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Prevalence and Genomic Characterization of Multidrug-Resistant
Salmonella enterica Serovar Kentucky Sequence Type 198
Circulating — Beijing Municipality, China, 2016-2023

Mei Qu'; Ying Huang'; Bing Lyu'; Xin Zhang'; Yi Tian'; Zhaomin Feng'; Zhiyong Gao'; Daitao Zhang"*

ABSTRACT

Introduction: Highly
Salmonella enterica serovar Kentucky (S. Kentucky) of
sequence type (ST) 198 has emerged as a global
multidrug-resistant (MDR) clone, posing a threat to
public health.

Methods: Whole

antibiotic susceptibility testing was used to characterize

fluoroquinolone-resistant

genome  sequencing  and
the population structure and evolutionary history of 54
S. Kentucky isolates recovered from food and human
clinical cases in Beijing from 2016 to 2023.

Results: All 54 S. Kentucky ST198 isolates
exhibited resistance to quinolones, carrying point
mutations in the quinolone resistance-determining
regions (gyrA_S83F and parC_S80I). Resistance to
other antibiotics (folate pathway inhibitors, cephems,
aminoglycosides, phenicols, rifamycin, fosfomycin,
macrolides, and tetracyclines), mediated by the su/l,
5u/2, dﬁA]4, b[dCTX—M’ bldTEM—lB’ 446(3)—[6[, dﬂdAZ,
aadA7, aph(3)-1, aph(3")-16, rmtB, floR, arr-2, fosA,
mph(A), and ret(A) genes, was also observed in different
combinations. The Beijing S. Kentucky ST198
evolutionary tree was divided into clades 198.2-1 and
198.2-2, which were further differentiated into three
subclades: 198.2-2A, 198.2-2B, and 198.2-2C.
Compared with the extended-spectrum B-lactamase-
encoding gene blacTyxpi14p in 198.2-1, the co-
existence of blacTxz.ss and blarpyiqp, as well as
chromosomally located gnrS1, was detected in most
198.2-2 isolates, which showed more complex MDR
phenotypes. S. Kentucky ST198 outbreak isolates
derived from two predominant clonal sources: 198.2-1
with c¢gST236434 and 198.2-2A with cgST296405.

Conclusions: The §. Kentucky population in
Beijing is genetically diverse, consisting of multiple co-
circulating lineages that have persisted since 2016.
Strengthening surveillance of food and humans will aid
in implementing measures to prevent and control the

spread of AMR.

Chinese Center for Disease Control and Prevention

Nontyphoidal ~ Salmonella  enterica  infections,
particularly those caused by antimicrobial-resistant
strains, are a major public health concern (7). Notably,
fluoroquinolone (FQ)-resistant Salmonella spp. and
extended-spectrum  P-lactamase  (ESBL)-producing
Enterobacteriaceae were listed by the World Health
Organization in 2017 as high-priority pathogens
posing the greatest threat to human health (2).

Resistance to these antimicrobials has been observed
in S. enterica serotype Kentucky since the 2000s (3-5).
Highly FQ-resistant S. Kentucky has become
widespread in recent years (6), largely associated with
the spread of ST198, which is the most common ST
leading to human infections worldwide. Recently, a
high prevalence of S. Kentucky ST198 with resistance
to CIP and extended-spectrum cephalosporins (ESCs)
was detected in human, environmental, and chicken
samples in China (7-8).

In this study, we generated a genomic collection of
54 §. Kentucky ST198 strains recovered from an active
surveillance system in Beijing over an 8-year period
from 2016 to 2023. Our aim was to characterize the
genetic features and antimicrobial resistance (AMR)
profiles of S. Kentucky ST198 in Beijing.

METHODS

Sample Collection and Salmonella

Identification
Hospital-based active surveillance was conducted
from 2010 onward in Beijing, China. From January
2016 to December 2023, a total of 41,742 diarrheal
samples were collected from outpatients with
gastroenteritis. Various food samples of animal origin
were collected from retail outlets and supermarkets to

screen for Salmonella spp. for food safety risk
surveillance. All specimens were processed by routine

CCDC Weekly /Vol. 6/ No. 33 825
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microbiologic and biochemical tests to identify
Salmonella. The Salmonella Kentucky serotype was
detected by a slide agglutination test using
commercially available antisera (SSI Diagnostica,
Denmark) according to the White-Kauffmann-Le
Minor scheme.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing of Salmonella
strains was conducted using the broth microdilution
method following the guidelines of the Clinical and
Laboratory Standards Institute document (CLSI
M100-529:2019). Twenty-eight antimicrobial agents
belonging to 12 categories were tested: ampicillin
(AMP), ampicillin-sulbactam (AMS), amoxicillin-
clavulanic acid (AMC), cefazolin (CFZ), cefoxitin

(CFX), cefotaxime (CTX), ceftazidime (CAZ),
cefepime  (FEP), kanamycin (KAN), gentamicin
(GEN), streptomycin  (STR), amikacin (AMI),

tetracycline (TET), doxycycline (DOX), minocycline
(MIN), nalidixic acid (NAL), ciprofloxacin (CIP),
levofloxacin (LEV), gemifloxacin (GMI), sulfisoxazole
(Sul), trimethoprim-sulfamethoxazole (SXT),
chloramphenicol ~ (CHL),  azithromycin  (AZI),
aztreonam (AZM), colistin (CT), polymyxin B (PB),
imipenem (IMP) and meropenem (MEM). An MDR
phenotype was defined as resistant to at least three
classes of antibiotics.

Whole-Genome Sequencing (WGS) and

Genomic Analysis

DNA was extracted using a QIAamp DNA Mini Kit
(Qiagen, Hilden, Germany). Genomic DNA
concentration was determined by agarose gel
electrophoresis and fluorometric analysis (Qubit 2.0).
WGS was conducted using an Illumina PE150
platform with 100x coverage (Novogene Technology
Co., Ltd, Beijing, China). Raw sequencing data were
quality-checked, trimmed, and assembled de novo into
a draft genome sequence using SPAdes 3.13.

Core genome mult-locus sequence typing
(cgMLST) was performed using the BacWGSTdb
service. AMR genes were screened using the NCBI
AMREFinderPlus tool 3.1.1b  (https://ftp.ncbi.nlm.
nih.gov/pathogen/Antimicrobial_resistance/ AMRFind
er/). Whole genome single nucleotide polymorphism
(wgSNP) analysis for all draft genomes was conducted
using snippy pipeline v.4.4.5 with the reference
strain S, Kentucky ST198 PUI131 (GenBank ID:
CP026327). Single nucleotide polymorphism (SNP)
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distance matrices were obtained for all isolates using
snp-dist v.0.6.3. The phylogenetic tree and heatmap of
resistance genes were visualized using ChiPlot
(https://www.chiplot.online/).

Results

Epidemiological Information for S.
Kentucky ST198 Isolates from Beijing

Between 2016 and 2023, an active surveillance
system collected 1,838 S. enterica strains, of which 54
(2.9%) were S. Kentucky isolates. All 54 S. Kentucky
isolates were assigned to ST198. Forty-nine were
collected from patients with clinical diarrhea, and five
were isolated from chicken meat. Eight and 23 of the
54 strains were from two outbreaks in 2016 and 2020,
respectively, while the remaining isolates were from
sporadic cases. These 54 strains were isolated between
2016 and 2023, with the following annual
distribution: eight in 2016, two in 2018, two in 2019,
23 in 2020, three in 2021, seven in 2022, and nine in
2023. The strains were distributed across 12 districts.

Antibiotic Resistance and MDR Profiles

All 54 S. Kentucky isolates were resistant to
quinolones (NAL, CIP, LEV, and GMI), tetracyclines
(TET and DOX), folate pathway inhibitors (Sul), and
susceptible to carbapenems (IMP and MEM).
Regarding cephems, S. Kentucky isolates showed the
highest resistance to CFZ (90.7%), followed by CTX
(87.0%), FEP (85.2%), and CAZ (63.0%). However,
resistance to AMC, FOX, CT, and PB was relatively
low, at only 1.9%. The frequency of AMR is presented
in Figure 1. In addition, 85.2% (46/54) of ST198
isolates were ESBL-producing strains.

All 54 isolates (100%) were resistant to at least four
antimicrobial classes. Resistance to six, eight, and 10
classes was observed in 94.4%, 83.3%, and 53.7% of

isolates, respectively.

Phylogenetic Analysis of Global S.
Kentucky ST198 Isolates

To reveal the genetic relatedness of S. Kentucky
ST198 isolates, a global phylogenetic tree was
constructed using 121 isolates, including 15 global
strains, 52 Chinese isolates obtained from 11 other
Provincial-level administrative divisions (PLADs), and
the 54 isolates from this study (Figure 2). As previously
reported (9), the S. Kentucky ST198 isolates were

Chinese Center for Disease Control and Prevention
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FIGURE 1. Antimicrobial resistance of 54 S. Kentucky isolates against 28 antimicrobial agents belonging to 12 categories.
Abbreviation: S. Kentucky=Salmonella Kentucky; MDR=multidrug resistant.

divided into two clades, 198.1 and 198.2. Clade 198.2
was further subdivided into two subclades, 198.2-1
and 198.2-2. The 15 global strains were mainly
distributed in clades 198.1, 198.2-1, and 198.2-2.
Although the Chinese isolates showed significant
diversity, they were concentrated in clades 198.1
(3.3%, 4/121), 198.2-1 (24.0%, 29/121), and 198.2-2
(60.3%, 73/121). Furthermore, 30 subclade 198.2-1
isolates provincial-level
administrative divisions (PLADs), including Xichuan,
Guangxi, Hunan, Jiangsu, and Zhejiang, were detected
between 2013 and 2023, while 73 subclade 198.2-2
isolates obtained from nine PLADs (Anhui, Fujian,
Guangdong, Guangxi, Guizhou, Jiangsu, Liaoning,

obtained  from  five

Shandong, and Zhejiang) were collected from 2015 to
2022. Strains from various sources (animal, chicken,
duck, environment, food, and human) clustered
together, implying cross-transmission between hosts.
To reveal the molecular characteristics of S.
Kentucky ST198 isolates, we performed cgMLST on
the whole-genome sequences of the 121 global isolates
and identified 31 cgSTs (Figure 2). The most common
cgSTs were cgST296405 (30.6%), followed by
cgST230926 (23.1%) and cgST236434 (15.7%).

Chinese Center for Disease Control and Prevention

Twenty-two cgSTs were represented by only one
isolate, and cgST40632 was detected only in three
clade 198.1 isolates. Among the 30 subclade 198.2-1
isolates, nine cgSTs were detected, with cgST236434
being the predominant type, accounting for 63.3%
(19/30). By contrast, only six cgSTs were identified in
73 subclade 198.2-2 isolates, with cgST296405
accounting for 50.7% (37/73) and gST230926
accounting for 38.4% (28/73).

