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Objectives: AmpC B-lactamases are neglected compared with ESBL as a cause of third-generation cephalo-
sporin (3GC) resistance in Enterobacterales in low- and middle-income countries and the burden is unknown.
The aim of this study was to investigate the presence of AmpC B-lactamase-producing Escherichia coli and
Klebsiella pneumoniae in clinical specimens from three clinical research laboratories in Southeast Asia.

Methods: Stored clinical isolates of E. coli and K. pneumoniae resistant to ceftriaxone or ceftazidime or cefpodox-
ime and ESBL confirmation test negative were screened using MASTDISCS AmpC, ESBL and Carbapenemase
Detection Set—D72C. Short-read WGS was performed to identify ampC genes.

Results: Of 126 isolates collected between 2010 and 2020, 31 (24.6%) and 16 (12.7%) were phenotypically
AmpC and inducible AmpC positive by MASTDISCS testing, respectively. All inducible AmpC isolates were ceftri-
axone susceptible and 97.7% of AmpC/inducible AmpC isolates tested against cefoxitin were resistant. Through
WGS, 17 and eight different STs were detected for the AmpC/inducible AmpC E. coli and K. pneumoniae isolates,
respectively. Twelve different B-lactamase resistance genes were detected, with blacuy-2 most commonly in
AmpC-positive isolates (20/31; 64.5%; 15 chromosomal, five plasmid). All inducible AmpC-positive isolates
had the blappa-1 gene (seven chromosomal, nine plasmid).

Conclusions: Though uncommon, AmpC and inducible AmpC B-lactamases in E. coli and K. pneumoniae are an
important cause of infection in Southeast Asia. With current testing methods, these infections may be going un-
detected, resulting in patients receiving suboptimal treatment.

Introduction

Like ESBL-producing Enterobacterales, AmpC B-lactamase-
producing bacteria have the ability to hydrolyse third-generation
cephalosporins (3GCs) that are the main empirical treatment for
serious community-acquired infections in Southeast Asia.!
Infections caused by B-lactamase-producing bacteria, including
AmpC, therefore pose a threat to public health as they can lead
to higher mortality rates and medical costs.” Carbapenems or
cefepime are usually the drugs of choice to treat serious infec-
tions caused by AmpC B-lactamase-producing bacteria. Several
Enterobacterales naturally harbour an inducible chromosomal

ampC B-lactamase gene, including Enterobacter cloacae,
Klebsiella aerogenes, Serratia marcescens, Citrobacter freundii,
Providencia stuartii and Morganella morganii.®> While Escherichia
coli naturally carries a chromosomally mediated ampC gene,
treatment with B-lactam antibiotics is possible due to the low-
level ampC expression resulting from a weak promotor and a
transcriptional attenuator preceding the ampC gene.* However,
mutations in the promotor or attenuator region may result in hy-
perexpression of ampC and strains may become resistant to
some antibiotics including 3GCs.* While acquired ampC is usually
fully expressed constitutively, some plasmid-carried ampC genes
such as DHA-1 are inducible by B-lactams but with expression
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regulated similarly to that of inducible chromosomal ampC
genes.” Common ampC genes previously found in animals and
humans from the Asia-Pacific region are the CIT gene group in-
cluding blacmy-2, the DHA group including blapya-1, the ACT/MIR
group and the FOX group.”® Various ampC genes can translocate
between chromosomes and plasmids, resulting in rapid spread
through the environment that can lead to dissemination of resist-
ance and global clonal spread.’ The spread of plasmids and ac-
quisition of ampC B-lactamase genes by E. coli and Klebsiella
spp. can cause hospital outbreaks, which can have a huge finan-
cial impact on the healthcare setting and patient treatment.
Surveillance for the existence of AmpC B-lactamases is important
for clinical care and infection control.

AmpC B-lactamases appear to be less prevalent than ESBLs;
however, accurate prevalence data are lacking due to an absence
of testing. AmpC B-lactamases have previously been described
from humans in Thailand and Cambodia but studies are limited,”®
and there are no data on AmpC B-lactamases in the Lao People’s
Democratic Republic (Laos). AmpC B-lactamases are typically
resistant to cefoxitin and this can been used as a screening tool
for the detection of AmpC B-lactamase producers.® However,
isolates with an ACC type enzyme may appear to be cefoxitin
susceptible and missed by cefoxitin screening, though these en-
zymes appear to be rare. Organisms producing a carbapenemase
can also mimic those with an AmpC B-lactamase with cefoxitin
inactivation so carbapenemase susceptibility should also be
determined.’

