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ABSTRACT

Introduction: Despite a government-subsidized vaccination program, healthcare personnel (HCP) influ-
enza vaccination uptake remains low in Peru. Using three years of cross-sectional surveys and an addi-
tional five years of prior vaccination history of HCP in Peru, we explored HCP knowledge, attitudes,
and practices (KAP) of influenza illness and its impact on vaccination frequency.
Methods: In 2016, the Estudio Vacuna de Influenza Peru (VIP) cohort was initiated in Lima, Peru, which
collected information about HCP KAP and influenza vaccination history from 2011—2018. HCP were clas-
sified by their 8-year influenza vaccination history as never (0 years), infrequently (1—4 years), or fre-
quently (5—8 years) vaccinated. Logistic regression models were used to describe KAP associated with
frequent compared to infrequent influenza vaccination, adjusted for each HCP’s healthcare workplace,
age, sex, preexisting medical conditions, occupation, and length of time providing direct patient care.
Results: From 2016—2018, 5131 HCP were recruited and 3120 fully enrolled in VIP; 2782 consistently
reported influenza vaccination status and became our analytic sample. From 2011—2018, 14.3% of
HCP never, 61.4% infrequently, and 24.4% frequently received influenza vaccines. Compared to HCP
who were infrequently vaccinated, frequently vaccinated HCP were more likely to believe they were sus-
ceptible to influenza (adjusted odds ratio [aOR]:1.49, 95% confidence interval [CI]:1.22—1.82), perceived
vaccination to be effective (aOR:1.92, 95%Cl:1.59—2.32), were knowledgeable about influenza and vacci-
nation (aOR:1.37, 95%CI:1.06—1.77), and believed vaccination had emotional benefits like reduced regret
or anger if they became ill with influenza (aOR:1.96, 95%Cl:1.60—2.42). HCP who reported vaccination
barriers like not having time or a convenient place to receive vaccines had reduced odds of frequent vac-
cination (aOR:0.74, 95%CI:0.61—0.89) compared to those without reported barriers.
Conclusion: Few HCP frequently received influenza vaccines during an eight-year period. To increase HCP
influenza vaccination in middle-income settings like Peru, campaigns could strengthen influenza risk per-
ception, vaccine knowledge, and accessibility.

© 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Influenza causes substantive economic and disease burden in
Peru that results in high rates of hospitalizations and deaths [1-
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one trivalent inactivated influenza vaccine product though the Pan
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American Health Organization and provides doses free of charge
for target groups identified by the World Health Organization
(WHO) Strategic Advisory Group of Experts (SAGE) [5]; these target
groups include young children, pregnant women, older adults,
individuals with comorbidities, and healthcare personnel (HCP).
Despite a national program for HCP influenza vaccination, knowl-
edge, attitudes, and practices (KAP) of these SAGE target groups
suggest that HCP insufficiently receive and recommend influenza
vaccination in Peru [6-8], possibly because of ambivalence about
individuals’ risk of influenza illness or the value of influenza vacci-
nation [9]. Understanding the reasons why HCP are infrequently
vaccinated could help health authorities improve risk communica-
tion, optimize influenza vaccine access, and address infrequent
vaccine use and hesitancy.

Using three years of cross-sectional surveys and an additional
five years of prior vaccination history among HCP in Peru, we
aimed to assess influenza vaccination uptake among HCP as well
as behavioral factors that influenced their likelihood of receiving
influenza vaccines. Specifically, we (i) described who was most
likely to be frequently compared to infrequently vaccinated against
influenza, and (ii) identified factors associated with infrequent vac-
cination to determine priority areas for improving annual vaccina-
tion in this population.

Materials and methods
Study design

In 2016, the Estudio Vacuna de Influenza Peru (VIP) cohort was
initiated to learn more about influenza vaccination acceptance and
effectiveness among HCP. Details concerning VIP study recruit-
ment and design have been previously published [10]. Briefly, par-
ticipants were recruited into VIP using a stratified sampling
strategy, where participants at one of five participating hospitals
(Dos de Mayo National Hospital, Cayetano Heredia National Hospi-
tal, Daniel Alcides Carrion National Hospital, National Institute of
Child Health (Del Nifio), and Archbishop Loayza Hospital) in Lima,
Peru were categorized into 18 strata by sex, age, and occupation;
enrollment did not begin at National Institute of Child Health
(Del Nifio) and Archbishop Loayza Hospital until 2017. Once
recruited, participants completed a survey at enrollment, at the
start of each influenza season, and at the end of the season. This
analysis focused on responses to the enrollment and start of season
surveys. These surveys collected information about HCP demo-
graphics, occupational roles, workplaces, personal health status,
and influenza illness and vaccination knowledge, attitudes, and
practices (KAP). Prior influenza vaccination history from 2011 to
2015 was also collected by self-report at enrollment and verified
by the HCP’s hospital vaccination registry. From 2016 to 2018,
follow-up was conducted each July through August, during Peru’s
annual influenza season which occurs from May to October [1,11].

Among those who enrolled from 2016 to 2018, HCP were
included in the analysis population if they were: (i) > 18-years-o
1d; (ii) worked > 30 h a week; (iii) employed by the hospital for
at least one year; (iv) provided direct patient care; (v) fully
enrolled in the study for at least one year; and (vi) reported influ-
enza vaccination status during at least one year of prospective
follow-up from 2016 to 2018. Direct patient care was defined as
regular hands-on contact with patients during a typical work shift.
A participant was considered fully enrolled if they gave consent to
participate in the study, attended study orientation, and provided a
pre-season blood draw. If a person received the current season’s
influenza vaccine prior to enrollment, they were not enrolled in
VIP.
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Demographic and occupational factors and influenza vaccination
uptake

To learn more about HCP influenza vaccination practices over
time, we restricted analyses to only HCP who had influenza vacci-
nation status reported all 8 years and classified each person as
never, infrequently, or frequently vaccinated against influenza
from 2011 to 2018. Similar to previous work [12], HCP classified
as never vaccinated self-reported receiving 0 influenza vaccina-
tions during that period; people infrequently vaccinated reported
receiving 1—4 influenza vaccinations, and those frequently vacci-
nated received 5—8 influenza vaccinations.

