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Threat of AMR

Associated with resistance Attributable to resistance
Deaths YLLs DALYs YLDs Deaths YLLs DALYs YLDs
Counts, thousands
Global 4950 189000 192000 2290 1270 47 600 47900 275
(3620-6570)  (145000-245000)  (146000-248000) (1520-3450)  (911-1710)  (35000-63400)  (35300-63700)  (161-439)
Central Europe, eastern 283 7530 7630 102 737 1980 1990 995
Europe, and central Asia (190-403) (5240-10500) (5320-10600) (69-140) (487-105)  (1350-2790) (1360-2800) (479-16-8)
High income 604 10100 10300 123 141 2390 2410 202
(434-824) (6960-14 200) (7040-14 400) (79-7-183) (98-6-197) (1620-3400) (1640-3420) (12.7-312)
Latin America and Caribbean 338 9550 9640 97-2 84-3 2370 2380 16
(243-453) (6770—12 900) (6830-13100) (63-2-146) (60-3—11?) (1660—3310] (1680—3330) (979-24-9) . . . .
North Afficaand Midde Esst 256 9070 683 2500 2610 207 U In 2019, there were an estimated 4-95 million
(174-362) (6880-13900) (6970-14 000} (73-4-176) (45-6-99) (1770-3700) (1790-3720) (12-335)
South Asia 1390 58900 59900 1000 389 16000 16100 111 . . .
(1030-1830) (44 B00-76300) {45700-77 500) (638-1550) (273-538) (11500-21600) (11 600-21700) (58.5-188) d e a‘t h S aS S O C | at e d W | t h b aC t e r | al A M R
Southeast Asia, east Asia, 1020 27500 27900 437 254 6830 6870 456 !
and Oceania (678-1460) (18700-38 600) (19100-39100) (256-776) (167-369) (4620-9840) (4670-9890) (25-80-1)
Sub-Saharan Africa 1070 65800 66200 416 255 15400 15500 511 1 1 . il 1
(847-1340) (51400-83600) (51800-84 000) (270-599) (196-331) (11700-19900)  (11800-20000)  (30-2-818) Inc I u d In g 1 27 mi I I on d eath S a'tt rl b u tab I e to
Rates, per 100000
Global 640 24481 24777 29-6 164 6151 6187 36 1
(46-8-84-9) (1868-9-3170-3) (1889-9-3199-1) (197-44-5) (11-8-22.0) (452-4-819-1) (4557-823-2) (21-57) b a'C t e r I al A M R "
Central Europe, eastern 677 18025 18269 24-4 176 4743 4767 24
Europe, and central Asia (454-96-6) (1253.9-2515.1) (1274-5-2545-4) (16:5-336) (117-253)  (323.0-6673) (3252-671.0) (11-4-0) . . . . - . .
g meme s taes o260 s o os - i U This is significantly higher than the previous
(40-1-76-0) (641.9-1310-1) (649-8-13272) (7:3-16:9) (9-1-18-2) (149-9-314-0) (151-5-315-9) (12-2-9)
Latin America and Caribbean 57-9 16338 1650-5 16-6 14-4 4053 4081 2.7 .
(41-6-77-6) (1158.7-2215.9) (11690-2236:6)  (108-250)  (103-200) (28485666)  (286.9-570.0) (17-43) estimate o f 700 , 000 d eat h S p er ye ar.
North Africa and Middle East 42.0 16375 16566 191 11.2 4256 429.0 34
(28.7-59:5) (1130-4-2283-2) (1145-2-2300.9) (12-1-28.9) (7-5-163) (291-2-608-4) (2937-6115) (2:0-5:5)
South Asia 76-8 32626 33181 55-4 215 885.8 8920 62
(57-2-101-2) (2482.4-42282) (2532-9-4291.7) (35-4-86-0) (151-29-8)  (636:3-1194-6) (6431-12002) (32-10.4)
Southeast Asia, east Asia, and 471 12726 12928 202 117 3161 318-2 21
Oceania (31.4-67.7) (B66-8-1789.0) (884-.7-1811.4) (11-8-35.9) (7-8-171) (213-9-4557) (216-1-458-0) (12-37)
Sub-Saharan Africa 989 61053 61439 386 237 14320 14367 47
(78-6-124-2) (4770.2-7749-1) (4802.8-77922)  (251-55.6) (182307)  (1084-6-18481)  (1090-0-18535)  (28-7:6)
DALYs=disability-adjusted life-years. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. YLDs=years lived with disability. YLLs=years of life lost.
Table 2: Deaths, YLLs, YLDs, and DALYs (in counts and all-age rates) associated with and attributable to bacterial antimicrobial resistance, globally and by GBD super-region, 2019

AMR Collaborators. Lancet. (2022).
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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.

