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Abstract

Background: Children with seasonal influenza infection cause a significant
burden of disease each year in the pediatric clinic. Influenza A and B viruses
are the major types responsible for illness. A better understanding of the peri-
odicity facilitates the prevention and control of influenza in children. Objec-
tive: This study aims to analyze the epidemiological patterns and subtype
characterization of influenza viruses among children in Shenzhen, China.
Methods: Influenza samples were collected by nasopharyngeal swabs from in-
fluenza like illness patients in Shenzhen Children’s Hospital from January
2016 to December 2018. The positive cases and influenza subtypes were deter-
mined by gold labeled antigen detection and reverse transcriptase polymerase
chain reaction. The influenza periodicity and age, subtype distribution as well
as the association between climate parameters and different influenza sub-
types were analyzed by SPSS 22.0. Results: The influenza positive rate during
2016-2018 was 21.0%, with a highest positive rate in the year 2018. The posi-
tive rate varied by month, season, and year describing a sequence of peaks
presenting primarily in all year including spring, summer and winter. The
characteristics of influenza peak were different in each year, with a spring peak
in 2016 and a summer plus a winter-spring peaks in 2017 and 2018. In addi-
tion, influenza B exhibited a winter-spring seasonal pattern while influenza A
displayed a more variable seasonality, highlighting influenza B rather than
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influenza A which had a negative association with climate parameters. Influ-
enza-positive cases were older than influenza-negative cases (P < 0.05). Among
those positive cases, inpatients were younger than outpatients (2 < 0.05), and
the age of influenza A patients was younger than those influenza B patients,
highlighting hospitalization with influenza often occurred in younger individ-
uals infected with influenza A. Conclusion: Influenza activity in children from
Shenzhen typically displays both winter-spring and summer peaks. Influenza
A epidemic occurred separately or co-circulated with influenza B, with a win-
ter-spring pattern for influenza B and a much more variable seasonality for
influenza A. Influenza B had a negative association with climate parameters.
In addition, hospitalization with influenza often occurs in younger individuals
infected with influenza A.

Keywords

Influenza, Influenza Like Illness, Gold Labeled Antigen Detection, Reverse
Transcriptase Polymerase Chain Reaction, Influenza A, Influenza B

1. Introduction

Influenza, an acute respiratory infectious disease caused by influenza virus, has
become a global concern with considerable levels of morbidity and mortality and
exhibits a regular seasonal occurrence worldwide, causing devastating pandemics
and significant economic burden [1]-[3]. The World Health Organization (WHO)
estimates that influenza severely affects three to five million individuals each year,
causing 250,000 to 500,000 deaths worldwide [4]; of these, up to 84,000 to 92,000
deaths were associated with influenza in China [5]. It affects people of all ages,
especially children [6]-[8], among whom severe disease is most likely to occur,
combined with high burden in influenza-related costs.

Consequently, it is essential to have a better understanding of the seasonality
of influenza, as the distinct and predictable seasonality facilitates timing, appro-
priate resource allocation, and the implementation of annual public health in-
terventions for the effective prevention and control of influenza [9]. The sea-
sonality of influenza has been well described in temperate regions both in north-
ern and southern hemisphere and where influenza activity typically coincides
with winter or early spring months [10]-[13]. However, it is still largely un-
known on the timing of influenza activity in tropical or subtropical regions with
respect to seasonal climate factors that may predict such activity [14]. A few
pieces of literature indicated that unlike temperate regions, some tropical re-
gions have influenza peaks in rainy season throughout the year [15] [16], while
others have two distinct influenza seasons during the winter/spring and summer
months within a year, such as Singapore and Hong Kong SAR [17] [18]. In Chi-
nese mainland, there are two seasonal patterns according to the influenza sur-

veillance data [19], with a regular winter peak in the northern part which is
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consistent with other countries and regions with temperate climate, and both
winter/spring and summer peak in some southern provinces [20]. Yet it is re-
ported that the influenza activity in Guangdong province tends to have a sea-
sonal epidemic period in summer [21]. Shenzhen, as a window city in Guang-
dong province, connects Chinese Mainland to Hong Kong SAR and to other
counties in Southeast Asia, situated at the border of subtropical and tropical
regions in China. The humid subtropical marine weather affected by the East
Asian monsoon in this region and large population migration reinforced the
heterogeneity in the epidemiology of influenza. Thus, it is necessary to study the
seasonal characteristics of influenza activity in Shenzhen.