The aim of this study was to investigate the presence of AmpC
B-lactamase-producing E. coli and Klebsiella pneumoniae from
clinical specimens from three clinical research laboratories in
Southeast Asia (Cambodia, Laos and Thailand) phenotypically
using the MASTDISCS AmpC, ESBL and Carbapenemase Detection
Set (MAST, D72G; referred to as MASTDISCS). The MASTDISCS kit
consists of six different antibiotic discs: A, cefpodoxime; B, cef-
podoxime plus ESBL inhibitor; C, cefpodoxime+AmpC inhibitor; D,
cefpodoxime plus ESBL inhibitor plus AmpC inhibitor; E, cefpodox-
ime plus ESBL inhibitor plus AmpC inducer; and F, penem antibiotic.
This kit enables the detection of AmpC and inducible AmpC pheno-
types, as well as ESBL and carbapenemase resistance, and may give
an equivocal result. In addition, WGS was employed to investigate
genetic determinants of AmpC phenotypes. The results from this
study provide much-needed information on AmpC B-lactamase epi-
demiology in the region and will help guide local infection control,
surveillance and treatment guidelines.

Materials and methods
Study sites

Clinical isolates from three clinical research sites in Southeast Asia were in-
cluded in the study: the Cambodia Oxford Medical Research Unit (COMRU),
Siem Reap, Cambodia, which provides the diagnostic microbiology service
at Angkor Hospital for Children, an ~100-bed non-governmental paediatric
hospital;” the Lao-Oxford-Mahosot Hospital-Wellcome Trust Research Unit
(LOMWRU), Vientiane, Laos, which partially supports the diagnostic micro-
biology service at Mahosot Hospital, an ~400-bed government hospital
providing primary, secondary and tertiary care and admitting ~2000 pa-
tients/month;'° and the Shoklo Malaria Research Unit (SMRU), Mae Sot,
Thailand, which provides healthcare to the marginalized populations living
on both sides of the Thailand-Myanmar border in Tak province.!!

Isolate selection

Stored clinical isolates previously identified as E. coli or K. pneumoniae by
conventional identification methods and that were resistant to ceftriax-
one or ceftazidime or cefpodoxime (Oxoid) by routine antimicrobial sus-
ceptibility testing (AST) but were ESBL confirmation test negative [by
VITEK 2 or by the double-disc method: cefotaxime + clavulanate and cef-
tazidime +clavulanate (BD)] were selected. For COMRU and SMRU, all
available isolates were selected, and for LOMWRU a random subset of iso-
lates was selected. Identification methods included biochemical testing,
API (bioMérieux) or MALDI-TOF MS (VITEK MS, bioMérieux). AST was per-
formed using disc diffusion (Oxoid, COMRU until May 2019, LOMWRU
and SMRU) or VITEK 2 (GN84 AST cards, bioMérieux; COMRU from May
2019) and results were interpreted following the current guidelines at
the time of testing: CLSI (COMRU, SMRU and LOMWRU until 2018) or
EUCAST (LOMWRU from 2018). In addition, cefoxitin AST was performed
retrospectively at COMRU following EUCAST guidelines for isolates with
WGS results. Isolates from patients were separated into episodes, with
one patient episode defined as the same patient and organism isolated
within 14 days.

AmpC screening

Selected isolates were phenotypically tested using the MASTDISCS AmpC,
ESBL and Carbapenemase Detection Set—D72C (referred to as
MASTDISCS) according to the manufacturer’s guidelines (Mast Group
Ltd). In brief, 0.5 McFarland saline suspensions, made using fresh subcul-
tures, were spread onto Mueller-Hinton agar plates. Room temperature
MASTDISCS were placed on the plates in alphabetical order and plates
were then incubated in air at 35°C-37°C for 18-24 h. The zones of inhib-
ition were measured to the nearest whole millimetre and any microcolo-
nies present in disc F zones of inhibition were recorded. The Excel sheet
calculator provided by the manufacturer was used to determine the re-
sistance mechanisms (D72C-AmpC_ESBL_Carba_Calculator_v4.0.xlsx;
available from www.mast-group.com).