Excluding those who never received influenza vaccines, we
assessed HCP characteristics associated with the likelihood of fre-
quent versus infrequent vaccination against influenza. Demo-
graphic and occupational factors assessed included: (i) hospital
of employment; (ii) age (18—34 years, 35—49 years,
50—70 years); (iii) sex; (iv) education level (high school or less,
some university, graduated university, master’s degree, advanced
graduate degree); (v) occupation (i.e., physicians; nurses, techni-
cians, & therapists; and medical assistants & support personnel);
(vi) medical care setting (i.e., outpatient, critical care, emergency
department, hospital, and other); (vii) practicing patient care
for > 10 years; (viii) perceived health status (excellent, very good,
or good; fair or poor); (ix) smoking status; and (x) presence of a
preexisting medical condition. Having a preexisting medical condi-
tion was defined as currently receiving medical care for at least one
of the following conditions: asthma, cancer, lung condition, dia-
betes, heart condition, high blood pressure, immunosuppressive
condition, kidney disease, neurologic problem, or other medical
condition. The other medical condition category included tubercu-
losis, psoriasis, pancreatitis, migraines, gastritis, rheumatoid
arthritis, and more.

Knowledge, attitudes, and practices and influenza vaccination uptake

Next, we investigated how KAP influenced influenza vaccina-
tion consistency over multiple years. To do so, we assessed how
(i) perceived susceptibility to influenza illness; (ii) perceived vac-
cine effectiveness; (iii) influenza and vaccination knowledge; (iv)
concerns about vaccination safety or pain from vaccination; (v)
emotional benefits of vaccination like reduced regret or anger if
HCP became ill with influenza; (vi) barriers to vaccination like
inconvenient times or places for vaccination; (vii) supervisor rec-
ommendation of vaccination; (viii) and perceived vaccination pro-
tection for self and (ix) for patients was associated with how often
HCP received influenza vaccines (Table 1). Composite coding
choices for specific KAP are described in detail in Table 1 and were
drawn from the Health Belief Model and the Theory of Planned
Behavior with items based on prior literature [13]. For our analy-
ses, only questions asked during each survey year were chosen to
signify KAP perceptions, with the exception of perceived vaccina-
tion protection for self and patients, which was only collected at
enrollment. To model the likelihood of frequent versus infrequent
vaccination for eight years, we ran univariable and multivariable
logistic regression models comparing each KAP category collected
at enrollment. Models were adjusted for each HCP’s hospital work-
place, age, sex, presence of at least one preexisting medical condi-
tion, occupation, and length of time practicing patient care, as
determined by directed acyclic graph analysis (Supplemental
Fig. 1). To examine how results differed across hospitals, we also
ran adjusted logistic regressions stratified by each HCP’s hospital
of employment. For KAP categories with composite coding choices,
univariable and multivariable logistic regression models were re-
rerun to compare odds of frequent vaccination across each specific
KAP question that was in the composite variables.



Table 1
Classification of knowledge, attitudes, and practices surrounding influenza vaccination.
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KAP criterion

Survey question

Response

Composite coding

Perceived influenza
susceptibility

Perceived vaccine effectiveness

Knowledge of influenza and
vaccine

Concerns about vaccination
safety or pain from
vaccination

Emotional benefits of
vaccination

Barriers to vaccination like
inconvenient times or
places for vaccination

Supervisor recommendation of
vaccination

Perceived vaccination
protection for self

Perceived vaccination
protection for patient

If you are unable to or don’t get an influenza vaccination, what do you
think your chance of getting the flu this season will be?

How effective do you think the influenza vaccine is in preventing you
from getting sick with influenza?

Agree or disagree with the following statement: People with influenza can
transmit the virus only after their symptoms appear.

Agree or disagree with the following statement: The influenza vaccine could
give me influenza.

Agree or disagree with the following statement: People can spread influenza
virus even when they are feeling well.

Agree or disagree with the following statement: Influenza vaccination is
safe.

Agree or disagree with the following statement: The influenza shot is
painful.

Agree or disagree with the following statement: If I don’t get an influenza
vaccination and end up getting sick with influenza, I'd be mad at myself
for not getting the vaccine.

Agree or disagree with the following statement: If I don’t get an influenza
vaccination, I will regret it.

Agree or disagree with the following statement: I usually do not have time to
get vaccinated with the influenza vaccine.

Agree or disagree with the following statement: There is not a convenient
place for me to get vaccinated with the influenza vaccine.

Agree or disagree with the following statement: A supervisor or other leader
at my workplace has recommended that [ get an annual influenza
vaccination.

Agree or disagree with following statement: Influenza vaccination can
protect me from getting sick with influenza.

Agree or disagree with following statement: If  get an influenza vaccination,
patients at my health facility will be better protected from influenza.

Not susceptible: Almost zero,

very small, small, or
moderate chance
Susceptible: Large, very
large, or almost certain
chance

Not effective: Not at all, not
too, or somewhat effective
Effective: Extremely or very
effective

0: Strongly agree, mildly
agree, or neutral

1: Mildly or strongly disagree

0: Strongly agree, mildly
agree, or neutral

1: Mildly or strongly disagree

0: Strongly disagree, mildly
disagree, or neutral

1: Mildly or strongly agree
0: Strongly agree, mildly
agree, or neutral

1: Mildly or strongly disagree

0: Strongly disagree, mildly
disagree, or neutral
1: Mildly or strongly agree
0: Strongly disagree, mildly
disagree, or neutral
1: Mildly or strongly agree
0: Strongly disagree, mildly
disagree, or neutral
1: Mildly or strongly agree
0: Strongly disagree, mildly
disagree, or neutral
1: Mildly or strongly agree
0: Strongly disagree, mildly
disagree, or neutral
1: Mildly or strongly agree

No: Strongly disagree, mildly

disagree, or neutral

Yes: Mildly or strongly agree

No protection: Strongly
disagree, mildly disagree, or
neutral

Some protection: Mildly or
strongly agree

No protection: Strongly
disagree, mildly disagree, or
neutral

Some protection: Mildly or
strongly agree

Not done

Not done

No knowledge: Sum of
three variables equals
0

Some knowledge: Sum
of three variables > 1

No concerns: Sum of
two variables equals 0

Some concerns: Sum of
two variables > 1

No emotional benefits:
Sum of two variables
equals 0

Some emotional
benefits: Sum of two
variables > 1

No barriers: Sum of
two variables equals 0

Some barrier: Sum of
two variables > 1

Not done

Not done

Not done

Abbreviations: KAP, knowledge, attitudes, and practices.

