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a b s t r a c t
Background: The World Health Organization recommends young children aged 6–59 months receive
inﬂuenza vaccination (IV) annually. This study investigated the IV incidence in a 12-month follow-up
period among 24–59 month-old children and identiﬁed its predictors based on the theory of planned
behavior (TPB).
Methods: A population-based random telephone survey was conducted at baseline (March–June 2011)
among Chinese parents of 24–59 month-old children in Hong Kong, China, and a follow-up survey was
conducted 12 months afterwards (N = 440).
Results: The IV prevalence was 63.2% at follow-up (3% increased from baseline). The IV incidence during
the follow-up period for all sampled, ever-vaccinated, and never-vaccinated children was 35.6, 58.5,
and 7.7 per 100 person-years, respectively. Stratiﬁed analyses of logistic regression were performed for
the ever-vaccinated and never-vaccinated children. After adjusting for signiﬁcant socio-demographic
variable(s), parental positive attitude, norm, and behavioral intention were signiﬁcant predictors of IV
at follow-up among ever-vaccinated children, while intention was the only signiﬁcant predictor among
never-vaccinated children.
Conclusions: Most of the IVs received during the follow-up period were re-vaccinations rather than
ﬁrst-time vaccinations. Efforts should target never-vaccinated children’s parents, who reported low incidence and intention. TPB also worked less well among never-vaccinated children, and thus research for
other predictors of never-vaccinated children’s ﬁrst-time vaccination are warranted. Promotion programs
should consider segmentation by children’s prior vaccination status.
© 2020 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Inﬂuenza is a highly infectious respiratory illness characterized
by various acute onset of mild symptoms including fever and cough,
and can result in serious complications (e.g., pneumonia, dehydration, and encephalopathy) and even deaths, particularly among
infants and children [1–3]. The estimated death toll in children
was close to 600 in 2017–2018 ﬂu season in the U.S. [3]. Inﬂuenza
vaccination (IV) is the main and effective strategy for prevention
and control of inﬂuenza and is shown to have consistently high
levels of efﬁcacy in reducing risk of inﬂuenza and related complications among children [4]. Side-effects include local reactions
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(e.g., swelling) and fever and are mostly mild in nature [5]. The
World Health Organization (WHO) recommends special high risk
groups (i.e., health-care workers, pregnant women, patients with
chronic diseases, older people, and children aged between 6 and
59 months to take up IV annually [6] and many countries have
adhered to the advice and implemented national government policies of IV (e.g., vaccine subsidy schemes) [7]. However, prevalence
of IV among such children remains relatively low and varies across
countries (e.g., 7.l% in U.K. and 36.2% in Finland among children
aged <3 [8]; under 20% among children aged <18 years in Hong
Kong [9]). Following the WHO’s guidelines, the Hong Kong government recommends children aged 6–71 months to receive annual
IV and subsidizes the vaccine [10]. Free IV is available to children of
families covered by the Comprehensive Social Security Assistance
(CSSA) scheme.
Cross-sectional studies showed that parental cognitions of
IV, including knowledge, perceived threat, and beliefs regarding
the vaccine’s efﬁcacy and safety, were signiﬁcantly associated
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with childhood IV status [11–14]. However, cross-sectional cannot establish causality as the child’s experience of IV would affect
parental cognitions [15]; longitudinal studies guided by health
behavior theories are warranted. The theory of planned behavior (TPB) [16] was used in this study to identify salient predictors
of childhood IV. It postulates that individuals form an intention
prior to performing health-related behaviors, and the intention
is determined by related attitudes (possible consequences of the
behavior of interest), perceived norm (whether their signiﬁcant
others support the behavior), and perceived behavioral control
(whether they have control over performing the behavior) [16].
The theory has been supported by meta-analyses of longitudinal
studies on a wide range of health-related behaviors [17–19]. Its constructs are modiﬁable. Understanding factors based on TPB would
hence facilitate planning of effective interventions. TPB has also
been applied to explain IV intention and behavior among adults in
both cross-sectional [20–23] and longitudinal studies [24,25], but
not childhood IV.
Prediction of IV should take into account past behaviors, which
were predictive of the corresponding future behaviors [16,26,27].
In literature, such behaviors included childhood and adulthood
IV [24,28,29]. The predictive relationships may reﬂect consistency
of behaviors [16,26]. In our case, TPB may perform differently
among ever-vaccinated and never-vaccinated children. Thus, we
conducted stratiﬁed analysis to identify factors predicting IV among
these two groups of children separately. Segmentation allows for
designing tailored interventions that would increase effectiveness
of health promotion [30].
We investigated incidence of IV during a 12-month period
(2011/2012) among children aged 24–59 months in Hong Kong, and
tested three hypotheses based on TPB, that: (1) baseline parental
behavioral intention of the child’s IV in the next 12 months would
predict their actual IV within the 12-month follow-up period; (2)
baseline parental attitude, perceived norm, and perceived behavioral control would be associated with baseline parental intention
for child’s IV, and predict child’s actual IV within the follow-up
period; (3) the prospective relationships between the three TPB
constructs (i.e., baseline parental attitude, perceived norm, and perceived behavioral control) and the child’s IV within the follow-up
period would be mediated by baseline parental intention. It is the
ﬁrst longitudinal study testing these hypotheses among children
aged less than six years using stratiﬁed analysis according to the
child’s past IV experience.