Diversity and Discrepancy of S. Kentucky
ST198 Isolates from Beijing

Phylogenetic analysis of the 54 Beijing isolates was
performed (Figure 3A), and a heatmap of SNPs was
generated (Figure 3B). The number of SNPs ranged
from 15 to 100 between food-derived isolates, from 0
to 103 between human-derived isolates, and from 9 to
102 between human- and food-derived isolates. Of the
54 Beijing isolates, 13 (24.1%), 32 (59.3%), 8
(14.8%), and 1 (1.9%) belonged to subclades 198.2-1,
198.2-2A, 198.2-2B, and 198.2-2C, respectively
(Figure 3A). Thirteen isolates were distributed in
subclade 198.2-1: one clustered with eight strains from
outbreak 1 in 2016 (0 SNPs) in one branch, and the

CCDC Weekly /Vol. 6/ No. 33 827
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Abbreviation: S. Kentucky=Salmonella Kentucky; ST=sequence type; wgSNPs=whole genomic single nucleotide

polymorphisms; cgST=core genomic sequence type.

other clustered with five sporadic strains from 2018
and 2019 (1-4 SNPDPs). In subclade 198.2-2A, 23
strains from outbreak 2 in 2020 clustered together
(0—1 SNP), along with nine sporadic strains, including
seven human isolates from 2021 and 2023, and two
food isolates (chicken meat) from 2022 (1-5 SNDPs). In
subclade 198.2-2B, the majority of isolates (7=8)
clustered with six strains from humans (2019-2023)
and two strains from food (2022) (1-4 SNPs). The
remaining human isolate (2021SM064) in subclade
198.2-2C was distantly related to other Beijing isolates
(22-31 SNPs).

828 CCDC Weekly / Vol. 6/ No. 33

The 54 Beijing isolates yielded five cgSTs:
cgST296405  (66.7%),  cgST236434  (22.2%),
gST308148  (7.4%), cgST220090 (1.9%), and
cgST119210 (1.9%). The cgST296405 genotype was
most prevalent, comprising 23 outbreak strains from
2020 and 13 sporadic strains from 2019 (z=1), 2021
(n=2), 2022 (n=5), and 2023 (n=5). The cgST236434
genotype included eight outbreak isolates from 2016 and
four sporadic isolates from 2018 (7=2), 2022 (n=1), and
2023 (n=1). These findings were consistent with SNP
analysis, suggesting that cgST296405 and cgST236434

represent two major endemic genotypes in Beijing.

Chinese Center for Disease Control and Prevention
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Resistomes of S. Kentucky ST198 Isolates

from Beijing

To characterize the AMR profiles of the S. Kentucky
ST198 isolates from Beijing, we scanned the genomes
to identify AMR-related genes and mutations. We
detected 32 AMR genes in 14 classes, including those
involved in resistance to aminoglycosides (11 genes), -
lactams (3 genes), quinolones (1 gene and 4 point
mutations), efflux pumps (2 genes), sulfonamides (2
genes), rifamycins (1 gene), trimethoprims (1 gene),
tetracycline (1 gene), phenicols (1 gene), fosfomycin (1
gene), macrolides (1 gene), lincosamides (1 gene),

830 CCDC Weekly / Vol. 6/ No. 33

colistins (1 gene), and quaternary ammonium (1 gene)
(Figure 3C). Resistance genes from seven classes were
found in strains within clade 198.2-1, while 14 classes
were found in strains within clade 198.2-2.

The AMR gene profiles and phenotypes differed
between the subclade 198.2-1 and 198.2-2 strains
(Figure 3A and 3C). For B-lactamase resistance genes,
blacrx.Mm-14, Was the only gene detected among the
13 subclade 198.2-1 isolates. However, in subclade
198.2-2, blacx m.55 and blaTgy1p were detected in
82.9% (34/41) and 73.2% (30/41) of isolates,
respectively. For the aminoglycoside resistance gene

profiles, aac(3)-Id, aadA7, and aph(3)-la genes were

Chinese Center for Disease Control and Prevention



China CDC Weekly

detected in 98.1% (53/54) of isolates, and the aph(3")-
Ib gene was detected in 25.9% (14/54) of isolates. The
aac(3)-1ld, aadA2, and rmtB genes were only detected
in subclade 198.2-2, accounting for 78.0% (32/41),
75.6% (31/41), and 70.7% (29/41) of isolates,
respectively. The aph(3")-I6 and aph(6)-1d genes were
detected in all 41 subclade 198.2-1 isolates but only
one subclade 198.2-2 isolate. For tetracycline resistance
genes, ter(A) was detected in all 198.2-1 isolates and
97.6% (40/41) of 198.2-2 isolates. For folate pathway
antagonist genes, s#/l was prevalent in all isolates, and
sul2 was only detected in two 198.2-2 isolates. The
dfrA14 and floR genes were detected in 78.0% (32/41)
of the 198.2-2 isolates. Additionally, all strains resistant
to SXT carried at least one gene associated with
resistance to folate pathway antagonists. The genes
Inu(F), mph(A), arr-2, and fosA3,

correspondent resistance to lincosamide, macrolide,

conferring

rifamycin, and fosfomycin, were only detected in
198.2-2, accounting for 75.6% (31/41), 68.3%
(28/41), 78.0% (32/41), and 78.0% of isolates,

Year Character
I 2016 I Outbreak1
B 20:8
B 2019
2020 Outbreak2

Sporadic

2023

Source

respectively. For quinolone resistance, the same
mutations in parC_S801 and gyrA_S83F were detected
in all 198.2 isolates, but gyrA_D87G was present in
198.2-1 isolates, whereas gyrA_D87N was present in
198.2-2 isolates. The ¢gnrSI gene was only detected in
58.5% (24/41) of 198.2-2 isolates. Notably, the mcr-1
gene was detected in only one strain, 2022SM055
from chicken meat, which was found to be resistant to
colistin. Importantly, the 198.2-2 isolates showed more
complex AMR phenotypes and carried more resistance
genes than the 198.2-1 isolates.

Spatiotemporal Distribution and
Phylogenetic Relationship of Sporadic
and Outbreak S. Kentucky
Strains in Beijing

To demonstrate the evolutionary relationships of S.
Kentucky strains from different sources in Beijing, a

Sankey diagram was constructed (Figure 4). The first
outbreak, occurring in Yanging District in 2016,

District WGS_SNP Cluster

198.2-1

YanQing

HaiDian

T . XiCheng

ShunYi
DaXing

DongCheng

—~~

FangShan

HuaiRou
Food

FIGURE 4. A Sankey diagram demonstrating the spatiotemporal distribution and the transmission of multiple lineages of S.

Kentucky strains in Beijing.
Abbreviation: S. Kentucky=Salmonella Kentucky.
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involved eight human-derived strains belonging to
phylogenetic lineage 198.2-1 and cgST236434
(Figure 2, Figure 4). The second outbreak, occurring
in four districts (Xicheng, Yanging, Haidian, and
Huairou) in 2020, involved 23 human-derived strains
grouped in lineage 198.2-2A and cgST296405,
suggesting  cross-regional transmission and clonal
expansion during this outbreak. The remaining 23
sporadic cases, distributed across 11 districts (Daxing,
Docheng, Fangshan, Fengtai, Haidian, Huairou,
Mentougou, Pinggu, Shunyi, Tongzhou, and Xicheng)
between 2018 and 2023, included 18 human-derived
and five chicken meat-derived strains. These sporadic
strains derived from a polyclonal evolutionary source
(198.2-1, 198.2-2A, 198.2-2B, and 198.2-2C) and
formed five cgMLST groups. The five chicken meat
isolates, distributed across two districts in 2022, were
mainly from lineages 198.2-1, 198.2-2A, and 198.2-
2B and were closely related to human isolates. These
results suggest that the S. Kentucky ST198 outbreak
isolates have two predominant clonal sources: 198.2-1
with cgST236434 before 2019 and 198.2-2A with
cgST296405 after 2019.

DISCUSSION

S. Kentucky ST198 has been increasingly reported
in chickens and can cause human infections in China
(8-9). In this study, all 54 S. Kentucky isolates were
assigned to ST198. Our findings showed that the
positive ratio for S. Kentucky ST198 among S. enterica
isolates was 2.9% (54/1,838) in Beijing, which is
approximately fourfold higher than that reported in a
previous study (0.39%, 40/16,247) (9) and much
higher than that reported in Shenzhen (0.7%,
57/8,559) (10) and among patients (0.33%,
40/12,011) in China between 2010 and 2016 (8).

In the present study, genomic analyses (cgMLST
and wgSNP) were conducted to characterize the S.
Kentucky ST198 strains. Five cgSTs were identified,
with  cgST296405 and cgST236434 being the
predominant  genotypes  causing  outbreaks.
Phylogenetic analysis indicated that the 54 S. Kentucky
strains clustered into lineages 198.2-1 and 198.2-2,
then further divided into three sublineages, 198.2-2A,
198.2-2B, and 198.2-2C, revealing the existence of
multiple lineages circulating in Beijing. Additionally,
many sublineages were shared by strains from this
study and strains from other PLADs, such as Guangxi,
Shandong, Fujian, and Zhejiang, indicating a potential
phylogenetic relationship between these strains.
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In view of the increasing public health threat posed
by the global emergence and dissemination of
antimicrobial-resistant S. Kentucky, this investigation
revealed a high level of both phenotypic and genotypic
resistance to different classes of antimicrobials among
54 §. Kentucky isolates. The isolates were resistant to
ESCs as follows: CTX (87.0%, 47/54), CAZ (63.0%,
34/54), and FEP (85.2%, 46/54). Resistance to ESCs
is normally mediated by the production of ESBLs, and
CTX-M-type ESBLs pose a particularly serious public
health threat worldwide (77). In this study, all Beijing
isolates in subclade 198.2-1 carried the gene blacy .
146> consistent with previous studies in China
(6-7,9,12), indicating the formation of a clade carrying
blacTxM-145 in China. In addition, compared with
blacTx M-14p in 198.2-1, the co-existence of blacry.
M-55 and blatgyp was detected in the majority of
198.2-2 isolates. It is worth mentioning that all .
Kentucky isolates in this study were resistant not only
to CIP but also to other FQ antibiotics (LEV, GMI),
showing substantially higher levels of resistance than
previously reported for S. Kentucky in China or many
other countries (6,8,13). Moreover, all strains carried
two  quinolone  resistance-determining  region
mutations (gyrA_S83F and parC_S801), but gnrS1 and
2yrA_D87N were only detected in 198.2-2 isolates.
Several studies reported the presence of the gnrSI gene
on the bacterial chromosome, along with a large
number of chromosomally-located resistance genes,
after 2017. The emergence of gnrSI in S. Kentucky
isolates with gyzA and parC mutations increased
bacterial resistance to CIP (70,12). In the present
study, up to 85.2% of isolates were both FQ-resistant
and ESBL-producing, confirming these as common
features of S. Kentucky. Our study further revealed
that the acquisition of an MDR phenotype by 198.2-2
has potentially contributed to its higher prevalence
compared with 198.2-1, making it the most prevalent
subclade for clonal transmission in Beijing.

In conclusion, the human salmonellosis epidemic
caused by S. Kentucky involved multiple native
circulating widely
distributed across Beijing districts since 2016. Many
clinical isolates were genetically clonal to strains
isolated from food, suggesting possible cross-host
transmission. Increased genome sequencing of strains
facilitate  the
identification of transmission routes and determine
potential ongoing outbreaks, which is vital for
formulating targeted surveillance and countermeasures.
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Vital Surveillances

Post-Marketing Surveillance of Adverse Events Following
Immunization with Haemophilus Influenzae Type b
Conjugate Vaccine — China, 2010-2021

Minrui Ren'; Keli Li'% Yan Li'; Chunxiang Fan'; Yuyang Xu'% Lina Zhang'; Yuan Li';
Lei Cao'; Wenzhou Yu'; Zundong Yin'

ABSTRACT

Introduction: The Haemophilus influenzae type b
(Hib) conjugate vaccine is widely administered in
China.

Methods: We extracted data on Hib vaccine doses
administered  and  adverse following
immunization (AEFI) reported between 2010 and
2021 from the Chinese National Immunization
Information System (CNIIS). A descriptive analysis
was conducted to examine the characteristics and
incidence rates of AEFI with the Hib vaccine.