wGs

WGS was performed on 77 isolates: all isolates identified as AmpC, indu-
cible AmpC or AmpC plus ESBL positive by MASTDISCS; and 25 isolates
from other MASTDISCS result groups that had previously been sequenced
for other purposes. The remaining isolates were not sequenced due to fi-
nancial constraints. DNA was extracted from isolates using the Wizard
Genomic DNA purification kit (Promega) at SMRU and COMRU, the
GeneJET Genomic DNA Purification kit (Thermo Scientific™) at LOMWRU
and the Ultraclean DNeasy kit (QITAGEN) at COMRU. WGS was performed
at COMRU for 68 isolates using Illumina library preparation kits and the
Illumina iSEQ100 platform, yielding 150 bp paired-end reads, and nine
were sequenced as part of the Real-time Tracking of Neglected
Bacterial Infectious Diseases Resistance Patterns Asia (TUNDRA) study
using an Illumina HiSeq platform (unpublished data).

The Bactopia pipeline (v2.1.1) was used to assemble and analyse se-
quences with default parameters.'? Only sequences meeting minimum
quality thresholds were included in the analysis (>20x coverage, >Q12
minimum per-read mean quality score, minimum mean read length of
>49bp and <500 total contigs; the Bactopia quality thresholds for
‘bronze’ level). Analysis tools executed via Bactopia included MLST
(v2.22.0), ECTyper (v.1.0.0) and Kleborate (v2.1.0) for in silico prediction
of STs, E. coli serotypes and Klebsiella speciation, respectively.!®>"1°
Unresolved STs were confirmed with the online EnteroBase tool
(v1.2.0).® Chromosomal and plasmid contigs were identified using
Platon (v1.6).1”'® AMRFinderPlus (v3.12.8 with database v2023-04-28)
was used to identify antimicrobial resistance (AMR) genes. All identified
genes had >95% coverage and >95% identity with their closest matched
reference genes, unless otherwise stated. Assemblies containing gene
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hits with >95% identity, but <95% coverage were further investigated by
performing BLAST searches with the relevant reference genes obtained
from the National Library of Medicine (National Institutes of Health;
U.S. Department of Health and Human Services).'® Snippy (v4.6.0), with
reference genomes E. coli str. K12 substr. MG1655 (U00096.3) and
K. pneumoniae subsp. pneumoniae H511286 (CP003200.1), was used to
produce variant calls, followed by snippy-core to produce core-SNP align-
ments.2° Phylogenetic trees were created from the core-SNP alignments
with 1Q-Tree (v1.6.12) and visualized/annotated using ggtree via R
(v4.2.1).>12% Clinker v0.0.03 (via the CAGECAT webserver version 1.0
[https://cagecat.bioinformatics.nl/]) was used to visualize flanking regions
of blappa-1, blacmy-2 and blacwy-4> genes for contigs greater than 5 kb in
length, using the default settings.

Quality control

For identification and AST, internal quality control (IQC) was completed
for all media and antibiotics following the laboratories’ IQC routine proto-
cols. For MASTDISCS, E. coli ATCC 25922 (negative control), known
ESBL-negative and known ESBL-positive clinical isolates were used at all
sites except COMRU, where K. pneumoniae ATCC 700603 was used as
the ESBL-positive control and K. pneumoniae ATCC BAA-1705 as the
carbapenemase-producer control. There was no AmpC control available
at any of the sites. All sites participate in external quality assurance
(EQA) programmes: COMRU participates in the Pacific Pathology
Training Centre Microbiology Quality Assurance Programme; LOMWRU
participates in the UK National EQA Scheme; and SMRU participates in
the Thailand Clinical Microbiology Proficiency Testing Scheme, Division
of Proficiency Testing, Department of Medical Science, Ministry of Public
Health. Results are reported following the MICRO Checklist (File S1, avail-
able as Supplementary data at JAC-AMR Online).?* During the isolate se-
lection period of this study, no sites had ISO accreditation; however,
COMRU was accredited on the 23 November 2023 according to ISO
15189:2012 and ISO 15190:2020 standards (accreditation no. 4340/67).

Data analysis

All data were entered into Microsoft Excel (Richmond, WA, USA). Analysis
was performed using Stata version 16.1 (StataCorp, College Station, TX,
USA).

