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Abstract

Background: Live attenuated vaccines may be used to prevent nontargeted diseases such as lower respiratory tract infections
(LRTIs) dueto their nonspecific effects (NSES).

Objective: We aimed to analyze the NSEs of the Japanese encephalitis vaccine on pediatric LRTIs in children aged 25 months
to 35 months.

Methods: A retrospective cohort study was conducted by using apopulation-based el ectronic health record database in Zhejiang,
China. Enrolled participants were children born from January 1, 2017, to December 31, 2017, and who were inocul ated with the
live-attenuated Japanese encephalitis vaccine (JE-L) or inactivated Japanese encephalitis vaccine (JE-1) asthe most recent vaccine
at 24 months of age. The study was carried out between January 1, 2019, and December 31, 2019. All inpatient and outpatient
hospital visits for LRTIs among children aged 25 months to 35 months were recorded. The Andersen-Gill model was used to
assess the NSEs of JE-L against LRTIsin children and compared with those of JE-I as the most recent vaccine.

Results: A tota of 810 children born in 2017 were enrolled, of whom 585 received JE-L (JE-L cohort) and 225 received JE-I
(JE-I cohort) astheir last vaccine. The JE-L cohort showed areduced risk of LRTIs (adjusted hazard ratio [aHR] 0.537, 95% ClI
0.416-0.693), including pneumonia (aHR 0.501, 95% CI 0.393-0.638) and acute bronchitis (aHR 0.525, 95% CI 0.396-0.698) at
25 months to 35 months of age. The NSEs provided by JE-L were especially pronounced in female children (aHR 0.305, 95%
Cl 0.198-0.469) and children without chronic diseases (aHR 0.553, 95% CI 0.420-0.729), without siblings (aHR 0.361, 95% ClI
0.255-0.511), with more than 30 inpatient and outpatient hospital visits prior to 24 months of age (aHR 0.163, 95% CI 0.091-0.290),
or with 5 to 10 inpatient and outpatient hospital visits due to infectious diseases prior to 24 months old (aHR 0.058, 95% ClI
0.017-0.202).

Conclusions. Compared with JE-I, receiving JE-L as the most recent vaccine was associated with lower risk of inpatient and
outpatient hospital visits for LRTIs among children aged 25 months to 35 months. The nature of NSEs induced by JE-L should
be considered for policymakers and physicians when recommending JE vaccines to those at high risk of infection from the
Japanese encephalitis virus.
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Introduction

Vaccination is widely recognized as one of the most effective
measures to prevent infectious diseases and has been listed as
the top priority for public health precautions by governments
worldwide. According to estimates provided by the World
Health Organization, 2-3 million children younger than 5 years
old could be saved through vaccination against target diseases

[1].

Recently, several observational studies and randomized
controlled trials have suggested that, in addition to their specific
effects, vaccines may have nonspecific effects (NSE) against
nontargeted diseases [2]. Live vaccines such as the bacillus
Calmette-Guérin (BCG) vaccine [3]; measles, mumps, and
rubella (MMR) vaccine [4]; and oral polio vaccine (OPV) [5]
have been observed to decrease all-cause mortality and
nontargeted infectious disease hospitalizationsin children, while
inactivated vaccines such asthe inactivated polio vaccine (IPV)
[5] and diphtheria, tetanus, and pertussis (DTaP) vaccine [6]
have been associated with a possible increase in all-cause
mortality, on average [7,8]. Consequently, it could be
extrapolated that the nature of NSEs produced by avaccine may
be associated with the type of vaccine (ie, NSEs may be more
likely to be produced by alive vaccinerather than an inactivated
vaccine). However, the conclusions of these previous studies
are drawn from studies with ahigh risk of bias[6] and must be
treated with caution. A high risk of biasincludes selection bias
and information bias arising from, for example, misclassification
of vaccination status, confounding at baseline, and selective
reporting (and nonreporting) of results. Currently, the
immunological mechanisms underlying this phenomenon are
unclear but may be related to the trained immunity generated
by live vaccines, which is defined as the induction of innate
immunity to generateimmune memory while clearing pathogens
by innate immune cells[9].

In addition, the NSEs of a live vaccine are affected by the
sequence of vaccinations. Sgrup et al [4] reported that receiving
theinactivated DTaP-1PV-Haemophilusinfluenzaetypeb (Hib)
vaccine as the most recent vaccine (the type of the last vaccine
administered to the child) could increase the risk of hospital
admissions by 62% during the first 11 months to 24 months
after vaccination, whiletherisk decreased by 14% if MMR was
the most recent vaccine. In the United States, Bardenheier et al
[10] replicated the study by Serup et a [4] and demonstrated
that receiving a live vaccine as the most recent vaccine was
associated with alower risk of hospitalization for nontargeted
infectious diseases from 16 months through 24 months of age
compared with an inactivated vaccine (hazard ratio [HR] 0.83,
95% CI 0.72-0.94) aswell as concurrent receipt compared with
inactivated vaccine (HR 0.91, 95% CI 0.72-0.94).

