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Abstract
Purpose Oncological patients are susceptible to various severe viral infections, including influenza. Vaccinating oncological
patients and their household contacts (“cocoon vaccination”) may protect these patients from contracting influenza. To under-
stand the potential of cocoon vaccination in oncological patients, this study assesses the influenza vaccination status of onco-
logical patients and their household contacts and their considerations regarding the vaccination.
Methods In this retrospective study, oncological patients with a solid tumor were asked to fill in a questionnaire about their own
and their household contacts’ influenza vaccination status in the influenza season of 2018–2019.
Results Ninety-eight patients were included (response rate 88%). The influenza vaccination rates of oncological patients and their
first household contacts were 43.9% and 44.9%, respectively. The majority of vaccinated patients and vaccinated first household
contacts had been advised by their general practitioner to get the vaccination. A minority of the first household contacts reported
getting vaccinated specifically because of the patient’s vulnerability. Unvaccinated patients and unvaccinated household contacts
mainly believed the vaccination was unnecessary or were afraid of side effects. None of the included patients had been hospitalized
with influenza.
Conclusion The oncological patients’ and first household contacts’ vaccination rates in this study were lower than the vaccination
rates of the general Dutch population of over 60 years old, possibly due to a lack of knowledge and misconceptions about the
vaccination. Further research is required to establish whether cocoon vaccination can contribute to protecting oncological patients
from contracting an influenza infection.
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Introduction

Viral infections have a serious impact on people’s health world-
wide, as is evidenced by the current COVID-19 (coronavirus
disease 2019) pandemic that, at the time of writing, has resulted
in over a million deaths worldwide and for which a vaccine is
urgently awaited [1]. Vaccines are, however, available for in-
fluenza, and yet, according to the World Health Organization

(WHO), three to five million patients globally suffer from a
severe influenza infection every year, resulting in approximate-
ly 290,000 to 650,000 deaths [2]. A recent study suggests that
this may even be an underestimation of the actual number of
deaths caused by influenza infections each year [3]. In the
Netherlands, people of 60 years and older and patients with
comorbidities who are vulnerable to serious influenza infec-
tions are advised to get vaccinated by their general practitioner
(GP) [4]. However, for various reasons, not all patients are
willing to receive the vaccination. The vaccination rate of peo-
ple older than 65 years in the influenza season of 2018–2019 in
the Netherlands was 62.7%, which is the third highest rate of
the European Union, following the UK (72.0%) and Ireland
(68.5%) [4, 5]. Yet the WHO goal of a 75% vaccination rate
in patients older than 65 years has not been reached [2].

Elderly and immunocompromised patients, such as oncolog-
ical patients receiving chemotherapy, are more susceptible to
serious influenza infections, which means that they can possibly
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benefit more from being vaccinated [6]. Their immune response
however is less adequate which makes the vaccination less ef-
fective [7–11]. This means that these individuals may need ad-
ditional protection, for example, by vaccinating healthcare
workers, because they are in close contact with patients highly
susceptible to influenza [12–17]. Unfortunately, the vaccination
rate of healthcare workers is generally low in the Netherlands. In
a 2012 study, the vaccination rate of hospital personnel in the
Netherlands was 2–33%, with a median of 12% [18]. The aver-
age vaccination rate of healthcare workers in Europe in 2016–
2017 was 30.2% [19]. This percentage is insufficient to reduce
the spread of influenza substantially. Moreover, this percentage
has not really increased over the years [20, 21]. This is in sharp
contrast with the vaccination rates of healthcare workers in the
USA. After implementing a mandatory vaccination program,
vaccination rates of hospital personnel increased from 56
(2006–2007) to 94% (2013–2014). This was associated with a
significant reduction of nosocomial infections in immunocom-
promised cancer patients [16].

