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Objectives: In veterinary medicine, colistin has been widely used as therapeutic and prophylactic agent, and for
growth promotion. However, colistin has been re-introduced into treatment of human MDR bacterial infections.
We assessed the characteristics and spread of plasmid-borne colistin resistance among healthy pigs, workers
with animal-contact and their household members in Thailand.

Methods: WGS and MIC data of 146 mcr-positive isolates from a cross-sectional One Health study were ana-
lysed. Long-read sequencing and conjugation were performed for selected isolates.

Results: mcr-carrying isolates were detected in 38% of pooled-pig samples and 16% of human faecal samples.
Of 143 Escherichia coli and three Escherichia fergusonii, mcr-1, mcr-3, and mcr-9 variants were identified in 96
(65.8%), 61 (41.8%) and one (0.7%) isolate, respectively. Twelve E. coli co-harboured two mcr variants (mcr-1
and mcr-3). Clonal transmission was detected in five out of 164 farms. mcr-1 was mostly harboured by epidemic
IncX4 and IncHI1 plasmids (89.9%). Conversely, mcr-3 was harboured by a range of different plasmids.
Comparative plasmid studies suggested IncP and IncFII plasmids as possible endemic mcr-3 plasmids in
Asian countries. Moreover, mcr-3 was associated with different mobile genetic elements including TnAs2,
ISKpn40 and 1S26/15D1. Detected genetic signatures (DRs) indicated recent mcr-3 transpositions, underlining
the mobilizable nature of the mcr-3 cassette.

Conclusions: The epidemiology of mcr and the possible evolution of successful plasmids and transposition mod-
ules should be carefully monitored. Of special concern is the growing number of different horizontal gene trans-
ferring pathways encompassing various transposable modules the mcr genes can be shared between bacteria.

Introduction

Colistin (polymyxin E), has been re-introduced into the treatment
of infections caused by MDR Gram-negative bacteria, particularly
carbapenem-resistant Acinetobacter baumannii, Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumoniae and other
members of Enterobacteriaceae.! However, in veterinary medi-
cine, colistin has been widely used both as a therapeutic and
prophylactic agent and for growth promotion.? Bacteria resistant

to colistin have emerged worldwide with mechanisms not only
caused by mutations or interruptions in specific chromosomal
genes,* but also by plasmid-borne genes.? Until now, 10 plasmid-
borne colistin resistance genes, i.e. mcr-1 to mcr-10, have been
reported.*> mcr-1 has been extensively studied since the first de-
scription in 2015. Plasmids belonging to the incompatibility
groups Incl2, IncX4 and IncHI2 are considered common dissem-
ination vectors for mcr-1.%7 Co-occurrence of two plasmids with
different variants of mcr in a single isolate has scarcely been
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reported. However, some studies have recently reported such an
event, co-occurrence of mer-1 and mcr-3 genes in E. coli from pa-
tients in China® and in New Zealand,® in E. coli from pigs in
Ching,'® and recently in K. pneumoniae from a healthy human
in Thailand.*!

The prevalence of mcr-positive bacteria in clinical isolates in
Thailand have been described in E. coli and K. pneumoniae with
29.7% and 1.4%, respectively.*? Furthermore, environmental dis-
semination of mcr-1 has been found in 16% of investigated blow-
flies in a Northern province in Thailand,* as well as in 7% of flies
collected in animal farms.'* However, dissemination of plasmids
containing mcr genes has never been assessed in human- and
animal-originating bacteria in Thailand. Here, we investigated
the distribution of mcr genes and performed an in-depth charac-
terization of mcr plasmids in pig and human bacterial isolates
collected as a part of a One Health cross-sectional study per-
formed in Northern Thailand. Furthermore, we investigated the
geographic distribution of mcr plasmids, determined the genetic
environment of mcr and performed detailed characterization of
strains harbouring multiple mcr gene variants.

Materials and methods
Ethics

The study was conducted according to the Helsinki Declaration for the hu-
man subjects and the EU Directive 2010/63/EU for animal experiments;
the protocol involving human participants and animals was approved
by the Khon Kaen University Ethics Committee (Project ID: HE612268
and 0514.1.75/66, respectively). Informed consent was obtained from
all participants. Pig samples were collected with the permission of the
owner of the pig herd.