To describe the detailed epidemiological dynamics of influenza virus in chil-
dren in Shenzhen and explore whether subtropical areas had year-round multi-
stage or significantly random influenza activities compared to temperate areas, we
collected and analyzed influenza samples from Shenzhen Children’s Hospital dur-
ing the period 2016 to 2018.

2. Materials And Methods
2.1. Ethics Statement

This study was approved by Shenzhen Children’s Hospital. It was also approved
by the Ethics Committee of Shenzhen Children’s Hospital. Written informed
consent was obtained from the parents of every child participant enrolled in this

study.

2.2. Study Area

Shenzhen, the fourth biggest city in China, located in the southern part of China
and situated in the north hemisphere from 114°03’ E longitude and 22°32’ N lati-
tude. The total area under the city’s administration is 1996 square kilometers. The
total population of the city amounted to 13.02 million by the end of 2018. Shen-
zhen has a humid subtropical weather influenced by the East Asian monsoon. The
average temperature was 23.4°C. The average rainfall was 178 mm, with an aver-
age relative humidity of 77%. Shenzhen Children’s Hospital, the largest compre-
hensive children’s hospital in Shenzhen, receiving most pediatric patients in Shen-
zhen, represents the epidemiological pattern and characteristics of influenza in

children in Shenzhen.

2.3. Meteorological Data

We obtained data for the meteorological variables at daily intervals from the Na-

tional Meteorological Information Center (http://cdc.cma.gov.cn). T, Average

temperature (°C); TM, maximum temperature (°C); Minimum temperature (°C);
H, Humidity (%) and precipitation (mm). The humidity was collected from a me-
teorological station in Shenzhen city. Daily diurnal variation in temperature was
calculated by subtracting the maximum and minimum temperature. These data

were available for the period from January 2016 to December 2018 without any
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missing values.

2.4. Diagnosis Criteria and Specimen Collection

Influenza samples were collected from influenza like illness patients in Shenzhen
Children’s Hospital for the period from 2016 to 2018 (Total number: 70699). The
flocked plastic/polyester swabs (BeiKe biological company, China) were used to
collect nasopharyngeal samples from patients. The positive cases and influenza
subtypes were determined by influenza antigen colloidal gold detection and re-
verse transcriptase polymerase chain reaction. The positive cases and influenza
subtypes were determined by gold labeled antigen detection and reverse transcrip-
tase polymerase chain reaction. As there is a high coincidence rate (87.5%) be-
tween the two methods and the amount of specimens detected by gold labeled
antigen detection was much larger than that detected by reverse transcriptase pol-
ymerase chain reaction, we chose the former method and specimens for the pre-

sent study.

2.5. Laboratory Testing for Influenzas

RT-PCR was used for nucleic acid detection: Influenza A RNA was extracted from
the nasopharyngeal samples using the QIAamp Viral RNA Mini kit (Qiagen, Hilden,
Germany). Amplification of the hemagglutin in (HA) and neuraminidase (NA)
genes occurred in a one-step RT-PCR reaction using One-step RT-PCR kit (Qiagen,
Hilden, Germany). Complete HA and NA ORFs were basically amplified using pri-
mer sets recommended by WHO [6]. Hereby, two primer pairs were used to amplify
each segment. The primer pair H3N2R 1104 and N2F257 for A (H3N2) amplification
were modified during this research based on initial sequencing results to enhance the
yield of the RT-PCR product as following H3N2 R1104 (ATCCACACGTCATTTC
CATCATCA) AND N2F257 (AAACCAGCAGAATACAGAAATTGGTC). Screen-
ing for A (HIN1) pdm09 and A (H3N2) was performed using the N1F401/NARUc
and H3A1F3/HARUc primer pairs respectively. Influenza antigen was detected by
Influenza antigen colloidal gold detection kit (Guangzhou Wanfu biological Co.
Ltd. China) according to the instructions. The specimen type was nasopharyngeal
swab. The processed samples were directly added to the gold standard reagent for

detection. The results were observed after 15 minutes.