The closest contacts of vulnerable patients are often the people
they live with. Unsurprisingly, household contacts of patients can
also transmit the virus to the patients [22]. The recent COVID-19
pandemic has shown that close contacts have an important role in
spreading viral infections. In Australia in May 2020, the number
of influenza infections had decreased to 1% of the infections
present in May 2019 [23]. The coronavirus measures, such as
physical distancing and advice about extra hygiene, seem to have
helped reduce the transmission of viral infections. In the case of
influenza, this implies that vaccinating household contacts and
thereby decreasing the chance of household contacts getting an
influenza infection can possibly protect vulnerable patients [24].
This strategy is called cocoon vaccination. Data from several stud-
ies suggest that cocoon vaccination can be effective in decreasing
the chance of infants contracting Bordetella pertussis [25, 26].
Furthermore, a Canadian study showed that vaccinating children
can protect unvaccinated adults from contracting influenza infec-
tions [27]. To our knowledge, no previous studies have researched
whether cocoon vaccination against influenza protects oncological
patients from contracting a serious influenza infection.

In this study, we assessed the vaccination status of onco-
logical patients and their household contacts to understand the
potential of cocoon vaccination in this population.
Additionally, we investigated the considerations of patients
and their household contacts regarding the decision to vacci-
nate against influenza or not.

Methods

Design and research population

This retrospective study was conducted at the Department of
Internal Medicine at the Academic Medical Center (AMC),

one of the Amsterdam University Medical Centers hospitals.
After a data privacy impact assessment, the Data Privacy
Office approved the study. From April to July 2019, adult
oncological patients were invited by two assessors to take part
in the study. Over this period, the assessors randomly chose
different moments of alternating days to visit the oncology
outpatient clinic and the chemotherapy treatment center. All
the patients present at the time were asked to participate in the
study. Patients who were approached received an information
letter about the study and a questionnaire. They were also
asked to give informed consent to the collection of their rele-
vant medical history for this study.

This study researched oncological patients with a solid tumor
of 18 years and older. We excluded patients with a hematologic
malignancy as hematological illnesses have a specific relation-
ship with the immune system and the influenza vaccination may
have a different effect on this group of patients. This subject was
beyond the scope of this study and needs to be researched in
future studies. We also excluded patients who did not speak the
Dutch or English language sufficiently and patients who were
diagnosedwith cancer after November 2018 (Fig. 1). The reason
for this is that the 2018 influenza vaccination in the Netherlands
was administered by GPs up until November of that year [28].
Therefore, patients diagnosed after November would not have
taken their illness into consideration when making a decision
about getting vaccinated. In the Netherlands, vulnerable patients
and patients of 60 years and older receive a letter from their GP
every year with the recommendation to get vaccinated. The GP
has the role of advocate for the influenza vaccine and is also
responsible for giving advice and the administration of the vac-
cination. There is no protocol for oncologists regarding influen-
za vaccination advice for patients. Healthy household contacts
are not routinely advised to get vaccinated.

Patients were also asked to fill out information about their
household contacts. A household contact was defined as a
person they lived with. We named the patients’ partner the
“first household contact.” If a patient did not have a partner,
the first household contact was the first person the patient
mentioned. The following household contacts that the patient
mentioned were named respectively “second household con-
tact” to “fifth household contact.”

A Dutch questionnaire was specifically written and used
for this study (translated to English in the Supplementary
Material). The majority of the patients filled out the question-
naire themselves. Some patients preferred to answer the ques-
tions orally while the researcher transcribed their answer. The
questions were asked and answered orally in English if pa-
tients did not understand the Dutch language sufficiently.

Questionnaire variables

The patient questionnaires were used to collect information on
the patients’ general characteristics, influenza vaccination
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status, reasons for (not) being vaccinated, and the number of
household contacts.

If patients had household contacts, they were asked to fill in
additional questionnaires, one for each of their household con-
tacts. The additional questionnaires collected information on
the household contact’s general characteristics, influenza vac-
cination status, reasons for (not) being vaccinated, and the role
of the patient’s illness in this decision.

Medical file information

One assessor (M.R.) consulted the Electronic Patient Records.
He examined whether the patients had been tested positive for
influenza in the AMC in the 2018–2019 influenza season
(December until March) and assessed the patient’s type of
oncological disease, the date of diagnosis, and the treatment.