A sensitivity analysis was conducted to assess whether catego-
rization choices of vaccine consistency influenced results; this was
done by (i) re-running the initial univariable and multivariable
logistic regression models using alternative cut points to define
vaccine consistency (never: 0 vaccinations, inconsistent: 1—7 vac-
cinations, consistent: 8 vaccinations from 2011 to 2018) as well as
(ii) running univariable and multivariable Poisson regression mod-
els with a continuous coding of cumulative number of years vacci-
nated. Models used for these sensitivity analyses adjusted for the
same covariates as the main analysis. An additional sensitivity
analysis restricted the dataset to only participants practicing
healthcare since 2011 or earlier and likely able to receive influenza
vaccines through hospital employment; this analysis re-ran the
initial univariable and multivariable logistic regression models to

compare people with frequent versus infrequent influenza vaccina-
tion over time.

We did a sub-analysis of participants who were surveyed dur-
ing all three survey years (2016 to 2018) and were classified as
being infrequently vaccinated from 2011 to 2018 to account for
possible changes in KAP perceptions among those who were infre-
quently vaccinated. The sub-analysis focused on HCP who were
infrequently vaccinated because this group had a history of receiv-
ing at least one influenza vaccine and potential to increase vaccina-
tion uptake. Among this subset, we ran univariable and
multivariable generalized estimating equation (GEE) logistic
regressions to model odds of annual influenza vaccination (yes,
no) across each survey year’s KAP responses collected in the start
of season survey. GEE models accounted for participant-level clus-
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tering. Perceived vaccination protection for self and patients was
excluded from this analysis because it was only collected at enroll-
ment. For KAP variables with composite coding, GEE models were
repeated for the specific KAP questions.

We also estimated the odds that someone would get vaccinated
based on the vaccine product offered that year. To do so, we ran
univariable GEE logistic regressions comparing vaccine brands
and people’s odds of switching their status to vaccinated among
HCP who reported receiving vaccines and were surveyed from
2016 to 2018. All analyses were conducted using the R packages
‘tidyverse* and ‘geepack’ in R version 4.0.4 [14-16].

Ethical review

The VIP study was approved by seven institutional review
boards (IRBs) of collaborating facilities: (i) Naval Medical Research
Unit 6; (ii) Abt Associates; (iii) Dos de Mayo National Hospital; (iv)
Cayetano Heredia National Hospital; (v) Daniel Alcides Carrion
National Hospital; (vi) National Institute of Child Health (Del
Niflo); (vii) and Archbishop Loayza Hospital. All participants pro-
vided written informed consent to participate in the study. IRBs
at these organizations reviewed and approved the study protocols
and procedures (Abt Associates Protocol: 0840; NAMRUG6 Protocol:
NAMRUG6.2015.0001) in compliance with all applicable federal reg-
ulations governing the protection of human subjects.

Results

From 2016 to 2018, a total of 5131 HCP were recruited and 3120
fully enrolled in VIP with influenza vaccination history recorded
from 2011 to 2018 (Fig. 1, Supplemental Table 1). After excluding
338 HCP without influenza vaccination status for at least one year
of follow-up from 2011 to 2018, 2782 people remained in the anal-
ysis set. Of those excluded, influenza vaccine uptake was low with
73.9% of HCP never receiving an influenza vaccine over the eight-
year period (Supplemental Table 2). In the analysis set, most HCP
were aged 35—49 years (40.7%), female (72.1%), and worked as
medical assistants or support personnel (53.7%) (Table 1). From
2011 to 2018, the number of years people received influenza vac-
cines varied, with HCP receiving the vaccine for a median of 3 (IQR:
3) out of 8 years’ influenza seasons and only 1.8% (n = 51) of HCP
receiving the vaccine all 8 years (Fig. 2a). HCP had inconsistent
influenza vaccination patterns with approximately 25% of people
switching their vaccination status from year-to-year (Fig. 2b).
HCP who received the Vaxigrip vaccine compared to the GC FLU
vaccine had higher odds of switching their vaccination status to
being vaccinated (crude odds ratio [cOR]: 2.71, 95% confidence
interval [CI]: 1.97—3.73, Supplemental Table 3) and vaccination
uptake differed across years and occupation depending on the vac-
cine brands offered (Supplemental Fig. 2). From 2011 to 2018,
14.3% (n = 397) of HCP never (0 years), 61.4% (n = 1707) infre-
quently (1—4 years), and 24.4% (n = 678) frequently (5—38 years)
received seasonal influenza vaccines (Table 2).

We identified groups of HCP who consistently received influ-
enza vaccines (Table 2). Compared to HCP aged 18—34 years, those
aged 50—70 years had higher odds of frequent vaccination (cOR:
1.40, 95% CI: 1.11—1.77). Increasing education level was associ-
ated with increased odds of frequent vaccination (Master’s degree
vs. high school or less, cOR: 1.59, 95% CI: 1.06—2.42) except for
those who had an advanced graduate degree (compared to high
school or less, cOR: 1.01, 95% CI: 0.60—1.70); this trend was sup-
ported by HCP occupation with nurses, technicians, and therapists
having a higher likelihood of frequent vaccination than physicians
(cOR: 1.69, 95% CI: 1.26—2.29). Those that worked in a critical care
(cOR: 1.88, 95% CI: 1.26—2.79) or emergency department (cOR:
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1.58, 95% CI: 1.09—2.31) setting were more frequently vaccinated
than those that worked in an outpatient setting. Practicing patient
care for > 10 years (cOR: 1.26, 95% CI: 1.05—1.51) and having a
preexisting medical condition (cOR: 1.30, 95% CI: 1.05—1.60) were
also associated with increased odds of frequent influenza vaccina-
tion. Although, after adjusting for age, there was no longer an asso-
ciation between having a preexisting medical condition and odds
of frequent vaccination (adjusted odds ratio [aOR]: 1.20, 95% CI:
0.96—1.50).