2.6. Statistical Analyses

The influenza periodicity and age, subtype distribution as well as the association
between climate parameters and different influenza subtypes were analyzed by
SPSS 22.0. We used linear regression models to determine whether the mean pro-
portion of samples that tested positive for influenza each month was associated
with mean monthly temperature, humidity and solar radiation as well as precipi-
tations in Shenzhen. In a linear regression model, coefficients represent the rela-
tionship strength between the independent variables including temperature, hu-

midity, solar radiation, and precipitation and the dependent variable (the monthly
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proportion of positive influenza virus tests for A or B). The t-test is used for indi-
vidual coefficients in a regression model to determine if they are significantly dif-
ferent from zero. The P-value is used to assess whether a coefficient is significantly
different from zero. If the P-value < 0.05, the coefficient is considered statistically

significant.

3. Results

3.1. Time Distribution of Influenza Positive Samples

The influenza positive rate for the period from January 2016 to December 2018
was 21.0% with 14,763 positives out of a total of 70,699 samples. And it was 18.1%
in the year 2016 with 3096 positives out of 17,073 samples, and 17.6% in the year
2017 with 3987 positives out of 22,698 samples while 24.8% in the year 2018 with
7680 positives out of 30,928 samples. The frequency of influenza positive case was
highest in year 2018 (24.8%) as compared to 2017(17.6%) and 2016 (18.1%). The
number of influenza patients in the year 2018 was largest, accounting for 52.0%
of the total (Table 1).

Table 1. Time distribution of Influenza positive samples.

Year II)\;):: Neg. No. 1:::; Total Chies:r::i © Pvalue
2016 3096 13,977 18.1 17,073 2.151 0.142%
2017 3987 18,711 17.6 22,698 406.045 0.000
2018 7680 23,248 24.8 30,928 283.469 0.0004
Total 14,763 55,936 21.0 70,699 521.229 0.000%

Note: The divided inspection standard was a = 0.05/(3(3 — 1)/2 + 1) = 0.0125, and P <
0.0125 was regarded as statistically significant; # meant the comparison between the year
2016 and 2017, * meant the comparison between the year 2017 and 2018, 4 meant the com-
parison between the year 2016 and 2018 while * meant the total comparison among the
three year.

3.2. The Epidemic Pattern and Influenza Subtypes

73.3% of the influenza samples were from outpatients, and 26.7% of those were
from inpatients. Yet there were identical influenza epidemic peaks for outpatients
and inpatients. The positive rate varied by month, season, and year describing a
sequence of peaks presenting primarily in all year including spring, summer and
winter. The characteristics of influenza peak was different in three consecutive
year (Figure 1, Figure 2).

There was only one influenza peak in the year 2016, while two peaks in the year
2017 and 2018. A major peak appeared in Mar. and Apr. in the year 2016 with a
prevalence rate of 40.2% and 26.2% respectively. And in the year 2017, there was
a major peak in July and Aug. with a prevalence rate of 41.4% and 23.5% and a
minor peak in Dec. with a prevalence rate of 18.8%. In addition, there were two

major peaks in the year 2018, which appeared in Jan., Feb., Mar. with a prevalence
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of 35.2%, 30.7% and 21.5% and Nov., Dec. with a prevalence rate of 22.8%, 40.1%
respectively. Influenza A and B epidemics occurred each year, influenza A was
dominant in summer, winter and spring, accounting 75.2% of the total for the
period, while influenza B was dominant in spring and winter, accounting 75.7%.
Influenza A epidemic might occur separately, such as summer in 2017 and winter
in 2018, or co-circulated actively with influenza B, such as spring in 2016 and
2018, with peaks overlapped each other.