Results

WGS revealed one of the selected K. pneumoniae isolates was ac-
tually Klebsiella quasipneumoniae subsp. similipneumoniae and it
was excluded from the analysis. Although K. quasipneumoniae
subsp. similipneumoniae can cause infections similar to
K. pneumoniae, it was excluded as it was not one of our target or-
ganisms and other Klebsiella spp. were not included in the study.
Although 130 isolates were tested by MASTDISCS, only the first
E. coli and/or first K. pneumoniae isolate from each illness episode
were included in the analysis, resulting in the exclusion of four
isolates from three patients. One patient had an E. coli and a K.
pneumoniae isolated from the same episode/specimen, and
both were included in the analysis. A total of 126 isolates (110
E. coli and 16 K. pneumoniae) from 125 illness episodes and
from 121 patients from COMRU (n=76), LOMWRU (n=42) and
SMRU (n=8) collected between 2010 and 2020 were included
in the study (Table S1). For the isolate selection, there were
100/126 (79.4%) isolates resistant to ceftriaxone, 93/101
(92.1%) isolates resistant to ceftazidime and 77/83 (92.8%) iso-
lates resistant to cefoxitin. Isolates were from urine (n=72),
blood culture (n=29), pus (n=20) and other sites (n=5). The

MASTDISCS results identified 47/126 (37.3%) AmpC-positive iso-
lates including 31/126 (24.6%) AmpC positive and 16 (12.7%) in-
ducible AmpC. There was: one (0.8%) inducible AmpC, suspected
carbapenemase or suspected ESBL/AmpC with porin loss (re-
ferred to as Undetermined Group 1); 41 (32.5%) suspected carba-
penemase or suspected ESBL/AmpC with porin loss (referred to as
Undetermined Group 2); four (3.2%) AmpC and ESBL positive;
three (2.4%) ESBL positive; eight (6.3%) AmpC and ESBL negative;
and 22 (17.5%) equivocal (Table S2). There were no isolates posi-
tive for both AmpC and inducible AmpC. From AST results, 25/31
(80.6%) AmpC-positive isolates were phenotypically ceftriaxone
resistant, 15/16 (93.8%) inducible AmpC isolates were ceftriax-
one susceptible and 1/16 (6.3%) was ceftriaxone susceptible, in-
creased exposure. All tested AmpC/inducible AmpC-positive
isolates were resistant to cefoxitin except one (43/44; 97.7%)
(Figure 1 and Table S2). Fifteen controls were tested (seven
ESBL positive, seven ESBL negative and one carbapenemase pro-
ducer) and all gave expected MASTDISCS results. For COMRU, be-
tween 2012 and 2020 the prevalence of AmpC/inducible AmpC
was 1.9% for E. coli and 0.7% for K. pneumoniae (17/879 and
2/273 episodes, respectively). As selected isolates were tested
for LOMWRU, the prevalence during the study period is not
known; however, in 2023, 3.3% (20/600) of E. coli and 2% (5/254)
of K. pneumoniae isolates were AmpC or inducible AmpC positive.
For SMRU, between 2016 and 2020 the prevalence of AmpC E. coli
was 0.4% (3/854).

Sequencing results

Excluding the K. quasipneumoniae isolate, a total of 74 isolates
were sequenced (64 E. coli and 10 K. pneumoniae; 41 from
COMRU, 26 from LOMWRU and seven from SMRU) including all
the detected AmpC-, inducible AmpC- and AmpC plus
ESBL-positive isolates. STs, serotypes and identified B-lactamase
genes are provided in Table 1, Tables S3-S6, Figures 2-3 and
Figures S1-S2.

A chromosomal class C B-lactamase blagc gene was detected
forall E. coli (15 b[GEc,S, 14 bIGEC,g, 25 blaEc,15, five blaEc,lg and five
blagc_19 including one isolate where two truncated genes with
>95% identity, but only 72% coverage with blagc.s and blagc-1s
reference genes were detected). For the 31 phenotypically
AmpC-positive isolates, 26 had a blacuy gene: 20 (64.5%) had
blacmy-2 genes (15 chromosomal, five plasmid); five (16.1%)
had blacmy-42 genes (all plasmid) and one had a blacuy-30 gene
(this gene was split across two chromosomal contigs). Of the
five AmpC-positive isolates with no detected blacmy gene, two
(6.5%) had blappa-1 genes (one chromosomal, one plasmid)
and no additional class C B-lactamase gene was detected for
three (9.7%). Class C B-lactamase blacqy genes were also
detected in isolates with other MASTDISCS results: AmpC/ESBL
positive (n=1/3), equivocal (n=2/2) and Undetermined Group 2
(n=14/19) but they were not detected in inducible AmpC isolates
(n=16), AmpC/ESBL negative (n=1), ESBL-positive (n=1) or
Undetermined Group 1 isolates (n=1). The phenotypically indu-
cible AmpC-positive isolates all had the class C B-lactamase
blapya-1 gene (16; seven chromosomal and nine plasmid).
Isolates with other MASTDISCS results carrying this gene were
Undetermined Group 1 (n=1/1) and Undetermined Group 2 re-
sult (n=1/19). Using clinker, common flanking gene clusters
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Figure 1. Cefoxitin and ceftriaxone AST interpretations for isolates with phenotypic MASTDISCS D72C results of AmpC and inducible AmpC (44 isolates;
four isolates excluded as they were not tested with cefoxitin).

