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Abstract Influenza is one of the most common respiratory diseases. Infections caused
by this virus may be very serious and can lead to severe complications. So far,
the most effective method of protection against influenza is annual vaccination.
The Advisory Committee on Immunisation Practices recommends vaccination
against influenza for some groups of people. Unfortunately, in spite of these clear
indications, a large number of patients are not vaccinated.

This article reviews the current scientific literature on immunological response
to influenza vaccination in patients who are at especially high risk for serious
post-influenza complications and for whom immunisation against this virus is
strongly recommended. Results of studies carried out in Poland and other coun-
tries in elderly people, in patients with pulmonary diseases, renal diseases, dia-
betes mellitus, cancer and haemophilia, and in those with HIV infection are
presented. In this review, we focus on the immune response to haemagglutinin.
There are some discrepancies between the results of studies carried out by differ-
ent authors in high risk groups of patients. Some investigations indicated poorer
humoral response to influenza vaccine in these groups, while others showed
responses comparable to those in healthy individuals. These differences may be
explained by differences in types and stages of the chronic diseases, in the treat-
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ment and composition of influenza vaccines, and also patients’ ages, vaccination
history and prevaccination antibody titres. Influenza vaccines are well tolerated
in high risk patients, and all adverse reactions are generally mild and similar to
those observed in healthy people. Although, in some cases, immunological re-
sponses to influenza vaccination measured in the whole study group were poor,
there were some individual patients who, after vaccination, developed antihaema-
glutinin antibody titres which are considered to give protection against the infec-
tion or contribute to a milder course of the disease.

1. Vaccination Against Influenza:
Recommendations, Coverage 
and Efficacy

Influenza is one of the most common respiratory
diseases, affecting people of all age groups and in-
fluencing morbidity and mortality all over the
world.[1-4] Infections caused by this virus may be
very serious and can lead to severe post-influenza
complications, including primary influenza pneu-
monia or secondary bacterial pneumonia.[2] In-
creased morbidity and mortality rates due to influ-
enza and its complications are observed among
elderly people and patients with underlying medi-
cal conditions. So far, the most effective method of
protection against infection with the influenza vi-
rus is annual vaccination.[1,5]

Chemoprophylaxis, that is, use of amantadine or
rimantadine, is not as well tolerated and effective
as vaccination against influenza. These drugs only
prevent infections with influenza Aviruses, and not
with influenza B. It is not known whether they pre-
vent post-influenza complications. Moreover, their
use can result in central nervous system and gastro-
intestinal adverse effects. Moreover, to effectively
prevent infection, amantadine or rimantadine should
be given each day during the peak of the influenza
season and this results in significantly higher costs
than vaccination.[1,6]

The Advisory Committee on Immunisation Prac-
tices (ACIP) recommends vaccination against in-
fluenza for all individuals over 65 years of age;
residents of nursing homes with chronic medical
conditions; people with chronic medical disorders
of the pulmonary or cardiovascular systems; pa-
tients who have required regular medical follow-up
or hospitalisation during the preceding year due to

chronic metabolic diseases, renal dysfunction, hae-
moglobinopathies or immunosuppression; those
who are receiving long term aspirin therapy; women
who will be in the second or third trimester of preg-
nancy during the influenza epidemic season and also
for those who can transmit influenza to other high
risk patients.[6] Unfortunately, in spite of these clear
indications and in spite of the national influenza
vaccination policies, large numbers of patients are
not vaccinated against influenza. This is true for
healthy people as well as for those from high risk
groups. For example, it has been assessed that only
1 to 7% of children from high risk groups are actu-
ally immunised against influenza.[7,8] This is the
lowest administration rate of any vaccine for pae-
diatric patients in spite of the fact that, besides the
ACIP, the Committee on Infectious Diseases of the
American Academy of Paediatrics recommends
yearly immunisation against influenza for the se-
lected high risk children.[9,10]

Many patients as well as physicians are not con-
vinced of the efficacy of influenza vaccination.
Some of them expect that the influenza vaccine will
prevent all respiratory infections, while others are
afraid of adverse reactions after vaccination. More-
over, the necessity for annual vaccination and its
expense also discourage potential patients from
getting immunised. This insufficient knowledge or
the misconceptions about the dangerous conse-
quences of influenza infections and the benefits of
immunisation are the main reasons for the low in-
fluenza vaccination coverage. Nevertheless, there
are many reports showing that influenza vaccina-
tion in high risk patients is as effective and safe as
in healthy people because it prevents infections
with the influenza virus or at least decreases the
severity of the disease.[2,3,5,11,12]
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The main protective effect of influenza vaccina-
tion is connected with the immune response to the
haemagglutinin component. Antihaemagglutinin
(HI) antibodies inhibit the attachment of influenza
virus to target cell membrane receptors and neu-
tralise virus infectivity. Depending on their con-
centration, they provide complete protection from
acquisition of infection or provide prevention against
serious illness. The most commonly used reference
method for the assessment of HI antibody levels is
the haemagglutinin inhibition test (HI test). This
method uses the ability of influenza virus to agglu-
tinate red blood cells. Agglutination can be inhib-
ited by antibodies specific to the viral strain and
also by the nonspecific inhibitors which can be
found in sera. HI titres are read as the reciprocal of
the highest serum dilution causing complete inhi-
bition of agglutination.[13,14] Protection studies in-
dicated that HI antibody titres of ≥1 : 40 can be
considered as the protection threshold beyond
which it is unlikely that development of serious
illness will occur. Unlike antihaemagglutinin anti-
bodies, antineuraminidase antibodies are not in-
volved in neutralisation of virus infectivity. Their
role in resistance to influenza virus infection lies
in the inhibition of the release of mature viral par-
ticles from infected cells, which results in limita-
tion of viral spread.[1,15] However, there are no es-
timated values of antineuraminidase antibody titres
which could be considered to inhibit replication of
the influenza virus. Therefore, in this review we
focus on the immunological response to haemag-
glutinin which is assessed using the following se-
rological parameters: geometric mean titre (GMT)
of HI antibodies, mean-fold increase (MFI) of HI
antibody titres after vaccination, protection rate,
that is, the number of individuals with protective
HI antibody titres ≥1 : 40, and response rate, that
is, the number of individuals with at least a 4-fold
increase of HI antibody titres after vaccination.[11]

According to the requirements of the Commit-
tee for Proprietary Medicinal Products and the
Commission of the European Communities estab-
lished for influenza vaccines, MFI of HI antibody
titres in people aged 18 to 60 years vaccinated

against influenza should amount to >2.5, protec-
tion rates should be at least 70% and response rates
should amount to >40%, whereas in patients over
60 years of age, these values should be >2.0, >60%
and >30%, respectively.[16,17]

This article reviews the current Polish and for-
eign scientific literature on immunological response
to influenza vaccination in patients who are at es-
pecially high risk for serious post-influenza com-
plications and for whom immunisation against this
virus is strongly recommended. Recent studies
which used similar methods and the same serolog-
ical parameters were chosen from a search of the
internet, MEDLINE and Influenza Bibliography
(from the WHO Influenza Centre, National Insti-
tute for Medical Research, London). We hope that
the data presented in this paper will contribute to
an increase in awareness of the efficacy of immu-
nisation against influenza among physicians and
that they will promote the idea of influenza vacci-
nation to their patients.

