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Vital Surveillances

Respiratory Pathogen Profiles of Patients — Beijing Municipality,
China, November 2023-April 2024

Han Du'%; Jun Li**% Haoyu Wen>**; Zhixia Gu’; Yufei Chang’; Wenwan Rong*; Zhuo Yang’;
Rahat Ullah Khan*%; Zhaomin Feng® Quanyi Wang® Rui Song®*; Yuhai Bi'***

ABSTRACT

Introduction: Respiratory  pathogens pose a
complex challenge for public health systems. In the
winter of 2023, multiple respiratory pathogens showed
staggered epidemic waves. Additionally, co-infections
involving various pathogens were observed, resulting in
burdens. Understanding the
epidemiological dynamics of these pathogens is

significant  disease
essential for supporting public health systems in the
prevention and control of respiratory infectious
diseases.

Methods: Respiratory samples were collected from
patients in Beijing presenting with influenza-like
symptoms to detect 27 respiratory pathogens using
multiplex gPCR.

Results: Four distinct epidemic
identified. The first wave was a pre-winter outbreak of
Mycoplasma pneumoniae (M. pnewmoniae). This was

waves  were

then followed by successive waves of influenza A and B
viruses. Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) exhibited a resurgence by the end of
February 2024. Age-dependent susceptibility varied,
with SARS-CoV-2 and influenza A/B peaking in the
30-40-year age group. Conversely, adenovirus,
thinovirus, M. pneumoniae, Moraxella catarrbalis (M.
catarrhalis), and Haemophilus influenzae (H. influenzae)
were more common in adolescents and the elderly.
Furthermore, 18.8% of cases were identified as co-
infections with more than two pathogens. H.
influenzae was found to frequently co-infect with viral
and bacterial pathogens.

Conclusions: Respiratory  pathogens  exhibited
different prevalence trends during the first influenza
season following the COVID-19 pandemic. Influenza
viruses showed a higher peak incidence and delayed
seasonality. Moreover, the co-circulation of viral and
bacterial infections increased the complexity of
respiratory infections. Interestingly, staggered epidemic
waves between SARS-CoV-2 and influenza A/B viruses

Copyright © 2025 by Chinese Center for Disease Control and Prevention

were observed. Consequently, SARS-CoV-2 may
become a seasonal virus, causing epidemics alongside
influenza viruses. However, further research is needed
to elucidate its epidemiological patterns. The co-
circulation of these epidemic viruses and other
respiratory pathogens underscores the need for
enhanced diagnostic and

including vaccination campaigns.

intervention  strategies,

Entering the first winter after the World Health
Organization (WHO) declared coronavirus disease
2019 (COVID-19) no longer a Public Health
Emergency of International Concern (PHEIC), an
increase in acute respiratory infections caused by
multiple respiratory pathogens resulted in increased
hospitalizations. This rise in respiratory infections,
particularly delayed pediatric Mycoplasma pneumoniae
(M. pneumoniae), among specific age groups differed
from typical seasonal patterns (/). These changes may
be due to the immunity gap developed during the
COVID-19 pandemic (2). This study investigated the
current epidemiological trends of respiratory pathogens
in Beijing, with a specific focus on pathogen
composition. The findings, combined with global
health recommendations, can offer valuable insights for
addressing the ongoing challenges posed by respiratory
infections in the future.

METHODS

Specimen Source

Oropharyngeal swabs, nasopharyngeal swabs, and
sputum samples were collected from patients
presenting with respiratory symptoms, including fever,
cough, sore throat, shortness of breath, and other
influenza-like symptoms. Samples were collected at
Ditan Hospital, Haidian Hospital, and surrounding
communities in Beijing from November 15, 2023, to
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early April 2024. The inclusion criteria consisted of
individuals exhibiting at least one of the specified
influenza-like symptoms and secking medical care at
the designated locations.

Pathogens Detection

Total DNA/RNA was extracted from 200 pL of
sample transport medium containing each patient
biospecimen using the MagaBio Pathogens DNA/RNA
Purification Kit (Catalog No. BSC75; BIOER)
according to the manufacturer's instructions.

In total, 27 common respiratory pathogens were
detected here, including severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), influenza
viruses (IAV-IDV), human bocavirus (HBoV), human
parainfluenza virus (HPIV-I-1V), respiratory syncytial
virus (RSV), adenovirus (ADV), human
metapneumovirus  (HMPV), human  rhinovirus
(HRV), human coronaviruses (HCoV-NL63, HCoV-
229E, HCoV-OC43, and HCoV-HKU1), and the

bacterial  pathogens  Klebsiella  pneumoniae (K.
pneumoniae), Streptococcus pneumoniae (S.
pneumoniae),  Staphylococcus  aureus  (S.  aureus),

Legionella pneumophila (L. pneumophila), H. influenzae,
Pseudomonas aeruginosa (P. aeruginosa), Acinetobacter
baumannii (A. bauwmannii), M. pneumoniae, and M.
catarrbalis, via multiplex quantitative PCR (qPCR)
using specific primers, probes, and the detection kit
(Influenza A virus, Influenza B virus, and SARS-CoV-
2 Triple-Detection Kit, Catalog No. SKY-82130) (3).
Lab-confirmed cases were defined as those with
positive gPCR detection for the different pathogens.

Statistical Analysis

Statistical analyses were performed using R (version
4.3.2). Descriptive statistics, including means,
medians, and percentages, summarized the study
population characteristics. Chi-square tests compared
categorical variables, such as gender, pathogen
detection rates between males and females, and
differences in pathogen detection rates between
hospital and community samples. Correlation analysis
assessed interactions between different pathogens. The
restricted cubic spline (RCS) method modeled the
nonlinear relationship between age and the risk of
pathogen occurrence. Multivariable logistic regression
models, adjusting for confounders such as age, gender,
and clinical symptoms, identified factors associated
with pathogen positivity. All statistical analyses were
conducted to ensure the reliability and validity of the

114 CCDC Weekly /Vol. 7/ No. 4

results, and findings were reported alongside 95%
confidence intervals (Cls). A P<0.05 was considered
statistically significant.

RESULTS

Epidemic Characteristics of the

Respiratory Pathogens

Between November 2023 and April 2024, a total of
1,513 samples were collected from patients with
respiratory tract infections from 2 sentinel hospitals
(1,437) and surrounding communities (76) in Beijing.
Of these samples, 770 were from male patients, and
743 were from female patients, resulting in a male-to-
female ratio of 1.04:1.00. The positive rate for both
males and females ( )(2=0.84, P=0.40), as well as for
hospital and community settings ( ,\/2=3.53, P=0.06),
did not show a significant difference. Additionally,
there were 158 cases in children (<18 years old) and
1,355 cases in adults (>18 years old), with a median
age of 32 years. Among the collected samples, 787
(52.02%) tested positive for viruses. This included 429
cases (28.35%) of influenza virus infections, with 237
cases (55.24%) of IBV, 190 cases (44.29%) of 1AV,
and 2 cases (0.47%) of ICV. There were also 150 cases
(9.91%) of SARS-CoV-2, 102 cases (6.74%) of HBoV,
72 cases (4.76%) of RSV, 42 cases (2.78%) of ADV,
20 cases (1.32%) of HMPV, and 13 cases (0.86%) of
HRYV infections. Regarding bacterial infections in
patients with fever, 565 cases (37.34%) tested positive
for bacteria. The highest detection rate was for H.
influenzae, accounting for 15.07% of cases. The
positive rates for other bacteria are shown in Table 1.

Based on prevalence trends of dominant pathogens,
this period can be divided into four epidemic waves:
the pre-winter M. pneumoniae outbreak with declining
SARS-CoV-2 prevalence (Wave 1), followed by the
emergence of the IAV epidemic from October to the
end of December 2023 (Wave 2), in which the 5.41%
detection rate of SARS-CoV-2 was lower than during
the COVID-19 pandemic. In contrast to the pathogen
prevalence at the end of 2023, the detection rate of
IBV increased rapidly and became the dominant
pathogen in early 2024 (Wave 3), reaching 34.73%,
and then gradually decreased in early February. By
mid-February 2024, SARS-CoV-2 infections began to
rise, reaching a peak detection rate of 39.04% in mid-
March, then gradually decreasing in April, with the
number of outpatients with respiratory diseases
decreasing significantly (Wave 4, Figure 1). These four

Chinese Center for Disease Control and Prevention
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TABLE 1. The number of positive cases and the percentage of 27 respiratory pathogens identified by gPCR in outpatients.

Pathogen type Pathogen name Wave 2 (%) Wave 3 (%) Sum (%)
SARS-CoV-2 2 (5.41) 35 (6.36) 77 (5.81)
Influenza A virus 170 (21 .91) 19 (3.45) 189 (14.25)
Influenza B virus 7 (3.48) 191 (34.73) 218 (16.44)
Influenza C virus 1(0.13) 1(0.18) 2(0.15)
Influenza D virus 0 0 0
Human bocavirus 49 (6.31) 47 (8.55) 96 (7.24)
Human metapneumovirus 5(0.64) 11 (2.00) 16 (1.21)
Respiratory syncytial virus 36 (4.64) 29 (5.27) 65 (4.90)
Viruses Adenovirus 22 (2.84) 15 (2.73) 37 (2.79)
Human rhinovirus 10 (1.29) 1(0.18) 11 (0.83)
Human parainfluenza virus | 22 (2.84) 48 (8.73) 70 (5.28)
Human parainfluenza virus Il 0 0 0
Human parainfluenza virus Il 4 (0.52) 2 (0.36) 6 (0.45)
Human parainfluenza virus IV 7 (0.90) 0 7 (0.53)
Human coronavirus NL63 0 0 0
Human coronavirus 229E 10 (1.29) 0 10 (0.75)
Human coronavirus OC43 2 (0.26) 0 2 (0.15)
Human coronavirus HKU1 1(0.13) 0 1(0.08)
Klebsiella pneumoniae 67 (8.63) 32 (5.82) 99 (7.45)
Streptococcus pneumoniae 65 (8.38) 31 (5.64) 96 (7.24)
Staphylococcus aureus 50 (6.44) 13 (2.36) 63 (4.75)
Legionella pneumophilia 1(0.13) 0 1 (0.08)
Bacterial Haemophilus influenzae 123 (15.85) 71 (12.91) 194 (14.63)
Pseudomonas aeruginosa 50 (6.44) 27 (4.91) 77 (5.81)
Acinetobacter baumannii 53 (6.83) 16 (2.91) 69 (5.20)
Moraxella catarrhalis 19 (2.45) 6 (1.09) 25 (1.89)
Mycoplasma pneumoniae 25 (3.22) 8 (1.45) 33 (2.49)

Note: Wave 2 spans from October 10 to December 25, 2023, while Wave 3 extends from December 25, 2023 to February 10, 2024.
Abbreviation: SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; qPCR=quantitative polymerase chain reaction.

waves, each with a different dominant pathogen,
highlight the dynamic nature of pathogen prevalence
and emphasize the
monitoring.

importance of continuous

Co-infection Patterns of the Respiratory

Pathogens

Of the 1,513 cases of respiratory pathogen infection,
284 (18.77%) were co-infected with more than two
respiratory pathogens. Among these, H. influenzae was
frequently co-infected with other viral and bacterial
pathogens (66 cases, 4.36%), followed by IBV (64 cases,
4.23%) and 1AV (40 cases, 2.64%). Notably, 18 cases
(1.19%) were co-infected by two viruses, including 13
cases of IAV/IBV and HBoV and 5 cases of HBoV and

Chinese Center for Disease Control and Prevention

HPIV-I (Figure 2). Correlation analysis revealed
potential interactions and impact patterns among these
pathogens (Figure 3). A significant negative correlation
was found between SARS-CoV-2 and influenza viruses,
particularly IBV (P<0.0001). H. influenzae was more
likely to co-infect with other pediatric-prevalent
pathogens, such as ADV (P<0.05), HMPV (2<0.05),
and HRV (P<0.0001), but exhibited a significant
negative correlation with SARS-CoV-2 (P<0.0001).
Additionally, M. catarrhalis showed positive correlations
with coronaviruses, including SARS-CoV-2 (P<0.0001)
and HCoV-229E (P<0.0001). Furthermore, HBoV and
HPIV-I showed a significant positive correlation.
Interestingly, influenza A and B viruses had a relatively
low likelihood of co-infection with other respiratory
viruses.

CCDC Weekly / Vol. 7 / No. 4 115
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Comparison of pathogen counts between Wave 2 and Wave 3
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FIGURE 1. Epidemic trend of each pathogen detected by gPCR (November 2023 to April 2024).

Note: This graph depicts the epidemic trend of various pathogens detected by gPCR from November 2023 to April 2024.
Each colorful trajectory represents a different pathogen, with the trends reflecting changes in their detected levels over time.
The graph's mirrored layout, with an axis on 25 December, facilitates a comparison of trends in Wave 2 and Wave 3. In the
upper right, the bar graph details the distribution of detection count for each pathogen during the study period.

Abbreviation: SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; gPCR=quantitative polymerase chain

reaction.
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Abbreviation: SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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FIGURE 3. Co-infection and correlation among different pathogens in Beijing (November 2023-April 2024).

Note: The heatmap depicts the co-infection and correlation patterns among various pathogens. The color intensity in each
cell represents the correlation coefficient between pairs of pathogens: red for positive correlation and blue for negative
correlation, with darker shades indicating stronger relationships. The presence of asterisks within the cells denotes statistical

significance.

Abbreviation: SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.

* P<0.05;

** P<0.01;

*** P<0.001;
**xr P<0.0001.

Age Distribution of the Respiratory
Pathogens

The nonlinear relationship between respiratory
pathogens and outpatient age was modeled and
visualized using RCS. This analysis revealed a
significant nonlinear relationship between age and
pathogen  occurrence  risk, with  particularly
pronounced changes in hazard ratios (HR) observed at
certain age intervals (Figure 4). Generally, the infection
risk profiles of SARS-CoV-2 (Figure 4A), AV
(Figure 4B), and IBV (Figure 4C) exhibited a similar

pattern. Susceptibility gradually increased in patients

Chinese Center for Disease Control and Prevention

under 30 years old, peaked in the 30—40-year age
group, and then decreased. However, unlike SARS-
CoV-2 and TAV, which mainly infected middle-aged
and elderly individuals, IBV primarily infected middle-
aged individuals, with the infection risk rapidly
declining after 40 years old. In contrast, H. influenzae
(Figure 4H) showed increased susceptibility among
adolescents, with a substantial risk decrease as age
advanced, ultimately stabilizing. HBoV (Figure 4E),
RSV (Figure 4F), A. baumannii (Figure 4I), P.
aeruginosa (Figure 4]), K. pneumoniae (Figure 4K), and
S. aureus (Figure 4L) exhibited a U-shaped relationship
with age. Among individuals under 30 years old, the

CCDC Weekly / Vol. 7 / No. 4 117
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FIGURE 4. Association of respiratory pathogens and the age of outpatients.