Statistical analysis

All questionnaires were anonymized after completion. We
statistically analyzed the data with the use of SPSS version
26.0.0.0. Logistic regression was used to assess the risk fac-
tors of non-vaccination for patients and their household con-
tacts. Significance was determined by a p value lower than
0.05. The factors “age” and “sex” were studied in the patient
and household contact group. We did not include the variable
“living situation” because only a small number of patients did
not live independently. The variable “vaccinated in the past 5
years” was not added to the analysis because this was too
closely related to the vaccination status. We did not include
the variable “invited by the GP for the influenza vaccination”
since the recommendation had taken place approximately 6
months before participants answered the questionnaire. It is
therefore possible that unvaccinated patients were less likely

to remember receiving an automated letter with vaccination
advice from their GP than vaccinated patients.

Results

In total 135 patients filled in the questionnaire (response rate
88%, Fig. 1). We excluded four patients with a hematologic
malignancy. In addition, 33 patients that were diagnosed with
cancer after November 2018 were excluded. Ninety-eight pa-
tients were analyzed using the data obtained from their ques-
tionnaires. Of the 98 included patients, 88 patients also gave
informed consent to consult their Electronic Patient Records.
We were therefore able to obtain the following additional
information about the 88 patients that gave us access to their
medical records: 62.5% were undergoing palliative treatment
and 37.5% were undergoing curative treatment. A gastro-
intestinal tumor was diagnosed in 59.1% of the patients.
Other patients were diagnosed with breast cancer (13.6%),
pancreatic cancer (12.5%), cancer of the urinary tract
(6.8%), cholangiocarcinoma (4.5%), and other types of cancer
(3.4%, Fig. 2).

Population characteristics

The vaccinated patients were older than the unvaccinated pa-
tients (mean 67.0 vs. 62.0 years old, Table 1). Similarly, the
vaccinated first household contacts were older than the unvac-
cinated first household contacts (> 60 years old: 83.9% vs.
39.5%, Table 2). Most of the patients lived independently
(90.8%). Approximately one-third of the patients lived alone,
and about half of the patients only had one household contact.
If patients lived with one or more household contacts, the first
household contact was almost always the partner (94.0%). Of
the 33 other household contacts (second to fifth household

Fig. 1 Consort flow diagram
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contacts), 32 were not vaccinated (97%). Of these 33 house-
hold contacts, 30 (91%) were the patients’ children (90% aged
0–20 years). The 32 unvaccinated second to fifth household
contacts had either not been invited by their GP to be vacci-
nated (73%) or considered vaccination unnecessary (27%).

Influenza vaccination

The influenza vaccination rate of the patients in this study was
43.9%, and the vaccination rate of the first household contacts
was 44.9% (Fig. 3). Of the 43 vaccinated patients, 29 had at
least one household contact (67.4%), and 26 of these 29 first
household contacts had also been vaccinated (89.7%). Of the
vaccinated patients and vaccinated first household contacts,
the majority was 60 years or older (respectively, 76.7% and
83.9%), which means that they would have been advised to
get vaccinated solely because of their age. Of the unvaccinated
patients and unvaccinated first household contacts, 61.8% and
39.5% were 60 years or older. In the category of patients of 60
years and older, 49.3% was vaccinated.

Almost all vaccinated patients and vaccinated first house-
hold contacts indicated that they had been advised to get the
vaccination by their GP (respectively, 95.3% and 96.8%). The
majority of the vaccinated patients and first household con-
tacts had been vaccinated every year in the previous 5 years
(respectively, 58.1% and 74.2%). Among the unvaccinated
patients and unvaccinated first household contacts, there was
a lower percentage of people that reported having received a
recommendation from their GP to get vaccinated (respective-
ly, 54.5% and 36.8%). The unvaccinated patients and unvac-
cinated household contacts were more likely not to have had
any vaccination in the previous 5 years (respectively, 76.4%
and 78.9%). Patients mainly chose to receive the vaccination
for their own health (76.7%) and because they had been ad-
vised to do so (39.5%). If patients refused the vaccination, this
was often because they thought the vaccination was unneces-
sary (47.3%) or because they were afraid of side effects

(30.9%, Fig. 4). Regarding the reasons for vaccination, the
vaccinated first household contacts most often mentioned that
they had chosen to get vaccinated for their own health (71.0%)
and to a lesser extent because of the health of the patient
(32.3%). Unvaccinated first household contacts often thought
vaccination was unnecessary (50.0%, Fig. 4).