Propoertion of drugs with 50% resistance

1.0
|

0.8
L

06
L

02 04
| L

0o
L

Pigs (n = 220)

2002

)

Proportion of drugs with 50% resistance
1.0

00

Cattle (n = 571)

0.8

08

04
L

0.2

Africa— E.coli (n = 97)

o W Catile

: Hluml li

frEdEED
$Ea26

SOX
TET

@
@
]

AMP

[0 L 1
2 52F

40
“ “ | ‘
0
5
2

E g

E
z

Resistance (%)
AMP

=
a

TET
AL

AP
ci

3

® I“|“|
0
L0 oE o3
EEEE

5 g
A &

ME

i
5 3

25 58 F T2 080

g

O Chickens O Pigs

| [T
§5E

NT

588
T 25

csT

Africa — Salmaonelia (n = 80}

25 E

oAz
[0
PEF

Africa— Campylabacter (n = 15)

R
TR
GEN

Africa - Staphylococcus (n = 63)

Tz % 23
g g
a &8 2 o ©

]

g

o B8 & 8 8

5

0

Asia—E.coll (n = 212)

(i

L L gL E2LEALESER D
$EAFE¢EZREE 58883
Asia - Salmonefla (n = 156)
|
uull I
Foo JdeE v x 2 Ez oo
FEEI3EEbER3FFERS
Asia— Campylobacter (it = 44)
CHE D - T

Asla- Staphylococcus (n = 113)

fipEzgEs
P g E RS Y EGC

TR -
& & B

™E

=] o]
fpriie
I

5= a =
BEEZEE

Sz w
Fzgs

Americas - Ecoli {n = 79)

FECREZEEEREE
2 EFwmEIEaAl@ 0T 0

Americas — Salmonella (n = 40)

= oo oo oo o E K .
E33:EzEEERE

PEF

s0K

=
2
Americas —Campylobacter fn = 17)

= a nc
B o =

hAL
amE

Americas — Staphylococcus (= 46)

E5obos
& & a &

[
s : s o om s
8 8 5 5 3 %

g

=g
FOX
GEN
TME
CRO
caz
MEM
HIT
1P

g =z a
gEs3
E i
w @
[ B
|
E L5

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.

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

Van Boeckel TP, et al. Science. (2019).
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Novel Carbapenem-Hydrolyzing § Emergence of a new antibiotic resistance mechanismin . . . microbiology
Emergence of plasmid-mediated colistin resistance
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COVID-19 & Antimicrobial Resistance

AMR & COVID-19

Antimicrobial resistance (AMR) occurs when microorganisms (such as
bacteria and viruses) change after being exposed to antimicrobial drugs.
These changes can mean they become resistant to the drugs used to
treat them. There are different types of antimicrobials which work against
different types of microorganisms, e.g. antibacterials or antibiotics
against bacteria, antivirals against viruses, antifungals against fungi, etc.
Antibiotic Resistance is caused by the persistent overuse and misuse
of antibiotics in human and animal health.

.
SCIence Current Issue First release papers Archive About

HOME > SCIENCE > VOL.371, NO.6528 > DISINFECTION SPREADS ANTIMICROBIAL RESISTANCE

@  LETTER f v
Antibiotics don’t treat or prevent viruses, . . s
Correct diagnosis is key! ied H Fraat H H
including the one that causes COVID-19! ® gt Disinfection spreads antimicrobial resistance
5 Correct diagnosis is vital for .
lAnl::cb:;t::s only work against bacterial treetment. Testing helps distinguish JILU AND JIANHUA GUO  Authors Info & Affiliations
AR e 3y e viral (such as the virus that causes
O What's more, inappropriate antibiotic COVID-19) from bacterial infections. SCIENCE - 29 Jan 2021 - Vol 371, Issue 6528 + p. 474 - DOI: 10.1126/science abgd380
use raises the risk of antibiotic resistance This mekes it far less lkely that '
G which puts everyone at risk from even antiblotics will be mnece);sarily * 3,986 ‘
miidinfaction: prescribed and used, in tum
lowering the risk of antibiotic
ce and optimizing patient During the COVID-19 pandemic, the use of disinfectants, alcohol-based hand
When might COVID-19 patients be given coe. sanitizers, and antiseptic hand wash has surged. As a precaution, many authorities
antibiotics? have also increased chlorine dosage in wastewater disinfection to achieve a free
Some patients with COVID-19 may chlorine residual concentration greater than 6.5 mg/liter (1), despite evidence that a
! \' develop bacterial co-infection. If this is — free chlorine residual of just above 0.5 mg/liter can completely inactivate human
W  the case, then health workers might P coronavirus (2). These chemicals can reach aquatic and terrestrial environments
prescribe antibiotics to treat the th hdi Vt disch £ tewater int - t Disinfecti tocol
secondary bacterial infection in those ——J) rough direct discharge of wastewater into receiving waters. Disinfection protocols
patients. put in place to prevent COVID-19 should be limited to the minimum required to kill
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and weighed against
Never self-medicate with R 2 : their potential to increase antimicrobial resistance (AMR).
&2 Practice good hygiene atall times! P ( )
antibiotics!
A ' . Hand hygiene is crucial in times of COVID-19.
It's important to listen to the advice of Practice good hand hygiene at home andina
doctors. If you feel unwell, seek out health care setting by regularly washing your
medical help and don't try to diagnose hands. Sneeze and cough into a bent elbow, or
yourself and self-medicate with a tissue which should be thrown into a closed
antibiotics. Remember - only bin. These are some of the most effective
take antibiotics if youhave = ways of reducing the spread of
been prescribed them. e many infections, including
— antibiotic resistant organisms.
DR "
g*%':'\; X)‘{'oral?]g:ggn #COVID19 #Coronavirus
D P / ‘l - - -
2 g #AMR #antibioticresistance . . . - .
s ror EUTOpE https://www.who.int/europe/multi-media/item/amr-and-covid-19

