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Abstract

Background The emergence of COVID-19 and the implementation of preventive measures and behavioral changes
have led to a significant decrease in the prevalence of other respiratory viruses. However, the manner in which sea-
sonal viruses will reemerge in the absence of COVID-19-related restrictions remains unknown.

Methods Patients presenting with influenza-like illness in two hospitals in Beijing were subjected to testing for
COVID-19, influenza A, and influenza B to determine the causative agent for viral infections. The prevalence of
influenza B across China was confirmed using data from the Centers for Disease Control, China (China CDQ). Clinical
characteristics, laboratory findings, imaging results, and mortality data were collected for a cohort of 70 hospitalized
patients with confirmed influenza B from 9 hospitals across China.

Results Starting from October 2021, a substantial increase in the number of patients visiting the designated fever
clinics in Beijing was observed, with this trend continuing until January 2022. COVID-19 tests conducted on these
patients yielded negative results, while the positivity rate for influenza rose from approximately 8% in October 2021 to
over 40% by late January 2022. The cases started to decline after this peak. Data from China CDC confirmed that influ-
enza B is a major pathogen during the season. Sequencing of the viral strain revealed the presence of the Victoria-like
lineage of the influenza B strain, with minor variations from the Florida/39/2018 strain. Analysis of the hospitalized
patients’ characteristics indicated that severe cases were relatively more prevalent among younger individuals, with

an average age of 40.9+ 24.1 years. Among the seven patients who succumbed to influenza, the average age was

TFirst authors: De Chang, Mingui Lin, Ning Song and Zhantao Zhu authors
contributed equally.

Senior authors: Lixin Xie and Lokesh Sharma.

*Correspondence:

Lihua Xing

xinglihua95088@163.com

Lixin Xie

2464277169@qq.com

Lokesh Sharma

lokeshkumar.sharma@yale.edu

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12985-023-02115-x&domain=pdf

Chang et al. Virology Journal (2023) 20:189

Page 2 of 10

ate vaccination and other preventive strategies.

30+ 30.1 years. These patients exhibited secondary infections involving either bacterial or fungal pathogens and
displayed elevated levels of cell death markers (such as LDH) and coagulation pathway markers (D-dimer).

Conclusion Influenza B represents a significant infection threat and can lead to substantial morbidity and mortality,
particularly among young patients. To mitigate morbidity and mortality rates, it is imperative to implement appropri-

Keywords Influenza B, COVID-19, Respiratory tract infection, Pneumonia

Introduction
Influenza infections have been a leading cause of death
worldwide, with an estimated annual mortality rate of
approximately half a million people [5, 11]. Further-
more, the economic burden associated with influenza
is substantial, estimated at $87.1 billion in 2007 [9].
However, the landscape of respiratory viral infections
has undergone a significant transformation due to the
emergence of COVID-19 and the implementation of
precautionary measures. In the past two years, com-
mon respiratory infections such as influenza have seen
a drastic reduction globally, attributed to widespread
lockdowns, mask usage, and potentially viral interfer-
ence caused by COVID-19 [4, 8, 16]. Understanding
the future trajectory of influenza infections is of critical
importance to mitigate their impact on public health.

Notably, China, particularly outside of Wubhan,
managed to maintain relatively low COVID-19 case
numbers through various measures including travel
restrictions, contact tracing, mass testing, and extended
quarantine [1]. As a result, areas such as Beijing, where
limited or no COVID-19 cases were detected, returned
to a state of relative "normalcy." It remains unclear
how these measures have affected the spread of com-
mon respiratory viruses like influenza and whether they
have allowed for the resurgence of previously prevalent
strains or altered the prevalence of influenza strains.
Additionally, the impact of respiratory infections on
individuals who may have developed enhanced suscep-
tibility due to the prolonged absence of common res-
piratory viruses remains unclear.

In this study, we aimed to identify the causative agent
of respiratory infections among individuals presenting

with respiratory symptoms at fever clinics. We con-
firmed this through analysis of influenza data obtained
from the China CDC. Subsequently, we collected clini-
cal and biological parameters from hospitalized indi-
viduals with influenza B infection to compare the
characteristics of those who experienced severe disease
or died as a result of influenza B infection.

Methods

Design

This study was a retrospective observational multicenter
study that incorporated data from multiple sources. The
data sources included: (i) Two fever clinics located in two
different districts of Beijing, China. These clinics were
utilized to identify the causative agent of viral infection
(ii) Data from the Centers for Disease Control, China
(China CDC) were accessed to confirm the prevalence of
influenza B across China. (iii) Clinical data from hospi-
talized patients with influenza B infection were collected
from nine hospitals located in five different provinces in
China. The study design, including these data sources, is
summarized in Table 1.