Next, we investigated how HCP’s knowledge, attitudes, and
practices collected at enrollment were associated with how often
HCP received influenza vaccines (Table 3). HCP who believed they
were susceptible to influenza illness if they didn’t receive vaccines
(aOR: 1.49, 95% CI: 1.22—1.82) or perceived vaccines to be effec-
tive (aOR: 1.92, 95% CI: 1.59—2.32) received seasonal influenza
vaccines more often than those who did not. HCP with some
knowledge of influenza and vaccines (aOR: 1.37, 95% CI:
1.06—1.77), especially of influenza vaccination (aOR: 1.26, 95%
CI: 1.06—1.50, Supplemental Table 4), or who thought vaccination
had emotional benefits like preventing anger or regret (aOR: 1.96,
95% CI: 1.60—2.42) also had higher odds of frequent compared to
infrequent vaccination (Table 3, Supplemental Table 4). HCP who
recalled supervisor recommendation of vaccination had 1.72 (95%
Cl: 1.43—2.08) times the odds of frequent vaccination compared
to those who did not. HCP who perceived vaccination protected
them (aOR: 2.70, 95% CI: 1.82—4.15) or their patients (aOR: 2.14,
95% CI: 1.52—3.07) were more likely to be frequently vaccinated;
although, results were limited by a high amount of missingness
(50.4% for perceived vaccination protection for self or patients).

Some HCP reported barriers to vaccination, such as not having
time or a convenient place to receive vaccines, which was associ-
ated with reduced odds of frequent vaccination (aOR: 0.74, 95%
Cl: 0.61—0.89) compared to those who did not report barriers
(Table 3); not having time to get vaccinated was a driver for this
relationship (aOR: 0.58, 95% CI: 0.46—0.73, Supplemental Table 4).
HCP generally concerned about vaccination were vaccinated as fre-
quently as those without such concerns (aOR: 0.99, 95% CI:
0.83—1.20); however, assessing specific concerns illustrated that
HCP concerned about vaccine safety were less likely to be fre-
quently vaccinated (aOR: 0.52, 95% CI: 0.32—0.81, Supplemental
Table 4). Similar patterns between KAP perceptions and frequency
of influenza vaccination receipt were seen when results were strat-
ified by each HCP’s hospital of employment (Supplemental
Table 5); although not all perceptions were associated with vacci-
nation frequency. Results remained constant across KAP categories
when alternative coding choices were used to define vaccination
consistency (Supplemental Tables 6 and 7) as well as when
restricting analyses to people practicing patient care since 2011
or earlier (Supplemental Table 8).

To better capture how these KAP perceptions changed during
survey years, we restricted the analysis to only people who were
surveyed for all years of follow-up from 2016 to 2018 (i.e., 601
HCP). Among these 601 HCP, we investigated how each year’s
KAP perceptions were associated with their odds of influenza vac-
cination that year (Table 4). Similar to the cross-sectional analysis
of KAP perceptions at enrollment, perceived influenza susceptibil-
ity (aOR: 1.61, 95% CI: 1.25—2.07), influenza vaccine effectiveness
(aOR: 1.62,95% CI: 1.29—2.05), and emotional benefits of influenza
vaccination like reduced regret or anger if they became ill with
influenza (aOR: 1.68, 95% CI: 1.31—2.17) all remained significantly
associated with higher odds of influenza vaccination. Influenza and
vaccine knowledge (aOR: 1.11, 95% CI: 0.79—1.56) and having a
supervisor recommend vaccination (aOR: 1.11, 95% CI:
0.89—1.39) were no longer associated with vaccination frequency
among those surveyed for all years. The association between barri-
ers to influenza vaccination (aOR: 0.93, 95% CI: 0.74—1.18) and
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Healthcare personnel recruited
Participants = 5131, Observations = 8838
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Healthcare personnel not fully enrolled
Participants = 2011, Observations = 2011
(Of these, 416 participants received current
season’s vaccine prior to enroliment)

Healthcare personnel meeting demographic and
enrollment inclusion criteria
Participants = 3120, Observations = 6827

Healthcare personnel aged <18 years, working
<30 hours per week, employed by hospital <1
year, or not providing direct patient care*
Participants = 0, Observations = 0

A 4
Healthcare personnel included in
cross-sectional analysis
Participants = 2782, Observations = 6455

Healthcare personnel with missing influenza
vaccination status for 21 year of follow-up
Participants = 338, Observations = 372

Healthcare personnel who never or frequently
received the influenza vaccine
Participants = 1075, Observations = 2512

A

Healthcare personnel who infrequently received
the influenza vaccine included in longitudinal
knowledge, attitudes, and practices analysis

Participants = 601, Observations = 1803

A4

Healthcare personnel not surveyed
21 year of follow-up
Participants = 1106, Observations = 2140

Fig. 1. Number of healthcare personnel recruited, enrolled, and included in the analysis in Peru. Healthcare personnel that were fully enrolled in the study met all
additional demographic inclusion criteria: (i) > 18 years old, (ii) working at > 30 h a week, (iii), employed by the hospital for > 1 year, (iv) and providing direct patient care.
Personnel classified as never vaccinated self-reported receiving 0 influenza vaccinations from 2011 to 2018. People infrequently vaccinated self-reported receiving 1—4
influenza vaccinations and those frequently vaccinated received 5—8 influenza vaccinations during the same time.

vaccination frequency was attenuated but having general concerns
about vaccination (aOR: 0.77, 95% CI: 0.61—0.98) and specifically
vaccine safety (aOR: 0.31, 95% CI: 0.16—0.60) were associated with
reduced odds of influenza vaccination (Table 4, Supplemental
Table 9).

