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Health: v |

A state of complete physical, mental-and

social well -being and not merely the absence of
disease or infirmity
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One Health

An integrated, unifying approach that aims to

sustainably balance and optimize the health of
people, animals and ecosystems.
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Global Health

Addressing partnership globally
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Universal Health (Coverage)

Health for everyone
Health for all



Build a global commu‘nity of

health for all

If we do not hang together,
or most assuredly we shall

all hang separately.

Benjamin Franklin
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Globalization has been

challenged In
the post -COVID era.
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To fully understand viral pathogenesis and develop
effective medical countermeasures, we must strengthen
current surveillance and basic research efforts!

From “A”IV to “Z”IKV: Attacks from Emerging
and Re-emerging Pathogens

George F. Gao'-#"
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This year marks the centenary of the
“Spanish flu” pandemic, the most devas-
tating viral pandemic in history caused by
an HIN1 influenza A virus that infected
over 500 million and killed between 50
and 100 million people. We know to
expect a flu season every year; the ques-
tion is always how severe it will be. With
high numbers of influenza infections re-
ported worldwide during this season, we
are again reminded of the public health
threat stemming from a potential influenza
pandemic. The US Centers for Disease
Control and Prevention (CDC) reported
that this is the first time in the past 15
years that all states in the entire continen-
tal USA have reported widespread flu ac-
tivity during the same week. In China, the
reported number of flu cases have
increased over 2-fold compared to the
flu seasons in the past several years—
the second-highest recorded number,
just after the 2009 pandemic H1N1
(pH1N1)—and many patients have been
hospitalized with severe clinical symp
toms. These events have raised concems
that we are in danger of another flu
pandemic. Circulating flu viruses are quite
diverse this year—including the “swine
flu™ 2009-pHIN1, H3N2, and influenza
B/Victoria and B/fYamagata—and are
spread across various geographical loca-
tions. The H3N2 subtype is dominant in
the UK and the USA, but a mixed pool of
pHIN1, H3N2, and influenza B/Yama-
gata, with a small portion of B/Victoria,
have been reported in China. A universal
influenza vaccine to combat such muta-
tion-prone viruses is urgently needed yet
still far from reach, despite the global ef-
forts. Despite best efforts to anticipate
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100 years after the infamous “Spanish flu™

from (re-)emerging viruses. To fully understand

the emergent strains, vaccines vary from
year to year in terms of efficacy, with this

pandemic, the 2017-2018 flu season has been severe,

poultry trade— for example, the traditional
LPMs—in order to restrict the flow of

year's providing only pro-
tection.

Human infections with different sub-
types of avian influenza A viruses (AIVs)
have been consistently reported since
H5N1 AIV was reported in Hong Kong
during 1997 (Yuen et al., 1998). Infections
with AIV typically resutt in high case fatal
ity rates (CFRs) ranging from ~30% to
~70%, and at least 14 influenza A virus
subtypes—including the three seasonal
flu viruses, HIN1, H2N2, and H3N2—
have reportedly infected humans to date
{Figure 1). Of note, influenza A virus has
a segmented genome with 8 genomic
segments encoding at least 10-16 pro-
teins, two of which are hemagglutinin
(HA) and neuraminidase (NA). There are
currently 16 (+2) HA genes and 9 (+2) NA
genes (+2 means two more HA or NA
from bat-derived influenza-like viruses,
for which only genomic sequences are
available, but no alive virus has yet been
isolated; Wu et al., 2014). The combina-

poultry  mi i may help
decrease the probability of the emer-
gence of novel AlV subtypes, even the po-
tential pandemic viruses.

Flu isn't alone. Coronavirus is another
family of emerging pathogens with public
health concern. A devastating but quickly
conquered outbreak of severe acute res
piratory syndrome coronavirus (SARS
CoV) during 2003 transformed China’s
approach to outbreak control. A sophisti-
cated surveillance system has since been
putinto place. While primarily government
led, there is extensive collaboration with
various institutes in the academic, indus-
try, and healthcare fields to produce a
wide-ranging, comprehensive network
that issues warnings of an impending
outbreak at the earliest opportunity. As
exemplified by the Chinese Academy of
Sciences Center for Influenza Research
and Early-warning (CASCIRE) network,
in addition to Chinese National Influenza
Center/WHO Collaborating Center for