Our primary objective was to determine the causative
agent of a significant ongoing viral infection in Beijing,
specifically in the absence of COVID-19. To achieve this,
we conducted the study at two hospitals: the Chinese
PLA General Hospital (Hospital 1) and Beijing Tsinghua
Changgung Hospital (Hospital 2). All patients included
in the study exhibited symptoms similar to influenza-like
illness and underwent testing for COVID-19, as well as
influenza A and B.

The study was conducted between October and Febru-
ary 2022. Upon confirming the presence of influenza A or
B, nasal swab samples were collected from eight patients

Table 1 Study design indicating different sources of data and samples analyzed in the study

Purpose Source of data

Samples collected

Data analyzed Figure/Table

Find the causative agent of influenza-like
disease in Beijing

Two hospitals in Beijing

China CDC

Nine hospitals across 5
provinces of China

Validate the presence of influenza B

To determine the clinical characteristics of
patients hospitalized with influenza B

Nasal swabs of 8
patients for viral

Prevalence of influenza B/ Figures 1A &B, 2A and B
Sequence of influenza B

sequencing
None Influenza B cases in China Figure 3
None Clinical data Tables 2,3 and 4
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(two males and two females from each hospital). These
samples were then sent for sequencing to assess the viral
genome. This study was approved by the Ethics Commit-
tee of Chinese People’s Liberation Army General Hospi-
tal with a waiver of informed consent.

To investigate the clinical characteristics of hospital-
ized patients with influenza B, we collected data from a
total of nine hospitals located in five different provinces
across China. These provinces include Hebei, Henan,
Beijing, Anhui, and Jiangsu. We extracted various data
points from electronic medical records using a standard-
ized data collection form. This included information on
demographics, clinical characteristics, laboratory find-
ings, imaging features, bacterial or fungal infections,
treatments administered, and outcomes. Additionally,
we gathered data from laboratory examinations such as
complete blood counts, coagulation profiles, and serum
biochemical tests, which encompassed kidney and liver
functions, creatine kinase levels, and lactate dehydro-
genase levels, among others. Chest CT scans and/or
X-ray examinations were performed for all hospitalized
patients.

By compiling this comprehensive dataset, we aimed to
gain a thorough understanding of the clinical presenta-
tion and characteristics of patients admitted to the hospi-
tal due to influenza B infection.

Patients

In this study, patients were eligible for inclusion if they
presented at a fever clinic with respiratory symptoms
or fever and had received a negative RT-PCR test result
for SARS-CoV-2. The study focused on measuring the
positivity rates for influenza B between October 2021
and February 2022 in two hospitals located in Beijing.
To assess the clinical characteristics of influenza B, data
were collected from hospitalized subjects who tested
positive for influenza B and negative for COVID-19.
These data were obtained from January 7, 2021, to March
9, 2022, and were sourced from nine different hospitals
across China, as previously mentioned.

Data collection

The data for this study were collected through chart
reviews of all the subjects who presented at the fever
clinic (for the prevalence) or those who were admitted to
the hospital due to influenza B infection, using electronic
medical records and a standardized data collection form.
The data collection process involved three physicians,
namely Mingui Lin, Ning Song, and Lihua Xing, who
reviewed and recorded the data into the EpiData Soft-
ware system. To ensure accuracy and consistency, any
discrepancies in interpretation were resolved by a fourth
physician, Zhantao Zhu, who acted as an adjudicator. To
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facilitate data management, an online system was devel-
oped at www.h6world.cn, where each physician had an
account. This system allowed for data entry, review, sum-
mary, and organization.

Additionally, data from the China CDC were analyzed
for this study. The website used for accessing the China
CDC data is https://ivdc.chinacdc.cn/cnic/zyzx/lgzb/.

Sequencing of the viral genome
To ascertain the viral lineage of influenza B isolated and
analyzed using IDseq " by Vision Medicals.

Mycoplasma detection
The presence of Mycoplasma infection was detected by
the presence of anti-Mycoplasma IgM.

Detection of secondary infections

Bacterial and fungal infections were detected by the
microbial culture of bacterial or fungal pathogens from
sputum or broncho-alveolar lavage fluid samples.