Study participants

Sample collection, methods and main findings have previously been de-
scribed.’>"7 Briefly, rectal swabs from pigs and human faecal samples
were collected from 164 pig farms between September and December
2018 in Khon Kaen, Thailand. From each farm an attempt was made to
collect faecal samples from a farmworker (termed contact, C) and an in-
dividual living in the same household, however, without direct contact
with pigs (termed non-contact, U). Pig samples (up to 10 individual rectal
swabs per farm) were pooled and analysed as one sample per farm
(termed pig, P). The samples were investigated selectively for carbape-
nem, extended-spectrum cephalosporin and colistin-resistant bacteria,
and isolates were subjected to WGS and MIC determination as previously
described.'®

WGS and genetic analyses

Illumina WGS data of 146 Escherichia spp. isolates containing at least one
mcr variant were further analysed. The study included one mcr-1-positive
K. pneumoniae (strain 90CP1) from a human contact, from our previous
study’® as this isolate might share mcr-plasmid with an E. coli isolate
from pigs at the same farm (farm no. 90). Fourteen selected isolates
were sequenced using Oxford Nanopore technologies sequence platform.
This included 10 isolates with multiple mcr gene variants, one mcr-9 car-
rying isolate, one IncFIA/FIB/mcr-3.5 carrying isolate and two IncX4/
mcr-1 harboured by different bacterial species (K. pneumoniae and E.
coli) from pig and human hosts at the same farm (farm no. 90). Hybrid
genome assembly of both short and long reads was sequentially per-
formed. Due to budget limitations, the two remaining genomes (71PM1
and 98UM1) harbouring two mcr gene variants and initially sequenced

by Illumina, were mapped to the hybrid assembled genomes (35CM1
and 98CM1) to circularize the plasmid sequences. In 16 isolates, we
were able to fully close all plasmids with mcr genes. In subsequent steps,
resistance genes, plasmid replicons, conjugation modules and insertion
sequences were identified in all included isolates. The closed plasmids
served as reference for additional analyses and mapping of mcr plasmids
and contigs from other strains. Geographic distribution of the most preva-
lent mcr-1 and mcr-3 plasmids was created using ArcGIS (https:/www.
arcgis.com/index.html). The genetic surroundings of mcr-1 and mcr-3
genes were investigated and analysed. Conjugation experiments was
performed with 16 strains with closed plasmids. Details of sequencing
and methodological approaches are described in the Supplementary
Information/Material.

Availability of data and materials

Reads (fastq files) from the study have been submitted to the
European Nucleotide Archive (www.ebi.ac.uk/ena) under study
accession number PRJEB38313 and PRJEB39885.

Results

mcr gene diversity, gene location and geographical
distribution of mcr plasmids

WGS data of the 146 included genomes identified several mcr var-
iants. Most of the variants belonged to the mcr-1 (mcr-1.1,
mcr-1.11, mcr-1.2) and mcr-3 group (mcr-3.1, mcr-3.19, mcr-3.2,
mcr-3.39 and mcr-3.5) while only one isolate harboured mcr-9
(Figure 1, Table S1, available as Supplementary data at JAC
Online). mcr-3.39 represents a new variant, available in GenBank
under accession no MT872721. In total, 96 strains contained an
mcr-1 gene variant, 61 contained an mcr-3 gene variant and one
contained mcr-9 (strain 162CM1). Interestingly, 12 isolates co-
harboured two mcr variants, mer-1 and mcr-3. In addition, 83 iso-
lates harboured blacryxm variants, blactx-m-ss and blacrxm-14. Apart
from mcr variants, the associated plasmid incompatibility group
or chromosomal location could be determined for 117 E. coli iso-
lates (Figure 1). In the remaining 29 isolates (mcr-1/n=4; mcr-3/
n=25), mcr location was uncertain due to the short contig lengths
(<10 kb) and/or no replicon within the contig. These isolates were
omitted from further analysis. The most common IncHI1, IncX4,
IncI2 carrying mcr-1 and IncX1, IncFII, IncP carrying mcr-3 plas-
mids (Figure 1) were assessed for their geographical origin. The
plasmids were mostly interspersed throughout the sampling area
except for IncHI1/mcr-1 plasmids that clustered on several farms
located in the South-West part (Figure 2).

