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This survey study compared pre- and post-pandemic knowledge, attitudes, beliefs, and intended behaviors of
pregnant women regarding influenza vaccination (seasonal and/or pandemic) during pregnancy in order to determine
key factors influencing their decision to adhere to influenza vaccine recommendations. Only 36% of 662 pre-pandemic
respondents knew that influenza was more severe in pregnant women, compared to 62% of the 159 post-pandemic
respondents. Of the pre-pandemic respondents, 41% agreed or strongly agreed that that it was safer to wait until after
the first 3 months to receive the seasonal influenza vaccine, whereas 23% of the post-pandemic cohort agreed or
strongly agreed; 32% of pre-pandemic participants compared to 11% of post-pandemic respondents felt it was best to
avoid all vaccines while pregnant. Despite 61% of the pre-pandemic cohort stating that they would have the vaccine
while pregnant if their doctor recommended it and 54% citing their doctor/nurse as their primary source of vaccine
information, only 20% said their doctor discussed influenza vaccination during their pregnancy, compared to 77% of
the post-pandemic respondents who reported having this conversation. Women whose doctors discussed influenza
vaccine during pregnancy had higher overall knowledge scores (P < 0.0001; P = 0.005) and were more likely to believe
the vaccine is safe in all stages of pregnancy (P < 0.0001; P = 0.001) than those whose doctors did not discuss influenza
vaccination. The 2009 HIN1 pandemic experience appeared to change attitudes and behaviours of health care
providers and their pregnant patients toward influenza vaccination.

RESEARCH PAPER

Multiple studies have demonstrated that pregnant women
infected with influenza virus experience excess morbidity and
mortality when compared with other groups." One study,
based on Canadian hospital admissions from 1994 to 2000,
found that healthy pregnant women 20 to 34 years old were
almost 18 times more likely to be hospitalized for influenza-
related illness than non-pregnant women of the same age.’
Influenza vaccination during pregnancy is safe at all stages of
pregnancy and while breastfeeding.®® In light of such evidence,
national advisory bodies recommend the inclusion of all preg-
nant women at any stage of pregnancy among high-priority
recipients of influenza vaccine and the World Health Organiza-
tion recommended that pregnant women be the highest priority
for influenza vaccination."*’

Pregnant women were at increased risk for more severe disease
and complications due to the pandemic HIN1 infection.'’'
From April 12, 2009 to April 3, 2010, during the 2 waves of the
pandemic, there were 1300 hospitalizations, 257 intensive care
unit admissions, and 50 deaths of women of child-bearing age
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(15-44 years) due to laboratory-confirmed pandemic HIN1
influenza reported in Canada.'® Of these women, 266 (20.5%)
were pregnant, leading to a hospitalization rate of 91.7 per
100,000 compared to 16.5 per 100,000 among non-pregnant
women of childbearing age."” All 4 pregnant women who died
were in their third trimester and all occurred during the first
wave of the pandemic. Similarly, in the first 4 months of the pan-
demic, the US reported a 5-fold increase in the recent yearly aver-
age death rate for pregnancy from seasonal influenza, a trend
which was reflected worldwide.'#!> As a result, pregnant women
were identified as a high-priority group for vaccination and were
the focus of targeted communication efforts to receive the vaccine
throughout the pandemic.

HINI vaccine uptake among pregnant women exceeded the
historical uptake rates (approximately 15%) of seasonal influenza
immunization among pregnant women in Canada and the
US.'®17 Seasonal influenza vaccination rates also increased dur-
ing the pandemic and the trend continued through the 2010-
2011 influenza seasons.'® However, the rates have dropped again
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in subsequent seasons and remain well below the recommended
Healthy People 2020 target of 80%.'”*°

Achieving high influenza vaccine coverage rates in pregnant
women continues to be important especially given that the 2009
pandemic HINI strain continues to circulate and is now
included in the seasonal influenza vaccine.'>?! Although data on
the perceptions of pregnant women regarding influenza vaccina-
tion before and during the pandemic are informative, an under-
standing of the views of this population post-pandemic is critical
to the development of effective influenza vaccination promotion
campaigns designed to maintain high levels of influenza vaccine
coverage. The aim of this study was to explore and compare pre-
and post-pandemic knowledge, attitudes, beliefs, and intended
behaviors (KABB) of pregnant women regarding influenza vacci-
nation during pregnancy. Understanding how the pandemic
influenced pregnant women’s acceptance of the HIN1 vaccine
may provide insight into the specific drivers that determine preg-
nant women’s decision to adhere to influenza vaccination
recommendations.

Results

Demographics

Subject characteristics

A total of 662 pre-pandemic and 159 post-pandemic surveys
were completed. The majority of women were aged 25-34 years;
were “Caucasian” (white); and had completed a postsecondary or
advanced (MA, MD, PhD) degree. In both surveys, approxi-
mately one-fifth of participants were health care providers
(Table 1). A total of 41% of pre-pandemic participants and 36%
of post-pandemic participants were primiparous; approximately
one-third of women in both groups were pregnant for a second
time, whereas 26% of the pre-pandemic group and 30% of the
post-pandemic cohort had been pregnant at least twice before.
The mean gestation at the time of completion for the pre-pan-
demic group was 27.7 weeks and for the post-pandemic group
was 27.2 weeks. Approximately 33% of the pre-pandemic survey
participants and 24% of post-pandemic participants had
attended at least one prenatal class during their current preg-
nancy. Twenty-nine percent of pre-pandemic participants and
49% of post-pandemic participant reported receiving the major-
ity of their care during their current pregnancy from a family
doctor/general practitioner whereas 60% and 42%, respectively,
were cared for mainly by obstetricians. Of the surveyed women
who reported one main source for their vaccine information,
more than half cited their doctor/nurse as their primary source. A
total of 10% of women in the pre-pandemic cohort and 4% in
the post-pandemic group reported never having received infor-
mation about vaccines.