2. Immune Response in Patients from
High Risk Groups

2.1 The Elderly

Patients aged 65 years are at increased risk for
post-influenza complications and therefore vacci-
nation against influenza is recommended for this
age group.[6] It is known that 23% of individuals
hospitalised because of respiratory diseases are 65
years or older and 60 to 70% or even 80 to 90% of
influenza-associated deaths occur in patients from
this age group.[11,18] A high incidence of infections
in elderly people results from the impaired T and
B cell response associated with aging.[11] This is
also a reason for low influenza vaccination cover-
age in the elderly, which amounts approximately
to 41 to 45%.[19] Because of the decreased number
of B lymphocytes, the ability to achieve sufficient
antibody levels for protection against viral and
bacterial antigens may be reduced.[11] Therefore,
many physicians and other healthcare workers are
often not convinced about the benefits of influenza
vaccination in the elderly people. Studies carried
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out in the UK showed that lower than 20% of spe-
cialists in geriatric medicine offered immunisation
against influenza to their elderly patients.[20] Ac-
cording to other authors’ from the UK, 61% of el-
derly institutionalised patients had not been vacci-
nated against influenza, although 74% of them
would have accepted influenza vaccination had it
been offered.[21]

The results of many studies on immune response
to influenza vaccination indicate that this form of
prophylaxis is effective and the immune response
is sometimes even similar to that observed in youn-
ger healthy individuals.[22,23] Available data show
that during epidemics the rate of influenza infec-
tion is significantly lower in the vaccinated elderly
compared with those who are not vaccinated.[22] In
the studies of Nichol et al.,[18] influenza vaccina-
tion in the elderly was associated with a 17% re-
duction in pneumonia and influenza outpatient vis-
its, a 6.4% reduction in all respiratory condition
visits, a 51.2% reduction in pneumonia and influ-
enza hospitalisations, a 28.6% reduction in conges-
tive heart failure hospitalisations, a 30.7% reduc-
tion in hospitalisation costs for all respiratory
conditions and congestive heart failure combined,
and a 45% reduction in death from all causes.[18]

According to the requirements of the Commit-
tee for Proprietary Medicinal Products and the
Commission of the European Communities estab-
lished for people over 60 years of age, the protection
rate should be >60%, the response rate ≥30% and the
conversion rate should be at least 2.0 after influenza
vaccination.[16,17] The results of many studies com-
plied with the above requirements (table I).[2,11,23-26]

Many patients decide not to be vaccinated
against influenza because of a fear of adverse reac-
tions that may occur after the injection. However,
there are findings suggesting that these adverse re-
actions are less frequent in the elderly than in chil-
dren and younger adults.[22] Govaert et al.[27] ob-
served local reactions (swelling, itching, warm
feeling, pain when touched, constant pain, discom-
fort) in 17.5% of patients aged 60 years or older,
while systemic reactions (fever, headache, malaise,
other complaints) were noted in 11.0% of these el-

derly compared with 7.3% and 9.4%, respectively,
in a placebo group.

When considering different types of influenza
vaccines, that is, split and whole virus vaccines,
there are some suggestions that in the elderly with
T cell dysfunction, a whole virus vaccine may be
more effective than a split vaccine in stimulating
helper T cells. This is because B cell response is
dependent on T cell help for the production of most
antigen-specific antibodies, and immunisation in
healthy elderly people with whole virus vaccine
effectively increases interleukin (IL)-2 production
by helper T cells to normal levels.[28,29] However,
it should be noted that, at present, most of the avail-
able influenza vaccines are subunit or split.

2.2 Patients with Pulmonary Diseases

2.2.1 Bronchopulmonary Dysplasia
Respiratory tract infections, especially the most

common infections with influenza virus and respi-
ratory syncytial virus, may lead to exacerbations of
chronic respiratory disease in patients with bron-
chopulmonary dysplasia (BPD), and are the major
cause of rehospitalisation and increased morbidity
and mortality in this group.[30,31] For these reasons,
immunisation against influenza should be given to
each patient with BPD according to their chrono-
logical and not gestational age.[31] Reactogenicity
of the influenza vaccines in BPD patients is low
and only mild adverse reactions are observed.[8,32]

Many studies confirmed that children with BPD
are able to achieve a successful seroconversion af-
ter vaccination against influenza. Li et al.[33] immu-
nised 42 preterm children with chronic lung disease
with two 0.25ml doses of split influenza vaccine.
After vaccination protection rate, that is, the number
of patients with HI antibody titre ≥1 : 32, ranged
from 73 to 96% in preterm sick children, while in
the healthy control group these values were between
76 and 98%. Response rates ranged from 65 to 86%
in children with chronic lung disease, while in the
controls it was between 71 and 93%.[33] In the stud-
ies carried out by Daubeney et al.[32] in 51 children
with chronic respiratory disease, congenital heart dis-
ease or both, post-vaccination protection rates were
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Table I. Humoral response to influenza vaccination in the elderly as measured by the haemagglutinin inhibition test

Epidemic season, vaccine
and antigens

Patients (no.) Protection rate
(%)

Response rate
(%)

MFI of HI titers Comments Ref.

before after vaccination after vaccination after vaccination

1991/92, trivalent, split Ave. age 80y (58) 21-28 days 21-28 days 21-28 days 55 patients previously
vaccinated in 1990; protective
titres ≥1:40

11

A/Singapore/6/86 (H1N1) 52 96 78 7.6

A/Beijing/353/89 (H3N2) 43 100 62 8.4

B/Yamagata/16/88 55 96 83 7.7

1994/95, trivalent, ?
A/Texas/36/91 (H1N1)

Healthy elderly, ave. age 75y
(79)

24-58 28 days
24-58

28 days
1.7-2.2

Protection assumed to be
associated with HI titre ≥1:40

24

54-86

A/Shangdong/9/93 (H3N2)
B/Panama/45/90

Infirm elderly, ave. age 82y
(19)

