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ABSTRACT

With the advancement of the “internet plus” action plan in China, the electronic information system and
the mobile phone applications (APPs) are widely used in the management of expanding national program
of immunization (EPI). To estimate the use of childhood vaccination APP to improve migrants’ vaccination
knowledge, attitude and practice (KAP), a community trial toward migrant children was carried out in
Chongging, China. Migrant children were divided into two groups, one group was provided with health
education and vaccination reminders in manual way and the other group was provided with online health
education and vaccination reminders by mobile APP. After seven-month interventions, a total of 196
guardians of migrant children aged 2 months to 2 y participated in the questionnaire survey. There were
significant differences between two groups in the awareness of vaccine policy, disposal of adverse
reaction and attitude toward vaccination. Few significant differences in vaccination coverage of children
<12 months between two groups, except 2"“bOPV and 2"*MenA. The timely vaccination rate of children
>6 months in the APP group ranged from 37.5% to 68.2%, that was from 0% to 30.5% in the non-APP
group (P < .05). Most migrant children above 6 months had vaccination within a month after due day in
the APP group, while that was at least 3 months after due day in the non-APP group. The vaccination APP
greatly improved migrants’ KAP on vaccination. Continuous and systematic intervention by vaccination
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APP would play a more critical role in the vaccination behaviors of older migrant children.

Background

Internal migrant population in China has been rising
rapidly because of the rapid development of the city.
The Chinese Census showed that there were 34.3 million
migrant children in 2015.'In 2017 and 2018, China had
about 240 million migrants every year.>

Vaccination of migrant children is a major potential safety
hazard that directly affects vaccination coverage in China.*™®
Apart from failing to ensure the immunity of migrant children
against infectious diseases, it poses a certain threat to the health of
local children and affects the development and effectiveness of
prevention and control of various infectious diseases.”” ">

China has been reforming the health system, revising immu-
nization policies, implementing the EPI plan (expanding
national program of immunization) to solve the serious vaccina-
tion issues of migrants."*”'” Now migrant children in China
enjoy the same vaccination services as local resident
children."®*° Although the government has strengthened the
active search and invested a large amount of manpower and
resources in community management for migrants, the immu-
nization coverage and timely vaccination of migrants were still
not ideal.”"*?

There were about 270,000 routine vaccination clinics in
China, and their EPI management systems were undergoing
construction and transformation. The vaccination data (vaccine
name, vaccination site/date, etc.) were digitized on line instead of

paper. Furthermore, information system of client-side and
mobile phone application (APP) would promote management
by providing with health knowledge, vaccination appointment
services, etc.”” instead of tedious manual registration and
notification.

Chonggqing, the youngest and the most dynamic municipal-
ity in China, attracts a large number of migrants every year,
with the floating population accounting for about 20%. In
2019, there were 2.27 million children aged 0-6 y in
Chongqing, among which migrant children accounted for
25.3%. Jiulongpo district, one of the largest floating population
in Chongging, has 46.8% of migrant children aged 0-6 y.***
Data from a clinic baseline survey of child vaccination rates in
JLP district showed that most vaccines had 80%-100% cover-
age and a very few had 40% coverage among resident children.
However, most vaccination rates among migrant children were
only from 10% to 50%. In particular, the coverage rate for 2"
JE-L, 4" DPT and 3™ DPT was only 10%.

To assess the use of vaccination APP on promoting migrants’
vaccination behavior, knowledge and attitude, a community trial
study on childhood vaccination APP was carried out in
Jiulongpo District among migrant children aged 2 months to
2y old, which lasted for 7 months. It is important to summarize
experiences and lessons from immunization management for
migrant children, which will provide valuable experiences to
other developing countries with large migrant population.
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Methods
Study design

From July 1* 2019 to January 31°" 2020, a vaccination
intervention basing on mobile application was conducted
in JLP district of Chongqing to analyze the changes of
vaccine knowledge and behaviors among caregivers who
took migrant children vaccinated in survey clinics.
Migrant children referred to children whose household
registration were in foreign districts and who had lived
temporarily with their parents or other caregivers in JLP
district. After consulting the child’s registration books and
asking the child’s family residence, we identified respon-
dents. The guardians of migrant children aged 2 months to
2 y who had brought children to take inoculations for times
were invited to participate in our study by convenience
sampling. Nannies were excluded from our study.

Interventions

Sample size was calculated based on an assumed awareness
rates of 91%,2°° error margin (two-sided) of +12%, a of
0.05. The sample was further inflated by approximately 10%
to account for potential non-response, which resulted in
a final sample size of 246.