In 2016, The frequency of influenza was higher in March (40.2%) and April
(26.2%) than others. During the peak months, from March to April, the incidence
of influenza A and influenza B were almost similar, following slightly higher fre-
quency of influenza B occurred at May. In 2017, the incidence of new cases of
influenza A and B infections reached to peak at July (41.4%) and Aug (23.5%),
with a second minor peak at the end of the year (18.8%). Notably, the incidence
of influenza A cases were shown in every month, while influenza B showed a grad-
ual increase at July and a peak at the end of the year. The distribution of cases of
influenza in 2018 had a bimodal shape with two peaks, one peak in the beginning
of the year (January 35.2%, February 30.7%, March 21.5%) and second near the
end of the year (November 22.8%, December 40.1%). Influenza A was detected in
each month and reached to peak the end of the year, and influenza B predomi-

nantly showed up in January-March (Figure 1).

2500 -

2000 -
Mixed infected

1500 -

“FluB
1000 -

Positive case number

500 -
"Flu A

Jul
Jan

Year of 2016 Year of 2017 Year of 2018

Figure 1. The subtype distribution of influenza patients for the period from 2016 to
2018: The bar chart presents data on the prevalence of different influenza types over a
three-year period from 2016 to 2018. The chart categorizes the influenza types into three
groups: Flu A (blue bar), Flu B (red bar), and Mixed infection (green bar).

Figure 2 shows that there were seasonal variations in the distribution of influ-

enza cases. The incidence of laboratory-confirmed influenza increased rapidly
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from January 2016 in outpatients, followed by a rapid increase among inpatients
the following month. Both groups showed a peak at March. In year 2017, the
incidence of influenza showed a gradual increase among outpatients at June and
a peak at July. The peak of inpatients occurred later in July-August. Notably,
from November 2017 through January 2018 there was a substantial increase in
outpatients, with peaks in inpatients the following month. A second peak in

2018 was in December among outpatients while inpatients were still under

tracking.
_ 2500 :
e |
2 1500
£ 1000 L\ \ \ |
A A\ \ A\ /
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Figure 2. The influenza epidemic peaks for the period from 2016 to 2018: The line graph
illustrates the trends in the number of influenza epidemic peaks over the period from
2016 to 2018, categorized by two patient groups: Out-Patient (black line) and In-Patient

(grey line).

3.3. The Gender, Age Distribution of In/Out Patients with Influenza
Aand B

No significant difference in gender was observed in the distribution of cases of
influenza A and B between 2016 and 2018. Compared with influenza-negative
cases, influenza-positive cases were older (P < 0.05). Among all the age groups,
the positive cases are were the most in the 3 - 6 years group, accounting for 35.4%,
and the least in the 0 - 1 years group, accounting for 19.4%, while and the negative
cases are were the most in the 0 - 1 years age group, accounting for 47.1%, and
least in the 6 - 17 years group, accounting for 8.9% (Table 2). In addition, the age
of inpatients was younger than those outpatients (P < 0.05, Table 3). The fre-
quency of inpatients was higher than that of outpatients among children aged 0 -
3 years. On the other hand, the frequency of inpatients was lower among aged 3 -
17 years. Notably, approximately 70% of the included positive inpatients were in-
fected with influenza A. What is more, age distribution of influenza A and B was
different, influenza A affected younger children more frequently and B affected
relatively older children. Among all the positive cases, influenza A patients ac-
counted for a higher proportion in the age group of 1 - 3 and 3 - 6 years and a
lower proportion in the age group of 0 - 1 and 6 - 17 years, while on the other
hand, the frequency of influenza B accounted for a higher proportion among
school-aged children of 3 - 6 years and 6 - 17 years. Influenza A patients were

younger than those influenza B patients overall (P < 0.05).
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Figure 3. Age distribution of influenza patients for the period from 2016 to 2018: The
figure is a bar chart illustrating the number of individuals categorized by gender over
three consecutive years from 2016 to 2018. The data is segregated by two primary
groups: female (red bar) and male (blue bar).