Lu J, et al. Science. (2021).
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COVID-19 Impacts on 18 Antimicrobial-Resistant Bacteria and Fungi

Threat Estimates

The following table summarizes the latest national death and infection estimates for 18 antimicrobial-resistant bacteria and fungi. The
pathogens are listed in three categories—urgent, serious, and concerning—based on level of concern to human health identified in 2019.

Resistant Pathogen

2017
Threat Estimate

2018
Threat Estimate

2019
Threat Estimate

2017-2019
Change

2020 Threat Estimate and
2019-2020 Change

7,500 cases

Drug-resistant
Neisseria gonorrhoeae

550,000 infections

804,000 infections

942,000 infections

Carbapenem-resistant 8,500 cases 6,300 cases 6,000 cases Stable* 700 deaths
Acinetobacter 700 deaths 500 deaths 500 deaths Overall: 35% increase*
Hospital-onset: 78% increase*
Ant\fgnga\—rfesmtant 171 clinical casest 329 clinical cases 466 clinical cases o 754 cnas'es
Candida auris Increase Overall: 60% increase
o e 223,900 infections 221,200 infections 202,600 infections . Data delayed due to
St Gt 12,800 deaths 12,600 deaths 11,500 deaths Decrease COVID-19 pandemic
12,700 cases
Carbapenem-resistant 13,100 cases 10,300 cases 11,900 cases N 1,100 deaths
Enterobacterales 1100 deaths 900 deaths 1,000 deaths * Overall: Stable*

Hospital-onset: 35% increase*

Data unavailable due to
COVID-19 pandemic

Drug-resistant
Campylobacter

Antifungal-resistant
Candida

ESBL-producing
Enterobacterales

Vancomycin-resistant
Enterococcus

448,400 infections
70 deaths

34,800 cases
1,700 deaths

197,400 cases
9,100 deaths

54,500 cases
5,400 deaths

The CDC COVID-19: USA Impact on Antimicrobial Resistance, Special Report 2022, concluded that the threat of

630,810 infections

27,000 cases
1,300 deaths

174,100 cases
8,100 deaths

46,800 cases
4,700 deaths

725,210 infections

26,600 cases
1,300 deaths

194,400 cases
9,000 deaths

47,000 cases
4,700 deaths

*
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Stable*

Data delayed due to COVID-19 pandemict
26% of infections were resistant,
a10% decrease

