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Abstract. Escherichia coli is a common cause of infection and its identification
and characterization provide appropriate and effective antimicrobial treatment.
Phylogenetic group and ST131 strain and subtypes of clinical E. coli isolates
(n = 58, 59% being urine samples) from patients attending a tertiary care
hospital in Phayao Province, northern Thailand during March 2015 and June
2017 were identified using a Clemont protocol and multiplex PCR respectively,
and presence of [-Lactamase genes (blacrxm, blaoxa and blargv) and
mutation of gyrA and parC were determined by multiplex and allele-specific
multiplex PCR respectively. Antibiogram profiling showed 95, 66 and 48% of the
strains were resistant to ampicillin, four fluoroquinolones (carrying mutations in
fluoroquinolone resistance-determining regions of GyrA and ParC) and all four
fluoroquinolones together with ESBL production (carrying in addition blacrx.m
or blacrxme and integron 1), respectively. While only 31% of the strains were
E. coli ST131, 67% were from urine specimens and 78% from patients >40 years
of age, with 72 % belonging to subtypes A and C2 and 33 % to subtypes C1-M27
and Cl-non-M27. Proportion of ST131 strains increased from 10% in 2015 to
30% in 2016 and to 73% in 2017 (in latter period samples were collected only in
the first six months). In conclusion, PCR-based techniques allowed rapid and
facile detection of antibiotic-resistance genes and virulence genetic markers in
clinical E. coli isolates allowing prompt and appropriate antimicrobial treatment
of patients and, in addition, providing molecular signatures for epidemiological
surveillance.
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INTRODUCTION

Escherichia coli is a common
bacterium found in gastrointestinal
tracts of humans and existing in a
symbiotic relationship (Kaper et al, 2004).
However, intra-intestinal pathogenic
E. coli strains can cause diarrheal illness
and extra-intestinal strains infection in
other organs such as urinary tract (UT)
(Kaper et al, 2004). UT infection (UTI) is
often due to uropathogenic E. coli (UPEC)
that have distinctive virulent genes and
antibiogram profiles (Khairy et al, 2019),
the majority of which in female patients
belong to group B2 or D with sequence
types (STs) ST69, ST73, ST95, and ST131
(Banerjee et al, 2013).

Pathogenic E. coli ST131 in B2 clonal
lineage is the most predominant strain,
with mainly O25:H4 (specifically O25b)
and O16:H5 serotypes, and multidrug
resistance phenotypes especially against
fluoroquinolones and beta-lactamases
(Nicolas-Chanoine et al, 2014). E. coli
ST131 is divided into three major clades
according to fimH subtype, namely,
clade A carrying fimH41, clade B fimH22
and clade C fimH30, the latter being
further divided to two subclades, namely,
subclade C1/H30-R with fluoroquinolone
resistance (FQ-R) and subclade C2/
H30-Rx with FQ-R and extended
beta-lactamase (ESBL) CTX-M-15
(Nicolas-Chanoine et al, 2014). Subclade
C2/H30-Rx is predominant and spreads
principally through clonal expansion
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(Clermont et al, 2008; Nicolas-Chanoine
et al, 2008; Johnson et al, 2012).
C2/H30-Rx clade expressing ESBL
CTX-M-15 has emerged in Canada,
China and Japan, and that expressing
ESBL CTX-M-27 in France, Japan
and Switzerland (Peirano et al, 2010;
Johnson et al,2012; Matsumura et al, 2016;
Bevan et al, 2017). FQ-Rin E. coli ST131
isolates is primarily due to mutations in
QR-determining regions (QRDRs) of
gyrA and parC (Johnson et al, 2013).