Table 2. The Age distribution of Influenza patients in the year of 2016 to 2018.

Pos. No. Influ. A Influ.B Mixed Neg. No.

A Total
rog; Nu?n‘:er & Pro. & Pro. & Pro. infected & & Pro. value
Browp % % ) Pro.(%) (%)
0-1 2859 1928 769 26,351
29210 162 (20.7)
years (19.4)  (19.7)  (18.3) (47.1)
1-3 3538 2583 760 13,491
17029 195 (25.0)
years (24.0) (26.4) (18.0) (24.1)
3-6 5220 3471 1446 11,135
16355 303 (38.8)
years (35.4) (35.5) (34.3) (19.9)
6-17 3146 1788 1237 4959
8105 121 (15.5)
years (21.3) (18.3) (29.4) (8.9)
14763 9770 4212 55,936
Total 70699 781 (100.0) 0.000
(100.0)  (100.0)  (100.0) (100.0)

Table 3. The Age distribution of outpatients and inpatients in the year of 2016 to 2018.

Outpatients No. & Inpatients

Age group Total No. Pro (%). No. & Pro. (%) Pvalue
0~1 years 2859 1463 (13.6) 1396 (35.0)
1~3 years 3538 2438 (22.6) 1100 (27.6)
3~6 years 5220 4256 (39.5) 964 (24.2)
6~17 years 3146 2618 (24.3) 528 (13.2)
Total 14,763 10,775 (100.0) 3988 (100.0) 0.000

3.4. Association of Influenza Subtypes with Climate Parameters

According to the data, monthly proportion positive for influenza virus A was not
associated with temperature, humidity and solar radiation (coefficient —0.071, P
= 0.681; coefficient 0.026, P = 0.880; coefficient —0.126, P = 0.463 respectively),
while monthly proportion positive for influenza virus B had an intimate associa-
tion with temperature, humidity as well as solar radiation (coefficient —0.500, P=
0.002; coefficient —0.362, P = 0.030; coefficient —0.353, P = 0.035 respectively),

which exhibited a consistently negative correlation. Additionally, the association

DOI: 10.4236/0jped.2024.145080

858 Open Journal of Pediatrics


https://doi.org/10.4236/ojped.2024.145080

Y. X. Kuang et al.

between monthly proportion positive for both influenza virus A and B and pre-
cipitation was not statistically significant (coefficient 0.065, P = 0.705; coefficient
—0.213, P=0.213 respectively).

4. Discussion

The epidemiological patterns of influenza A and B observed among children in
Shenzhen displaysed a year-round and multi-stage characteristic rather than ran-
domly. It increased not only in colder months (December-March), which coin-
cided with the distinct winter-spring peak in temperate areas [13], but also in
summer months (July-August), which exhibited a frequent occurrence in tropical
or subtropical areas [15] [16] [22]. In addition, influenza virus that occurred
through 2017 and 2018 presented a bimodal curve shape with two distinct peaks
in summer and winter-spring, not consistently with a previous study in Guang-
dong [21]. Various factors could be involved in the seasonal variation. The most
important contributing factor for these epidemic characteristics may be the cli-
mate, a humid subtropical marine weather influenced by the East Asian monsoon
due to the geographical location of the border of China’s subtropical and tropical
regions. Another potential factor may be population movements and local social
contacts [23]. Over 70% of the Shenzhen population consists of migrant workers,
and the large-scale migration after Chinese New Year may contribute to the initi-
ation of influenza epidemics.

In addition to the environmental factors, properties of the virus itself may play
a role either. The data demonstrated that there were two major peaks caused by
seasonal influenza A and another two major peaks attributed to both influenza A
and B as well as a minor peak owing to influenza B. Besides the influenza A epi-
demics, these two types of viruses co-circulated actively during the same epidemic
durations, with peaks overlapped each other. Nevertheless, the same virus subtype
never predominant in more than two consecutive influenza peaks, with a gradual
replacement from one subtype to another. Importantly, seasonality of influenza A
was much more variable than influenza B.