Materials and methods
Study design and procedures
The longitudinal study consisted of a baseline population-based
telephone survey conducted during March to June 2011 and a
follow-up telephone survey conducted 12 months afterwards; the
same questionnaire was administered in the two surveys. Baseline inclusion criteria were: (1) parents with children aged 24–59
months, and (2) the index child and at least one of his/her parents
being a Hong Kong resident.
Telephone surveys have been used in many international
IV-related studies [31–34]. Telephone numbers were randomly
selected from up-to-date local telephone directories. Screening
questions were asked to conﬁrm participants’ eligibility (e.g., parent of a 24–59 month-old child) at baseline. For households with
two or more such children, the child whose last birthday was closest to the date of the interview was selected as the index child.
If both parents were available, the mother was invited to join the
study. Prospective participants were briefed by experienced interviewers, who administered the survey, about the background of
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the study. They were informed about its anonymity and voluntary nature and that they could quit anytime if wanted. Verbal
informed consent was obtained before commencement of the survey, which took about 15 min to complete. A HKD50 (USD6.4)
supermarket coupon was mailed to the participants upon their
completion of two surveys. Ethics approval was obtained from the
afﬁliated institute of the corresponding author. We identiﬁed 787
households with an eligible participant; 540 completed the baseline survey (response rate = 68.8%); 440 completed the follow-up
survey (follow-up rate = 81.5%).
Measures
The questionnaire was constructed by an expert panel consisting of psychologists and public health researchers. References were
made to previous studies [14,21,31,32] and the items of TPB scales
were listed in Table 1. Parental positive and negative attitudes
toward the child’s IV were measured by ﬁve and three items (˛ = .82
and .51), respectively (agree, disagree, and unsure). Perceived norms
were assessed by four items regarding the spouse, family members,
and peers of parents (˛ = .74). Perceived behavioral control over the
child’s IV was assessed by two items (agree, disagree, and unsure;
˛ = .60). Behavioral intention regarding the child’s IV in the next
12 months was assessed by one item, with Likert scales ranging
from very unlikely to very likely. Besides participants’ and the index
child’s socio-demographics, information about the child’s baseline
IV status (ever-/never-vaccinated) and whether he/she had taken
up IV during the follow-up period were recorded. We pilot tested
the questionnaire among 30 eligible participants twice (two weeks
apart), and derived test–retest reliability statistics; the items’ average kappa was .66, which is considered acceptable [35].
Statistical analysis
Stratiﬁed analyses were performed for the ever-vaccinated and
never-vaccinated children. The ﬁrst dependent variable was the
binary variable of behavioral intention for the child’s IV (intended
[Very likely/Likely] and unintended [Very unlikely/Unlikely/Neutral]).
Univariate odds ratios (ORu) were derived. The signiﬁcant sociodemographic variables were adjusted for in subsequent analyses
that used baseline attitude/norm/perceived behavioral control as
independent variables; adjusted odds ratios (ORa) were obtained
from multiple logistic regression models. Similar adjusted analyses were performed using actual IV during the follow-up period
as the dependent variable, considering baseline TPB constructs as
potential predictors.
The mediation hypothesis was tested by the procedures proposed by Baron and Kenny [36]. After examining the required
associations among the variables, the corresponding ORa for each
of the TPB constructs were obtained from the pair of logistic regression models with and without behavioral intention (i.e., potential
mediator), and were compared. The Sobel test was conducted.
Respective 95% conﬁdence intervals (95% CI) were derived for all
odds ratios. SPSS 21.0 for Windows was used, with p < .05 taken as
statistically signiﬁcant.
Results
Socio-demographic characteristics of the sample
Table 1 shows no signiﬁcant differences in baseline characteristics between followed-up (n = 440) and loss-to-followed-up
(n = 100), except for one negative attitude item (i.e., This ﬂu vaccine
would have negative interactions with other vaccines).
Among the followed-up participants of the ever-vaccinated and
never-vaccinated groups (Table 2), about half were males, aged
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Table 1
Characteristics of all participants by follow-up status.
Followed-up (n = 440)
%
Socio-demographic factors
Sex
52.3
Male
47.7
Female
Parity
46.1
First
47.0
Second
6.8
Third and so forth
Visited family doctor before
15.2
No
84.8
Yes
Primary care-taker
65.5
Parents
14.8
Grandparents
19.8
Maid/others
Participant’s age
37.7
20-34
35-44
55.9
6.4
45 or above
Participant’s highest education level
8.2
Junior high school or below
91.8
Senior high school or above
Participant’s employment status
55.5
Full-time
Part-time/Unemployed
44.5
Recipient of CSSA
No/Refuse to answer
94.8
Yes
5.2
Child’s baseline IV status
No (never-vaccinated)
39.8
Yes (ever-vaccinated)
60.2
TPB constructs
Behavioral intention regarding the child’s IV in follow-up period
5.0
Very unlikely
28.4
Unlikely
16.8
Neutral
Likely
37.7
Very likely
11.1
Missing
0.9
Positive attitude items
IV is effective in preventing H1N1 inﬂuenza
Agree
53.6
Disagree
13.6
Unsure
32.7
IV is effective in preventing other seasonal inﬂuenzas (not A/H1N1)
59.5
Agree
13.6
Disagree
26.8
Unsure
IV is effective in reducing the risk of A/H1N1 inﬂuenza-induced complications
58.6
Agree
12.5
Disagree
28.9
Unsure
IV is effective in reducing risk of other seasonal inﬂuenza-induced complications
64.1
Agree
12.0
Disagree
23.9
Unsure
Current ﬂu vaccine is more effective than previously available ones
31.4
Agree
30.0
Disagree
38.6
Unsure
Negative attitude items
This vaccine is not safer than the previous one
38.0
Agree
41.1
Disagree
20.9
Unsure
My child is too young to receive this ﬂu vaccine
66.8
Agree
24.8
Disagree
8.4
Unsure
This ﬂu vaccine would have negative interactions with other vaccines my child receives
63.0
Agree
26.4
Disagree
10.7
Unsure