Co-resistance to other classes of antimicrobial agents
and colistin minimum inhibitory concentrations

Most isolates were resistant to ampicillin, tetracycline, sulfa-
methoxazole, trimethoprim, chloramphenicol, ciprofloxacin and
cefotaxime (Table 1). A majority (n=126/146) were MDR (resist-
ant to three or more antibiotic classes). Colistin MIC values ranged
between 1-16 mg/L. Most isolates were resistant to colistin ex-
cept the mcr-9 isolate (162CM1) and two mcr-3.5-positive iso-
lates (34PM2 and 60CM1, with colistin MICs at 1 mg/L). Colistin
MIC of isolates co-harbouring two mcr variants ranged between
4 and 8 mg/L. Detailed antimicrobial resistance profiles are pre-
sented in Table S1.
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Figure 1. Cladogram of mcr-positive Escherichia colil/fergusonnii isolates.
Maximum likelihood tree of isolates from pigs, contacts and non-contacts
based on SNPs in the core genome. Isolate pairs from the same farm with
zero SNPs differences were highlighted in yellow. Abbreviations: P, pigs; C,
contacts; NC, non-contacts; ST, sequence type.

Genetic relatedness among mcr-containing strains

The 143 E. coliisolates grouped into 78 different STs, including 17
new STs identified by the E. coli MLST database (http:/mlst.
warwick.ac.uk/mlst/dbs/Ecoli) (Figure 1, Table S1). ST10 clonal
complex was the most prevalent ST (49/143) (Figure S1). Three
E. fergusonii containing mcr-1, all from pigs, belonged to
ST10568, ST10576 and ST7059. A maximum likelihood tree

based on detected SNPs in the core genomes of the 146 included
strains, with additional strain characteristics, is shown in Figure 1.

To investigate a possible transfer of mcr-containing strains be-
tween different hosts on the same farm we inspected the num-
ber of SNPs between isolates grouping into the same ST, obtained
from the same farm. Between-host clonal transmission within
farms was found on five farms, no. 21, 95, 98, 103 and 121
(Figure 1). Each pair of isolates (pig-human and/or human-hu-
man) exhibited zero SNP differences (Table S2).

Genetic analysis of mcr-1-carrying plasmids and mcr-1
genetic context

Our data enabled an in-depth analysis of 92 mcr-1 positive isolates.
In 79 isolates, mcr-1 was present on a plasmid, while the 13 re-
maining isolates harboured mcr-1 on the chromosome. In seven
E. coli and one K. pneumoniae, the mcr-1 plasmids were fully closed,
plasmid-related contigs were identified in the remaining 71 iso-
lates. Most mcr-1 plasmids belonged to incompatibility groups
IncHI1 (n=39/79) and IncX4 (n=32/79) (Figure 1; Table 2). In add-
ition, seven isolates contained IncI2/mcr-1 plasmids and one con-
tained IncHI2/mcr-1. Table 2 shows an overview of mcr variants
and their genome location. Characteristics of strains co-harbouring
two mcr variants, mcr-1 and mcr-3, are presented in Figure 3. All de-
tected mcr-1 plasmids and plasmid-related contigs exhibited high
similarity with previously published plasmids as illustrated in
Figure S2A-E. Seven complete IncX4/mcr-1 plasmid sequences
were obtained, ranging between 33309 and 39574 bp sharing
identical backbone structure with pS0OPP1(33309 bp) (Figure 4).
p114PM1-IncX4/mcr-1 had an additional insertion of a putative
transposon (5716 bp) previously found on other plasmids
(Figure 4)*®. Identical IncX4/mcr-1 plasmids were shared between
strains from human and animal hosts. In addition, this plasmid
was present in K. pneumoniae and E. coli obtained from the same
farm, suggesting inter-species plasmid transmission (Figure 4).

We characterized the genetic context of mcr-1 in all isolates
(Figure S3). The most common mcr-1 context was mcr—l—papZ,19
presumably generated by the initial insertion of Tn6330.2°
Truncated or complete Tn6330 was identified on seven chromo-
somes (Figure S3). Five of these isolates harboured Tn6330 encircled
with a 2-bp direct repeat, AG/AC, as described previously.'?*
Moreover, an 1S1294 insertion into a complete Tn6330 found on
two chromosomes generated an ISApll-mcr-1-Apap2-1S1294-
Apap2-ISApl1 cassette, a putative circular intermediate indicating
plasticity of mcr-1 mobilization.?? However, in most mcr-1-carrying
isolates, we detected a truncated form of Tn6330 lacking a single
copy of ISApl1 downstream or upstream of mcr-1 [Figure S3(A-C)].
Complete loss of both ISApl1 was discovered in all IncX4 plasmids
(32/32), in three IncHI1, one IncHI2 and two IncI2-related contigs.
The genetic surroundings of mcr-1 genes of included isolates are
shown in Figure S3(A-C).