E. coli ST131 infection in
hospitals canbe nosocomial or community
acquired, probably through direct
human-to-human transmission
(Woodford et al, 2004; Nicolas-Chanoine
et al, 2014; Day et al, 2019). Treatment
of E. coli ST131 infection is complicated
due to presence of resistance to
commonly used first-line antibiotics,
such as amoxicillin, extended-spectrum
cephalosporins (ESC), FQs, and
trimethoprim-sulfamethoxazole,
possibly acquired by horizontal
transfer from drug-resistant E. coli
and other bacterial species (Evans et
al, 2020). Although epidemiological
studies have documented E. coli ST131
as the major prevalent linage in urine
from UTI patients in Asia, Europe and
North America (Rogers et al, 2011),
epidemiological surveys of E. coli ST131
in Thailand are sparse partly due to the
complicated molecular protocol required
to identity this strain (Seenama et al,
2019).
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Here, simple molecular techniques
wereemployed toidentify and characterize
ST131 strains in clinical E. coli isolates
obtained from patients at Phayao Ram
Hospital, Phayao Province, northern
Thailand, from March 2015 to June 2017.
The results of the study should provide
rapid and facile detection of antibiotic-
resistance genes and virulence genetic
markersin clinical E. coli isolates, which
should help in prompt and appropriate
antimicrobial treatment of patients
and to provide molecular markers for
epidemiological surveillance.

MATERIALS AND METHODS

Bacterial isolates

Clinical E. coli isolates (n = 58)
were cultured from blood, pus, stool,
and urine of inpatients at Phayao Ram
Hospital, Phayao Province, northern
Thailand from March 2015 to June 2017.
Samples were streaked onto sterile
MacConkey agar (Oxoid, Hampshire,
UK) and incubated at 37°C for 12-18
hours. Suspected (red) E. coli colonies
were inoculated in Triple-Sugar-Iron
(TSI) slant (Biomedia, Nonthaburi,
Thailand) and subjected to four
biochemical tests (citrate utilization,
indole production, lysine decarboxylase
activity, and urease activity) and
a motility assay (Barrow and Feltham,
2009).

E. coli isolates used in this study
were leftover specimens collected from
the previously approved research
protocol entitled “The complete analysis
of Salmonella serotype and the current
occurrence of drug resistant situation
of Salmonella spp in Amphoe Mueang,
Phayao District” which was approved
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by the Ethics Committee, University of
Phayao (approval no. 57 02 04 0020).

Antibiogram profiling and ESBL
production determination

Antibiogram profiling of 11
antibiotics was performed using a
disk diffusion method according to
guidelines of the Clinical and Laboratory
Standards Institute (CLSI, 2017). Each
disc (Oxoid, Hampshire, UK) contained
amoxicillin/clavulanate (AMC) 20/10 ug,
ampicillin (AMP) 10 ug, cefepime (FEP)
30 pg, cefotaxime (CTX) 30 ug, cefoxitin
(FOX) 30 ug, ceftazidime (CAZ) 30 ug,
ceftriaxone (CRO) 30 ug, ciprofloxacin
(CIP) 5 ug, gentamicin (GEN) 10 ug,
imipenem (IPM) 10 ug, levofloxacin
(LEV) 10 pg, nalidixic acid (NA) 30 ug,
norfloxacin (NOR) 10 pg, and
sulfamethoxazole/trimethoprim (SXT)
1.25 pug/23.75 ug). E. coli ATCC 25922
was used as a negative control strain.
ESBL test was performed using a
combination disk method according
to CLSI guidelines (CLSI, 2017) with
individual disc (Oxoid, Hampshire, UK)
containing CAZ (30 ug) + clavulanic acid
(CLA) (10 pg) and CTX (30 ug) + CLA.
In-house ESBL-producing E. coli and
ESBL-negative E. coli ATCC 25922 was
used as positive and negative control
respectively.