We investigated eight vaccination clinics located in JLP district
with most floating population. The 8 clinics were divided into the
APP group (mobile phone groups) and the non-APP group
(traditional education groups) on average by the random number
table. The sample size for each group was 123.

In the APP group, we installed a vaccination APP in
guardian’s smart phone. Doctors in clinics released vacci-
nation messages to migrant guardians through APP appli-
cation terminal, including vaccine knowledge, real-time
vaccine stocks, disposal of adverse reactions after inocula-
tion, reminder, etc. Meanwhile, guardians could not only
make inoculation appointments by APP but timely consult
doctors by APP. If children missed the appointments, their
guardians would get reminders from APP.

In the non-APP group, guardians received vaccination
information as usual. Doctors distributed posters or leaflets

Table 1. Schedule of EPI vaccines from 2016 to 2019 in Chonggqing.

about vaccine knowledge and conducted face-to-face consulta-
tions for health problems. Doctors made an appointment to the
next inoculation by writing down the next vaccination date on
children’s vaccination registration book. If children missed
inoculation for a few of weeks, doctors would give one remin-
der call to guardians.

Survey

After seven-month interventions, we administered
a questionnaire survey to the guardians whose children had
been vaccinated in the eight clinics more than once. The ques-
tionnaire was presented in Chinese. According to literature on
the vaccine acceptance in China and United States, the con-
tents of our questionnaire included items on demographic
information (gender, age, occupation, education background),
attitude, knowledge and behavior toward vaccination.
Guardian’s knowledge about vaccine policy, dealing with
adverse reactions and attitude were also listed in questionnaire.
The vaccine policy of 11 routine vaccines was asked in the
questionnaire. The vaccination rates of 18 doses of compulsory
vaccine for children aged 2 months to 2 y were also investigated
(Table 1) in our study. The coverage rate was calculated by
consulting the children’s vaccination record book. Vaccination
of children within one month of the scheduled time for vacci-
nation is judged to be timely vaccination. An informed consent
was obtained from subject before enrollment. Personal infor-
mation such as names and phone numbers of all respondents
was covered up in questionnaires.

Statistical analyses

Guardian’s awareness of vaccine knowledge, simple side reac-
tion post-inoculation treatments, children’s vaccination cover-
age and children’s timely vaccination after interventions were
assessed separately for two groups. Questions about guardian’s
vaccine knowledge were collapsed into dichotomous responses
(correct/wrong). Response with an option of “I don’t know”
was coded as a false answer for the question. Question about
attitudes toward vaccination had five options, “strongly agree”
and “agree” were coded as positive attitudes, “neither disagree

Years (months) of age

Vaccine categories Birth 1 month 2 months 3 months

4 months

5months 6 months 8 months 9 months 18 months 2 years

HepB 1 2

BCG 1

IPV 1

bOPV 1 2
DPT 1 2
MR

MMR

JE-L

MenA

HepA-L

3

HepB: Hepatitis B vaccine; BCG: Bacille Calmette-Guérin vaccine; IPV: Inactivated polio vaccine;

bOPV: Bivalent polio attenuated live vaccine; DaPT: Diphtheria-tetanus-acellular pertussis vaccine;

MR: Combined measles and rubella vaccine; MMR: Measles, Rubella and Mumps Combined Vaccine;

JE-L: Japanese encephalitis attenuated live vaccine vaccine; MenA: Epidemic cerebrospinal meningitis group A polysaccharide vaccine. HepA-L: Live attenuated hepatitis

A vaccine.



nor agree,” “disagree” and “I don’t know” were coded as
negative attitudes. Statistical tests were performed using SPSS
23.0 software. Chi-square test or Fisher’s exact tests were used
to determine the difference of groups. P-values less than 0.05
were considered to be significant.

Results
Different interventions between the two groups

During the interventions, there were 166571 messages released
by the vaccination clinics through APP application terminal,
which was nearly 13 times as many as the messages released by
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traditional promotion in non-App group. There were 8819 per-
son-times of consultations by guardians through APP, which
was 3223 times of guardians in non-App group (Figure 1).

Demographic characteristic and vaccine knowledge

We received a total of 196 complete questionnaires with 80%
response rate, 90 in non-APP group and 106 in APP group
(73.2% vs 86.2%). There was a significant difference in the
response rate between two groups (P = .011). A 53.1% of
guardians were junior or senior school educated, 84.7% were
female, and 37.8% were unemployed. A 46.4% of guardians
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Figure 1. Number of information released by doctors and the number of consultations with doctors.

Table 2. Demographic sociology information of migrant children.