Japanese encephalitis (JE) vaccines have been included in
Chind's National Immunization Program (NIP) since 2008.
According to the vaccination schedule, children need be
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inoculated with 2 doses of the live-attenuated JE vaccine (JE-L)
a 8 months and 24 months of age or with 4 doses of the
inactivated JE vaccine (JE-1) at 8 months, 8 months (7-10 days
after the previous dose), 24 months, and 72 months of age [11].
In China, all school-aged children who have reached the age at
which they should be vaccinated are vaccinated in accordance
with the current NI P vaccination procedures. Thetype of vaccine
(attenuated or inactivated) can be chosen by the child's
guardians. Otherwise, the local heath authority randomly
replenishes JE vaccines, and the providers administer one after
another. In Hangzhou, for example, failure to receive
immunization vaccines affects children's enrollment in day care
and school. In contrast, children in the United States are
administered only the JE-I due to safety considerations [12].
Based on the conclusions of previous studies, we hypothesized
that JE-L might also have NSEs. Therefore, in this study, we
aimed to evaluate whether the risk of inpatient and outpatient
hospital visits for a lower respiratory tract infection (LRTI)
differed among children who received the JE-L as their most
recent vaccination in comparison with the JE-I.

Methods

Data Source and Participants
Yinzhou is an urban district of Ningbo located in the southeast

coastal region of China with an estimated area of 812.40 km?
and 1.61 million permanent residentsin 2020. A previous study
[13] conducted a comprehensive surveillance of JE in Ningbo
and showed that the dominant mosquito speciesin Ningbo was
Culex tritaeniorhynchus and that neither JE virus nor dengue
viruswas detected in mosquitoesthroughout the year, suggesting
that the rate of local mosquito vectors carrying the virus was
relatively low. In addition, another study [14,15] found the
vaccine coverage against JE for children aged 1 year to 3 years
in Yinzhou District in 2015 was 99.66%.

In 2005, the Yinzhou District Center for Disease Control and
Prevention (CDC) developed a population-based electronic
health record (EHR) database that collects information from
hospitals and community health service centers in the region.
This database includes general demographic characteristics,
health care information, inpatient and outpatient electronic
medical records, hedth insurance information, disease
surveillance, vaccination information, management information,
and death certificates[16,17]. Asof 2015, it contained the health
records of 1.19 million people [18].

We performed this analysis using the aforementioned database
as our source of data from 2017 to 2019. Children born in
Yinzhou between January 1, 2017, and December 31, 2017,
who had received the second dose of JE-L or the third dose of
JE-I at 24 months of age as their most recent vaccine were
enrolled in this study.
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Data Collection

We collected information on demographic characteristics,
vaccination (type of vaccine, vaccine name, vaccine dose, and
vaccination date), inpatient and outpatient visits (visit time,
admission time, discharge time), and disease diagnosis for all
included participants. Data pertaining to other variables
including maternal parity, birth weight, chronic diseases
(including malformations of the respiratory system, other
conditions associ ated with respiratory symptoms, neuromuscular
disease, congenital diseases of the heart and urinary system,
chromosomal abnormalities, and acquired chronic conditions;
see Table S1 in Multimedia Appendix 1 for the specific chronic
disease types and International Satistical Classification of
Diseases, Tenth Revision [ICD-10] codes), and the number of
inpatient and outpatient visits for infectious diseases or for all
causes (see Table S2 in Multimedia Appendix 1) prior to 24
months of age were also obtained.

Outcomes

From January 1, 2019, to December 31, 2019, we recorded the
primary or secondary discharge diagnosis of LRTIs including
influenza, pneumonia, pertussis, acute bronchitis, and others
encoded under the diseases of the respiratory system by the
|CD-10 asthe outcomes of interest (see Table S3in Multimedia
Appendix 1).

Design

Children who had received vaccines other than JE-L or JE-I at
the age of 25 months to 35 months were excluded from this
study to limit the possibility of bias due to other vaccines.
Further, participantswith any incomplete or missing information
were also excluded. The remaining participants were divided
into two groups by the type of JE vaccinesreceived at 24 months
of age. Childrenwho received JE-L astheir most recent vaccine
wereincluded in the JE-L cohort, whilethose who received JE-I
as their most recent vaccine were included in the JE-I cohort.
Participants in both groups were followed from the date of
administration of JE-L or JE-I to 35 months of age, death, or
migration.