In this study, we also noted that there was an intimate association between in-
fluenza B and climate parameters, such as temperature, humidity and solar radi-
ation, which displayed a negative correlation, being consistent with its winter-
spring seasonal activity [24] [25]. A number of factors such as seasonal crowding,
influenza virus survival in respiratory droplets, vitamin D deficiency due to cold
weather and less solar radiation may influence host susceptibility and drive influ-
enza circulation patterns [12]. On the other hand, the association between influ-
enza A and climate parameters was not significant, elucidating its occurrence at
any time of the year [25]-[28]. Besides the environmental factors and host suscep-
tibility, another remarkable factor maybe properties of influenza A, including its
various subtypes, and mutation rates as well as immune escape [29]. Influenza
virus A is subtyped according to the type and antigenicity of its surface glycopro-
teins, HA and NA. Up to 18 HA and 11 NA subtypes have been described so far,
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of which H1 - H3, H5, H7 and H10 have been found to circulate in human [30]
[31]. Virus mutations in HA and NA, mainly caused by antigenic drift, lead to the
antigenic diversity and intraspecies transmission as well as interspecies transmis-
sion [32].

According to our study, about 56.7% influenza-positive cases were school-aged
children, suggesting high social contact rates at school may promote the infection.
In the present analysis of influenza positive cases, children with influenza A
showed a tendency with younger ages than children with influenza B. Addition-
ally, hospitalization with influenza often occurred in younger individuals infected
with influenza A. In other words, young children are infected with Influenza A
more frequently than influenza B. Moreover, young individuals are more suscep-
tible to severe influenza than those older children. Several factors may be involved
in these epidemic characteristics. Firstly, the pre-existing immunity in young chil-
dren is weak due to the low vaccination rate [33] and narrow antibody response
to natural infection with influenza virus [34]. The next, their respiratory tract may
not be well-developed and their own immune system is in a developing state,
which leads to their susceptibility to influenza virus attack and severe symptoms.
Finally but not lastly, children’s personal hygiene habits are not so good, coughing
without cover their mouth and nose, washing hands not frequently, jointly in-
crease the risk of influenza transmission and infection. Another essential factor
may be the properties of influenza A, with much more various subtypes and fre-
quent mutations than influenza B.

Influenza vaccination is likely to be more cost-effective to mitigate influenza-
associated socioeconomic burden [35] [36]. In China, annual immunization cam-
paigns are implemented based on the Northern Hemisphere winter season [37]
[38]. Influenza vaccination coverage was very low, about 1% - 2%, even in devel-
oped provinces [39]. Such a coverage level could be attributed to the lower base-
line awareness against seasonal influenza and payment requirement in most re-
gions in China [40] [41]. By contrast, free immunization programs accompanied
a higher vaccination coverage and a prospective reduced influenza-related mor-
bidity, mortality, and costs [42] [43]. The findings of our present study highlight
the need for enhanced protection against influenza A and B through the use of

influenza vaccine in children, twice a year in Shenzhen area.

5. Conclusion

Shenzhen, owing to its geographical location, climate factors, environmental con-
ditions, social and demographic characteristics etc., displayed a unique epidemi-
ological pattern and characteristics, better understanding of which may avail the
prevention and control of influenza. The present study revealed that influenza ep-
idemic among children in Shenzhen displayed year-round and multi-stage char-
acteristic rather than randomly, with winter-spring and summer peaks. Influenza
A epidemic occurred separately or co-circulated actively with influenza B, with a

winter-spring pattern for influenza B and a much more variable seasonality for
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influenza A. Influenza B rather than influenza A had a negative correlation with
climate parameters. In addition, hospitalization with influenza often occurs in
younger individuals infected with influenza A, which may be associated with the
susceptibility of young children and the high variability of influenza A virus. In-
fluenza vaccination coverage should be promoted especially in young children,

twice a year in Shenzhen maybe advisable.
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