Patients and public involvement

The study obtained consent from patients to acquire res-
piratory samples for viral diagnosis and to access their
medical records. However, beyond providing consent
and allowing access to their samples and records, patients
did not have a direct role in the study. Publication of the
study in open access will provide patients and the general
public with access to the findings, allowing them to gain
knowledge and insights from the research.

Statistical analysis

Continuous and categorical variables were presented as
Mean=+SD and n (%) respectively. We used the Mann—
Whitney U test, x> test, or Fisher’s exact test to compare
differences between severe vs non-severe and survivor vs
non-survivor groups as appropriate. A two-sided o less
than 0.05 was considered statistically significant. Statisti-
cal analyses were done using the SPSS (version 26.0) and
GraphPad Prism (version 9.0).

Results

Influenza B was a major respiratory pathogen

during the flu season in Beijing

In October 2021, there was a significant increase in the
number of patients visiting the designated fever clinics
in Beijing, and this trend continued until January 2022
(Fig. 1A & B). The COVID-19 testing in all these patients
came out to be negative, while the positivity rate for
influenza rose from approximately 8% in October 2021
to>40% in late January 2022. Interestingly, all the cases
of influenza were attributed to the influenza B strain, and
no cases of influenza A were detected. This observation
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Fig. 1 Total number of influenza B positive patients in two hospitals (A) and positivity rate for influenza B among those who were tested for
influenza-like illness (B). No case of influenza A was detected in these hospitals
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Fig. 2 Influenza B activity across China during the influenza season
in 2022. Data were analyzed from China CDC along with the positivity
rate

was consistent with the data from the Centers for Dis-
ease Control, China, which also indicated influenza B
as the predominant influenza strain during the 2021 flu
season (Fig. 2). These findings suggest that in the absence
of a widespread COVID-19 during that period in China,
influenza B emerged as a prominent respiratory infection.

Lineage tracing of influenza B

In order to determine the lineage of influenza B preva-
lent in Beijing during the 2021 flu season, nasal swab
samples from 8 patients (2 males and 2 females from
each hospital) were subjected to sequencing to assess the

viral genome. The genome sequences of these patients
were analyzed, and a phylogenetic tree was constructed
to determine the lineage of the influenza B strain. The
sequencing results revealed that the prevalent influenza
B strain belonged to the Victoria-like lineage. Addition-
ally, the sequencing data showed that the same influenza
strains were present in all eight patients, with minor
genetic differences compared to the Florida/39/2018
strain (Fig. 3A and B). This information provides insights
into the specific lineage and genetic characteristics of the
influenza B strain circulating in Beijing during the 2021
flu season.

Characteristics associated with severe disease

in hospitalized patients with influenza B

To understand the key characteristics of disease sever-
ity, we analyzed data from 70 patients of which 57 were
defined as severe and 13 as non-severe. Severe pneumo-
nia was diagnosed if one of the following major criteria
or three or more minor criteria were met. Major crite-
ria: (1) requirement of tracheal intubation for mechani-
cal ventilation; (2) septic shock requiring vasoactive
drug therapy even after active fluid resuscitation. Minor
criteria: (1) respiratory rate>30 breaths/min; (2) oxy-
genation index<250 mmHg; (3) multiple lobe infiltra-
tion; (4) impaired consciousness or disorientation; (5)
blood urea nitrogen>7.14 mmol/L; (6) systolic blood
pressure <90 mmHg requiring fluid resuscitation. Our
analysis shows that overall, severe patients were younger
in age compared to the non-severe subjects, however,
the age difference did not reach statistical significance.
Complete blood counts demonstrated no significant
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Fig. 3 HA genome sequence (A) and phylogenetic tree (B) of influenza B strain isolated from 8 patients in this study

differences in total WBC or lymphocyte counts between
severe and non-severe groups (Table 2). However, a sig-
nificant decrease in the platelet counts was observed in
the severe group compared to the non-severe group. This
was evident as approximately 50% of the subjects in the
severe group had thrombocytopenia as defined by plate-
let count < 150 x 10°/L while no patient in the non-severe
group had thrombocytopenia (P=0.008). D-dimer lev-
els, a marker of coagulation, were elevated in the severe
group, however, did not reach statistical significance
(P=0.09). Biochemical analysis demonstrated a sharp
increase in the markers of liver injury where both ALT
and AST were significantly elevated in the severe group
compared to the non-severe group. Additionally, an
increase was observed in the LDH levels, a marker of cell
death and tissue injury in the severe group (P=0.0001).
Similarly, an increase was observed in the creatine kinase
(P=0.001), indicative of muscle damage. Overall, these
results show that a severe disease caused by influenza B is
mediated by increased organ injury, thrombocytopenia,
and cell death.