Discussion

Despite vaccines being offered for free to HCP in the workplace,
few HCP in Peru frequently received influenza vaccines during the
eight study years. HCP received influenza vaccines more often if
they believed the vaccine was effective, had knowledge of influ-
enza vaccines, believed vaccination had emotional benefits like
reduced anger and regret, recalled supervisor recommendation of
vaccination, or perceived that the vaccine protected them or their
patients from illness. Conversely, HCP who reported insufficient
time to get vaccinated or vaccine safety concerns had reduced odds
of frequent vaccination. To increase HCP influenza vaccination in
middle-income settings like Peru, it may be helpful to enhance vac-
cination education, communication, and campaigns in the
workplace.

Overall, about 60% of HCP infrequently received influenza vacci-
nes over an eight-year period; this population with low influenza
vaccine uptake was primarily physicians and HCP who worked in
an outpatient setting. Similar trends in low influenza vaccination
coverage have been seen among HCP in KAP studies in Honduras
[17], Costa Rica [18], Egypt [19], and parts of the Middle East
[20]. This low coverage was also seen in the general HCP popula-
tion recruited into this study but excluded from analysis. HCP
groups who infrequently receive influenza vaccines could be tar-
geted for campaigns to increase national HCP vaccination uptake.

Low vaccination coverage among HCP could be due to HCP hav-
ing low risk perception of the disease and of the vaccine protecting
them and their patients from influenza infection; we found HCP
who perceived vaccination protected against infection had higher
odds of frequent vaccination, as has been previously observed in
the U.S. and literature reviews [21-23]. Additionally, similar to
findings in a previous study, those who believed vaccination had
emotional benefits like reduced anger or regret if they contracted
influenza were more likely to be frequently vaccinated [13]. To
illustrate how influenza vaccination could reduce anxiety at a time
when there is heightened concern about acquiring respiratory ill-
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Fig. 2. Influenza vaccination status over time for healthcare personnel. 2a. The distribution of the cumulative years that healthcare personnel received influenza vaccines
from 2011 to 2018 is displayed. Participants that did not report vaccination history for all 8 years are excluded. 2b. The proportion of healthcare personnel that received
(green bars) or did not receive (orange bars) the influenza vaccine within each year is shown. The ribbons connecting each bar represent movement of healthcare personnel
between vaccination status categories each year. Participants who did not report vaccination history for all 8 years are excluded. (For interpretation of the references to colour

in this figure legend, the reader is referred to the web version of this article.)

ness in hospitals, healthcare-focused vaccine advertising could
highlight the perceived emotional benefits and protection of
vaccination.

Improvement in influenza vaccination perceptions could also
occur by increasing vaccine education and supervisor recommen-
dation in the workplace. We found that 18% of HCP surveyed
reported lacking some basic knowledge of influenza and its vac-
cine, 75% did not believe they were susceptible to influenza, 43%

had concerns about vaccination, and 48% did not recall their super-
visor recommending influenza vaccination to them. These gaps in
influenza vaccine knowledge and trust among healthcare person-
nel have also been reported in Peru and other countries [19,24-
27]. Healthcare facilities could improve influenza vaccine educa-
tion by providing continuing medical education credits for courses
focused on influenza prevention and treatment. These courses
could reduce misconceptions of influenza and vaccination and
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Table 2

Vaccine: X 14 (2023) 100314

Demographic and occupational characteristics associated with frequency of healthcare personnel influenza vaccination receipt.

Characteristics* Total HCP” Influenza vaccination history” 0dds of frequent vs. infrequent vaccination

n (%) Never Infrequently Frequently cOR

n (%) n (%) n (%) (95% CI)

All 2782 397 1707 678 -
Hospital
Dos de Mayo National Hospital 672 (24.2) 65 (16.4) 386 (22.6) 221 (32.6) Ref
Cayetano Heredia National Hospital 696 (25.0) 3(18.4) 471 (27.6) 152 (22.4) 0.56 (0.44, 0.72)
Daniel Alcides Carrion National Hospital 271 (9.7) 7 (9.3) 166 (9.7) 68 (10.0) 0.72 (0.51, 0.99)
National Institute of Child Health (Del Nifio) 547 (19.7) 46 (11.6) 325(19.0) 176 (26.0) 0.95 (0.74, 1.21)
Archbishop Loayza Hospital 596 (21.4) 176 (44.3) 359 (21.0) 61 (9.0) 0.30 (0.21, 0.41)
Age
18-34 years 840 (30.2) 115 (29.0) 539 (31.6) 186 (27.4) Ref
35-49 years 1133 (40.7) 154 (38.8) 709 (41.5) 270 (39.8) 1.10 (0.89, 1.37)
50-70 years 809 (29.1) 128 (32.2) 459 (26.9) 222 (32.7) 1.40 (1.11, 1.77)
Sex
Male 777 (27.9) 119 (30.0) 490 (28.7) 168 (24.8) Ref
Female 2005 (72.1) 278 (70.0) 1217 (71.3) 510 (75.2) 1.22 (1.00, 1.50)
Education level
High school or less 224 (8.1) 38(9.6) 142 (8.3) 44 (6.5) Ref
Some university 1088 (39.1) 163 (41.1) 674 (39.5) 251 (37.0) 1.20 (0.84, 1.75)
Graduated university 950 (34.1) 122 (30.7) 580 (34.0) 248 (36.6) 1.38 (0.96, 2.01)
Master’s degree 367 (13.2) 5(13.9) 209 (12.2) 103 (15.2) 1.59 (1.06, 2.42)
Advanced graduate degree 152 (5.5) 18 (4.5) 102 (6.0) 32 (4.7) 1.01 (0.60, 1.70)
Unknown 1(0.0) 1(0.3) 0 (0.0) 0(0.0) -
Occupation
Physicians 379 (13.6) 66 (16.6) 240 (14.1) 73 (10.8) Ref
Nurses, technicians, & therapists 910 (32.7) 94 (23.7) 539 (31.6) 277 (40.9) 1.69 (1.26, 2.29)
Medical assistants & support personnel 1493 (53.7) 237 (59.7) 928 (54.4) 328 (48.4) 1.16 (0.87, 1.56)
Medical care setting
Outpatient 310 (11.1) 49 (12.3) 195 (11.4) 66 (9.7) Ref
Critical care 217 (7.8) 1(2.8) 126 (7.4) 80 (11.8) 1.88 (1.26, 2.79)
Emergency department 298 (10.7) 4 (8.6) 172 (10.1) 92 (13.6) 1.58 (1.09, 2.31)
Hospital 645 (23.2) 91 (22.9) 397 (23.3) 157 (23.2) 1.17 (0.84, 1.64)
Other** 1102 (39.6) 175 (44.1) 681 (39.9) 246 (36.3) 1.07 (0.78, 1.47)
Unknown 210 (7.5) 37(9.3) 136 (8.0) 37 (5.5) -
Patient care for >10 years
No 1293 (46.5) 169 (42.6) 832 (48.7) 292 (43.1) Ref
Yes 1487 (53.5) 227 (57.2) 874 (51.2) 386 (56.9) 1.26 (1.05, 1.51)
Unknown 2(0.1) 1(0.3) 1(0.1) 0(0.0) -
Perceived health status
Excellent, very good, or good 2240 (80.5) 320 (80.6) 1360 (79.7) 560 (82.6) Ref
Fair or poor 540 (19.4) 76 (19.1) 346 (20.3) 118 (17.4) 0.83 (0.66, 1.04)
Unknown 2(0.1) 1(0.3) 1(0.1) 0(0.0) -
Smoker
No 2539 (91.3) 356 (89.7) 1567 (91.8) 616 (90.9) Ref
Yes 241 (8.7) 40 (10.1) 139 (8.1) 62 (9.1) 1.13 (0.82, 1.55)
Unknown 2 (0.1) 1(0.3) 1(0.1) 0(0.0) -
Preexisting medical condition™**
No 2198 (79.0) 311 (78.3) 1372 (80.4) 515 (76.0) Ref
Yes 584 (21.0) 86 (21.7) 335 (19.6) 163 (24.0) 1.30 (1.05, 1.60)