Note: The graphs present the nonlinear association analysis between pathogens (counts>50) and age, modeled using the
RCS method. Solid lines represent the HRs of the influence of age on the occurrence of pathogens, while the shaded areas
indicate 95% Cls. Knot locations are automatically selected based on the quantiles of age distribution to reveal the nonlinear
trend of pathogen risk with age. Additionally, the P-values for overall association and nonlinearity are provided for

interpretation.

Abbreviation: SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; RCS=restricted cubic spline; HR=hazard

ratio; Cl=confidence interval.

risk of infection with these pathogens declined with
advancing age, reaching the lowest risk among
teenagers and young adults but increasing thereafter
with further aging, demonstrating an elevated
susceptibility trend among the elderly population. For
S. pneumoniae (Figure 4G) and other pathogens, the
lack of significant nonlinear age-related patterns could
be attributable to insufficient statistical power due to
sample size limitations or an inherent lack of strong
age-dependent  susceptibility patterns  for
pathogens in the study population.

these

DISCUSSION

This study focused on pathogen patterns in
outpatients with respiratory infections from November
2023 to April 2024. The resurgence of various non-
SARS-CoV-2 respiratory pathogens has fluctuated
considerably, but the pathogen species remained

unchanged.  Several epidemic waves occurred,
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beginning with M. pneumoniae, followed by IAV and
then IBV. By the end of February 2024, a new wave of
SARS-CoV-2 re-emerged and peaked in mid-March.
These findings indicate a resurgence of epidemic
dynamics for respiratory pathogens from November
2023 to April 2024, with SARS-CoV-2 potentially
persisting in long-term circulation in humans, similar
to influenza virus and other seasonal pathogens.
Notably, SARS-CoV-2 and influenza viruses appeared
in staggered epidemic waves, suggesting that immune-
mediated interference might cause one virus to
diminish during the peak of another, thereby
influencing their respective prevalence patterns (4).
However, the exact epidemic patterns of these
pathogens require further monitoring.

Previous studies have shown that multiple
respiratory pathogens can easily infect different age
groups (/). SARS-CoV-2 commonly infects adults,
while its detection rate in children is low (5), and

pediatric infections present with mild, short-lived
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symptoms (6). The infection risk profiles of IAV and
IBV showed a similar pattern to SARS-CoV-2, with
susceptibility peaking in the 30-40-year age group.
However, a notable increase in pediatric-prevalent
pathogens has been observed this winter. It began with
a significant outbreak of M. pneumoniae among
children. As the season progressed, alternating waves of
IAV and IBV were observed, leading to a gradual
decrease in the risk of infections with HBoV, RSV, A.
baumannii, K. pneumoniae, S. aureus, and P. aeruginosa
in adults. This risk reduction was most pronounced
among adolescents and middle-aged adults. However,
the risk subsequently increased with advancing age,
particularly in the elderly,
susceptibility in this population.

The data from this study showed that the co-
infection of viruses and/or bacteria increased the
complexity of respiratory pathogen infections during
this epidemic season compared to the COVID-19
pandemic period. The likelihood of co-infection with
other respiratory viruses is relatively low for influenza
A and B viruses, which may reflect specific host-
pathogen interactions or immune responses (7).
However, there was an elevated risk of secondary
bacterial infections following viral respiratory illnesses.
Co-infections of viral and bacterial pathogens were
important factors that prolonged the infection process,
highlighting the need for comprehensive diagnostic
approaches to guide effective treatment strategies. In
addition to IAV and IBV, other respiratory pathogens,
such as RSV, ADV, HRV, and various bacteria, were
frequently detected during the epidemic waves. Studies
indicate that during influenza epidemics, co-infections
involving multiple bacterial species are also common,
with nearly 55.6% of severe influenza patients in ICUs
experiencing exacerbated conditions due to co-
infections with bacteria such as S. pneumoniae, S.
aureus, M. pneumoniae, and H. influenzae (8-9). The
rise of antibiotic resistance inevitably makes these co-
infections a significant cause of severe pneumonia. In
addition, the drug resistance-related genes can also be
exchanged among bacteria, which further complicates
the treatment. Therefore, co-infection among viruses,
as well as between viruses and bacteria, is a major
concern (10), especially bacteria that show resistance to
commonly used antibiotics.

In this study, 27 causative agents for respiratory
infections were detected. The results can enhance the
understanding of epidemic dynamics and inform
effective control strategies. Despite some limitations,
such as samples being collected from only 2 sentinel

indicating increased
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hospitals in the northwest and northeast of Beijing
rather than citywide and the relatively small number of
pediatric cases, which may introduce bias. Nonetheless,
these findings highlight the complexity of respiratory
pathogen infections and the importance of
comprehensive surveillance.

The alternating epidemics of influenza and SARS-
CoV-2 increase the difficulty of prevention and
control. The "immunity gap" caused by reduced
exposure to common pathogens during prolonged
lockdowns may lead to a temporary decline in
population  immunity, increasing  individuals'
susceptibility to infections (2). This phenomenon
underscores the need for strategic
campaigns (/1), particularly for pathogens that
frequently co-infect with other agents, such as
influenza (12). To reduce the risk of widespread
outbreaks, developing more convenient, accurate, and
efficient methods is crucial. These
advancements will significantly improve disease
surveillance and control measures in the future.
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Characterization of Aeromonas Strains Isolated from Adult
Patients with Diarrhea and Aquatic Environments
— Beijing Municipality, China, 2016-2022

Ying Li*%; Keyi Yu*; Xiaoli Du’; Yuwei Liu'; Aixia Yan'; Miao Wang'; Ying Kang'; Shoufei Li'; Yuanyuan Wang';
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ABSTRACT

Introduction: Aeromonas is widely distributed in
aquatic environments. This study describes the
pathogenic characteristics of Aeromonas isolated from
adult diarrhea patients and aquatic environments in
Beijing, China.

Methods: Aeromonas isolates from patients with
diarrhea and river water samples were assessed using
whole-genome sequencing (WGS) and antibiotic
resistance profiling.

Results: In total, 38 Aeromonas isolates were
collected. Among these, 13 isolates were from patients
with common clinical symptoms, including diarrhea,
abdominal pain, and nausea. Four of 13 Aeromonas-
positive patients were co-infected with other intestinal
pathogens. Patient-derived Aeromonas isolates showed
high resistance to ampicillin, ampicillin-sulbactam,
nalidixic acid, and tetracycline, whereas water-derived
isolates showed high resistance to ampicillin,
ampicillin-sulbactam, and nalidixic acid. Phylogenetic
analysis revealed seven independent branches, without
significant clustering among patient- and water-derived
isolates.

Conclusions: This study provides valuable insights
into the prevalence and characteristics of Aeromonas.
The intertwined distribution of patient- and water-
derived isolates in the phylogenetic tree deserves
attention.

The genus Aeromonas is widely distributed in aquatic
environments and is known to cause various diseases in
humans and animals (7). These diseases include
gastroenteritis, wound infections, bacteremia/sepsis,
and immune dysfunction (2-3). Recently, certain
motile Aeromonas species have emerged as food- and
waterborne pathogens, raising concern (4-5). Previous

Copyright © 2025 by Chinese Center for Disease Control and Prevention

studies have reported that a majority (96.5%) of
clinical Aeromonas isolates are identified as A. caviae
(29.9%), A. dbakensis (26.3%), A. veronii (24.8%), and
A. hydrophila (15.5%) (4,6). Of these, A. hydrophila, A.
caviae, and A. wveronii are considered clinically
significant (7-8). Aeromonas species cause severe, short-
duration diarrheal disease or chronic loose stools,
particularly in  children, the elderly, and
immunocompromised individuals (9), as well as
traveler’s diarrhea (9-10).

In this study, Aeromonas strains were isolated from
adult patients with diarrhea and aquatic environments
in Beijing Municipality, China. Whole-genome
sequencing (WGS) and antibiotic resistance profiling
were performed on these Aeromonas isolates. The
findings of this research will provide valuable insights
into the investigation of adult diarrhea caused by
Aeromonas in Beijing, China.

METHODS

This study enrolled outpatients with acute diarrhea
from two clinics in one district of Beijing, China,
between January 1, 2016, and December 31, 2022,
following the guidelines of the local adult diarrhea
surveillance project in Beijing. Acute diarrhea was
defined as at least three passages of watery, loose,
mucous, or bloody stools within 24 hours. Patient age,
sex, occupation, and clinical symptoms were recorded.
Fresh fecal samples (5 mg) were collected from each
patient, stored in Cary-Blair medium at 4 °C, and
transported to the laboratory within 24 hours for
bacterial isolation and real-time PCR detection.
Additionally, in August 2023, water samples (1 L) were
collected from the mainstream of the Chaobai River
and its tributaries in Beijing, which flow through the
study area. All collection sites were located away from
factories and farms. Samples were stored in sterile
containers and transported to the laboratory for
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Aeromonas isolation within 2 hours.

Stool samples from patients were cultured to isolate
various  pathogens, including Aeromonas  spp.,
Salmonella, Shigella, diartheal Escherichia coli, Vibrio
parahaemolyticus, Vibrio cholerae, Campylobacter jejuni,
Campylobacter coli, and Yersinia enterocolitis (11). Real-
time PCR was performed for the detection of
norovirus, rotavirus, human sapovirus, adenovirus, and
astrovirus  using commercial  kits

(Beijing Applied Biological Technologies Co., Ltd.,

corresponding

China). River water samples were cultured to isolate
only Aeromonas spp. For bacterial isolation, 200 mg of
each patient stool sample was inoculated in alkaline
peptone water (APW) and enriched at 37 °C for 24 h.
Alternatively, 20 mL of 10x APW was added to river
water samples and enriched at 37 °C for 24 h. After
enrichment, a loopful of culture was streaked on
MacConkey (MAC) agar and Rimler-Shotts (RS) agar
and incubated at 37 °C for 24 h. Five presumptive
Aeromonas colonies from the selective agar plate were
selected and inoculated in tryptic soy agar (T'SA) and
incubated at 37 °C for 24 h. Each pure colony culture
was initially identified using MALDI-TOF MS
(Bruker).

Genomic DNA was extracted using the Wizard
Genomic DNA Purification Kit (Promega, Madison,
WI, USA) following the manufacturer’s instructions.
DNA samples (total amount >20 pg) were sent to the
Institute  for
sequencing. The DNA concentration reached
50 ng/pL, and the OD260/280 ratio was 1.8-2.0 for
individual samples. Low-quality reads were discarded,

Beijing  Genomics next-generation

and clean data were assembled into genomic contigs
using  SOAPdenovo version 2.04. After removing
contigs shorter than 500 bp, QUAST version 5.0.1 was
used to assess the quality of the assembled genomes
(Gurevich et al.,, 2013). Next, Prokka version 1.12
(Seemann, 2014), Prodigal version 2.6.3 (Hyatt et al.,
2010), and RAST (https://rast.nmpdr.org/) were used
to annotate the genomes. The genome sequences of
Aeromonas isolates and seven strain types (A. hydrophila
ATCC 7966T [accession No.: GCA_000014805], A.

caviae NCTC 12244T [GCA_900476005], A.
dbakensis TN14 [GCA_905132925], A. veronii
FDAARGOS_632 [GCA_008693705], A. media

CECT 4232T [GCA_000819985], A. sanarellii LMG
24682T [GCA_000820085], A. schubertii ATCC
43700T [GCA_001481395]) were included in this

study. ANI analysis was used to determine the
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evolutionary distance among the bacterial isolates at
the genomic level. ANI values >95% were considered
indicative of the same species. Prokka version 1.12 and
the Roary genome pipeline with an identity cutoff of
95% were used to perform gene annotation and pan-
genome analysis, respectively. Snippy was used to
identify core genome single nucleotide polymorphisms
(cgSNPs), with the genome sequence of A. hydrophila
ATCC 7966T used as the reference. The phylogenetic
evolutionary tree was constructed based on
decombined cgSNPs by IQ-TREE using maximum
likelihood estimation with 1,000 bootstraps. The
genome sequences of the Aeromonas strains sequenced
in this study have been  deposited at
GenBank/DDBJ/ENA under the BioProject ID No.
PRJNA1097280.

Antimicrobial susceptibility testing (AST) was then
performed for Aeromonas using a microbroth dilution
method and a panel for aerobic, gram-negative bacilli
(Shanghai Fosun Long March Medical Science Co.,
Ltd., China). Antibiotic susceptibility (S), intermediate
resistance (I), and resistance (R) were interpreted
according to the Clinical and Laboratory Standards
Institute (CLSI) guidelines M45A2E (CLSI, 2019).
Escherichia coli ATCC 25922 was used as a control.
The following antimicrobials were tested: ampicillin
(AMP), ampicillin-sulbactam  (AMS), tetracycline
(TET), meropenem (MEM), polymyxin E (CT),
ceftazidime/avibactam (CZA), (CTX),
ceftazidime-avibactam (CAZ), ciprofloxacin (CIP),
chloramphenicol (CHL), nalidixic acid (NAL),
streptomycin (STR), sulfamethoxazole tablets (SXT),
and amikacin (AMK). Aeromonas strains were defined
as multidrug-resistant (MDR) if they were resistant to
three or more antimicrobial classes.

Statistical analyses were performed using Stata
software (version 12.0). The chi-squared test was used
to compare isolation rates between groups, with
statistical significance set at P<0.05.

cefotaxime

RESULTS

Distribution of Aeromonas in Patients

with Diarrhea
A total of 2,011 stool samples were collected from
2,011 patients with diarrhea between January 1, 2016,
and December 31, 2022, excluding 2020, due to the
COVID-19 pandemic. Of these, 13 Aeromonas isolates
(81-S13), identified using MALDI-TOF MS, were
derived from 13 patients (P1-P13), resulting in a
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positive Aeromonas rate of 0.65% (13/2,011). The
annual positive rates were 0.27% (1/365) in 2016, 0%
(0/371) in 2017, 0.53% (2/374) in 2018, 0.56%
(2/358) in 2019, 0.84% (3/359) in 2021, and 2.72%
(5/184) in 2022. These isolates were identified by their
ANI values as A. veronii (n=5), A. caviae (n=5), and A.
dhakensis (n=3; Table 1 and Figure 1). Four of the 13
Aeromonas-positive patients were co-infected with
other intestinal pathogens: patient P1 with V.
parahaemolyticus (tdh+/trh-); P2 with Salmonella and
EAEC; P3 with V. parahaemolyticus (tdh+/trh-); and
P8 with V. parahaemolyticus (tdh+/trh-) and EPEC
(Table 1).

