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ARTICLE INFO ABSTRACT

Keywords: We conducted a test negative study from November 2023 to June 2024, enrolling 4,367 children hospitalized
Influenza with acute respiratory illness in Hong Kong. Among the children who tested negative for influenza virus and
Vaccination

SARS-CoV-2, 56.8 % had received influenza vaccination. Between November 2023 and March 2024, influenza A
(H3N2) predominated and the VE against influenza A(H3N2) was estimated as 55 % (95 % CI: 29.6 %, 71.8 %).
VE point estimates were higher for younger children than older children. In February to June 2024 influenza A
(HIN1) predominated and VE against influenza A(HIN1) was 54 % (95 % CI: 33 %, 69 %) during this period.
Influenza B/Victoria circulated at low intensity throughout the 2023/24 season and VE against influenza B was
66 % (95 % CIL: 42 %, 80 %). Since its introduction in 2018/19 the school-based influenza vaccination program
has substantially increased vaccine uptake in children in Hong Kong and prevented influenza-associated
hospitalizations.

Vaccine effectiveness

Introduction

Annual influenza vaccination is recommended for all individuals
over 6 months of age. In Hong Kong, a school-based influenza vacci-
nation program began in 2018 and progressively expanded to include
children up to 18 years of age by 2022/23 [1]. The program for the
2023/24 season covered 70 % of secondary schools, 95 % of primary
schools and 80 % of kindergartens and childcare centers [2]. Children up
to 6 years of age are also able to receive free or subsidized influenza
vaccines via primary care physicians. Most vaccines administered in
Hong Kong are quadrivalent inactivated split virion vaccines, and a
small proportion of vaccinated children receive live attenuated influ-
enza vaccines. The northern hemisphere vaccine formulation is used.

We have been monitoring influenza vaccine effectiveness (VE)

against influenza-associated hospitalizations in children since 2009
[3,4]. Influenza was absent from Hong Kong between March 2020 and
February 2023, when various public health and social measures were
being used to control COVID-19 transmission [5]. Influenza circulation
resumed in March 2023 and several influenza A epidemics have
occurred since then [6,7], accompanied by steady circulation of influ-
enza B. Here, we report estimates of influenza VE for the 2023/24 season
including the second waves of A(H3N2) and A(H1N1) since the COVID-
19 pandemic.
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Methods
Study design

We implemented a test-negative design study among children hos-
pitalized with recent-onset acute respiratory illness at the Queen Mary
Hospital on Hong Kong Island and the Princess Margaret Hospital in
Kowloon. Based on their catchment populations, these two hospitals
cover approximately 14 % of all pediatric hospitalizations in Hong Kong.
Eligible children were aged 6 months to 17 years with at least one res-
piratory symptom and a fever measuring > 38 °C. Information on
influenza vaccination status was collected by interviewing parents or
legal guardians using a standard questionnaire, and cross-checking re-
sponses with medical records. Relevant demographic and clinical in-
formation were obtained by chart review. At the time, all children
admitted with respiratory symptoms were routinely tested on admission
for influenza A and B virus, SARS-CoV-2 and other common respiratory
viruses using an in-house multiplex PCR assay, and the FilmArray Res-
piratory Panel (BioFire/bioMérieux, Salt Lake City, UT).

Children were considered vaccinated if they had been fully vacci-
nated since 1 August 2023 and at least 2 weeks prior to hospitalization.
Children were fully vaccinated if they were aged 9 years or older and
had received one vaccine dose or, for children aged < 9 years, if they had
received two doses of influenza vaccine one month apart or one dose
with a previous dose prior to August 2023 [8]. Because the second
vaccine dose for infants is recommended at 7 months of age, we
restricted enrolment to children aged at least 9 months of age. We
reviewed influenza virus sequence data from the Global Initiative on
Sharing All Influenza Data (GISAID) to identify circulating virus clades
during the study period. Our study protocol was approved by the
Institutional Review Board of the Hospital Authority Hong Kong West
Cluster and the Hospital Authority Kowloon West Cluster Research
Ethics Committee. Verbal consent was obtained from the parents or legal
guardians of participants.