Results: In China, between 2010 and 2021, a total
of 52,910 AEFIs with the Hib vaccine were reported,
resulting in an overall AEFI reporting rate of 38.10 per
100,000 doses. Common (typically minor) and rare
(potentially serious) vaccine reactions occurred at rates
of 34.71 and 2.78 per 100,000 doses, respectively.
Among the common vaccine reactions, the incidences
of fever (axillary temperature >38.6 °C), injection site
redness and swelling (>2.5 cm in diameter), and
injection site induration (>2.5 cm in diameter) were
11.93, 9.69, and 3.38 per 100,000 doses, respectively.

Rare vaccine reactions included anaphylactic rash,

events

angioedema, and febrile convulsion with reported
incidences of 2.42, 0.10, and 0.05 per 100,000 doses,
respectively. The incidence of serious rare vaccine
reactions was 0.16 per 100,000 doses.

Conclusions: The reported incidence of AEFI with
the Hib vaccine was low, with the occurrence of
serious rare adverse reactions also being markedly low
throughout the period 2010-2021 in China.

Haemophilus influenzae type b (Hib) is a major
pathogen responsible for serious illnesses in young
children, including pneumonia, meningitis, septicemia,
suppurative arthritis, and other invasive infections. The

834 CCDC Weekly / Vol. 6/ No. 33

World Health Organization (WHO) estimated that in
2008, approximately 203,000 children under the age
of five succumbed to invasive Hib diseases globally (7).
The Hib conjugate vaccine (Hib vaccine) has proven to
be highly effective in preventing these diseases. In
China, the Hib vaccine is one of the most broadly
utilized vaccines in the non-National Immunization
Program (non-NIP). This study analyzed surveillance
data on adverse events following immunization (AEFI)
with the Hib vaccine, as reported to the Chinese
National Immunization Information System (CNIIS)
from 2010 to 2021. Notably, this analysis does not
include data from Hong Kong SAR, Macau SAR, and
Taiwan, China. The findings offer substantial evidence
supporting further post-marketing safety assessments of
the Hib vaccine.

METHODS

AEFI cases with the Hib vaccine, reported between
2010 and 2021, were sourced from the CNIIS AEFI
surveillance module. Data on the number of Hib
vaccine doses administered during the study period
were obtained from the CNIIS vaccination surveillance
module.

Hib vaccines, authorized by various marketing
authorization holders (MAHs), are approved for
administration in children aged 2 months to 5 years.
The standard immunization schedule includes three
primary-series doses, administered monthly beginning
at 2-3 months, followed by a booster dose at 18
months. Infants initiating Hib vaccination between
6-12 months receive two doses, while children who
begin their vaccination between 1-5 years receive a
single dose.

AEFI surveillance is conducted in compliance with
applicable laws, regulations, and guidelines (2-3).
Various entities, including medical institutions,
vaccination providers, MAHs, CDCs, and medical

Chinese Center for Disease Control and Prevention
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associations, have distinct roles in the reporting,
investigation, and causality assessment of AEFIs. AEFIs
are categorized into reactions related to vaccine
products, reactions due to vaccine quality defects,
reactions suspected to be caused by immunization
errors, coincidental events, and psychogenic reactions.
Among these, vaccine product-related reactions, or
vaccine reactions, are adverse events that are either
confirmed to be caused by the vaccine or cannot be
definitively ruled out as being caused by the vaccine.
These reactions are further subdivided into common
reactions, which are usually minor, and rare reactions,
which could be serious. Specific symptoms such as
fever (axillary temperature >38.6 °C), redness and
swelling at the injection site (diameter >2.5 c¢m), and
induration at the injection site (diameter >2.5 cm) are
mandated to be reported. Serious AEFI encompasses
events that are life-threatening, may result in death, or
may lead to substantial or permanent disability or
significant impairment of organ function. Serious rare
vaccine reactions primarily encompass those serious
AEFIs that are suspected to be vaccine-related.

Data were analyzed utilizing Microsoft Office Excel
(version 2016, Microsoft, Washington, USA) and R
(version 4.2.1, R Foundation for Statistical
Computing, Vienna, Austria). Descriptive statistics
were employed to elucidate the distributions,
characteristics, and reported incidences of AEFI with
the Hib vaccine. The incidence of AEFI was calculated
by taking the number of reported AEFI cases,
multiplying it by 100,000, and then dividing it by the

total number of administered doses of the Hib vaccine.

RESULTS

Characteristics of AEFI

From 2010 to 2021, a total of 52,910 AEFIs with
the Hib vaccine were reported in China. Of these,
58.01% involved male recipients and 41.99% female
recipients, yielding a male-to-female ratio of 1.38:1.
The distribution of AEFI reports by age group showed
that 51.01% were in children under 1 year, 36.65% in
1-year-olds, and 12.35% in children aged 2 years or
older. Geographically, 60.66% of the reports
originated from the eastern regions, 27.53% from the
central regions, and 11.81% from the western regions
of China. Seasonally, AEFI reports varied across the
quarters of the year, comprising 17.38% in the first
quarter, 34.33% in the second, 32.70% in the third,
and 15.59% in the fourth quarter. The analysis of
AEFI reports by dose number revealed that 53.91%

Chinese Center for Disease Control and Prevention

occurred after the first dose, 18.15% after the second,
14.97% after the third, and 12.97% after the fourth
dose. Additionally, 25.76% of AEFI cases involved
children who were concurrently vaccinated with other
vaccines. The most commonly co-administered
vaccines were the acellular DPT vaccine (7,392 cases,
13.97%), the polio vaccine (2,509 cases, 4.74%), and
the meningococcal vaccine (1,407 cases, 2.66%). The
timing of AEFI onset
predominantly within the first day (58.42%), followed
by 2 to 3 days (39.98%), 4 to 14 days (1.14%), and 15

days or more (0.46%), as summarized in Table 1.

post-vaccination  was

Incidence of AEFI by Year and Cause
Between 2010 and 2021, approximately 138.88
million doses of the Hib vaccine were administered in
China. The reported overall rate of AEFIs was 38.10
per 100,000 doses. This rate fluctuated annually, with
a low of 18.60 and a high of 50.25 per 100,000 doses.
The breakdown of AEFI rates included: common
vaccine reactions at 34.71 per 100,000 doses, rare
vaccine reactions at 2.78 per 100,000, coincidental
events at 0.57 per 100,000, psychogenic reactions at
0.005 per 100,000, suspected immunization error-
related reactions at 0.004 per 100,000, and non-
classifiable events at 0.02 per 100,000 doses. No event
of vaccine quality defect-related reactions was reported.
Incidence rates for serious AEFIs were 0.31 per
100,000 doses, for non-serious AEFIs were 37.79 per
100,000 doses, and for serious rare vaccine reactions

were 0.16 per 100,000 doses, as detailed in Table 2.

Clinical Diagnoses of Common

Vaccine Reactions

The study identified 48,203 cases of common
reactions.  Fever (axillary temperature
>38.6 °C), injection site redness and swelling (diameter
>2.5 cm), and injection site induration (diameter
>2.5 c¢m) represented 34.38%, 27.91%, and 9.74% of
these reactions respectively, with incidence rates per
100,000 doses of 11.93, 9.69, and 3.38. Additional
reported reactions accounted for 4.67% of the total.
The five most commonly observed symptoms among
these additional reactions were rash (16.80%), crying
(11.38%), vomiting (6.71%), pruritus (4.31%), and
diarrhea (3.91%), as detailed in Table 3. The majority
of the common vaccine reactions occurred within three
days post-vaccination, with proportions of 99.08% for
fever, 98.75% for injection site redness and swelling,
and 97.93% for injection site induration.

vaccine
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TABLE 1. Characteristics of Hib vaccine AEFI in China, 2010-2021.

Common vaccine Rare vaccine

AEFI Serious AEFI . .
Characteristics Proportion Proportion reactl'l‘cr,:portion reaclf‘lr‘z)nportion
Number (%) Number (%) Number (%) Number (%)

Sex

Male 30,693 58.01 252 59.29 27,953 57.99 2,253 58.29

Female 22,217 41.99 173 40.71 20,250 42.01 1,612 41.71
Age group

<1 years 26,987 51.01 263 61.88 24,346 50.51 2,166 56.04

1-2 years 19,390 36.65 128 30.12 17,697 36.71 1,399 36.20

>2 years 6,533 12.35 34 8.00 6,160 12.78 300 7.76
Region

Eastern 32,094 60.66 198 46.59 29,208 60.59 2,415 62.48

Central 14,566 27.53 147 34.59 13,543 28.10 848 21.94

Western 6,250 11.81 80 18.82 5,452 11.31 602 15.58
Quarter

1 9,195 17.38 112 26.35 8,240 17.09 769 19.90

2 18,166 34.33 105 24.71 16,679 34.60 1,237 32.01

3 17,301 32.70 120 28.24 15,861 32.90 1,200 31.05

4 8,248 15.59 88 20.71 7,423 15.40 659 17.05
Dose number

1 28,525 53.91 256 60.24 25,831 53.59 2,187 56.58

2 9,601 18.15 80 18.82 8,631 17.91 818 21.16

3 7,919 14.97 49 11.53 7,323 15.19 500 12.94

4 6,865 12.97 40 9.41 6,418 13.31 360 9.31
Vaccinated with other vaccines

No 39,279 74.24 238 56.00 35,899 74.47 2,803 72.52

Yes 13,631 25.76 187 44.00 12,304 25.53 1,062 27.48
Onset time after vaccination

0-1 day 30,912 58.42 218 51.29 27,914 57.91 2,504 64.79

2-3 day 21,151 39.98 143 33.65 19,631 40.73 1,235 31.95

4-14 day 604 1.14 47 11.06 478 0.99 81 2.10

>15 day 243 0.46 17 4.00 180 0.37 45 1.16
Total 52,910 100.00 425 100.00 48,203 100.00 3,865 100.00
Abbreviation: AEFI=adverse events following immunization.

Causality Assessment of Rare syndrome  (GBS), and acute  disseminated

Vaccine Reactions

Among the rare reactions to vaccination, the
incidence of allergic reactions was reported as 2.60 per
100,000 doses; specifically, the rates of allergic rash,
angioedema, anaphylactic shock, and laryngeal edema
were 2.42, 0.10, 0.01, and 0.004 per 100,000 doses,
respectively. Reports of nervous system reactions were
0.07 per 100,000 doses, with specific incidences of
febrile Guillain-Barre

convulsion,  convulsion,
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encephalomyelitis (ADEM) at 0.05, 0.01, 0.002, and
0.002 per 100,000 doses, respectively. Local reaction
rates, which included sterile abscess, Arthus reaction,
lymphangitis and lymphadenitis, were recorded as
0.02, 0.01, and 0.003 per 100,000 doses, respectively.
Incidences of thrombocytopenic purpura (TP) and
Henoch-Schonlein purpura (HSP) were documented
at 0.05 and 0.01 per 100,000 doses, respectively
(Table 3). Additionally, there were two reported cases
of TP in two distinct vaccine batches.

Chinese Center for Disease Control and Prevention
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TABLE 3. Number, proportion and incidence of reported Hib vaccine reactions in China, 2010-2021.