Table 1. Combined sequencing results for a subset of 74 E. coli and K. pneumoniae isolates and phenotypic MASTDISC D72C results

MASTDISCS results (T/C/P)

Inducible AmpC and ESBL ESBL Undetermined Undetermined  AmpC & ESBL

AmpC AmpC positive positive  Equivocal Group 1 Group 2 negative Total
Genes n=31 n=16 n=3 n=1 n=2 n=1 n=19 n=1 n=76
blacmy-2 20/15/5 0 0 0 0 0 11/10/1 0 31/25/6
blacwy-¢ 0 0 0 0 2/2/0 0 0 0 2/2/0
blacmy-30 1/1/0 0 0 0 0 0 0 0 1/1/0
blacmy-42 5/0/5 0 1/0/1 0 0 0 3/0/3 0 9/0/9
blappa-1 2/1/1 16/7/9 0 0 0 1/1/0 1/1/0 0 20/10/10
blanpm-s 1/0/1 0 0 0 0 0 16/0/16 0 17/0/17
blaoxa-1 3/0/3 2/1/1 1/0/1 0 1/0/1 0 15/29/14 0 23/3/20
blaoxa-ss 0 0 0 0 0 1/0/1 2/0/2 0 3/0/3
blargm-1 25/5/20° 6/0/6 2/0/2 1/1/0 0 0 15/1/14° 1/1/0 50/8/42
blasyh-1 1/1/0 0 0 0 0 0 0 0 1/1/0
blasy-11 0 5/5/0 0 0 0 1/1/0 1/1/0 0 71710
blasyy-2s 0 1/1/0 0 0 0 0 0 0 1/1/0
blasyh-32 0 1/1/0 0 0 0 0 0 0 1/1/0
blacrx-m-14 0 0 1/0/1 1/0/1 0 0 0 0 2/0/2
blacrx-m-15 2/1/1 0 1/0/1 0 2/0/2 0 14/0/14° 0 19/1/18
blacrx-m-ss 0 0 0 0 0 0 2/0/2 0 2/0/2
bla ap-2 0 1/0/1 0 0 0 0 1/0/1 0 2/0/2

n, number of isolates with a MASTDISC result; T, total amount with gene; C, number found on the chromosome; P, number found on a plasmid;
Undetermined Group 1, inducible AmpC suspected carbapenemase or suspected ESBL/AmpC with porin loss; Undetermined Group 2, suspected car-
bapenemase or suspected ESBL/AmpC with porin loss. Only genes with >95% coverage and >95% identification with a reference gene are included,
unless otherwise stated.

“Truncated gene detected for one isolate.

PTruncated gene detected for two isolates.

were identified for blapya-1, blacmy-2 and blacmy-42 genes (Figures  plasmid blappa-1 genes, the ampC genes tended to be close to
S3-S4c). Isolates with ampC genes determined to be chromo- the start or end of the contigs, limiting information on both flank-
somal and those determined as plasmid-borne tended to cluster ing regions. For blapya-1, @ cluster of eight flanking genes were
separately, with different flanking genes. With the exception of  shared in 18 out of 19 isolates across E. coli and K. pneumoniae.
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The cluster included genes for AmpR (a transcriptional regulator),
phage shock proteins and envelope stress response membrane
proteins. Additionally, the sulphonamide resistance gene sull
was found for eight isolates with plasmid blapya-1. The flanking
genes for blacmy-> and blacwy-4, differed from those found for
blapya-1, with most being uncharacterized proteins. For plasmid
blacmy-42, eight out of the nine isolates visualized with clinker
had multiple flanking genes in common. Chromosomal blacwy-2
isolates were similar to each other, but differed to the plasmid
blacmy-» isolates, where greater variation in flanking regions
was observed.