Statistical analysis

We determined relevant epidemic periods for influenza A subtypes
by identifying contiguous periods during which there were at least 5
hospitalizations with that subtype each week. We used conditional lo-
gistic regression models to estimate conditional odds ratios for influenza
positivity by vaccination status, adjusting for age (quadratic term), sex,
prior year’s vaccination status and the presence of underlying medical
conditions, matched by two-week periods of calendar time. VE was
estimated as one minus the adjusted conditional odds ratio, multiplied
by 100 %. For each type/subtype analysis, VE estimates were made
overall and stratified by age, and children were excluded from each
control group if they tested negative for the type/subtype in question but
positive for a different influenza type/subtype. Children testing negative
for influenza but positive for SARS-CoV-2 were also excluded from each
control group given the potential correlation between receipt of influ-
enza vaccination and SARS-CoV-2 vaccination [9]. Statistical analyses
were conducted in R version 4.2.2 (R Foundation for Statistical
Computing, Vienna, Austria).

Ethical approval

The study protocol was approved by the Institutional Review Board
of the University of Hong Kong (Reference no. UW 09-279) and the
Kowloon West Cluster Research Ethics Committee (Reference no. KW/
FR-15-134(89-14)).

Results

During our study period, there was an epidemic of influenza A
(H3N2) in November 2023 to early 2024 and then an influenza A(H1N1)
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epidemic in the spring of 2024. Influenza B circulated throughout the
period with no distinct epidemic. Our focus in the following analyses is
on estimation of influenza VE against hospitalizations associated with:
(1) influenza A(H3N2) in the period November 2023 through March
2024; (2) influenza A(H1N1) in the period February 2024 through June
2024; (3) influenza B during the overall study period of November 2023
to June 2024 (Fig. 1).

In total from 16 November 2023 to 12 June 2024, 4565 children
were enrolled with acute respiratory illness. Among the influenza-
negatives, there were 198 who tested positive for SARS-CoV-2 and
were removed from analyses. Of the remaining 4367 children aged 9
months to 17 years, 709 (16 %) tested positive for influenza. There were
2311 children who reported receipt of influenza vaccination (Table 1),
including 2247 (97 %) who received quadrivalent inactivated influenza
vaccine and 51 (2 %) that received quadrivalent live attenuated vaccine.
Of the remaining 13 children, 8 received a trivalent vaccine and 5
received an unknown vaccination type.

In the influenza A(H3N2) epidemic period, sequence data from
GISAID indicated that a majority of circulating viruses fell in the 2a.3a.1
clade. These viruses are antigenically drifted from the 2023/24 northern
hemisphere vaccine virus A/Darwin/9/2021(H3N2) and are more
similar to the A/Thailand/8/2022, the vaccine virus recommended for
the 2024 southern hemisphere vaccine. During these 17 weeks, 178
children tested positive for influenza A(H3N2), while 1941 tested
negative for influenza A(HIN1) and B, and SARS-CoV-2. VE against
influenza A(H3N2) was estimated to be 55 % (95 % confidence interval,
CI: 30 %, 72 %) (Table 2). VE estimates were higher for younger children
(Table 1).

Sequence data for the influenza A(H1N1) epidemic from February to
June 2024 indicated the predominant circulating clade was 5a.2a,
similar to the A/Victoria/4897/2022 influenza A(H1N1) vaccine virus
used in the 2023/24 northern hemisphere vaccine. During this period,
287 children tested positive for influenza A(HIN1). Estimated VE
against influenza A(HIN1) was 54 % (95 % CI: 33 %, 69 %) overall, and
higher in the younger children. Over the whole study period, 164 chil-
dren were hospitalized with influenza B/Victoria. The estimated VE
against influenza B/Victoria was 66 % (95 % CI: 42 %, 80 %) overall,
and higher for children 9 months to 3 years (Table 1).

Discussion

We estimated VE against influenza A(H3N2) of 55 % (95 % CI: 30 %,
72 %) which was the same as the VE estimate of 55 % (95 % CI: 20 %, 74
%) for children 0-17 years reported by the US New Vaccine Surveillance
Network (NVSN) for outpatients [10]. We are not aware of other pub-
lished VE estimates against A(H3N2) specifically for children for the
2023/24 season. Our estimates are higher than the interim VE point
estimates against influenza A(H3N2) of 14 % (95 % CIL: -32 %, 43 %) in
hospitals in Europe [11], however this was among all ages where the
older age groups likely have a lower VE compared to children.