We calculated the incidence density of LRTIs and constructed
amodel to estimate the HR between the JE-L cohort and JE-I
cohort.

Statistical Analysis

We used mean (SD) or frequencies with constituent ratios to
report the distribution of the children's age, sex, chronic
diseases, maternal parity, and other variables. The chi-square
test and Fisher exact test were used to compare baseline
characteristics between the 2 cohorts.

Since a child could have had recurring hospital visits dueto an
LRTI, all hospital visits needed to be involved in the analysis.
We cal cul ated the incidence density of LRTIsby using the sum
of the number of inpatient and outpatient visits at 25 monthsto
35 months of age and divided thisby the number of person-years
of observation. At the sametime, we assessed the average length
of hospital stay by using the tota number of days of
hospitalization divided by the number of patients.

https://publichealth.jmir.org/2024/1/€53040
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The Cox regression hazards model is primarily applied to a
single outcome. Therefore, we decided to construct an
Andersen-Gill model to assessthe HRsand 95% Cls. Thismodel
is used for recurrent data and allows every participant to be
presented only once and not be compared with him or herself
[4]. Schoenfeld residuals were evaluated to assume the
proportionality of hazards. If violations were detected, the
normal Andersen-Gill model was changed to atime-dependent
Andersen-Gill model. We used gender, age group, chronic
diseases, birth weight, and the number of outpatient visits with
or without infectious diseases prior to 24 months of age as
potential covariates in the adjusted analyses. In addition, the
results were stratified by sex and other variables.

Statistical analyses for this study were performed using SAS
9.4 (SAS Ingtitute Inc). All tests were 2-sided, and P<.05 was
considered significant.

Sensitivity Analyses

Given that the JE-L needs to be administered in 2 doses and
JE-l needs to be administered in 4 doses, sequentia
immunization may be undertaken in clinica practice.
Meanwhile, studies have shown that the NSEs of live vaccines
might be influenced by the concurrent or successive
administration of inactivated vaccines. Consequently, to limit
the bias caused by receiving 2 types of JE vaccine by asingle
child, we repeated our analyses by dividing the childreninto 4
groups according to the immunization course, as follows: (1)
children who received JE-L only, (2) children who received
JE-I after JE-L, (3) children who received JE-L after JE-1, and
(4) children who received JE-I only. We cal culated the incidence
density of LRTIs in al 4 groups. At the same time, the
Andersen-Gill model was constructed to estimate the HR for
the cohort that received JE-L only compared with the cohort
that received only JE-I. As per previous reports, if JE-L has
NSE, the HR should be <1 [2,10].

Ethical Considerations

The protocol for this study was approved by Zhejiang Chinese
Medical University Ethics Committee (No. 20200515-1).

Results

Population

The study initially included 8447 children born in Yinzhou in
2017, of whom 1 child lacked vaccination records and 405 had
missing weight information. Further, 7075 children who received
vaccines other than those for JE at 25 months to 35 months of
age were also excluded. Among the remaining children, 156
were excluded because JE was not administered as their most
recent vaccine. The JE-L cohort included the 585 remaining
children were administered JE-L as the most recent vaccine,
and the JE-I cohort included the 225 children who were
administered JE-I asthe most recent vaccine, for atotal of 810
participants (Figure 1).

Of the 810 children included in the fina analysis, 53.1%
(430/810) were male, 22.5% (182/810) had abirth weight <3000
0, 5.2% (42/810) had chronic diseases, 63.5% (514/810) had a
mother with 1 parity, 30% (243/810) had visited the hospital
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morethan 15 times prior to 24 months of age, and 6.5% (53/810)
had visited the hospital more than 5 times due to infectious
diseases prior to 24 months of age. Both the study cohortswere
comparable in terms of sex (P=.81), birth weight (P=.25),
number of hospital visits with or without infectious diseases
prior to 24 months of age (P=.38 and P=.79, respectively), and

Zhanetd

chronic diseases (P=.41). Notably, the JE-1 cohort had a higher
coverage of the 13-valent pneumonia vaccine, enterovirus 71
vaccine, and rotavirus vaccine and were statistically more likely
to have no siblings than the JE-L cohort (see Table $4 in
Multimedia Appendix 1).

Figure 1. Flowchart of participant inclusion. JE-I: inactivated Japanese encephalitis vaccine; JE-L: live-attenuated Japanese encephalitis vaccine.