21-28 42-50 1.5-2.3

1989/90, trivalent, subunit,
split
A/Singapore/6/86 (H1N1)
A/Shanghai/11/87 (H3N2)
B/Yamagata/16/88

Elderly with heart disease,
lung disease or diabetes;
aged 61 to 83y (60)
vaccinated with subunit
vaccine
and aged 60 to 77y (24)
received split vaccine

3-37

8-33

30-45 days

3-52

42-71

Protection assumed to be
associated with HI titre ≥1:40

23

1991/92, tetravalent, split
A/Singapore/6/86 (H1N1)
A/Beijing/353/89 (H3N2)
B/Panama/45/90
B/Beijing/1/87

Elderly aged 60-91y (927)
3
2
8
10

21 days
43
68
47
45

21 days
9.1
24.1
9.7
8.5

Protective titres ≥100 for A
strains and ≥200 for B strains;
titres expressed as the
reciprocal of the last dilution
showing 50% inhibition of
hemagglutination after
addition of 3 units of
haemagglutinin from the
antigen

25

Placebo group aged 60 to
91y (911)

21 days 21 days

A/Singapore/6/86 (H1N1) 3 2 1.6

A/Beijing/353/89 (H3N2) 3 3 1.2

B/Panama/45/90 7 2 <1.0

B/Beijing/1/87 10 2 <1.0



between 55 and 71% compared with 2 to 25% be-
fore vaccination, and response rates ranged from
55 to 71%. Strong immunological response in chil-
dren with either bronchopulmonary dysplasia or
congenital disease was recorded by Levandovski et
al.[34] After vaccination with split vaccine, 100% of
patients showed at least a 4-fold increase in HI an-
tibody titres to 1 of 3 antigens included in the vac-
cine.[34] In other studies carried out in children aged
6 to 18 months with BPD or congenital heart dis-
ease, the protection rate (number of patients with
HI antibody titres ≥1 : 32) and response rate values
measured for A(H3N2) antigens after the second
dose of vaccine ranged from 31 to 100% and 38 to
93%, respectively. In the case of A(H1N1) strains,
protection rates were 45 to 48% and response rates
were 48 to 54%, and for B strains these values ranged
from 29 to 62% and 45 to 77%, respectively.[8]

The same authors recorded convincing results in
their later studies where the immunogenicity and
safety of 3 different doses of new influenza haem-
agglutinin antigen vaccine and the standard dose of
split influenza vaccine in preterm children with
chronic pulmonary disease were assessed.[35] Six
weeks after the first dose of the vaccine response
rates in children receiving standard vaccine were
50% for antigen H1N1, 75% for H3N2 and 17%
for B, while in children receiving HA antigen
(67.5µg HA per 0.25ml dose) these values were 67,
56 and 44%, respectively. Four months after the
first dose of the vaccine there was a decline in an-
tibody levels. In children receiving standard vac-
cine, the percentage of patients with a 4-fold titre
increase was 33% for H1N1, 42% for H3N2 and
33% for B, while in children receiving HA antigen
these values were 22, 44 and 44%, respectively.[35]

The results of our investigations showed that
preterm children with BPD vaccinated in two con-
secutive seasons achieved high post-vaccination
antibody titres, despite their chronic disease and
prematurity (unpublished observations). All MFIs
were much higher than 10.0, reaching the highest
values of 70.5. Despite the small number of 6 pa-
tients included in our study, protection rate and re-
sponse rate values were calculated and were at least

Landscape table I to be placed here.
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Table I. Contd

Epidemic season, vaccine
and antigens

Patients (no.) Protection rate
(%)

Response rate
(%)

MFI of HI titers Comments Ref.

before after vaccination after vaccination after vaccination

1993/94, trivalent, subunit Elderly with chronic medical
diseases aged 65-94y (80)

21 days 21 days 21 days Protection assumed to be
associated with HI titre ≥1:40

26

A/Texas/36/91 (H1N1) 2 31 27 4.4

A/Beijing/32/92 (H3N2) 30 90 67 6.1

B/Panama/45/90 79 99 45 3.8

1994/95, trivalent, split Elderly aged 65-100y with
cardiovascular disease,
bronchopulmonary disease or
cancer (457)

28 days 28 days 28 days Protection assumed to be
associated with HI titre ≥1:40

2

A/Singapore/6/86 (H1N1) 10-25 50-64 52.5-75 4.7-5.4

A/Shangdong/32/92 (H3N2) 13-25 50-78 50-72 4.4-8.3

B/Panama/45/90 50-63 89-100 50-59 3.1-4.5

MFI = mean-fold increase.
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80 and 60%, respectively (unpublished observa-
tions). The results of our study did not confirm the
observations made by Li et al.,[33] who found a sig-
nificant increase in serological response in the sec-
ond year of vaccination. Post-vaccination antibody
titres recorded in our study were almost at the same
levels as in the epidemic seasons 1995/96 and 1996/
97. In previously immunised patients, lower post-
vaccination antibody titres had been expected after
the second vaccination.[36-38] However, Li et al.[33]

suggested that in preterm children, humoral response
to influenza vaccine increases with age and repeated
immunisation or combination of these two factors
may influence this response.

Interesting results were obtained by Groothius
et al.,[39] who studied immune response to split in-
fluenza vaccine in previously unimmunised healthy
full term children, in previously unimmunised sick
preterm children, previously immunised preterm
children with active BPD, and in previously im-
munised healthy preterm children who had resolved
BPD. Six weeks after the first vaccination, ELISA-
measured antibody levels were significantly higher
in the unimmunised healthy full term children than
in the sick preterm group. Since patients were sim-
ilar in age, it was supposed that their health status
was responsible for these differences. In contrast,
no difference was found between sick and healthy
preterm children who had been previously immu-
nised. The commonly used but less sensitive HI
test showed that all patients developed antibodies
in titres ≥1 : 32, regardless of their health status,
history of prematurity or previous immunisation
status.[39]

It is worth adding that, unlike preterm children,
full term infants may benefit from the passive ac-
quisition of antibodies from their vaccinated moth-
ers. Studies by Englund et al.[40] showed that ma-
ternal immunisation results in transplacental
transfer of immunoglobulin (Ig)G antibodies to the
fetus. The levels of these specific anti-influenza
antibodies in infants are theoretically sufficient to
provide protection for the first months of life.

