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Antimicrobial resistance is a
global health concern

* Antimicrobials have Antibiotic Resistance Threats in the U.S., 2019
been critical for s ]
treating infections in Each year, antibiotic-resistant
humans and animals bacteria and fungi cause at

- Their use contributes least an estimated:

to resistance
 Resistant infections 868 oo
are difficult to treat * 2, ,7

* They contribute to
longer hospital stays,

greater medical costs,
et 2. 35,900 ..

infections

cause of death

www.cdc.gov/DrugResistance/Biggest-Threats.html
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The number of resistant infections has

increased steadily

Ml Associated with resistance lAttributatIJleto resistanf:e | | ° In 201 9, 6 pathogens
| ' ~ caused ~80% of the 1.27
million deaths

Escherichia coli

Staphylococcus aureus

» Resistant infections
increased by 15% during
the COVID-19 pandemic’

Klebsiella pneumoniae
Streptococcus pneumoniae

Acinetobacter baumannii

Antibiotic use is a key
contributor to the

| development of

0 0.3 0.6 0.9 1.2 resistance

Deaths {millions)

Pseudomonas aeruginosa

Nature news. T. Thompson, Jan. 31, 2022

'COVID-19: U.S. Impact on Antimicrobial Resistance, 2022
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Global use of antibiotics has increased

Resistant bacteria Antibiotics dq

@ 0 .9
® oa®90, 90
@ (OF) ® (J
o[’ 0800800 — 0'.0."..~“=3o
00) OOOO OQOO o Oy 'Y .’4“~
o .OOO Ooogoooooo P 0o080y° o° ..og . > $%%
00 I % o¢ “' O
°s © Oo%g&oggo ° o < o ocetle ‘.." o# ".3
© 008’ goboo® P © °goot o% o 0‘}'0.’ ®
e oS o o0 oqe 00088
oo o5 00 %og \.‘0 % “:‘ s
(¢ o0 o0
e® o%) o .: Y
Population of mainly Population of mainly
susceptible bacteria resistant bacteria

https://www.reactgroup.org/toolbox/understand/antibiotic-resistance/mutation-and-selection/

Antibiotic resistance is a One Health concern that can impact
humans, animals, plants and the environment
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Antibiotic use Iis widespread

e

Potertiad routes of transmssson
of antibictic-resistant bacteria

ANTIBIOTICS
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Evolution is critical for the emergence of
antibiotic resistant bacterial pathogens

Horizontal gene
transfer (HGT) is a
rapid process
* Renders cells
resistant to specific
antibiotics by
acquiring antibiotic
resistance genes
(ARGsS)
Resistance can
also occur due to
point mutations in

some genes

Bacterial transformation

G2

Antibiotic-
resistance gene

Donor cell Recipient cell

Bacterial transduction

=D

phage

Phage-infected donor cell Recipient cell

Bacterial conjugation

(g0~ 0"%

Transposnn Donor cell Recipient cell

Furuya and Lowy., Nat Rev Microbiol 4, 2006




Surveillance activities are i
define the proble

Monitoring foodborne pathogens. ..

-~ o |
i Surveillance
. studies of
- 7y patients in #
] 1 Michigan
(DC ‘- (2001-present)

FoodNet @ G
W i i ‘

Regions

Michigan Department of
Health & Human Services
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mportant to
m

-Campylobacter jejuni
-Shiga toxin-producing
E. coli (STEC)
-Salmonella

Il

1) Characterize the
pathogens and identify
risk factors for infection

2) ldentify the impact of
foodborne pathogens
on the gut microbiome
3) Conduct comparative
studies in food animals
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The evolution an
emergence of ST
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Shiga toxin-producing E. coli (STEC)
emerged in 1982

* Unusual iliness reported in 47 = 3
people from Ml and OR ' ¢ / \
* Grossly bloody diarrhea, severe '
abdominal cramping
« Cases more likely to have eaten
hamburgers at a specific
resta ura nt Systermas absorotion
 Laboratory testing identified a rare @ e

E. coli serotype (O157:H7)
« Had genes for the Shiga toxin (Stx)
acquired by HGT via transduction

o
=

Life threatening
complications
like Hemolytic Uremic
Syndrome (HUS)

'Riley et al. N Engl J Med 1983; 308:681
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The diversity of STEC serotypes has
increased due to HGT of Stx genes

mO1
mO015
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mO75
091
m0113
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049
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e=Total number of serogroups
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* Examined
894 isolates
from patients
with STEC

infections

* Number of
serogroups
increased
significantly
over time

geather
Blankenship,
PhD
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STEC diversity has also increased in the

cattle reservoir

Sampled 1,096 cattle in 12 herds
« 522 STEC isolates were recovered from 175 cattle
« 0157 was found in only 19 (11%) animals