Lost-to-follow-up (n = 100)
%

p

48.0
52.0

0.44

53.0
44.0
3.0

0.23

14.0
86.0

0.76

71.0
15.0
14.0

0.40

42.0
51.0
7.0

0.67

11.0
89.0

0.37

55.0
45.0

0.93

98.0
2.0

0.17

47.0
53.0

0.19

0.73
7.0
31.0
14.0
40.0
8.0
0.0
0.49
49.0
12.0
39.0
0.23
51.0
14.0
35.0
0.48
52.0
14.0
34.0
0.09
53.0
13.0
34.0
0.27
25.0
28.0
47.0
0.41
34.0
39.0
27.0
0.49
66.0
22.0
12.0
<0.001
54.0
20.0
26.0
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Table 1 (Continued)
Followed-up (n = 440)
%

Lost-to-follow-up (n = 100)
%

Perceived norm items
Many parents have arranged for their children of similar age to receive this ﬂu vaccine
Agree
41.6
Disagree
44.5
13.9
Unsure
Spouse supports child receiving the vaccine
12.2
Strongly disagree
39.5
Slightly disagree
40.0
Slightly agree
Strongly agree
8.4
Other family members support child receiving the vaccine
8.8
Strongly disagree
43.0
Slightly disagree
42.4
Slightly agree
5.8
Strongly agree
Perceived behavioral control items
You would be able to get your child vaccinated if you desire to do so
96.1
Agree
Disagree
2.5
1.4
Unsure
It is you and your spouse who decides whether your child would receive this IV
96.6
Agree
2.5
Disagree
0.9
Unsure

35–44 years, and had had full-time jobs at baseline. Over 90% had
attained senior high school education or above and were not receiving CSSA. The index children were mainly ﬁrst/second born and
had visited family doctors. These between-group differences were
statistically non-signiﬁcant (p > .05).

p

0.08
30.0
56.0
14.0
0.50
10.7
36.9
47.6
4.8
0.32
8.9
40.5
49.4
1.3
0.06
92.0
3.0
5.0
0.71
95.0
4.0
1.0

Among ever-vaccinated children
After the three signiﬁcant socio-demographic variables (see
Table 3) were adjusted for, only the scales related to positive attitude (“3–5” versus “0”: ORa = 5.28) and subjective norm (“1–2”
versus “0”: ORa = 2.90; “3” versus “0”: ORa = 21.76) were signiﬁcantly associated with baseline behavioral intention.