Among the 13 Aeromonas-positive patients, 7 were
male and 6 were female, aged 16 to 81 years. Disease
onset occurred in April (z=1), June (n=3), July (n=4),
and August (#=5; Table 1). In the epidemiological
investigation, all 13 patients reported consuming
suspected contaminated food products, including cold
meat, barbecue, fried food, salad, seafood, cold drinks,
and takeaway fast food (Table 1). The most common
clinical symptoms were diarrhea (100%, 13/13),
abdominal pain (92.30%, 12/13), nausea (61.54%,
8/13), vomiting (23.08%, 3/13), weakness (15.38%,
2/13), dehydration (15.38%, 2/13), and fever
(15.38%, 2/13). Moreover, 69.23% (9/13) and
30.77% (4/13) of patients presented with watery and
loose stools, respectively (Table 1). Patients P11 and
P12 were 2 students from the same school, with the
same disease onset time (August 13, 2022). On this
day, 5 individuals (including P11 and P12) at this
school experienced diarrhea after consuming takeaway
fast food delivered by the same catering company. All 5
patients presented with diarrhea (watery stools) and
abdominal pain (Table 1).

Ten aquatic environmental samples (named
A1-A10) were collected in this study, from which 25
Aeromonas isolates were identified using MALDI-TOF
MS. One sample (A8) yielded no isolates; the other
nine water samples yielded between 1 and 5 Aeromonas
isolates each. The isolates were further classified as A.
veronii (n=11), A. caviae (n=9), A. schubertii (n=2), A.
sanarellii (n=1), A. dhakensis (n=1), and a species
closely related to A. media (n=1; Table 2 and Figure 1).

Antibiotic Susceptibility of
Aeromonas Isolates
The Aeromonas isolates from patients exhibited high
resistance to AMP (92.31%), AMS (84.62%), NAL
(69.23%), STR (61.54%), and TET (38.46%).

Chinese Center for Disease Control and Prevention

However, fewer than 30% of isolates resisted the other
antibiotics. Eight isolates (61.54%, 8/13) were
identified as MDR, with the most dominant resistance
patterns being AMP+AMS+NAL+STR (15.38%) and
AMP+AMS+NAL (15.38%; Table 3 and Figure 2).
The Aeromonas isolates from river water samples
showed high resistance to AMP (96.00%), AMS
(96.00%), NAL (60.00%), and STR (32.00%).
Resistance to other antibiotics was observed in less than
30% of isolates. Eleven isolates (44.00%, 11/25) were
MDR. The dominant resistance pattern was
AMP+AMS (20.00%; Table 3 and Figure 3).

Phylogenetic Analysis of Aeromonas

A phylogenetic tree was constructed using cgSNP
data from the Aeromonas strains with the reference
sequence A. hydrophila ATCC 7966T (Figure 4). The
analysis revealed seven phylogenetic groups with a high
bootstrap value. Seven species of Aeromonas were
located on their respective independent phylogenetic
branches. Strains from patients were mainly distributed
in the phylogenetic branches of A. veronii, A. caviae,
and A. dbakensis, while those from the river water
samples were distributed in six different phylogenetic
branches other than the A. hydrophila branch. Of all
Aeromonas isolates obtained in this study, two isolates
of A. schubertii (R6-2 and R9-1) from the river water
samples displayed genetic clustering; however, overall,
there was no significant clustering observed between
the isolates from patients and those from river water
samples. The Aeromonas isolates from patients, and
those from river water samples showed a significant
distance between their phylogenetic branches even
when they belonged to the same species and were
derived from the same water sample. Moreover, the
isolates from patients and the aquatic environment of
the river water samples were intertwined in the
phylogenetic tree.

CONCLUSION

Aeromonas species are recognized enteric pathogens,
but their mechanisms of pathogenicity remain unclear.
Previous studies from various locations have reported
variable rates of Aeromonas detection in patients with
diarrhea. For instance, a study in Barcelona, Spain,
reported a 2.09% (18/863) positive rate of Aeromonas
in travelers with diarrhea, with A. veronii and A. caviae
as the dominant species (/2). Another study in Tainan
City, Taiwan, China, also identified A. veronii and A.
caviae as the dominant species in fish and clinical
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TABLE 1. Information and clinical symptoms of patients with positive isolation of Aeromonas.

Number of Bacterial culture results
people dining
Patient 1ime o Suspected together/ Number of ANI
number of  Sex Age Clinical symptoms contaminated co- diners A analysis ANl  Other pathogens
onset food who eromonas  results of value (%) detected
experienced  isolate - o
diarrhea
Diarrhea (watery
stools 10 times per _
P1 Y4¥2 Male 26 day)+abdominal  Barbecue 1 st Acaviee o7.93 VIO . .
pain + fever parahaemolyticus
(38.1 C)
Diarrhea (watery .
P2 Jl;I(S)/1186’Female 30 séc;c;ll)sjggldn;?nsinpjr Cold meat 2/no S2 A.dhakensis 97.2863 Salngt;\nl;cl;a *
pain + nausea
Diarrhea (watery
August stools 12 times per Vv
P3 10, Male 44 day)+ abdominal Barbecue 1/- S3 A.dhakensis 97.179 arahaerﬁolyticus'
2018 pain + nausea + p
vomiting
Diarrhea (loose
June stools 10 times per
P4 25, Female 17 day)+ abdominal Fried food 6/yes S4 A.caviae  97.9062 /
2019 pain + nausea +
dehydration
Diarrhea (loose
Ps 4Y 1 Female 30 Sé‘;‘)’,')sjgg'd’gfnsinpaelr Cold meat 3/no S5 Adhakensis 97.0422 /
pain + nausea
Diarrhea (watery
April stools 10 times_ per
P6 23, Male g1 0dy)*+abdominal oy /- s6 A.caviae ~ 97.9036 /
2021 pain + nausea +
weak + dehydration
+ vomiting
Diarrhea (loose
stools 6 times per
p7 J;ggf* Female 20 dpaa’%tig‘fj‘;r:;”f' Salad 1- s7 A.veronii  96.4188 /
weak + fever
(39.4 C)
Diarrhea (watery
pg UV 26, \ie g StoolsBlimesper g g 1 S8 Pl OGRS e e
2021 ale day) + abdominal eafoo - .veronii . para aggé) é/t/cus
pain + nausea
June Diarrhea .(watery
P9 13, Male 40 S0 101MeS DT ooy grin /- s9 A.caviae ~ 97.8955 /
2022 ay)' + abdominal
pain + nausea
Diarrhea (loose
P10 2“296‘23; Male 35 Zt;’;’)'i‘r; imes P Cold meat 3yes 10 A.caviae  97.9052 /
pain
P11 Au1%UStF le 16 S[t)‘l’a"r'rsh?atl"('\"g?’rgr Take-away fast g/ ot S11 A i 96.5436 /
202:2 emae day) + ab_dominal food® y -veront ’
pain
P12 Al;%UStF e 17 s?é%ﬁ;hg?ir(r:\;ast%rgr Take-away fast hes® S12 A i 97.4809 /
202,2 emae day) + ab_dominal food® y -veroni ’
pain
Diarrhea (watery
August stools 6 times per
P13 27, Male 41 day)+ abdominal Cold meat 1/- S13 A.veronii  96.4993 /
2022 pain + nausea +
vomiting

Abbreviation: ANI=average nucleotide identity; EAEC=enteroaggregative Escherichia coli; EPEC=enteropathogenic Escherichia coli
" The virulence gene characteristics of Vibrio parahaemolyticus are tdh+/ trh-;

T serotype is Salmonella Typhimurium;

§ specific foods include duck meat, chicken meat, broccoli, rice, boiled corn, tomato and egg soup, and apples;

P12 is one of the five co-diners of P11;

“ P11 is one of the five co-diners of P12.
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FIGURE 1. Average nucleotide identity analysis of Aeromonas isolates.
Note: The red font represents strains from patients with diarrhea. ™ = type strain.

samples (/3). Additionally, in Hong Kong Special
Adiministrative  Region, China, Chan et al
documented a 6.9% incidence of Aeromonas in adult
patients with acute diarrhea (13). Isolation rates of
Aeromonas from individuals with diarrheal illness in
developed countries range from 0.8% to 7.4% (14).
The most commonly isolated species implicated in
gastroenteritis caused by Aeromonas include A. veronii,
A. hydrophila, and A. caviae, with A. trota and A.
jandaei occurring less frequently (75). Similar to the
aforementioned studies, our study isolated Aeromonas
from 13 (0.65%) of the 2,011 patients with diarrhea,
with A. veronii and A. caviae being the most frequently
isolated species.

In a previous study, gastroenteritis attributed to A.

Chinese Center for Disease Control and Prevention

sobria was characterized by acute abdominal pain,
vomiting, diarrhea (watery stools), and fever (16),
similar to the clinical symptoms of the patients
enrolled in the present study. All 13 Aeromonas-
positive patients experienced abdominal pain and
diarrhea, with diarrhea occurring 5-12 times per day
and characterized by watery or loose stools. This was
similar to the symptoms and stool characteristics
caused by V. parahaemolyticus, a widely distributed
pathogenic bacterium in aquatic products (17).
Although the genus Aeromonas was initially considered
to belong to the family Vibrionaceae, successive
phylogenetic analyses have indicated that Aeromonas is
not closely related to the genus Vibrio, resulting in the
of Aeromonas from the

reassignment family
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TABLE 2. Distribution of Aeromonas from river water
samples.

TABLE 3. Results  of
Aeromonas species.

antibiotic  sensitivity test for

Bacterial ANI analysis ANI

River water Aeromonas
sample culture isolate results of value
P results Aeromonas (%)
R1-1 A. veronii 96.19
A1 +
R1-2 A. veronii 96.48
R2-1 A. caviae 97.89
R2-2 A. veronii 96.38
A2 +
R2-3 A. veronii 96.55
R2-4 A. veronii 96.48
A3 + R3-1 A. veronii 96.48
R4-1 A. veronii 96.49
R4-2 A. veronii 96.44
A4 + .
Species closely
R4-3 related to A. 94.03
media
R5-1 A. caviae 97.82
R5-2 A. caviae 97.94
A5 +
R5-3 A. dhakensis 97.16
R5-4 A. veronii 96.50
R6-1 A. caviae 97.88
A6 +
R6-2 A. schubertii 99.00
R7-1 A. caviae 97.91
R7-2 A. caviae 97.97
A7 + R7-3 A. caviae 97.87
R7-4 A. sanarellii 98.02
R7-5 A. caviae 97.84
A8 = / / /
R9-1 A. schubertii 98.98
A9 +
R9-2 A. veronii 96.53
R10-1 A. caviae 97.83
A10 +
R10-2 A. veronii 96.40

+: represents the sample culture positive in Aeromonas.
—: represents the sample culture negative in Aeromonas.
Abbreviation: ANI=average nucleotide identity.

Vibrionaceae to a new family (/8). Notably, in the
present study, all 13 Aeromonas-positive patients
reported consuming suspected contaminated food,
with cold meat products being the most commonly
reported (38.46% of patients). Cold meat products are
associated with a high risk of foodborne diseases due to
between raw and cooked
products, which has also been observed in outbreaks
caused by V. parahaemolyticus in China (19-22). In the
present study, V. parahaemolyticus was co-detected in
23.08% of  Aeromonas-positive  patients.  The
similarities between Aeromonas and V. parahaemolyticus
regarding their environmental distribution, association

cross-contamination
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Diarrhea patient isolates River sample isolates

Antibiotic (% PIT) (% PIT)
AMP 92.31 (12/13) 96.00 (24/25)
AMS 84.62 (11/13) 96.00 (24/25)
TET 38.46 (5/13) 24.00 (6/25)
MEM 0 (0/13) 12.00 (3/25)

CT 15.38 (2/13) 4.00 (1/25)
ETP 23.08 (3/13) 24.00 (6/25)
CZA 0 (0/13) 0 (0/25)
CTX 0 (0/13) 12.00 (3/25)
CAZ 0 (0/13) 0 (0/25)
CIP 0 (0/13) 0 (0/25)
CHL 7.69 (1/13) 8.00 (2/25)
NAL 69.23 (9/13) 60.00 (15/25)
SXT 23.08 (3/13) 8.00 (2/25)
STR 61.54 (8/13) 32.00 (8/25)
AMK 0 (0/13) 0 (0/25)

Abbreviation: AMP=ampicillin; AMS=ampicillin-sulbactam; TET=
tetracycline; MEM=meropenem; CT=polymyxin E; ETP=
ertapenem; CZA=ceftazidime/avibactam; CTX=cefotaxime;
ClIP=ciprofloxacin; NAL=nalidixic acid; CAZ=ceftazidime-
avibactam; CHL=chloramphenicol; STR=streptomycin; SXT=
Sulfamethoxazole Tablets; AMK=amikacin.

* P=number of resistance isolates; T=total number of isolates.

with suspected contaminated food, and clinical
symptoms, as well as the co-infection of Aeromonas and
V. parahaemolyticus, warrant further investigation. It is
important to note that the subjective nature of patient-
reported information about suspicious contaminated
food is a limitation of the present study.

Aeromonas spp. are transmitted through food and
water, with the ability to survive and, rapidly
reproduce at low temperatures, and resist chlorine-
containing disinfectants (23). However, to date, large-
scale foodborne or waterborne outbreaks caused by
Aeromonas spp. have not been reported (23). In the
present study, 2 patients (P11 and P12) who dined
together and consumed takeout food from the same
catering company — along with 3 other individuals —
experienced diarrhea symptoms on the same day,
suggesting a potential outbreak. However, genomic
analysis did not confirm a common clone or establish a
clear link between the outbreak and Aeromonas spp.
Successful molecular tracing of diarrhea outbreaks
associated with Aeromonas spp. has been limited
(16,24-25). Nevertheless, outbreaks caused by
multiple Aeromonas spp. in patients have been reported
(26), indicating a need for additional data on
pathogenic characteristics in such outbreaks.

Chinese Center for Disease Control and Prevention
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FIGURE 2. Resistance spectrum of 13 strains of Aeromonas from patients to various antibiotic combinations.
Note: The X-axis represents the resistance rate of Aeromonas. The Y-axis represents a series of antibiotic combinations.
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FIGURE 3. Resistance spectrum of 25 strains of Aeromonas from river water samples to various antibiotic combinations.
Note: The X-axis represents the resistance rate of Aeromonas. The Y-axis represents a series of antibiotic combinations.

In this study, A. veronii and A. caviae were the
dominant species among the 25 Aeromonas isolates
recovered from environmental water samples. Isolates
from both patients and river water exhibited high levels
of multidrug resistance, particularly to AMP and AMS.
Although not statistically significant, the resistance
rates to TET, CT, STR, and SXT — 4 antibiotics
commonly used in clinical settings — were slightly
higher among isolates from patients than among those
from river water. This finding suggests that clinical
treatment may contribute to antibiotic resistance in
Aeromonas.

The high bootstrap values of the main branches in

Chinese Center for Disease Control and Prevention

the phylogenetic tree, based on cgSNP analysis of
Aeromonas isolates from patients and river water
samples, indicate a stable and reliable topology. Few
isolates clustered significantly, and none were clonal
(except for isolates R6-2 and R9-1, identified as A.
schubertii). Patient-derived isolates of the same
Aeromonas species (e.g., S7, S8, S11, S12, and S13)
and isolates from the same river water sample
belonging to the same species (e.g., R7-2, R7-3, and
R7-4) were phylogenetically distant, suggesting they
did not originate from a recent common ancestor. The
interspersed distribution of patient-derived and river
water-derived  isolates in the phylogenetic tree
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FIGURE 4. Phylogenetic maximum likelihood tree based on core genome single nucleotide polymorphisms among

Aeromonas strains.