2.2.2 Asthma
In patients with asthma, influenza infections

may cause asthma exacerbations where increased
airway responsiveness and airflow obstruction are
observed, and a higher mortality rate is noted.
Therefore, the ACIP and the WHO recommend vac-
cination against influenza for patients with asth-
ma.[6,41,42] However, there are some reports sug-
gesting that influenza vaccines cause exacerbations
in patients with asthma.[43] Another reason for low
influenza vaccination coverage in patients with as-
thma is misunderstanding of the recommendations
of The Committee of Infectious Diseases of the
American Academy of Paediatrics.[44] According to
these recommendations, influenza immunisation
should be deferred in patients receiving high dose
corticosteroids, equivalent to prednisone at either
2 mg/kg or a total of 20 mg/day, and it is known
that asthma exacerbations are often treated with pred-
nisone.[44] Although the above recommendation
does not mean that patients asthma should not be
vaccinated against influenza at all, this delay often
results in missed immunisation.

Adverse effects of influenza vaccination in pa-
tients with asthma are mostly mild and they include
decreased peak flow, increased medication require-
ments or increased airway irritability measured by
histamine or methacholine challenge within 48
hours after vaccination.[43,45,46] Hassan et al.[43]

found that severe asthma attacks and respiratory
failure requiring mechanical ventilation were ex-
tremely rare. Furthermore, a casual relationship be-
tween asthma exacerbations and influenza vacci-
nation is difficult to assess because the vaccine is
administered during the season with a high inci-
dence of asthma exacerbations which are often
caused by a cold.[46,47] Reid et al.[48] did not find
any evidence of increased airway responsiveness
or airway obstruction in 22 patients with stable
asthma vaccinated with subunit influenza vaccine.
No patients showed any exacerbation of asthma
symptoms or increase in medication use after vac-
cination. Eight of 22 immunised patients (36.4%)
developed local or systemic post-vaccination ad-
verse reactions, but all of them were mild and did
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not last longer than 48 hours.[48] Similar results
were obtained by Ghirga et al.[49] who studied 95
children with asthma vaccinated with subunit in-
fluenza vaccine. No child had fever within 48 hours
after immunisation and no child showed worsening
of asthma. The only local adverse effect observed
in three patients was pain, which probably caused
restricted movement of the limb for 8 to 12 hours.
Convincing results were also obtained by Bell et
al.[50] They showed that in children with chronic
asthma, immunisation against influenza caused a
significant reduction in hospitalisation for influ-
enza-like illness and for influenza-like illness ac-
companied by asthma, whereas hospitalisation for
asthma alone was not affected.[50]

The results of studies on safety and immunoge-
nicity of subunit influenza vaccine in children with
acute asthma exacerbation and concurrent pre-
dnisone therapy showed that 2 weeks after vacci-
nation, humoral response to A(H1N1) and A(H3N2)
influenza antigens was similar to that observed in
the control group without asthma, and the response
to B strain was better in the patients with asthma.
There were also no significant differences in ad-
verse reactions recorded in these 2 study groups of
children.[51] Similar results were observed by Mc-
Intosh et al.[52] who vaccinated children with asthma,
high risk children without asthma and healthy chil-
dren with 2 doses of bivalent influenza vaccine.[52]

Post-vaccination HI antibody levels for 1 of 2 an-
tigens included into the vaccine were different in
these 3 study groups, however, without any deter-
mined trend. In the case of the second vaccine an-
tigen, HI titres measured after the first dose of vac-
cine were significantly lower in patients with
asthma compared with 2 other groups, whereas af-
ter the second dose they were similar to those in
normal children and higher than those in the high
risk group without asthma. As for adverse reac-
tions, their indexes determined after the first dose
of vaccine were greater in children with asthma
than in those from high risk group without asthma
or normal children.[52]

Most of the studies on the effects of influenza
vaccination in patients with asthma do not take into

consideration colds, which, as we described before,
may cause asthma exacerbations and therefore may
be wrongly considered as vaccine-related adverse
reactions. In the studies of Nicholson et al.,[47] colds
were taken into consideration and the results indi-
cated that among 255 participants, 11 showed a fall
in peak expiratory flow (PEF) of more than 20%
after influenza vaccination compared with 3 patients
from placebo group. In 8 patients, a fall in PEF of
more than 30% was recorded after immunisation
compared with none from the placebo group. When
patients with colds were excluded there were no
significant differences in PEF falls of more than
20% between the vaccine and placebo group. How-
ever when analysing PEF decrease of more than 30%
these differences were significant, but they con-
cerned patients who were vaccinated for the first
time.[47]

Thus, the results of the above studies show that
pulmonary complications may occur after influ-
enza vaccination, but the risk of their occurrence is
small compared with the benefits of vaccination,
including significantly reduced morbidity from
subsequent influenza infection observed in the vac-
cinated patients. Unfortunately, there are no studies
on immune response to influenza vaccination car-
ried out in patients with asthma in Poland, but we
plan to examine the response of this group in the
near future.

2.3 Patients with Diabetes Mellitus

It is recommended that adults and children with
diabetes mellitus be vaccinated against influenza
before every epidemic season.[6] Viral and bacterial
diseases are associated with the increased morbid-
ity and mortality in patients with diabetes, how-
ever, this problem seems to be underestimated. In-
fluenza infection and its complications may cause
loss of metabolic control leading to an increase of
glycosylated serum proteins, ketoacidosis which
may result in an increased hospitalisation rate and
mortality rate, and prolonged complications.[53,54]

There are suggestions that influenza vaccination
is ineffective in this group of patients. Neverthe-
less, many studies show that majority of patients
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with diabetes are able to achieve sufficient humoral
and cellular immunity and be successfully protected
against the infection.[55] Usually more than 70% pa-
tients with type 1 (insulin-dependent) diabetes pro-
duce a satisfactory response to influenza vaccina-
tion, whereas in patients with type 2 (noninsulin-
dependent) diabetes, response is similar to healthy
people.[56]

In the studies of Diepersloot et al.,[57] 159 patients
with type 1 or 2 diabetes were vaccinated with whole
virus influenza vaccine. The humoral response was
lower in patients with diabetes compared with
healthy vaccinated controls, however the differ-
ences in MFI values were not statistically signifi-
cant between these 2 groups. The protection rates
measured after vaccination ranged from 57 to 85%
in patients with diabetes and 50 to 90% in the con-
trols. Response rates were between 44 and 78% in
patients with type 1 diabetes and between 65 and
87% in patients with type 2, while in the control
group these values were from 67 to 100%.[57] The
above values almost entirely comply with the re-
quirements of the Committee for Proprietary Me-
dicinal Products and the Commission of the Euro-
pean Communities.[16,17]

Similar results were obtained by El-Madhun et
al.[53] Although their studies were carried out on only
5 juvenile patients with diabetes, after vaccination
all patients and the healthy controls achieved pro-
tective HI antibody titres and all showed a 4-fold
or higher increase in HI antibody levels. The as-
sessment of influenza-specific antibody-secreting
cells (ASC) of all antibody classes indicated that
by day 7 after vaccination, the ASC number signif-
icantly increased to all vaccine strains in both the
patients with diabetes and the control group, sug-
gesting a normal B cell proliferation in patients
with diabetes.[53] As with patients with asthma,
studies on immune response to influenza vaccina-
tion in patients with diabetes have not been carried
out in Poland yet, but they are planned in the near
future.