tion of HA and NA would ly
yield 144 subtypes of HxNy viruses. Due
to the migratory birds’ travel and live
poultry trade, which includes the trans-
port of poultry and operation of live
poultry markets (LPMs) throughout China
and Southeast Asia (Gao, 2014), we
should expect more human infections
with AlVs in the future. AlVs may
supply genomic segments for reassort-
ment with circulating seasonal influenza
viruses to generate a novel pathogen
with high CFR and pandemic potential.
As we can't yet eradicate seasonal flu,
efforts to change the traditional live

and arch on Influenza un-
der China CDC, such a system can drive
basic, applied, and translational research
on infectious disease control and preven-
tion (Bi et al., 2017). A related coronavirus,
the Middle East respiratory syndrome co-
ronavirus (MERS-CoV), emerged in the
Middle East during 2012 and has onocca:
sion caused sporadic infections with im-
ported cases from returning travelers,
some of which go on to infect others.
One such instance was the importation
of a MERS-CoV case into China from
South Korea during 2015 (Su et al,
2015), in which the traveler was promptly

Cell 172, March 8, 2018 © 2018 Elsevier Inc. 1157
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Therise of ‘nightmare bacteria”:
antimicrobial resistancein five
charts

Datareveal how the global challenge to reduce deaths and infections from drug-
resistant bacteria is not going according to plan.

By Katie Kavanagh

ANIMAL ANTIMICROBIALS

The use of antimicrobial drugs in livestock is on the rise and is expected to
increase by almost 30% from 2019 to 2040. Asia and the Pacific have the
highest usage, owing partly to their high meat production.
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RESISTANCE ON THE RISE

By 2050, antimicrobial resistance could be responsible for 1.91 million deaths per year.
Mortality is projected to rise by around 70% among people aged 70 and older, but will
continue to fall in young children and babies.
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ANTIBIOTIC USE

The use of antibiotics to treat infections in people has remained high since 2000. This
includes a large increase in use in low- and middle-income countries, and steady high
usage in high-income countries.
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— South Asia Sub-Saharan Africa Latin America and Caribbean
— Southeast Asia, East Asia and Oceania
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INNOVATION CRISIS

A World Health Organization (WHO) analysis found that the number of antibacterial
drugs in the drug-development pipeline has dropped from 97 in 2023 to 90 this year.
Of these, 40 use non-conventional approaches such as bacteriophages and antibodies.

2023

bacterials in the clinical pipeline

2025

90 antibacterials in the clinical pipeline

[

[
50 conventional drugs, 90% of 40 non-conventional approaches

which target priority pathogens

Only 15 qualify

18 focus on Only five are effective as innovative
drug-resistant against at least one of the
Mycobacterium WHOQO’s ‘critical’ bacteria

tuberculosis onature

PRIORITY BACTERIA

These ten bacteria are listed on the World Health Organization’s bacterial priority
pathogens list and are associated with the highest number of deaths. These bacteria
comprise the ‘critical’, ‘severe’, and ‘'mild’ priority categories, and are ranked here by
number of associated deaths.

M Deaths not attributed to antimicrobial resistance
M Deaths attributed to antimicrobial resistance

Mycobacterium tuberculosis
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Klebsiella pneumoniae
Pseudomonas aeruginosa
Acinetobacter baumannii
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Enterococcus faecium
Group A Streptococci
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Year Associated Attributable
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2021
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Figure 2: Deaths attributable and associated with antimicrobial resistance, by detailed age group, for 1990 and 2021
Counterfactuals have distinct x-axes.

U In 2021, there were an estimated 4.71
million deaths associated with bacterial
AMR, including 1.14 million deaths
attributable to bacterial AMR.