Clinical diagnosis Number Proportion (%) Incidence (/100,000)
Common vaccine reactions
Fever (axillary temperature)
>38.6 C 16,573 34.38 11.93
Injection site redness and swelling (diameter)
2.6-5.0 cm 10,304 21.38 7.42
>5.0cm 3,149 6.53 2.27
Injection site induration (diameter)
2.6-5.0cm 3,658 7.59 2.63
>5.0cm 1,038 2.15 0.75
Other common vaccine reactions 2,250 4.67 1.62
Rare vaccine reactions
Allergic reactions
Allergic rash 3,365 87.06 242
Angioedema 142 3.67 0.10
Anaphylactic shock 14 0.36 0.01
Laryngeal edema 5 0.13 0.004
Other allergic reactions 66 1.71 0.05
Nervous system diseases
Febrile convulsion 71 1.84 0.05
Convulsion 11 0.28 0.01
GBS 0.08 0.002
ADEM 0.08 0.002
Polyneuritis 0.05 0.001
Local reactions
Sterile abscess 27 0.70 0.02
Arthus reaction 0.18 0.01
Lymphangitis and lymphadenitis 0.10 0.003
Other rare vaccine reactions
TP 67 1.73 0.05
HSP 14 0.36 0.01
Others 64 1.66 0.05
Total 52,068 100.00 37.49

Abbreviation: GBS=Guillain-Barre syndrome; ADEM=acute disseminated encephalomyelitis; TP=thrombocytopenic purpura; HSP=Henoch-

Schonlein purpura.

The proportions of allergic rash, HSP, TP, febrile
convulsion, GBS, polyneuritis, and sterile abscess
occurring within three days post-vaccination were
98.16%, 85.71%, 65.67%, 98.59%, 33.33%, 50.00%,
and 11.11%, respectively. Additionally, laryngeal
edema, ADEM, angioedema, anaphylactic shock,
convulsion, and Arthus reactions all occurred within
this timeframe following vaccination.

DISCUSSION

The CNIIS serves as the principal platform for AEFI
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surveillance across Chinese mainland. It compiles
comprehensive data on AEFI reports and vaccine doses
administered for all post-marketed vaccines, which is
pivotal for the quantitative analysis of AEFI. Our
study, utilizing data from CNIIS, revealed that AEFIs
with the Hib vaccine were more frequently reported in
males, within the eastern region, and during the second
and third quarters of the year. This distribution
mirrors the trend observed in AEFI reports for other
vaccines that are market-authorized in China (4).
Predominantly, AEFIs with the Hib vaccine occurred
in infants, aligning with the typical age for Hib
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vaccination, and was higher in proportion after the
administration of the first dose. Other studies indicate
that the AEFI rate was more prevalent following the
second and subsequent doses — a trend potentially
linked to the cellular immune memory responses (5).
Additionally, our analysis showed that 25% of Hib
vaccine doses were administered concomitantly with
other vaccines. The WHO’s position paper indicates
Hib vaccines are safe and effective when given
simultaneously with other vaccines (7).

From 2010 to 2021, the incidence of reported AEFI
with the Hib vaccine was 38.10 per 100,000 doses.
This rate was lower compared to the incidence
reported in Australia in 2020, which was 69.4 per
100,000 doses (6). Studies conducted in China
indicated higher incidences of AEFI for the combined
DTP-IPV/Hib vaccine compared to our findings for
the standalone Hib vaccine (4-5,7). Our data showed
that annual reported incidences ranged from 18.60 to
50.25 per 100,000 doses, with an initially increasing
trend that later stabilized. Notably, the highest
incidence of AEFI was recorded in 2019, coinciding
with an overall increase in AEFI reports for all post-
marketed vaccines that year (8), possibly due to
heightened societal concerns and enhanced surveillance
of AEFI. The subsequent decrease in the number and
incidence of AEFI reports in 2021 may be attributable
to the impact on AEFI surveillance and immunization
program services amidst the COVID-19 pandemic. In
the same year, the incidence of rare reactions also
decreased to 1.27 per 100,000. Furthermore, serious
AEFIs were reported at a rate of 0.31 per 100,000
doses, and the incidence of serious rare vaccine
reactions (0.16 per 100,000) aligned with the average
incidences reported for other vaccines in China (4). It
is important to note, however, that incidences of AEFI
across different countries and regions are not directly
comparable due to variations in AEFI reporting
systems and methodologies.

The majority (91%) of the AEFI with Hib
vaccination were common vaccine reactions. These
included local reactions such as redness, swelling,
induration, and rash at the injection site, along with
systemic reactions such as fever, crying, and vomiting.
These findings align with similar observations reported
in the United States (9) and various regions of China
(5,7). Our analysis indicated that 98% of these
common vaccine reactions occurred within three days
post-vaccination, consistent with previous national
AEFI reports (4). Most of these reactions were either
effectively managed with treatment or resolved
spontaneously.

Chinese Center for Disease Control and Prevention

Allergic reactions were identified as the most
commonly reported rare vaccine reactions, exhibiting a
reporting rate of 2.60 per 100,000. This rate was
significantly lower compared to that observed in the
Yinzhou District of Ningbo City, which stands at 18.4
per 100,000 (Z0). Among these, allergic rash
accounted for 87% of the cases, with the majority
being non-serious, of short duration, and resolving
favorably. The reported incidence of angioedema, at
0.10 per 100,000, was slightly higher than the
incidence of other vaccines in China (4). Cases of
anaphylaxis, including manifestations such as
anaphylactic shock and laryngeal edema, were
exceedingly rare, recorded at 0.01 per 100,000. This
incidence was considerably lower than the rates of
anaphylaxis reported in the United States, which range
from 0.2 to 1.5 per 1,000,000 (77-12). Most
anaphylactic reactions occurred within thirty minutes
following vaccination and could pose a life-threatening
risk if not promptly managed. Consequently, a post-
vaccination observation period of 30 minutes is crucial
to timely identify and address any cases of immediate
anaphylaxis.

AEFI involving the nervous system are a significant
concern post-vaccination. The incidence of nervous
system events post-Hib vaccination was reported to be
relatively low at 0.07 per 100,000 doses. Febrile
convulsions, which generally have a favorable
prognosis, emerged as the most common nervous
system reaction in our study. These were reported at a
rate of 0.05 per 100,000 doses, a figure that aligns with
the incidences of similar reactions to other vaccines
used in China (4) and is notably lower than the rate of
febrile convulsions following the DPT-IPV/Hib
vaccine in Zhejiang province, which stands at 0.50 per
100,000. The incidence of other neurological events
such as GBS and ADEM was exceedingly rare, not
exceeding 0.01 per 100,000 doses. Furthermore, no
causal link has been established between these
neurological conditions and the Hib vaccine. Based on
these findings, we advocate for the continuation of
vigilant neurological event surveillance following Hib
vaccination.

Other rare vaccine reactions have also been reported.
In our study, the incidence of TP was 0.05 per
100,000 doses, aligning with the average incidence
reported for other vaccines in China (4).
Comparatively, a survey in France examining TP cases
among individuals under 18 years from 2009 to 2011
identified an incidence of 2.9 per 100,000 person-
years, with the highest incidence occurring between
ages 1 and 5 (13). However, the diagnostic criteria for
TP differ between China and other countries,

CCDC Weekly /Vol. 6/ No. 33 839



China CDC Weekly

complicating direct comparisons. The incidence of
HSP with Hib vaccine in our study was 0.01 per
100,000, slightly lower than the average incidence
observed across other vaccines in China (4).
Meanwhile, studies in Sweden and France indicated an
annual incidence of HSP in children under 15 years of
age ranging from 17.5 to 30 per 100,000 doses
(14-15). The WHO position paper on the Hib
vaccine has not identified any safety concerns (7).

This study is subject to some limitations. Passive
surveillance systems, such as the one used in this
research, are inherently vulnerable to underreporting.
Additionally, inaccuracies in data entry and variations
in the quality of causality assessments, particularly for
non-NIP vaccines, may affect the reliability of our
findings. Furthermore, we were unable to ascertain the
incidence of AEFI among different subgroups due to
the lack of available data regarding the number of Hib
vaccine doses administered to these subgroups. Our
analysis was also confined to the evaluation of AEFI
with monovalent Hib vaccines, thereby excluding
combination vaccines from our study. Despite these
limitations, the extensive administration of monovalent
Hib vaccine doses across China lends substantial
support to the robustness of our safety evaluation for
this vaccine.

In conclusion, the predominant adverse reactions
with the Hib vaccine included fever, injection site
reactions, and other vaccine-related
symptoms. The incidence of rare adverse reactions was
exceedingly low, primarily consisting of allergic rashes.
Serious reactions were extremely uncommon. It is

common

imperative to conduct AEFI surveillance and improve
the quality of reporting systems. The favorable safety
profile of the Hib vaccine advocates for its broader
implementation in China.
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Preplanned Studies

Risk Factors for Norovirus Outbreaks in Schools and
Kindergartens — Beijing Municipality, China,
July 2017-June 2022
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Summary

What is already known on this topic?

Norovirus is the leading cause of global acute
gastroenteritis outbreaks. Norovirus outbreaks mainly
occur in schools and kindergartens in China, always
causing public health issues.

What is added by this report?

Conditional logistic regression method was used to
analyze the risk factors for norovirus outbreaks in
schools and kindergartens, and found that students
vomiting at school or kindergarten, case activity in
public areas, and the first case’s classroom less than 5
meters from toilets were risk factors.

What are the implications for public health
practice?

Effective measures to address these factors can help
reduce the risk of norovirus outbreaks in schools and
kindergartens.

Norovirus is the most common cause of acute
gastroenteritis outbreaks worldwide (7). In China and
some other Asian countries, most norovirus outbreaks
occur in schools and kindergartens (2). Norovirus
infection is difficult to control in these enclosed and
crowded settings, which can easily lead to outbreaks of
gastroenteritis (3). There are few studies on the risk
factors of norovirus outbreaks in schools and
kindergartens (4—6). This study analyzed the impact of
facility conditions, disinfection procedures, and case
activities on norovirus outbreaks in schools and
kindergartens. Norovirus outbreaks were defined as the
case group, and a 1:2 matching approach was applied
to select a control group with norovirus clusters.
Univariate and multivariate conditional logistical
regression analyses showed that students vomiting at
school or kindergarten, case activity in public areas,
and first case’s classroom less than 5 meters from toilets
were risk factors for norovirus outbreaks. Taking
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targeted measures to reduce or eliminate the impact of
these factors will help control norovirus outbreaks in
schools and kindergartens.

Primary, secondary, and kindergarten schools in
Beijing Municipality, China that reported norovirus
clusters or outbreaks between July 2017 and June 2022
were selected for this study. Trained professionals
conducted epidemiological investigations, collecting
anal swabs or stool samples for nucleic acid detection,
and a norovirus outbreak was confirmed if more than
two cases tested positive for norovirus. Referring to the
guidelines on outbreak investigation, prevention, and
control of norovirus infection (7), an outbreak was
defined as 20 or more epidemiologically linked cases
occurring in a collective unit within 7 days. A cluster
was defined as 3 or more epidemiologically linked cases
occurring in a collective unit within 3 days, that did
not meet the outbreak criteria. Outbreaks were used as
the case group and were matched 1:2 with clusters as
the control group. In this study, a surveillance year
started on July 1 and ended on June 30 of the
following year. The urban area of Beijing includes
Dongcheng, Xicheng, Chaoyang, Haidian, Fengtai,
and Shijingshan districts. The suburbs include
Changping, Daxing, Shunyi, Tongzhou, Jingkai,
Fangshan, Mentougou, Huairou, Miyun, Pinggu, and
Yanging districts.

