccination in children 
with cancer who are receiving chemotherapy. Certain authors 
have reported an effective antibody response in such children, 
albeit at a lower proportion than among healthy individuals, 
especially when receiving chemotherapy at the moment of 
vaccination (18,19).

Certain studies have suggested that cellular immunity to 
an influenza vaccine is a useful predictor of protection against 
disease in the elderly (20). The cellular immune response to 
an influenza vaccine has been described as the expansion of 
CD8+ and CD4+ T lymphocytes with surface markers that clas-
sify them as effector or memory T cells based on the surface 
markers CD62L and CD45RA  (21-24); other molecules, 
including CD27, are costimulatory and indicate activation (25). 
These surface markers have yet to be characterized in children 
with cancer who are receiving chemotherapy and who have 
been immunized with an influenza vaccine. The objective 
of this study was to characterize the cellular and humoral 
immune responses to influenza vaccination among children 
with cancer who are receiving chemotherapy.

Materials and methods

Ethics. This study was a prospective, quasi-experimental, 
comparative clinical trial with auto controls. The study 
was approved by the Institutional Review Board of the 
Hospital Infantil de México Federico Gómez (Mexico City, 
Mexico; HIM/2007/025) and the School of Medicine of the 
Universidad Nacional Autónoma de México (Mexico City, 
Mexico; 19-2007). Informed consent forms were signed by the 
parents or guardians of all the study participants. The study 
was conducted following the Good Clinical Practice and the 
International Conference of Harmonization standards.

Study population. The patients included in the study were 
56  individuals with cancer who were aged 2-16 years and 
were receiving chemotherapy at the Oncology Department 
of the Hospital Infantil de México Federico Gómez, Mexico. 
Exclusion criteria were an allergy to egg protein, thrombocyto-
penia or the lack of a follow-up blood collection. The subjects 
received the inactivated trivalent influenza vaccine prior to 
chemotherapy administration. No participant had a history 
of influenza vaccination. Blood samples were obtained prior 
to and at 4 weeks after vaccination for humoral and cellular 
assays. The clinical symptoms were assessed over 14 days and 
on day 30.

Influenza vaccine and vaccine administration. Inactivated 
trivalent Vaxigrip vaccine (Sanofi Pasteur, Paris, France), 
containing 15 µg of hemagglutinin protein for each virus [A/
New Caledonia/20/99 (H1N1), A/Wisconsin/67/2005 (H3N2) 
and B/Malaysia/2560/2004] was used for the winter season 
of 2006-2007. Fluarix vaccine (GlaxoSmithKline, Mexico) 
containing 15 µg of hemagglutinin protein for each virus 
[A/Solomon Islands/3/2006 (H1N1), A/Wisconsin/67/2005 
(H3N2) and B/Malaysia/2560/2004] was used for the winter 
season of 2007-2008. The vaccine was administered intra
muscularly over the deltoid area of the left arm.

Influenza antibody assay. IgG anti-influenza antibodies were 
detected by the hemagglutination inhibition (HI) technique. 
Briefly, the serum was separated by centrifugation and frozen 
at -70˚C until tested in parallel. Aliquots of serum (50 µl) 
treated with enzyme-destroying receptor overnight in several 
dilutions were placed in duplicate 24-well plates. A concentra-
tion of 8 hemagglutination units (HU) for each virus (A H1N1, 
A H3N2 and B) was added for 30 min. A 0.85% suspension of 
turkey erythrocytes was added for 20 min until inhibition of 
hemagglutination was observed. A titer of ≥1:40 was consid-
ered a positive response.