Roredy

AMR Collaborators. Lancet. (2024).  «.. .-



Salmonella has been listed in the 202'4 WHO BPPL

‘WHOBPPL2017

o Acinetobacter baumannii,
carbapenem-resistant

o Pseudomonas seruginosa,
carbapenem-resistant

. Klebsiella preumaniae, third-
generation cephalosporin-resistant

Escherichia coli, third-generation

4 cephalosparin-resistant
Klebsiella pnevmonige,

5 carbapenem.-resistant
. Enterobacter spp, third-
generation cephalosporin-resistant

Serratia spp, third-generation
cephalosporin-resistant

Proteus spp, third-generation
cephalosporin-resistant
Enterobacter spp,
carbapenem-resistant
Escherichia coll,
carbapenem-resistant
Enterococcus faecivm,
wancomycin-resistant
Providencia spp, third-generation
cephalosporin-resistant
Staphylococous aureus
meticillin-resistant

Citrabacter spp, third-generation
cephalosporin-resistant
Heficobacter pylori,
clarithromycin-resistant
Morganella spp, third-generation
cephalosporin-resistant
Campylobacter spp,
flvoroguinolone-resistant

909000000

Salmanella Typhi,
fluoroguinolone-resistant
Meisseria ganorrhoese,
fluaroquinolone-resistant
Streptococcus pneumonice,
macrolide-resistant
Hon-typhoidal Salmonella,
fluaroquinolone-resistant

Heemaphilus influenzae,
ampicillin-resistant
Staphylococcus aureus,
vancomycin-resistant
Shigella spp,
fluaroquinolone-resistant
Streptococcus pneumanioe,
penicillin-non-susceptible

18
o
)
o
[ I e i
o
)
o
o

[ Removed [ Added

WHO BPPL 2024

~
~—
\
.7 AN

Klebsiefla pneumoniae,
carbapenem-resistant
Escherichia col, third-generation
cephalosporin-resistant:
Acinetobacter bavmannii,
carbapenem-resistant
Mycobacterium tuberculosis,
rifampicin-resistant™

Escherichia cofi,
carbapenem-resistant

Klebsiella pneumoniae, third-
generation cephalosporin-resistant
Salmonella Typhi,
flucroquinolone-resistant
Shigella spp,
fluoroquinolone-resistant
Enterococcus foecium,
vancomycin-resistant
Psewdomonas aeruginasa,
carbapenem-resistant
Non-typhoidal Salmaonefla,
flucroquinolone-resistant
Enterabacter spp,
carbapenem-resistant

Meisseria ganurrhaenz,
fluoroquinolone-resistant
Stophylococcus aureus
meticillin-resistant
Enterabacter spp, third-generation
cephalosporin-resistant
Citrabacter spp, third-generation
cephalosporin-resistant

Protews =pp, third-generation
cephalosporin-resistant

Serratia spp, third-generation
cephalosporin-resistant
Meisseria gonorthoeae, third-
generation cephalosporin-resistant
Group A streptococdi,
macrolide-resistant
Streptococous pnevmoniae,
macralida-resistant
Haemophilus influenzae,
ampicillin-resistant

Morganefla spp, third-generation
cephalosporin-resistant

Group B streptococci,
penicillin-resistant
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From 18t to 7th and from 21st to 11,

Community-acquired pathogens, such as
fluoroquinolone-resistant Salmonella
(typhoidal and nontyphoidal) and Shigella
spp., have risen in the rankings in the 2024
WHO BPPL versus the 2017 version, probably
due to the large disease burden and increasing
resistance of these pathogens in low-income
and middle-income countries.