E. coli phylogenetic group and ST131
identification

DNA was extracted from E. coli
strains as previously described
(McNerney et al, 2017). In brief, one
ml aliquot of an overnight culture was
sedimented, washed and resuspended
in 400 pl of TE buffer (10 mM Tris
HCl, pH 8.0 containing 1 mM EDTA),
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incubated at 80°C for 20 minutes, cooled to
ambient temperature, then added with
50 ug of lysozyme and incubated at
37°C for one hour. A 75 pl aliquot of 10%
SDS/proteinase K (10 mg/ml) solution
was added and mixture was incubated
at 65°C for 10 minutes prior to addition
of 100 ul aliquot of 5 M NaCl and 100 ul
of 10% (w/v) N-cetyl-N,N,N,-trimethyl
ammonium bromide solution containing
5 M NaCl (at 65°C), followed by
incubation at 65°C for 10 minutes,
addition of 750 pul aliquot of
chloroform:isoamyl alcohol (24:1)
mixture, and centrifugation at 11,000 g
at 4°C for 5 minutes. DNA was
precipitated with ethanol, suspended in
50 ul of double-distilled water and stored
at -20°C until used.

The major E. coli phylogenetic
groups, A, B1, B2, and D, were identified
by multiplex PCR (Multiplex 1)
(Clermont et al, 2000), ST131 was by
standard PCR (Monoplex 1) (Doumith
et al, 2015) and ST131 clades by
multiplex PCR (Multiplex 2) (Matsumura
et al, 2017). Reaction mixture (10 pl)
contained 1 pl of DNA, primers (Table 1)
and 2 pl of HOT FIREPol Blend Master
Mix Plus containing 10 mM MgCl, (Solis
Biodye, Tartu, Estonia). In Multiplex 1,
thermocycling (Applied Biosystems,
Thermo Fisher Scientific, Waltham,
MA) was performed as follows: 95°C
for 15 minutes; 40 cycles of 95°C for 30
seconds, 55°C for 40 seconds and 72°C for
60 seconds; with a final step at 72°C for
7 minutes. In Monoplex 1 and Multiplex
2, the above described thermocycling
conditions were used except annealing
step was 60°C for 30 seconds and 57°C
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for 20 seconds respectively. Amplicons
were visualized following 1.5% agarose
gel-electrophoresis by staining with
RedSafe™ nucleic acid staining solution
(iNtRON Biotechnology, Burlington,
MA).

E. coli aac, bla genes, gyrA, integron
locus, mcr genes, and parC detection

Amplification of aac -, blacmyz,
blacrxm (groups 1 and 9)/ blasyy, blatew, gyrA,
integron locus, mcry 54na4 and parC were
performed by conventional monoplex
(Monoplex 2, 3 and 4) or multiplex PCR
(Multiplex 3, 4, 5, 6 and 7). Reaction
mixtures were as described above using
primers listed in Table 1. In Monoplex
2 and Multiplex 3 and 4 thermocycling
conditions were as follows: 95°C for
15 minutes; 40 cycles of 95°C for 40
seconds, 60°C for 40 seconds and 72°C
for 60 seconds; with a final step at 72°C
for 7 minutes. In Monoplex 3 and 4,
the above described thermocycling
conditions were used annealing step
was 52°C for 60 seconds and 55°C for 60
seconds respectively, and in Multiplex 5,
6 and 7 annealing step was 58°C for 90
seconds, 64°C for 60 seconds and 55°C
for 60 seconds, respectively. Amplicons
were analyzed as described above.

Statistical analysis

The statistical analysis was
performed using R version 3.6.1
software (The R Foundation for
Statistical Computing, Vienna, Austria).
A chi-square goodness-of-fit test was
carried out to compare frequency of
observations (for each incident).
A p-value <0.050 is considered significant.
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RESULTS

Of 58 E. coli strains obtained from
Phayao Ram Hospital, Phayao Province
(March 2015 - June 2017), 54% belonged
to phylogenetic group B2 and 31% being
ST131 strain (Table 2). The majority of
phylogenetic group B2 E. coli strains
were from female patients >40 years
of age (although the number of male and
female patients recruited in the study
was nearly equal), of E. coli strain ST131
from patients of both genders >40 years
of age and of specimens from urine,
mainly infected with non-ST131 strain,
indicating a high proportion of UPEC
infection among the patients. The number
of patients in 2015 and 2016 were nearly
equal and dropped by half in 2017
(during which samples were collected
only in the first six months), but,
interestingly, in this half-year period
there were more ST131 than non-ST131
strains (but this could be a coincidence in
view of the shorter study period).