Non-APP group

Items APP group (n,%) (n,%) X2 P
All participants 106 (100.0) 90 (100.0)

Guardian gender

man 17 (16.0) 13 (14.4) 0.1 0.758
women 89 (84.0) 7 (85.

Children’s age

2-6 months 23 (21.7) 12 (13.3) 10.5 0.015
7-12 months 49 (46.2) 29 (32.2)

13-18 months 17 (16.0) 28 (31.1)

19-24 months 17 (16.0) 21 (23.3)

Age of guardian

<30y old 50 (47.2) 41 (45.6) 0.1 0.994
30-40y old 28 (26.4) 24 (26.7)

41-50y old 6 (5.7) 5(5.6)

>50y old 22 (20.8) 20 (22.2)

Education background

Primary and below 15 (14.2) 12 (13.3) 0.9 0.824
Middle or high school 54 (50.9) 50 (55.6)

college 22 (20.8) 19 (21.1)

Bachelor degree or above 15 (14.2) 9 (10.0)

Occupation

Teacher 2(1.9) 2(22) 1.2 0.082
Service worker 11 (10.4) 6 (6.7)

Medical worker 6 (5.7) 2(2.2)

Worker or Farmer 16 (15.1) 24 (26.7)

Government employee 10 (9.4) 2(2.2)

Housework and unemployment 36 (34.0) 38 (42.2)

Other 25 (23.6) 16 (17.8)
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Table 3. Guardian’s knowledge and attitude about vaccination.

Total

Items (n,%) APP group (n,%) Non-APP group (n,%) X2 P

Free or self-funded vaccines Correct 61(32.1) 47(44.3) 14(15.6) 18.8 0.000
Error 135(68.8) 59(55.7) 76(84.4)

Hepatitis B vaccination program Correct 130(66.3) 80(75.5) 50(55.6) 8.6 0.003
Error 66(33.7) 26(24.5) 40(44.4)

Observation time Correct 188(95.9) 105 (99.1) 83 (92.2) 5.8 0.016
Error 8(0.1) 1(0.9) 7 (7.8)

Low fever treatment Correct 123(62.8) 75 (70.8) 48 (53.3) 6.3 0.012
Error 73(37.2) 31(29.3) 42 (46.7)

Red treatment Correct 95(48.5) 47 (44.3) 54 (60.0) 4.8 0.029
Error 101(51.5) 59 (55.7) 36 (40.0)

Attitude positive 178(90.8) 102(96.2) 76(84.4) 8.1 0.004
negative 18(9.2) 4(3.8) 14(15.6)

were aged under 30y, 26.5% were 30-40 y old, 5.6% were 41-
50 y old and 20.4% were above 50 (Table 2). Subjects’ demo-
graphics were well balanced between two groups in gender,
age, education and occupation (P > .05).

Overall, less than 50% of guardians clearly knew the
vaccine classification policy, with 15.6% in the non-APP
group and 44.3% in the APP group, respectively
(P =.000). A 95.9% of guardians knew that children should
be kept for 30 minutes after vaccination, with 99.1% in the
APP group and 92.2% in the non-APP group (P = .016).
A 62.8% and 48.47% of guardians knew how to correctly
treat fever and redness, respectively. Totally, 90.8% of guar-
dians had a positive attitude toward vaccination, which was
significantly different between non-APP group (84.4%) and
APP group (96.2%) (P = .004) (Table 3).

Vaccination uptake

Most vaccination rates were above 90% among children under
9 months, which were slightly higher than children over
9 months (Figure 2). There was no significant difference in
vaccination coverage between APP group and non-APP group
except for 2"*bOPV and 2"MenA.

100

To further understand the vaccination behavior of migrant
children, we compared the distribution of inoculation interval
in two groups. Because child under six months was vaccinated
intensively, we selectively analyzed the vaccination behavior of
child above 6 months in two groups (1°* MenA, MR, 1° JE-L,
2" MenA, 4™ DPT, MMR, 2™ JE-L, HepA-L). The result shew
the distribution of inoculation interval was significantly differ-
ent between two groups (P < .05) except for 4™ DPT and
HepA-L. Most migrant children above 6 months in the APP
group got vaccinations on time, often within a month of their
appointment. While the children in the non-APP group mostly
delayed vaccination, often three months or more after the
scheduled date (Tables 4 and 5), especially MR, 2" MenaA,
MMR and 2" JE-L.