Atotal of 19 different STs were detected for E. coli, of which the
most common were ST410 (18/64; 28.1%), ST131 (8/64; 12.5%)
and ST648 (5/64; 7.8%). For the AmpC-positive isolates, 15 differ-
ent STs were detected, most commonly ST410 (6/30; 20.0%) and
ST131 (4/30;13.3%). Inducible AmpC-positive isolates had six dif-
ferent STs, most commonly ST131 (4/9; 44.3%) and no ST410. For
K. pneumoniae, eight different STs were detected, including seven
different STs for the phenotypically inducible AmpC isolates (n=7).
ST11 was the most common K. pneumoniae ST (3/10; 30%).

Other B-lactamase/carbapenemase genes detected from the
combined 47 phenotypic AmpC-positive and inducible AmpC iso-
lates included 31/47 (66%) blatem-1, 5/47 (10.6%) blagxa.1, 5/47
(1060/0) b[GSvally 1/47 (210/0) blOSH\/,zg, 2/47 (430/0) blaCTX*M*lSy
1/47 (2.1%) blayap, and 1/47 (2.1%) blanpm-s. For the two
E. coli isolates with equivocal results from the MASTDISCS, both
had blacmy-¢ and blacrx-m-15 genes and one isolate also had
blapxa-1. Among the 23 isolates harbouring a blapxa-1 gene, 14
showed resistance to meropenem and/or imipenem, six were
susceptible and three were not tested with a carbapenem anti-
biotic. For the isolates with blagyxa-ss, two out of three (66.7%)
were susceptible to both meropenem and imipenem, and one
was meropenem intermediate (33.3%, imipenem was not
tested). Of the 17 isolates harbouring blanpms, 16 gave
Undetermined Group 2 MASTDISCS results, with 14 resistant to
meropenem and/or imipenem and two not tested; one isolate
gave an AmpC-positive MASTDISCS result for which no carbape-
nem AST result was available. The six phenotypically AmpC iso-
lates that were ceftriaxone susceptible, intermediate or
susceptible, increased exposure, harboured a variety of genes
and all six did not have the same genes.

Discussion

This study describes AmpC B-lactamase production from E. coli
and K. pneumoniae isolates from three clinical laboratories in
Southeast Asia. The study highlights that 37% of isolates that
were ESBL confirmation test negative were phenotypically
AmpC or inducible AmpC positive using the MASTDISCS. All of
the inducible AmpC isolates were phenotypically ceftriaxone sus-
ceptible or susceptible, increased exposure. This can have an im-
pact on patient care if treatment is based on susceptibility results,
without further testing for AmpC production, as failure on treat-
ment has been described in this situation,® and it is generally re-
commended that treatment with 3GCs should be avoided,
regardless of ceftriaxone susceptibility results. Of the 44 AmpC
and inducible AmpC isolates that were tested against cefoxitin,
43 (97.7%) were cefoxitin resistant. This shows the effectiveness
of cefoxitin as a screening tool for AmpC B-lactamases. Cefoxitin

screening is currently part of EUCAST guidelines, with reported
high sensitivity but poor specificity, but not CLSI guidelines. If la-
boratories are not screening using cefoxitin and are reliant on cef-
triaxone testing, they may be missing AmpC- and/or inducible
AmpC-positive isolates. The prevalence of AmpC or inducible
AmpC E. coli during the study period or subsequent years ranged
for the different sites from 0.4% to 3.3% (not including additional
AmpC production from other MASTDISCS groups), indicating the
need for local prevalence determination.

Despite the small sample size, there were a diverse number of
STs detected. The predominant STs for E. coli were ST410 and
ST131, and the predominant ST for K. pneumoniae was ST11.
ST410 and ST131 have recently been categorized as ‘high-risk’
E. coli clones internationally,**® with ST410 identified in Cambodia,
Vietnam and Thailand previously.”® While blacrx.wm 15-encoding
genes are associated with ST131,%> there was only one isolate
with this gene (ESBL positive and the blacrx-m-15 located on the
chromosome) while the other eight isolates had a variety of
blacmy-2, blatgm-1 and blappa-1 genes. ST11 has been associated
with carbapenem-resistant K. pneumoniae and has become the
dominant clone in many countries.’” The three ST11 isolates in
this study all had common carbapenemase-encoding genes
(blanom and blapxa); however, only the isolate that had a blanpw-s
gene was meropenem resistant.