Cognitions related to the child’s IV
Baseline predictors of the children’s IV during the follow-up period
The ever-vaccinated group was more likely than the nevervaccinated group to have reported baseline behavioral intention for
the child’s IV and agreed/very much agreed with the positive attitudinal/norm items, and were less likely to agree with the negative
attitudinal items (see Table 2). The two items of perceived behavioral control did not show signiﬁcant between-group differences
(p > .05).

Among never-vaccinated children
Table 4 shows that none of the socio-demographic characteristics signiﬁcantly predicted the child’s IV. Hence, subsequent analysis did not adjust for socio-demographic factors.
Behavioral intention for the child’s IV (“Likely” versus “Very
unlikely/Unlikely”: ORu = 6.06) was the only signiﬁcant predictor
of actual IV uptake during the follow-up period (Table 5).

Prevalence and incidence of IV
Baseline and follow-up prevalence of vaccinated children were
60.2% (265/440) and 63.2% (278/440), respectively. Among evervaccinated and never-vaccinated children, 45.3% (120/265) and
7.4% (13/175) had received IV during the follow-up period, respectively. The incidences were 58.5, and 7.7 per 100 person-years
(100PY), respectively (35.6 per 100PY among all children). When
further stratiﬁed into three age groups (24-35/36-47/≥48months):
the incidences were 71.0, 59.5, and 52.4 per 100PY respectively
for the ever-vaccinated group, and 9.1, 14.3, and 1.7 per 100PY for
the never-vaccinated group. The ever-vaccinated group was more
likely than the never-vaccinated group to have taken up IV during
the follow-up period (ORu = 10.31, 95%CI = 5.58, 19.07).
Factors associated with baseline behavioral intention for
childhood IV in the next 12 months
Among never-vaccinated children
Two socio-demographic variables (participants’ age and
employment status) were signiﬁcantly associated with behavioral
intention (see Table 3). After adjusting for them, the scales of positive attitude (“3–5” versus “0”: ORa = 7.11) and perceived norm
(“1–2” versus “0”: ORa = 3.94; “3” versus “0”: ORa = 27.40) were
signiﬁcantly associated with the baseline behavioral intention.

Among ever-vaccinated children
After adjusting for the only signiﬁcant socio-demographic variable (i.e., the child’s sex; see Table 4), the scales of positive attitude
(“3–5” versus “0”: ORa = 3.74), perceived norm (“1–2” versus “0”:
ORa = 2.37; “3” versus “0”: ORa = 3.55), and behavioral intention
(“likely” versus “very unlikely/unlikely”: ORa = 4.83; “very likely”
versus “very unlikely/unlikely”: ORa = 7.46) were signiﬁcant predictors of actual IV uptake during the follow-up period (Table 5).
Mediation testing
Among never-vaccinated children
No mediation testing was conducted in this subsample, as no
variable other than behavioral intention signiﬁcantly predicted the
child’s IV uptake during the follow-up period.
Among ever-vaccinated children (Table 6)
Requirements for mediation testing was fulﬁlled as previous
adjusted analyses showed that both the potential mediator (i.e.,
behavioral intention) and the two TPB constructs (i.e., positive attitude and perceived norm) were signiﬁcantly associated with IV
uptake during the follow-up period. Model 1 contained both the
baseline variables of behavioral intention and positive attitude.
Positive attitude remained statistically signiﬁcant (“3–5” versus
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Table 2
Characteristics of all followed-up participants (stratiﬁed by ever-vaccination status).

Socio-demographic factors
Sex
Male
Female
Parity
First
Second
Third and so forth
Visited family doctor before
No
Yes
Primary care-taker
Parents
Grandparents
Maid/others
Participant’s age
20-34
35-44
45 or above
Participant’s highest education level
Junior high school or below
Senior high school or above
Participant’s employment status
Full-time
Part-time/Unemployed
Recipient of CSSA
No/Refuse to answer
Yes
TPB constructs
Intention regarding the child’s IV
Very unlikely
Unlikely
Neutral
Likely
Very likely
Positive attitude items
IV is effective in preventing H1N1 inﬂuenza
Agree
Disagree
Unsure
IV is effective in preventing other seasonal inﬂuenzas (not A/H1N1)
Agree
Disagree
Unsure
IV is effective in reducing the risk of A/H1N1 inﬂuenza-induced complications
Agree
Disagree
Unsure
IV is effective in reducing risk of other seasonal inﬂuenza-induced complications
Agree
Disagree
Unsure
Current ﬂu vaccine is more effective than previously available ones
Agree
Disagree
Unsure
Negative attitude items
This vaccine is not safer than the previous one
Agree
Disagree
Unsure
My child is too young to receive this ﬂu vaccine
Agree
Disagree
Unsure
This ﬂu vaccine would have negative interactions with other vaccines my child receives
Agree
Disagree
Unsure
Perceived norm items
Many parents have arranged for their children of similar age to receive this ﬂu vaccine
Agree
Disagree
Unsure