Discussion

In this study, we found the long-term caregivers of migrant
children had some common characteristics, young, poorly
educated and jobless. Their limited social circle led to few
accesses to new health information, and their health knowledge
mainly from doctors.”’* Doctors are the key factor influen-
cing the public’s believe on immunization and behavior of
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Figure 2. Immunization coverage of EPI vaccines among migrant children.
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Table 4. Timely vaccination coverage of migrant children.
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Non-APP group

Vaccine APP group (n,%) (n,%) RR (95%Cl) X2/F P
4™ ppT 8 (38.1) 5(17.2) 2.2 (0.8-5.8) 2.8 0.097
MR 45 (60.8) 13 (18.1) 3.4 (2.0-5.7) 27.9 0.001
MMR 11 (52.4) 7 (24.1) 2.2 (1.0-4.7) 42 0.04
15t JE-L 40 (54.1) 9 (12.5) 43 (2.3-83) 28.3 0.01
2™ JE-L* 3(37.5) 0 (0.0) 0.20
1% MenA 42 (46.2) 25 (30.5) 1.5 (1.0-2.3) 45 0.035
2" MenA 45 (68.2) 2 (2.9 23.5 (5.9-93.1) 63.4 0.001
HepA-L 10 (47.6) 8 (27.6) 1.7 (0.8-3.6) 2.1 0.145

*Fisher's exact text; DaPT: Diphtheria-tetanus-acellular pertussis vaccine; MR: Combined measles and rubella vaccine; MMR:
Measles, Rubella and Mumps Combined Vaccine;JE-L: Japanese encephalitis attenuated live vaccine vaccine; MenA: Epidemic
cerebrospinal meningitis group A polysaccharide vaccine. HepA-L: Live attenuated hepatitis A vaccine

Table 5. The distribution of vaccination delay in migrant children.

Vaccine Inoculation time after due date APP groups (n,%) Non-APP groups (n,%) X%/F P

4" DPT < 1 month 8 (38.1) 5(17.2) 5.2 0.073
1-2 months 2 (9.5) 10 (34.5)
>3 months 11 (52.4) 14 (48.3)

MR < 1 month 45 (60.8) 13 (18.1) 283 0.001
1-2 months 5(6.8) 7 (9.7)
>3 months 24 (32.4) 52 (72.2)

MMR < 1 month 11 (52.4) 7 (24.1) 21.6 0.001
1-2 months 7 (33.3) 0 (0.0
>3 months 3(14.3) 22 (75.9)

15t JE-L < 1 month 40 (54.1) 9 (12.5) 45.6 0.001
1-2 months 27 (36.5) 20 (27.8)
>3 months 7 (9.5) 43 (59.7)

2" JE-L* < 1 month 3(37.5) 0 (0.0) 3.2 0.26
1-2 months 1(12.5) 1(14.3)
>3 months 4 (50.0) 6 (85.7)

1°* MenA < 1 month 42 (46.2) 25 (30.5) 7.2 0.027
1-2 months 25 (27.5) 20 (24.4)
>3 months 24 (26.4) 37 (45.1)

2" MenA < 1 month 45 (68.2) 2(2.9) 63.4 0.001
1-2 months 5(7.6) 14 (20.3)
>3 months 16 (24.2) 53 (76.8)

HepA-L < 1 month 10 (47.6) 8 (27.6) 2.1 0.35
1-2 months 4(19.1) 8 (27.6)
>3 months 7 (33.3) 13 (44.8)

*: Fisher's exact test

HepB: Hepatitis B vaccine; BCG: Bacille Calmette-Guérin vaccine; IPV: Inactivated polio vaccine;

bOPV: Bivalent polio attenuated live vaccine; DaPT: Diphtheria-tetanus-acellular pertussis vaccine;

MR: Combined measles and rubella vaccine; MMR: Measles, Rubella and Mumps Combined Vaccine;

JE-L: Japanese encephalitis attenuated live vaccine vaccine; MenA: Epidemic cerebrospinal meningitis group A polysaccharide vaccine. HepA-L: Live

attenuated hepatitis A vaccine.

vaccination.”® ™’ In fact, there is not enough time for clinic
doctors to introduce vaccine knowledge in detail one by one.
Usually, clinics with a large floating population see 100 to 200
children a day in Chongging. Therefore, the usage of APP has
become an important tool for vaccination clinics to carry out
education, which can not only spread vaccination knowledge
through medical staffs but also save manpower.

On the other hand, 20.4% of the caregivers were above 50 y
old, who had difficulty in using the mobile phone APP. So
clinics should seize the opportunity of parental first registra-
tion in clinic to introduce the vaccination APP and then let
parents teach caregivers how to continuously use the APP.