Characteristics of patients who died of influenza B

In this study, 7 patients succumbed to influenza B infec-
tion with age ranges from 1 to 79 years. Patients in the
non-survivor groups were younger compared to the

survivor group. Similar to severe disease, the levels of
LDH and d-dimer were significantly elevated in those
who died compared to the survivors. Other markers
of the disease severity such as ALT, AST, and CK were
elevated in the non-survivor group but did not reach sta-
tistical significance (Table 3). Detailed characteristics of
these patients are given in Table 4. Interestingly 4 out of 7
subjects were younger than 15 years and all of them were
positive for Mycoplasma infection when tested using
antigen testing (Table 4). Additionally, 6 out of 7 patients
had a secondary infection either by a bacterial or fungal
pathogen, suggesting a key role of secondary infections in
mortality due to influenza B infections. The only subject
that did not have confirmed secondary infection was due
to a lack of sample collection given the young age of the
patient (1 year).

Discussion

In this study, we show that influenza B emerged as a
leading cause of respiratory infections in the absence of
COVID-19 in China during the flu season of 2021-2022.
Although our initial data were generated from two fever
clinics in Beijing, these trends were true across China as
evident by the data obtained from the China CDC Fig. 2
[2]. The emergence of flu B as the major cause of sea-
sonal flu may be contributed to the widespread pandemic
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Table 2 Demographics and clinical characteristics of patients with a severe vs non-severe disease
Total (n=70) Severe (n=57) Non-severe (n=13) P value
Age (years) 4324238 409 +24.1 53.1+20.1 0.127
Age <60 298+183 4144152 0.11
Age <50 238+150 358+132 0.07
Sex
Female 30 (43.0%) 25 (44.0%) 5 (38.0%) 0.77
Male 40 (57.0%) 32 (56.0%) 8 (62.0%)
Laboratory findings
Total (n=63) Severe (n=55) Non-severe (n=38) P value
White blood cell counts (x10° per L) 99+70 939+6.5 13.3+9.8 0.26
Lymphocyte cell counts (x10° per L) 08+06 08+06 09+05 0.14
Plt (x10° per L) 1845+1169 1764+1194 240.5+83.8 0.04
<100 18 (28.6%) 18 (32.7%) 0(0) 0.09
<150 27 (42.9%) 27 (49.1%) 0(0) 0.0084
Total (n=59) Severe (n=47) Non-severe (n=12) P value
D-Dimmer (ug/ml) 176.8+762.9 (Total) 2203+851.0 645+188 0.09
Total (n=64) Severe (n=53) Non-severe (n=11) P value
Alt (IU/L) 2157411586 256.7+1273.6 21.8+10.7 0.01
Ast (1U/L) 112944162 131.94455.8 216+82 0.000359
Total (n=59) Severe (n=47) Non-severe (n=12) P value
LDH (1U/L) 12346+4104.9 1488.6+4573.8 2401 +97.7 0.000179
>300 35(59.3%) 33(70.2%) 2(16.7%) 0.0019
Total (n=56) Severe (n=47) Non-severe (n=11) P value
CK(Iu/L) 13,427.3+£94,803.0 16,626.1 +105,500.7 50.7+292 0.001
Bacterial or fungal infection
Total (n=70) Severe (n=57) Non-severe (n=13) P value
Fungal infections 5 (50%) 31 (54.4%) 4 (30.7%) 0.22
Aspergillus fumigatus 5(35.7%) 23 (40.3%) 2 (15.4%) 0.12
Bacterial infections (60 0%) 37 (64.9%) 5 (38.5%) 0.12
Staphylococcus aureus 2(17.1%) 2(21.1%) 0 0.11
ICU admission 46 (65. 7%) 45 (78.9%) 1(7.7%) <0.0001
ICU length of stay (days) 69+7.7 84+7.7 085+3.1 0.000069
Outcome
Death 7 (11.4%) 7 (12.3%) 0 0.33

controls targeted against COVID-19 that limited the
import of viral pathogens from abroad including influ-
enza A. Unlike influenza A, which has multiple hosts
including pigs, birds, and other animals [12], humans are
the only clinically relevant natural host for influenza B.
Other known natural hosts for influenza B are seals [10],
however, the transmission of flu B from seals to humans
is questionable. It is plausible that, in the absence of
influenza A [16], influenza B has re-emerged among the
population in China. Further, limited exposure to other

viral infections in the previous year due to COVID-19
control measures may have rendered a large fraction of
the population susceptible to influenza B infections.
Influenza has been a major threat for centuries includ-
ing the 1918 flu pandemic that killed a significant propor-
tion of the human population [6]. Even after 1918, there
have been many other pandemics caused by influenza
viruses. However, these pandemics have been caused by
influenza A [7] and so far, no pandemic has been caused
by influenza B. However, influenza B causes seasonal
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Table 3 Demographics and clinical characteristics of the survivors vs non-survivors