Hospitalization with an influenza infection

None of the included patients had been hospitalized with a
proven influenza infection in the influenza season of 2018–
2019.

Logistic regression

Risk factors for non-vaccination were assessed for patients
and their household contacts. The older the patient or first
household contact, the higher the likelihood of being vacci-
nated. The odds of the patient being vaccinated increased by
1.042 per year of increased age (95% CI 1.003–1.083,
Table 1). The household contact’s likelihood of being vacci-
nated increased by 1.888 per 10 years of increased age (95%
CI 1.231–2.895, Table 2). Due to privacy reasons, the house-
hold contact’s age was analyzed per 10 years instead of 1 year.
In both the patients’ and household contacts’ groups, sex was
not a significant risk factor for non-vaccination.

Discussion

This is the first study in a European country on the vaccination
status of both adult oncological patients and their household
contacts and their reasons for (not) getting vaccinated.

The vaccination rates of oncological patients in our study
are lower than in a previous Dutch study in 2013, which
showed an influenza vaccination rate of 59% in oncological
patients [29]. This is alarming, also in view of the current

Fig. 2 Patients’ diagnosis
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COVID-19 pandemic and the hopes that a vaccine may coun-
teract the devastating effects of the coronavirus. Oncological
patients are more susceptible to contracting a serious influenza
infection due to their illness, a reduced immune system during
and post (chemotherapy) treatment, and because of their reg-
ular hospital visits [10, 16, 30]. Despite the large number of
influenza deaths and the oncological patients’ higher risk of

contracting a serious influenza infection, vaccination is still
frequently declined by these patients and their household
contacts.

A 2019 study in the USA investigated the influenza vacci-
nation status of oncological patients and their caregivers [31].
The vaccination rate among patients was 72% and among
caregivers 71%. The oncological patients in the USA study

Table 1 Vaccinated versus unvaccinated patients

Vaccinated patients
(n = 43)

Unvaccinated patients
(n = 55)

OR (95% CI) p value

% (n) % (n)

Sex
Female 48.8% (21) 45.5% (25) 1.046 (0.459–2.383) 0.914
Male 51.2% (22) 54.5% (30) 1

Age (mean in years) 67.0
range 38–81

62.0
range 39–91

1.042 (1.003–1.083) per
year of increased age

0.035

Living situation
Independent 86.0% (37) 94.5% (52)
With informal care 7.0% (3) 3.6% (2)
With home care 4.7% (2) 1.8% (1)
In a nursing home 2.3% (1) 0

Household contacts
None 30.2% (13) 27.3% (15)
1 53.5% (23) 45.5% (25)
2 or more 14.0% (6) 27.3% (15)
I live in a nursing home 2.3% (1) 0

Invited by the GP for the influenza vaccination 95.3% (41) 54.5% (30)
Vaccination advised by (multiple answers possible)
The GP 28
The oncologist 7
The media 1
Own initiative 11
Other 1

Reason(s) for being vaccinated (multiple answers possible)
Because of my own health 33
Because I was advised to 17
To protect others 1
I don’t know 1
Other 1

Reason(s) for not being vaccinated (multiple answers possible)
I did not receive an invitation from my GP 10
I do not find it necessary 26
I am principally against vaccinations 1
I am afraid of side effects 17
I forgot about the vaccination 6
I do not get the flu 3
Other 5

Vaccinated in the past 5 years 42 patients (1 missing)
Yes, every year 58.1% (25) 5.5% (3)
Yes, 2–4 times 11.6% (5) 3.6% (2)
Yes, once 14.0% (6) 14.5% (8)
No 14.0% (6) 76.4% (42)

Do you take special measures to prevent catching the flu during the flu season, such as washing your hands more often or
having less physical contact when greeting someone?
Yes, always 20.9% (9) 27.3% (15)
Yes, when I have guests 11.6% (5) 3.6% (2)
Yes, but only in the hospital 7.0% (3) 3.6% (2)
Yes, when I have guests and in the hospital 4.7% (2) 1.8% (1)
Yes, other 0 5.5% (3)
No 55.8% (24) 58.2% (32)
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considered it important for their health that their caregivers got
vaccinated, while the caregivers’ decision to be vaccinated did
not appear to be affected by the patients’ disease. Likewise, in
our study, the majority of first household contacts did not
seem to take the vulnerability of the oncological patient into
account when deciding to get vaccinated. Only 32.3% of the

vaccinated first household contacts got the vaccination to pro-
tect the patients’ health.