Abbreviations: Cl, confidence interval; cOR, crude odds ratio; HCP, healthcare personnel.

* Collected at enrollment.

**The “other” medical care setting included internal medicine, pediatrics, surgery, gynecology and obstetrics, dentistry, pharmacy, laboratory, nutrition, and social assistance

departments.

***Included those currently receiving medical care for at least one of the following conditions: asthma, cancer, lung condition, diabetes, heart condition, high blood pressure,
immunosuppressive condition, kidney disease, neurologic problem, or other medical condition.

" Only people who had influenza vaccination status reported all 8 years (2011 to 2018) were in included in this analysis.

*# People classified as never vaccinated self-reported receiving 0 influenza vaccinations from 2011 to 2018. People infrequently vaccinated self-reported receiving 1—4
influenza vaccinations and those frequently vaccinated received 5—8 influenza vaccinations during the same time.

increase knowledge about its safety and benefits. Supervisors could
further increase uptake by indicating their support of the educa-
tional campaigns and vaccination.

About a quarter of HCP switched their influenza vaccination sta-
tus each year, which seemed associated with differences in vaccine
brands offered and perceptions of product-specific effectiveness.
We found that people were 2.7 times as likely to get vaccinated
when the Vaxigrip vaccine was offered compared to when the GC

FLU vaccine was offered. This trend was consistent across occupa-
tions with all occupational groups increasing vaccine uptake com-
pared to the previous year when the Vaxigrip vaccine was offered
in 2018. Vaxigrip is produced by Sanofi, whereas GC Flu is pro-
duced by GC Biopharma Corporation. An association between vac-
cine brand preference and acceptance has also been observed in
the context of Coronavirus Disease 2019 (COVID-19) vaccination
[28], but to our knowledge, this association has only been docu-
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Table 3
Knowledge, attitudes, and practices associated with frequency of healthcare personnel influenza vaccination receipt.
Characteristics* Total HCP" Influenza vaccination history” 0dds of frequent vs. infrequent
n (%) vaccination
Never Infrequently Frequently cOR aOR"™*
n (%) n (%) n (%) (95% CI) (95% CI)
All 2782 397 1707 678 - -
Perceived influenza susceptibility
Not susceptible 2073 (74.5) 334 (84.1) 1285 (75.3) 454 (67.0) Ref Ref
Susceptible 707 (25.4) 62 (15.6) 421 (24.7) 224 (33.0) 1.51 (1.24, 1.83) 1.49 (1.22, 1.82)
Unknown 2(0.1) 1(0.3) 1(0.1) 0 (0.0) - -
Perceived vaccine effectiveness
Not effective 1447 (52.0) 275 (69.3) 911 (53.4) 261 (38.5) Ref Ref
Effective 1333 (47.9) 121 (30.5) 795 (46.6) 417 (61.5) 1.83 (1.53, 2.20) 1.92 (1.59, 2.32)
Unknown 2(0.1) 1(0.3) 1(0.1) 0 (0.0) - -
Knowledge of influenza and vaccine
No knowledge 504 (18.1) 97 (24.4) 310 (18.2) 97 (14.3) Ref Ref
Some knowledge 2276 (81.8) 299 (75.3) 1396 (81.8) 581 (85.7) 1.33 (1.04, 1.71) 1.37 (1.06, 1.77)
Unknown 2(0.1) 1(0.3) 1(0.1) 0 (0.0) - -
Concerns about vaccination safety or pain from vaccination
No concerns 1574 (56.6) 253 (63.7) 955 (55.9) 366 (54.0) Ref Ref
Some concerns 1206 (43.4) 143 (36.0) 751 (44.0) 312 (46.0) 1.08 (0.91, 1.30) 0.99 (0.83, 1.20)
Unknown 2(0.1) 1(0.3) 1(0.1) 0 (0.0) - -
Emotional benefits of vaccination
No emotional benefits 1027 (36.9) 195 (49.1) 666 (39.0) 166 (24.5) Ref Ref
Some emotional benefits 1753 (63.0) 201 (50.6) 1040 (60.9) 512 (75.5) 1.98 (1.62, 2.42) 1.96 (1.60, 2.42)
Unknown 2(0.1) 1(0.3) 1(0.1) 0 (0.0) - -
Barriers to vaccination like inconvenient times or places for vaccination
No barriers 1753 (63.0) 235 (59.2) 1053 (61.7) 465 (68.6) Ref Ref
Some barriers 1027 (36.9) 161 (40.6) 653 (38.3) 213 (31.4) 0.74 (0.61, 0.89) 0.74 (0.61, 0.89)
Unknown 2(0.1) 1(0.3) 1(0.1) 0 (0.0) - -
Supervisor vaccination recommendation
No 1342 (48.2) 239 (60.2) 854 (50.0) 249 (36.7) Ref Ref
Yes 1438 (51.7) 157 (39.5) 852 (49.9) 429 (63.3) 1.73 (1.44, 2.07) 1.72 (1.43, 2.08)
Unknown 2(0.1) 1(0.3) 1(0.1) 0 (0.0) - -
Perceived vaccination protection for self
No protection 302 (10.9) 73 (18.4) 198 (11.6) 31(4.6) Ref Ref
Some protection 1077 (38.7) 126 (31.7) 668 (39.1) 283 (41.7) 2.71(1.83, 4.12) 2.70 (1.82, 4.15)
Unknown 1403 (50.4) 198 (49.9) 841 (49.3) 364 (53.7) - -
Perceived vaccination protection for patient
No protection 360 (12.9) 82 (20.7) 230(13.5) 48 (7.1) Ref Ref
Some protection 1019 (36.6) 117 (29.5) 636 (37.3) 266 (39.2) 2.00 (1.43, 2.85) 2.14 (1.52, 3.07)
Unknown 1403 (50.4) 198 (49.9) 841 (49.3) 364 (53.7) - -