Our observed VE point estimate for A(H3N2) was also higher than in
the preceding 2022/23 season in Hong Kong, which had the same vac-
cine formulation for influenza A(H3N2) and where the circulating
influenza A(H3N2) also fell in the 2a.3a.1 clade [7]. Waning immunity
was postulated to be a contributing factor to the low VE point estimate in
2022/23 against influenza A(H3N2) (VE: 14 %; 95 % CL: —29 %, 43 %),
as that epidemic peaked more than six months after the usual vaccina-
tion period from October and November [7]. In contrast the A(H3N2)
epidemic in 2023/24 occurred soon after vaccines had been
administered.

The VE against influenza A(HIN1) in Hong Kong was estimated as
54 % (95 % CI: 33 %, 69 %), which was slightly lower than the estimate
reported from the NVSN for inpatient children 6 months to 17 years (VE:
60 %; 95 % CI: 32 %, 77 %) [10] and from Canada for children 1-19
years (VE: 68; 95 % CIL: 42 %, 83 %) [12]. Sequences uploaded to GISAID
from the public health laboratory in Hong Kong indicated clade 5a.2a
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Fig. 1. Number of children admitted to hospital and enrolled in this study from November 2023 to June 2024. The 2023-24 influenza A(H3N2) and influenza A
(HIN1) epidemics were specified by the number of weekly hospitalizations and are indicated using brackets.

Table 1
Characteristics of children hospitalized and enrolled in this study.
Variable Influenza Influenza negative and p-
positive (n = SARS-CoV-2 negative (n value
709) = 3658)
Male n (%) 410 (57.8) 2015 (55.1) 0.192
Age group n (%)
9 months to 3 years 264 (37.2) 1292 (35.3) <0.001
4 to 8 years 261 (36.8) 1610 (44.0)
9 to 17 years 184 (26.0) 756 (20.7)
Underlying
medical
conditions
Lung diseases 17 (2.4 %) 198 (5.4 %) 0.379
Cardiac diseases 3 (0.4 %) 18 (0.5 %)
Other 4 (0.6 %) 30 (0.8 %)
Receipt of
influenza
vaccine n (%)
9 months to 3 years 39 (14.8) 466 (36.1) 0.003
4 to 8 years 117 (44.8) 1119 (69.5)
9 to 17 years 78 (42.4) 492 (65.1)
All ages 234 (33.0) 2077 (56.8)

was circulating from March 2024. The WHO vaccine recommendation
for influenza A(H1N1) changed clade from 5a.2a for the 2022/23 season
to 5a.2a.1 for the 2023/24 season. Influenza A(H1N1) strains detected
in Europe were more similar to the 2023/24 vaccine strain which may
contribute to the higher VE estimated there.

Influenza B/Victoria circulated at relatively low levels throughout
the season. We estimated a VE against influenza B as 66 % (42 %, 80 %).
Estimates from the US NVSN outpatients reported a similar estimate for
children of 64 % (95 % CI: 47 %, 75 %), but another three US outpatient
networks reported higher VE against influenza B for children of 79 %

(95 % CI: 71, 85; VISION), 89 % (95 % CI: 70, 97; US Flu VE) [10], and
79 % (95 % CI: 76 %, 82 %; California) [13]. Surveillance networks in
Europe and Canada did not report a VE estimate against influenza B due
to small sample sizes [11,12].

Hong Kong has experienced a longer period of influenza circulation
in the 2023/24 season, lasting 28 weeks from mid-January [14]
compared to 12 to 14 weeks for the same period in previous years [15],
or compared to an average of 22 weeks for the 2013/14 to 2018/19
influenza seasons [16] that included circulation before January.
Disruption to influenza seasonality after the COVID-19 pandemic has
been reported elsewhere [17,18]. Whether or how quickly influenza
patterns will return to pre COVID-19 seasonality remains to be seen.