Risk factors during pregnancy

More than one-third of participants in pre-pandemic surveys
reported having at least one pre-existing health condition,
whereas approximately 25% of participants in the post-pandemic
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group reported having at least one pre-existing health condition,
with asthma being the one most frequently cited (17% [115/
662]) and 20% [32/159], respectively). Advanced maternal age
(=35 years) was a risk factor for 24% and 34%, respectively, of
women surveyed. Only 20% of the pre-pandemic cohort and
23% of the post-pandemic participants reported that their physi-
cian considered their pregnancy to be high-risk.

Reported immunization behavior

Seasonal influenza

Nearly half of respondents (48% [180/662]) and 45% [72/
159] pre- and post-pandemic, respectively) reported receiving
influenza vaccine every year. Of those pregnant women who
reported receiving the vaccine every year, 37% (n = 66) of the
pre-pandemic cohort and 29% (n = 21) of the post-pandemic
cohort were health care workers. A total of 20% of pre-pandemic
participants reported that their doctor discussed the influenza
vaccine with them during this pregnancy, whereas 77% reported
that their doctor had discussed seasonal influenza vaccination dur-
ing pregnancy with them. When asked the main reason for receiv-
ing the seasonal influenza vaccine in the past, 44% of pre-
pandemic participants and 45% of post-pandemic participants
who gave a single response cited protection against disease for self
and family, whereas 19% of pre-pandemic participants and 38%
of the post pandemic cohort cited their doctor’s recommendation.
When asked the main reason for nor receiving the seasonal influ-
enza vaccine in the past, 36% of the pre-pandemic participants
and 70% of post-pandemic women thought they did not need it,
whereas 5% and 26%, respectively, were concerned about side
effects and 27% and 44%, reported they had no specific reason.

Pandemic influenza

A total of 67% of the post-pandemic respondents reported
having received the pandemic HIN1 influenza vaccine. Those
who routinely receive seasonal influenza vaccine were more likely
to have received the pandemic vaccine (90.3% vs. 50.0%, P <
0.001). The main reason for receiving the pandemic vaccine cited
by 48% (51/106) of women was to protect themselves, their chil-
dren, and/or family from infection. Almost one-fifth of these
women (20% [21/106]) cited their nurse or doctor’s recommen-
dation as the main reason for receiving the pandemic vaccine.
Other reasons provided for receiving the pandemic vaccine
included: requirement of employer (health care worker or other-
wise; n = 3) and pregnancy (n = 1). Among the women who did
not receive the HIN1 pandemic vaccine, 26% (13/50) reasoned
that they did not think they needed it and 14% (7/50) were con-
cerned about potential side effects. Three women did not receive
the pandemic vaccine because they thought the vaccine was
brought to market too quickly.

HINI pandemic experience

Just over half of post-pandemic respondents (53% [82/155])
reported that they themselves, their close family or friends,
extended family, and/or co-worker became infected with HIN1
influenza during the pandemic. Of the women who reported one
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Table 1. Demographic characteristics of survey respondents

Pre-pandemic n (%)

Post-pandemic n (%)

N =662 N =159 P-value
Age (Years)
Under 18 3(0.5) 4(2.5) 0.001
18-24 67 (10.1) 16 (10.1)
25-34 435 (65.7) 85 (53.5)
35-44 157 (23.7) 53 (33.3)
45 or older 0 (0.0) 1 (0.6)
Education
Less than high school 25(3.8) 7 (4.4) 0.226
Completed high school 44 (6.6) 13(8.2)
Some post-secondary 131 (19.8) 24 (15.1)
Completed post-secondary 377 (56.9) 85 (53.5)
Advanced degree 85(12.8) 30(18.9)
Race
White 628 (94.9) 141 (88.7) 0.026
Black 9(1.4) 3(1.9)
Asian 6(0.9) 5(.1)
First Nations or Inuit 7(1.1) 2(1.3)
Other 12(1.8) 8 (5.0
Number of pregnancies
1 271 (40.9) 57(35.85) 0.592
2 218 (32.9) 54(33.96)
3 95 (14.4) 27(16.98)
4 46 (6.9) 10(6.29)
>4 31 (4.7) 11(6.92)
Unknown 1(0.2) 0(0.0)
Health care provider
Yes 125 (18.9) 32(20.1) 0.74
No 534 (80.7) 127 (79.9)
Unknown 3(0.5)
Number of weeks pregnant
Mean 27.7 27.2 0.5
SD 034 9.36
Range 6-41 0-41
Attended pre-natal class
Yes 218 (32.9) 38 (23.9) 0.052
No 443 (66.9) 120 (75.5)
Unknown 1(0.2) 1(0.6)
Physician considers pregnancy high risk
Yes 133 (20.1) 37 (23.3) 0.329
No 473 (71.5) 114 (71.7)
Don't know 54 (8.2) 7 (44)
Unknown 2(0.3) 1(0.6)
Primary care provider
Family doctor / general practitioner 192 (29.0) 78 (49.1) <0.0001
Obstetrician 399 (60.3) 67 (42.1)
Family doctor / General Practitioner & obstetrician 27 (4.1) 7 (4.4)
Other 31(4.7) 4 (2.5)
Don't know 7 (1.1)
Unknown 6 (0.9) 3(1.9)
At least one pre-existing condition®
Yes 238 (36.0) 39 (24.5) 0.006
No 424 (64.0) 120 (75.5)
Diagnosed with asthma
Yes 115(17.4) 32(20.1) 0.109
No 544 (82.2) 124 (78.0)
Unknown 3(0.5) 3(1.9)
Primary source of information about vaccines
Doctor/nurse 356 (53.8) 85 (53.5) 0.0003
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Table 1. Demographic characteristics of survey respondents (Continued)