Note: Seven type strains or representative strains were also included. The three largest clusters (A. veronii, A. caviae, A.
dhakensis) are shown in blue, red, and yellow, respectively. The red dots on the top of the branches represent Aeromonas
strains isolated from patients with diarrhea. The various colors of branches (from red to green) represent bootstrap values

ranging from 60% to 100%. " = type strain.

underscores the importance of active surveillance for
foodborne pathogens.

This study provides valuable insights into the
prevalence and characteristics of Aeromonas in patients
with diarrhea and aquatic environments. However, the

128 CCDC Weekly / Vol. 7 / No. 4

study has limitations, including the subjective nature of
patient-reported  information  and  challenges
establishing causal links between outbreaks and
Aeromonas, highlighting areas for further investigation.
Conflicts of interest: No conflicts of interest.
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Preplanned Studies

Epidemiological and Spatiotemporal Clustering Analysis of
Human Brucellosis — China, 2019-2023

Zhiguo Liu"%; Yue Shi*®; Chuizhao Xue’; Min Yuan'; Zhenjun Li**; Canjun Zheng*

Summary

What is already known about this topic?

The number of reported cases of human brucellosis
significantly increased from 45,046 (3.25/100,000) in
2019 to 70,439 (4.99/100,000) in 2023.

What is added by this report?

Human brucellosis continued to spread and expand of
in northern China, with the most cases reported in the
Inner Mongolia Autonomous Region (7=87,961),
Xinjiang Uygur Autonomous Region (7=27,845) and
Shanxi Province (7#=21,932). In southern China,
reported cases increased substantially from 2,036 in
2019 to 5,128 in 2023. Joinpoint regression analysis
revealed an upward trend in incidence rate across 29
provincial-level administrative divisions (PLADs), with
an annual percent change (APC) of 12.86, (P<0.05),
with particularly rapid increases observed in most
southern PLADs. Spatiotemporal analysis identified
high-risk clusters concentrated in the northwestern and
northeastern regions.

What are the implications for public health
practice?

With the continued worsening of human brucellosis
over the past five years, implementing strict controls on
the movement of infected animals is urgeent.

Brucellosis is a globally significant zoonotic disease
that causes substantial economic losses and poses
serious occupational health risks (7-2). Since 1995,
brucellosis has reemerged in China, reaching a historic
peak in 2014, with the affected areas expanding from
northern to southern regions (3). Notably, in 2021,
69,767 cases were reported across 2,083 counties in
China, representing a 47.7% increase from 2020
(47,425) (4). However, epidemiological evolution
characteristics of human brucellosis from 2019 to 2023
remain unclear. Therefore, this study aims to analyze
disease evolution patterns and to identify high-risk
areas for human brucellosis in China from 2019 to
2023.

The case and incidence rates were obtained from the

130 CCDC Weekly /Vol. 7/ No. 4

National Notifiable Disease Reporting ~ System
(NNDRS) for the period January 1, 2019 to
December 31, 2023. The average annual growth rate
was calculated according to previously reported
methods (5). Average annual incidence growth rates
(%) were calculated using power functions in
Microsoft  Excel 2021 (Microsoft Corporation,
Redmond, Washington, United States).

The Qinling-Huaihe line served as the geographical
boundary between northern and southern China. The
northern region comprised 16  provincial-level
administrative divisions (PLADs) [Heilongjiang, Jilin,
Liaoning, Beijing, Tianjin, Inner Mongolia, Shaanxi,
Hebei, Henan, Ningxia, Shanxi, Shandong, Gansu,
Qinghai, Xinjiang (Xinjiang Production and
Construction Corps, XPCC) and Xizang], while the
southern region included 15 PLADs (Jiangsu,
Shanghai, Zhejiang, Anhui, Hunan, Hubei, Sichuan,
Chongqing, Guizhou, Yunnan, Guangxi, Guangdong,
Hainan, Fujian and Jiangxi). Hong Kong Special
Administrative Region (SAR); Macau SAR; and
Taiwan, China were excluded due to data
unavailability.

Joinpoint regression analyses were performed using
Joinpoint  Regression version  5.2.0
(hteps://surveillance.cancer.gov/joinpoint/)  (National
Cancer Institute, Bethesda, Maryland, USA) based on
Poisson regression to estimate joinpoint positions and
regression coefficients (6). Annual percentage changes
(APCs) were calculated to quantify the year-over-year
rate changes between joinpoints  as
percentages.

A retrospective space-time scan analysis using the
discrete Poisson model was conducted using SaTScan
v10.1.3 (National Institute, Bethesda,
Maryland, USA) to identify spatiotemporal clusters of
human brucellosis. Statistical significance was assessed
through 999 Monte Carlo simulations. The log
likelihood ratio (LLR) test statistic was constructed by
comparing observed and expected case counts inside
and outside the scanning window. Clusters were
defined by scanning windows with statistically
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significant LLR values (P<0.05).

From 2019 to 2023, human brucellosis cases and
incidence rates demonstrated a fluctuating upward
trend across 31 PLADs in China, with 304,668 total
reported cases and an average annual incidence of
4.33/10,000 population (Figure 1).

The annual reported cases increased from 45,046
(3.25/100,000) in 2019 to 48,455 (3.45/100,000) in
2020, reaching a peak of 71,628 (5.06/100,000) in
2021. Subsequently, cases slightly decreased to 69,100
(4.89/10,000) in 2022 before rising again to 70,439
(4.99/10,000) in 2023 (Figure 1). Further, 87.78%
(267,446/304,668) of cases occurred in northern
PLADs, while 12.22% (37,222/304,668) were
reported from southern PLADs. Notably, southern
PLADs experienced a substantial increase in reported
cases, from 4,310 in 2019 to 10,363 in 2023 (Figure 1
and Table 1).

From 2019 to 2023, Inner Mongolia accounted for
the largest proportion (87,961 cases; 28.87% of all
reports) with an average annual incidence of
71.88/100,000 (Table 1). Shanghai reported the lowest
number of cases (22), followed by Hainan (257), with
average annual incidence rates of 0.018/100,000 and
0.31/100,000, respectively. With the exception of
Yunnan, all southern PLADs reported incidence rates
below 1.0/100,000 (Table 1).

The average annual growth rate of incidence in
China from 2019 to 2023 was 8.97% (Table 2).
Notably, 13 southern PLADs and 5 northern PLADs
reported average annual growth rates exceeding 10%
(Table 2). Qinghai showed a marked upward trend,
with annual incidence increasing from 2.45/100,000 in
2019 to 34.86/100,000 in 2023. Although most
southern PLADs maintained incidence rates below

1.0/100,000, they showed consistent increases over
time (Table 2).

Reported cases in southern China
mmm Reported cases in northern China

——Incidence rate of Nationwide incidence (/100,000)

Joinpoint regression analysis revealed APCs ranging
from -0.70 to 97.97, with 29 PLADs demonstrating
significant upward trends in incidence rates, except for
Jilin and Xizang (Table 3). Notably, six PLADs —
Qinghai, Guizhou, Yunnan, Sichuan, Jiangxi, and
Guangxi (Table 3) — exhibited particularly significant
increases, with five of these PLADs located in southern
China.

Retrospective  space-time analysis scanning for
clusters with high rates using the discrete Poisson
model identified 14 distinct zones of human brucellosis
clusters. The largest cluster occurred between January
1, 2022, and December 31, 2023, encompassing 419
counties (Figure 2 and Table 3). This primary cluster
demonstrated a relative risk of 8.95 with a LLR of
79,182.30 (P<0.001) (Figure 2 and Table 4).

The second largest cluster, comprising 33 counties
across Inner Mongolia, Jilin, and Liaoning, was
identified between January 1, 2020, and December 31,
2021, with a relative risk of 20.75 and LLR of
40,377.28 (P<0.001) (Figure 2). The third largest
cluster included 19 counties in Henan Province during
January 1, 2022, to December 31, 2023, exhibiting a
relative risk of 3.73 and LLR of 2,140.47 (P<0.001).
The remaining 11 clusters each contained 1 to 3

counties, distributed across Henan, Shandong,
Yunnan, and Sichuan (Figure 2 and Table 4).

DISCUSSION

Our analysis reveals that human brucellosis
continued to spread and expand, the majority of cases
remain concentrated in northern China, with PLADs
in the northwestern and northeastern region. Inner
Mongolia’s cases, accounting for 28.87% of the
national total, indicate ineffective control measures and
inadequate containment of animal brucellosis (7). In
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FIGURE 1. Evolution trend of human brucellosis in northern and southern China, from 2019 to 2023.
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TABLE 1. Number of reported cases in 31 PLADs in China from 2019 to 2023.

Areas PLADS Number of reported cases, 2019-2023 Total
2019 2020 2021 2022 2023 cases
Inner Mongolia 14,148 16,406 21,910 19,088 16,409 87,961
Xinjiang 4,135 3,079 4,828 6,469 9,334 27,845
Shanxi 3,465 3,498 4,962 4,876 5,131 21,932
Ningxia 2,242 2,988 5,049 6,295 4,505 21,079
Henan 2,274 3,121 5,032 5,254 5,145 20,826
Gansu 1,787 3,003 4,601 5,229 5,569 20,189
Hebei 3,407 3,158 4,777 3,970 4,196 19,508
Northern Liaoning 2,298 3,000 5,483 3,916 3,162 17,859
Heilongjiang 4,326 2,956 4,119 2,849 3,387 17,637
Shandong 2,534 2,427 3,370 3,218 3,311 14,860
Shaanxi 1,138 1,116 1,419 1,705 1,543 6,921
Jilin 1,191 1,151 1,311 847 1,093 5,593
Qinghai 148 259 772 1,159 2,074 4,412
Tianjin 136 136 238 258 209 977
Beijing 86 54 83 115 131 469
Xizang 55 58 49 20 22 204
Yunnan 321 383 701 1,039 1,519 3,963
Guangdong 456 361 479 490 612 2,398
Anhui 142 229 353 347 414 1,485
Hunan 212 167 239 248 349 1,215
Jiangsu 142 165 284 284 299 1,174
Sichuan 114 130 206 267 417 1,134
Guangxi 153 125 229 248 367 1,122
Southern Fujian 151 111 195 207 238 902
Zhejiang 108 127 181 209 195 820
Hubei 80 73 107 175 254 689
Guizhou 33 54 92 140 207 526
Jiangxi 58 53 103 80 177 471
Chongging 49 54 72 49 94 318
Hainan 15 9 21 41 71 157
Shanghai 2 4 3 8 5 22
Nationwide 45,406 48,455 71,268 69,100 70,439 304,668

Abbreviation: PLAD=provincial-level administrative division.

agricultural and livestock farming regions facilitate
Brucella strain transmission through close human-
animal interaction, where livestock farming represents
the sole livelihood, complicated by nomadic lifestyles
and low socioeconomic conditions.

In southern China, reported cases have increased
markedly from 2.0% of national cases in 2019 to
5.38% in 2023, with total cases rising from 4,310 to
10,363. All 15 southern PLADs show upward trends
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in both case numbers and incidence rates. Molecular
epidemiological investigation of Brucella in Guizhou
from 2009 to 2021 confirms strain importation from
northern areas such as Inner Mongolia and Xinjiang
(8).

The  high-risk

concentrated in the northwestern and northeastern

clusters were predominantly

regions, with additional clusters in two southern
PLADs, Yunnan and Sichuan. This distribution differs
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TABLE 2. Average annual growth rate (%) of incidence (/100,000) in 31 PLADs from 2019 to 2023.

2019-2023, incidence (/100,000)

Average annual Average annual

Areas PLADs 2019 2020 2021 2022 2023 incidence (/100,000)  growth rate (%)
Qinghai 2.45 426 1303 1951  34.86 14.82 70.02
Gansu 678 1134 1839 2100  22.34 15.97 26.95
Henan 2.37 3.24 5.06 5.32 5.21 4.24 17.10
Xinjiang 16.63 1220 1868 2499  36.08 21.71 16.76
Ningxia 3259 4301 7010  86.83  61.85 58.88 13.67
Tianjin 0.87 0.87 1.72 1.88 1.53 1.37 11.96
Shanxi 9.32 938  14.21 14.01 14.74 12.33 9.61
Northom Beijing 0.40 0.25 0.38 0.53 0.60 0.43 8.48
Liaoning 5.27 6.89  12.87 9.26 7.53 8.37 7.40
Shaanxi 2.94 2.88 3.59 4.31 3.90 3.53 578
Shandong 2.52 2.41 3.32 3.16 3.26 2.93 5.25
Hebei 4.51 4.16 6.40 5.33 5.66 5.21 4.63
Inner Mongolia ~ 55.83 6460 9111 7953  68.34 71.88 4.12
Jilin 4.40 4.28 5.45 3.57 4.66 4.47 112
Heilongjiang 11.47 788  12.93 912 1093 10.46 -0.95
Xizang 1.60 1.65 1.34 0.55 0.60 1.15 -17.69
Guizhou 0.09 0.15 0.24 0.36 0.54 0.28 42.39
Yunnan 0.66 0.79 1.48 2.22 3.24 1.68 37.25
Hainan 0.16 0.10 0.21 0.40 0.69 0.31 33.93
Sichuan 0.14 0.16 0.25 0.32 0.50 0.27 29.51
Hubei 0.14 0.12 0.19 0.30 0.43 0.24 26.31
Jiangxi 0.12 0.11 0.23 0.18 0.39 0.21 25.65
Anhui 0.22 0.36 0.58 0.57 0.68 0.48 24.64
Southern Shanghai 0.01 0.02 0.01 0.03 0.02 0.02 19.47
Guangxi 0.31 0.25 0.46 0.49 0.73 0.45 18.54
Jiangsu 0.18 0.20 0.34 0.33 0.35 0.28 14.76
Chongging 0.16 0.17 0.22 0.15 0.29 0.20 13.11
Hunan 0.31 0.24 0.36 0.37 0.53 0.36 11.45
Zhejiang 0.19 0.22 0.28 0.32 0.30 0.26 9.51
Fujian 0.38 0.28 0.47 0.49 0.57 0.44 8.20
Guangdong 0.40 0.31 0.38 0.39 0.48 0.39 3.77
Nationwide 3.25 3.45 5.06 4.90 5.00 4.33 8.97

Abbreviation: PLAD=provincial-level administrative division.

from the 2004-2019 pattern, where significant spatial
correlations of high incidence were primarily confined
to northern China, particularly Inner Mongolia,
Shanxi, and Heilongjiang (9). In Jiangsu, the disease
progression from 2006 to 2021 showed gradual
expansion from northern and southern regions toward
This

enhancement of local outbreak response capabilities in

central areas. situation necessitates urgent

high-incidence regions.