Ever-vaccinated (n = 265)
%

Never-vaccinated (n = 175)
%

50.9
49.1

54.3
45.7

46.4
46.0
7.5

45.7
48.6
5.7

14.3
85.7

16.6
83.4

69.4
13.6
17.0

59.4
16.6
24.0

37.0
54.7
8.3

38.9
57.5
3.4

9.8
90.2

5.7
94.3

52.5
47.5

60.0
40.0

95.5
4.5

93.7
6.3

2.7
11.8
16.0
51.1
18.3

8.6
54.0
18.4
18.4
0.6

61.9
10.6
27.5

41.1
18.3
40.6

69.4
12.5
18.1

44.6
15.4
40.0

65.7
11.3
23.0

48.0
14.3
37.7

72.8
10.6
16.6

50.9
14.3
34.9

35.1
33.2
31.7

25.7
25.1
49.1

33.6
47.2
19.2

44.6
32.0
23.4

59.6
30.9
9.4

77.7
15.4
6.9

58.5
29.8
11.7

69.7
21.1
9.1

48.7
37.0
14.3

30.9
56.0
13.1

p

0.49

0.71

0.52

0.09

0.12

0.13

0.12

0.42

<0.001

<0.001

<0.001

<0.005

<0.001

<0.005

<0.05

<0.001

0.06

<0.001
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Table 2 (Continued)

Spouse supports child receiving the vaccine
Strongly disagree
Slightly disagree
Slightly agree
Strongly agree
Others support child receiving the vaccine
Strongly disagree
Slightly disagree
Slightly agree
Strongly agree
Perceived behavioral control items
You would be able to get your child vaccinated if you desire to do so
Agree
Disagree
Unsure
It is you and your spouse who decides whether your child would receive this IV
Agree
Disagree
Unsure

Ever-vaccinated (n = 265)
%

Never-vaccinated (n = 175)
%

8.3
25.8
52.5
13.4

17.6
58.8
22.2
1.3

6.5
27.9
56.2
9.5

12.1
64.5
22.7
0.7

96.6
1.9
1.5

95.4
3.4
1.1

96.6
2.3
1.1

96.6
2.9
0.6

p
<0.001

<0.001

0.57

0.77

Table 3
Predictors of parental behavioral intention regarding the child’s IV† in the next 12 months among ever-vaccinated and never-vaccinated children.

Socio-demographic characteristics
Sex
Male
Female
Parity
First
Second
Third and so forth
Visited family doctor before
No
Yes
Primary care-taker
Parents
Grandparents
Maid/others
Participant’s age
20-34
35-44
45 or above
Participant’s highest education level
Junior high school or below
Senior high school or above
Participant’s employment status
Full-time
Part-time/Unemployed
Recipient of CSSA
No/Refuse to answer
Yes
TPB constructs (Baseline)
Positive attitude score
0
1-2
3-5
Negative attitude score
0
1-2
3-4
Perceived norm score
0
1-2
3
Perceived behavioral control
0-1
2
†
*
**
***
a
b

Never vaccinated at baseline (n = 175)
ORu (95% C.I.)

Ever vaccinated at baseline (n = 265)
ORu (95% C.I.)

1
0.86 (0.40,1.85)

1
1.67 (0.98,2.86)

1
1.40 (0.62,3.15)
3.72 (0.91,15.19)

1
1.12 (0.64,1.94)
0.67 (0.25,1.77)

1
1.56 (0.50,4.84)

1
2.35 (1.17,4.74)*

1
2.05 (0.78,5.40)
1.20 (0.48,3.05)

1
0.41 (0.20,0.86)*
1.66 (0.75,3.68)

1
0.86 (0.38,1.96)
22.92 (2.45,214.41)**

1
0.80 (0.46,1.40)
2.61 (0.71,9.52)

1
0.32 (0.09,1.22)

1
0.87 (0.35,2.18)

1
0.33 (0.14,0.82)*

1
0.73 (0.43,1.23)

1
2.64 (0.73,9.62)
ORaa (95% C.I.)