This study constructed a database using WPS
Spreadsheets 2016 (Kingsoft Inc., Beijing, China) and
performed statistical analyses using SPSS software
(version 19.0, IBM, Chicago, IL, USA). The median,
interquartile range (IQR), and composition ratio
described the epidemiological
norovirus clusters and outbreaks. The timeliness of
reporting refers to the interval between the onset time

characteristics  of

of the first case and the reporting time of norovirus
clusters or outbreaks. Chi-square tests compared the
epidemiological between
clusters and outbreaks. After case-control matching,

characteristics norovirus
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risk factors were assessed using univariate conditional
logistic regression. Variables with P<0.1 were included
in the multivariate conditional logistic regression
analyses, and P<0.05 were considered statistically
significant.

From July 2017 to June 2022, a total of 1,281
norovirus clusters and outbreaks were reported in
Beijing, most of them (92.12%, 1,180/1,281) occurred
in primary, secondary, and kindergarten schools, and
most (98.56%, 1,163/1,180) were caused by person-
to-person transmission. The 1,163 norovirus clusters
and outbreaks of person-to-person transmission were
included in the study, which involved all 17 districts of
Beijing, and 73 (6.28%) of which were outbreaks. The
median number of cases per cluster or outbreak was 8
(IQR 5-12), with a maximum of 156 cases. A total of
661 (56.84%) norovirus clusters and outbreaks
occurred in kindergartens, and 43.16% (502/1,163)
occurred in primary and secondary schools. The
majority (82.54%, 960/1,163) were caused by GII
genogroup noroviruses, 12.30% (143/1,163) by GI
genogroup noroviruses, 2.84% (33/1,163) by co-
of GI and GII genogroups, 2.15%
(25/1,163) by co-infection of noroviruses and other
viruses, and 0.17% (2/1,163) by noroviruses of
unknown genogroup.

infection

Epidemiological ~characteristics were compared

between norovirus clusters and outbreaks, the
timeliness of reporting for both norovirus clusters and
outbreaks was 2 (IQR 1-3) days, and there was no
between them (Z=-0.725,
P=0.468). Statistically significant differences were
found in the proportion by year (July 2017 to June
2022), school type (kindergarten and school), and
region (urban and suburban) (Table 1). To exclude the

impact of these external factors on norovirus outbreaks

significant  difference

in schools and kindergartens, a 1:2 match was used for
occurrence times (every two months), school types, and
regions. Seventy outbreaks and 134 clusters were
successfully matched.

This study analyzed three types of internal factors in
and  kindergartens:
disinfection measures, and the activities of cases
(Table 2). Univariate factor conditional logistic
regression analysis showed that 7 of the 12 factors were

schools facility ~ conditions,

statistically significant (P<0.1): water supply, distance
between the first case’s classroom and toilet, daily
disinfection concentration, standard handling of
vomit, case activity in public areas, vomiting site of the
first case, and students vomiting at school or
kindergarten. These seven factors were incorporated
into a multivariate conditional logistic regression. The
results showed that the risk of norovirus outbreaks was
18.63 times higher for students who vomited at school

TABLE 1. Comparison of epidemiological characteristics between norovirus outbreaks and clusters in Beijing Municipality,

China, July 2017—June 2022.

Outbreaks (N=73)

Clusters (N=1,090)

Characteristics (%) (%) z P
Year 38.244 <0.001
July 2017-June 2018 18 (24.66) 133 (12.20)
July 2018-June 2019 35 (47.94) 272 (24.95)
July 2019-June 2020 7 (9.59) 125 (11.47)
July 2020-June 2021 10 (13.70) 342 (31.38)
July 2021-June 2022 3(4.11) 218 (20.00)
School type 30.135 <0.001
Primary and secondary schools 54 (73.97) 448 (41.10)
Kindergartens 19 (26.03) 642 (58.90)
Region 6.113 0.013
Urban 33 (45.21) 653 (59.91)
Suburb 40 (54.79) 437 (40.09)
Pathogen type
Only norovirus 69 (94.52) 1,069 (98.07) 0.066*
Norovirus mixed with other viruses 4 (5.48) 21 (1.93)

* Fisher test.
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TABLE 2. The risk factors for norovirus outbreaks in schools and kindergartens in Beijing Municipality, China, July
2017-June 2022.

Factors Outbreaks Clusters Univariate analysis Multivariate analysis
(N=70) (N=134) OR(95% CI) P OR (95% CI) P
Facility conditions
Property of schools or kindergartens
Public or registered 61 121 Reference
Private or unregistered 9 13 1.46 (0.59-3.62) 0.420
Water supply
Municipal 62 130 Reference Reference
Self-harvesting or others 8 4 3.80(1.14-12.68) 0.030* 2.68(0.52-13.79)  0.238
Dining
Food delivery or self-catering 15 31 Reference
Canteen 55 102 1.12 (0.55-2.18) 0.763
Classroom lighting
Non-south or indirect 13 28 Reference
South or direct 57 106 1.19 (0.56-2.53)  0.658
Classroom ventilation
>3 times/day 44 89 Reference
<3 times/day 26 45 1.07 (0.52-2.20) 0.854
Distance between the first cases’ classroom and toilet
>5m 31 72 Reference Reference
0-5m 34 51 2.13(0.98-4.64) 0.057* 3.19 (1.15-8.82) 0.025"

Disinfection measures

Daily disinfection concentration

>500 mg/L 24 66 Reference Reference

<500 mg/L 45 64 2.51(1.27-4.97) 0.008* 1.79 (0.67-4.81) 0.249
Partition usage of cleaning tools

Yes 68 132 Reference

No 2 2 2.00(0.28-14.20) 0.488
Standard handling of vomit

Yes 36 78 Reference Reference

No 30 38 1.84 (0.90-3.75)  0.094* 1.01 (0.40-2.54) 0.983

Activities of cases

Cases activity in public areas

No 38 88 Reference Reference

Yes 32 45  1.70(0.94-3.08) 0.078*  3.46(1.29-9.26)  0.014"
Vomiting site of the first case

Home 26 79 Reference Reference

School 44 55 2.37 (1.30-4.32)  0.005* 1.87 (0.80-4.39) 0.151
Students vomiting at school or kindergarten

No 5 41 Reference Reference

Yes 65 93 7.85(2.35-26.27) 0.001* 18.63(1.89-184.10) 0.012"

Note: Standard handling of vomit: evacuate students from the vomiting area as soon as possible, open windows for ventilation, wear
personal protective equipment, disinfect the vomit with chlorine-containing preparations, and then remove the vomit and clean the floor, and
at last, wipe them with clean water. Partition usage of cleaning tools: different tools for classrooms, corridors and toilets. Public area: public
classrooms and playgrounds in schools and kindergartens.

Abbreviation: OR=0dds ratio; C/=confidence interval.

* P<0.1;

T P<0.05.
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or kindergarten than for students who did not [95%
confidence interval (CI): 1.89, 184.10], 3.46 times
higher for cases that involved activity in public areas
than for cases that involved staying in the classroom or
going home on time (95% CI: 1.29, 9.26), and 3.19
times higher for the first case’s classrooms less than 5

meters from toilets than for classrooms more than 5
meters from toilets (95% CI: 1.15, 8.82) (Table 2).

DISCUSSION

From 2007 to 2021, norovirus outbreaks in China
showed an overall increasing trend, with 89.22%
occurring in schools and kindergartens (8). Therefore,
there is a need to improve prevention and control
measures in these settings. Studies on risk factors for
norovirus outbreaks conducted outside of China have
mostly focused on medical institutions (6). In China,
two studies found that school types, region, and hand
hygiene can affect the scale of norovirus outbreaks
(4-5). However, few studies have focused on various
internal factors in schools and kindergartens. This
study used conditional logistic regression to analyze the
risk factors for norovirus outbreaks and identified
several key factors: students vomiting at school or
kindergarten, case activity in public areas, and the first
case’s classroom less than 5 meters from toilets.
Norovirus outbreaks in schools or kindergartens in
Beijing appear to be mainly influenced by the activities
of cases. Effective measures to address these risk factors
can help control norovirus outbreaks in schools and
kindergartens.

Norovirus is typically excreted in feces. One study
demonstrated that murine norovirus can be aerosolized
when toilets are flushed (9). The feces of infected
individuals can directly contaminate the environment
and produce norovirus aerosols during defecation and
flushing. This study found that when the first cases’
classroom was near a toilet, students from nearby
classrooms were more likely to contact norovirus
aerosols and contaminated environments, increasing
their norovirus exposure and accelerating disease
spread. Therefore, timely toilet disinfection and
ventilation are critical. Vomiting in classrooms, toilets,
and corridors can contaminate the surrounding
environment and generate norovirus aerosols. Wanwan
Sun et al. found that the odds ratio (OR) of norovirus
infection among teachers who handled student vomit
without respiratory protection was 15.75 times that of
teachers without this exposure (10). Therefore,
standard vomit disposal is critical for reducing

844 CCDC Weekly / Vol. 6/ No. 33

norovirus outbreaks. Patient isolation is an effective
means of preventing pathogen spread. If students
remain active in common areas of schools and
kindergartens after illness onset, more people will be at
risk of exposure. Once someone falls ill, immediate
isolation measures should be taken until three days
after symptom resolution.

This study was subject to some limitations. First,
this study only analyzed 12 factors in schools and
kindergartens, without incorporating factors such as
the timeliness of detection, the standardization of case
management and modes. Second,
norovirus genotypes were not included in this study.
Differences in the transmissibility of different
norovirus genotypes may affect the occurrence of
norovirus outbreaks.

transmission

If a norovirus cluster or outbreak occurs in a school
or kindergarten, increasing the frequency of toilet
disinfection, ensuring the timely and correct disposal
of vomit, and immediately isolating cases will help
control its scale, prevent further infection, and reduce
the burden of disease.
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Preplanned Studies

Infection and Genomic Characteristics of Campylobacter jejuni
from a Patient Without Diarrhea — China, 2018

Xiangdong Yang'; Wen Wang'; Chajin Cui’; Binbin Yu’ Qing Zhang Yanhua Wang'*

Summary

What is already known about this topic?

A 20-month-old boy was admitted to the hospital with
a maximum temperature of 40 °C and a single
convulsion. Unexpectedly, blood culture detected
Francisella tularensis (F. tularensis) using the VITEK 2
Compact System.

What is added by this report?

After incubation of the patient’s blood for 48 hours,
the cultured strain was identified as Campylobacter
jejuni, named L8, excluding F  zularensis. In the
genome sequence of L8, we found a novel Type VI
Secretion System (T6SS), of which the conserved C-
terminal VgrG domain from positions 561 to 884
showed significant changes.

What are the implications for public health
practice?

It should be underscored that relying solely on
automatic bacterial identification instruments for
accurate strain identification is unreliable. Moreover,
our study suggests that the potential effect of T6SS
should be considered when studying the genetic
features of a patient’s clinical phenotypes.

Campylobacter jejuni (C. jejuni) is widely recognized
as the primary causative agent of global foodborne
bacterial diarrheal disease (7). Despite a limited
number of documented C. jejuni outbreaks in China
(2), a young patient in Yunnan Province presented
with suspected tularemia. The patient presented with
high fever and convulsions rather than typical diarrheal
symptoms, but the isolated strain was biochemically
identified as C. jejuni.

To elucidate the genetic features contributing to the
clinical phenotype in this case, the isolate underwent
comprehensive  whole-genome  sequencing.  This
investigation aimed to discern the genetic relationships
between this strain and previously sequenced C. jejuni
strains, considering population structure, differences in
genomic composition, and common virulence factors

in comparison to reference strains. Additionally, the

846 CCDC Weekly / Vol. 6/ No. 33

presence of specific virulence factors was investigated.
Furthermore, 13 major components of the Type VI
Secretion System (T6SS) and Campylobacter jejuni
Integrated Element 3 (CJIE3) were identified and
analyzed.