Unvaccinated patients and unvaccinated first household
contacts mainly indicated that they thought they did not need
the vaccination or were afraid of side effects. They often noted
that they were afraid the vaccination would make them ill.

Table 2 Vaccinated versus unvaccinated first household contacts

Vaccinated first
household contacts
(n = 31)

Unvaccinated first
household contacts
(n = 38)

OR (95% CI) p value

% (n) % (n)

Sex

Female 48.4% (15) 65.8% (25) 0.623 (0.214–1.809) 0.384

Male 51.6% (16) 34.2% (13) 1

Age 1.888 (1.231–2.895) per 10
years of increased age

0.004

> 60 years old 83.9% (26) 39.5% (15)

Relationship with the patient

Partner 96.8% (30) 92.1% (35)

First degree relation (child, parent) 3.2% (1) 7.9% (3)

Advised by a GP for the influenza vaccination

Yes 96.8% (30) 36.8% (14)

Reason(s) for being vaccinated (multiple answers possible)

Because of the patient’s health 10

Because of the household contact’s own health 22

For work 3

Other 1

Reason(s) for not being vaccinated (multiple answers possible)

The household contact did not receive an invitation from the GP 10

The household contact thought it was unnecessary 19

The household contact is principally against vaccinations 1

The household contact is afraid of side effects 6

The household contact forgot about the vaccination 3

Other 2

If household contacts were vaccinated for their
own health, this had been advised by

22 patients

The GP 86.4% (19)

Own initiative 9.1% (2)

Other 4.5% (1)

If household contacts were vaccinated for the patient’s
health, this had been advised by

10 patients

The GP 40% (4)

The oncologist 20% (2)

Own initiative 30% (3)

All of the above 10% (1)

Vaccinated in the past 5 years 36 patients (2 missing)

Yes, every year 74.2% (23) 5.3% (2)

Yes, 3 times - 2.6% (1)

Yes, once 12.9% (4) 7.9% (3)

No 12.9% (4) 78.9% (30)
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Likewise, a 2020 study displayed that 20% of the at-risk pa-
tients had concerns about the safety of the influenza vaccina-
tion [32]. A large Toronto study showed, however, that only
5.8% of the 670 participants had influenza-like symptoms
after getting vaccinated [33]. There were no severe side effects
reported. Accordingly, if patients are informed that the risk of
getting symptoms caused by the vaccination is very low, it
may increase the likelihood of them choosing to get vaccinat-
ed. Healthcare providers should pay attention to this topic
when informing patients and their household contacts about
the vaccination. Not all patients will be influenced by receiv-
ing first-hand information [34], but earlier studies have shown
that giving patients high-quality information about the vacci-
nation raises the vaccination rates [35, 36].

The majority of the patients (65.1%) and first household
contacts (77.4%) got vaccinated at the recommendation of
their GP, while only seven patients and three household
contacts were vaccinated at the recommendation of the
patients’ oncologist. Oncologists, often the primary doc-
tors of oncological patients, can possibly play a larger role
in advising patients and household contacts to get vacci-
nated. An earlier study has shown that vaccination advice
from a rheumatologist was more effective than the advice

from the GP in convincing patients to get vaccinated for
influenza [37]. An oncologist’s recommendation for the
influenza vaccination may therefore possibly increase the
vaccination rate of oncological patients. In addition, a 2019
French study investigated the considerations of GPs re-
garding the influenza vaccination for oncological patients.
The study showed that GPs wanted to have more contact
with the patient’s oncologist in order to give the best in-
fluenza vaccination advice to the patient [38].

The influenza vaccination rate of the oncological patients
of 60 years and older was 49.3%, which is lower than the
vaccination rate of the general Dutch population of 60 years
and older (53.8% in 2018) [30]. Everyone in the Netherlands
of 60 years and older receives an annual vaccination recom-
mendation from their GP. The results of our study suggest that
the additional vulnerability of oncological patients of 60 years
and older does not heighten the vaccination rate of these pa-
tients. There is a potential for increasing the vaccination rate
among oncological patients if oncologists advocate and give
advice about the influenza vaccine as well as GPs.