Genetic analysis of mcr-3 carrying plasmids and mcr-3
genetic context

Our data enabled an in-depth analysis of 36 mcr-3 positive iso-
lates. mcr-3 was plasmid located in 33, and chromosomally lo-
cated in three isolates. In contrast to mcr-1 plasmid types,
mcr-3 plasmids were more diverse including IncFII (n=10),
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IncHI1/mcr-1 IncX4/mer-1 Incl2/mcr-1

IncX1/mer-3 IncFll/mer-3 IncP/mecr-3

Figure 2. Geographical distribution of the most common mcr-1 and mcr-3 plasmids. The map was created using ArcGIS (https:/www.arcgis.com/
index.html).

Table 1. Antimicrobial susceptibility profiles of mcr-positive E. coli and E. fergusonii

Number (%) of isolates resistant All isolates (n=146) mcr-1 (n=84) mcr-3 (n=49) mcr-1 and mcr-3 (n=12) mcr-9 (n=1)
Ampicillin 140 (96) 79 (94) 49 (100) 11 (92) 1(100)
Cefotaxime 72 (49) 23 (27) 37 (75) 11 (92) 1(100)
Ceftazidime 17 (12) 6 (7) 9 (18) 2(17) 0 (0)
Colistin 143 (98) 84 (100) 47 (96) 12 (100) 0 (0)
Gentamicin 23 (16) 10 (12) 9 (18) 3(25) 1 (100)
Tetracycline 118 (81) 67 (80) 39 (80) 11 (92) 1 (100)
Meropenem 0(0) 0(0) 0 (0) 0(0) 0(0)
Ciprofloxacin 80 (55) 38 (45) 31 (63) 11 (92) 0 (0)
Chloramphenicol 82 (56) 37 (44) 35(71) 9 (75) 1(100)
Tigecycline 3(2) 2(2) 1(2) 0(0) 0(0)
Trimethoprim 85 (58) 48 (57) 28 (57) 8 (67) 1 (100)
Sulfamethoxazole 110 (75) 57 (68) 47 (86) 10 (83) 1(100)
Azitromycin 13 (9) 7 (8) 3 (6) 2(17) 1 (100)
Nalidixic acid 31 (21) 14 (17) 12 (25) 4 (33) 1(100)

IncX1 (n=12), IncP1 (n=5), IncN (n=2), IncX1/N (n=1), IncFIA/ In total, 13 mcr-3 plasmids were circularized (Figure 3). BLAST
FIB (n=1), IncHI1 (h=1) and IncY (n=1) incompatibility groups  search with these plasmids against NCBI and PLSDB databases
(Figure 1, Table 2). did not result in an exact match for IncX1, IncX1/N and IncFIA/

1398

€20z 1snBny $(0 UO Jasn jalIsIaAluNsSyuNnIgiue sebuaAg Aq GLEEL L 2/SEE L/9/8./81o1e/oeljwoo dnoolwepeoe//:sdiy wWoll papeojumod


https://www.arcgis.com/index.html
https://www.arcgis.com/index.html

mcr genes and plasmids in pig and human hosts in Thailand

JAC

Table 2. Distribution of mcr gene and number of closed plasmids

Gene (no. of Number of closed plasmids
isolates) mcr location (size of plasmid)
mcr-1 (n=96) IncHI1 (n=39) one (217496 bp)
IncX4 (n=32) seven (33309-39574 bp)
Incl2 (n=7) —
IncHI2 (n=1) —

chromosome (n=13) —
not defined (n=4) —

mcr-3 (n=61) IncX1 (n=12) six (32893-53563 bp)
IncFII (h=10) three (42 864-89737 bp)
IncP1 (n=5) —
IncN (n=2) —
IncX1/N (n=1) one (64994 bp)
IncFIA/FIB (n=1) one (70757 bp)
IncHI1 (n=1) one (302729 bp)
IncY (n=1) one (109103 bp)
chromosome (n=3) —
not defined (n=25) —

mcr-9 (n=1) IncHI2 (n=1) one (263699 bp)