Pre-pandemic n (%)

Post-pandemic n (%)

N =662 N =159 P-value
Media 79 (11.9) 15 (9.4)
Internet 15(2.3) 2(1.2)
Never received any information 65 (9.8) 6(3.8)
Other 61(9.2) 9(5.7)
Several sources’ 83 (12.5) 42 (26.4)
Unknown 3(0.5)
Doctor ever discussed vaccination during pregnancy
Yes 129 (19.5) 123 (77.4) <0.0001
No 530 (80.1) 36 (22.6)
Unknown 3(0.5) 0(0.0)
Ever received influenza vaccine
Yes 374 (56.5) 132 (83.0) <0.0001
No 282 (42.6) 27 (17.0)
Unknown 6(0.9) 0(0.0)
Received influenza vaccine every year
Yes 180 (48.1) 72 (45.3) <0.0001
No 192 (51.3) 74 (46.5)
Unknown 2(0.5) 13(8.2)

*For influenza immunization, pre-existing indications include chronic cardio-pulmonary diseases, immunocompromised status, and high-risk contacts. These
pre-existing indications include heart condition, cystic fibrosis, asthma, other lung condition(s), allergy to eggs, allergic reaction to previous influenza vacci-
nation, and Guillain-Barré syndrome. The pre-existing indications donot include high blood pressure, diabetes, abnormalities of the cervix or uterus, autoim-

mune disease, and liver disease hepatitis.

includes respondents who report more than one of doctor/nurse, media, internet, or other sources of vaccine information.

main source of information on the HIN1 pandemic (n = 109),
51% (56/109) relied primarily on the media, 18% (20/109) relied
on their doctor or nurse, and 11% (12/109) relied on Health Can-
ada. The most common ‘other’ source cited was work.

Knowledge and attitudes
The majority of participants in both groups answered the
knowledge questions correctly (Fig. 1). A total of 75% (494/
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662) of pre-pandemic participants and 88% (140/159) of post-
pandemic participants knew the vaccine needed to be given
annually but 29% and 18%, respectively, believed that the sea-
sonal influenza vaccine could cause influenza. Only 36% of pre-
pandemic participants agreed that influenza was more severe in
pregnant women, compared to 62% of post-pandemic
participants.

Almost half of pre-pandemic participants (49% [95% CI
45.1-52.8]) did not think the seasonal vaccine was safe in all
stages of pregnancy, compared to 18.2%
[95% CI 12.6-25.1]) of post-pandemic
participants. Almost all (94%) post-pan-
demic participants knew that Canada’s
National Advisory Committee on Immu-
nization (NACI) recommends that all
pregnant women receive the
influenza vaccine. Forty-one percent
(95% CI 37.6-45.2) of pre-pandemic

participants agreed or strongly agreed
that it was safer to wait until after the first

seasonal

3 months to receive the seasonal influenza
vaccine, whereas 23% (95% CI 16.9-
30.6) of the post-pandemic cohort agreed

Vaccine Vaccine  Only those Vaccine can  Vaccine  Influenzais Influenzais You are not Influenza is Influenza is Influenzais .
safein  safeinall with cause needstobe more common likelyto get  easily causedby a acommon or strongly agreed Wlth that statement.
children  stagesof medical influenza given seriousin throughout sickwith  spread virus  respiratory

pregnancy problems
need
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older
children

you are
healthy

Knowledge Questions

annually babiesthan theyear influenzaif

Thirty-two percent (95% CI 28.3-35.6)
of pre-pandemic participants compared
to 11% (95% CI 6.8-17.3) of post-pan-
demic participants felt it was best to avoid
all vaccinations while pregnant. Being a

infection

Figure 1. Proportion of respondents correctly answering knowledge-based questions. Black bars are
pre-pandemic and white bars post-pandemic; error bars represent the 95% confidence intervals.
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health care worker did not change this
perception.
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Sixteen percent (95% CI 13.4-19.2) of pre-pandemic
respondents and 42% (95% CI 33.8-49.6) of post-pandemic
respondents agreed or strongly agreed that giving the seasonal
influenza vaccine to pregnant women will help protect newborn
babies from getting influenza, whereas 49% (95% CI 44.8-52.5)
and 73% (95% CI 65.3-79.7) of participants, respectively,
believed that parents should receive the seasonal influenza vaccine
to prevent passing influenza to their babies.

Pre-pandemic, mean knowledge scores were associated with
age, level of education, being a health care provider, physician
considering pregnancy high risk, source of vaccine information,
primary care provider, whether one’s physician discussed vaccina-
tion during pregnancy, and annual receipt of influenza vaccine
(Table 2). Post-pandemic, knowledge scores were associated with
being a health care provider, source of vaccine information,
whether one’s physician discussed vaccination during pregnancy,
and annual receipt of influenza vaccine. Both pre- and post-pan-
demic, those who agreed or strongly agreed that it is best to avoid
all vaccines while pregnant, that it is safer to wait until after the
first 3 months to receive the vaccine, and that healthy pregnant
women do not require influenza vaccine had lower overall knowl-
edge scores compared to those who disagreed or strongly dis-
agreed. Pre- and post-pandemic participants who reported that
their physician discussed influenza vaccination during pregnancy
had higher overall knowledge scores (9.2 vs. 8.2, P < 0.0001;
9.6 vs. 8.6, P = 0.005, respectively, Table 2) and were more
likely to believe the vaccine is safe in all stages of pregnancy
(66.4% vs. 33.6%, P < 0.0001; 85.0% vs. 15.0%, P = 0.001.
respectively) than those whose doctors did not discuss influenza
vaccination. Participants in both groups who reported receiving
influenza vaccine annually had higher overall knowledge scores
than those who do not routinely receive the vaccine (9.2 vs. 8.1,
P < 0.0001; 9.8 vs. 9.1, P < 0.004), were more likely to believe
the vaccine is safe in all stages of pregnancy (64.6% vs. 35.4%, P
< .0001; 86.1% vs. 11.1%, P = 0.031), and tended to disagree
more with the statement that it is best to avoid all vaccines while
pregnant (58.2% vs. 24.6%, P < .0001; 90.3% vs. 60.8% P <
0.001) (Table 3).