8447 Children identified as born in Ningbo from 1/1/2017 to 12/31/2017

406 Excluded

8041 Identified for further consideration

1 Without vaccination record
405 with missing birth weight information

A 4

7075 Excluded

966 Identified for further consideration

= Vaccinated with vaccines other than JE-L or
JE-I at 25-35 months of age

156 Excluded

810 Study cohort

Vaccination Status

Among the 8041 children with complete demographic and
medical records in the database, 8029 children received a JE
vaccing, for a coverage of 99.85%. A total of 36.26%
(2916/8041) had completed the first dose of JE-1, and 63.59%
(5113/8041) had completed the first dose of JE-L. The age at
vacci nation administration was consi stent with the recommended
age in the NIP. Of the 810 children included in final analysis,
27.8% (225/810) received JE-1 at an average age of 24.08
months, and 72.2% (585/810) received JE-L at an average age
of 24.18 months (see Table S5 in Multimedia Appendix 1).

Inpatient and Outpatient Hospital Visitsfor LRTIs

Among the 810 children who received the JE vaccine as their
most recent vaccine at 24 months of age, 85 reported LRTIs
during the period of 25 months to 35 months of age, with 310
inpatient and outpatient hospital visits in total. The incidence
density was 0.383 (95% Cl 0.349-0.417) person-years. Of these
85 children, 73 had acute bronchitis, with an incidence density
of 0.331 (95% CI 0.299-0.344) person-years, 8 experienced
pneumonia, with an incidence density of 0.033 (95% ClI
0.022-0.048) person-years; and 4 reported influenza, with an
incidence density of 0.019 (95% CI 0.010-0.030) person-years.

https://publichealth.jmir.org/2024/1/€53040
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# Didn't receive the second dose of JE-L or
the third dose of JE-I in 24 months

Due to LRTIs, 33 children were admitted only once, whereas
52 children were admitted >2 times between 25 months and 35
months of age, with a maximum of 28 admissions. The onset
age was 29.25 (95% CI 28.70-29.80) monthsin the JE-I cohort
and 29.24 (95% CIl 28.78-29.69) months in the JE-L cohort,
with no statistical difference (P=.97).

Of the 85 children with inpatient or outpatient hospital visits
dueto LRTIs, 5 were hospitalized for 33 days, with the shortest
hospital stay being 5 days and the longest being 7 days. There
were average lengths of hospitalization of 7 days in the JE-I
cohort and 4.5 days in the JE-L cohort (see Table S6 in
Multimedia Appendix 1).

Risk of Inpatient and Outpatient Hospital Visitsfor
LRTIs

In the JE-I cohort, there were 128 visits attributed to LRTIs
during 225 person-years, with an incidence density of 0.568
(95% CI 0.501-0.634) person-years. In the JE-L cohort, there
were 182 visits attributed to LRTIs during 585 person-years,
with an incidence density of 0.311 (95% CI 0.274-0.350)
person-years. Further, we performed a subgroup analysis, which
reveal ed that the incidence density of the JE-I cohort was |ower
than that of the JE-L cohort (Table 1).
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Table 1. Incidence density and hazard ratios (HRs) of inpatient and outpatient hospital visits for lower respiratory tract infectionsin different cohorts

(N=810): live-attenuated Japanese encephalitis vaccine (JE-L; n=585), inactivated Japanese encephalitis vaccine (JE-I; n=225).

Zhanetd

t(;r;acr;:}tc;errti sti csof Isgﬂ(:ggrzg ?;g;) té g)er- ?O(:]rr; es:r (;ns/per- Unadjusted HR (95%Cl) P value Adjusted HR? (95% Cl) P vaue
All characteristics <.001 <.001
JE-I 0.568 (0.501-0.634) 128/225 1.000 1.000
JE-L 0.311 (0.274-0.350) 182/585 0.547 (0.436-0.685) 0.537 (0.416-0.693)
Sex
Male .18 14
JE-I 0.529(0.436-0.620) 64/121 1.000 1.000
JE-L 0.430(0.374-0.488) 133/309 0.814 (0.604-1.096) 0.764 (0.534-1.093)
Female <.001 <.001
JE-I 0.615 (0.515-0.709) 64/104 1.000 1.000
JE-L 0.177 (0.134-0.228) 49/276 0.288 (0.199-0.419) 0.305 (0.198-0.469)
Age (months)
25-27 37 .65
JE-I 0.071 (0.020-0.173) 4/56 1.000 1.000
JE-L 0.119 (0.068-0.187) 15/127 1.654 (0.549-4.982) 1.384 (0.345-5.556)
28-31 .006 .34
JE-I 0.474 (0.310-0.642) 18/38 1.000 1.000
JE-L 0.208 (0.148-0.282) 31/149 0.439 (0.246-0.785) 0.536 (0.150-1.908)
>32 <.001 <.001
JE-I 1.140 (0.943-1.362) 106/93 1.000 1.000
JE-L 0.504 (0.442-0.565) 136/270 0.442 (0.343-0.570) 0.454 (0.336-0.612)
Chronic diseases
No <.001 <.001
JE-I 0.474 (0.405-0.544) 100/211 1.000 1.000
JE-L 0.289 (0.252-0.329) 161/557 0.610 (0.475-0.783) 0.553 (0.420-0.729)
Yes .001 14
JE-1 2.000 (1.372-2.759) 28/14 1.000 1.000
JE-L 0.750 (0.551-0.893) 21/28 0.375 (0.213-0.660) 0.472 (0.175-1.276)
Maternal parity
1 <.001 <.001
JE-I 0.567 (0.486-0.646) 89/157 1.000 1.000
JE-L 0.244 (0.200-0.292) 87/357 0.430 (0.320-0.578) 0.361 (0.255-0.511)
2 A1 .83
JE-I 0.574 (0.448-0.693) 39/68 1.000 1.000
JE-L 0.424 (0.359-0.492) 95/224 0.739 (0.509-1.073) 0.952 (0.603-1.505)
3 _b —
JE-I 0 0/0 1.000 1.000 —
JE-L 0 0/0 — — —