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; cOR, crude odds ratio; HCP, healthcare personnel.
* Collected at enrollment.
Perceived influenza susceptibility: If you are unable to or don’t get an influenza vaccination, what do you think your chance of getting the flu this season will be?
Perceived vaccine effectiveness: How effective do you think the influenza vaccine is in preventing you from getting sick with influenza?
Knowledge of influenza and vaccine was a composite of three questions: (i) Agree or disagree with the following statement: People with influenza can transmit the virus only
after their symptoms appear; (ii) Agree or disagree with the following statement: The influenza vaccine could give me influenza; and (iii) Agree or disagree with the following
statement: People can spread influenza virus even when they are feeling well.
Concerns about vaccination was a composite of two questions: (i) Agree or disagree with the following statement: Influenza vaccination is safe; and (ii) Agree or disagree with
the following statement: The influenza shot is painful.
Emotional benefits of vaccination were a composite of two questions: (i) Agree or disagree with the following statement: If I don’t get an influenza vaccination and end up getting
sick with influenza, I'd be mad at myself for not getting the vaccine; and (ii) Agree or disagree with the following statement: If I don’t get an influenza vaccination, I will regret
it.
Barriers to vaccination was a composite of two questions: (i) Agree or disagree with the following statement: I usually do not have time to get vaccinated with the influenza
vaccine; and (ii) Agree or disagree with the following statement: There is not a convenient place for me to get vaccinated with the influenza vaccine.
Supervisor recommendation vaccination: Agree or disagree with the following statement: A supervisor or other leader at my workplace has recommended that I get an annual
influenza vaccination.
Perceived vaccination protection for self: Agree or disagree with following statement: Influenza vaccination can protect me from getting sick with influenza.
Perceived vaccination protection for patient: Agree or disagree with following statement: If I get an influenza vaccination, patients at my health facility will be better protected
from influenza.

" Only people who had influenza vaccination status reported all 8 years (2011 to 2018) were in included in this analysis.

# People classified as never vaccinated self-reported receiving 0 influenza vaccinations from 2011 to 2018. People infrequently vaccinated received 1—4 influenza
vaccinations and those frequently vaccinated received 5—8 influenza vaccinations during the same time.
*# Adjusted for HCP hospital of employment, age, sex, preexisting medical condition, occupation, and providing patient care for > 10 years.

mented for influenza vaccine type [29], not brand. Distributing To increase vaccination uptake, hospitals could decrease barri-
informational materials that create trust across brands at vaccina- ers to vaccination by increasing availability of convenient times
tion clinics could increase acceptance of the influenza vaccine or places to receive vaccines. Lack of time to receive a vaccine
available each year to HCP in Peru. was repeatedly reported as a barrier to vaccination in prior KAP
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Table 4
Association between knowledge, attitudes, and practices and odds of influenza vaccination among those infrequently vaccinated over time, 2016—2018.