28,100 cases
1,400 deaths
Overall: 12% increase*
Hospital-onset: 26% increase*

197,500 cases
9,300 deaths
Overall: 10% increase*
Hospital-onset: 32% increase*

50,300 cases
5,000 deaths
Overall: 16% increase*
Hospital-onset: 14% increase*

SERIOUS

CONCERNING

Resistant Pathogen 2017 2018 2019 2017-2019 2020 Threat Estimate and
Sthed Threat Estimate Threat Estimate Threat Estimate Change 2019-2020 Change
28,800 cases
Multidrug-resistant 32,600 cases 29,500 cases 28,200 cases ~ 2,500 deaths
Pseudomonas aeruginosa 2,700 deaths 2,500 deaths 2,400 deaths Decrease* Overall: Stable*
Hospital-onset: 32% increase*
Drug-resistant . . Data delayed due to COVID-19
nontyphoidal 2'2'57%0 d'g::ﬁ;"’”s 228,290 infections 254,810 infections i pandemict 14% of infections were
Saimonella Increase resistant, a 3% decrease
. . Data delayed due to COVID-19
4100 infections 4,640 infections 6,130 infections i pandemict 85% of infections were
Salmonella serotype Typhi <5 deaths : :
Increase resistant, a 10% increase
77000 infections Data delayed due to COVID-19
Drug-resistant Shigella 7 B 215,850 infections 242,020 infections N pandemict 46% of infections were
Increase resistant, a 2% increase
279,300 cases
Methicillin-resistant 323,700 cases 298,700 cases 306,600 cases Stable* 9,800 deaths
Staphylococcus aureus 10,600 deaths 10,000 deaths 10,200 deaths QOverall: Stable*
Hospital-onset: 13% increase*
Drug-resistant 12,100 |n_vaS|ve S_ee patho_gen page 12,_000 |r_1vaS|ve et ekl doie
Streptococcus infections if comparing data infections Stable COVID-19 pandemic
pneumoniae 1,500 deaths* over time 1,200 deaths p
Drug-resistant 888 cases 962 cases 919 cases Stable 661 cases
Tuberculosis (TB) 73 deathst 102 deaths Decreaset
Erythromycin-resistant group 5,400 infections Si?ecgﬁth;gi;;ns:tie 6,200 infections . Data delayed due to
A Streptococcus 450 deathst paring 560 deaths Increase COVID-19 pandemic
over time
Clindamycin-resistant group 13,000 infections Si?ec(?:]th;"gi;;ns:tie 15,300 cases i Data delayed due to
B Streptococcus 720 deathst oer tin?e 940 deaths Increase COVID-19 pandemic

antimicrobial-resistant infections is not only still present but has gotten worse.

COVID-19: U.S. Impact on AMR, Special Report 2022
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Resistance reported from China antimicrobial surveillance network (CHINET)

Blood Urine Lower respiratory Cerebrospinal
tract fluid

n Yo n % n % n %o
Number of isolates 36,359 1000 46,081 1000 97297 100.0 3157 100.0
Escherichia coli 8381 23.1 21,489 46.6 4553 4.7 122 39
Klebsiella preumoniae 5616 154 4592 10.0 18,891 19.4 264 84
Pseudomonas aeruginosa 1054 29 1710 3.7 15705 l16.1 65 2.1
Acinetobacter baumannii 1164 32 728 1.6 16,566 17.0 394 12.5
Staphylococcus aureus 2801 7.7 514 1.1 8000 8.2 110 35

Table 1 Percentage of five major species isolated from four specimens

A A total of 44 teaching hospitals were involved. Totally 244,843 strains were isolated in 2018, of which gram-negative bacilli
and gram-positive cocci were accounting for 71.8% and 28.2%, respectively.
A 39.7% of isolates were cultured from lower respiratory tract, 18.8% from urine, 14.8% from blood, 1.3% from cerebrospinal fluid,

respectively.

30

25

20

=&~ Imipenem

—&- Meropenem
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Fig.1. Resistance Change of Klebsiella
pneumoniae to Imipenem and Meropenem
between 2005 and 2018.

A The resistance rate of MRSA to most antimicrobial agents was significantly higher than that of MSSA strains, except for to

trimethoprim-sulfamethoxazole in urine specimen.

A E. coli was still highly susceptible to carbapenem antibiotics, and the resistance rate was less than 5%.

A Carbapenem resistance among Klebsiella pneumoniae, especially cultured from cerebrospinal fluid, increased significance from

18.6 to 64.1%.

A About 80% of Acinetobacter baumannii strains was resistant to imipenem and meropenem, respectively.
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Fig.2. Resistance Change of Acinetobacter
baumannii to Imipenem and Meropenem
between 2005 and 2018.

Hu F, et al. Eur J Clin Microbiol Infect Dis 2019, 38(12): 2275-2281.



In Vitro Activity of Imipenem/Relebactam Against Enterobacteriaceae Isolates Obtained
from Intra-abdominal, Respiratory Tract, and Urinary Tract Infections in China: Study for

Monitoring Antimicrobial Resistance Trends (SMART), 20151 2018

B
Pathogen Total, No. (%) 1Al, No. (%) RTI, No. (%) UTI, No. (%) §100 e 1
Enterobacteriaceae 8781 (100.0) 3758 (42.8) 1920 (21.9) 3103 (35.3) g g ;
3 2 = Soiwes
Escherichia coli 4676 (53.3) 2053 (43.9) 325 (7.0) 2298 {49.1) Z 0 2015 2016 2017 2018 Z U 2015 2016 2017 2018
F
Klebsiella pneumoniae 2949 (33.6) 1111 (37.7) 1272 (43.1) 566 (19.2)
Enterobacter cloacae 542 (6.2) 310(57.2) 136 (25.1) 96 (17.7) . A

>10,220
>20,530
>30,240

>3, 35

>3.5,<4
W >4,545
W 45

Abbreviations: IAl, intra-abdominal infection; RTI, respiratory tract infection; UTI, urinary tract

infection.