2.4 Patients with Renal Diseases

Influenza infections are known to be more se-
vere in patients with chronic renal diseases, there-
fore the ACIP recommends annual immunisation
against influenza for this group.[6,58] However,
there are some discrepancies between the results of
studies on immune response to influenza vaccina-
tion in patients with renal diseases. Some of these
studies confirmed a good seroresponse in this group
of patients, while others indicated significantly
lower antibody levels compared with healthy peo-
ple. In patients with renal diseases the number of
lymphocytes as well as levels of IgG, IgM and IgA
are generally close to the normal ranges, but the
specific humoral response is impaired.[59,60] Immu-
nological disorders observed in patients with chronic
renal failure may be connected with many various
factors including uraemic toxins, chronic hypopro-
teinaemia, and hypoglycaemia caused by intensi-
fied catabolism or a chronic deficiency of microel-
ements. In the case of patients on haemodialysis,
an additional cause is direct contact of immunolog-
ical cells with dialysing membranes and the use of
heparin.[58]

Because of mild or severe immunological dis-
orders observed in patients with renal disorders, a
poorer immune response would normally be ex-
pected in this group, and this is compounded by the
administration of corticosteroids to these patients
which inhibits antibody production and synthesis
of interferon.[59,61] For example, it is known that
prednisone in doses of 2 mg/kg every 48 hours have
an evident immunosuppressive effect.[61] However,
22 children with nephrotic syndrome achieved
very high protection rates (81 to 95%) and re-
sponse rates (68 to 86%) after influenza vaccina-
tion, comparable to those in healthy people, despite
the fact that the majority of them were receiving
prednisone.[62] It seems that impaired humoral re-
sponse observed in patients with renal diseases is
associated in some disorders with the stimulation
of B lymphocytes by T cells, although a defect in
B lymphocytes may be also a possible explana-
tion.[59,60]
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There are reports showing that the response to
influenza vaccination may be impaired especially
in those patients with renal diseases who require
dialysis and who had never been vaccinated pre-
viously, whereas other studies indicate that about
50% patients undergoing haemodialysis responded
to the influenza vaccine and MFIs were the same
in uraemic patients as in healthy controls.[63-68] The
results of studies carried out by Furth et al.[69] on
children with chronic renal failure, end-stage renal
disease requiring dialysis and in patients after renal
transplantation showed that these patients benefit
from vaccination against influenza, regardless of
the severity of renal disease. This was confirmed
by the protection rate values which, 4 weeks after
vaccination, ranged from 66 to 80% in children
with chronic renal failure, 80 to 100% in dialysed
patients, 71 to 88% in post transplantation patients,
and 71 to 86% in the healthy control group. Con-
vincing results were also obtained by Grekas et al.,[70]

where the percentage of patients on haemodialysis
(age 20 to 60 years) showing at least a 4-fold in-
crease of HI antibody titres ranged from 31.5 to
47% one month after vaccination and 87.5 to 100%
two months after vaccination in 19 patients. The
above data indicated that the examined patients with
renal diseases, including those who were on hae-
modialysis, were able to achieve post-vaccination
protection rate and response rate levels which are
required for healthy people.[16,17]

Nevertheless, the results of our studies carried
out in children with end-stage renal disease, where
12 patients were on continuous ambulatory perito-
neal dialysis (CAPD) and 8 were on haemodialysis,
and in those with chronic renal failure (CRF) are
contradictory to the above findings (unpublished
observations).[71] They showed that humoral im-
mune response to influenza vaccination was better
in patients on CAPD and those with CRF than in
the children on haemodialysis. Three and 6 months
after vaccination, the number of patients with HI
antibody titres ≥1 : 40 ranged from 67 to 83% in
children with CRF, 42 to 67% in those on CAPD
and only 25 to 37% in children on haemodialysis.
Response rate values ranged from 67 to 83% in

children with CRF, 42 to 67% in those on CAPD
and only 13 to 25% in patients on haemodialysis
(unpublished observations).[71] However, we are not
alone with these kinds of observations, because sim-
ilar results were obtained by other authors.[58,72,73]

These differences in antibody response to influenza
vaccination between patients nondialysed and those
on peritoneal dialysis or haemodialysis may be
partly explained by the abnormally low production
of IL-2 and interferon (IFN)-γ which influence the
proliferation of CD4+ T cells. In patients on main-
tenance haemodialysis, expression of the IL-2 gene
and IFNγ gene is strongly decreased compared
with patients treated by peritoneal dialysis where
IL-2 production is normal but IFNγ synthesis is
even more strongly induced.[59,74] In patients on
haemodialysis, a higher plasma level of soluble IL-
2 receptors can be observed at the same time as the
defect of IL-2 secretion. This decreases bioavaila-
bility of IL-2 and contributes to impaired antibody
response in these patients.[59,74]

2.5 Patients with Cancer

An increased incidence of influenza and a high
morbidity rate due to infections with this virus are
observed in patients with proliferative diseases. Al-
though the symptoms of influenza may not be se-
vere in this group, the duration of the illness often
tends to be prolonged in these patients.[75,76] Kempe
et al.[76] found that the incidence of influenza in
children with cancer is significantly higher than in
the control group. Virus isolation or serological tests
confirmed influenza A infection in 32% of patients
with cancer compared with 14% of children in a
control group.[76] Considering the above reasons the
ACIP recommends vaccination against influenza
for all immunosuppressed patients, including those
with cancer.[6]

Because of impaired humoral and cellular im-
munity observed in patients with cancer, they are
more susceptible to infection with different infec-
tious agents and their immunological response is
expected to be significantly less effective than in
healthy people. On the one hand these immunolog-
ical disorders are directly associated with the dis-
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ease process, and on the other hand they result from
immunosuppressive chemotherapy and radiother-
apy used in majority of cancer patients, which may
adversely affect the immunological response to vi-
ral infections and inhibit an immune response to
vaccines.