1
0.30 (0.09,0.96)*
ORab (95% C.I.)

1
1.73 (0.36,8.37)
7.11 (2.25,22.47)**

1
1.92 (0.80,4.64)
5.28 (2.57,10.85)***

1
2.26 (0.46,11.09)
1.29 (0.24,6.78)

1
0.71 (0.33,1.54)
0.78 (0.35,1.76)

1
3.94 (1.47,10.56)**
27.40 (6.29,119.40)***

1
2.90 (1.51,5.59)**
21.76 (7.63,62.04)***

1
1.44 (0.22,9.45)

1
1.70 (0.55,5.26)

The dependent variable was recoded into “intended” (very likely and likely) versus “unintended” (very unlikely, unlikely, and neutral).
p < 0.05.
p < 0.01.
p < 0.001.
Odds ratio adjusted (ORa) for the signiﬁcant socio-demographic factors (i.e., respondents’ age and employment status).
Odds ratio adjusted (ORa) for the signiﬁcant socio-demographic factors (i.e., experience of visiting family doctor, primary caregiver, and CSSA status).
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Table 4
Socio-demographic characteristics as predictors of the child’s IV during follow-up period.

Sex
Male
Female
Parity
First
Second
Third and so forth
Visited family doctor before
No
Yes
Primary care-taker
Parents
Grandparents
Maid/others
Participant’s age
20-34
35-44
45 or above
Participant’s highest education level
Junior high school or below
Senior high school or above
Participant’s employment status
Full-time
Part-time/Unemployed
Recipient of CSSA
No/Refuse to answer
Yes
*

Never vaccinated at baseline (n = 175)
ORu (95% CI)

Ever vaccinated at baseline (n = 265)
ORu (95% CI)

1
1.02 (0.33,3.17)

1
1.75 (1.07,2.85)*

1
0.94 (0.29,3.03)
1.37 (0.15,12.71)

1
1.24 (0.75,2.05)
0.88 (0.34,2.31)

1
1.10 (0.23,5.25)

1
1.50 (0.74,3.05)

1
2.22 (0.60,8.17)
0.69 (0.14,3.48)

1
1.00 (0.49,2.04)
0.62 (0.31,1.21)

1
0.77 (0.25,2.40)
N.A.

1
1.11 (0.66,1.87)
1.60 (0.63,4.05)

1
0.29 (0.05,1.51)

1
1.14 (0.50,2.59)

1
0.93 (0.29,2.98)

1
1.06 (0.65,1.72)

1
N.A.

1
0.39 (0.10,1.47)

p < 0.05.

Table 5
TPB constructs as predictors of IV during the follow-up period for those who were never-vaccinated and ever-vaccinated at baseline.
Never vaccinated at baseline (n = 175)
ORu (95% CI)a
Behavioral intention regarding the child’s IV in the next 12 months
1
Very unlikely/Unlikely
Neutral
2.72 (0.57,12.83)
Likely
6.06 (1.59,23.04)**
Very likely
N.A.
Positive attitude score
0
1
1-2
1.08 (0.19,6.24)
3-5
1.70 (0.47,6.08)
Negative attitude score
0
1
1.13 (0.13,10.03)
1-2
1.57 (0.18,14.03)
3-4
Perceived norm score
0
1
1.17 (0.35,3.85)
1-2
3
1.11 (0.13,9.79)
Perceived behavioral control
1
0-1
0.36 (0.07,1.86)
2

Ever-vaccinated at baseline (n = 265)
ORu (95% CI)

Ever-vaccinated at baseline (n = 265)
ORa (95% CI)

1
1.38 (0.47,4.10)
5.14 (2.12,12.50)***
8.08 (2.94,22.20)***

1
1.32 (0.44,3.92)
4.83 (1.98,11.80)***
7.46 (2.70,20.65)***

1
1.80 (0.72,4.52)
3.95 (1.89,8.25)***

1
1.72 (0.68,4.33)
3.74 (1.78,7.85)***

1
0.62 (0.32,1.19)
0.56 (0.28,1.12)

1
0.61 (0.31,1.18)
0.53 (0.27,1.07)

1
2.49 (1.33,4.65)**
3.72 (1.93,7.19)***

1
2.37 (1.26,4.45)**
3.55 (1.83,6.89)***

1
3.52 (0.97,12.77)

1
2.94 (0.80,10.85)

ORu: univariate odds ratio.
ORa: Odds ratio adjusted by the signiﬁcant socio-demographic factor (i.e., sex).
*p < 0.05.
**
p < 0.01.
***
p < 0.001.
a
No signiﬁcant socio-demographic variable needs to be adjusted.