In the multivariate logistic regression of the pre-pandemic sur-
vey, being a health care provider, education level, having one’s
doctor discuss influenza vaccination, and receiving influenza vac-
cine previously or annually correlated most frequently with cor-
rect answers to the knowledge questions (Table 4), whereas a
doctor discussion and previous influenza vaccination correlated
most frequently with pro-vaccination attitudes (Table 5). Post-
pandemic, having a doctor discuss influenza vaccination corre-
lated most frequently with correct responses, and annual receipt
of influenza vaccine correlated most frequently with positive atti-
tudes toward influenza vaccination.

Pandemic HINI influenza

More than half of the respondents (56% [88/156]) incorrectly
thought that the pandemic HINI influenza virus was a new
strain of influenza; however, most respondents (78% [119/153])
knew that the pandemic virus caused more severe illness in preg-
nant woman than the seasonal flu typically did. A large
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proportion of respondents (42% [64/152]) incorrectly thought
that more people died from pandemic influenza infections than
die from seasonal influenza each year although 69% of respondents
were aware that young healthy individuals were affected more
severely by the pandemic influenza than by seasonal influenza.

The majority of respondents (61% [94/155]) were ‘slightly
worried’ about the HIN1 influenza pandemic whereas 25% (38/
155) were ‘not worried’ and 15% (23/155) were ‘very worried’.
Almost half (49% [75/154]) of the respondents surveyed consid-
ered HIN1 pandemic influenza infection in pregnant women to
be ‘very severe’, the other half (49% [75/154]) of respondents
considered it to be ‘somewhat severe’, and a minority considered
it to be ‘not severe’ (2.6% [4/154]). Respondents who believed
the pandemic to be severe, and who were worried about it were
more likely to change their opinion and receive the seasonal
influenza vaccine, as well as have a more favorable opinion on
immunization in general.

Intended immunization behavior

Sixty-one percent (404/662) of pre-pandemic respondents
stated that they would have the seasonal influenza vaccine during
pregnancy if their doctor recommended it, whereas 80% (126/
158) of post-pandemic women surveyed reported that they
would receive the seasonal influenza vaccine during pregnancy if
their doctor said it was safe and recommended. For the respond-
ents who are more likely to get the seasonal influenza vaccine
after living through the HIN1 pandemic, the 2 most common
reasons cited were concern about their own safety during preg-
nancy (36% [28/77]) and concern about the safety of their chil-
dren/family (30% [23/77]). Twenty-nine percent (45/155) of
participants reported after witnessing the pandemic that they
were more likely to immunize themselves and their children. The
most common reason cited by women who were less likely to
receive the seasonal influenza vaccine after the pandemic was that
they were not affected by the HINI pandemic and so they are
not concerned about seasonal influenza (45% [14/31]). Almost
one-fifth (19% [6/31]) of respondents reasoned that because they
had already received the pandemic H1N1vaccine they would be
protected against the next seasonal influenza and therefore were
less likely to get the seasonal vaccine.

Discussion

Before the HIN1 2009 pandemic, vaccine uptake rates in this
“at-risk” population remained disconcertingly low despite preg-
nant women being identified as a priority group for vaccination.
In Nova Scotia, vaccine coverage with the 2009 HIN1 pandemic
vaccine was 54% in the general population 6 months of age and
Our surveys, comparing
pre- and post-pandemic cohorts, demonstrate a shift in knowl-
edge and attitudes during and immediately following the 2009
pandemic influenza A (HIN1), consistent with other studies
reporting trends in vaccine uptake among pregnant women fol-

older and 64% in pregnant women.>?

. . 13,19,23.24 .
lowing the pandemic.'>'?*>** Almost twice as many of the
post-pandemic cohort knew that seasonal flu was more severe in
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Table 2. Mean of knowledge score corresponding to demographic characteristics of survey respondents

Pre-pandemic n Post-pandemic n
N = 662 P-value N =159 P-value
Age (Years)
Under 18 8.000 0.014 9.250 0.275
18-24 7.791 8.750
25-34 8.510 9.294
35-44 8.248 9.566
45 or older 0.000 11.00
Education
Less than high school 7.280 <0.0001 8.857 0.233
Completed high school 7.999 8.692
Some post-secondary 7.886 9.083
Completed post-secondary 8.448 9.447
Advanced degree 9.306 9.633
Race
White 8.400 0.206 9433 0.055
Black 7.778 7.667
Asian 7.833 9.200
First Nations or Inuit 7.000 10.000
Other 8.500 8.250
Number of pregnancies
1 8.221 0.433 9.459 0.948
2 8.486 9.222
3 8.568 9.407
4 8.370 8.9
>4 7.886 9.793
Unknown 10.500 10.000
Health care provider
Yes 9.312 <0.0001 10.063 0.002
No 8.150 9.158
Attended pre-natal class
Yes 8.211 0.103 9.526 0.396
No 8.452 9.292
Physician considers pregnancy high risk
Yes 8.399 0.031 9.487 0.763
No 8.433 9.281
Don't know 7.759 9.286
Primary care provider
Family doctor / general practitioner 8.385 <0.0001 9.410
Obstetrician 8419 9.194
Family doctor / general practitioner & obstetrician 8.524 10.333
Other 7.368 9.750
Don’t know 6.286 0.000
Primary source of information about vaccines
Doctor/nurse 8.357 <0.0001 9.306 0.003
Media 8.2025 9.267
Internet 8.800 8.500
Never received any information 7.508 8.167
Other 9.131 10.111
Several sources' 8.546 9.069
Doctor ever discussed vaccination during pregnancy
Yes 9.225 <0.0001 9.553 0.005
No 8.162 8.611
Received influenza vaccine every year
Yes 9.174 <0.0001 9.764 0.004
No 8.085 9.108

includes respondents who report more than one of doctor/nurse, media, internet, or other sources of vaccine information.