Chinese Center for Disease Control and Prevention

The control of human brucellosis is fundamentally
dependent on effective animal brucellosis surveillance
and control measures. However, the ongoing
development of animal husbandry presents significant
challenges to animal brucellosis prevention and control
(10). Strict enforcement of regulations prohibiting the
movement of infected animals from northern to
southern areas is crucial, including systematic screening

and isolation of diseased animals from herds, and
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TABLE 3. Joinpoint regression analysis of human brucellosis in 31 PLADs from 2019 to 2023.

Areas PLADs Period APC 95% CI P
Qinghai 2019-2023 97.97 69.82, 129.00 <0.001
Gansu 2019-2023 35.02 -0.79, 82.97 0.063
Xinjiang 2019-2023 25.44 -1.55, 58.41 0.070
Henan 2019-2023 23.05 1.99, 47.46 0.024
Ningxia 2019-2023 21.95 -20.49, 86.16 0.320
Tianjin 2019-2023 20.91 -14.88, 71.26 0.266
Beijing 2019-2023 16.81 -6.27, 44.65 0.188
Shanxi 2019-2023 14.09 1.60, 27.52 0.020

Northern

Liaoning 2019-2023 10.62 -19.40, 49.80 0.472
Shaanxi 2019-2023 10.14 -5.45, 27.97 0.206
Shandong 2019-2023 8.16 -0.29, 16.88 0.061
Hebei 2019-2023 7.26 -3.07,18.19 0.180
Inner Mongolia 2019-2023 6.31 -9.43, 24.12 0.419
Heilongjiang 2019-2023 0.50 -24.41, 32.65 0.971
Jilin 2019-2023 -0.70 -14.26, 14.34 0.891
Xizang 2019-2023 -26.32 -45.07,-1.92 0.035
Guizhou 2019-2023 55.67 48.68, 62.84 <0.001
Hainan 2019-2023 54.66 9.50, 115.38 0.008
Yunnan 2019-2023 52.19 41.92, 62.91 <0.001
Sichuan 2019-2023 39.18 23.83, 56.00 <0.001
Hubei 2019-2023 38.07 6.19, 78.88 0.011
Jiangxi 2019-2023 31.36 8.88, 57.77 <0.001
Anhui 2019-2023 30.46 9.96, 53.80 0.001
Southern Shanghai 2019-2023 27.69 -3.12, 66.00 0.080
Guangxi 2019-2023 26.76 10.13, 45.20 <0.001
Jiangsu 2019-2023 20.53 6.08, 36.22 0.003
Hunan 2019-2023 16.45 —-2.44, 38.56 0.103
Fujian 2019-2023 14.56 -0.73, 31.89 0.068
Zhejiang 2019-2023 13.82 -1.66, 31.38 0.088
Chongging 2019-2023 11.71 -9.84, 37.80 0.334
Guangdong 2019-2023 5.96 -15.45, 32.30 0.499
Nationwide 2019-2023 12.86 1.33, 25.09 0.028

Abbreviation: PLAD=provincial-level administrative division; C/=confidence interval; APC=annual percent change.

continued vaccination programs. Remarkably, resource
and financial investment in brucellosis control must be
continuously increased to curb its spread, even after
achieving initial control (11).

This study has several limitations. Brucellosis is
frequently underreported due to its nonspecific clinical
presentation, and our analysis relies on surveillance
system data that may be influenced by regional
variations in physician awareness of the disease.

Our analysis demonstrates that the disease has not
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only persisted in northern China but has also
established significant presence in southern PLAD:s.
The proportion of total reported cases in southern
regions has increased markedly from 2.0% before 2019
to 5.38% after 2019. These findings underscore the
urgent need to implement more stringent control
strategies to prevent further deterioration of the
situation.
Conflicts of interest: No conflicts of interest.
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FIGURE 2. Spatial-temporal feature of human brucellosis in China, from 2019 to 2023.
Note: Retrospective space-time analysis scanning for clusters with high rates using the Discrete Poisson model; numbers
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Abbreviation: LLR=log likelihood ratio.
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TABLE 4. Distribution profile of high-high clusters of human brucellosis from 2019 to 2023.

Xinjiang, Inner Mongolia, Gansu, Qinghai, Ningxia,
Xizang, Sichuan, Shanxi, Shaanxi, Hebei
Inner Mongolia, Jilin, Liaoning, Heilongjiang

Henan
Yunnan
Henan
Shandong
Shandong
Henan
Sichuan
Shandong
Shandong
Yunnan

Shandong

Clusters Time frame Relative risk LLR Number of counties PLADs
1 2022/1/1 to 2023/12/31 8.95 79182.30 419
2 2020/1/1 to 2021/12/31 20.75 40377.28 33
3 2022/1/1 to 2023/12/31 3.73 214047 19
4 2022/1/1 to 2023/12/31 6.09 870.29 4
5 2022/1/1 to 2023/12/31 3.67 205.21 2
6 2021/1/1 to 2022/12/31 272 179.34 3
7 2022/1/1 to 2023/12/31 2.08 36.28 1
8 2021/1/1 to 2022/12/31 1.84 20.08 1
9 2023/1/1 to 2023/12/31 2.81 17.51 1
10 2021/1/1 to 2021/12/31 1.88 16.11 1
11 2020/1/1 to 2021/12/31 1.47 15.94 2
12 2023/1/1 to 2023/12/31 2.82 13.67 1
13 2022/1/1 to 2023/12/31 1.64 12.69 1
14 2021/1/1 to 2022/12/31 1.52 10.70 1

Shandong

Note: Number of counties: total of counties involved in the high-risk clusters zone.
Abbreviation: LLR=log likelihood ratio; PLAD=provincial-level administrative division.
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Preplanned Studies

Multicenter Study on the Prevalence of Human Respiratory
Syncytial Virus Coinfection and Disease Burden Among
Hospitalized Children Aged 5 Years and Younger
— 5 Prefecture-level Cities, Zhejiang Province,
China, 2018-2023

Wanwan Sun'®; An Zhu* Zhiyong Zhu**; Jinren Pan'; Chaorong Ni*; Wenjie Wu’; An Tang’ Lei Guo®
Zhao Yu'; Xicheng Gu’; Yu Zhang’; Xiaofei Fu’*; Yonggiang Shao'**; Shelan Liu'*

Summary

What is already known about this topic?
Human respiratory syncytial virus (HRSV) coinfection
with other respiratory pathogens frequently occurs in
young children with acute respiratory illness. However,
the epidemiological patterns and associated disease
burden of HRSV coinfections in pediatric populations
remain poorly characterized.

What is added by this report?

Analysis of hospitalized children under 5 years in
Zhejiang Province from 2018 to 2023 revealed that
20.4% experienced HRSV coinfections, with bacterial
coinfections substantially exceeding viral coinfections
(14.1% wvs. 5.3%). M. pneumoniae and S. pneumoniae
emerged as predominant bacterial copathogens, while
human rhinovirus and cytomegalovirus were the most
prevalent viral coinfection agents. HRSV coinfections
were associated with significantly higher disease burden
compared to HRSV monoinfection [median expense:
4,971.4 Chinese Yuan (CNY) us. 4,649.1 CNY;
P<0.05].

What are the implications for public health
practice?

Implementation  of  comprehensive  prevention
strategies, including  vaccination ~ programs,
nonpharmaceutical interventions, and enhanced

surveillance of multiple respiratory pathogens, is
essential to reduce HRSV coinfections and their
associated disease burden during periods of high
respiratory pathogen circulation.

The human respiratory syncytial virus (HRSV)
belongs to the Orthopenumovirus genus within the
Pneumoviridae family (1) and represents the primary
etiological agent of acute lower respiratory tract
infections (ALRTIs) in children under 5 years,

Copyright © 2025 by Chinese Center for Disease Control and Prevention

immunocompromised  individuals, and elderly
populations (2-3). Globally in 2019, HRSV was
responsible for 33 million ALRTT episodes, resulting in
3.6 million hospitalizations and 101,400 deaths among
children younger than 5 years (/). China bears a
substantial burden of HRSV infections, accounting for
more than 10% of global cases (4).

Advanced diagnostic technologies in hospital settings
have revealed an increasing frequency of HRSV
other

codetection with respiratory  viruses (5).

Contemporary  research  indicates that HRSV
codetection with other respiratory viruses occurs in
35%-40% of HRSV infections among young

children (6-7). However, the impact of viral and
bacterial coinfections on the disease burden of HRSV-
associated respiratory illnesses remains incompletely
understood (8).

This study examined hospitalized children aged <5
years admitted with influenza-like illness (ILI), acute
respiratory infection (ARI), or severe acute respiratory
infection (SARI) (Supplementary File 1, available at
https://weekly.chinacdc.cn/) between January 1, 2018,
and August 31, 2023, across eight hospitals in
Zhejiang Province. HRSV infection was confirmed
through laboratory antigen testing or reverse
transcription polymerase chain reaction (RT-PCR).
Hospital selection criteria incorporated geographical
location, economic development level, and population
coverage considerations  (Supplementary File 2
Supplementary Table S1, available at https://weekly.
chinacdc.cn/). Total hospitalization costs encompassed
all direct patient expenses during admission, including
examination, medication, bed, and treatment fees. To
account for temporal cost variations across the 5-year
study period, this research applied a 3% discount rate
(9) to adjust hospitalization costs from 2018-2022.

This study stratified patients into four categories
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based on pathogen infection status: HRSV alone,
HRSV+virus, HRSV+bacteria, and HRSV+virus+
bacteria. Pathogen positivity rates were compared
across these groups, considering gender, age group,
pneumonia status, coronavirus disease 2019 (COVID-
19) epidemic phases, and hospitalization duration.
This study analyzed the pathogen spectrum in HRSV
coinfection cases and evaluated the hospitalization
duration and total costs associated with the three most
prevalent viral and bacterial coinfections.

Statistical analyses were conducted using R software
version 4.3.1 (R Foundation for Statistical Computing,
Vienna, Austria). Statistical significance was established
at P<0.05 (two-tailed).

Between January 2018 and August 2023, the eight

participating hospitals recorded 8,338,484 outpatient
and 252,658 inpatient visits across all age groups. Of
these, 180,601 patients underwent HRSV testing via
nucleic acid or antigen detection methods, yielding
10,956 positive cases (positivity rate: 6.07%). The
highest monthly positivity rates were observed in
August 2021 (26.9%) and December 2018 (25.9%),
while no positive cases were detected in May and June
2020 (Figure 1A).

Among the 7,857 HRSV-positive inpatients aged 5
years and younger included in this study, the median
age was 12.0 months [interquartile range (IQR):
4.0-24.0 months], with 65.9% being 12.0 months or
younger. Males comprised 60.4% (4,746/7,857) of the
cohort, and 80.9% (6,360/7,857) were diagnosed with
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FIGURE 1. The timeline distribution of HRSV monoinfections and coinfections among outpatients and inpatients in Zhejiang
Province, China, 2018-2023. (A) Monthly detection rates of HRSV among outpatients and inpatients; (B) Weekly distribution
of HRSV monoinfections and coinfections among hospitalized children aged 5 years and younger.

Abbreviation: COVID-19=coronavirus disease 2019; HRSV=human respiratory syncytial virus.
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pneumonia. HRSV coinfection with other pathogens
was identified in 20.4% (1,601/7,857) of cases.

A significant increase in HRSV hospitalizations was
observed from 2020 to 2023 compared to 2018-2019
(Figure 1A). The median age of patients during the
COVID-19 pandemic period (2020-2023) was
significantly higher than in the pre-pandemic period
(2018-2019) (17.0 months vs. 10.1 months, P<0.010).
The pandemic period saw a reduction in the
proportion of HRSV inpatients aged 0-5 months
(from 45% to 28%) and concurrent increases in those
aged 13-24 months (from 9% to 15%) and 25-36
months (from 6% to 15%) (Supplementary Figure S1,
available at https://weekly.chinacde.cn/).

Compared to HRSV mono-infection cases, patients
with coinfections were significantly older (19.7 months

vs. 15.0 months, P<0.01) (Table 1). Notable increases
were observed in the 13-24 months (13% to 18%) and
25-36 months (12% 20%) age groups
(Supplementary Figure S2, available at https://weekly.
chinacdc.cn/). Coinfection rates were lower in males
compared to females (18.8% vs. 22.7%, P<0.01) and
higher in pneumonia cases compared to non-
pneumonia cases (21.9% vs. 14.1%, P<0.01), Table 1.
The highest coinfection rates were observed in patients
with hospital stays of 15 days (31.2%), followed by
those staying 8—14 days (21.7%) (Table 1).

Among the HRSV inpatients, 14.1% (1,110/7,857)
tested positive for at least one bacterial pathogen.

to

Patients with bacterial coinfections demonstrated a
substantially higher incidence of pneumonia compared
to those with viral coinfections (73.2% wvs. 22.7%).

TABLE 1. Pathogen positivity rates among hospitalized children aged <5 years with human respiratory syncytial virus
infections in multicenter surveillance, Zhejiang Province, China.