“0”: ORa = 2.38) but its ORa decreased from 3.74 to 2.38 (Sobel
test = 3.809, p < .001). The ﬁnding indicated that baseline positive
attitude predicted the child’s IV partially via baseline behavioral
intention (a partial mediator). Model 2 contained both the baseline
variables of behavioral intention and perceived norm. Perceived
norm became statistically non-signiﬁcant (“1–2” and “3” versus
“0”: ORa = 1.64 and 2.04 respectively) when behavioral intention for
the child’s IV was present in the model (Sobel test = 3.915, p < .001).

The ﬁnding indicated that baseline perceived norm predicted the
child’s IV fully via baseline behavioral intention (a full mediator).
In both Models 1 and 2, the baseline behavioral intention (mediator) remained statistically signiﬁcant in predicting the child’s IV. As
negative attitude and perceived behavioral control were not significantly associated with the child’s IV, the corresponding mediation
hypotheses were not tested.
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Table 6
TPB constructs as predictors of IV during the follow-up period for those who were
ever-vaccinated at baseline (n = 265).
Model 1 ORa
(95% CI)

Model 2 ORa
(95% CI)

Behavioral intention regarding the child’s IV in the next 12 months
Very unlikely/Unlikely
1
1
Neutral
1.10 (0.36,3.35)
1.25 (0.42,3.75)
Likely
3.60 (1.42,9.11)**
3.68 (1.43,9.46)**
Very likely
5.49 (1.90,15.84)**
6.10 (2.16,17.24)**
Positive attitude score
0
1
–
1-2
1.35 (0.50,3.64)
–
3-5
2.38 (1.07,5.26)*
–
Perceived norm score
–
1
0
–
1.65 (0.84,3.24)
1-2
3
–
2.04 (0.97,4.27)
Model 1: odds ratio in multivariate model which included intention, positive attitude score and the signiﬁcant socio-demographic factor (i.e., sex).
Model 2: odds ratio in multivariate model which included intention, subjective norm
score and the signiﬁcant socio-demographic factor (i.e., sex).
*
p < 0.05.
**
p < 0.01.