Characteristics™ Total observations” Influenza vaccination status, 0dds of being vaccinated vs. unvaccinated
n (%) 2016—2018
Unvaccinated Vaccinated cOR (95% CI) aOoR (95% CI) *
n (row %) n (row %)
All 1803 1411 (78.3) 392 (21.7) - -
Perceived influenza susceptibility
Not susceptible 1339 (74.3) 1067 (79.7) 272 (20.3) Ref Ref
Susceptible 423 (23.5) 303 (71.6) 120 (28.4) 1.54 (1.20, 1.98) 1.61 (1.25, 2.07)
Unknown 41 (2.3) 41 (100.0) 0(0.0) - -
Perceived vaccine effectiveness
Not effective 917 (50.9) 749 (81.7) 168 (18.3) Ref Ref
Effective 845 (46.9) 621 (73.5) 224 (26.5) 1.58 (1.25, 1.98) 1.62 (1.29, 2.05)
Unknown 41 (2.3) 41 (100.0) 0(0.0) - -
Knowledge of influenza and vaccine
No knowledge 266 (14.8) 210 (78.9) 56 (21.1) Ref Ref
Some knowledge 1493 (82.8) 1157 (77.5) 336 (22.5) 1.09 (0.78, 1.53) 1.11 (0.79, 1.56)
Unknown 44 (2.4) 44 (100.0) 0(0.0) - -
Concerns about vaccination safety or pain from vaccination
No concerns 1033 (57.3) 786 (76.1) 247 (23.9) Ref Ref
Some concerns 726 (40.3) 581 (80.0) 145 (20.0) 0.80 (0.64, 1.01) 0.77 (0.61, 0.98)
Unknown 44 (2.4) 44 (100.0) 0 (0.0) - -
Emotional benefits of vaccination
No emotional benefits 716 (39.7) 593 (82.8) 123 (17.2) Ref Ref
Some emotional benefits 1045 (58.0) 776 (74.3) 269 (25.7) 1.65 (1.29, 2.12) 1.68 (1.31, 2.17)
Unknown 42 (2.3) 42 (100.0) 0(0.0) - -
Barriers to vaccination like inconvenient times or places for vaccination
No barriers 1143 (63.4) 885 (77.4) 258 (22.6) Ref Ref
Some barriers 616 (34.2) 483 (78.4) 133 (21.6) 0.95 (0.75, 1.19) 0.93 (0.74, 1.18)
Unknown 44 (2.4) 43 (97.7) 1(2.3) - -
Supervisor recommendation vaccination
No 969 (53.7) 761 (78.5) 208 (21.5) Ref Ref
Yes 793 (44.0) 609 (76.8) 184 (23.2) 1.10 (0.88, 1.37) 1.11 (0.89, 1.39)
Unknown 41 (2.3) 41 (100.0) 0(0.0) - -

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; cOR, crude odds ratio; HCP, healthcare personnel.

Perceived influenza susceptibility: If you are unable to or don’t get an influenza vaccination, what do you think your chance of getting the flu this season will be?

Perceived vaccine effectiveness: How effective do you think the influenza vaccine is in preventing you from getting sick with influenza?

Knowledge of influenza and vaccine was a composite of three questions: (i) Agree or disagree with the following statement: People with influenza can transmit the virus only

after their symptoms appear; (ii) Agree or disagree with the following statement: The influenza vaccine could give me influenza; and (iii) Agree or disagree with the following

statement: People can spread influenza virus even when they are feeling well.

Concerns about vaccination was a composite of two questions: (i) Agree or disagree with the following statement: Influenza vaccination is safe; and (ii) Agree or disagree with

the following statement: The influenza shot is painful.

Emotional benefits of vaccination were a composite of two questions: (i) Agree or disagree with the following statement: If I don’t get an influenza vaccination and end up getting

sick with influenza, I'd be mad at myself for not getting the vaccine; and (ii) Agree or disagree with the following statement: If I don’t get an influenza vaccination, I will regret

it.

Barriers to vaccination was a composite of two questions: (i) Agree or disagree with the following statement: I usually do not have time to get vaccinated with the influenza

vaccine; and (ii) Agree or disagree with the following statement: There is not a convenient place for me to get vaccinated with the influenza vaccine.

Supervisor recommendation vaccination: Agree or disagree with the following statement: A supervisor or other leader at my workplace has recommended that I get an annual

influenza vaccination.

* Collected each survey year in the start of season survey. Perceived vaccination protection for self and patient were excluded because they were only captured at enrollment.
" Only people classified as infrequently vaccinated (vaccinated self-reported receiving 1—4 influenza vaccinations from 2011 to 2018) and surveyed all three years from

2016 to 2018 (with multiple observations per person, n = 601 people) are included in this analysis.
# Adjusted for HCP hospital of employment, age, sex, preexisting medical condition, occupation, and providing patient care for > 10 years.

studies in similar settings [17,18,20] and was found to be the main
driver for infrequent vaccination among people reporting barriers
to vaccination. Currently in Peru, influenza vaccination for HCP is
not mandated by employers and campaigns vary by location; some
hospitals coordinate cars to bring vaccines to HCP locations, while
others offer drop-in vaccination at hospitals. Some locations also
prioritize groups they deem high priority for exposure in the hos-
pital, such as HCP working in intensive care units, emergency
departments, and pediatrics. Strategies that could be employed
to improve these campaigns include offering more frequent vacci-
nation clinics and mobile vaccination carts at personnel’s places of
employment as well as having vaccinations available during work
hours, evenings, and weekends. Vaccination uptake could also be
improved by offering workplace incentives for receiving vaccines,
such as financial rewards or competitions [30]. Alternatively,

annual vaccination could be mandated by employers and disincen-
tives adopted for those that remain unvaccinated, such as requiring
declination forms and mask use in clinics [31,32]; requiring vacci-
nation has increased coverage in the U.S., with employers that
require influenza vaccination reporting up to 95% vaccine uptake
in HCP [30].

This study had limitations. Demographic and occupational fac-
tors were only reported for participants at enrollment and may
have changed during annual surveys. KAP responses could have
been subject to social desirability bias. Vaccination status was
sometimes self-reported, which could be unreliable; however,
self-reporting was not the sole source of vaccination status and
typically aligned with medical records [33]. People who received
the current season’s influenza vaccine prior to enrollment were
not enrolled in VIP, which may have biased the study population
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to include people who were less likely to receive influenza vacci-
nes; however, we believe this bias was minimal since vaccination
coverage among the total number of participants recruited for
the study was overall low (Supplemental Table 2). The study only
included HCP who provided direct patient care, excluding non-
clinical healthcare personnel.

Conclusions

In summary, we found that influenza vaccination among HCP in
Peru was low and inconsistent during eight years with less than
two percent of HCP getting vaccinated every year despite free
access to vaccines in the workplace. This low vaccine uptake could
be due to insufficient education about the benefits, effectiveness,
and safety of influenza vaccination and insufficient supervisor rec-
ommendation for vaccination. These findings add to the limited lit-
erature on HCP influenza vaccination practices in middle-income
countries. To increase HCP influenza coverage, campaigns could
enhance vaccination education and accessibility.
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