Total (n=70) Non-survivor (n=7) Survivor (n=63) P value
Age (years) 432+238 30+30.1 4474229 0.16

Age > 65 79 717455 0.22

Age <60 13.6+122 337177 0.024
Sex

Female 30 (42.9%) 2 (37.5%) 28 (51.9%) 042
Male 40 (57.1%) 5(62.5%) 25 (48.1%)

Laboratory findings

Total (n=63) Non-survivor (n=6) Survivor (n=57) P value
White blood cell counts ({10° per L) 99+70 9.1+116 99+6.5 0.35
Lymphocyte cell counts (10° per L) 08+06 06+0.2 08+06 037
Plt((10° per L) 1845+1169 174141836 185.6+110.1 0.51

Total (n=59) Non-survivor (n=7) Survivor (n=52) P value
D-Dimmer (ug/ml) 176.8+7629 430611110 1427+711.8 0.03

Total (n=64) Non-survivor (n=7) Survivor (n=57) P value
Alt(IU/L) 2145411494 1577.0+£33789 4714504 0.15
Ast(IU/L) 112.1+413.0 5225412338 62.6+90.1 0.13

Total (n=59) Non-survivor (n=7) Survivor (n=52) P value
LDH(IU/L) 12346+4104.9 785554116288 485.1+400.9 0.02

Total (n=57) Non-survivor (n=7) Survivor (n=50) P value
CK(U/L) 13,4273494,803.1 124,672.34289,9266 339.7+7894 045
Bacterial or fungal infection

Total (n=70) Non-survivor(n=7) Survivor(n=63) P value
Fungal infection (Aspergillus, Candida albicans, Cyclospora lucitans, Pneumo- 37 (52.8%) 3 (60.0%) 34 (53.9%) 0.99
cystis yersini, cryptococcus)

Aspergillus infection 26 (37.1%) 2 (28.6%) 24 (38.1%) 0.99
Bacterial infection(S. aureus, Klebsiella pneumoniae, Pseudomonas aerugi- 38 (54.3%) 5(71.4%) 33 (52.4%) 0.44
nosa, Acinetobacter baumannii, Streptococcus pneumoniae, Haemophilus
influenzae, Enterococcus faecalis)

Staphylococcus aureus infection 12 (17.1%) 2 (28.6%) 10 (15.9%) 0.59

flu cases where the disease burden of flu B exceeds that
of influenza A every few years. Despite this extensive
disease burden caused by flu B, it gained relatively less
attention compared to influenza A. Our study shows that
despite various control measures, influenza B can infect
a significant proportion of patients to cause severe and
even lethal diseases.

Our data show that unlike COVID-19, where severe
disease and mortality are largely restricted to older sub-
jects [3], influenza B caused severe disease and death
even among younger subjects. The average age of hos-
pitalized subjects with severe disease was 41 years while
the non-survivors had an average age of 30 years where
four out of seven deceased were 15 years or younger. The

precise cause of mortality among the younger patients is
difficult to decipher given the small sample size, but our
data show a major role for secondary infections that were
caused by either a bacterial or a fungal pathogen. Inter-
estingly, the four youngest patients who died of influ-
enza B tested positive for Mycoplasma infection. Larger
studies are required to understand how a Mycoplasma
infection can contribute to the lethality of influenza B
infections.