FIB plasmids. Characteristics of these plasmids and plasmid-
related contigs are shown in Table S3, Figure S4A-I. Conversely,
p71PP1-IncHI1/mcr-3.1 (E. coli 71PP1; ST48) shared almost iden-
tical backbone structure with pCP131-IncHI1/mcr-3.1 identified
in E. coli (ST156) isolated from a pig slaughterhouse in China (ac-
cession number CP053721.1) as illustrated in Figure S4F.
Moreover, p6CP1-IncY/mcr-3.5 (E. coli 6CP1; ST7122) had a simi-
lar backbone structure with a non-conjugative phage P7-like
plasmid, pHYEC7-mcr-1, hosted by an E. coli isolated from a pig
farm in China (accession number: KX518745.1) (Figure S4G).
Additionally, BLASTing of five almost identical mcr-3 harbouring
IncP-1 related contigs (99% similarity, ranging in size from 49
345 to 52980 bp) resulted in matching, with previously pub-
lished, IncP1 plasmids hosted by E. coli from pigs and humans
in Taiwan and China (100% coverage and >99.5% identity)
(Figure S&H). Finally, IncFII/mcr-3 plasmids/plasmid-related con-
tigs shared identical backbone structure with pPN42 identified in
E. coli from a duck in Thailand (Figure S41). Our findings suggest
that some conserved mcr-3 containing plasmids, mainly belong-
ing to IncP and IncFIl, and to some extent also IncHI1 and IncY
may be circulating among human and animal hosts in
South-East Asia.

Investigations of the genetic context of mcr-3 showed a high
level of variability regardless of plasmid type. Overall, an
mcr-3-dgkA was found to be a core structure in all mcr-3 contain-
ingisolates. The structure was found flanked by several combina-
tions of ISs (Figure 5, Figure S5).

On mcr-3.2 carrying chromosomes of three human-originating
ST10 isolates, we identified a structure that might represent a
transposition unit (TU)-like structure, mcr-3.2-dgkA-ISKpn4O0.
While left and right inverted repeats (IR), IR, and IRg flanked exclu-
sively ISKpn40, an alternative IRg; and IR, flanked the complete
structure (Figure 5A). The TU was found inserted into the nimA/C
gene flanked by the 4 bp DRs, CACC (Figure 5B). As identical DRs
are generated by the insertion of the composite transposon

[SKpn40-mcr-3-dgkA-I1SKpn40, the TU-like structure might origin-
ate from the same composite transposon.”** Moreover, a search
in GenBank showed that nimA/C was targeted by the same TU on
nine previously published plasmids of different incompatibility
groups originating from various Enterobacteriaceae isolates in
Asia (Figure 5B). On all these nine plasmids, the same DR repeat
was found indicating a recent insertion event.

For the mcr-3.1 gene, the identical structure, mcr-3.1-
dgkA-ISKpn40 was found on three plasmids characterized in this
study (Figure 5C) hosted by isolates 71PP1, 98CM1 and 98UM1.
Isolates 98CM1 and 98UM1 were found to be closely related
(ST10562, 0 SNPs), sharing a similar plasmid. However, we were un-
able to detect DRs in these plasmids. The similar mcr-3.19-
dgkA-ISKpn40 structure was also found on four IncFIl/mcr-3.19
plasmid-related contigs; in isolates 103CM1 (ST278), 103UM1
(ST278), 111PM1 (ST48) and 28PP2 (ST101) (Figure S5). Neither an
alternative IR nor DRs were found.

In our study, we identified a ATnAs2-mcr-3-dgkA-1S26/15D1
structure on nine closed plasmids (IncX1, IncFIA/FIB, IncY, IncFII)
and 13 contigs (IncX1, IncN, IncP1) (Figure 6A and Figure S5).
Due to the end of contigs only IS26/15 remnants were detected
upstream from dgkA (Figure S5). Two similar structures, AIS26/
15DI-TnAs2-mcr-3.5-dgkA  and  AIS26-ATnAs2-mcr-3.1-dgkA-
ISKpn40-ble identified on plasmids and harboured by two E. coli iso-
lates (from a pig slaughterhouse, China) have been previously
described.”” These structures have been shown to generate a circu-
larized intermediate, indicating their possible mobilization.?*
Identification of DRs surrounding the structure found in our study
further provides evidence of mobilization. A pair of 5 bp DRs was
identified on three complete plasmids: p75PM2-IncFIA/FIB
(TACCT), p7PM1-IncX1 (TTTAC), p113PM2-IncFII (GAGTT) and on
one IncP1/mcr-3.5-related contig 110CP1 (ATGTA) (Figure 6B).
Moreover, an identical structure was also identified on GenBank de-
posited plasmids belonging to different Inc types, IncP1, IncFlII,
IncFIA/FIB and IncX1/R, hosted by various bacterial hosts, from dif-
ferent countries (Figure 6B). The 5 bp DR sequence on these plas-
mids was unique for each except for IncP1-related contig and
GenBank available IncP1 plasmids that shared identical DR se-
quence (ATGTA) and backbone structure (Figure 6B and Figure S4H).