IMI resistance (%) of Enteribacteriaceae in 2015-2018 IMI resistance (%) of E. coli in 2015-2018 IMI resistance (%) of K. pneumeoniae in 2015-2018

Table 1.Number of Isolates and Percentages of Most Frequently Collected
Enterobacteriaceae Pathogens From Patients With Intra-abdominal Infections, Fig.1. Regional differences in Enterobacteriaceae susceptibilities.
Urinary Tract Infections, and Lower Respiratory Tract Infections, 20151 2018.

In 20157 2018, the most frequently identified Enterobacteriaceae species was Escherichia coli (n = 4676 [53.3%]), followed by Klebsiella
pneumoniae (n = 2949 [33.6%]) and Enterobacter cloacae (n = 542 [6.2%)]).

The Enterobacteriaceae isolates showed 95.2% overall susceptibility to IMI/REL, of which the susceptibility rates in isolates from IAl, RTI,
and UTI were 95.8%, 91.4%, and 96.6%, respectively.

For all Enterobacteriaceae, IMI/REL susceptibilities were similar across 7 geographic regions of China (94.0%i 96.1%), despite
significant geographic variation in IMI susceptibility rates (ranging from 76.4% in the East Jiangzhe area to 92.9% in the South).

Yang Q, et al. Clin Infect Dis 2020, 71(Suppl 4): S427-S435.
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Fig. 1. Resistance of S. pneumoniae to
routine antibiotics in different years

A From 20097 2018 a total of 3750 isolates were collected from 22 cities located across different regions of China. Among these the most common bacterial
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Fig. 2. Resistance of H. influenzae to routine
antibiotics in different years.

isolates include S. pneumoniae (53.7%) followed by H. influenza (32.4%), M. catarrhalis (13.9%).

A S. pneumoniae exhibited reduction in susceptibility and increase in resistance to penicillin, cephalosporins during the surveillance period. Invasive and noninvasive S.

pneumoniae showed similar resistance.

A In the case of H. influenzae susceptibility to b-lactam and b-lactamase inhibitors (ampicillin, amoxicillin and AMC), SXT, clarithromycin and cephalosporins was

reduced over the past 10 years with an exception of ceftriaxone.

A Overall, moxifloxacin and levofloxacin have the highest susceptibility rates against S. pneumoniae (> 95%) and H. influenza (> 90%). M. catarrhalis exhibited
susceptibility to almost all the tested antimicrobials.

A In Chinathe10-year trends

showed
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Fig. 3. The
positive M. catarrhalis in different years.
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Zhao C, et al. Infect Drug Resist 2022, 15: 5069-5083.
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Bacterial Epidemiology and Antimicrobial Resistancé Profiles in
Children Reported by the ISPED Program in China, 2016 to 2020
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Fig. 1. Distribution trends of main pathogens Fig.2. Distribution trends of MDROs in different age groups, as
reported by the ISPED program in 2016 to 2020. reported by the ISPED program

A A total of 288,377 isolates were collected, and the top 10 predominant bacteria were Escherichia coli, Streptococcus pneumoniae, Staphylococcus aureus,
Haemophilus influenzae, Klebsiella pneumoniae, Moraxella catarrhalis, Streptococcus pyogenes, Staphylococcus epidermidis, Pseudomonas aeruginosa, and
Acinetobacter baumannii.

A In 2020, the coronavirus disease 2019 (COVID-19) pandemic year, we observed a significant reduction in the proportion of respiratory tract samples (from 56.9%
to 44.0%).

A The proportions of CRKP, CRAB, and CRPA strains all showed decreasing trends between 2015 and 2020.

A Carbapenem-resistant Enterobacteriaceae (CRE) and CRPA gradually decreased with age, while CRAB showed the opposite trend with age.

The Infectious Disease Surveillance of Pediatrics (ISPED)

Multidrug-resistant organisms (MDROS) Fu P, et al. Microbiol Spectr 2021, 9(3): e0028321.



T
4 ¢
= = 5 N 9
@ EP gﬁﬁ[‘ﬁ?‘xﬁ] EF L 2 ¥ INSTITUTE OF MICROBIOLOGY
| CHOMSE CENTIR FOR ISASE CONTROL AND PREVENTION W@

Penicillin and Cefotaxime Resistance of Quinolone-Résistant Nsseria
meningitidis Clonal Complex 4821, Shanghai, China, 19651 2020
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Figure 1. Percentage of meningococcal isolates with penicillin nonsusceptibility and MIC50 values, Shanghai,
China, 1965i 2020. MIC50, minimum inhibitory concentrations at which 50% of the tested isolates are inhibited.

o
L
o

A To characterize the penicillin-nonsusceptible (PenNS) meningococci, we analyzed 491 meningococci and 724
commensal Neisseria isolates in Shanghai, China, during 19651 2020.

A The PenNs proportion increased from 0.3% in 1965i 1985 to 7.0% in 2005i 2014 and to 33.3% in 2015i 2020.