pregnant women, and they were also aware that the pandemic
virus caused more severe illness in pregnant women than the sea-
sonal flu virus. Attitudes also seemed significantly affected by the
experience of living through the pandemic. There was not as

much concern about vaccine safety among the post-pandemic
cohort, and there was more feeling that the vaccine would help
protect newborns and that parents should receive the vaccine to
prevent passing the virus to their children. In the context of the
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Table 3: Distribution of responses to attitude questions by demographic characteristics of survey respondents

Health care provider

It is best to avoid all vaccinations
while pregnant

Pre-pandemic n (%)

Post-pandemic n (%)

Attitude question 1:

Yes

No

Attended Prenatal Class

Yes

No

Doctor ever discussed vaccination

during pregnancy

Yes

No

Received influenza vaccine every year

Yes

No

Attitude question 2:
Health care provider

Yes

No

Attended Prenatal Class

Yes

No

Doctor ever discussed vaccination
during pregnancy

www.landesbioscience.com

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
It is best to avoid all vaccinations while
pregnant

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
It is best to avoid all vaccinations while
pregnant

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
It is best to avoid all vaccinations while
pregnant

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree

Pregnant women are at higher risk of
severe illness from seasonal influenza
than women who are not pregnant

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Pregnant women are at higher risk of
severe illness from seasonal influenza
than women who are not pregnant

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Pregnant women are at higher risk of
severe illness from seasonal influenza
than women who are not pregnant

n =662 p-value
60 (48.0) 0.008
27 (21.6)
37 (29.6)
163 (30.5)
187 (35.0)
174 (32.6)
Pre-pandemic n (%)

n =662 p-value
77 (35.3) 0.857
67 (30.7)

71 (32.6)
147 (33.2)
148 (33.4)
140 (31.6)

Pre-pandemic n (%)

n =662
82 (63.6)
22(17.1)
24 (18.6)
141 (26.6)
192 (36.2)
187 (35.3)

p-value
<0.0001

Pre-pandemic n (%)

n =662
107 (58.2)
51(27.7)
24(13.0)
113 (24.6)
158 (34.4)
180 (39.2)

p-value
<0.0001

Pre-pandemic n (%)

n =662 p-value
47 (37.6) 0.165
35 (28.0)
41 (32.8)
162 (30.3)
163 (30.5)
197 (36.9)
Pre-pandemic n (%)

n =662 p-value
58 (26.6) 0.003
58 (26.6)
97 (44.5)
152 (34.3)
140 (31.6)
142 (32.1)
Pre-pandemic n (%)

Human Vaccines & Immunotherapeutics

N =159 p-value

26 (81.3) 0.105
3(94)
3(9.4)

86 (67.7)

26 (20.5)

15(11.8)

Post-pandemic n (%)

N =159 p-value
29 (76.3) 0.355
5(13.2)

4(10.5)

83 (69.2)

24 (20.0)

13(10.8)

Post-pandemic n (%)

N =159

100 (81.3)

16 (13.0)

7 (5.7)

12 (33.3)

13 (36.1)

11 (30.6)
Post-pandemic n (%)

p-value
<0.0001

N =159
65 (90.3)
5(6.9)
2(2.8)
45 (60.8)
18(14.3)
11(14.9)

p-value
<0.0001

Post-pandemic n (%)

N =159 p-value
5(15.6) 0.753
4 (12.5)

23(71.9)

25(19.7)

26 (20.5)

76 (59.8)

Post-pandemic n (%)

N =159 p-value
6(15.8) 0.999
6(15.8)

26 (68.4)

24 (20.0)

24 (20.0)

72 (60.0)

Post-pandemic n (%)

(continued on next page)
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Table 3: Distribution of responses to attitude questions by demographic characteristics of survey respondents (Continued)

Health care provider

It is best to avoid all vaccinations
while pregnant

Pre-pandemic n (%)

Post-pandemic n (%)

Yes

No

Received influenza vaccine every year

Yes

No

Attitude question 3:
Health care provider

Yes

No

Attended Prenatal Class

Yes

No

Doctor ever discussed vaccination
during pregnancy

Yes

No

Received influenza vaccine every year

Yes

No

3636

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Pregnant women are at higher risk of
severe illness from seasonal influenza
than women who are not pregnant

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree

It is safer to wait until after the first 3
months of pregnancy to receive a
seasonal influenza vaccine

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
It is safer to wait until after the first 3
months of pregnancy to receive a
seasonal influenza vaccine

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
It is safer to wait until after the first 3
months of pregnancy to receive a
seasonal influenza vaccine

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
It is safer to wait until after the first 3
months of pregnancy to receive a
seasonal influenza vaccine

Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree

n =662 p-value
43 (33.3) 0.904
35 (27.1)
50 (38.8)
165 (31.1)
163 (30.8)
189 (35.7)
Pre-pandemic n (%)

n =662 p-value
59 (32.1) 0.977
56 (30.4)

68 (37.0)

145 (31.6)

136 (29.6)

166 (36.2)

Pre-pandemic n (%)

n =662 p-value
32(25.6) 0.088
42 (33.6)
50 (40.0)
72 (13.5)
228 (42.7)
222 (41.6)
Pre-pandemic n (%)

n =662 p-value
32(14.7) 0.017
75 (34.4)
107 (49.1)
71 (16.0)
196 (44.2)
167 (37.7)
Pre-pandemic n (%)

n =662 p-value
37 (28.7) 0.001
46 (35.7)
45 (34.9)
67 (12.6)
225 (42.5)
226 (42.6)
Pre-pandemic n (%)

n =662 p-value
49 (26.6) 0.005

64 (34.8)
70 (38.0)
54(11.8)
200 (43.6)
194 (42.3)
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N =159 p-value
25 (20.3) 0.541
23(18.7)

