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Hvad er metagenomics?

« “...the application of modern genomics
techniques to study the communities of
microorganisms directly in their natural
environments, by passing the need for
isolation and lab cultivation of individual
species” — Chen and Patcher (2005)

* Oversat
“‘Anvendelsen af moderne genomiske metoder
til at studere mikrobielle samfund i deres
naturlige miljger og dermed springe dyrkning
0g isolering over”
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Hastigheden vi laeser bakteriers DNA i

lllumina NovaSeq 6000

« Karetid: ~ 44 timer (2 x S4 flow cells) - B
« Max kapacitet /g

— 20 milliarder DNA-sekvenser S ——
— 6000 Gbp (6 Tbp) :

Kan leese 38 millioner baser i sekundet! _

Forestil jer at leese disse bgger pa 1/4 sekund!
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C Sekse (2017) Front Microbio KM Ellegaard (2016) Front Microbio
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Pig fecal samples

@ 30 x 1 from pen floor

W

A 4 x 4 from pen floor

Il 4 x 8 from pig

Dansk pilotprojekt

« Sammenligne geno- og faenotypiske
resistensovervagning i danske svin

« Sammenlign forskellige prgvetagnings-strategier — —
» Vurder muligheden for at bruge metagenomics til
overvagning af resistens pa svinegarde _ _

* Vurder muligheden for at male resistens-eendringer o ., o Level . toraLovel gl
som fglge af antibiotika-forbrug s €D Saes Sanples
S 30 pen floor samples pooled
.O’ .. O. ol
. °® .. g MG
o ® .o ® e
. . PLP
. . ig sam Ies
® ’ gpoolt’-p 4 PL-P pools
qPCR pooled
4 pen ﬂoor sam les
...... :‘: : p P
A I = o
Am =
.A. [ TR )
™ L AR
A.- . 'A. g A
Individual samples o Sample pools Sample pools

P Munk et al (2017) J. Antimicro Therapy
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Det “vade” laboratorie

PIg fecal samples.

Prover der skal analyseres. Fx spildevand, DNA ekstraktion fra prgve DNA revet til 3-400 bp
svine- eller mennekse-lort BE Knudsen et al. (2016)
mSystems

~1500 DKK

efter ekstraktion

(PCR-free) DNA library prep
NovaSeq6000 PCR: fugl og fisk

PCR-free: pattedyr og spildevand
2 x 35M 150bp fragmenter = 10 Gbp P yrogsp
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Det “tagrre” laboratorie
—
PE DNA reads
>35M/ sample
. - b kw b Pooled poultry feces
bt Lot Jio
T total fragments
" mapped reads (millions) * exon length (KB)

o0

d

Procrusten smor

o [T ﬂhfﬂl.m ”.l.
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Sample Size

Normalisering til

iy s v 1 s g

‘ ﬁiﬂﬁﬂﬁﬂf

QC, kvalitet- og
adapter-trimming
bbduk?2

1) Maengde bakterie per pragve
2) Leengde af gener/genomer

HH

KMA
Reads mapped til ResFinder,
Bakterie-genomer etc.

Farml Farm2 Farm3

Refl 17 19 14

Ref2 2 4 0

Ref3 31 0 2
Gen x sample
Teelle-matrix
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EFFORT Projektet

« EFFORT = Ecology from Farm to Fork Of microbial drug Resistance and Transmission
« EU FP7 projekt som sluttede i vinteren 2018
 Tungt brug af metagenom-sekvensering til maling af resistens

AGAINST ANTIMICROBIAL RESISTANCE
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AMR overvagning i stor skala

« Overvag AMR | svin og kyllinger | 9
europeeiske lande

* Prgver fra over 9000 dyr

« 181 svine- og 178 kyllinge-garde

>5,000,000,000,000 bp sekvenseret

P Munk et al (2018) - rdcu.be/3o0ra
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ARTICLES fare

https: floLorg 10:1030/441564-018-0192-9 microbiol ogy

Corrected: Author Correction

Abundance and diversity of the faecal resistome
in slaughter pigs and broilers in nine European
countries

Patrick Munk©', Berith Elkzer Knudsen', Oksana Lukjancenko', Ana Sofia Ribeiro Duarte',

Liese Van Gompel, Roosmarijn E. C. Luiken?, Lidwien A. M. Smit®, Heike Schmitt?,

Alejandro Dorado Garcia?, Rasmus Borup Hansen?, Thomas Nordahl Petersen’, Alex Bossersih24,
Etienne Ruppé®, EFFORT Group®, Ole Lund', Tine Hald', Siinje Johanna Pamp', Hakan Vigre',