Extensive mortality in younger subjects including the
pediatric population has been reported due to influenza
B. A Canadian study demonstrated that influenza B had
a threefold higher mortality compared to influenza A
in children younger than 16 years [14]. Similar reports



(2023) 20:189 Page 8 of 10

Chang et al. Virology Journal

Uod9jul snaine

950U Auuny
‘Je0IY3 2105 ‘aYyde

€€l 16 /8 06 Sord! snao0dojAydels L [ -pesH 'ybnod 1ane ¥oys ondas  sjewa s 0¢ L
SIapIosip
smebiwny sn| uone|nbeo) ‘SaOW
-|IBb1adsy ‘esouibnise dseo) ‘anbiie4 ‘sisdas ‘Aouapyap
SPUOWIOPNSSJ ‘9eZUd ‘eaudsA( ‘ayoepesH 21£00|nueIn ‘uon
- L6€ 94 143 97  -nyursnpydowsey 3 ¥ YD 'ybnod bons4  -dajul ewseidodAN  Sjely  pooypliyd S|ppPIN 9
uon
-D9jul seluownaud
anbie4 ‘esudsAg ewse|dodA ‘SaYy
‘3ydepeaH ‘[|IyD ‘wni ‘ainyie} Aloyesidsay
/5 oLze St 6Ll €/ SUON L £ -nds'ybnodlensy  ‘elwsuiwngeodAy  ajey 13|ppoL S
ejuownaud
ewse|dodApy ‘obey
-Joway [eunsaiul
-oi1seD) ‘9beylioway
Aleuow|nd ‘elwauial
-oidodAH ‘s1opiosip
siskidoway ‘anbie 91410112913 DIQ
‘eaudsAQ ‘1e0.y1 2105 ‘eluowinaud 219A3S
snaine ‘aydepeay ‘wninds '9WOIPUAS SS213SIP
09/'67 09’67 0zEs 0zl6 6'S sn22020jAydeis 4 I ‘'ybnod) 1anad4 A10yendsar 91NDy  Sjewa4  2dUSDSI|ope Ajie] %
anbie4
‘eaudsAQ ‘wnindg ‘uon
00091/ 626'CL Sles Y91 £8'5¢ 1Buny 4 [4 "ybnod 19n4 -234ul ewse|dodA Sl @duds3|ope Ajie3 €
sn||ibiadsy ‘esoulbn
-19€ SeUOWIOPNIS 35835|P 1183y JB[NAJA
‘aejuownaud ejals eaudsAQ ‘YD ‘wny 'sa1aqeIq ‘9seasip
8¢ IINN (04 4! 0S6¢  -goIy 1ud|NIA AlYBIH ol Al -nds 'ybno) Jens4 Bun| ennsiaiu|  ojewa S0L C
‘lluuew 's919q
o 0€C 0¢ 6l /0 -NeqJ310egqoIBuPRY o] 6 eaudsAQ -e|g ‘uoisusyadAH eIy S 09 |
(lw/6r)
(oD (/nDHA1 (/nsy  (/nDAv  sLwwig-a
(sAep)
suonddul  uoneinp uoneinp swoldwAs pue
sbuipuy A1ojeloqe A1epuodas uone[iausap lexdsoH sutejdwo) ja1yd 1q4i0Wwo) PEIN aby o juaned

UOIID24UI g BZUSN|U JO P3IP Oy SiufIed / JO sainieay [edjuld pajielsd v alqel



Chang et al. Virology Journal (2023) 20:189

were observed during the 2010-11 flu season in the
USA where 38% of pediatric mortality was attributed to
influenza B despite only 26% prevalence. Although the
mechanisms by which influenza B contributes to elevated
mortality in the pediatric population remain unknown,
secondary bacterial infections may be a contributing fac-
tor. Mechanistic studies have shown that influenza B is
a potent inducer of type I interferon, a cytokine that is
already highly expressed in pediatric airways [15]. Of sig-
nificance, type I interferon is a key factor that renders the
host susceptible to secondary bacterial infections [13].

Our study has some limitations such as being a retro-
spective study. The collection of data retrospectively does
not tell us the true prevalence of influenza B infection in
the community. Since this study only measured the posi-
tivity rate among those presented to the fever clinic, we
may have missed patients who did not go to the hospital
post symptom onset or those with asymptomatic disease.
Further, we observed a 10% mortality rate among the
hospitalized subjects, however, the true mortality among
the population infected with influenza B remains to be
known. Although our study shows that secondary bacte-
rial infections may contribute to lethality, given the small
sample size, the precise factors that contribute to the
mortality among those infected with influenza B remain
to be identified.

Conclusion

Influenza B with Victoria-like lineage was a major res-
piratory pathogen during the flu season of 2021-22 in
China. The clinical characteristics show evidence of both
pulmonary and extrapulmonary manifestations that led
to severe disease in infected patients including young
subjects. These data show a need for increased monitor-
ing, appropriate vaccination, and early antiviral therapies
to limit the morbidity and mortality due to influenza B
infections.
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