8Andersen-Gill model adjusted for sex, birth weight, age, maternal parity, chronic diseases, number of hospital visits prior to 24 months of age, number
of hospital visits prior to 24 months of age due to infectious diseases, and nonimmunization program vaccines administered before 24 months of age.

BNot applicable.
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There was no violation detected between the 2 cohorts, as
evaluated via Schoenfeld residuals to test the assumption of a

Zhanetd

0.198-0.469), children aged 32 months to 35 months (aHR
0.454, 95% CI 0.336-0.612), children without chronic diseases

proportional hazard. Therefore, we constructed a normal
Andersen-Gill model to calculate the HR. The results showed
the JE-L cohort had alower risk of LRTIs than the JE-I cohort
(adjusted HR [aHR] 0.537, 95% CI 0.416-0.693) in the adjusted
analyses. Likewise, there were statistical differenceswithinthe
subgroups (sex, age, chronic diseases, maternal parity), with a
lower risk of LRTIs for female children (aHR 0.305, 95% ClI

(aHR 0.553, 95% CI 0.420-0.729), and children without siblings
(aHR 0.361, 95% CI 0.255-0.511; Table 1).

Typesof LRTIs

In the adjusted analyses, the JE-L cohort had a lower risk of
pneumonia (aHR 0.501, 95% Cl 0.393-0.638) and acute
bronchitis (aHR 0.525, 95% CI 0.396-0.698) than the JE-I cohort
(Table 2).

Table 2. Incidence density and hazard ratios (HRs) of inpatient and outpatient hospital visits for different types of lower respiratory tract infection
(LRTIs) in the cohorts: live-attenuated Japanese encephalitis vaccine (JE-L ; n=585), inactivated Japanese encephalitis vaccine (JE-1; n=225).

Types of LRTIs by cohorts Incidence density, person-years (95% CI) Admissions person-years Adjusted HR? (95% CI) P value
Influenza .39
JE-I 0.013 (0.003-0.038) 3/225 1.000
JE-L 0.021 (0.011-0.036) 12/585 0.501 (0.102-2.451)
Pneumonia <.001
JE-I 0.040 (0.018-0.075) 9/225 1.000
JE-L 0.031 (0.018-0.048) 18/585 0.501 (0.393-0.638)
Acute bronchitis <.001
JE-I 0.516 (0.448-0.582) 116/225 1.000
JE-L 0.260 (0.225-0.297) 152/585 0.525 (0.396-0.698)

8Andersen-Gill model adjusted for sex, birth weight, age, maternal parity, chronic diseases, number of hospital visits prior to 24 months of age, number
of hospital visits prior to 24 months of age due to infectious diseases, and nonimmunization program vaccines administered before 24 months of age.

Association With Timing g; LRTIs among children aged 25 months to 35 months (Table
In the adjusted analyses, no association was observed between

thetime el apsed after the most recent vaccine and the occurrence

Table 3. Incidence density and hazard ratios (HRs) of inpatient or outpatient hospital visits according to the time elapsed since the most recent vaccine
in the cohorts: live-attenuated Japanese encephalitis vaccine (JE-L; n=585), inactivated Japanese encephalitis vaccine (JE-1; n=225).