Comparing the amount of information released by clinics
and the frequencies of consultation in two groups, we found
there were more opportunities for parents or caregivers to
communicate with doctors in App group than that in non-
APP group. It is suggested that migrant parents were in great
demand for vaccination knowledge, and the traditional inter-
ventions could not meet parents’ needs. Moreover, the

accessibility of education by doctor face-to-face was poorer
than that by APP, which was more convenient and more
timely.

Opverall, the guardian’s awareness rate of vaccine knowledge
was very low in non-APP group. Although they held a positive
attitude toward vaccination, children in non-APP group still
show poorer compliance in timely vaccination than children in
APP group, which was the same as the studies in India and
Rwanda.”®*’APP group had more positive attitudes toward
vaccination, which was affected by their better awareness
about immunization and vaccine.**”** Mobile APP has built
a flexible channel for doctors to deliver health information to
parents. It also provides a good communication platform for
timely updating information and releasing vaccination remin-
ders, which is not limited by parental visiting time or the
information loss. Therefore, migrants in APP group got more
flexible chances to receive health education than non-APP
group, which improved guardians’ positive attitude toward
vaccination.



€2135853-6 J.XU ET AL.

The vaccination rate of children decreased with the
increase of age and dose. It is reported that the vaccination
coverage was <50% for the first dose in migrant children aged
0-4 y and <25% for the second dose in Greece.*” Children
<2 y should receive 18 doses of routine EPI vaccines in
China.'"® Our study also show the vaccination rate of the
first dose was higher than that of subsequent ones in both
two groups, which were inversely related to age. So, it is
suggested that we should focus on the vaccination of older
children and multiple doses of the vaccine. After the APP
intervention, 11 doses of vaccine coverage rate were above
95% for migrant children aged 0-8 months, which was higher
than the data of other provinces in China without APP
interventions,*™*’ 5 doses of routine vaccines coverage were
from 80% to 95%, and the last 2 doses (4™ DPT and 2" JE-1)
of routine vaccines were about 50%, which were separately
injected at 18 months and 24 months. In the non-APP group,
only eight doses of vaccine coverage were above 95%, which
were mostly for 0-5 months children. And the coverage of 2™
JE-1 was lowest to 28.6% in the non-APP group. Totally, the
vaccine coverages of 3rd polio vaccine, 2" MenA and 2" JE-1
were significantly different between two groups. Children
aged 0-8 months in the App group finished the vaccination
schedule better than children in the non-APP group. The
usage of APP can effectively improve the vaccination com-
pliance of migrant children.

According to Chinese vaccination schedule, the number of
injection decreases after 6 months of age. The visiting time of
guardian’s going to clinics turns more sparse with age, which
influences guardian’s chance to learn knowledge from doctors.
We found it was significantly different of children’s vaccination
interval among the children <12 months between two groups.
Children <12 months in the APP group usually timely vacci-
nated within one month of the scheduled time, which reduced
the risk of diseases infection. It was possible owing to the
appointment reminder of mobile APP. While there were no
differences of the distributions of vaccination interval in 4"
DPT, 2™ JE-L and HepA-L between two groups. It might be
that children over nine months were vaccinated at least six
months from last vaccination, so the seven-month interven-
tions involved in the study might not work. These results
suggest that vaccination APP with the function of reminder,
information delivery and consultation can indeed improve the
vaccination compliance of migrant children, but the interven-
tions should last for a long-term more than the interval
between the two doses.

This study also has some limitations. Firstly, the childhood
vaccination APP intervention lasted only seven months.
Although we found obvious improvements on knowledge,
attitude and behavior of migrant children under 12 months,
few differences in timely vaccination among children aged
above 12 months were observed. In addition, it was a current
situation survey, not all the respondents had received
a complete seven-month intervention. Secondly, during the
intervention period, subjects might be influenced by vaccine
knowledge released by other public channels, such as Internet,
television and so on. Thirdly, the response rate of the ques-
tionnaire survey was 80%. This was related to the fact that the
respondents were partly over 50 y old, and their questionnaire

cooperation was not high. However, the results positively sup-
port continuous use of childhood vaccination APP among
migrants.

Conclusion

Vaccination clinics integrating vaccination information system
and vaccination APP can easily realize health education, vacci-
nation reminder, online appointment, information exchange
and so on. The usage of vaccination APP increases timely
vaccination rate and optimizes the service efficiency compared
to the traditional way, especially it is good for managers to
manage migrants timely and accessibly. Crucially, APP inter-
vention needs to be sustained a long time period so that timely
vaccination rate among migrant children can eventually
improve.
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