A 20-month-old boy was admitted to the hospital
with a maximum temperature of 40 °C, which had
fluctuated around 39 °C for eight hours prior. The
patient exhibited no respiratory or gastrointestinal
symptoms but experienced a single, one-minute
convulsion five minutes prior to admission, after which
he regained consciousness. The initial diagnosis was
herpes pharyngitis with febrile convulsions. The
patient had no history of infection. His white blood
cell count was within the normal range at 10.8x10°/L
(with elevated neutrophils at 78.1% and decreased
lymphocytes at 14.0%). Hypersensitive C-reactive
protein levels were elevated at 41.5 mg/L.
Procalcitoninogen and erythrocyte sedimentation rate
were both within normal limits at 0.134 ng/mL and
11 mm/h, respectively. Electroencephalogram and
digital computed tomography scan of the head and
lungs revealed no abnormalities. Unexpectedly, blood
culture detected Francisella tularensis using the VITEK
2 Compact System based on the positive PyrA.
Intracranial infection and central nervous system
disease were ruled out based on the patient’s signs and
symptoms and clinical test results. The study was
approved by the Ethics Committee of the Yunnan
Institute of Endemic Diseases Control & Prevention
(Ethics Committee approval number 2021-09).
Informed consent was obtained from legal guardians.

In the reported clinical case of suspected tularemia,
blood was inoculated onto cysteine heart agar blood
plates suitable for F. sularensis in a 5% CO, incubator
at 37 °C. After 48 hours of incubation, the culture
medium exhibited several single colonies, 1-2 mm in
diameter, with a teardrop shape and consistent
morphology. Tularemia was ruled out in this patient
based on negative tests for F. tularensis-specific antigens
and antibodies. The colonies were Gram-stain-negative
and elongated in an S-shape without spores, and all
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were identified as C. jejuni through positive reactions
for oxidase, catalase, and hippurate hydrolysis. One
strain was selected for high-quality whole-genome
sequencing and confirmed as C. jejuni. This strain,
designated L8, was tested for susceptibility to 12
antibiotics. The results showed that L8 was resistant to
ciprofloxacin and tetracycline and sensitive to the other
antibiotics. Comparisons using ResFinder (https://cge.
food.dtu.dk/services/ResFinder/) and CARD (https://
database of drug
resistance genes, revealed that L8 expressed cmeABC
and cmeR, which are closely related to macrolide,
fluoroquinolone,

card.mcmaster.ca/analyze), a

cephalosporin, and  fusidane
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resistance. The tetracycline, doxycycline, and
minocycline resistance gene ze7(O) was also expressed.
The C. jejuni L8 genome was completely sequenced
(GenBank accession no. CP139640) and comprised a
single contig of 1,732,398 bp with no plasmids
(Figure 1A). The L8 genome exhibited a G+C content
of 30.29% and an ANI of 98.44%. Although
L8 shared similar genomic characteristics with
NCTC 11168, collinear analyses indicated that L8
possessed an additional fragment of 93,816 bp
(Figures 1C, 1D), housing approximately 90 more
genes, of which 55 had functional annotations

(Supplementary Table S1, available at https://weekly.
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FIGURE 1. Complete genomes of C. jejuni L8, comparative genomic analysis with NCTC 11168, and population structure of
84 C. jejuni strains based on the core genome alignment with BAPS clusters. (A) Circular representation of the chromosome
from C. jejuni L8. (B) Population structure of 84 C. jejuni strains based on the core genome alignment with BAPS clusters.
(C) Co-linear analysis of the genome between C. jejuni L8 and C. jejuni NCTC 11168 using MUMmer. (D) Co-linear analysis
of the proteome between C. jejuni L8 and C. jejuni NCTC 11168 using MUMmer.

Note: In panel B, the clonal complexes are color-coded in the inner ring; the country of genome origin is coded in the second
ring; and the collection date of the genome is described in the outer ring. The leaves are colored by the origin of each
sample. In panel C, the yellow connecting lines in the middle region indicate high sequence identity of the forward alignment,
and the blue lines represent the reverse complementary alignment.
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chinacdc.cn).

The 84 C. jejuni genomes, including L8, were
isolated from poultry, human, and environmental
samples from various countries. These genomes
comprised 600 core genes, covering 54.6% of the
average genome size of 1,694,827 bp. Phylogenetic
analysis revealed six distinct branches (/-6), confirmed
by BAPS clustering (Figure 1B). These branches were
(CCs),
sequence type, geographic location, isolation source,
and collection year (Supplementary Table S2, available
https://weekly.chinacdc.cn/). L8  belonged
sequence type ST-464, assigned to BAPS cluster 1,
which included isolates from eight countries. A total of

characterized by their clonal complexes

at to

126 common virulence genes and 83 shared virulence
factors were identified in L8, NCTC 11168, RM
1221, and 81-176, representing the fundamental
elements contributing to C. jejuni virulence (Figure 2A).
The distribution of virulence factors was most similar
between L8 and NCTC 11168. L8 harbored 27
virulence genes, exhibiting the greatest diversity
compared to 81-176 (15 virulence genes), excluding
RM 1221, which contained the fewest virulence factors
(Figure 2B). The previously identified virulence factor
CDT was present in L8. Phylogenetic analysis of the
cdtA gene indicated significant differences in L8
compared to other strains (Figure 3, c4tA), although no
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distinct variations were observed for cdtB and cdtC
(Figure 3, cdtB, cdrC). Additionally, other virulence
traits, such as lipooligosaccharide sialylation and the
metabolism-related virulence factors Y -glutamyl
transpeptidase (GGT) and fucose permease (Cj0486),
were absent in L8.

Strain L8 harbored the 13 T6SS core components.
Comparisons with T6SS-positive C. jejuni 108 and
488 revealed a strongly conserved T6SS cluster, sharing
synteny in the genomic arrangement among C. jejuni
strains (Figure 4A). In L8, the C-terminal #s/ (vgrG)
domain from positions 561 to 884 differed observably
from those in 108 and 488. Notably, in L8, 25 amino
acids were inserted at positions 566 to 590 and 16
amino acids at positions 596 to 611, respectively
(Figure 4C). In contrast, the amino acid sequences at
the same positions of 108 and 488 showed high
consistency of 99.38%. Furthermore, L8 exhibited
consecutive or scattered mutations outside of the two
insertion segments from 561 to 884. Additionally,
CJIE3 was identified in L8.

DISCUSSION

Here, we isolated strain L8 from a clinically reported
case of suspected tularemia and identified it as C. jejuni
through biochemical characteristics and whole-genome

Yes
No

L8 NCTC11168

RM1221

FIGURE 2. Distribution comparison of 126 virulence genes in the four strains. (A) Venn diagram of the relationship between
the 126 genes identified in the four strains. (B) Heat map of the distribution of the remaining 43 virulence factors except the

83 shared.

Note: A total of 98, 119, 90, and 110 genes were detected in C. jejuni 81-176, NCTC 11168, RM 1221, and L8, respectively.
L8 shared 110 genes with NCTC 11168, 90 genes with RM 1221, and 90 genes with 81-176.
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FIGURE 3. Phylogenetic tree of predicted amino acid sequence variants encoded by (A) cdtA, (B) cdtB, and (C) cdtC in the

84 C. jejuni strains from different geographic backgrounds.

black triangle.

Note: CdtA was predicted in 67 of the 84 C. jejuni strains, and both CdtB and CdtC in 69. The L8 strain is denoted with a

sequencing. Genomic

presence

comparisons  revealed

of a T6SS-containing CJIE3
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L8,
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considered a novel variant of the pathogenicity island
(3). Notably, the insertion of two long segments and
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C. jejuni 108
C. jejuni 488

NI SDKMQVLSEKEMDYKSKDNI LFTSNEST GFESDKNTSMVADNI TTYAKTI HELKADSEATI QVGE-
NVSDKMQVLS EKEMDYKSKDNI LEFTSNEST GFESDKNTSMVADNI TTYAKTI HELKADSEATI QVGE-

TI T NAKPDCVI I KAGGVEVTI DSNGLVVKGGEI KAE.
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FIGURE 4. Comparison of 13 T6SS core components among L8, 108, and 488. (A) Organization of T6SS genes encoded
by C. jejuni L8, 108, and 488. (B) Alignment of amino acid sequences of 11 genes. (C) Alignment of the amino acid
sequence of Tssl (VgrG) from the three C. jejuni strains after 560.

Note: The sequence alignment of Tssl (VgrG) was truncated at 560. There was no change in the sequence alignment of
TssB and TssE. Insertion sequences only in L8 are highlighted orange, and variant sequences are highlighted blue

compared with the other two strains.

multiple consecutive or scattered mutations were
present in L8’s C-terminal VgrG, a crucial effector of
the conserved T6SS. In the search for specific virulence
factors, we found that L8 contained the complete
CDT gene, with CdtA showing significant differences
from those in other strains.

bacterial infections, a crucial virulence
determinant is the TG6SS, which forms a nano-
crossbow-like structure in the attacker cell’s cytoplasm
that propels an arrow composed of a haemolysin co-
regulated protein tube and a VgrG spike to puncture
the prey’s cell wall (4). VgrG is an essential and
conserved structural component in all reported TG6SSs
to date (5-6), and the C terminus of VgrG is widely
conserved and necessary for functional T6SS assembly
(5). Surprisingly, L8s C-terminal VgrG domain
exhibited significant changes from positions 561 to
884, including the insertion of two long fragments and
multiple consecutive or scattered mutations on their
exterior. These alterations are very rare in previously
reported T6SS structures (3). In contrast, the amino
acid sequences between positions 108 and 488 showed
99.38% consistency. We hypothesize that this C-

In
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terminal VgrG domain was likely transformed into a
toxin protein that may be associated with the patient’s
clinical phenotype. Notably, this study did not
elucidate the specific role of this unique structure in
VgrG function. Nevertheless, this finding implies that
this unusual VgrG structure may enhance the initial
impact of T6SS on bacterial antagonism, subversion of
host cells, and niche colonization, raising the
possibility that the injection of toxin proteins into host
cells led to high fever and convulsions in the child.

Comparative analysis of genes within the T6SS core
components showed greater similarities between L8
and 108 for tagH, tssD, and #ssA, while L8 and 488
were more similar for tssM, t5sK, tssC, tssF, tssG, and tss]
(<500). Multiple scattered single amino acid mutations
identified within the TG6SS core components of each
strain indicate individual divergences. These findings
suggest that these genes warrant further investigation
to elucidate T6SS function.

Although L8 and NCTC 11168 exhibited high
similarity in the distribution of common virulence
genes, their clinical phenotypes differed significantly.
Unfortunately, no specific virulence factors were
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identified in L8, unlike the potential virulence factors
clearly observed in 81-176. However, phylogenetic
analysis revealed that the subunit CdtA of CDT in L8
formed a distinct branch, indicating that its amino acid
sequences were highly divergent from those of the
other 66 strains. The toxic effects of CDT are
primarily reflected in its ability to induce cell death and
regulate the inflammatory response in human epithelial
cells. C. jejuni CDT comprises three subunits: CdtA,
CdtB, and CdtC. CdtA and CdtC bind to membrane
lipid rafts, a crucial step for CdtB entry into cells (7).
We hypothesize that the binding of CdtA variants and
CdtC to membrane lipid rafts may facilitate CdtB
entry into cells, potentially enhancing apoptosis and
inflammation. Consequently, this series of processes
likely exacerbated the patient’s clinical presentation,
although further functional verification is required.