The most common AmpC genes detected in this study were
blacmy-> and blapya-1, Which is similar to other studies in the re-
gion.® These genes were located on both chromosomes and
plasmids, whereas the less common blacuy-4> was only located
on the plasmid. Previously, blappa-1 has most frequently been re-
ported on plasmids, so finding it on the chromosome could be
confirmed by long-read sequencing. All inducible AmpCs carried
blapya-1- The blagc gene was presentin all the E. coliisolates; how-
ever, only three phenotypically AmpC isolates had this Class C
gene without a blacwy or blapya-1 gene. These three isolates
were also phenotypically susceptible or intermediate to ceftriax-
one by disc diffusion. While a large number of blagc variants have
been described, only some are expressed to a sufficient extent to
cause antibiotic resistance.?® Common gene cluster patterns
were identified in isolates containing ampC genes, with distinct
patterns of flanking genes observed for chromosomal versus
plasmid-borne genes, and for blapya-1 versus blacmy-2/blacmy-42
genes. Although the analysis was limited by short-read sequen-
cing data, a shared group of eight genes was identified for both
plasmid and chromosomal blappa-1-harbouring isolates, indicat-
ing that plasmid integration of blapya-1 into the chromosome
may have occurred as a single event. In contrast, blacmy-> was as-
sociated with many different flanking genes, suggesting no single
mobile genetic element is responsible for the transmission of
blacmy-2 in these isolates. Additionally, an AMR gene was found
flanking plasmid blapya-1 genes, which may facilitate transmis-
sion of multidrug resistance.

Of the sequenced isolates, excluding Undetermined Groups 1
and 2, 1/54 had a blanpm-s gene and 7/54 had a blapxa-1 gene. All
blanpm-s and blapxa-4s genes in this study were located on plas-
mids, whereas the blapya-1 genes were found on both plasmids
and chromosomes. There were two K. pneumoniae isolates
with bla ap-2 genes, one phenotypically inducible AmpC (ST2805
with genes blapya-1, blatem-1, blasys-11) and one suspected carba-
penemase or suspected ESBL/AmpC with porin loss (ST11 with

6 of 8



AmpC B-lactamases in Southeast Asia

JAR

genes blC’SVHflly blaCTX*M*lS; blClNDM,5 and b[C’OXAfl)- b[ClLAp is a
narrow-spectrum Class A B-lactamase but reports are limited.?®
Overall, the finding of multiple resistance genes located on
both chromosomes and plasmids has implications for infection
control, with transmission dynamics and dissemination of resist-
ant strains difficult to predict.

While the MASTDISCS test was beneficial for the identification
of most categories, the two categories of suspected carbapene-
mase or suspected ESBL/AmpC with porin loss and inducible
AmpC suspected carbapenemase or suspected ESBL/AmpC with
porin loss can make interpretation of results difficult when relying
solely on this test. However, we still believe this test is beneficial
for determining resistance mechanisms in clinical and resource-
limited settings where WGS is not available.*° From the sequen-
cing results, it is clear that there are many different resistance
gene classes found in these isolates and that they are difficult
to categorize phenotypically.

There were several limitations to this study. Firstly, different
AST methods were used between and within sites during the
study period. With yearly AST guideline updates from CLSI and
EUCAST, interpretation of zone sizes may change over time and
isolates that were susceptible may become resistant or vice ver-
sa. Secondly, although all phenotypically AmpC and inducible
AmpC isolates were sequenced, not all isolates from the other
phenotypic groups were sequenced due to financial constraints
and therefore not all STs and resistance genes will have been cap-
tured for these groups. And lastly, the correct control strains were
not available at all the sites for the MASTDISCS testing so thor-
ough quality control was not completed. If MASTDISCS were to
be included for routine testing, the appropriate quality control
strains would be needed.

Conclusions

Our findings confirm that AmpC B-lactamase-producing E. coli
and K. pneumoniae are an important, although uncommon,
cause of infection in patients presenting to hospitals in
Cambodia, Laos and Thailand and are less likely to respond to cef-
triaxone, the main first-line treatment for sepsis. These results
highlight that with current AST, inducible AmpC B-lactamases
may be going undetected if routine screening is not performed.
Cefoxitin-resistant, ESBL-negative isolates should be screened
for AmpC B-lactamases.
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