On 11 of 13 mer-3 circular plasmids (mcr-3.1, n=2; mcr-3.39/3.5,
n=29), we found several AMR genes in the vicinity of mcr-3 indicating
a possible hotspot?® for accumulation of various AMR genes
(Figure 5C and Figure 6A). On two IncX1/mcr-3.1 plasmids (98CM1
and 98UM1), blacrx-m-1, Was carried by ISEcpl-blacrx-m-14-1S903
transposon (2874 bp)?’ downstream of the mcr-3 cassette
(Figure 5C). On nine mcr-3.5 carrying plasmids, we observed aniden-
tical pattern of gnrS1, which was almost exclusively found asso-
ciated with 1S3-like insertion sequence. Whereas blacrx m-ss5-0rf477
was always found in close proximity to ISEcp1 remnants, a key mo-
bilizer of blacrx.m’*?® (Figure 6A). Different Inc-type plasmids,
p6CP1-IncY/mcr-3.5 and p75PM1-IncFIl/mcr-3.5 shared almost an
identical structure of TnAs2-mcr-3.5-dgkA-IS15DI-TinR-gnrS1-
1S3like-Tn2-orf477-blacry-m-ss. This might indicate the involvement
of a putative mobile element on these plasmids.

mcr-9 gene cassette

One mcr-9.1-positive isolate was found (162CM1), originating
from a human host. The plasmid, belonging to IncHI2 group,
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Figure 3. Location of mcr and blacry.m variant in 15 E. coli and one K. pneumoniae.

shared identical backbone with plasmid pD610-IncHI2 (acces-
sion number MG288680.1, K. pneumoniae, China) containing an
‘1S26-wbuC-mcr-9.1-1S903B’ genetic structure (Figure S6), which
has been reported in several bacterial species.*®

Co-occurrence and co-transfer of mcr-1 and mcr-3
variants

The isolates co-harbouring mcr-1 and mcr-3 were analysed by
long-read sequencing (n=10) and mapping (n=2) to resolve
the location of the mcr variants within the genomes. Six isolates
had chromosomally located mcr-1. mcr-3 was exclusively found

on plasmids in these 12 strains. Figure 3 shows the characteristics
of strains co-harbouring mcr-1 and mcr-3 genes.

We circularized 22 mcr-carrying plasmids in this study
(Figure 3). Conjugation experiments were performed with all 16
isolates (Table S4 and Table S5) with fully closed plasmids as do-
nors. Seven out of eight mcr-1 plasmids were successfully trans-
ferred including the plasmid in K. pneumoniae. Only two mcr-3
carrying plasmids were found transferable, simultaneously with
mcr-1 plasmids from the pig-originating strains 7PM1 (IncHI1/
mcr-1 and IncX1/mcr-3.5) and 114PM1 (IncX4/mcr-1 and
IncX1/N/mcr-3.5). Among 14 out of 22 circular plasmids,
transfer-related modules such as oriT, relaxase gene, T4CP and
type IV secretion system cluster were found (Table S4).
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Discussion

In Thailand, colistin was banned as a feed additive in March 2018.
However, prolonged cumulative selective pressure of both colistin
and other antimicrobial agents might have resulted in a high preva-
lence of bacteria resistant to these agents.**? Here, we conducted
a comprehensive sampling and screening of plasmid-mediated co-
listin resistance in pig and human samples from farms in Northern
Thailand collected in late 2018. A strength of our study was the
sampling behind our dataset. We sampled 164 farms in the Khon
Kaen Province and from most of the farms (n=156), samples
from both pigs and humans were obtained. Our sampling design
and extensive genome sequencing enabled us to study mcr preva-
lence, transmission of strains, plasmids and mcr variants among
hosts living on the same farm. To the best of our knowledge, our
study includes the highest number of sampled epidemiological
units (farms) to study mcr transmission between pigs and humans.