The sequence type of L8 was ST-464, assigned to
BAPS cluster 1, where 25 of the 26 genomes originated
from either chickens (17 genomes) or humans (8
genomes), with one exception isolated from a farm
(Figure 1B). This suggests the patient was likely
infected by a chicken, a conclusion supported by
epidemiological investigation. The child had come into
contact with chicken feces on his mouth due to thrush
treatment using a folk remedy. The patient was
initially admitted on acyclovir and then switched to
cefoperazone/sulbactam a  week later, and was
discharged after another week. Interestingly, a similar
case was reported in China, where a strain isolated
from the blood of a child with bacteremia was initially
identified as “Francisella” by the automatic bacterial
identification instrument VITEK2.0, later confirmed
as C. jejuni. Another case clinically suspected as
tularemia was later identified as Paenibacillus assamensis
(8). These instances underscore the unreliability of
depending solely on automatic bacterial identification
instruments  for accurate strain identification.
Additionally, a case of bloodstream infection by C.
Jjejuni was reported in Guizhou Province, in which the
patient presented with syncope and high fever without
diarrhea (9).

This work might expand our understanding of the
clinical campylobacteriosis.
Furthermore, we recommend considering the potential
significance of T6SS in the pathogenesis of C. jejuni
when studying the genetic characterization of clinical
phenotypes (10).
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SUPPLEMENTARY MATERIAL

SUPPLEMENTARY TABLE S1. Specific ninety genes in C. jejuni L8 chromosome compared with NCTC 11168.

Start End Orientation Gene name Predicted function
940127 940471 + L8GL000983 Hypothetical protein
940522 940968 - L8GL000984 Recombinase XerC
940977 941459 - L8GL000985 Recombinase XerC
941620 941850 + L8GL000986 Mobilization protein
942097 942213 - L8GL000987 Hypothetical protein
942404 942547 - L8GL000988 Hypothetical protein
942559 942690 - L8GL000989 Hypothetical protein
943032 943181 - L8GL000990 Hypothetical protein
943453 943680 + L8GL000991 Hypothetical protein
943961 944083 + L8GL000992 Hypothetical protein
944059 944196 + L8GL000993 Hypothetical protein
944217 944375 - L8GL000994 Hypothetical protein
944447 944743 - L8GL000996 Hypothetical protein
944745 944921 - L8GL000995 Hypothetical protein
944937 945149 - L8GL000997 Hypothetical protein
945333 945791 - L8GL000998 Hypothetical protein
945845 947050 - L8GL000999 Conjugal transfer protein TraG
947966 948769 - L8GL001000 Hypothetical protein
948823 950124 - L8GL001001 Hypothetical protein
950136 951584 - L8GL001002 Hypothetical protein
951638 953605 - L8GL001003 Hypothetical protein
953602 955536 - L8GL001004 lipase family protein
955599 956096 - L8GL001005 Hypothetical protein
956097 956228 - L8GL001006 Uncharacterized protein
956215 956718 - L8GL001007 Uncharacterized protein
956719 958251 - L8GL001008 Hypothetical protein
958393 958710 - L8GL001009 Uncharacterized protein
958718 960241 - L8GL001010 Hypothetical protein
960256 960372 - L8GL001011 Hypothetical protein
960498 960890 - L8GL001012 Hypothetical protein
960887 961354 - L8GL001013 Hypothetical protein
961424 962416 - L8GL001014 Hypothetical protein
962908 963492 + L8GL001015 Lysozyme
963521 963880 + L8GL001016 Uncharacterized protein
964147 968079 + L8GL001017 Hypothetical protein
968098 969366 + L8GL001018 Hypothetical protein
969420 970223 + L8GL001019 Hypothetical protein
971204 972076 + L8GL001020 Hypothetical protein
972073 972486 + L8GL001021 DNA-binding protein
972901 973275 + L8GL001022 Hypothetical protein
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Continued

Start End Orientation Gene name Predicted function
973358 974590 + L8GL001023 Hypothetical protein
974749 974931 + L8GL001024 Hypothetical protein
975105 975689 - L8GL001025 Hypothetical protein
976064 976177 + L8GL001026 Hypothetical protein
976181 976690 + L8GL001027 Methyltransferase
976684 977322 + L8GL001028 Hypothetical protein
977367 981617 + L8GL001029 lipase family protein
981607 982353 + L8GL001030 Hypothetical protein
982398 986330 + L8GL001031 Hypothetical protein
986349 987617 + L8GL001032 Hypothetical protein
987621 988520 - L8GL001033 Hypothetical protein
988517 992044 - L8GL001034 Hypothetical protein
992162 992677 + L8GL001035 Hcp protein
992927 993700 - L8GL001036 Asp/Glu-ADT subunit B
993697 995094 - L8GL001037 Type VI secretion protein
995104 995550 - L8GL001038 Type VI secretion protein
995676 996923 + L8GL001039 Nucleobase: cation symporter
996992 997477 + L8GL001040 Type VI secretion protein
997479 998933 + L8GL001041 Type VI secretion protein
998936 999328 + L8GL001042 Tgh104
999325 1001046 + L8GL001043 Type VI secretion protein
1001043 1001951 + L8GL001044 type VI secretion protein
1002120 1004753 + L8GL001045 Type VI secretion protein VgrG
1004807 1005760 + L8GL001046 Hypothetical protein
1005753 1007375 + L8GL001047 Hypothetical protein
1007386 1008324 + L8GL001048 Hypothetical protein
1008370 1008834 + L8GL001049 Uncharacterized protein
1008831 1010081 + L8GL001050 Hypothetical protein
1010074 1011165 + L8GL001051 Hypothetical protein
1011179 1011733 + L8GL001052 Hypothetical protein
1011788 1012741 + L8GL001053 Hypothetical protein
1012731 1013117 + L8GL001054 Hypothetical protein
1013132 1013689 + L8GL001055 Tgh121
1013744 1014520 + L8GL001056 Hypothetical protein
1014538 1015086 + L8GL001057 Hypothetical protein
1015171 1015521 + L8GL001058 Hypothetical protein
1015521 1016153 + L8GL001059 Hypothetical protein
1016315 1018813 + L8GL001060 type VI secretion protein VgrG
1018813 1020804 + L8GL001061 Hypothetical protein
1020806 1021417 + L8GL001062 Hypothetical protein
1022163 1022942 + L8GL001063 Hypothetical protein
1022998 1025274 + L8GL001064 Hypothetical protein
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Start End Orientation Gene name Predicted function
1025241 1025471 + L8GL001065 Hypothetical protein
1025625 1026233 + L8GL001066 VgrG protein
1026292 1027011 + L8GL001067 Hypothetical protein
1026995 1027168 + L8GL001068 Hypothetical protein
1027184 1028044 + L8GL001069 Uncharacterized protein
1028032 1029984 + L8GL001070 Hypothetical protein
1029977 1031224 + L8GL001071 Hypothetical protein
1031226 1032473 + L8GL001072 Hypothetical protein

SUPPLEMENTARY TABLE S2. Basic information, BAPS clusters, and sequence types of 84 C. jejuni strains.

Strain BAPS Sequence type Location Host Collection year
NCTC 11168 2 43 UK Human blood 1981
81-176 3 604 USA Human blood 1981
L8 1 464 Yunnan, China Human blood 2018
2016-1ZSVE-19-111250 2 50 Italy Human feces 2016
R19.1007 1 - Taiwan, China Human feces 2019
NCTC11351 4 403 Belgium Unknown 1980
BC 5 - Guangzhou, China Chicken 2016
CC19PF065 5 - Fujian, China Human feces 2019
C57 1 2140 Henan, China Chicken 2018
C220 1 2140 Henan, China Chicken 2018
C219 1 2140 Henan, China Chicken 2018
C34 1 2140 Henan, China Chicken 2018
C197 1 2140 Henan, China Chicken 2018
C41 1 2140 Henan, China Chicken 2018
C201 2 10075 Henan, China Chicken 2018
C203 2 10075 Henan, China Chicken 2018
C109 1 305 Henan, China Chicken 2018
C1922C72 5 10086 Henan, China Chicken 2019
ZS004 5 - Zhejiang, China Duck 2019
ZS005 5 - Zhejiang, China Duck 2019
ZS007 5 - Zhejiang, China Duck 2019
ZH003 5 10086 Zhejiang, China Chicken 2018
ZH006 5 10086 Zhejiang, China Chicken 2018
ZJB021 5 - Zhejiang, China Chicken 2018
ZJB020 5 - Zhejiang, China Chicken 2018
ZJB023 5 - Zhejiang, China Chicken 2018
ZS006 5 10086 Zhejiang, China Duck 2019
CAMSA2002 2 21 Denmark Chicken 2008
CAMSA2038 2 21 Denmark Chicken 2008
CJ018CCUA 1 1972 Finland Human blood 2002
CJ071CC464 1 3140 Finland Human blood 1999
CJ067CC45 6 137 Finland Human blood 2000
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Continued
Strain BAPS Sequence type Location Host Collection year
CJ074CC443 1 5671 Finland Human blood 1998
CJ017CCUA 4 5673 Finland human blood 2001
CJ066CC508 4 Finland Human blood 2000
CJ515CC45 6 45 Finland Human feces 2006
CJ031CC45 6 230 Finland Human blood 1999
CJ088CC52 1 52 Finland Human blood 2000
CJ090CC1332 5 1332 Finland Human blood 2001
BfR-CA-14430 2 44 Germany Chicken 2016
RM1510 3 22 Japan Human blood Unknown
RM3147 3 22 Mexico Human blood Unknown
GBO03 3 22 Netherlands Human blood 1995
GB28 3 660 Netherlands Human blood 1999
RM3194 1 1471 South Africa Human feces 1994
FORC_083 1 6849 Republic of Korea Chicken 2017
FORC_046 3 22 Republic of Korea Human feces 2016
1 1 464 Sweden Chicken Unknown
R18.1301 1 5 Taiwan, China Human feces 2018
R16.2162 2 - Taiwan, China Human feces 2016
R16.0174 2 760 Taiwan, China Human feces 2016
R16.4752 2 760 Taiwan, China Human feces 2016
CFSAN054107 1 6238 Thailand Unknown 2014
HF5-4A-4 2 861 UK Farm 2012
NS4-5-1 2 21 UK Farm 2012
NCTC12658 2 50 UK Unknown Unknown
HF5-7-1 6 45 UK Farm 2012
CJM1cam 6 137 UK Human blood Unknown
NCTC12851 6 45 UK Chicken 1993
NCTC 12664 2 50 UK Chicken 1992
NCTC 12661 4 5843 UK Avian 1992
12567 2 53 UK Chicken 2005
NCTC 12660 2 21 UK Chicken 1992
RM1221 1 354 USA Chicken 2000
F 1 1212 USA Chicken 2009
YHO003 1 353 USA Chicken 2014
CFSAN032806 2 222 USA Chicken 2012
FJ3124 1 - USA Chicken 2009
FDAARGOS_422 2 883 USA Human blood Unknown
OoD267 2 50 USA Chicken 2009
R4B202 3 42 USA Field Isolate 1983
RM1285 2 50 USA Chicken 1997
RM1246-ERRC 6 45 USA Human blood Unknown
RM1245 3 22 USA Human blood 1996
RM1477 3 22 USA Human blood 1983
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Continued
Strain BAPS Sequence type Location Host Collection year
D33a 3 459 USA Chicken 2003
A9a 1 2827 USA Chicken 2003
YHO002 2 USA Chicken 2014
TS1218 1 607 USA Chicken 2009
YQ2210 1 1212 USA Chicken 2009
IF1100 1 462 USA Chicken 2009
FDAARGOS_265 2 48 USA Human blood Unknown
FDAARGOS_263 2 43 USA Human feces 1977
FDAARGOS_266 6 583 USA ATCC strain Unknown

Note: “~” means none
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A Review of the Latest Control Strategies for
Mosquito-Borne Diseases

Jing Ni*%; Jinna Wang*; Chunfu Fang**; Wenrong Zhang'; Zhenyu Gong**

ABSTRACT

Mosquito-borne  diseases are persistent and
potentially severe posing a threat to global pandemic
preparedness. The risk of mosquito-borne virus
transmission is rapidly increasing due to the
unprecedented spread of viruses such as dengue and
chikungunya, the disruption of global mosquito-borne
disease control efforts following the emergence of
coronavirus diseases 2019 (COVID-19) in 2019,
global warming, and human activities. To address this
global challenge, various innovative mosquito control
technologies are being developed worldwide. This
paper summarizes the latest advances in mosquito
vector control, focusing on China’s latest mosquito
control  strategies, to provide insights into
implementing novel mosquito-borne disease control
measures.