Influenza vaccination coverage in Hong Kong has been higher in the
2023/24 season compared to previous seasons, with 49 % of children
under 6 years of age and 68 % of children 6 to 12 years of age vaccinated
this year [1]. This is an increase from 38 % and 60 % in the 2022/23
season for the same age groups. Similarly, among the controls in our
study the vaccination coverage for children under 6 years and 6-12
years has increased from 8 % and 12 % respectively in 2009 to 2014 [3],
to 14 % and 15 % in 2015/16 [19], to 30 % and 59 % in 2022/23 [6],
and now to 43 % and 70 % in this study. In particular, influenza vaccine
uptake in children has increased very substantially since the introduc-
tion of school-based vaccination in 2018/19 [1]. We estimated the direct
effect of vaccination, but this school-based vaccination program may
also have indirect benefits to unvaccinated and vaccinated children by
reducing the overall prevalence of infection.

Some limitations of our study include a small sample size when
stratifying estimates by age group resulting in low precision, particularly
for the older age group which experienced fewer hospitalizations. Sec-
ond, multiplex rapid antigen tests that detect several respiratory viruses
including influenza are now readily available in Hong Kong [20] which
could impact hospitalization rates if parents sought care or were pre-
scribed antivirals based on timely rapid test results. Use of rapid tests
might also be correlated with receipt of vaccination. In both scenarios,
the use of rapid tests may alter healthcare seeking behavior and cause
selection bias in test-negative studies.

In conclusion, during a prolonged influenza season in Hong Kong we
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Influenza vaccine estimates against hospitalization associated with influenza A(H3N2), A(H1N1) and B, overall and stratified by age.

Total Influenza positive by PCR Influenza negative and SARS-CoV-2 negative by PCR Vaccine Effectiveness*
n vac N % n vac N % % 95 % CI

Influenza A(H3N2)' 2119 70 178 39.3 1055 1941 54.4 55.4 29.6 to 71.8
Age stratified
9 months to 3 years 794 10 59 16.9 250 735 34.0 60.3 13.0 to 81.9
4 to 8 years 922 43 80 53.8 581 842 69.0 55.9 13.9to 77.4
9 to 17 years 403 17 39 43.6 224 364 61.5 27.0 —149.5 t0 78.7
Influenza A(HIN1) 2465 97 287 33.8 1308 2178 60.1 54.4 33.4t0 68.8
Age stratified
9 months to 3 years 848 21 130 16.2 280 718 39.0 60.1 31.8 to 76.6
4 to 8 years 1075 47 110 42.7 691 965 71.60 66.2 34.6 to 82.5
9 to 17 years 542 29 47 61.7 337 495 68.1 26.2 —39.0 to 60.8
Influenza B’ 3822 38 164 22.4 2077 3658 56.8 66.1 42.2 to 80.1
Age stratified
9 months to 3 years 1343 3 51 5.9 466 1292 36.1 84.1 45.8 t0 95.3
4 to 8 years 1657 17 47 36.2 1119 1610 69.5 58.2 —2.1t082.9
9 to 17 years 822 18 66 27.3 492 756 65.1 44.7 —62.4 to 81.2

*Adjusted for age, sex, prior vaccination and underlying conditions.

T Influenza A(H3N2) VE was estimated during the period 19 November 2023 to 23 March 2024.

¥ Influenza A(HIN1) VE was estimated during the period 25 February to 12 June 2024.

§ Influenza B VE was estimated during the period 16 November 2023 to 12 June 2024.

Y Adjusted for age, sex and underlying conditions but not for prior vaccination status due to insufficient sample size.

estimated influenza VE against hospitalizations during a 17-week
influenza A(H3N2) epidemic as 55 % (95 % CI: 30 %, 72 %) and dur-
ing a 17-week influenza A(HIN1) epidemic as 54 % (95 % CI: 33 %, 69
%). Influenza B circulated throughout and the VE against influenza B
was 66 % (95 % CI: 42 %, 80 %). School-based vaccination has led to
increases in influenza vaccination coverage in children and reduced the
burden of influenza-associated hospitalizations in children in Hong
Kong.
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