75 (61.0)

5(13.9)

7 (19.4)

24 (66.7)

Post-pandemic n (%)

N =159 p-value
10(13.9) 0.403
11(15.3)
51(70.8)
19 (25.7)
14 (18.9)
41 (55.4)

Post-pandemic n (%)

N =159 p-value
20 (62.5) 0.005
8(25.0)

4(12.5)

41 (32.3)

53 (41.7)

33(26.0)

Post-pandemic n (%)

N =159 p-value
15 (39.5) 0.532
12 (31.6)
11 (28.9)
46 (38.3)
49 (40.8)
25(20.8)

Post-pandemic n (%)

N =159 p-value
54 (43.9) 0.035
44 (35.8)

25(20.3)

7 (19.4)

17 (47.2)

12 (33.3)

Post-pandemic n (%)

N =159 p-value
37 (51.4) 0.128
24 (33.3)
11(15.3)
24 (32.4)
26 (35.1)
24 (324)

(continued on next page)
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Table 3: Distribution of responses to attitude questions by demographic characteristics of survey respondents (Continued)

Health care provider
while pregnant

It is best to avoid all vaccinations

Pre-pandemic n (%) Post-pandemic n (%)

Attitude question 4:
Health care provider

Healthy pregnant women do not

Pre-pandemic n (%) Post-pandemic n (%)

require the seasonal influenza vaccine.

Yes Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither

Strongly Agree / Agree

No

Attended Prenatal Class

Healthy pregnant women do not

n =662 p-value N =159 p-value
65 (52.0) 0.011 25(78.1) 0.566
35 (28.0) 3(94)

24 (19.2) 4(125)
205 (38.4) 94 (74.0)

188 (35.2) 19 (15.0)

131 (24.5) 14 (11.0)

Pre-pandemic n (%) Post-pandemic n (%)

require the seasonal influenza vaccine.

Yes Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither

Strongly Agree / Agree

No

Doctor ever discussed vaccination
during pregnancy
Yes Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither
Strongly Agree / Agree

No

Received influenza vaccine every year

Healthy pregnant women do not
require the seasonal influenza vaccine.

Healthy pregnant women do not

n =662 p-value N =159 p-value
101 (46.3) 0.286 25 (65.8) 0.083
60 (27.5) 9(23.7)

54 (24.8) 4(10.5)

171 (38.6) 94 (78.3)

163 (36.8) 12 (10.0)

101 (22.8) 14 (11.7)

Pre-pandemic n (%) Post-pandemic n (%)

n =662 p-value N =159 p-value
88 (68.2) <0.0001 99 (80.5) 0.004
30(23.3) 13(10.6)

10 (7.8) 11 (8.9)
183 (34.5) 20 (55.6)
193 (36.4) 9 (25.0)
144 (27.2) 7 (19.4)

Pre-pandemic n (%) Post-pandemic n (%)

require the seasonal influenza vaccine.

Yes Strongly Disagree / Disagree
Neither
Strongly Agree / Agree
Strongly Disagree / Disagree
Neither

Strongly Agree / Agree

No

n =662 p-value N =159 p-value
126 (68.5) <0.0001 68 (94.4) <0.0001
40 (21.7) 2(2.8)

17 (9.2) 2(2.8)

142 (30.9) 46 (62.2)
176 (38.3) 15 (20.3)
132(28.8) 13(17.3)

pandemic, significantly more women reported that their physi-
cian discussed influenza with them during their pregnancy, indi-
cating perhaps increased awareness of the risk to pregnant
women among health care providers. As with the pre-pandemic
cohort, women whose doctors discussed influenza vaccination
during pregnancy were more knowledgeable and more accepting
of the vaccine in any stage of pregnancy. However, whereas 61%
of pre-pandemic respondents stated that they would receive the
influenza vaccine while pregnant if their doctor recommended it,
with only 20% reporting that their doctor had actually discussed
influenza vaccination during their pregnancy, the margin was
much narrower for the post-pandemic group, with 80% report-
ing they would receive the vaccine if their doctor recommended
it and 77% reporting that their doctor did discuss it with them.
This increase in discourse about the vaccine between women and
their providers is a significant finding given that health care pro-
vider recommendation has emerged repeatedly in the literature as
a key factor contributing to acceptance of vaccine by pregnant
women.”>?> Schindler et al*® describe a zone of indecision, a
gray zone, between 2 nuanced positions, which manifest in

www.landesbioscience.com
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hesitancy in decision making. The more positive and committed
toward vaccination, the more likely the health care provider is to
promote the vaccine with his pregnant patients. The stepped up
professional education campaigns and media campaigns geared
to educating health care providers and pregnant women about
the benefit—risk ratio of influenza vaccine during pregnancy dur-
ing the HINI pandemic may have been effective in assisting
pregnant women in making informed and potentially life-saving
decisions. Similar to other pandemic research, our survey found
that witnessing the pandemic had a definite impact on seasonal
and pandemic influenza vaccine coverage. Lynch et al*” describe
the impact of appraised threat to a pregnant women’s perceptions
of their vulnerability to, and the severity of, HIN1 and their sub-
sequent preventive behavior. In our study, women in the post-
pandemic group stated they were more likely to get the seasonal
vaccine after witnessing the pandemic, citing both their own
safety and safety of their family as reasons. In fact, our survey
showed that women who believed the pandemic to be severe and
who were worried about the HIN1 virus were more likely to
change their opinion about seasonal influenza vaccine and
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Table 4: Selected variables associated with P-value for each knowledge binary response in multivariate logistic regression analysis