Co-HRSV infection

Categori Number Mono RSV — HRSV+ba- HRSV+virus+
ategories _ infection Total HRSV+virus P
(N=7,857) (n1=6,256) (n2=1.601)  (n3=418) cteria bactetia
(n4=1,110) (n5=73)
Proportion, No. (%) 7,857 (100.0) 6,256 (79.6) 1,601 (20.4) 418(26.1) 1,110 (69.3) 73 (4.6) -
Gender, No. (%)
Male 4,746 (60.4) 3,852 (81.2) 894 (18.8) 256 (28.6) 599 (67.0) 39 (4.4) 0,001
Female 3,111(39.6) 2,404 (77.3) 707 (22.7) 162(22.9) 511 (72.3) 34 (4.8)
Mean age (months) 15.9 15.0 19.7 16.4 20.9 20.9
Age group (months), No. (%)
0-5 2,383 (30.3) 2,085 (87.5) 208 (12.5) 135 (45.3) 50 (50.3) 13 (4.4) 0.035
6-12 2,816 (35.8) 2,225 (79.0) 501 (21.0) 147 (24.9) 421 (71.2) 23 (3.9) 0.663
13-24 1,124 (14.3) 841 (74.8) 283(25.2) 60(21.2) 207 (73.1) 16 (5.7) 0.004
25-36 1,039 (13.2) 735 (70.7) 304 (29.3) 56(18.4) 234 (77 0) 14 (4.6) 0
37-48 376 (4.8) 274 (72.9) 102 (27.1) 14 (13.7) 2 (80.4) 6 (5.9) 0.007
49-60 119 (1.6) 96 (80.7) 23(19.3)  6(26.1) 16 (69.6) 1(4.3) Re;f;ﬁ;ce
Pneumonia or not, No. (%)
Yes 6,360 (81.0) 4,970 (78.1) 1,390 (21.9) 315(22.7) 1,017 (73.2) 58 (4.1) .
No 1,497 (19.0) 1,286 (85.9) 211 (14.1) 103 (48.8) 93 (44.1) 15 (7.1)
Period, No. (%)
Year 2018-2019 1,081 (13.8) 925 (85.6) 156 (14.4) 53 (34.0) 99 (63.5) 4(2.5) .
Year 2020-2023 6,776 (86.2)  5331(78.7)  1445(21.3) 365(25.3) 1,011 (70.0) 69 (4.7)
Hospitalization duration (day)
1-3 950 (12.1) 827 (87.1) 123 (12.9) 43 (35.0) 78 (63.4) 2(1.6) 0
4-7 5847 (74.4)  4,605(78.7) 1242 (21.2) 290 (23.3) 898 (72.3) 54 (4.4) 0.052
8-14 996 (12.7) 780 (78.3) 216 (21.7) 73(33.8) 129 (59.7) 14 (6.5) 0.075
>15 64 (0.8) 44 (68.8) 20(31.2) 12 (60.0) 5 (25.0) 3 (15.0) Regf;ﬁgw

Note: P comparing mono-HRSYV infection vs. co-HRSV infection.
Abbreviation: HRSV=human respiratory syncytial virus.
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Additionally, the rate of bacterial coinfections was was the most frequently detected pathogen, accounting

significantly elevated during the 2020-2023 period for 27.3% of all viral-positive detections, followed by

compared to 2018-2019 (Table 1). cytomegalovirus  (CMV;  23.8%) and human
In  bacterial  coinfection cases, Mycoplasma adenovirus (HAdV; 14.0%) (Figure 2).

pneumoniae (M.  pneumoniae) emerged as the Analysis of hospitalization expenses revealed that

predominant pathogen, representing 59.2% of all HRSV ' coinfection cases, whether viral or bacterial,

bacterial detections. This was followed by Streprococcus incurred significantly higher costs (median: 4,971.4,

pneumoniae  (S.  pnewmoniae) at 25.3% and IQR:  3,864.7-6,878.0) compared to HRSV
Haemophilus  influenzae (H. influenzae) at 8.8% monoinfection cases (median: 4,649.1, IQR:

(Figure 2). 3,486.6-6,524.9, P=0.013). Among all coinfections,
Among viral coinfections, human rhinovirus (HRV) CMV  was associated with the highest median
A

HRV D pneumoniae
CMV S. pneumoniae
H. influenzae
HAdV K. pneumoniae
8 EBV C. pneumoniae
g RV E. cg[l;’
< HPIV S. aureus
SARS-CoV-2 ocC
Influenza gg
HMPV STM
NV BP
B E
HRV M. pneumoniae 58.6
CMV S. pneumoniae
H. influenzae
§ HAdV K. pneumoniae
s EBV C. pneumoniae
) HPIV E. coli
5 RV PA
E ocC
] Influenza AB
&~ SARS-CoV-2 S. aureus
EC
NV BP
HMPV ST
C F
HRV M. pneumoniae
g CMV S. pneumoniae
§ H. influenzae
'g RV PA
g EBV K. pneumoniae
a
g HPIV S. aureus
P EC
HAdV

STM
E. coli
5 10 15 20 25 30 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Influenza

FIGURE 2. Viral and bacterial composition of HRSV-positive hospitalized children aged 5 years and younger in Zhejiang
Province, China, 2018-2023. (A) Viral composition in all patients; (B) Viral composition in pneumonia cases; (C) Viral
composition in non-pneumonia cases; (D) Bacterial composition in all cases; (E) Bacterial composition in pneumonia cases;
(F) Bacterial composition in non-pneumonia cases.

Note: Analysis includes all cases tested for ten viral and 13 bacterial pathogens among HRSV-positive hospitalized children.
Bar lengths and accompanying numbers represent the proportion of each pathogen, calculated as the number of positive
cases divided by the total number of HRSV-positive cases.

Abbreviation: HRV=human rhinovirus; CMV=cytomegalovirus; HAdV=human adenovirus; EBV=Epstein-Barr virus;
RV=rotavirus; HPIV=human parainfluenza virus; COVID-19=coronavirus disease 2019; HMPV=human metapneumovirus;
NV=norovirus; M. pneumoniae=Mycoplasma pneumoniae; S. pneumoniae=Streptococcus pneumoniae; H. influenzae=
Haemophilus influenzae; K. pneumoniae=Klebsiella pneumoniae; C. pneumoniae=Chlamydia pneumoniae; E. coli=
Escherichia coli; PA=Pseudomonas aeruginosa; S. aureus=Staphylococcus aureus; OC=oral candidiasis; AB=Acinetobacter
baumannii; EC=Enterobacter cloacae; BP=Bordetella pertussis; ST=Salmonella typhi; STM=Salmonella typhimurium.
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7,243.6, IQR:

hospitalization expense (median:
5,459.3-9,569.8) (Figure 3).
Regarding length of stay, cases with viral or bacterial
coinfections demonstrated marginally longer durations
(median: 5.0, IQR: 4.0-7.0) compared to HRSV
monoinfections (median: 5.0, IQR: 4.0-6.0, P<0.01).
Among viral coinfections, CMV cases exhibited
significantly extended hospitalization periods (median:
6.0, IQR: 5.0-8.0, P=0.003). In bacterial coinfections,
both S. pneumoniae (median: 6.0, IQR: 5.0-7.0,
P=0.025) and H. influenzae (median: 6.0, IQR:

DISCUSSION

This study analyzed surveillance data from 2018 to
2023, encompassing comprehensive pathogen testing
data from 8 hospitals in Zhejiang Province for 10
viruses and 13 bacteria in pediatric inpatients under 5
years of age. This analysis revealed significant patterns
in the prevalence, pathogen spectrum, and disease
burden of HRSV coinfections in this population.

These findings demonstrate a marked increase in
HRSV infections during 2020-2023 compared to

5.0-7.0,  P=0.018)  demonstrated  comparable previous seasons (2018-2019), with a notable shift in
prolonged hospital stays (Figure 3). age distribution toward older children within the
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FIGURE 3. Disease burden in HRSV mono- and co-infections among hospitalized children aged 5 years and younger in
Zhejiang Province, China, 2018-2023. (A) Hospitalized expense (HRSV only vs. HRSV coinfection); (B) Hospitalized
expense (HRSV coinfections with all viruses vs. single virus); (C) Hospitalized expense (HRSV coinfections with all bacteria
vs. single bacteria); (D) Hospitalized days (HRSV only vs. HRSV coinfection); (E) Hospitalized days (HRSV coinfections with
all viruses vs. single virus); (F) Hospitalized days (HRSV coinfections with all bacteria vs. single bacteria).

Abbreviation: HRV=human rhinovirus; CMV=cytomegalovirus; HAdV=human adenovirus; M. pneumoniae=Mycoplasma
pneumoniae; S. pneumoniae=Streptococcus pneumoniae; H. influenzae=Haemophilus influenzae; CNY=Chinese Yuan.
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under-5 age group. This pattern suggests that
pandemic-related  disruptions
susceptibility among older children who lacked prior
exposure to endemic HRSV (9-10).

The study revealed that HRSV coinfection with
other respiratory pathogens was common, affecting
20.4% of all hospitalizations during 2018-2023.
Notably, HRSV coinfection rates were substantially
higher during 2020-2023 compared to 2018-2019.
While the precise mechanism remains unclear, this
increase likely relates to both enhanced RT-PCR
testing implementation and elevated respiratory
pathogen circulation during the COVID-19 pandemic
period (11).

Regarding disease status, HRSV coinfections showed
significantly higher prevalence in patients with
pneumonia compared to those without pneumonia,
aligning with Liu et al’s findings on coinfection
patterns in community-acquired pneumonia (12).

This study revealed increased hospital stays and
expenses among HRSV coinfections, potentially
attributable to the implementation of multiple
therapeutic interventions (/3-14). These findings
underscore the importance of specialized care for
hospitalized children with HRSV
Optimal management should include isolation in
separate wards, with particular emphasis on early
detection of coinfections through comprehensive
testing for HRSV and other common respiratory
viruses, especially in infants under 6 months of age.

This study had two primary limitations. First, the
analysis of hospitalization expenses excluded indirect
costs. Second, selection bias may have occurred as the
study included only inpatients with confirmed HRSV
infection, excluding those without HRSV detection.

In conclusion, this study demonstrates a significant
increase in HRSV coinfections during the COVID-19
pandemic,  particularly among  patients  with
pneumonia  and  those  requiring  extended
hospitalization exceeding 14 days. These coinfections
were associated with prolonged hospital stays and
elevated healthcare costs. To mitigate future HRSV
coinfection incidence and disease burden, public health
initiatives should focus on raising awareness among
parents and the general public regarding pediatric
coinfection risks and prevention strategies. Healthcare
providers should implement recommended testing
protocols for patients presenting with acute respiratory
symptoms to identify HRSV coinfections promptly,
potentially reducing infection severity and associated
disease burden.

created  increased

coinfections.
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SUPPLEMENTARY MATERIAL

Supplementary File 1: The definition of influenza-like illness (ILI), acute respiratory

infection (ARI), and severe acute respiratory infection (SARI)

(1) Influenza-like illness (ILI) is a non-specific syndrome defined as fever (temperature of 38 °C or greater) with
cough or sore throat. (National Guideline for Institutional Outbreak Management of Seasonal Influenza, 2018
version)

(2) An acute respiratory infection (ARI) is defined as a measured fever of >38 °C and cough, with onset within
the last 10 days. (The World Health Organization (WHO) Global Influenza Programme, https://www.who.int/
teams/global-influenza-programme/surveillance-and-monitoring/case-definitions-for-ili-and-sari)

(3) Severe acute respiratory infection (SARI) is defined as ARI with symptoms including cough and fever within
10 days of presentation and with hospitalization. [The World Health Organization (WHO) Global Influenza
Programme, https://www.who.int/teams/global-influenza-programme/surveillance-and-monitoring/case-definitions-
for-ili-and-sari]

Supplementary File 2: The criteria for the selection of eight hospitals in Zhejiang

Province, China, in this study
(1) We selected the representative hospitals in the northern, central, southern, and coastal areas of Zhejiang
Province, covering rural and urban areas.
(2) We selected different levels of hospital, including provincial-level tertiary hospitals, municipal hospitals, and
county-level hospitals.
(3) We included general hospitals and specialized pediatric hospitals.

2018-2019 4960 2020-2023
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6-12
38%
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SUPPLEMENTARY FIGURE S1. The age distribution of hospitalized children under 5 years old infected with HRSV in
Zhejiang Province, China (pre-pandemic vs. pandemic period).
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SUPPLEMENTARY FIGURE S2. The age distribution of hospitalized children under 5 years old infected with HRSV alone or

coinfected with HRSV in Zhejiang Province, China.

SUPPLEMENTARY TABLE S1. The characteristics of eight hospitals in five prefecture-level cities of Zhejiang Province,
China.

Number Hospital name Hospital level Hospital classification Locations
1 Jiaxing Maternity and Child Health Care Hospital Level Il Grade A Women and children Jiaxing City
2 The First Hospital of Jiaxing Level lll Grade A Comprehensive hospital Jiaxing City
3 The Second People’s Hospital of Jinyun Level Il Grade B Comprehensive hospital Lishui City
4 The Maternity and Child Health Hospital of Tonglu Level Il Grade B Comprehensive hospital Hangzhou City
5 The First People’s Hospital of Tonglu Level Il Grade A Comprehensive hospital Hangzhou City
6 Wenz&:;x‘iﬂgﬁIegglff%ﬁa?ggiitj;r%eézﬂgrzs,z pli-tlils\rl:i/; Tzhou Level Ill Grade A Women and children Wenzhou City
7 People’s Hospital of Daishan Level Il Grade A Comprehensive hospital Zhoushan City
8 Zhoushan Hospital Level lll Grade A Comprehensive hospital ~Zhoushan City

S2
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Preplanned Studies

Global Species/Biovars and Genotype Diversity Atlas of
Brucella spp. — 102 Countries, 1923-2020

Zhiguo Liu"%; Liping Gao**; Miao Wang’; Songnan Du’; Min Yuan'; Zhenjun Li"**

Summary

What is already known about this topic?
Brucella spp. are facultative intracellular bacteria that
can infect many species of animals and humans.

What is added by this report?

The global Brucella demonstrates distinct territorial
distribution patterns: B. abortus predominantly in
Africa and North America, B. melitensis dominates in
Asia and Europe, and B. suis is most prevalent in
Europe. B. melitensis exhibits the highest host and
genotype diversity, with most strains isolated from
human cases, indicating persistent animal reservoirs
and repeated human transmission. Brucella spp.
demonstrates region-specific lineage distributions:
African B. abortus strains cluster within abortus B
lineage, while Asian, American, and European strains
group within abortus C. Eastern Mediterranean B.
melitensis strains show predominant distribution across
Asia and Europe, while B. suis strains display genetic
heterogeneity across different geographical regions.
What are the implications for public health
practice?

While B. melitensis represents a global public health
challenge, B. abortus and B. suis pose more localized
concerns. Implementation of livestock brucellosis

control programs is essential for reducing human health

risks.

Brucellosis represents a globally prevalent zoonotic
disease that poses significant public health challenges
and causes substantial economic losses in livestock
populations (7). The past few decades has witnessed
continuous expansion in recognized diversity within
the Brucella genus, with novel strains isolated from
marine mammals to ocean fish revealing previously
unknown ecological niches (2). These developments
present new challenges for both regional and global
surveillance and control of brucellosis. However, global
species/biovars and genotype diversity atlas of Brucella
spp- remain unclear. Therefore, this study aims to
elucidate the global

distribution  patterns  of

144 CCDC Weekly /Vol. 7/ No. 4

species/biovars and genetic diversity among Brucella
strains to enhance understanding of epidemiological
changes and facilitate tailored surveillance and control
strategies worldwide.

In this study, 7,212 Brucella strains collected from
multiple locus variable-number tandem repeat analysis
(MLVA) databases (https://microbesgenotyping.i2bc.
paris-saclay.fr/databases) through June 30, 2024,
representing isolates collected in 102 countries from
1923 to 2020. Data extraction included species/biovar,
isolation location, quantity, host spectrum, panel 1
profiles, MLVA-11 patterns, lineage information, and
isolation dates. Data analysis was performed using
Excel 2021 software (Microsoft, Redmond, WA,
USA). The minimum spanning tree (MST) was
constructed using PHYLOVIZ 2.0 (3) online software
(https://online2.phyloviz.net/index)  to
genetic relationships among strains.