Cell proliferation measured by 3H-thymidine. Fresh periph-
eral blood mononuclear cells (PBMC) were separated from 
whole blood by Ficoll-Hypaque gradients and added to 
96-well microtiter plates at a concentration of 3x105 cells/
well in RPMI‑1640 medium (Gibco, Gaithersburg, MD, USA) 
containing 10% normal human serum (Sigma-Aldrich, St. 
Louis, MO, USA). The influenza antigen, prepared from infected 
Madin-Darby Canine Kidney (MDCK) cell lysates or an unin-
fected cell control, was added at dilutions of 1:4, 1:8 and 1:16 
in triplicate wells. T-cell proliferation was measured by adding 
3H-thymidine (2.5 µCi per well) after 5 days for 6-18 h. The 
stimulation index (SI) was calculated as the mean counts per 
minute (cpm) in the influenza antigen‑stimulated wells divided 
by the mean cpm in the control wells. Phytohemagglutinin 
(Difco, Detroit, MI, USA) and tetanus toxoid (Calbiochem, La 
Jolla, CA, USA) were used as positive controls.

Cell populations measured by flow cytometry. Separated 
PBMC were added to 96-well microtiter plates at a concentra-
tion of 3x105 cells/well in RPMI-1640 (Gibco) with 10% normal 
human serum (Sigma-Aldrich). The cells were stimulated with 
the inactivated influenza antigen or an uninfected cell control 
(MDCK cells); concanavalin A was used as a mitogen control. 
After 5 days, the cells were stained with monoclonal anti-
bodies conjugated to CD8-Pe-Cy7, CD4-PeCy5 and CD19-PE 
cells and with markers related to activation and memory 
CD45RA-PE and CD27-FITC cells (BD Pharmigen, La Jolla, 
CA, USA). The cell frequencies were measured using flow 
cytometry in the FacsCanto II cytometer (Becton Dickinson 
and Company, Franklin Lakes, NJ, USA).

Statistical analysis. Geometric mean titers (GMT), mean cpm 
values and the mean cell frequencies prior to and at 1 month 
after vaccination were compared using the non-parametric 
Mann-Whitney U test. The percentages were compared using 
Chi-square tests and p<0.05 was considered to indicate a 
statistically significant result. Results are expressed as the 
means ± standard deviation (SD) and the antibody response 
as geometric mean titers with 95% confidence intervals (CI).

Results

Study population and clinical characteristics. A total of 
56  children were included in the study, recruited in the 
winter seasons between December 2006 and February 2007 
(33  individuals) and between October 2007 and February 
2008 (23 individuals). The mean age (±SD) was 6.6±3.6 years, 
the mean weight was 22.4±10.1 kg and the mean height was 
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1.1±0.2 m. The underlying diagnosis was acute lymphoblastic 
leukemia (ALL) in 75, solid tumors in 23 and lymphoma in 2% 
of the patients. All 56 children were receiving chemotherapy at 
the moment of vaccination. Among the patients with ALL, 19% 
were on the induction phase and 81% on the maintenance phase 
of chemotherapy. Of the 56 patients, 25% were on one chemo-
therapy drug, 40 on two, 16 on three, 16 on four and 3 on five. 
The majority of patients were receiving either methotrexate or 
vincristine alone or in combination with other chemotherapy 
agents: 53% received vincristine, 47% methotrexate, 19% 
cytarabine, 19% daunorubicin, 25% L-asparaginase, 15% 
cyclophosphamide, 15% mercaptopurine, 15% dexamethasone, 
6% etoposide, 6% actinomycin and 3% carboplatin.

Antibody response to influenza vaccine. Seropositivity for the 
three serotypes (H1N1, H3N2 and B) prior to vaccination was 
observed in 43% of the patients and an increase to 73% was 
observed 1 month after vaccination. An individual analysis 
for each serotype of the virus at 1 month after vaccination 
demonstrated an increase in seropositivity from 43% prior to 
vaccination to 63% for the H1N1 serotype (p=0.02), from 68 
to 85% following vaccination for the H3N2 serotype (p=0.05) 
and from 0 to 14% for the B serotype (p=0.006; Fig. 1). An 
increase in the GMT was observed from 31.35 (95% CI, 
29-111) prior to vaccination to 143.45 (95% CI, 284-640) 1 

month after immunization for all three serotypes (p<0.001). 
An individual analysis by serotype revealed an increase in the 
GMT for the H1N1 influenza virus from 47 (95% CI, 128-378) 
prior to vaccination to 138 (95% CI, 363-685) following 
immunization (p=0.009) and for the H3N2 virus from 99 
(95% CI, 208-485) to 277 (95%, CI, 466-775; p=0.009). This 
contrasted with the influenza B virus, where no statistically 
significant increase in the GMT was observed, ranging from 
10 (95% CI, 9-10) prior to vaccination to 14 (95% CI, 5-58) 
following immunization (p=0.11).