Similarly to other high risk groups of patients,
the results of studies on immune response to influ-
enza vaccination in cancer patients are variable. In
a study involving 41 patients, Steinhertz et al.[77]

reported that those who have not been treated with
chemotherapy for at least 30 or more days responded
to bivalent split influenza A vaccine in the same
way as normal patients.[77] Similar results were ob-
tained by Brown et al.[78] in 10 children with cancer
who were not receiving chemotherapy. They re-
ceived three 0.5ml doses of trivalent split vaccine and
showed antihaemagglutinin antibody titres ≥1 : 32
with the same frequency as did normal children.

The results of our studies carried out in 49 chil-
dren with acute lymphoblastic leukaemia from 6
months to 3 years after chemotherapy and immu-
nised with subunit vaccine showed that 6 months
after vaccination the number of patients with pro-
tective HI antibody titres ≥1 : 40 ranged, depend-
ing on the antigen, from 45 to 88%, while the per-
centage of patients with at least a 4-fold increase
in HI antibody levels ranged from 39 to 47%.[79]

Our other study on the immunogenicity of subunit
influenza vaccine in 2 groups of children (group A
consisted of 25 patients who had previously been
vaccinated, and group B consisted of 20 children
who were vaccinated against influenza for the first
time) with acute lymphoblastic leukaemia gave
similar, even slightly better results.[80] The propor-
tion of patients with HI antibody titres of ≥1 : 40
ranged from 52 to 92% three weeks after vaccina-
tion and from 68 to 100% six months after vacci-
nation. It can be supposed that these better results
may be associated with the fact that in the majority
of patients included in this study chemotherapy
had been completed at least 1 month to 17 years
before immunisation, thus, a much longer time had
been elapsed from the completion of chemother-
apy when compared with our previously described

study.[79,80] The other possible explanation is that
these high values recorded 6 months after vaccina-
tion may have resulted from the contact of patients
with the influenza virus during the study and this
intensified the immunological response.[80]

There are also studies showing that a significant
humoral response to influenza vaccine can be
achieved in children with acute lymphoblastic leu-
kaemia regardless of the amount of time that had
elapsed from the end of chemotherapy treatment.[81]

The findings presented above are contradictory
to the results of Bucalossi et al.[82] They studied hu-
moral response to trivalent influenza vaccine in pa-
tients with B cell chronic lymphocytic leukaemia
who were not treated with chemotherapy or ste-
roids for at least 4 weeks prior to vaccination. Six-
teen of 30 patients (53%) achieved post-vaccination
HI antibody titres >1 : 10 and this was considered
to be a protective level.[82] However, it is necessary
to stress that at present HI antibodies in titres at
least 1 : 40 are commonly considered to give a pro-
tective effect against influenza infection, while
earlier studies suggested that even antibody levels
≥1 : 10 may protect against the infection or dis-
ease.[83]

There are some discrepancies between the anti-
body responses recorded by different authors in
cancer patients immunised with influenza vaccine
during chemotherapy. Some investigations indi-
cated poorer humoral immune response to influ-
enza vaccine in this group, whereas others showed
responses comparable to those in healthy con-
trols.[76,84-89] Smithson et al.[85] immunised 27 chil-
dren with different types of cancer with bivalent
split vaccine. After one dose of vaccine 18% of
patients had HI antibody titres ≥1 : 20 and 11% had
HI antibody titres ≥1 : 40, whereas after 2 doses
70% of children had HI antibody titres ≥1 : 20 and
40% had HI antibody titres ≥1 : 40.[85] The results
also showed that the third dose of vaccine did not
significantly increase the number of patients with
HI antibody titres ≥1 : 32.[78] Other authors re-
corded a seroconversion rate for HI antibodies in
patients with leukaemia in complete remission and
receiving maintenance chemotherapy that was 2
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times lower 4 weeks after vaccination with mono-
valent vaccine than in the control group. However,
despite of the fact that long term combination che-
motherapy depressed response in these patients the
incidence of influenza and influenza-like illness
was 10%, while in the nonvaccinated children with
leukaemia it was 45.5% and in normal children
25.5%.[86] The results of studies carried out in a
group of 20 patients with proliferative diseases of the
haematopoietic or lymphatic system, and treated with
various combinations of cytostatic drugs, showed
that 10 days after vaccination 5, 15 and 30% of pa-
tients can be protected against influenza A(H1N1),
A(H3N2) and B, respectively, while 28 days after
vaccination these values were 10, 35 and 70%
compared with 0% individuals protected before im-
munisation.[90] The number of patients who showed
a significant response (at least a 4-fold increase of
HI antibody levels) reached similar values as those
of protection rate. Thus, the requirements of the
Committee for Proprietary Medicinal Products and
the Commission of the European Communities were
complied with only 28 days after vaccination for
antigen B.[90] Similar observations were made by
Sumaya and Williams[87] who vaccinated 38 children
with cancer receiving chemotherapy with bivalent
split or whole vaccine. Two weeks after immunisa-
tion the number of patients with HI antibody titres
≥1 : 20 was 68% for A(H1N1) and 94% for
A(H3N2), while 12 months after vaccination these
values were 29% and 76%, respectively.[87] Unfor-
tunately, it is not known how many patients
achieved HI antibody levels ≥1 : 40.

There are some investigations where authors did
not observe any significant differences in immune
response to influenza vaccines between patients
with cancer receiving chemotherapy, and the healthy
control group and patients off chemotherapy.[88,89,91]

For example, in the studies carried out by Lange et
al.,[89] 22 children with acute lymphoblastic leu-
kaemia in remission who were receiving mainte-
nance chemotherapy and 16 children who had dis-
continued chemotherapy for a mean of 15 months
were vaccinated against influenza with two 0.5ml
doses of split bivalent vaccine. Four weeks after the

first vaccination children off therapy showed sig-
nificantly higher titres to one of the strains included
in the vaccine than children receiving therapy. Four
weeks after the second immunisation, children off
therapy had higher titres of antibodies to both an-
tigens than children who were receiving therapy,
while one year after vaccination there were no sig-
nificant differences between these 2 groups. It is
interesting that children off therapy achieved ab-
normally high antibody titres to both influenza an-
tigens. This phenomenon was also observed by
Borella and Webster.[86] They suggested several
theories to explain this unexpected increase in an-
tibody levels after the completion of therapy: (i)
that once immunosuppression is stopped, antigen
that remains in the reticuloendothelial system be-
comes accessible to an expanding lymphoid cell
population; (ii) that a discrete population of long-
lived memory cells regenerate once chemotherapy
is stopped; (iii) that memory cells are capable of
interaction with an expanding, antibody-producing
cell population; or (iv) that suppressor T cells fail
to regenerate normally after years of chemotherapy
and therefore fail to modulate the B cell response
to viral antigen.[86]