Among the 7,212 Brucella strains analyzed, at least
12 species, 19 biovars, and several atypical Brucella
species were identified (Figure 1). B. abortus strains
distributed across 59 countries (regions) spanning six
continents, while B. melitensis exhibited widespread
presence in 64 countries throughout Asia, Europe, and
North Africa (Figure 1). Notably, the distribution
pattern of B. melitensis correlates strongly with regions
reporting high incidence rates of brucellosis in both
humans and animals. B. suis strains were documented
in 34 countries across Europe, North America, and
Latin America. B. canis demonstrated a more limited
geographic range, primarily concentrated in East Asia
and Latin America (Figure 1). Other species showed
distinct regional patterns: B. neotomae in North
America; B. ovis in Europe, North Africa, Oceania, and
Latin America; B. ceti predominantly in West Europe
and North America; B. microti concentrated in Middle
Europe; B. papionis restricted to Tanzania and USA; B.
vulpis exclusively in Austria; and B. pinnip primarily in
Europe (Figure 1). These distribution patterns indicate
the global predominance of B. abortus and B.
melitensis, while other species exhibit distinct
geographic specificities.

elucidate
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Continents Brucella Brlfcellq Bruc‘ella Bruc’glla Bruce]la
abortus  melitensis  suis canis ceti
Asia 619 3,051 156 12 0
Europe 458 1,775 510 5 61
Africa 1,265 247 14 3 0
Oceania 3 0 11 0 0
North America 156 19 8 11 49
Latin America 35 121 27 106 0

Brucella  Brucella Brucella Brucella Brucella Brucella Brucella
microti  neotomae  OVis papionis  vulpis pinnip ama
0 0 0 0 0 0 0
13 0 12 0 1 58 0
0 0 31 1 0 0 0
0 0 5 0 0 0 0
0 13 4 1 0 2 2
0 0 129 0 0 0 2

FIGURE 1. Territory distribution of Brucella spp. Strains.

Note: The number of strains marked with different color scales; green: refers to the continent with no strains found; red:

indicates the continent with the most strains.

The predominant species was B. melitensis (n=4,042,
56.05%), followed by B. abortus (n=2,600), B. suis
(n=695), and B. canis (n=52) (Supplementary Table
S1). The geographic distribution of B. abortus biovars
showed distinct patterns, for example: biovar 1 was
predominantly found in Portugal, South Korea, and
Brazil; and biovar 9 in Xinjiang, China. Within the B.
melitensis ~ population, biovar 3 (7=1,909)
dominated species. B. melitensis biovars 1 and 3
showed widespread distribution across Asia and
Europe, particularly in Asian countries with high

was

brucellosis prevalence.

The B. suis population exhibited distinct biovar
distributions, such as B. suis biovar 1 showed broad
geographic distribution across China, the USA,
Mexico, France, Zimbabwe, Egypt, and Australia. B.
ovis (n=53) was distributed across France, Spain, Brazil,
Greece, the USA, Australia, New Zealand, Croatia,
and Argentina. B. neotomae (n=13) was confined to
Costa Rica and the USA. Among non-classical species,
there were 173 B. ceti isolates, 61 B. pinnipedialis
isolates, 13 B. microti isolates, 2 B. papionis isolates,
and 1 B. vulpis isolate. B. ceti was predominantly found
in Scotland, Italy, Spain, Costa Rica, Germany,
France, and the UK. B. microti was isolated from the
Czech Republic and Austria, B. papionis from Tanzania
and the USA, and B. pinnipedialis from Scotland,
Norway, United Kingdom, and USA.

Asia exhibits the lowest species diversity, with B.
abortus and B. melitensis being the only classical species
distributed across all Asian countries (Figure 2).
Sporadic cases of B. suis have been documented in
China, India, Nepal, Palestine, and the United Arab
Emirates, while B. canis has been reported exclusively
in China, Republic of Korea, and Japan. This species
distribution profile aligns precisely with the regions
reporting the highest human brucellosis burden in
Asia. Notably, substantial isolations of B. melitensis
have been recorded in China, Kazakhstan, Kyrgyzstan,
Palestine, Qatar, and Turkey - countries that
consistently report among the highest global incidence

Chinese Center for Disease Control and Prevention

rates of brucellosis.

Europe demonstrates higher species diversity than
other continents, with 9 of the 12 known species
documented (Figure 2). Three species (B. abortus, B.
melitensis, and B. suis) are widely distributed across the
continent, particularly in historically high-burden
B. suis exhibits a unique continental
distribution pattern, with significant presence in

regions.

Hungary, Germany, Belgium, France, Croatia, Spain,
and Portugal, predominantly isolated from swine and
wild boar populations. These findings suggest that
despite successful control of brucellosis in Europe’s
historically endemic areas, continued surveillance
remains essential.

Despite Africa being a historically endemic region
for brucellosis, comprehensive data on Brucella species
and genotypes remain limited due to insufficient
surveillance in recent decades. B. abortus strains are
particularly prevalent throughout South and West
Africa (Figure 2). In Africa presence of multiple
Brucella species, underscoring the need for expanded
bacteriological surveillance.

While Oceania maintains brucellosis-free status with
only sporadic isolations of B. abortus, B. suis, and B.
ovis (Figure 2), potential public health risks persist
through mammalian reservoirs. The Americas exhibit
the highest Brucella species diversity globally, with at
least 10 documented species, and B. abortus showing
the widest geographic distribution (Figure 2). B.
melitensis has been documented in regions with
substantial human brucellosis burden, including the
USA, Mexico, Peru, and Argentina. The continent
harbors the highest concentrations of both B. neotomae
(11 isolates in the USA) and B. ovis (115 isolates in
Argentina), while Costa Rica reports the majority of B.
ceti cases.

The B. abortus population demonstrates remarkable
host diversity, with isolates from at least 20 different
species. Cattle represent the primary host (7=1,567),
followed by bison (#=97) and humans (n=80). B.
melitensis exhibits even greater host diversity, with
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Species distribution profile of global Brucella spp.
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FIGURE 2. Distribution of areas and composition patterns of Brucella species populations.
Note: Brucella species are coded with color, and dots on the x-axis indicate the borders of different areas.

isolations from 24 distinct species, predominantly
humans (7=2,719), followed by ovines (#=617) and
cattle (7=280). The B. suis population spans 15 host
species, B. neotomae has been isolated from both
rodents and humans. Host specificity is observed in
several species, such as B. papionis in baboons. This
extensive host diversity plays a crucial role in
maintaining and facilitating the transmission of
Brucella strains.

Within the B. abortus population, 83 multiple locus
variable-number tandem repeat analysis-11 genotypes

(GTs) were identified, with three GT's (82, 72, and 79)

emerging as predominant, representing 28.4%
(494/1,735), 22.4% (390/1,735), and 10.7%
(187/1,735)  of the population, respectively

(Figure 3A). GT72 exhibited broad geographic
distribution across 17 countries, GT82 was detected in
10 countries across 3 continents, GT79 was identified
in 9 countries across 4 continents.

Minimum spanning tree (MST) analysis based on
MLVA-16 data revealed that the B. abortus population
segregated into two distinct groups (B and C)
(Figure 3B), with African strains clustering in abortus
B, while strains from Asia, the Americas, and Europe
were predominantly found in abortus C (Figure 3B).
Within C I, identical MLVA-16 genotypes were shared
among strains from the USA, Costa Rica, Kazakhstan,
Italy, and Portugal (Figure 3B). In C II, the majority
of shared MLVA-16 genotypes were observed between
strains from the USA and Portugal, USA and Brazil,
and Bangladesh and Brazil (Figure 3B).

Within the B. melitensis, 216 MLVA-11 genotypes
were identified, with five predominant genotypes
(GTs): 116, 96, 125, 111, and 87, accounting for
54.4% (2,733/5,019), 7.1% (360/5,019), 6.1%
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(307/5,019), 3.6%  (182/5,019), and 2.2%
(112/5,019), respectively (Figure 4A). GT116 was
distributed across at least 18 countries, GT96 was
identified in nine countries, GT125 was present in 20
countries.

Minimum spanning tree analysis revealed that the B.
melitensis clustered into three distinct lineages: Eastern
Mediterranean, Western Mediterranean, and Americas
(Figure 4B). The Eastern Mediterranean strains
predominated in Asia and Europe; the Western
Mediterranean lineage comprised strains from Italy,
France, Egypt, and Algeria; The American lineage
encompassed strains from the USA, Peru, Spain, and
Portugal (Figure 4B). Among the three lineages, the
Eastern Mediterranean exhibited the highest frequency
of shared MLVA-16 genotypes (Figure 4B).

In the B. suis population, analysis revealed 67
distinct MLVA-11 genotypes, with five dominant
circulating genotypes: GT33 (22.2%, 126/592),
GT58 (12.6%, 75/592), GT57 (9.2%, 55/592),
GT60 (7.9%, 47/592), and GT44 (7.7%, 46/592)
(Figure 5A).

Minimum spanning tree analysis demonstrated that
B. suis strains clustered into two major lineages (SI and
SII), with SI further subdividing into three distinct
sub-clades (a-c) (Figure 5B). Notably, shared MLVA-
16 genotypes were observed in SI sub-clade b
(Figure 5B), while in SII, a single shared MLVA-16
genotype was identified (Figure 5B).

DISCUSSION

Brucella  strains exhibit widespread distribution
across six continents, the extensive spread and dispersal
of these pathogens has been facilitated by frequent

Chinese Center for Disease Control and Prevention
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Global B. abortus MLVA-11
A genotypes diversity
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FIGURE 3. MLVA-11 genotype diversity (A) and MLVA-16 genetic relationship (B) of global B. abortus strains.

Note: (A) Color marks the MLVA-11 genotypes; numbers in the figure indicate the dominant genotypes; (B) Color-coded
countries in which strains isolated from all B. abortus strains were divided into two lineages (abortus A and abortus B), and
abortus B were further sorted into C | and C Il subgroups.
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FIGURE 4. MLVA-11 genotypes diversity (A) and MLVA-16 genetic relationships (B) of global B. melitensis strains.

Note: (A) Color marks the MLVA-11 genotypes; numbers in the figure indicate the dominant genotypes. (B) Color-coded
countries in which strains were isolated; all B. melitensis strains were divided into three lineages: East Mediterranean, West
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Global B. suis MLVA-11
genotypes diversity
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FIGURE 5. MLVA-11 genotype diversity (A) and MLVA-16 genetic relationships (B) of global B. suis strains.

Note: (A) Color marks the MLVA-11 genotypes; numbers in the figure indicate the dominant genotypes; (B) Color-coded
countries in which strains were isolated; all B. suis strains were divided into two lineages (S | and S II), and further S | was
further sorted into three subgroups (a-c).
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livestock exchange and trade (4). The paucity of
comprehensive surveys and research in Africa presents a
significant obstacle to understanding the disease.
Consequently, successful prevention, control, and
eradication of brucellosis in low-income countries
necessitates substantial financial support, unwavering
commitment, and sustained long-term programs. The
expanding host spectrum of the Brucella spp.
population is a critical factor in its ecological
persistence and maintenance. Active spillover between
domestic animals and wildlife is increasingly
recognized as a potential source of human infection.
While Brucella spp. occasionally colonize non-preferred
hosts, there remains high potential for discovering
additional ecologically significant natural hosts (5).

Global phylogenomic analysis reveals an African
origin for B. abortus, with subsequent spread to the
Middle East, Europe, and Asia, likely facilitated by
infected cattle movement (6). B. abortus strains from
Kazakhstan and Russia show genetic relationships with
Portuguese, Brazilian, and US isolates, suggesting
ancient lineage dispersal from Europe westward to
South America and eastward to Turkey, Russia, and
Asia (7).

The B. melitensis population exhibits the highest
genetic diversity, with particularly significant genetic
homogeneity observed within the E. Mediterranean
lineage, especially among Asian strains. All Asian
strains clustering into genotype II alongside SEA
strains (8). the spread of B. melitensis subgenotype 1li
from Central Asian countries to Russia likely occurred
via the northern route of the Great Silk Road, which
connected eastern countries with Northern Europe (9).
The global trade and movement of ruminants has
facilitated the spread and dispersal of B. melitensis,
necessitating stricter regulations on animal transfers
from high-epidemic areas and enhanced cross-border
inspection and quarantine protocols.

B suis strains  exhibit significant  genetic
heterogeneity across different global territories. The
maintenance and spread of B. suis biovar 2 in Europe
represents a dynamic process linked to natural wild
boar expansion as the primary wild reservoir, while
long-distance transmission largely depends on human
activities (10). Surveillance and control measures in
endemic European and Asian regions are essential to
accurately assess its public health risk.

This study provides novel insights into the global
species/biovars, host spectrum, and genetic diversity of
Brucella spp. However, several limitations warrant
consideration. First, our reliance on international
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MLVA database data may present an incomplete
distribution overview, necessitating further
investigation. Second, the complex transmission
dynamics of brucellosis demand more nuanced analysis
of the interplay between human behavior,
environmental factors, and microbial genetics in
disease transmission.

The global distribution of Brucella species exhibits
remarkable genetic and  phenotypic  diversity,
characterized by extensive host range adaptation and
broad territorial spread, presenting significant
challenges for worldwide surveillance and control
efforts. A critical impediment to effective brucellosis
management in low-income countries remains the
limited allocation of governmental and regional
resources. These findings emphasize the urgent need to
establish a comprehensive global pathogen surveillance
system and molecular tracking network platform to
elucidate the composition of circulating Brucella strains
and understand the global transmission patterns of
brucellosis.
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Methods and Applications

Automatic Warning Practice of Multi-Source Surveillance and
Multi-Point Trigger for Infectious Diseases — Yuhang District,
Hangzhou City, Zhejiang Province, China,
January-April 2024

Qinbao Lu'; Tianying Fu'; Haocheng Wu'; Zheyuan Ding'; Chen Wu'; Weiqun Gan®; Junfen Lin'**

ABSTRACT

Introduction: This
evidence from the implementation of an automated

study presents empirical
infectious disease warning system utilizing multi-source
surveillance and multi-point triggers in Yuhang
District, Hangzhou City, Zhejiang Province, so as to
provide reference for more extensive practice of
infectious disease surveillance and early warning in the
future.

Methods: The data were obtained from the Health
Emergency Intelligent Control Platform of Yuhang
District January 1 to April 30, 2024,
encompassing warning signal issuance and response

from

documentation. Descriptive epidemiological method
was used to analyze the early warning signals.

Results: From January 1 to April 30, 2024, the
Health Emergency Intelligent Control Platform in
Yuhang District generated 4,598 valid warning signals,
with a warning signal positive rate of 36.43%. The
early warning system detected 71 infectious disease
outbreaks reported through the Intelligent Control
Platform, including 24 single-source early warning and
47 multi-source early warning. The sensitivity was
78.02%,
compared to existing infectious disease surveillance and

demonstrating  improved  performance
warning systems.

Conclusions: This represents the first domestic
publication evaluating an automated multi-source
surveillance and multi-point trigger warning system.
By integrating and correlating multi-source data, the
system can efficiently and accurately detect warning
signals of infectious disease incidents, which has
significant practical implications for early surveillance,
warning, and management of infectious diseases.
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Infectious diseases remain a persistent global health
threat. The increasing impact of emerging and re-
emerging infectious diseases in recent years has created
unprecedented challenges for disease surveillance and
warning systems (/). The development of intelligent
warning  mechanisms  incorporating  multi-point
triggers and multi-channel surveillance represents a
crucial advancement in enhancing early detection and
warning capabilities for infectious diseases (2-3).