Cell-mediated immune response to influenza vaccine. We did 
not observe any increase in the mean SI value of 1.19±0.70 
prior to vaccination compared with 1.65±1.03 following influ-
enza immunization (p=0.31) using the lymphoproliferation 
assay measured by 3H-thymidine (Fig. 2A). No differences 
were observed in the percentages of CD4+ and CD8+ T cells 
prior to and following vaccination with or without influenza 
antigen stimulation. However, an increase was observed in the 
expression of CD45RA in CD4+ T cells with influenza antigen 
stimulation (0.07±0.05 without stimulation vs. 2.83±1.46 
stimulated; p<0.001) and in CD8+ T cells (0.29±0.24 without 
stimulation vs. 6.80±1.74 stimulated; p<0.001) prior to vacci-
nation and in CD8+ T cells following vaccination (0.18±0.15 
without stimulation vs. 3.37±1.65 stimulated; p=0.01; Fig. 2B). 
An increase in expression of the CD27 molecule was observed 
in CD4-/CD8- cells when stimulated with influenza antigen 
prior to vaccination (0.01±0.007 without stimulation vs. 
3.15±0.96 stimulated; p<0.0001), as well as following vaccina-
tion (0.21±0.16 without stimulation vs. 10.44±3.58 stimulated; 
p<0.0001). A difference in the expression of CD27 with influ-
enza stimulation prior to vaccination was observed (3.15±0.96 
vs. 10.44±3.58 following vaccination; p=0.05; Fig. 2C). These 
CD4-/CD8- cells were also CD56-/CD16- (data not shown).

Adverse effects. The vaccine was well tolerated by the 
individuals; no serious adverse effects were reported and no 
hospitalizations due to the influenza vaccination were reported. 
Most individuals presented with local symptoms: 70% with 
pain, 9% with erythema, 4% with swelling and 2% with redness 
in the injection area. General symptoms included 5% of children 
presenting with fever, 2% with rhinorrhea, 2% with malaise, 
4% with myalgias, 5% with headache and 2% with coughing. 
The general symptoms resolved spontaneously within days 
following the administration of symptomatic treatment.

Discussion

Influenza is a significant disease worldwide due to its patho-
genic characteristics and its ability to constantly change 
external surface proteins. The virus can cause severe disease 
and has the potential to cause epidemics and pandemics even 
when patients have had previous contact with related strains of 
the virus (26,27). A notable example is the 2009 influenza type 
A H1N1 pandemic first reported in Mexico. This pandemic 
was caused by a novel recombinant virus, with atypical 
manifestations in the first reported cases that developed fatal 
pneumonia (28-32). The disease is usually mild in healthy 
individuals, but immunocompromised patients may develop 
severe pneumonia and secondary bacterial infections and can 

Figure 1. Humoral immunity. (A) Increases in the percentage of seropositive 
patients and (B) geometric mean viral titers observed for serotypes A H1N1, 
A H3N2 and B at 1 month after the influenza vaccination.
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succumb to the disease. Due to the potential severe disease and 
the associated complications, influenza vaccination is recom-
mended annually for this high-risk population (26,27).

In Mexico, there have been few studies concerning influ-
enza infections prior to the 2009 pandemic and the data are 
scarce. The influenza surveillance network (FluNet) from the 
World Health Organization reported 97 cases of influenza 
virus in Mexico in 2006, 384 in 2007 and 118 in 2008; in 

contrast to 81,701 cases detected during the 2009 pandemic 
and 2,878 until June 2010 (33). Two groups in Mexico reported 
incidence of influenza prior to the pandemic of 7-12% (5,6). 
Although the present study had a small sample size, it was 
observed that 43% of the subjects expressed antibodies against 
influenza types A H1N1, A H3N2 and B prior to vaccination; 
this proportion increased to 73% following vaccination. The 
observation of 43% seropositivity prior to vaccination suggests 
an underreporting of influenza cases, the circulation of the 
virus and previous infection since no study participants had a 
history of influenza vaccination. Although these children were 
receiving chemotherapy during immunization, the antibody 
response increased following influenza vaccination to 73%. 
This is in contrast to the results of a previous study which 
suggested that chemotherapy limits the ability to develop 
a sufficient immune response to vaccination and reported a 
seropositivity level of 32% following vaccination (19).