Dick Heederik?, Jaap A. Wagenaar*’, Dik Mevius*’ and Frank M. Aarestrup®™

Antimicrobial resistance (AMR) in bacteria and associated human morbidity and mortality is increasing. The use of antimicrobi-
als in livestock selects for AMR that can subsequently be transferred to humans. This flow of AMR between reservoirs demands
surveillance in livestock and in humans. We quantified and characterized the acquired resistance gene pools (resistomes) of 181
pig and 178 poultry farms from nine European countries, sequencing more than 5,000 Gb of DMNA using shotgun metagenom-
ics. We quantified acquired AMR using the ResFinder database and a second database constructed for this study, consisting of
AMR genes identified through screening environmental DNA. The pig and poultry resistomes were very different in abundance
and composition. There was a significant country effect on the resistomes, more so in pigs than in poultry. We found higher
AMR loads in pigs, whereas poultry resistomes were more diverse. We detected several recently described, critical AMR genes,
including mer-1 and optrA, the abundance of which differed both between host species and between countries. We found that
the total acquired AMR level was associated with the overall country-specific antimicrobial usage in livestock and that coun-
tries with comparable usage patterns had similar resistomes. However, functionally determined AMR genes were not associ-

ated with total drug use.

threats to human health'. In addition to the use of antimicro-
bial agents in humans, livestock is considered an importan:
source of AMR, potentially compromising human health’. Besides
AMR in zoonotic pathogens, AMR in commensal bacteria is worri-
some because of its ahility to spread horizontally to pathogens.
Multiple studics have shown that the use of antimicrobials in
livestock will lead to an increased occurrence of AMR and that
the reduction of usage will eventually lead to reduced resistance™.
Several national surveillance programmes have been implemented
o monitor the occurrence of AMR in different reservoirs and fol-
b trends over time'*'. There are major differences in antimicro-
bial consumption patterns between different countries globally and
also within Europe®. Major differences in the occurrence of AMR
have also been observed among indicator organisms (for example,
Escherichia coli) isolated from different European countries™”.
Current monitoring efforts are mainky based on culturing indica-
tor bacteria followed by phenotypic AMR determination™. This
procedure anly targets a limited number of species present in the
gut microbiota and, therefore, probably represents only a fraction
of its resistome (the collective pool of AMR genes). Metagenomic
approaches have been used in several recent studies and have shown
that metagenomic read mapping describes AMR abundance in

E ntimicrobial resistance (AMR) is considered one of the largest

bacterial communities more accurately than commonly used tech-
nologics on selected indicator arganisms'™7. A recent study focused
on sampling & diverse group of individual pigs from 11 farms in
3 countries and showed that genetics, age, diet and geography
all probably influence the pig microbiota, but little information is
available for the poultry microbiota'.

As part of the European Union-funded EFFORT project (www
cffort-against-amreu), we sampled >9,000 animals in 181 pig and
178 poultry herds in 9 European countries, generating herd-level
composite samples as previously described ™. Metagenomic sequenc-
ing of these samples gives us a unique insight into the abundance,
diversity and structure of the acquired pig and broiler resistomes in
Europe. An association between AMR gene abundance and national
weterinary antimicrobial usage (AMU) was also analysed. The results
and raw data presented here can be used as a baseline for future
metagenomic AMR monitoring, To our knowledge, this study repre-
sents the single largest metagenomic AMR monitoring effort of live-
stock: both in terms of countries (9), herds included (359), individual
animals sampled (>9,000) and sequencing effort (5,000 Gh)*.

Results
Acquired resistome characterization. The total AMR load varied
significantly across samples, depending on both the host animal

wrark, Kongens

BoR MNATURE MICROBICLOGY | VOL 3| AUGLIST 2018 | 858-908 | wwnw nature comyhaturemicmbiclogy
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PCoA2 ( 6.6 % variation)
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PCoA1 ( 48.41 % variation)
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PCoA2 ( 10.57 % variation)
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Total resistens
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Resistens fordelt pa antibiotika-klasser

BE BG DE DK ES FR IT NL PL

Pig

Drug
aminoglycoside
beta-lactam
macrolide
other
phenicol
quinolone

sulphonamide
tetracycline
trimethoprim

oultry

3
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Reproducerbarhed af maling

To svine-garde fik taget prever 3 gange samme dag
3 runder a 25 individuelle praver = 3 pools

91.5 — 93.3% Bray Curtis similarity (BE)

93.6 — 93.7% Bray Curtis similarity (NE)

Sample type
[[] Poultry

[ ] Replicate herd
. Replicate herd

[] Pig

Country
BE
BG
DE
DK
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Gener med forskellig abundans
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Diversitet af resistensgener

a Pooled pig feces b Pooled poultry feces
o o
o — o —
N N
Country
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Sample Size Sample Size
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AMR Alpha diversity