The logistic regression that was conducted in our study
presented being of a younger age as a significant risk factor
for non-vaccination in patients and household contacts. This is

Fig. 3 Vaccination coverage in
influenza season 2018–2019

Fig. 4 Patients’ and first
household contacts’ reasons for
not getting vaccinated
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unsurprising considering that older people often have more
comorbidities and are more vulnerable than younger people.
More focus should possibly be put on advising younger on-
cological patients to get vaccinated.

Interestingly, in our study sample, none of the 98 included
patients had tested positive for influenza in the 2018–2019 in-
fluenza season, even though more than half of the patients and
their household contacts had not been vaccinated. We could
therefore neither confirm nor reject our hypothesis that vacci-
nating the household contacts of oncological patients can pro-
tect oncological patients from a serious influenza infection. The
question is whether the vaccination of household contacts could
be effective for preventing hospitalization of patients or alter-
natively whether the absolute risk of contracting influenza is too
low to warrant large-scale vaccination. Earlier literature shows
that oncological patients’ hospitalization rates and death rates
attributed to influenza infections (0.44% and 0.04%) are gener-
ally four times higher than those reported in the general popu-
lation [10]. Retrospectively, the influenza season of 2018–2019
was relatively mild in the Netherlands as the number of infec-
tions was 400,000 (approximately one in 43 people) [4]. This
was lower than in the previous seasons (900,000 in 2017–2018,
500,000 in 2016–2017) [39, 40]. Further research on a larger
scale has to be carried out to gather statistics on the number of
oncological patients that contract a severe influenza infection
and whether these patients can profit from vaccinated house-
hold contacts. Importantly, the recent Australian reports during
the COVID-19 pandemic show that physical distancing and
extra hygienic measures can possibly make a great difference
in limiting the spread of influenza [23]. Further research is
required to evaluate how these measures can contribute to de-
creasing influenza infection rates in oncological patients when
the COVID-19 measures are lifted.

There were some limitations to this study. Firstly, solely
Dutch and English-speaking patients were included, and a
Dutch questionnaire was used. Two assessors worked on this
research, and they transcribed the patients’ answers if they were
done orally. This could have possibly led to some inter-
observer discrepancies. Uncertainties were however discussed,
and a standardized questionnaire was used. Secondly, it is pos-
sible that patients were not fully aware of their household con-
tacts’ considerations regarding vaccination. The patients were
asked to fill in their household contacts’ vaccination status and
the reasons for getting vaccinated or not. The first household
contacts were often present; however, in some cases, patients
were alone. In this case, patients were able to leave the question
open. Furthermore, 95.3% of the vaccinated patients remem-
bered being advised to get vaccinated by their GP, while only
54.5% of the unvaccinated patients claimed to have received
this recommendation. It is possible that unvaccinated patients
may have forgotten that they received a recommendation from
their GP as vulnerable patients receive an automated letter
about the flu vaccination. Thirdly, our vaccination rates could

be an underestimation of the general vaccination rate of all
oncological patients. We focused solely on patients in the out-
patient clinic and at the outpatient chemotherapy treatment cen-
ter. Patients that receive chemotherapy clinically may be more
vulnerable and may therefore be more likely to get vaccinated.
Furthermore, more vulnerable patients may not have been will-
ing or able to participate in this study. Finally, we may not have
been able to include oncological patients that had declined or
were not eligible for chemotherapy due to a poor prognosis as
these patients visit the outpatient clinic or the treatment center
less frequently. However, the influenza vaccination would not
be substantially beneficial for these patients because of their
poor prognosis. Their vaccination status was therefore not the
main focus of this study.

More research has to be done to determine the exact burden
of influenza in the oncological patient population and whether
cocoon vaccination can contribute to protecting oncological
patients from contracting an influenza infection. There is a
possibility that the vaccination rate of patients and their house-
hold contacts could be raised by the oncologist bringing up the
topic of vaccination and giving advice on it. GPs and oncolo-
gists should address patients’ and household contacts’ mis-
conceptions about side effects.
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