All these discrepancies in the different authors’
results may be explained by differences in types
and stages of proliferative diseases, in the treatment
and composition of influenza vaccines, and in pa-
tients’ages, vaccination history and prevaccination
antibody titres.[36,38,92] Nevertheless, there is some
clinical evidence that immunisation provides some
protection against influenza infections.[75] The re-
sults of many studies show that no cancer patients
had symptoms of influenza virus infection after in-
fluenza vaccination. However, given that different
respiratory pathogens cause similar symptoms of
disease, every case of respiratory infection should
be confirmed by laboratory diagnosis. Influenza
vaccines are well tolerated in patients with cancer
and all adverse reactions are generally mild and
similar to those observed in healthy controls.[88,91]
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2.6 Patients with HIV Infection

The ACIP recommends influenza vaccination
for all patients infected with the human immuno-
deficiency virus.[6] However, in spite of these clear
recommendations, many physicians and patients
are not convinced that immunisation against influ-
enza is actually effective, legitimate and well tol-
erated in this group. On the one hand there are
opinions that the incidence of influenza and mor-
tality due to influenza is low in adult patients with
HIV infection, whereas it is known that the risk of
serious post-influenza complications, including
primary pneumonia or secondary bacterial pneu-
monia, is significantly higher.[6,93-95] The second
factor which discourages medical practitioners to
offer influenza vaccines to their patients with HIV
infection is that according to many authors’ find-
ings, good serological response after vaccination
may be expected only in those patients who have
minimal AIDS-related symptoms and high CD4+
T lymphocyte counts.[6,96,97] The last issue in ques-
tion is that influenza vaccine, as well as tetanus toxoid
and pneumococcal vaccine, probably increase the
replication of HIV in the plasma or peripheral
blood mononuclear cells and increase the suscep-
tibility of uninfected cells to HIV infection.[6,98,99]

However, this is not generally confirmed. There
are some reports showing that this increased risk
of a rise in HIV-1 RNA after vaccination occurs in
patients not taking antiretroviral therapy. There-
fore, it has been suggested that antiretroviral treat-
ment should be maximised at the time of planned
immunisation. This would only be in order to limit
increases of HIV replication because postvaccina-
tion antibody titres appear to be similar in patients
with HIV infection treated with antiviral drugs and
those not receiving these drugs.[100] Although im-
munisation against influenza may enhance HIV
replication and reduce CD4+ count, influenza in-
fection might have an even more marked impact
and result in serious consequences for a patient’s
health.[98]

In the majority of studies that we reviewed, hu-
moral immune response to influenza vaccination in
patients with HIV infection was generally poorer

than that in healthy people.[100,101] Certainly, it must
be stressed that this response depends on many fac-
tors, including influenza vaccine antigens. In our
studies carried out in 34 patients with HIV infec-
tion in different stages of the disease, protection
rate indexes determined one month after vaccina-
tion with subunit vaccine was only 17.6% for an-
tigen A(H1N1) and 41.2% for antigen B, while for
antigen A(H3N2) it was 79.4%.[101] Better results
were obtained by Huengsberg et al.[102] who re-
corded that after vaccination 50% of asymptomatic
patients with HIV infection were protected against
all 4 tested antigens compared with 63% in the con-
trol group. The response rate was 73% for at least
one of the antigens included in the vaccine com-
pared with 93.5% in the healthy vaccinated control
group.[102] In our studies, response rate values re-
mained at similar levels during the whole study and
ranged only from 9.4 to 14.7%.[101]

Significantly worse results were obtained by
Schneider et al.[100] who studied humoral response
to subunit influenza vaccine in patients with HIV
infection and different CD4+ counts. In these stud-
ies the percentage of patients with protective HI
antibody titres ranged only from 7 to 26% compared
with 42 to 74% in the vaccinated control group
(table II).[100]

It is worth adding that our studies, as well as
those of Schneider et al. and Huengsberg et al., did
not confirm significant differences in humoral re-
sponse between patients with different CD4+ counts,
nor between patients with AIDS and those without
AIDS.[100-102]

Although the humoral response to influenza
vaccination, characterised by protection rate and
response rate indexes, is generally poor in patients
with HIV infection, this finding does not mean that
vaccinations against influenza should be stopped
in this group. It is necessary to take into account
the benefits of vaccination for individual patients
since some of them are able to develop HI antibod-
ies in titres which are considered to give a protec-
tion against infection and its complications or at
least to contribute to a milder course of the disease.
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Table II. Antibody response to influenza vaccination in patients with HIV infection as measured by the haemagglutinin inhibition test

Epidemic season, vaccine and
antigens

Patients (no.) Protection rate after vaccination (%) MFI of HI antibody titres Comments Ref

1991/92, tetravalent, subunit
[A/Singapore/6/86 (H1N1);
A/Beijing/353/89(H3N2);
B/Panama/45/90;
B/Beijing/1/87]

Total HIV patients aged 24-
64y (54)

After 3 weeks

7-26

After 3 weeks

3.8-8.5

At the end of
the influenza
season
1.7-3.9

Protection assumed to be
associated with HI titre ≥100
for A strains and ≥200 for B
strains

100

CD4+ count ≤200 (29) 3.4-13.8

CD4+ count = 201-499 (15) 13.3-40

CD4+ count ≥500 (10) 0-40

Control aged 24-42y (19) 42-74 25.5-33.2 17.2-53.4

1992/93, trivalent, subunit
[A/Singapore/6/86(H1N1);
A/Beijing/353/89(H3N2);
B/Yamagata/16/88]

Total HIV patients aged 17-
54y (44)

CD4+ count <200 (6)

50% of patients had protective HI
titres to all tested antigens

After 15-110 days

2.0-4.0

Protection assumed to be
associated with HI titre ≥1 : 40

102

CD4+ count 200-500 (23) 2.0-4.0

CD4+ count >500 (15) 2.0-4.0

Control aged 20-51y (16) 63% of controls had protective HI
titres to all tested antigens

4.0 - 16.0

1997/98, trivalent, subunit
[A/Bayern/7/95(H1N1);
A/Wuhan/359/95(H3N2);
B/Harbin/7/94]

Total HIV patients aged 18
to 55y (34)
CD4+ count <200 (6)

After 1 month
17.6-79.4

16.7-66.7

After 6 months
20.6-82.4

16.7-66.7

After 1 month
1.5-5.5

2.1-8.2

After 6 months
1.5-9.1

2.1-12.0

Protection assumed to be
associated with HI titre ≥1:40

101

CD4+ count 200-499 (19) 11.1-77.8 16.7-77.8 1.97-5.8 1.97 - 12.9

CD4+ count >500 (9) 25-87.5 25-87.5 1.6-6.5 1.6-8.7

CD4+ = CD4+ T lymphocytes expressed as cells/µl; MFI = mean-fold increase.