WHO. 2024.
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Threat of Salmonella worldwide
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d i d oth infecti b infectionsand  intra- and related  infections paratyphoid, and
infectionsand  bacterial bacterial pyelonephritis abdominal organ and iNTS gonorrhoea
all related CNS infections infections infections
infectionsof  infections
the thorax
(Continued from previous page)
Group B Streptococcus
All-age death counts 320000 182000 19800 75900 26500 8870 2970 3940
(235000~ (140000~ (14800~ (43500~ (6620- (6680~ (668- (2790~
420000) 234000) 27200) 119000) 70100) 12000) 8250) 5450)
Age-standardised mortality 44 26 03 10 03 01 00 01 . -
0359 @030 0200 0610 0109 @ien o boss In 2019 -typhoidal Salmonella (NTS
i u In , NOoN-typnolidaa almonelia ,
All-age death counts 220000 74600 7460 19700 113000 2010 3380
(135000~ (43500~ (549- (16100- (60500~ (589- (2390~
332000) 118000) 34300) 23700) 186.000) 4760) 4710) | I I h - h - d
PRERTEI Ry | e Wi B T . Salmonella  Typhi S. Typhi), an
rate (17-43) (0-6-1-6) (0:0-04) (02-03) (07-2:3) (00-01) (00-01)
Enterococcus faecium
All-age death counts 219000 . 78200 17800 118000 647 4480 -
e o g g g Salmonella Paratyph d 215,000
e o el T almonelia ara | Ccause , )
Age-standardised mortality 28 10 02 15 00 01
rate (1.7-4-2) (0-6-1-6) (0-1-0-4) (0-9-2:3) (0-0-0-0) (0-0-0-1)
S — 182,000 d 2,3300 death l[dwid
et 2w 5710 wo w0 ; , an ; eatns woriawiae,
(135000~ (53800~ (1800-3320) (3130- (43000~
327000) 131000) 139000) 124000)
Age-standardised mortality 30 12 00 07 11 - - -
respectively, according to the estimates of
Group A Streptococcus 1
All-age death counts 198000 56400 134000 5770 2280
(108000- (35000~ (53400~ (1740- (1680- .
- | S the Global Burden of D GBD) Stud
Age-standardised mortality 26 08 17 01 00 e O a u r e n O I S e as e u y'
rate (1:4-47) (0-5-12) (0.7-36) (00-02) (0-0-0-0)
Salmonella Typhi
All-age death counts 182000 70500 1330 110000
(118000- (44 600- (973-1810) (52800-
271000) 105000) 191000)
Age-standardised mortality 26 1.0 00 15
rate (1.7-3 SJ (0-6-1-5) {0-0-0-0) (0-7-2-7)
S
Salmonella Paratyphi
All-age death counts 23300 - - - 23300
(9810- (9810~
45700) 45700)
Age-standardised mortality 03 . - 03 / -
ate (01:06) (01:06) // £ F e
Aond, % .
L.
r 4 %
/ /8
4
/ 4 %



Threat of AMR

HRE AR TS =

CHINESE ACADEMY OF SCIENCES
UDIvLWO 1 E

Chickens (n = 531)

06 0.8 1.0

04

Proportion of drugs with 50% resistance
02

0o

2000 2005 2008 2011

Fig. 2. Increase in antimicrobial resistance in LMICs. Proportion of antimicrobial compounds with resistance higher than 50% (P50) is shown.
Solid lines indicate statistically significant (5% level) increases of P50 over time; shading indicates the number of surveys per year relative to total

number of surveys per species.
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Fig. 4. Resistance in foodborne pathogens recommended for susceptibility testing by the WHD. Shown are resistance rates and number of
surveys (n) by region. Transparency levels reflect sample sizes for each animal-pathogen combination (for drug acronyms, see supplementary text,
protocol SI).

0.15 to 0.41 in chickens and from 0.13 to 0.34 in pigs.

China and India represented the largest hotspots of resistance.

Van Boeckel TP, et al. Science. (2019). Ve,

From 2000 to 2018, the proportion of antimicrobials showing resistance above 50% increased from

e
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Emergence of superbugs
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Timeline of PHEICs In this century
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Nationwide survelllance of AIVs In live
poultry markets and wild birds across
China has occurred since 2014
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In Brief

Pois s I 4
Live poultry LU RO R \ Live poultry market (LPM) surveillance
market ‘2 ‘z ‘8 v' ? helps identify emerging avian influenza
viruses. By surveillance of Chinese LPMs
P o in 2014-2016, Bi et al. discover that HSNG
Y T ) has become a dominant AIV subtype in

UIMEURY southern China, especially in ducks. At

® @ least 34 distinct H5SN6 genotypes were
Human H5N6 noted, four respensible for human
infection infections.

Highlights

Live poultry markets in China surveyed for avian influenza
viruses during 2014-2016

HSNG has replaced H5N1 as a dominant AV subtype in
southemn China, especially in ducks

The HA and NA genes of HSN6 show apparent lineage-
specific matching patterns

e At least 34 distinct HSN6 genotypes noted, one responsible
for five human infections

COMMUNICATIONS

ARTICLE
oPEN

Dominant subtype switch in avian influenza viruses

during 2016-2019 in China

Yuhai Bi® et al.”