Time after themost re-  Incidence density, per-  Admissions/per- Unadjusted HR (95% Cl) P value Adjusted HR? (95% CI) P value

cent vaccine by cohort  son-years (95% CI) son-years

(months)

0-89 .02 A3
JE-I 5.667 (3.743-7.454) 17/3 1.000 1.000
JE-L 2.882 (2.215-3.626) 49/17 0.509 (0.293-0.883) 0.208 (0.027-1.581)

90-179 <.001 b
JE-I 4.750 (3.151-6.388) 19/4 1.000 1.000
JE-L 1.538 (0.966-2.276) 20/13 0.324 (0.173-0.607) —

180-269 .09 40
JE-I 3.714 (2.589-4.952) 26/7 1.000 1.000
JE-L 2.450 (1.871-3.106) 49/20 0.659 (0.410-1.061) 0.681 (0.279-1.659)

=270 .01 .03
JE-I 8.250 (7.238-9.009) 66/8 1.000 1.000
JE-L 5.333 (4.401-6.249) 64/12 0.646 (0.451-0.899) 4.295 (1.200-15.375)

8Andersen-Gill model adjusted for sex, birth weight, age, maternal parity, chronic diseases, number of hospital visits prior to 24 months of age, number
of hospital visits prior to 24 months of age due to infectious diseases, and nonimmunization program vaccines administered before 24 months of age.

BNot applicable.
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Association With the Number of Hospital Visits

In the adjusted analyses, we found that children with more
hospital visitsin the JE-L cohort had alower risk of LRTIsthan
the children in the JE-I cohort. Prior to 24 months of age,

Zhanetd

children who visited the hospital more than 30 times (aHR
0.163, 95% CI 0.091-0.290) and those who visited the hospital
5to 10 times owing to infectious diseases (aHR 0.058, 95% CI
0.017-0.202) had fewer hospital visitsdue to LRTIs (Table 4).

Table 4. Incidence density and hazard ratios (HRS) of inpatient and outpatient hospital visits for lower respiratory tract infections (LRTIs) according
to hospital visitsin the cohorts: live-attenuated Japanese encephalitis vaccine (JE-L ; n=585), inactivated Japanese encephalitis vaccine (JE-1; n=225).

Number of hospital visits  Incidence density, per-  Admissiong/per- Unadjusted HR (95% P vaue Adjusted HR?(95% Cl) P value
prior to 24 monthsof ageby son-years (95% Cl) son-years Cl)
cohort
Any reason
0 _b —
JE-1 — 0/42 1.000 1.000
JE-L 0.042 (0.014-0.096) 5/118 — —
1-14 .29 40
JE-I 0.196 (0.127-0.282) 22/112 1.000 1.000
JE-L 0.149 (0.111-0.195) 44/295 0.759 (0.455-1.267) 0.790 (0.459-1.361)
15-29 <.001 .003
JE-I 0.209 (0.100-0.360) 9/43 1.000 1.000
JE-L 0.681 (0.587-0.766) 77/113 3.254 (1.632-6.490) 2.993 (1.448-6.185)
=30 <.001 <.001
JE-I 3.464 (2.908-4.053) 97/28 1.000 1.000
JE-L 0.949 (0.858-0.989) 56/59 0.274 (0.197-0.381) 0.163 (0.091-0.290)
Dueto infectious causes
0 .93 .26
JE-I 0.078 (0.036-0.143) 9/115 1.000 1.000
JE-L 0.076 (0.048-0.112) 22/291 0.966 (0.445-2.097) 0.939 (0.398-2.217)
1-4 .28 ,80
JE-I 0.347 (0.253-0.452) 33/95 1.000 1.000
JE-L 0.430 (0.368-0.493) 110/256 1.237 (0.838-1.825) 1.053 (0.705-1.573)
59 <.001 <.001
JE-I 6.100 (5.073-7.060) 61/10 1.000 1.000
JE-L 1.303 (0.959-1.715) 43/33 0.214 (0.145-0.316) 0.058 (0.017-0.202)
>10 .003 —
JE-I 5.000 (3.553-6.447) 25/5 1.000 1.000
JE-L 1.400 (0.582-2.674) 715 0.280 (0.121-0.647) —

8Andersen-Gill model adjusted for sex, birth weight, age, maternal parity, chronic diseases, number of hospital visits prior to 24 months of age, number
of hospital visits prior to 24 months of age due to infectious diseases, and nonimmunization program vaccines administered before 24 months of age.

BNot applicable.

Sensitivity Analyses

During the entire course of JE immunization, 212 children
received JE-I only, 573 children received JE-L only, 13 children
received JE-| after JE-L, and 12 children received JE-L after
JE-I. The incidence density of those who received JE-L only
was lower than those who received JE-I only (0.316 vs 0.604
person-years), whichissimilar to theresults of themain analysis
(see Table S7 in Multimedia Appendix 1).

https://publichealth.jmir.org/2024/1/€53040

In addition, the association between the vaccination course of
JE and the risk of LRTIs was also similar to that of the main
analysis. Children who received JE-L only had a lower risk of
inpatient and outpatient hospital visits due to LRTIsthan those
who received JE-I only (aHR 0.512, 95% CI 0.396-0.662), and
this effect was especially pronounced in female children (aHR
0.292, 95% CI 0.189-0.449), those aged 32 monthsto 35 months
(aHR 0.434, 95% CI 0.321-0.587), children with no siblings
(aHR 0.355, 95% CI 0.251-0.502), children without chronic
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diseases (aHR 0.524, 95% CI 0.397-0.692), children with >30
hospital visits prior to 24 months of age (aHR 0.163, 95% ClI
0.091-0.290), and children with 5 to 10 hospital visits due to
infectious diseases prior to 24 months of age (aHR 0.062, 95%
Cl 0.017-0.218; see Table S8 in Multimedia Appendix 1).

