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Characteristics of influenza and changes of innate immune cells among Children at a hospital in Shanghai from 2019 to 2023
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[ Abstract ] Objective To analyze the characteristics of influenza incidence and the changes of innate immune
cells among children who visited the pediatric outpatient or emergency department of a hospital in Shanghai from Jan. 2019
to Dec. 2023, so as to provide references for the prevention of influenza in children. Methods Influenza-like illness (ILI)
children who first visited the pediatric outpatient or emergency department of The First Affiliated Hospital of Naval Medical
University from Jan. 2019 to Dec. 2023, and underwent influenza virus antigen or nucleic acid testing were enrolled. Their
clinical and laboratory data were collected for retrospective analysis. With a month as the basic monitoring unit, a line chart
was used to describe the changes in the number of influenza cases and the positive rate. Then, these cases were assigned to
pre-coronavirus disease 2019 (COVID-19) group (Jan. 2019 to Dec. 2019), mid-COVID-19 group (Jan. 2020 to Dec. 2022),
or post-COVID-19 group (Jan. 2023 to Dec. 2023), and the influenza positive rates among these groups were compared. To
further observe the changes of the innate immune cells of children with influenza A after non-pharmacological intervention

(NPI) measures, considering the development characteristics of children’s white blood cells, children with influenza A were
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assigned to 2 subgroups according to age: 0-6 years or 7-16 years. Within each subgroup, they were assigned to pre-NPI group
or post-NPI group according to time. A ratio of 1 : 1 matching was carried out according to gender and age using propensity
score matching, and the blood routine parameters were compared between the 2 groups. Results A total of 41 028 ILI children
were enrolled. During the COVID-19 period from Jan. 2020 to Dec. 2022, the influenza positive rates decreased significantly
(P<<0.001), and almost no influenza virus was detected. The peak of influenza reappeared in Mar. 2023, with a lag in the
peak period, but higher than previous years’ peak, and the speed of reaching the peak was faster. In each subgroup, the white
blood cell count and lymphocyte ratio of children with influenza A in the post-NPI group were lower than those in the pre-NPI
group (all P<<0.001), and the monocyte ratio was higher than that in the pre-NPI group (both £<<0.001). Conclusion The
implementation of NPI measures during COVID-19 leads to disruption of influenza transmission route and changes in the
epidemic trend of influenza. The influenza virus causes serious public health problems after COVID-19 period, and children
with influenza A experience more serious immune response. It is recommended to strengthen the vaccination of influenza
vaccine before the flu season.
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Fig1 Monitoring data of ILI children at a Shanghai hospital from 2019 to 2023

ILI: Influenza-like illness.
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Fig 2 Changes in influenza positive rates of ILI children at a Shanghai hospital from 2019 to 2023

ILI: Influenza-like illness.
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Tab 1 Comparison of clinical indexes in influenza A children aged 0-6 years before and after NPI implementation at a

Shanghai hospital from 2019 to 2023

Before PSM After PSM
Index Pre-NPI group Post-NPI group Pre-NPI group Post-NPI group
N=1925 N=2 604 P value N=1876 N=1876 P value
Gender, 1 (%) 0.007 1
Male 1 095 (56.9) 1377 (52.9) 1 060 (56.5) 1 060 (56.5)
Female 830 (43.1) 1227 (47.1) 816 (43.5) 816 (43.5)
Agelyear, M (Q,, O;) 4.00 (3.00, 5.00) 5.00 (4.00, 6.00) <<0.001  4.00 (3.00, 5.00) 4.00 (3.00, 5.00) 1
WBC/(L™', X10°), M (0,, O5) 7.34(5.63, 9.80) 6.15 (4.70, 8.00) <<0.001  7.34(5.63,9.79) 6.37 (4.90, 8.27) <<0.001
LYM, M (Q,, O5) 0.239 (0.152, 0.349) 0.198 (0.130, 0.299) <<0.001 0.239 (0.151, 0.347) 0.198 (0.132, 0.295) <<0.001
MONO, M (Q,, 0y) 0.093 (0.073, 0.116) 0.102 (0.081, 0.127) <<0.001 0.092 (0.073, 0.115) 0.102 (0.083,0.126) <<0.001
NEUT, M (Q,, 05) 0.651 (0.524, 0.754) 0.683 (0.567, 0.768) <<0.001 0.652 (0.527,0.755) 0.683 (0.572,0.763) <<0.001
CRP/(mg*L""), M (0,. 0,) 2.44 (0.50, 8.48) 2.33 (0.58, 7.06) 0.367  2.44 (0.50, 8.42) 2.24 (0.50, 7.32) 0.221

NPI: Non-pharmacological intervention; WBC: White blood cell; LYM: Lymphocyte; MONO: Monocyte; NEUT: Neutrophil;
CRP: C reactive protein; PSM: Propensity score matching.

®2 20192023 £ FEHEER NPI RIS 7 ~ 16 5 FiR BIL SRR
Tab 2 Comparison of clinical indexes in influenza A children aged 7-16 years before and after NPI implementation at

a Shanghai hospital from 2019 to 2023

Before PSM After PSM
Index Pre-NPI group Post-NPI group Pre-NPI group Post-NPI group

N=2108 N=4501 P value N=2108 N=2108 P value
Gender, 7 (%) 0.121 0.229

Male 1142 (54.2) 2530(56.2) 1142 (54.2) 1103 (52.3)

Female 966 (45.8) 1971 (43.8) 966 (45.8) 1 005 (47.7)
Agelyear, M (O,, O5) 9.00 (8.00, 11.75) ~ 10.00 (8.00, 12.00)  <<0.001  9.00 (8.00, 11.75) 9.00 (8.00, 12.00) 0.753
WBC/(L ™', X10%), M(Q,, Q;) 7.11 (5.69,9.01) 5.95 (4.72,7.40) <0.001  7.11(5.69,9.01) 6.21 (4.93,7.89) <<0.001
LYM, M (O, O5) 0.175(0.119, 0.254) 0.162(0.113,0.230) <<0.001 0.175(0.119, 0.254) 0.166 (0.113, 0.240) 0.001
MONO, M (Q,, O5) 0.100 (0.078, 0.125) 0.112 (0.090, 0.140) <<0.001 0.100 (0.078, 0.125) 0.110 (0.086, 0.138) <<0.001
NEUT, M (Q,, 05) 0.707 (0.613,0.778) 0.708 (0.622, 0.774) 0.566 0.707 (0.613, 0.778) 0.706 (0.613, 0.776) 0.896
CRP/(mg-L ™", M (0., 0, 3.28(0.69,8.37) 3.26 (0.83, 8.60) 0.292  3.28(0.69, 8.37) 2.54(0.57,7.76) 0.007

NPI: Non-pharmacological intervention; WBC: White blood cell; LYM: Lymphocyte; MONO: Monocyte; NEUT: Neutrophil;
CRP: C reactive protein; PSM: Propensity score matching.
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