We have surveyed avian influenza virus (AIV) genomes from live poultry markets within
China since 2014. Here we present a total of 16,091 samples that were collected from May
2016 to February 2019 in 23 provinces and municipalities in China. We identify 2048 AIV-
positive samples and perform next generation sequencing. AlV-positive rates (12.73%) from
samples had decreased substantially since 2016, compared to that during 2014-2016
(26.90%). Additionally, H9N2 has replaced HSN6& and H7MN9 as the dominant AIV subtype in
both chickens and ducks. Notably, novel reassortants and variants continually emerged and
disseminated in avian populations, including H7N3, HSN9, HON6 and HS5NG6 variants.
Importantly, aimost all of the H9 AlVs and many H7N9S and HE6N2 strains prefer human-type
receptors, posing an increased risk for human infections. In summary, our nation-wide sur-
veillance highlights substantial changes in the circulation of AlVs since 2016, which greatly

impacts the prevention and control of AlVs in China and worldwide.
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conducting monthly proactive nationwide AlV surveillance across China since 2014.

Jing Yang™*", Juan LI@**", JuSun"**", Jiaming Li**", Guanghua Fu™,

Tian Tian*&'7, Ye hun Yang®", Xu heng Lu®, Shan Li*%, Lixia Wang'®,

Jia Dong’, Mingjia Wu'?, Yun Liu'#, Delong Li", Dongfang Hu™, Hul Dong®,
Ruoyu Shang'*, Yanging Wang'?, Kunpeng Yuan'®, Lin Ran'?, Honglei Sun™,
Wenxia Tian®*, Yu Huang’, Jinhua Liu®*, Wenjun Liu™, Weifeng Shi@ ™%,
George F. Gao®@**'% . & Yuhai Bi®"*%818

Nationwide surveillance of avian influenza viruses (AIVs) in live poultry
markets across China has occurred since 2014, providing a resource for
AlV prevalence and genetic diversity studies. Here we report that 3,237 of
18,425 samples from poultry were AIV positive (17.57%) between 2019 and
2023, with H9N2 being the dominant subtype. We developed an automated
phylogeny-based nomenclature system to classify genetic clades of the
dominant H9N2 lineage, the B)94 lineage. Using this model, we found

that ten haemagglutinin (HA) sub-subclades cocirculated in poultry and
showed antigenic variation. In addition, 99.46% and 96.17% of HIN2 AlVs
in2021-2023 possessed human-receptor binding-related HA-L226 and
human MxA-resistance-related NP-N52 mutations, respectively. HIN2
strains with these two mutations preferred human-type receptors and
increased replication in human cells in vitro, regardless of the presence of
PB2-V/K/E627. Moreover, HIN2 AlVs containing HA-L226, PB2-V/K627 and
NP-N52 were transmitted from infected to naive guinea pigs and ferrets
through direct contact and respiratory droplet. This highlights the potential
zoonoticrisks of HIN2 AlVs.

U The Center for Influenza Research and Early-Warning, Chinese Academy of Sciences surveillance network has been

U Here we report that 3,237 of 18,425 samples from poultry were AIV positive (17.57%) between 2019 and 2023, with
HON2 being the dominant subtype.
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The Center for Influenza Research and Early-Warning, Chinese Academy of Sciences surveillance network has been
conducting monthly proactive nationwide AIV and virome surveillance across China since 2014.

A total of 356 vertebrate-associated viral species (3,755 sequences) were identified, belonging to 14 viral families.
Among them, 306 were novel viruses, exhibiting less than 80% amino acid similarity to known viruses.

Unpublished data L v
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Superbugs are coming!

Survelllance
Basic research

Resistant bacteria and fungi can spread across countries and continents through people, animals, and goods.

One billion people cross through international borders each year. This includes
350 million travelers arriving in the United States through more than 300 points of e

A resistant threat anywhere can quickly become a threat at home.
Global capacity is needed to slow development and prevent spread of antibiotic resistance.

International cross-regional communication

Superbugs in the 2024 WHO BPPL

'WHO BPPL 2017
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Fighting against ARGs: Nationwide
surveillance of the flow of antibiotic
resistance genes from poultry farms to
live poultry markets
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ARTICLE INFO SUMMARY

Article histary: Objectives: The heavy use of antibiotics in farm amimals contributes to the enrichment and spread
Accepted 28 March 2019 of antibiotic resistance genes {ARGs) in “one-health” settings. Numerous ARGs have been identified in
Awailable online 30 March 2019 b i - P i

livestock-associated environments but not in Chinese live poultry markets (LPMs).