.

Chen M, et al. Emerg Infect Dis 2023, 29(2): 341-350.
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migratory birds
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Antibiotic resistance spreads easily across the globe

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 entry.

A resistant threat anywhere can quickly become a threat at home.
Global capacity is needed to slow development and prevent spread of antibiotic resistance.
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Global movement of wild birds
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The Map of sampling sites in China
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» Fecal samples

» Qinghai Lake
11 bird feces

10 human feces

8 sites

10 species

100 samples for mNGS k‘ B
' 12 livestock feces

11 soil samples

11 water samples

» Povang Lake
11 bird feces
11 human feces

11 water samples in
fishing grounds

15 sewage wastewater Bse e = o,
ey .
samples ~ AP,

Cao et al, Microbhiome, 2020
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Abundant ARGs in the gut bacteria of migratory birds
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U 202 ARG types were identified

U More ARG types existed in Cygnus
cygnus, Grus grus and Tringa
nebularia
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U Based on the abundance of ARGS in

different bird species, Grus grus and
Tringa nebularia had the most

abundant ARGs:
Cao et al, Microbhiome, 2020



21 ARG types shared among different bird populations

Type  Classificatio Mechanism Type Classification Mechanism
Name n Name
acrF Multidrug Efflux pump InuC Lincosamide  Antibiotic inactivation
arnA Polymyxin  Altering cell wall charge mdtO Multidrug Efflux pump
baeR Multidrug Efflux pump mexD Multidrug Efflux pump
baeS Multidrug Efflux pump mexN  Aminocoumarin Efflux pump
cpxR Multidrug Efflux pump mefA Macrolide Efflux pump
CRP Multidrug Efflux pump msrE Macrolide Eff.lux pump
" . PMIB Polvmvxin Altering cell wall
emrA Multidrug Efflux pump ymy charge
emrK Tetracycline Efflux pum _ '
-y pump PMrE Polymyxin Alterlnhg cell wall
emrY Multidrug Efflux pump charge
s Multid 6 TEM-1 Beta-lactam  Antibiotic inactivation
=vY ultidrug WX pump tet32 Tetracycline Target protection
tolC Multidrug Efflux pump

A total of 21 ARG types were shared among different bird populations. Among these
shared ARG types, the Tet32 and TEM-1 pose the highest risks to human health. Cao et al, Microbiome, 2020
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ARG types conferred resistance to major antibiotic classes
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Relative Abundance
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Anser anser Anser cygnoides  Anser fabalis Anser indicus Ardea alba Cygnus cygnus Grus grus Tadorna ferruginea  Tadorna tadorna  Tringa nebularia

. Aminocoumarin . Fluoroguinolone . Macrolide l Polymyxin . Tetracycline

. Aminoglycoside . Lincosamide . Other

. Streptogramin . R-Lactam

U The resistant gene types in the bird gut microbiota conferred resistance to almost all major antibiotic
classes. Among these antibiotics, tetracyclines, macrolide-lincosamide-streptogramin (MLS), and Beta-
lactams contributed to most of the percentage of total resistance genes, and tetracycline resistance (TcR)

genes were the most prevalent genes in all bird species.

Cao et al, Microbiome, 2020
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The microbial origin of ARG types
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Proteobacteria, Firmicutes,
Bacteroidetes, and Fusobacteria
accounted for most of the phyla inferred
from the resistance-conferring contigs;

Proteobacteria was the dominant
phylum in all species except for Anser
ansert

Cao et al, Microbiome, 2020
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Bird species differed from each other in ARG composition

PCoA Analysis

0.50 4
0.25+
0.004

=0.25+

-0.50 T . T T .
-0.25 0.00 0.25 0.50 0.75

PCoA 1 (14.91%)

Species

-+ Anser anser

-+~ Anser cygnoides
Anser fabalis
Anser indicus
Ardea alba

+- Cygnus cygnus
* Grus grus
Tadorna ferruginea
Tadorna tadorna
Tringa nebularia

¢ ¢t

¢ ¢ e

Based on PCoA analysis, bird species

differed from each other in ARG
compositiont

0.1

PCoA 2

Procrustes
analysis

-0.1

0.0
PCoA 1

0.1

¢ Resistome
4 Taxonomy

Type

Anser anser
Anser cygnoides
Anser fabalis
Anser indicus
Ardea alba
Cygnus cygnus
Grus grus
Tadorna ferruginea
Tadorna tadorna
Tringa nebularia

NI I N

Procrustes analysis revealed microbial composition was
not correlated with resistance types composition among

individualst

A wide range of MGE sequences in bird metagenomic
libraries, including phage-related integrases, putative
transposases, type IV secretion systems, and reverse

transcriptases.