Discussion

Principal Findings

Most previous studies on NSEs of vaccines have been carried
out in resource-limited countries, and several have been
conducted in high-income countries, such as the United States
[10], Denmark [4], and The Netherlands [19]. To the best of
our knowledge, thisisthefirst study to explore the NSEs of JE
vaccinesin China.

This retrospective cohort study was based on information
derived from an integrated clinical databaseto explorethe NSEs
of JE-L and their relevant factors. Our findings show that
receiving JE-L as the most recent vaccine is associated with a
lower risk of hospital admission due to LRTIs (including
pneumonia and acute bronchitis) among children aged 25
monthsto 35 months. In addition, thisstudy alsoillustrated that
the NSEs of JE vaccines may beinfluenced by sex, health status,
maternal parity, number of inpatient or outpatient hospital visits
prior to 24 months of age, and the absence of siblings. There
was no statistical significance between the time elapsed since
the last vaccination and the onset of LRTI-related hospital
admissions.

We believe that our findings are reliable since the information
used in this study was acquired from Yinzhou EHR databases,
which have been proved to be authentic and reliable based on
our previous herpes zoster study and other studies[16,18,20-23].
In addition, we had accessto the compl eteimmunization records
of the children included in this study (vaccination information
was obtained from the Immunization Administration Registry
and the CDC Adverse Event Following Immunization
Information System).

Among other studies, vaccines currently shown to have NSEs
include BCG, MMR, measles, live polio, and DPT. In China,
these vaccines are all NIP vaccines, which can be given to
children free of charge. Some studies have reported that the
vaccine coverage of NIP vaccinesin Chinais consistently above
80% [24], and in Yinzhou, the coverage rate is even higher
(96.22%) [14]. Almost al children were vaccinated. Therefore,
the NSEs effect found in this study cannot be attributed to BCG,
MMR, and other related vaccines.

Consistent with the findings of previous studies, our study
showed that the incidence density of LRTIs at 25 monthsto 35
months of age among the 810 participants was much higher
among male children and those with a mother with more than
1 parity. Unlike other countries, China's one-child policy, which
was in place for nearly 40 years (1979-2015), fundamentally
altered the country's demographic and social structure. Thefact
that most of our study participants were a single child is also
influenced by the changein policy [25]. One study reported that
the risk of hospital admissions for children with respiratory
syncytial viruswas related to maternal parity and gender of the

https://publichealth.jmir.org/2024/1/€53040
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children in the family and that children with siblings (adjusted
odds ratio [OR] 1.96) and male children (adjusted OR 1.57)
were at higher risk [26]. A meta-analysis also identified male
sex (OR 1.23) and having siblings (OR 1.60) asrisk factorsfor
developing LRTIs[27]. Thus, having 1 child may protect against
secondary LRTIsfrom siblings. Meanwhile, we also found that
the incidence density of LRTIs was higher in children with
chronic diseases and those of older age, which isin agreement
with the findings by Serup et al [4].

Several reports have shown that administration of live vaccines
such as BCG [3,6,28], MMR [4,19,29], and OPV [5,30,31] as
the most recent vaccine may have NSEsthat decrease all-cause
mortality or the risk of hospital admissions due to nontarget
infectious diseases. In their study, Sgrup et al [4] found that
receiving MMR as the most recent vaccine, compared with
DTaP-1PV-Hib, was associated with a20% (95% Cl 16%0-24%)
lower risk of LRTIs. In addition, Sgrup et al [5] aso found that
OPV could reducetherisk of LRTIsby 15% (95% Cl 5%-23%)
compared with DTaP-IPV-Hib as the most recent vaccine.
Hollm-Delgado et al [32] found that the BCG vaccine was
associated with 17% to 35% risk reduction of LRTIs. A
systematic review [2] also suggested that live vaccines could
lower the risk of developing LRTIs. Furthermore, Bardenheier
et a [10] reported that live vaccines could reduce
hospitalizations due to nontarget LRTIs by 44% to 64%.
Therefore, our resultsindicating that JE-L hasNSEson LRTIs
are consistent with those of the af orementioned reports.