Methads: We collected 753 poultry fecal samples from LPMs of 18 provinces and municipalities in China

words:
Metagenomics and sequenced the metagenomes of 130 samples. Bioinformatic tools were used to construct the gene
Foultry microbiome catalog and analyze the ARG content. PCR amplification and Sanger sequencing were used to survey the

Antibsotic resistance genes (ARGs)
Live poultry markets (LPMs)
Tetracyeline resistance [TR)
Mo

distribution of mer-1 gene in all 753 fecal samples.

Results: We found that a low number of genes but a high percentage of gene functions were shared
among the poultry, human and pig gut gene catalogs. The poultry zut possessed 539 ARGs which were
classified ints 235 types. Both the ARG number and sbundance were significantly higher in poultry than
that in either pigs or humans. Fourteen ARG types were found present in all 130 samples, and tetracycline
resistance (TcR) genes were the most abundant ARGs in both animals and humans. Moreover, 50.63% LPM
samples harbored the colistin resistance gene mor-1, and other mer gene variants were also found.
Conclusions: We demonstrated that the Chinese LPMs is a repository for ARGS, posing a high risk for ARG
dissemination from food animals to humans under such a trade system, which has not been addressed
before.
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ARTICLE INFO ABSTRACT

Keywords: enviraa

Handling Editor, Frederic Coulan Background: Poultry farms and LPMs are a reservois of antimicrobial resistant baeteria and resistance genes from
feves. The LPM mportant interfoce between humans, farm animals, and enviranments in o typical urban

is considered 3 reservoir for ARGs and virses. However, the antibiotic resistomes chared

Amiibintlc reshytrme: Betw, Lhnkzn facens and LPAs, and that of LPM workess and peaple who have no contact with the LPMs
Metagenoenics ermains unknown,
ccupatic

al Metheds: We characterized the resistome and bactes cobiome of farm chi and LPMs and LPM workers
e pouliey ket ks
Cotitin romtans and eontrol subjects. The mobile ARGS identified in chickens and the distribution of the mer-family genes in
Tigecyeline resistance publicly bacterial genomes and chicken gut metagenomes was analyzed, respectively. In addition, the prevalence
Public health of mer-] in LPMs fllswing the ban on colistin-positive additives in China was explored.

Results: By profiling the microbicmes and nesistomes in chicken Farms, LPMs, LPM workers, and LPM environ-
, we found that the baeterial community eomposition and resistomes wese significantly different between
the farms and the LPME, and the LPM samples possessed more diversified ARGS (59 types) than the farms, Some
enobile ARGS, stch as micr-1 and wt(X3), identified in chicken Earins, LPMs, LPM woekers, and LPM environments
were also harbared by human clinical pathogens. Moreoves, we found that the resistomes were significandy
different between the LPM workers and those who have no contact with the LPM, and more diversified ARGs
(188 Lypes) were observed in the LPA workers. 1t is also worth noting that mer-T0 was identified in both human
(5.2%, 96/1,859) and chicken [1.5%, 14/910) gut microbiomes. Although mcr- prevalence decreased signifi-
cantly in the LPMS across the eight provinees in Chin, from 190/333 {57.1%) samples in September 2016-March
017 10 2087544 (38 2%) sanples in August 2018:May 3019, it is widespread and continuous in the LEMs.
Canclusion: Live poultry trade ks a significant effeet on the diversity of ARGS in LPM warkers, chickens, and
enviroaments in China, driven by buman selection with the live pouliry trade. Our findings highlight the live
poultry trade a5 ARG disseminators into LPMs, which serve as an interface of LPM environments even LPM
warkers, and that could urge ta have of LPM in China. on the factors
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ARTICLE INFO ABSTRACT

Article history: Chicken is an Important food animal worldwide and plays an important role in human life by providing meat
Received 10 December 2023 and eggs. Despite recent significant advances in gut microbiome studies, a comprehensive study of chicken gut
Revised 22 February 2024 bacterial, arehaeal, and viral genomes remains unavailable. In this study, we constructed a chicken multi-
:5:;::1 i:;::’;:ﬁé:?au kingdom microbiome catalog (CMKMC), including 18,201 bacterial, 225 archaeal, and 33,411 viral genomes,

and annotated over 6,076,006 protein-coding genes by i ing 135 chicken gut and publicly
available metagenome-assembled genomes (MAGs) from ten countries. We found that 812 and 240 MAGs in

feey our dataset were putative novel species and genera, respectively, far beyond what was previously reported.