Cao et al, Microbhiome, 2020
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The high prevalence of the mcr-1 gene at the population

: Species Positive
Grus grus (n=53) 33%
- Cygnus cygnus (n=40) 55%
A Tringa nebularia (n=22) 60%
ooe piri - Anser indicus (n=55) 35%
e ik ' 2 Anser fabalis (n=50) 37%
ke " Anser cygnoides (n=38) 35%

Il Other protein

[ Formation of type IV pilus A rd ea al b a (n :36) 85%

Il Transfer associated
[ Plasmid stability

“y, el
'-ﬂ// ‘ ,.ﬁw\ \\V\\\

74000 B Plasmid epcation Anser anser (n=38) 41%
nsertion sequence
30000 — i Tadorna ferruginea (n=8) 100%
Tadornatadorna (n=32) 65%
U The mcr-1 gene within plasmid U The prevalence of mcr-1 gene in bird species

Liu et al, The Lancet Infectious Diseases, 2016. Cao et al, Microbhiome, 2020
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Tigecycline resistance tet(X3) gene is going wild
13? 149 15? lﬁq l?q 1Bq

260000

p34AB
277,864bp

florR

1“1"} » Phrrer
“ « ««‘« 120000

tmrB aac(3)-Ild

160000

mph(E) msr(E)
U Tet(X3) within plasmid.
He et al, Nature Microbiology, 2019
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tet(X3) was found in two gut microbiomes of bird fecal
samples, with 100% amino acid identity of sites 1507 387.

Cao et al, Biosafety and Health, 2020.



Qinghail Lake-The difference between bird and its

environmental microbiomes and resistomes
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U Theresistomes of samples U Soil had the highest phylogenetic diversity, but harbored fewer
differed from each. Birds were ARGs per sample than other samples;
closer to livestock in ARG i Bird fecal microbiota contained the lowest phylogenetic diversity

composition; but had more ARGs per sample than both soil and water;



Poyang Lake-The difference between bird and its
environmental microbiomes and resistomes
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Wastewater and fishwater had <
similar resistomes. Some birds U Human feces harbored both the lowest phylogenetic
carried similar ARGs compared with diversity and ARGs per sample;
wastewater and fishwatert U birds contained lower phylogenetic diversity, but had the

highest ARGs per sample;
Cao et al, Microbiome, 2020
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Live poultry market is a huge reservoir of antibiotic

resistance genes

PART 02
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Map of sampling sites in China
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Map of sampling sites (18 provinces) in China

U The first large-scale study to reveal the overview of ARGs in Chinese LPMs.

U We collected 753 poultry fecal samples from LPMs in 18 provinces and municipalities
in China between 2016.09-2017.03 and sequenced the metagenomes of 130 samples.

Wang YN, et al. J Infect. 2019.
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Construction and assessment of poultry gut catalog
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We build a non-redundant gene catalog containing
8,485,510 poultry gut microbial genes, which
represents the first gene set generated from poultry
and provides a comprehensive reference resource
for metagenomics-based research.

Comparison of the gut microbiome gene catalog of
humans, pigs, and poultry.

Wang YN, et al. J Infect. 2019.
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High diversity of ARGs in live poultry gut microbiomes
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U We collected 753 poultry fecal samples from LPMs in 18 provinces and municipalities
in China between 2016.09--2017.03 and sequenced the metagenomes of 130 samples.

U A total of 539 ARGs classified into 235 types were identified.

Wang YN, et al. J Infect. 2019.
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TcR genes are the most abundant ARGs in food animals and humans
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U Tetracycline resistance (TcR) genes are the most abundant ARGs in food animals and humans.

U Correlation analyses based on mean relative abundances indicated that the resistance profiles
in 18 provinces were clustered into three groups.

Wang YN, et al. J Infect. 2019.
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Prevalence of the mcr-1 gene in Chinese LPMs
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U 59.63% LPM samples harbored the colistin resistance gene mcr-1.

Wang YN, et al. J Infect. 2019.
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More diversified antibiotic resistance genes In

chickens and workers of the live poultry markets

PART O3
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Higher diversity of ARGs in the LPMs than in farms

Fecal samples collected from 21 chicken
farms and 22 LPMs in eight provinces in
China between August 2018 and May 2019

|

{Focus on 1,255 samples

-

_

} Sereening mcr-1 Prevalence of
Total DNA by PCR and Sanger '
sequencing mer-1 i LPMs

( Metagenomic sequencing (Total: n=175,
including LPM: n=72, Farm: n=63, LPM
worker: n=18, Control subject: n=18, LPM
Environment: n=4)

T 1

MGE Microbial MRG ARG .| Genetic contexts of
profiles || communities || profiles || profiles mer-1 and mer-10

[ S

Alpha and beta diversity analysis, PCoA
analysis, statistical and correlation analysis

Fig. 1. Flow diagram of study design.
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U PCoA of the community composition and resistomes showed that the farm and LPM
samples clustered differently, but with some overlap.