Global Overview of Mosquito-Borne
Disease and Progress in Prevention
and Control

In recent years, the global situation of mosquito-
borne diseases has become increasingly severe with
accelerated global urbanization and a growing
population. According to the latest report of the World
Health Organization (WHO), vector-borne diseases
account for more than 17% of all infectious diseases
and cause more than 700,000 deaths annually (7).
Approximately 80% of the global population is at risk
of contracting these diseases, making them a persistent
public health problem (2). The two main types of
mosquito-borne diseases currently prevalent are viral
and parasitic diseases. Taking priority
mosquito-borne diseases as examples: in terms of
vaccine development, no vaccines have been developed
or are still in the experimental stage for chikungunya
fever (3) and malaria (4). It is worth mentioning that
the R21 malaria vaccine has shown excellent clinical
efficacy and is expected to produce 100 million doses

several
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in 2024 and up to 200 million doses per year
thereafter, which may outstrip demand in Africa in the
future (5). The vaccine for yellow fever (6) has been
developed but is not widely available in poorer parts of
the world. Dengue fever has only two vaccines
commercially available: Dengvaxia for those with a
previous history of dengue and TAK-003 (7), which
was approved by the WHO in 2023 for use in children
aged 6-16 years in highly endemic areas. Butantan-DV
(8), which will complete a five-year trial at the end of
2024, is not commercially available. In terms of
endemic regions, dengue fever is endemic in 129
countries, with Asia accounting for nearly 70% of the
global dengue case burden (8). Yellow fever has
irregular outbreaks in Africa and the Americas (6), and
chikungunya fever is currently present in more than
100 countries or territories around the globe, causing
about 1 million infections per year (9). During the
COVID-19 pandemic, malaria caused 63,000 deaths
(8). Additionally,
increasing, and a new generation of antimalarials and
vaccines is urgently needed (10).

Among the malaria control measures already in
place, long-lasting insecticidal nets (LLINs) (77) and
indoor residual spraying (IRS) (72) are most
commonly used. The recent COVID-19 pandemic has
created a need for the R&D of new control tools,
especially those that are less labor-intensive, simple,
and effective to implement (73). In2Care® EaveTubes
(ETs) (13) are inexpensive, innovative, and resistant
vector control products that use heat and odor
generated by natural air currents in ventilation ducts
located under the eaves of a house to attract
mosquitoes to insecticide-treated bed nets inside the
ducts. New mosquito control methods are also
emerging. Genetic sequencing methods can be used to
control mosquito-borne diseases (14), by predicting the
transmission routes of viruses carried by mosquitoes
and the genetic characteristics of mosquitoes to
enhance species surveillance. Ivermectin (15) is another
potential tool, with an anti-mosquito effect in clinical
trials that far exceeded in vitro laboratory experiment

resistance to antimalarials s
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predictions (/6). Additionally, gene-driven technology
utilizing  Wolbachia has been applied in mosquito
population suppression and modification (/7) and
appears to have some success; however, the
implementation of this approach still requires long-
term field experiments.

Global Mosquito Control Strategies
and Challenges

Integrated Management

The strong adaptability of mosquitoes reduces the
effectiveness of single vector control measures,
contributing to the increasing prevalence of mosquito-
borne diseases such as malaria, dengue fever, and
yellow fever (18). Consequently, the WHO proposed
the concept of integrated management in 2004 (79).
Currently, integrated management is primarily
implemented through two major aspects: technology
and advocacy. Technological approaches include the
timely diagnosis of mosquito-borne diseases (20),
improved entomological testing (21), practical new
mosquito traps for surveillance, the use of geographic
information systems (GIS) for surveillance (22), and
the use of new technologies to control mosquitoes and
prevent transmission (e.g., deciphering the vectorial
capacity of local mosquito populations and releasing
improved mosquitoes) (23). Advocacy-level approaches
include social mobilization, multi-sectoral joint
mosquito control, and revision of mosquito control-
related laws (24). However, the implementation of
integrated management faces several challenges, such as
mosquito control and ecological adaptability, uneven
resources and capacity in different areas, and varying
infrastructures and backgrounds of communities,
necessitating time for comprehensive promotion (25).

Sustainable Mosquito Control

The sustainable mosquito vector control strategy was
first mentioned in the WHO’s Global Technical
Strategy for Malaria 2016-2030 (/9), and various
countries have since taken different measures to
implement this strategy.

In China, Qiyong Liu proposed the “sustainable
vector strategy” (26), and academician Jianguo Xu
suggested the “reverse pathogenesis” approach (27).
The concept of “sustainable control” is characterized
by health, economic, and ecological considerations,
with  multi-sectoral ~ cooperation  in
biomonitoring, disease risk assessment, and control

vector
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planning based on monitoring results, followed by a
call for universal participation. “Reverse pathogenesis”
aims to establish a forward-looking, proactive defense
plan and joint prevention of major infectious diseases
(28).

Policies adopted abroad primarily target both
humans and mosquito Human-focused
measures, known as human-mosquito interaction-
social mobilization (29), emphasize identifying viruses
with the potential for international transmission (30).
Human-mosquito interaction is facilitated through
online platforms, such as mobile communication
technology and digital platforms, to share insect data
(31). This approach broadens

mosquito vector prevention and control efforts.

vectors.

participation in

Subsequent offline mosquito disease prevention and
control counseling workshops (32) further enhance
residents’ interest in and knowledge of mosquito vector
control. Mosquito-targeted measures include utilizing
biopesticides (33), employing insect sterility techniques
(34) to genetically modify mosquitoes for post-release
purposes, and developing artificial liquid diets without
blood (35). These biological control methods offer a
more environmentally friendly approach to mosquito
control without jeopardizing non-target beneficial
insect populations.

However, implementing these measures still requires
time and effort because many communities are strongly
skeptical about the purpose of releasing genetically
modified mosquitoes and are concerned about
potential negative impacts (36). Therefore, human-
mosquito interactions require greater involvement
from local communities and other stakeholders (36).
Although genetically modified mosquitoes can help
control mosquito-borne diseases such as malaria, they
are not yet globally available (37). Additionally, while
many methods effectively target parasites or viruses in
mosquitoes, they can also disrupt or alter mosquito
physiology, leading to changes in longevity,
reproduction, and immunity (38). Therefore, the
robustness and durability of transgenics remain
debatable (25). Currently, some countries or regions
also face dilemmas in adopting sustainable mosquito
vector control measures (39), such as a lack of funding
(40) and insufficient local expertise in mosquito species
identification (29), leading to uneven global progress
in sustainable mosquito vector control.

Global Vector Control Response

2017-2030
The WHO issued the Global Vector Control
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Response 2017-2030 (GVCR) (41) on 2 October
2017 to combat vectors and vector-borne diseases
(VBDs). By 2030, the GVCR aims to reduce mortality
caused by VBDs by at least 75% and case incidence by
at least 60% compared to 2016 levels, as well as to
prevent VBD epidemics globally. Its key measures —
strengthening inter- and intra-sectoral action and
collaboration, engaging and mobilizing communities,
enhancing vector surveillance, and scaling up and
integrating  tools and  approaches —  are
comprehensively reflected in the integrated governance
and sustainable control strategies of each country
discussed above.

One Health Concept

One Health (OH) is an integrated, unifying
approach to human and animal health, environmental
health, food safety, and agricultural production (42),
and its main applications in the field of mosquito-
borne diseases are diagnostics for human treatment and
mosquito diagnostics for vector control, which
constitute two aspects of a broad and integrated
ecosystem (43). A recent WHO article emphasizes the
need to prioritize the inclusion of OH in strategic
planning on the international political agenda (44),
underscoring the importance of the OH concept.

Strategies for the Prevention and Control
of Mosquito-borne Diseases in China,

Focusing on Mosquito-free Villages

Vector control is a priority of the patriotic health
campaign because it can effectively reduce disease
spread, improve quality of life, and enhance living
environments (45). In 2016, Zhejiang Province
pioneered the development of “Mosquito-Free
Villages” to address the persistence of mosquito-borne
diseases (46—47).

The core concept of the Mosquito-Free Village is
sustainable breeding ground control, with the
innovation of integrating health into the government’s
“Ten Million Project”, also known as “Beautiful
Village Development” (48). For example, in Pujiang
County (49) and Qingtian County (50), two
demonstration counties, mosquito trapping lamps and
BI were used in Pujiang County (51). In Qingtian
County, the larval mosquito suction tube method and
the double-layer stacked tent method were used for
mosquito
ecological environment. Qingtian County also used a
combination of government promotion and the

surveillance,  transforming  the rural
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introduction of the Patriotic Health Campaign
Committee Office (PHCCO) to increase public
recognition of Mosquito-Free Village construction.
This was achieved through Party Day themes to
increase the publicity of Mosquito-Free Village
branding and adopt a low-cost and effective method to
create a path toward environmental, mosquito vector
disease, and human health improvement.

The corresponding construction standards have been
issued and are available as models for other regions. On
December 27, 2019, the local standard “Mosquito-
Free Village” (DB3311/T 122-2019) was introduced,
February 1, 2024, after
improvement and innovation, the group standard
(T/ZJPCA 001-2024) “Guidelines for Sustainable
Control of Countryside Vector Organisms — Four
Pests” was officially released and implemented.
Mosquito-Free Villages were subsequently promoted in
all counties of Zhejiang Province; in Changsha, Hunan
Province, in 2022; and in Xiangfeng Village, Fuling,
Chongging, in July 2023, marking the first pilot in
Southwest China. These examples demonstrate that
Mosquito-Free  Villages are a  cost-effective
environmental remediation practice for sustainable
mosquito vector control and a curative measure for
realizing the WHO 2017-2030 strategy, which can be
replicated and promoted. While the primary economic
benefits of Mosquito-Free Villages vary, China is also
conducting small-scale pilot programs using the
Wolbachia mosquito sterilization method, with the
expectation of national promotion in the future (52).

and on continuous

CONCLUSION

In short, mosquito control requires sustained efforts
with three specific measures. First, each region should
strengthen its monitoring system, train monitoring
technicians, and establish a platform for sharing
monitoring information to facilitate integrated early
warning. Second, research should continue in the
direction of biotechnology for mosquito control.
Third, integrated environment-mosquito
control should be carried out under the OH concept,
as reflected in the construction of mosquito-free
villages in China. With “mosquito-free” becoming the
general direction and ultimate goal of prevention and
control, it is the responsibility of every country to
achieve a global “mosquito-free” world, using the goals
of the “2017-2030 Global Vector Control Response”
as a blueprint.
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