E:;I:rtli::nmn The newly unclassified MAGs were predominant in Phyla Finnicutes A (n = 263), followed by Firmicutes
(n = 126), Bacteroidota (n = 121), and Proteobacteria (n = 87). Most of the classified species-level viral oper-

Metagenome assembled genomes N i

Archaeome ational taxonomic units belong to Caudovirales. Approximately, 63.24 % of chicken gut viromes are predicted

Virome to infect two or more hosts, including complete circular viruses. Moreover, we found that diverse auxiliary

Antibiotic resistance gene metabolic genes and antibiotic resistance genes were carried by viruses. Together, our CMKMC provides the

largest integrated MAGs and viral genomes from the chicken gut to date, functional insights into the chicken
gastrointestinal tract mierobiota, and paves the way for microbial interventions for better chicken health and
productivity.

ARG profiles of live poultry markets (LPMs) in 18 provinces of China were mapped.
More diversified ARGs in chickens and workers of the LPMs than that in farms and people have no contact with the LPMs.
Differentially expressed resistomes in human, chicken, and pig gut microbiomes were revealed.

The first chicken gut multi-kingdom microbiome catalog including MAGs and viral genomes was built. '




A current genomic catalog of migratory
bacterial microbiome from wild birds
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Diversity and abundance of ARGs in 10 § S
migratory bird species
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Abstract oia ‘: 5 Eozs . 3
Background: Antibiotic-resistant pathogens pose high risks to human and animal health worldwide. In recent / E 1.007 a2 W 2=
vears, the role of gut microbiota as a reservoir of antibiotic resistance genes (ARGs) in humans and animals has = b 075 * . . i g
been increasingly investigated. However, the structure and function of the gut bacterial community, as well as the 5 0.50 ¥ §
ARGs they carry in migratory birds remain unknown. 025
Results: Here, we collected samples from migratary bird species and their associated environments and characterized their T @;};@’
gut microbiomes and resistomes using shotgun metagenomic sequencing. We found that migratory birds vary greatly in r Poyang Lake é‘?.‘ ‘ép
gut bacterial composition but are similar in their microbiome metabolism and function. Birds from the same environment b.rd l. %
tend to harbor similar bacterial communities. In total, 1030 different ARGs {202 resistance types) conferring resistance to 11 bi eces
tetracycline, aminoglycoside, B-lactam, sulphonamide, chloramphenical, macrolide-lincosamide-streptogramin (MLS), and X
quinolone are identified. Procrustes analysis indicated that microbial community structure is not correlated with the 11 human feces €

resistome in migratory birds. Moreover, metagenomic assembly-based hast tracking revealed that most of the ARG-carrying
contigs originate from Proteobacteria. Co-occurrence patterns revealed by network analysis showed that emrD), emirY,
ANT{8)-ia, and retO, the hubs of ARG type network, are indicators of other co-occurming ARG types. Compared with the
microbiomes and resistomes in the environment, migratory birds harber a lower phylogenetic diversity but have more
antibiotic resistance proteins. Interestingly, we found that the mcr-1 resistance gene is widespread among different birds,
accounting for 50% of the total samples. Meanwhile, a large number of novel Blactamase genes are also reconstructed
from bird metagenomic assemblies based on fARGene software.

11 water samples in
fishing grounds

15 sewage wastewate)
samples

Conclusions: Our study provides a comprehensive overview of the diversity and abundance of ARGs in migratory birds
and highlights the possible role of migratory birds as ARG disseminators into the environment.
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U An overview of the diversity and abundance of ARGs in 10 migratory bird species and highlights the possible

role of migratory birds as ARG disseminators into the environment.
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U Atotal of 774 novel candidate ARGs were discovered using machine learning method.
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u A wild bird gut multi-kingdom microbiome catalog including MAGs and viral genomes was built using 50 species.

U Atotal of 5823 metagenome-assemble genomes (MAGs) and 44,974 virus genomes were reconstructed.
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