Colistin was reported to be used on only two of the 164
farms.>* However, mcr-1/mcr-3 carrying Escherichia spp. was
found in high occurrence; 37.8% (62/164) and 16.1% (44/164)
pig and human samples, respectively. This may be explained by
the following (i) higher-than-reported use of colistin on the study
farms, (ii) prolonged effects of previous colistin consumption
and/or (iii) dissemination of colistin-resistant strains in the com-
munity. Since mcr-carrying isolates were more common among

pigs than humans suggest the first two alternative explanations
as more important factors. The percentage of mcr-positive sam-
ples on farms was significantly higher than in previous reports
from other provinces, which ranged between 4.45% and
5.8%.>“° However, the prevalence of E. coli co-harbouring
mcr-1 and mcr-3 was comparable to a study of flies collected
from farms in Thailand.** Furthermore, our results showed
that 86.3% of mcr-carrying E. coli were MDR. The predominant
ESBL genes accompanying mcr were blacrx-m-ss and blacrx-m-14,
the most common ESBL-resistance genes found in
Enterobacteriaceae in Thailand.?®*® mcr genes were present in
a highly diverse set of host strains. Clonal transmission of
mcr-positive E. coli within a farm was detected on five farms indi-
cating a limited number of human-to-human or pig-to-human
whole bacterium transmission events. Conversely, the evidence
of plasmid spread was noted, particularly dissemination of epi-
demic IncX4/mcr-1 and IncHI1/mcr-1 plasmids. Similar plasmids
have also been described in the Thai community previously.'*?3’
This may indicate that horizontal gene transfer/plasmid transfer
plays the most important role in the spread of mcr. Our result con-
tradicts previous reports of IncI2 as the major mer-1 plasmid type
in Asia.® Furthermore, the dissemination of conserved IncP/mcr-3
and IncFIl/mcr-3 plasmids over the Asian continent was sug-
gested and should be further investigated.?*3%3°
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onment of mcr-3.1 on plasmids.

Assessment of the mcr genetic contexts showed that Tn6330
and its derivatives were common vectors of horizontal mcr-1
transfer as previously reported.“® The observation of complete
loss of ISApll from Tn6330 renders the mcr-1-pap2 non-
mobilizable indicating a stabilization of mcr-1“° on IncXs,
IncHI1 and InclI2 plasmids in the study. Due to the shorter as-
sembled sequences, we were unable to retrieve the full length

of mobile genetic elements surrounding mcr-3 gene for all iso-
lates. Despite this limitation, we discovered various plasmid types
harbouring mcr-3 flanked by several combinations of mobile ele-
ments including TnAs2, IS26/1S15DI and ISKpn40. These mobile
elements have been previously considered key elements of
mcr-3 transposition between different bacterial species.?® 2
Additionally, the identified DRs in our study indicated a recent
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insertion of mcr-3-dgkA-ISKpn40 and ATnAs2-mcr-3-dgkA-
[S15DI structures, and thereby possible mobilization and circula-
tion in Asia.

The presence of blacrx-m and other AMR genes in the vicinity of
mcr-3 might indicate accumulation of AMR genes as reported
earlier in our K. pneumoniae study.”® Evidence of co-transfer of
mcr-1 and mcr-3 plasmids was confirmed in two isolates.
However, the experimental conditions may have been subopti-
mal for transmission of all collected plasmids. Isolates co-
harbouring two mcr variants might be considered an exceptional
mcr gene disseminator.”®

In conclusion, our One Health approach enabled us to explore
the epidemiology of mcr genes, mcr genetic contexts and plas-
mids. We discovered that mcr-1, was mostly carried by conserved
epidemic plasmids. mcr-3 was located on a more diverse set of
plasmid types, some of them not previously reported as mcr-3
carriers. Our study also discovered possible endemic IncP and
IncFII plasmids with mcr-3, disseminated in several Asian coun-
tries. We found genetic signatures in line with recent mcr-3 trans-
position events, underlining the mobilizable nature of the mcr-3
gene cassette. Of special concernis the growing number of differ-
ent horizontal gene transferring pathways encompassing various
transposable modules the mcr genes can be shared between
bacteria. Careful monitoring and follow-up studies are needed
to get moreinsight into the epidemiology mcr genes and the pos-
sible evolution of successful plasmids and transposition modules
containing mcr and other antimicrobial resistance genes of clin-
ical relevance.
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