Building upon theoretical research in intelligent
warning system development, Yuhang District has
implemented a Health Emergency Intelligent Control
Platform. This comprehensive system integrates data
management, warning triggers, emergency command
operations, and visual analytics capabilities. The
platform facilitates sophisticated disease surveillance
through multiple data sources, employs diverse
analytical models, and implements multi-point
warning triggers. Through coordinated command and
control mechanisms, the platform enables rapid
information dissemination and emergency response
deployment.

Yuhang District, situated in northwestern Hangzhou
City, Zhejiang Province, encompasses 942 km? and
comprises 5 towns and 7 sub-districts. As of 2023, the
district’s population has reached 1.36 million. This
study presents an analysis of surveillance and warning
outcomes from the Health Emergency Intelligent
Control Platform implemented in Yuhang District.

METHODS

Data Sources
The data were obtained from the Health Emergency
Intelligent Control Platform of Yuhang District from
January 1 to April 30, 2024, encompassing warning
signal issuance and response documentation. The
multi-source  surveillance integrates three
primary data streams: syndromic data from the hospital

system
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information system (HIS) of medical institutions,
school illness-related records, and
infectious disease report cards. The HIS data comprises
patient  demographics, syndromic  presentations,
diagnostic information, disease onset timing, and
consultation dates. School absenteeism records include

absenteeism

student demographics, specific absence justifications,
and absence dates. Infectious disease report cards
contain case demographics, disease onset timing,
diagnostic classifications, reporting timestamps, and
reporting institution identifiers.

Warning Process

The platform synthesizes these multi-source data
streams through integrated algorithmic models to
implement hierarchical ~surveillance and warning
protocols. The system achieves multidimensional
warning capabilities by correlating surveillance data
across multiple domains, including student enrollment
records and elderly care facility resident identification
data. The warning mechanism primarily employs
fixed-value algorithms for rapid alert generation. Upon
warning signal activation, the system automatically
notifies the relevant local community health service
center. Healthcare staff then process the incident
through a dedicated management system, ensuring
comprehensive closed-loop operational oversight.

Analysis Indicators and Definitions

This study analyzes warning signal frequencies and
their  corresponding response outcomes.  Signal
verification was conducted through data analysis and
telephone verification protocols. The following key
metrics were evaluated: 1) Positive warning signals,
defined as signals that, upon verification, indicated
early manifestation of an infectious disease outbreak; 2)
Positive warning signal rate, calculated as the
percentage of positive warning signals among valid
warning signals; and 3) Warning sensitivity, measured
as the proportion of actual outbreak incidents
successfully identified by the warning system. To
validate the warning platform’s sensitivity, this study
utilized clustered infectious disease incidents reported
through the district’s intelligent control platform as the
reference standard for actual outbreak incidents.

Statistical Analysis
Data organization and analysis were performed using
WPS Excel 2016 software (Kingsoft, Beijing, China).
Chi-square tests for positive rates were conducted using

Chinese Center for Disease Control and Prevention

R software (version 4.4.1; The R Foundation for
Statistical Computing, Vienne, Austria), with P<0.05
considered statistically significant.

RESULTS

Basic Situation

From January 1 to April 30, 2024, the Health
Emergency Intelligent Control Platform in Yuhang
District generated 5,944 warning signals. After
excluding 1,346 duplicate signals, 4,598 valid warning
signals remained, averaging 38 valid signals per day.
Following data analysis and telephone verification,
1,184 signals were eliminated, vyielding 3,414
preliminary suspected signals. These comprised 2,663
single-source triggers, 318 two-source triggers, and 433
three-source triggers.

Positive Rate of Warning Signals

Investigation confirmed 1,675 positive warning
signals, representing 36.43% (1,675/4,598) of valid
signals. The positive rates varied by data source: HIS
system syndromes at 32.44% (1,367/4,214), illness-
related absenteeism at 78.93% (251/318), and
infectious disease report cards at 86.36% (57/66). Chi-
square revealed  statistically  significant
differences among these three sources (x 2=348.073,
P<0.001), as shown in Table 1. Of the 2,923 false
positive signals, 2,564 (87.72%) were attributed to
angina syndrome, which primarily represented non-
communicable conditions such as acute angina and
laryngopharyngitis. After excluding these angina
syndrome false positives, the HIS system’s syndrome
warning  positive rate increased to 82.85%
(1,367/1,650), and the overall valid positive rate
reached 82.35% (1,675/2,034). This adjusted analysis

showed no statistically significant differences in

analysis

positive rates among HIS system syndromes, school
absenteeism, and infectious disease report cards
(x?=3.571, P=0.168).

Of the 1,675 positive warning signals, HIS system
syndromes constituted the majority at 81.61%, with
fever respiratory syndromes being predominant
(62.69%). Angina syndrome signals accounted for
16.72% (280 signals). School absenteeism due to
illness generated 251 positive warning signals
(14.99%), primarily from fever symptoms (8.42%).
The infectious disease report cards yielded 57 positive
warning signals (3.40%), with mumps representing

98.25% (56/57) of these cases (Table 2).
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TABLE 1. Results of multi-source surveillance and multi-point trigger warning in Yuhang District, Hangzhou City.

Data source Number of valid signals

Number of positive signals Positive rate (%)

HIS system syndromes 4,214
School absenteeism due to iliness 318
Infectious disease report cards 66
Total 4,598

1,367 32.44
251 78.93
57 86.36
1,675 36.43

TABLE 2. Composition and positive signals of multi-source surveillance and multi-point trigger early warning.

Warning category

Number of positive signals  Composition ratio (%)

Fever Respiratory 1,050 62.69

Angina 280 16.72

HIS system syndromes Gastroenteritis 21 1.25
Mumps 15 0.90

Fever with Rash 1 0.06

Subtotal 1,367 81.61

Fever 141 8.42

Cough/Sore Throat/Runny Nose 64 3.82

School absenteeism due to illness  Fever, Cough/Sore Throat/Runny Nose 40 2.39
Nausea/Vomiting/Diarrhea 6 0.36

Subtotal 251 14.99

Mumps 56 3.34

Infectious disease report cards Hand-Foot-and-Mouth Disease 1 0.06
Subtotal 57 3.40

Total 1,675 100.00

Abbreviation: HIS=hospital information system.

Warning Sensitivity

From January to April 2024, the multi-point trigger
warning system detected 71 out of 91 infectious disease
outbreaks reported through the Intelligent Control
Platform, yielding a warning sensitivity of 78.02%
(71/91). Multi-source warnings accounted for 66.20%
(47 cases) of successful detections, while single-source
warnings comprised 33.80% (24 cases). Notably, only
33.80% (24 cases) were detected through infectious
disease report cards. Among the 20 undetected
incidents, the distribution was: 11 cases of other
infectious diarrheal diseases, 5 cases of influenza, and 4
cases of hand-foot-and-mouth disease. Analysis of these
missed detections revealed several contributing factors:
11 incidents involved delayed student absenteeism
feedback combined with mild symptoms that did not
prompt medical visits; 4 incidents had cases dispersed
across different classes; 2 incidents lacked complete
student enrollment information; 1 incident each was
attributed to non-imported infectious disease report
card data and treatment at an out-of-jurisdiction

medical facility. Additionally, one hand-foot-and-
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mouth disease incident went undetected due to a
warning threshold set above the clustering standard.

DISCUSSION

Analysis of the Yuhang District Health Emergency
Intelligent Control Platform’s operational data from
January to April 2024 demonstrates the effectiveness of
its multi-source surveillance and multi-point trigger
warning system. The system successfully generated
warning signals by integrating data from three primary
sources: hospital information syndromes,
infectious disease report cards, and school absenteeism
records, with HIS-derived syndromic data serving as
the predominant warning trigger.

Our analysis identified 1,346 duplicate warning
signals, which were generated sequentially as case
numbers increased. While single-source triggers
constituted the majority of suspected signals, multi-
source triggers were less frequent. This pattern may be
attributed to two key factors: first, individuals with
mild symptoms often did not seek medical attention,

system
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resulting in incomplete diagnostic data for warning
generation; second, gaps in illness-related absenteeism
reporting led to missed warning signals from school
surveillance data.

The distribution of positive warning signals was
predominantly characterized by fever respiratory
syndromes, demonstrating this indicator’s sensitivity in
detecting potential disease transmission risks. However,
infectious disease report cards generated relatively few
positive signals, limited primarily to mumps and hand-
foot-and-mouth disease. This limitation stems from
several factors: first, the report cards originate from the
China Information System for Disease Control and
Prevention (CISDCP), where many cases either lack
definitive infectious disease diagnoses or involve non-
notifiable conditions; second, the platform has not
achieved real-time data integration, requiring manual
data transfer from CISDCP; and third, the
effectiveness of report card-based warnings depends on
accurate diagnosis and standardized reporting practices
by healthcare facilities. Consequently, relying solely on
infectious disease report cards for warning generation
may result in data gaps that compromise the system’s
sensitivity.

Of the 1,675 warning signals confirmed as early
indicators of infectious disease outbreaks, community
health service centers implemented timely preventive
measures, with only 71 cases requiring on-site
management for cluster or outbreak events. The system
achieved a valid positive warning rate of 36.43%,
which improved to 82.35% after excluding false-
positive angina syndrome signals — significantly
higher than the China Infectious Diseases Automated-
alert and Response System (CIDARS) results in
Zhejiang Province from 2014 to 2016 (0.57%) (4).
After excluding false-positive angina syndrome signals,
no statistical differences were observed in positive rates
among HIS syndromes, school absenteeism, and
infectious disease report cards. Future
optimization will focus on refining angina syndrome
criteria to reduce false-positive signals and enhance
warning specificity. Notably, the system’s sensitivity
surpassed the spatiotemporal detection warning results
of CIDARS in Zhejiang Province from 2017 to 2021
(66.02%)  (5). These findings suggest that
comprehensive  student  registration information,
combined with integrated multi-source data from
absenteeism, medical visits, and disease reports,
substantially improves both the positive rate and

system

accuracy of warning signals.
The empirical evidence demonstrates that all 24

Chinese Center for Disease Control and Prevention

single-source warnings originated from infectious
disease report cards, while the remaining 47 warnings
utilized multiple data sources, including absenteeism
records. These findings underscore that multi-point
trigger surveillance and warning systems enhance
detection sensitivity while reducing omissions caused
by human error and procedural inconsistencies (6-7).
Furthermore, the analysis of the 20 undetected
incidents highlights critical areas for improvement,
including the need for higher-quality surveillance data
through comprehensive absenteeism reporting and
expanded geographical coverage. Enhancement of
warning models, particularly through the integration of
fixed-value warnings with model-based approaches,
could further optimize warning sensitivity.

The implementation of an automated infectious
disease warning system incorporating multi-source
surveillance and multi-point triggers enables real-time
data integration from critical locations and
populations, including medical facilities, educational
institutions, and elderly care centers. Through the
correlation and integration of diverse data sources, the
system efficiently identifies and validates warning
signals ~ for incidents.  This
comprehensive approach to warning and incident
management encompasses infectious diseases, five
syndromic ~ categories,  and  location-specific
surveillance, demonstrating significant practical value
for early detection, warning, and disease control
measures.

infectious  disease

Despite these advances, the platform’s multi-source
surveillance data coverage remains constrained,
primarily relying on syndromic data from healthcare
facilities, infectious disease report cards, and school-
based symptom surveillance. The platform has not yet
achieved complete data integration with infectious
disease reporting systems. Additionally, current
warning algorithms require further optimization, and
the integration of various predictive models needs
additional exploration.

Future developments will expand data sources to
include pharmacy sales records, laboratory testing data
from hospital LIS, nursing home records, and inbound
traveler information. Concurrent efforts will focus on
optimizing the warning model and enhancing the
platform’s overall effectiveness.
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Notifiable Infectious Diseases Reports

Reported Cases and Deaths of National Notifiable Infectious
Diseases — China, November 2024*

Diseases Cases Deaths

Plague 0 0
Cholera 0 0
SARS-CoV 0 0
Acquired immune deficiency syndrome’ 4,760 1,763
Hepatitis 154,173 495

Hepatitis A 1,036 0

Hepatitis B 133,186 40

Hepatitis C 17,027 454

Hepatitis D 19 0

Hepatitis E 2,421 1

Other hepatitis 484 0
Poliomyelitis 0 0
Human infection with H5N1 virus 0 0
Measles 116 0
Epidemic hemorrhagic fever 777 4
Rabies 18 18
Japanese encephalitis 13 0
Dengue 5,201 0
Anthrax 24 0
Dysentery 2,128 0
Tuberculosis 51,790 238
Typhoid fever and paratyphoid fever 340 0
Meningococcal meningitis 10 2
Pertussis 7,829 0
Diphtheria 0 0
Neonatal tetanus 2 0
Scarlet fever 5111 0
Brucellosis 3,878 1
Gonorrhea 9,211 0
Syphilis 52,434 2
Leptospirosis 36 0
Schistosomiasis 0 0
Malaria 282 4
Human infection with H7N9 virus 0 0
Monkey pox$ 16 0
Influenza 166,917 1
Mumps 8,096 0

Copyright © 2025 by Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 7 / No. 4
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Continued
Diseases Cases Deaths

Rubella 58 0
Acute hemorrhagic conjunctivitis 1,912 0
Leprosy 14 0
Typhus 175 0
Kala azar 24 0
Echinococcosis 388 0
Filariasis 0 0
Infectious diarrhea 100,831 0
Hand, foot and mouth disease 58,827 0
Total 635,391 2,528

* According to the National Bureau of Disease Control and Prevention, not included coronavirus disease 2019 (COVID-19).

T The number of deaths of acquired immune deficiency syndrome (AIDS) is the number of all-cause deaths reported in the month by
cumulative reported AIDS patients.

§ Since September 20, 2023, Monkey pox was included in the management of Class B infectious diseases.

TInfectious diarrhea excludes cholera, dysentery, typhoid fever and paratyphoid fever.

The number of cases and cause-specific deaths refer to data recorded in National Notifiable Disease Reporting System in China, which
includes both clinically-diagnosed cases and laboratory-confirmed cases. Only reported cases of the 31 provincial-level administrative
divisions in the Chinese mainland are included in the table, whereas data of Hong Kong Special Administrative Region, Macau Special
Administrative Region, and Taiwan, China are not included. Monthly statistics are calculated without annual verification, which were usually
conducted in February of the next year for de-duplication and verification of reported cases in annual statistics. Therefore, 12-month cases
could not be added together directly to calculate the cumulative cases because the individual information might be verified via National
Notifiable Disease Reporting System according to information verification or field investigations by local CDCs.

doi: 10.46234/ccdcw2025.024

Copyright © 2025 by Chinese Center for Disease Control and Prevention. All content is distributed under a Creative Commons Attribution Non
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