An increase in the level of antibodies was observed 1 month 
after vaccination, in the absence of a cellular immune response 
detected by the 3H-thymidine cell proliferation assay. However, 
an increase in the expression of CD45RA+ in CD4+ and CD8+ 
cells prior to vaccination and CD8+ cells following vaccina-
tion was detected, suggesting activation prior to vaccination. 
CD45 in combination with CCR7 in CD8+ cells are markers 
of naïve cells (CD45RA+ CCR7+), effector cells (CD45RA-/
CCR7-), central memory cells (CD45RA-/CCR7+), effector 
memory cells (CD45RA-/CCR7-) or RA effector memory cells 
(CD45RA+/CCR7-) (24). CD45RA alone with CD4 and CD8 
are naïve cells, which react with a new antigen. This explains 
the increase in these cells prior to vaccination when stimulated 
with influenza virus. CD4+/CD45RA+ T cells increased with 
influenza stimulation following vaccination, contrary to a 
decrease observed in CD8+/CD45RA+ T cells stimulated after 
vaccination. The decrease in the two naïve populations may 
be explained by the effect of the chemotherapy agents, but the 
increase in the CD4 population may suggest a faster recovery 
of the naïve CD4 T cells rather than naïve CD8 T cells.

An increase in the expression of CD27 was also observed 
in CD4-/CD8-/CD19- cells when stimulated with influenza 
antigen and expression was higher following vaccination. 
These cells were CD56- to rule out natural killer cells (data 
not shown) and were then gated in the lymphocyte area in a 
flow cytometry forward side scatter plot, suggesting the activa-
tion of a precursor of T or B cells. Mature lymphocytes did 
not express this marker, only the CD4-/CD8- cells. Staining 
the cells with other precursor markers may have yielded 
noteworthy results, but the present study did not observe any 
increase in this population until the recruitment of the patients 
was already finished.

The lack of lymphoproliferative responses of mature 
lymphocytes, measured by 3H-thymidine and by flow cytom-
etry, may be explained by the constant assault on the cells 
induced by chemotherapy. Chemotherapy is cytotoxic to 
lymphocytes and to the bone marrow (17). The bone marrow 
increases the production of blood cells that enter the circula-
tion and precursors are located within the peripheral blood 
of children undergoing chemotherapy. This may explain the 
presence of lymphocyte precursors. However, in this study, the 
lymphocyte precursors associated with the activation marker 
CD27 (data not reported previously). Although chemotherapy 

Figure 2. Cell-mediated immunity. (A) No differences were observed after 
vaccination measured by the 3H-thymidine assay for cell proliferation. (B) An 
increase in the percentage of CD45RA+ cells was observed 1 month after 
vaccination in the CD8+ and CD4+ cell lineages stimulated with influenza 
antigen. (C) An increase in the mean frequency of CD4-/CD8-/CD27+ cells 
(probable precursors of the lymphoid lineage) was observed with influenza 
antigen stimulation, prior to and following vaccination. The figure shows 
flow cytometry plots for one representative patient.
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is toxic to bone marrow and lymphocytes, the present study 
revealed that 43% of patients expressed influenza-specific 
antibodies prior to vaccination. This suggests that memory B 
cells or memory plasma cells in the bone marrow are not fully 
affected by chemotherapy.

These results suggest that immunization against influenza 
in children with cancer who are receiving chemotherapy may 
increase the seropositivity rates, the GMT values and cellular 
immune responses with the activation of probable lymphoid 
precursors. The influenza vaccine was well tolerated in this 
population.
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