Pooled pig feces Pooled poultry feces
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AMR gene diversity
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Faktorer der pavirker resiste IVeauet
rer I VirKer resistens-niveau ,
| A S JAC
Determinants of the pig antimicrobial resistome in Europe _
L ‘i o
v
T > Table 3. Results random-effects meta-analysis: lower aggregation resistance gene clusters (90% identity, g<0.1, p,>0.05)
.
a 4 [ ' b £ _J 90% identity level Countries
- . . . . .
15,000 —f AMU and biosecurity AMR class clustering clustering B [LCL, uc] q included*
® Lincosamide & macrolide macrolide erm(T)_4_AJ488494 1.274 [0.823,1.726] <0.001 8
® use (fatteners)®
erm(B) clust 1.225 [0.769, 1.680] <0.001 8
® e o erm(G)_clust 0.991 [0.305, 1.678] 0.047 8
e erm(F)_clust 0.702 [0.188,1.217] 0.068 8
o - ! Macrolide use (fatteners) macrolide erm(B)_clust 1.392 [0.918, 1.867] <0.001 7
@ ‘ erm(T)_& AJ488494 1.323 [0.834,1.812] <0.001 7
8 ® Country mef(A)_3_AF227521 0.580 [0.453, 1.507] 0.011 7
10,000 + ° 8 o 2 -4 e BE erm(A) 3 EU348758 0.757 [0.250, 1.265] 0.038 7
: o ‘..' s 2 o BG erm(Q) 0.745 [0.175, 1.316] 0.088 7
= . ° ’ { @ Lincosamide & macrolide macrolide erm(T) clust 0.864 [0.365, 1.362] 0.017 8
s . g o8 = DE 200 days)*
T ° 8 e ° use ( ays)
e ® o ger ° ° e DK erm(F) clust 0.724 [0.300, 1.148] 0.018 8
< °g o, ‘A 3 o ES mef(A) 3 AF227521 0.684 [0.262, 1.106] 0.023 8
< P . & - o 3 e ° . o FR mef(A)_10_AF376746 0.626 [0.206, 1.047] 0.038 8
£ | 3 8 8 . . msr(D) 0.687 [0.210, 1.165] 0.047 8
= g P ' £ R eIT erm(B)_clust 0.700 [0.162, 1.238] 0.089 3
5,000 + ’ s o8 @ “ ... ° o NL Internal biosecurity macrolide erm(F) clust 0.027 [0.014, 0.040] 0.002 8
' ‘ﬂ ° K o o PL erm(B) clust 0.023 [0.010, 0.036] 0.013 8
° § ° ° ! ode ’ ; erm(G)_clust 0.022 [0.009, 0.035] 0.020 8
g L] . 6 © - mef(A) 3 AF227521 0.015 [0.007,0.032] 0.036 8
H e ° o ® (%__ - ; erm(T)_4_AJ488494 0.018 [0.005, 0.031] 0.070 8
o _ 4 "'% ), . mph(B) 0.017 [0.004, 0.030] 0.087 8
- g ° 3 e ® o, Tetracycline use (200 days)* tetracycline tet(M) 0.947 [0.437, 1.457] 0.011 9
@ L4 . - tet(w) 0.735 [0.318,1.152] 0.014 9
tet(40) 0.605 [0.190, 1.020] 0.046 9
0 tetB(P) 0.615 [0.190, 1.040] 0.047 9
T T T T T T T T T T tet(L)_clust1 0673 [0.146, 1.199] 0.094 9
4.0 4.5 5.0 3.5 6.0 4.0 4.5 5.0 5.5 6.0 B-Lactam use (fatteners)” phenicol (amphenicol) cat_2 1.184 [0.268, 2.099] 0.089 7
log total drug use (mg per kg PCU) B-Lactam use (fatteners)™ phenicol (amphenicol) cat 2 1.174 [0.268, 2.080] 0.089 7

LV Gompel et al. (2019) J Antimicro Therapy
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? EI Olekhnovich (2018) Bioinformatics J
Hvad nu” |

Supplement til dansk

?l——ﬁH AMR overvagning i dyr

T

| s \ Overvagning af AMR I
spildevand i 100+ lande

Bestemmelse af resistens i X
Y °o® AR ‘. A ®

flere dyrearter | Europa X
o N ‘ ; - S
Rekonstruktion af

genomer fra
metagenomer

= Africa ®
® Asia x

4 Europe v

+ Middle East o
© North America

v Oceania

@ South America

R Hendriksen et al (2019) Nature Comm
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Konklusioner omkring metagenomisk AMR-maling

Cons

« Sveert at optimere en enkelt DNA-ekstraktions-protokol til mange pravetyper
« Sensitivitet er stadigvaek lavere end ved fx selektiv opdyrkning

* Det er ikke trivielt at bestemme i hvilken kontekst hvert AMR-gen sidder

Pros
» Hundredvis af resistensgener i alle bakterier kan kvantificeres separat vha. ét assay
« Metoden er praecis nok til at male effekter af fx antibiotikaforbrug og biosecurity
* Metagenomisk data har ekstremt stort genbrugspotentiale
— Kan sgge efter nyopfundne resistensgener
— Kan ogsa detektere og kvantificere fx bakterielle arter
— Kan bruges til at opdage helt nye bakterie- og virus-arter
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