Discussion
The prevalence of IV among children aged 24–59 months was
moderate and only increased very slightly over time in this study. It
suggests that not many children of this cohort received ﬁrst-time IV
during the follow-up period, i.e., very few of them had initiated IV
during 60 and 72 months. Consistently, the age-speciﬁc 12-month
incidence of the 48–59-month-old at baseline never-vaccinated
group was extremely low, compared to the higher incidences of
the 24–35 and 36–47-month-old groups, suggesting relatively few
ﬁrst-time IV uptake after age 60 months. As the prevalence of IV
was only 11.5% among 12–23 month-old children in Hong Kong
[37] while this study showed that about two-third of those aged
24–59 months were vaccinated and incidences of the 24–35 and
36–47-month-old groups were higher than that of 48–59-monthold group, we contend that ﬁrst-time childhood IV mainly takes
place between 24–59 months of age. Although children aged 6
months or older have been recommended to take up IV annually in
Hong Kong, parents of children younger than two years might feel
that their children were too young for IV. Most of the vaccination
would occur before the age of ﬁve. Given that no study has been conducted for the entire trajectory of ≤6-year-old children’s ﬁrst-time
IV, further proof is warranted. Our ﬁndings suggest that health promotion for young children’s ﬁrst-time IV may be more effective if
targeting parents of 24–59 month-old children than those younger
or older than that age range.
The incidences of IV during the 12-month follow-up period
for ever-vaccinated were seven times higher than that for nevervaccinated. It is clear that most of the IV taken during the follow-up
period were re-vaccinations instead of ﬁrst-time vaccinations. It
is important to highlight that about 40% of the sampled children
aged 36–71 months remained unvaccinated. Efforts should target
parents of never-vaccinated children.
Among ever-vaccinated children, positive attitude, norm, and
behavioral intention were signiﬁcant predictors of their IV uptake
during the follow-up period. We found that consistent with the
TPB speciﬁcations, the predictive relationships between positive
attitude/perceived norm and future IV were mediated by behavioral intention for IV. Interestingly, positive but not negative
attitude (e.g., “this vaccine is not safer than the previous one”)
toward IV signiﬁcantly predicted ever-vaccinated children’s IV
during the follow-up period, although previous cross-sectional
studies showed that parental safety concerns (e.g., side effect of
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IV) were signiﬁcant correlates of IV among all children (evervaccinated and never-vaccinated) aged 6–23 months [14,37]. As
that analysis involved re-vaccination among older (>23 months)
ever-vaccinated children, the parents of such children might be
less anxious about potential side-effects of IV compared to those
of the other studies that included parents of younger and nevervaccinated children. The ﬁnding suggests that it may be more
effective to emphasize on the beneﬁcial instead of negative effects
of IV in interventions targeting ever-vaccinated children of this age
range.
Perceived norm, but not perceived behavioral control, was
another signiﬁcant predictor of IV among ever-vaccinated children.
Perceived norm was associated with IV intention among Chinese
adults [21,25,31]. In the collectivistic Chinese culture, establishment of a related norm about children’s annual IV through mass
media and in different settings (e.g. kindergartens, clinics), and
exertion of proper social pressure for conformity with the norm
for IV are potentially effective means for interventions to promote
IV among young ever-vaccinated children. The non-signiﬁcance of
perceived behavioral control is plausibly explained by the ceiling
effect, as 96% of the participants were self-efﬁcacious, possibly due
to availability of ﬁnancial and logistic support provided by the government.
Parental intention, as proposed by TPB, was highly predictive of
the index child’s IV. The ﬁnding applied to both the ever-vaccinated
and never-vaccinated groups. It is especially important to increase
parental behavioral intention in the never-vaccinated group, in
which only 19.0% showed such an intention. The TPB performed
better in the ever-vaccinated subsample than the never-vaccinated
sub-sample, as attitudes and perceived norms were signiﬁcant predictors of intention and IV in the former but not the latter group.
Our ﬁndings have practical implications that extra efforts targeting
parents of never-vaccinated parents are required, including those
that may increase their motivation (e.g., motivational interviewing)
and hence behavioral intention.
The ﬁndings also have theoretical implications, that TPB may
be less applicable for predicting a new behavior than the same
repeated health-related behavior, as we found that some factors might be signiﬁcant for the latter but not the former. The
developers of the TPB pointed out that an individual may alter
his/her TPB constructs during the course of executing a behavior, due to personal experience such as experiencing unanticipated
consequences and/or obstacles [16]. The resultant TPB constructs
may become more well-developed and realistic, and hence allow
for a more accurate prediction of the future behavior [38,39]. In
the context of childhood IV, it is possible that positive attitudes
of those ever-vaccinated children’s parents had been conﬁrmed
or even reinforced via satisfaction by the child’s previous IV
experience, leading to a stronger predictive power to future IV.
Research on IV and other repeatable health-related behaviors
(e.g., regular dental check-ups) should thus keep in mind the
potential differences between initiation and maintenance of behaviors, and perform stratiﬁed analysis like those performed in this
study.
The study has some limitations. Firstly, the response rate of
the telephone survey was about 70%. Also, the sampling method
may lead to selection bias. Validated scales were not used because
they were not available, but other IV studies used similar items.
The effective sample size of ever-vaccinated and never-vaccinated
groups was only moderate (265 and 175 respectively). However,
the large difference in ORs between the two subgroups suggested
that the between-group differences were not results of low statistical power. Lastly, other theories might have been used. For
instance, the health belief model reported signiﬁcant correlations between perceived susceptibility and/or cues to action (from
medical professionals) and parental intention regarding child’s IV
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[29,40]. Longitudinal research based on other theories is highly
warranted.

Conclusion
It was the ﬁrst attempt to apply TPB to understand childhood
IV in a longitudinal study that involved stratiﬁcation by baseline
IV status. These ﬁndings highlighted that both the incidence rate
and parental intention regarding young children’s IV were much
lower among never-vaccinated than ever-vaccinated children. We
found that TPB worked better for predicting actual IV in evervaccinated than never-vaccinated children as TPB variables, other
than behavioral intention, predicted IV among ever-vaccinated
children but not never-vaccinated children. It is warranted to conduct randomized controlled trials to evaluate efﬁcacy of TPB-based
interventions for promotion of IV among young ever-vaccinated
children aged 24–59 months.
Given low behavioral intention and self-efﬁcacy, it would be an
uphill battle to increase IV among the sizeable never-vaccinated
group, but such efforts are greatly warranted. Our ﬁndings suggest
that commonly used strategies based on TPB (e.g. changing attitudes, perceived norm, and perceived behavioral control), might
not work for this group as such factors were not signiﬁcant predictors of never-vaccinated child’s IV uptake. New strategies (e.g.,
motivational interviewing and encouraging ﬁrst IV among infants
by medical professionals) need to be developed. Finally, research
and health promotion of IV among young children need to segment
according to the child’s prior vaccination status.
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