Pre-pandemic Selected Variables p-value Post-pandemic Selected Variables p-value
Influenza is a common respiratory Attended pre-natal Class 0.0313 None None
infection which causes symptoms
such as cough, fever and sore
muscles.
Received influenza Vaccine Every year 0.0416
Influenza is caused by a virus Number of Weeks Pregnant 0.0065 None None
Health care Provider 0.0269
Physician considers pregnancy high risk 0.0316
Diagnosed with asthma 0.0003
Influenza infection is easily spread from Ever received influenza vaccine 0.0023 None None
person to person
You are not likely to get sick with None None None None
influenza if you are healthy
Influenza is common throughout the Education 0.0001 Education 0.0451
year
Health care provider <.0001 Number of weeks pregnancy 0.0036
Doctor ever discussed vaccination 0.0309 Attended pre-natal class 0.0018
during pregnancy
Physician considers pregnancy high risk 0.0106
Health care provider 0.0021
Doctor ever discussed vaccination 0.0132
during pregnancy
Influenza infection is more serious in Ever received influenza vaccine 0.0155 Doctor ever discussed vaccination 0.025
babies than in older children during pregnancy
Influenza vaccine needs to be given Health care provider 0.0142 Ever received influenza vaccine 0.0034
every year
Received influenza vaccine every year <.0001
Influenza vaccine can cause influenza Education 0.035 Education 0.0072
Health care provider 0.0001
Ever received influenza vaccine 0.0046
Only people with medical problems Ever received influenza vaccine 0.0059 None None
need to get influenza vaccine.
Influenza vaccine is safe in all stages of Age 0.0296 Diagnosed with asthma 0.0438
pregnancy
Education 0.0049 Doctor ever discussed vaccination 0.0004
during pregnancy
Number of pregnancies 0.0083
Health care provider 0.0001
Attended pre-natal class 0.0086
Doctor ever discussed vaccination <.0001
during pregnancy
Received influenza vaccine every year <.0001
Influenza vaccine is safe in children Age 0.0076 Doctor ever discussed vaccination 0.0002
during pregnancy
Education 0.0032
Doctor ever discussed vaccination 0.0103
during pregnancy
Received influenza vaccine ever year 0.0030

* For influenza immunization, pre-existing indications include chronic cardio-pulmonary diseases, immunocompromised status, and high-risk contacts.
These pre-existing conditions include: heart condition, cystic fibrosis, asthma, other lung condition(s), allergy to eggs, allergic reaction to previous influenza
vaccination, and Guillain-Barré syndrome. The pre-existing conditions do not include, high blood pressure, diabetes, abnormalities of the cervix or uterus,

autoimmune disease, and liver disease or hepatitis.

immunization in general. However, we should not be quick to
dismiss perceived lack of benefit of influenza vaccination as a fac-
tor contributing to suboptimal uptake. If the perceived threat is
low, women will unlikely take action against it. In our survey,
both cohorts reported not needing the vaccine as a reason for not
getting it, similar to other reports, in which a frequently cited rea-
son by pregnant women for declining immunization was the
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belief that the threat was not real, and that the vaccine was
unnecessary. 19:28

The study had potential limitations. Ours was a relatively
small sample of mostly young, white, well-educated women,
which is likely not representative of the general population of
pregnant women. The inclusion criteria for the post-partum

cohort were expanded to include higher risk pregnancies, which
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Table 5: Selected variables associated with P-value for each attitude ordinal response in multivariate logistic regression analysis

Pre-pandemic Selected Variables p-value Post-pandemic Selected Variables p-value
It is best to avoid all vaccinations while Doctor ever discussed vaccination during  <.0001 Doctor ever discussed vaccination <.0001
pregnant. pregnancy during pregnancy
Ever received influenza vaccine Received influenza <.0001
Received influenza vaccine every year <.0001 Vaccine every year
Pregnant women are at higher risk of Education 0.0024 None None
severe illness from influenza than
women who are not pregnant
Race 0.0383
Attended pre-natal 0.0008
class
It is safer to wait until after the first 3 Attended pre-natal class 0.0088 Education 0.0018
months of pregnancy to receive an
influenza vaccine
Doctor ever discussed vaccination during ~ 0.0008 Physician considers Pregnancy high risk ~ 0.0105
pregnancy
At least one pre-existing condition* 0.0462 At least one Pre-existing condition* 0.0103
Received influenza vaccine ever year 0.0094
Healthy pregnant women do not require Doctor ever discussed vaccination during ~ <.0001 Received influenza vaccine ever year <.0001
influenza vaccine pregnancy
Received influenza vaccine every year <.0001
Pregnant women who receive influenza Education 0.0305 Race 0.0169
vaccine are more likely to experience
side effects from the vaccine than
women who are not pregnant
Health care provider 0.0161 Health care provider 0.0132
Doctor ever discussed vaccine during <.0001 Received influenza vaccine ever year 0.0028
pregnancy
Ever received influenza vaccine 0.0047
Received influenza vaccine every year 0.0006
Giving influenza vaccine to pregnant Primary source of information about 0.0092 None None
women will help protect newborn vaccines
babies from getting influenza
Influenza vaccine poses greater risk to Education <.0001 Race 0.0361
healthy children than natural influenza
infection
Primary source of Information about 0.0070 Health care provider 0.0127
Doctor ever discussed vaccine during <.0001 Received influenza vaccine ever year 0.0025
pregnancy
Received influenza vaccine every year 0.04
It is important that all children in the Age 0.0234 Received influenza vaccine ever year 0.0106
household are vaccinated against
influenza to protect new born babies
Doctor ever discussed vaccination 0.0036
Ever received influenza vaccine 0.027
Received influenza vaccine ever year 0.0001
Parents should receive influenza vaccineto ~ Age 0.0201 Doctor ever discussed vaccine during 0.0280
prevent passing influenza onto their pregnancy
babies
Doctor ever discussed vaccination 0.0027 Received influenza vaccine ever year <.0001
Ever received influenza vaccine 0.0290
Received influenza vaccine ever year <.0001
If a vaccine is recommended for all children  Race 0.0493 Received influenza vaccine ever year 0.0002

by the National Advisory Committee on
Immunization(part of public Health
Agency of Canada that makes
recommendation on vaccines) the
government has a responsibility to pay
for the vaccine for all children