60.0

N= 66 STEC from 26 cows
50.0 followed 4 times

OWeak

40.0 O Strong

TransrhisSin of STEC is cbmmon in
a herd and many animals are
persistent shedders

30.0

20.0

Frequency (%)

: i - /;go\ //'\\ ,/\'\\ //(‘3\ //\\ //Q’\ //'\\ //o-’\
= : = 8 o S o\mb\o o\&@ . \éj O@b@ o@@\o <
Ny Persistent
s A
. . isolates formed | - :
Evidence of STEC transmission biofilms New clinically important
between cattle and deer STEC strains emerged

Singh et al. Frontiers Cell Infect Microbiol 2015 Blankenship et al. Appl Environ Microbiol 2020



MICHIGAN STATE UNIVERSITY

Are STEC resistant to antibiotics?

= Antibiotics are not Antibiotics can
recommended to > @ increase Shiga toxin

production

treat patients with
STEC

Detecting resistance

phenotypes:

= Disk diffusion

= Minimum inihibitory
concentration (MIC) is
the concentration that
completely inhibits
bacterial growth
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Antibiotic resistance has emerged in STEC and
increased in frequency

16 | * p-value<0.05
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Non-O157 STEC isolates were significantly more
likely to be resistant than O157 isolates

Mukherjee et al. Emerg Infect Dis. 2017; 23(9);
Mukherjee et al. Antimicrob Agents Chemother. 2021;65: e01189

SERIELE! Merjeg,‘ PhD
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Resistance frequencies differ in Michigan
relative to national frequencies

A g,
| | o e T
4 P FDA T8 22
8
g 3-
X 2 - - .
< Unique features in
14 different geographic
. — I locations _Ilkely
AMP cIP SXT select for different
ENARMS (n=2795) mMichigan (n=631) phenotypes

Mukherjee et al. Antimicrob Agents Chemother. 2021,;65: e01189
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Detecting resistance genotypes

= Molecular methods can detect antibiotic resistance genes and
gene variation
The Whole Genome Sequencing (WGS) Process

WGS is a laboratory procedure that determines the order of bases in the genome of an

organism in one process. WGS provides a very precise DNA fingerprint that can help
link cases to one another allowing an outbreak to be detected and solved sooner.

Bacterial Culture 4. DNA Library Sequencing

o The DMA library is loaded onto a
sequender. The combination of
nuclestides (A, T, C, and G} making
up each individual fragment of DNA
is determined, and each result is
called a “DNA read.”

o Scientists take bacterial E

cells from an agar plate =

and treat them with g @) Scientists make many

chemicals that break them £ EW'E‘:' '5"7 each DNA

open, releasing the DNA. o TR MIENT USNG A process CETCAOGEOCTONA TTOIOETTRARATOS

The DNA is then purified. g called polymerase chain CTTATTCTTONCTT
5 reaction (PCR). The pool of GUGGCCTCCANTGET L, DNA
= fragments generated in a CTTGARATCHOCGAN Reads
% PCR machine is called a GOCTCCARTOCTTAT J
o DMA library. +

CCTGGOGGOCTOCARTGCTTATTCT IGO0 TIGAAATCG00KA
Reconstructed Genomae

&

: e gsh::;sv;u:cl:1?:1?:;(:?;’??;:15 v 9 The sequencer produces millions of DNA reads and specialized
enzymes "nﬁec_u‘-ar sci s;ors" g computer programs are used to put them together in the
. or mechanical disrup'ir,-n courect order like pieces of a jigsaw puzzle. When completed,
§ l’:’,[g'(a il tha genome sequence containing miliens of nucleatides {in
"'\_ luyZ22) l one or a few large pieces) is ready for further analysis,
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Used sequencing to identify resistance genes