2.7 Patients with Haemophilia

In patients with haemophilia, immunological
disorders of cellular as well as humoral response
can be observed.[103-106] They are probably con-
nected with transfusion of blood product prepara-
tions and may be a reason for impaired response to
influenza vaccination and consequently a lack of
protective effect against influenza infection.[103-106]

Therefore, patients with haemophilia can be
considered to be at increased risk and should be
immunised against influenza every year, despite
the fact that the ACIP does not clearly recommend
influenza vaccination for this group.[6]

The results of studies carried out in Poland in
patients with haemophilia indicated a significant
seroconversion to influenza vaccine in this group.
In the 1993/94 epidemic season, 51 children with
haemophilia A or B were vaccinated with subunit
influenza vaccine.[107,108] Three weeks after vacci-
nation MFI of HI antibody titres ranged from 2.7
to 5.3 in children with haemophilia and 1.1 to 1.3
in the healthy nonvaccinated control group. Six
months after immunisation, MFI values were be-
tween 1.6 and 5.8 in the vaccinated group, while in
the control these values were below 1.0.[107,108] The
number of patients protected ranged from 71 to
90% three weeks after vaccination and 75 to 94%
six months after vaccination, while in the control
group these values were between 0 to 93% and 2
to 47%, respectively. The number of patients show-
ing at least a 4-fold increase of HI antibody titres
ranged from 43 to 63% three weeks after vaccina-
tion and 22 to 61% six months after vaccination.
In the control group response rate values were be-
tween 2 to 5% and 0 to 22%, respectively. Three
weeks after vaccination there were several sero-
negative patients, while 6 months after vaccination
all vaccinated patients were seropositive.[107,108]

In the epidemic season 1996/97, influenza vac-
cine was administered to 38 children with haemo-
philia who had been immunised for the first time
in 1993/94.[109] Three weeks after immunisation,
HI antibody levels were 3.9 to 10.9 times higher
than before vaccination, while 6 months after vac-
cination they ranged from 8.4 to 28.6. Before vac-

cination, only 2.6 to 7.9% of the study group had
HI antibody titres equal to or higher than 1 : 40.
The highest proportion of individuals protected
was observed 6 months after immunisation and
ranged from 76.3 to 97.4% compared with 52.6 to
60.5% three weeks after vaccination. Similar val-
ues were obtained for response rate and ranged
from 71.1 to 86.8% six months after vaccination
compared with 39.5 to 42.1% three weeks after
immunisation.[109]

We also carried out studies on humoral response
to subunit influenza vaccine in 26 children with
severe haemophilia (group A) and 12 patients with
mild haemophilia (group B).[110] Three weeks after
vaccination, HI antibody titres increased from 2.2
to 5.2 times in group Aand 2.8 to 6.0 times in group
B. Six months after vaccination a further increase
of HI antibodies was observed for antigens H1N1
and H3N2. The highest percentage of individuals
protected were observed 6 months after vaccina-
tion and they ranged from 65.4 to 96.2% in group
A and 83.3 to 100% in group B. The number of
patients with at least a 4-fold increase of HI anti-
body titres 3 weeks after vaccination ranged from
38.5 to 61.5% in group A, 41.7 to 66.7% in group
B, and 0 to 4.3% in the healthy nonvaccinated con-
trol group. No statistically significant differences
were found in HI antibody titres between patients
with severe haemophilia and those with mild hae-
mophilia.[110]

It must be stressed that in the most cases, influ-
enza vaccines used in the described studies in-
duced a production of HI antibodies in titres which
are sufficient to protect against infections caused
by the influenza virus. Moreover, these antibody
titres remained at the high levels even 6 months
after vaccination. Moreover, no vaccinated pa-
tients with haemophilia were infected with the in-
fluenza virus and no serious adverse reactions were
observed after administration of the vaccine.[107-110]

3. Conclusions

This article has looked at the results of studies
carried out in high risk patients vaccinated against
influenza. Data recorded by different authors are
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variable and it is difficult to find one clear conclu-
sion. In the same high risk group some investiga-
tions indicated poorer humoral immune response
to influenza vaccine, whereas others showed re-
sponses comparable to those in healthy individuals.

It is known that humoral immune response lev-
els depend on many factors, including a patient’s
age, their medical condition, the type of treatment
they are receiving, their vaccination history and pre-
vaccination antibody titres. Moreover, the compo-
sition of influenza vaccines and the immunogen-
icity of vaccine strains must also be taken into
consideration. At least one strain is different from
those used in the previous epidemic season and this
may vary from year to year, which influences hu-
moral response. Another problem is a selection of
appropriate control groups. In the majority of stud-
ies the control group consisted of healthy vacci-
nated or nonvaccinated people. However, because
of ethical reasons it is very difficult to obtain a control
group consisting of nonvaccinated high risk patients.
Moreover, the number of patients included in the
study is also an important factor which influences
the results. Although in some cases immunological
responses to influenza vaccination measured in the
whole study group were poor, there were some in-
dividual patients who, after vaccination, developed
HI antibodies in titres which are considered to give
a protection against infection or contribute to a
milder course of the disease.

Nevertheless, the question of what level of im-
mune response actually protects against influenza
infection in high risk patients remains. For example,
Kempe et al.[76] found that HI antibody levels ≥1 : 32
correlated highly with protection against influenza
in healthy patients but not in patients with cancer.
This may be explained by the impaired antibody
production in these patients and/or deficiencies in
cell-mediated immunity, possibly in the function of
cytotoxic T cells or T helper cells. In addition, the
disruption of mucosal barriers by chemotherapy
may facilitate the infection despite antibody titres
which are high enough to give protection in healthy
people.[76] Thus, another unresolved question is
whether HI antibody levels are a good marker for

the assessment of efficacy influenza vaccines in high
risk groups of patients. It is necessary to take into
account that not only humoral response but also
cellular immunity play an important role in protect-
ing against influenza infections and reduction of
the disease severity, and that cellular and humoral
response both to vaccine and wild disease are not
always parallel.[111]
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