U The number of ARGs observed in the LPMs was significantly higher than that in farms.

Wang YN, et al. Environ Int. 2021.



More abundant ARGs in LPM workers gut microbiomes
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Although geographically close to the LPM environment (about 5 km), the control
group had a different microbial composition from the LPM workers.

Although the LPM workers had a lower phylogenetic diversity, both the number and
relative abundance of ARGs was higher than those in the control group.
Wang YN, et al. Environ Int. 2021.
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Shared and unigue ARGs between poultry, human and environment
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u LPM worker fecal samples separated from LPM chicken and LPM environmental samples in their
phylogenetic, resistome, and MGE compositions.

The majority of ARGs (586 genes) detected in the Dongguan LPM were shared among LPM workers,
chicken, and LPM environments, suggested that chicken feces is an important input of
environmental resistome in LPMs.

The tet(X3) and mcr-1 genes were also detected in the farms, LPM chickens, workers, and LPM
environments, suggesting the transmission of tigecycline and colistin resistance from the farm
chickens to the LPMs, including the LPM environment and the LPM workers, via the live poultry trade.

Wang YN, et al. Environ Int. 2021.
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Chicken gut microbiome as reservoirs of MCR-family genes

A
100+
Positive samples (%o)/ total samples =
( )ﬂ Blll oy 4 =0.0025
Country/Region mcr-1 mer-3* mer-4% mer-3* mer-§* mer-9 mer-10 2 50 p=0.0083 —
o —
China 27 (7.3%)/368 - - - - 9 (2.4%)/368 66 (17.9%)/368 2 o ones 20132 ez
Human (IGC) America - - - - - 1(0.7%)/139 2 (1.4%)/130 < sl —m e PQm
Emope - - - - - 12 (].6‘.]/0}”60 5 (0?0/&)”'6’0 & . 2016.09-2017.03
Human UK - - - - - 2 (0.8%)/250 £ 20 W 2018.08-2019.05
Human India - - - - - 2(1.8%)110 11 (10.0%)/110 :
Human Sweden - - - - - 2(1.0%)196  1(0.5%)/196 g
Human China 3 (8.3%)/36 2 (5.6%)/36 - 2 (5.6%)/36 - 2 (5.6%)/36% 11 (30.6%)36 3 N
Chicken (September 2016- . o P B ) 2
March 2017) China 56 (54.9%0)/102 1 (1.0%)/102 1 (1.0%)102 a
Chicken (A;il;; 2018-May China 102 (75.6%)/135 12 (8.9%)/135 2(1.5%)135 1(0.7%)135 6 (4.4%)135 3 (2.2%)/135% 14 (10.4%)135 (g‘" bo“q v&é\ é\@(@ {é;"‘ e&f Qfé‘ (}g‘"
. . - & X
Chicken Chma 71 (14.3%)M495 - - - - - - ol 0°e° 1% ¥
Chicken Germany 1(5.3%)/19 - - B
Chicken the Netherlands 2 (10%)/20
Chicken Denmark 3 (15%)/20 B, T
Chicken France 6 (30%)/20
Chicken Belgim 6 (30%)/20
Chicken Poland 7 (35%)/20 Seorasnane senence nmenge
Chicken Spam 13 (65%)20
Chicken Ttaly 13 (65%)/20
Chicken Bulgaria 13 (68.4%)19 - - - - - g e
Humans (total) - 30 (1.6%)/1859 2 (0.1%)/1839 - 2(0.1%6)/1859 - 30 (1.6%)/1859 96 (5.2%)/1850
Chicken (total) - 203 (32.2%)/910 13 (1.4%)910 2(0.2%)¥910 2(0.2%)/910 6 (0.7%a)910 3 (0.3%)910* 14 (1.5%)910

Multiple mcr-family genes were identified in chicken gut metagenomes, including mcr-1, mcr-3, mcr-4,
mcr-5, mcr-8, mcr-9, and mcr-10.

The number of mcr-10-carrying fecal samples was higher in Asia than in Europe or America.

The mcr-1 gene prevalence decreased significantly in the LPMs across seven provinces in China, from
190/333 (57.1%) samples in 2016.09--2017.03 to 208/544 (38.2%) samples in 2018.08--2019.05.

Wang YN, et al. Environ Int. 2021.
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U Atotal of 535 000 cases of non-typhoidal Salmonella invasive disease occurred and 77 500 deaths were estimated in 2017.

U Atotal of 143 million cases of typhoid and paratyphoid fevers occurred and 1359 thousand deaths in 2017.

U Systematic studies on the trends and geographical distribution of antimicrobial-resistant Salmonella

and dominant serovars have been well studied in European and American countries while not in China.