Although the possible biological mechanisms to support our
findings have not been identified, trained immunity [9,33] can
be assumed to play amajor role. It is now believed that trained
immunity is the result of the interaction between immunity,
metabolism, and epigenetics. Alterations in the metabolism of
intrinsic immune cells affect epigenetics, which can further
influence metabolic pathways and cytokine production [34].
For example, the epigenetic modifications in the body after
BCG vaccination led to an increase of H3K4me3 at the promoter
regions of certain genes, producing protection against unrelated
pathogens[35]. Further, it can be conjectured that heterol ogous
protective immunity (cross-protection via T cells) might have
a minor role in producing the NSEs of vaccines. In addition,
compared with JE-I, JE-L has been reported to produce much
more interferon-y spot-forming cells and interleukin-2
spot-forming cells, both of which exert important antiviral
effects [36].

Studies have aso found that the NSEs of live vaccines are
sex-specific to some extent and that the NSEs of BCG [37,38]
and the measles vaccine [39,40] favor the female sex, whereas
the NSEs of OPV [30,41] favor the male sex in al-cause
mortality and hospital admissions. These results are similar to
our findings showing that the NSEs of JE-L favors femae
children. Thisobservation may berelated to thefact that female
children are morelikely to have astronger and faster innate and
adaptive immune respoNSEs to viruses than male children due
to the higher number, activity, and inflammatory immune
respoNSEs of innate immune cells, including monocytes,
macrophages, and dendritic cellsin female children than male
children [42-44]. The other possible reasons might be the
hormone-mediated pro-inflammatory effects of low-dose
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estradiol and anti-inflammatory effects of testosterone and
progesterone in those of the female sex [2,45,46].

Notably, our results did not elicit protective effects of JE-L on
those with chronic diseases, which may berelated to the limited
number of children with chronic diseasesincluded in the study.
Regarding the association between the NSEs of JE-L and the
number of hospital visits, our study showed that more hospital
visits had a greater protective effect of JE-L in children. This
was in agreement with the results of the study by Serup et a
[4], which reported that the NSEs of MMR were better in
children with a higher frequency of hospital admissions for
infectious diseases before the age of 11 months (O vs1vs2vs
3 times and above: HR 1.00 vs 0.96 vs 0.92 vs 0.86,
respectively) and children who had been admitted before 11
months of age (0 vs 1 times and above: HR 1.00 vs 0.80).
Meanwhile, similar to our findings, the study by Sgrup et al [4]
also reported that the NSEs of MMR are better in children with
mothers with 1 parity than with mothers with 2 parities (HR
1.00vs 1.03).

Moreover, we also performed asensitivity analysisin our study
to ensure the reliability of our results. The sensitivity analysis
inthisstudy revealed similar resultsto themain analysis, which
further supported the finding that JE-L has NSEs on LRTIs.
Additionally, it verified that the NSEs of JE-L could be
diminished by JE-I.

Limitations

This study had several limitations. First, the l[imited number of
participants who met the inclusion criteria resulted in a wide
confidence interval for the results, which may have reduced the
reliability of our study. Second, we cannot exclude some
underreporting, which may biasthe resultstoward uncorrel ation.
Third, dueto the limitations of the database, our study failed to
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include potential confounders that may have influenced the
results. For example, studies have demonstrated that parental
smoking [4] and socioeconomic status [47] can influence
hospital admissions and the highest educational level of the
child’s guardian can influence vaccination choices [48].
Consequently, more studieson the NSEs of JE-L based on EHR
databases with sufficient variables are needed in the future.
Fourth, the low number of cases of LRTIs found in this study
may berelated to the vaccination of children against pneumonia
[14] and influenza[49]. This may mask the NSEs of JE vaccines.

It is noteworthy that most countries recommend JE-| rather than
JE-L for those with an immunocompromised status, such as
patients with rheumatic diseases [50], HIV, or solid organ
transplant [51,52] owing to possible safety concerns (ie, JE-L
was contraindicated in immunocompromised individuals in
Australia) [53]. However, inoculating healthy children with
JE-L is recommended for its stronger protection [54,55] and
may be associated with fewer side effects than JE-I [56,57].
According to our data, the nature of NSEs induced by JE-L
should be considered by policymakers and physicians when
recommending JE vaccines to those at high risk of infection
from the JE virus.

Finally, asthis study was conducted just prior to the COVID-19
epidemic, it would be valuable to repeat the study after
COVID-19 to validate the robustness of the results in further
studies, as COVID-19—elated isolation and societal changes
may haveinfluenced susceptibility to LRTIsin the study cohort.

Conclusions

Compared with JE-I, receiving JE-L asthe most recent vaccine
was associated with a lower risk of hospital visits for LRTIs
among children aged 25 months to 35 months.
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