*For influenza immunization, pre-existing indications include chronic cardio-pulmonary diseases, immunocompromised status, and high-risk contacts. These
pre-existing conditions include: heart condition, cystic fibrosis, asthma, other lung condition(s), allergy to eggs, allergic reaction to previous influenza
vaccination, and Guillain-Barré syndrome. The pre-existing conditions do not include: high blood pressure, diabetes, abnormalities of the cervix or uterus,
autoimmune disease, and liver disease or hepatitis.
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may have contributed to a slight response bias. Ongoing
research in a larger population is needed, with a particular focus
on predictors of maternal vaccination both during a typical vac-
cine season as well as during a future possible influenza
pandemic.

Methods

Participants, recruitment, and ethical considerations

This study was conducted in the obstetrics outpatient clinics
of the IWK Health Cente (IWK), the perinatal care center for
the Halifax Regional Municipality in Nova Scotia (population
380,000). Eligible participants included all pregnant women of
any trimester who were seen for prenatal care in the obstetrics
clinics at the IWK or in local participating physician’s offices.
Recruitment in the study was passive; surveys were available to all
women presenting for care in these areas. The first phase, per-
formed from April 2005 to April 2006, included only women
with low-risk pregnancies. The second phase, conducted from
January to April 2011, included women with both high- and
low-risk pregnancies.

The study package offered to patients included a patient infor-
mation sheet, a self-directed questionnaire, and 2 self-addressed
envelopes to return the questionnaire at a later date if desired.
Completion of the questionnaire was taken as consent to partici-
pate. The Research Ethics Board of the IWK approved the study.
No monetary compensation was offered for participating in the
study. Participants were given the chance to enter a draw for a
gift certificate to a baby store.

Survey

The 63-item post-pandemic survey was a modified version of
the 44-item 2005-2006 pre-pandemic survey. Prior to distribu-
tion, both questionnaires were validated, tested for test-retest reli-
ability, and pilot tested. The items encompassed demographic
information, including previous vaccination behavior, as well as
questions designed to elicit KABB regarding influenza vaccina-
tion (seasonal and/or pandemic HIN1) during pregnancy and in
childhood. Additional questions in the post-pandemic survey
were intended to elicit more information on risk factors associ-
ated with pregnancy as well as KABB regarding the HIN1 influ-

enza pandemic and the pandemic vaccine.

Statistical analysis

All statistical analyses were done using SAS® V8, SAS® V9, or
SAS® V9.1 (PC) software (SAS Institute, Cary, NC). In general,
continuous variables are presented by summary statistics (i.e.,
mean and standard error) and categorical variables by frequency
distributions (i.e., frequency counts, percentages, and their 2-
sided 95% exact binomial confidence intervals). Descriptive sta-
tistics were used to estimate the proportion of respondents who
answered correctly the knowledge-based questions and who had
specific attitudes toward and beliefs about influenza vaccination
(seasonal and/ or pandemic HINT) in pregnancy. Overall knowl-
edge scores were compared using t-tests. Associations between
individual knowledge responses and categorical variables (age,
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education, ethnicity, attendance at prenatal classes, co-morbid-
ities, health care workers vs. non-health care workers, whether or
not vaccination was discussed with physician, and previous influ-
enza vaccination) were estimated using Fisher's exact tests.
Demographic and population characteristic variables were used
to develop predictive models for knowledge and attitude
responses. Logistic regression was used to predict binary knowl-
edge responses, in which the model is used to predict the proba-
bility of agreeing or disagreeing with the associated statement.
Ordinal logistic regression was used to predict ordered attitude
responses, where the model is used to assess the degree (strongly
disagree, disagree, neither agree nor disagree, agree, strongly
agree) to which subjects have knowledge regarding particular
issues about influenza vaccination in pregnancy and childhood.
The particular ordinal logistic regression model fit was a cumula-
tive logit model. For each outcome variable, whether binary or
ordered, the collection of demographic and population character-
istic variables were used in a backward elimination stepwise pro-
cedure to develop a multiple regression model. Those predictor
variables remaining at the termination of the stepwise procedure
are summarized, and P-values are indicated. P values of less than
0.05 were considered statistically significant.

Conclusion

Historically, societal pressures about vaccination in pregnant
women have had a direct impact on vaccine coverage, which has
been reflected in rates ranging from less than 10% to 33%.%
The increase in influenza vaccination rates among pregnant
women in the context of the 2009 HIN1 pandemic reflects our
findings that this experience appeared to change attitudes and
behaviors of health care providers and their pregnant patients,
consistent with what one would expect during a disease scare.
This would appear to be the result of media coverage contribut-
ing to fear of the pandemic as well as enhanced public vaccina-
tion campaigns. Although this increase in coverage was sustained
throughout the 2011-12 season, it is again on the declines,
reflecting a potential return to habitual behaviors in the absence
of the disease stimulus. We need to heed lessons learned from
this pandemic and maintain the momentum with imaginative,
effective, evaluable public and professional education campaigns
that continue to link perceived risk of disease with the pandemic
experience. If the vaccine coverage seen during the pandemic is
to be maintained, public health campaigns must transform their
platform to highlight the construct of ongoing personal risk to
pregnant women in the face of seasonal and/or pandemic
influenza.
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