« Examined 208 non-O157 genomes

|dentified 33 unique horizontally acquired resistance genes

100% - N/
aph(6)- blaCARB catA2
Id/strB 3.7 N 7 tet(V) dfrA23
i 27.8 .
90% b/gD7HA 7.7
: ~1\ tet(D)
QT Eal
o 80%A ogxB nrs .
V) blaCMY 50.0 %0 0 ..
o 29.6 ‘ i
< " sul2 T.
o 70% aph(3")- 62.5 A
o Ib/strA ' ‘1238
=1 27.8 :
o blaTEM-34
< 60%- 3.7
N .
g fosA mph(A)
4 100.
8 50% aph(3)-la 00.0 100.0
= 2277 florR
£ 923 dfrA12
[ o/, 61.5
S 40% aadA5
5 21
"g . blaTEM-1b
8‘ 30% aadA2 51.9 oq)(A anA tgq(/s\))
S 10.3 50.0 50.0 '
] ant(3Y sult
20% la/aadA] 37.5
6.2
10%- aac(3)-Via N plaTEM-1a dfrA1
2.1 74 15.4
a?co(3)
0% -
Aminoglycoside -lactam Fosfomycin Quinoxaline Macrolide Phenicol Quinolone Sulphonamide  Tetracycline  Trimethoprim
(n=97) (n=27) (n=2) (n=2) (n=5) (n=13) (n=2) (n=40) (n=42) (n=13)

Mukherjee et al. Antimicrob Agents Chemother. 2021; 65 (11): e01189-21
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Why is resistance in STEC relevant?

= The pathogens can bring genes
Into the gut microbiome

» [B-lactamase genes were detected
that could be transferred to E. coli

R fi-lactam ring

R
%D #D
HM HN
G fi-lactamase

g - 01
e fi-lactamase breaks a bond o

4, iy
N # " in the p-lactam ring of \, HN 4
o penicillin to disable the OH
COO-  molecule. Bacteria with this COO0-
. enzyme can resist the effects L
Penicillin of penicillin and other Penicilloic acid

p-lactam antibiotics.

Emergence of
extended spectrum [3-
lactamase-producing

Enterobacteriaceae
(now Enterobacterales)

E GRERIRED = PEC TRV

&« \ Y BETA-LACTAMASE (ESBL) PRODUCING

XNEHS
/ "»."‘ L‘_f"\ 1&‘.
o ’ oy . N

U "% ENTEROBACTERIACEAE

™  [Cstimated cases
in hospitalized

patients in 2017

tHreAT LeveL serious [ 28

29100 X $1.28

Estimated R, Estimated attributable

deaths in 2017 - healthcare costs in 2017
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Expansion of Enterobacterales occurs during

foodborne bacterial infection

Patients with enteric infections Patients had a
100 — (n=200)
¢ o ' greater abundance
o0 - of Proteobacteria
_ ’ . than healthy family
S 0 members
@
© [ )
S 407 T °
0 [ ]
<
20 ¢
° Singh et al. Microbiome 2015

1 |
& & > @ @ @ @ o 4
& & P ¢ F & F
> & ) 2 > ) & @ &S
& & & & & 0%60 & Q‘b&’ <& P
XS S Q S e
QP C ¢ & ¢ & & Pallavi Singh, PhD
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B-lactamase genes persist in the gut

following recovery from infection

1.001
2 075
£
o
7
g 5
@
E 0.501 E
2 e
=
2
<
@
Z 025
o
@
o

0.00-

. Aminoglycosides . Fluoroguinolones CAP
B cetalactams M s Rifampin
ARG Class Copper resistance B Mutti-biocide resistance Tetracyclines

Drug & Biocide resistance B Multi-metal resistance
[ Drug, Biocide & Metal resistance Other

B-lactamase genes persisted in the gut microbiome of =
dairy cattle given antibiotics to prevent mastitis

Hansen et al. Microbiome. In review
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= Antibiotic resistance is a global concern

= Resistant foodborne pathogens have emerged because of
the ease of transfer of resistance genes and selection by

antibiotics

= Surveillance is critical for monitoring new pathogen
traits such as virulence and resistance

= |[n Michigan, the STEC population has diversified, and
antibiotic resistance frequencies have increased

= Persistence of resistance genes in the gut
microbiome can lead to the emergence of new

resistant opportunistic pathogens
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Combating foodborne infections and antimicrobial
resistance requires a One Health approach

One
Health

Coordinating

Communicating

G

Collaborating
!
i
i
I

People who protect
human, animal, and
environmental health,
and other partners

Centers for Disease

Control and Prevention
National Center for Emerging and
Zoonotic Infectious Diseases

12 —-—

]
]
]
]
®
To achieve the best
health outcomes for

people, animals, plants,
and our environment
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Possible solutions

Enhanced survelillance
Improved education and awareness
Judicious use to prevent selection and spread

Limit use of specific antibiotics that are critically
Important in human health

One vt
Health
22

B o >

. T .

human, animalb,and . health outcomes for

environmental health,
and other partners and our environment
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