Antibiogram profiling using a disc
diffusion assay of clinical E. coli strains
revealed all strains were resistant to 10
of 11 antibiotics tested (the exception
being imipenem), with highest frequency
against ampicillin (95%), followed by
ciprofloxacin (84%) and trimethoprim/
sulfamethoxazole (81%), with 60% of the
strains demonstrating ESBL production
(Table 3). Eighty-six percent of strains
were resistant to fluoroquinolones with
66% resistant to all four fluoroquinolones
tested and 40% resistant to all four
fluoroquinolones together with
ESBL production. Resistance to
fluoroquinolones was due to mutations
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in QRDRs of gyrA and parC, and
to a lesser extent to aace .., and
ESBL-producing strains carried blacrx.mi
or blacrx.me. As expected, the majority
of E. coli strains (67%) harbored blagy
(responsible for ampicillin resistance).
Additionally, 62% of strains harbored
integron 1 (1,500 bp) (linked to dfrAl7
and aadA5 determinants). The majority
of strains having the above described
phenotypes and genotypes were found
(as expected) among E. coli group B2.

E. coli ST131 strains were primarily
from urine samples (72%) and from
patients >40 years of age (78%). Proportion
of ST131 strains increased from 10% in
2015 to 30% in 2016, with a significant
increase to 73% in the first half of 2017
(Table 2). ST131 strains are significantly
associated with resistance to antibiotics,
fluoroquinolone resistance combined
with ESBL production and carriage of
antibiotic resistance genes, except for
resistance to ampicillin, cefoxitin and
colistin, and for carriage of blarey, blacwya,
and mcry g3 (Table 3). ST131 strains
harboring blacrxm significantly increased
from 1 (in 2015) to 5 (in 2017) compared
to that of blacrxy.s from 1 (in 2015) to 2 (in
2017), although samples were collected
only in the first six months of 2017) (data
not shown). ST131 strains resistant to
four fluoroquinolones in combination
with ESBL-production principally
carried blacrx.me (50%) compared to
non-ST131 strains (18%) (p-value=0.005)

ST131 strains belonged mainly to
subtypes A and C2, while no B subtype
was found (Table 3). ST131 subtype A

harbored either blacry.m; O blacrx.me While
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subtype C2 exclusively harbored blacry.m
(except two samples that carried no blacrx)
and subtype C1 (both M27 and non-M27)
blacrxme. Only ST131 subtype A strains
exhibited resistance to two types of
fluoroquinolones. blaox, was exclusively
present in ST131 subtype C2.

Seasonal incidence of E. coli
infection from admitted patients during
a calendar year (2016) demonstrated two
major episodes in May and July during
the summer period (April to August)
with predominance of ESBL-producing
E. coli and, interestingly, a high

proportion of ST131 strains (Fig 1).

DISCUSSION

E. coli is often resistant to many
first line drugs such as cephalosporins
and fluoroquinolones widely used in

Number of cases

£ @‘b

m ST131(n=18)

\\’&

m ESBL (n=35)

governmental hospitals in Thailand
(Lestari et al, 2012). Molecular
characterization provides a rapid
method for identification of drug
resistance markers and virulent strains,
pivotal data for prompt effective
treatment and epidemiological
surveillance. The study employed
PCR-based techniques to identify genes
responsible for antibiotics resistance
and virulence genotypes present in
E. coli strains isolated from various
clinical samples of patients admitted
to a tertiary-care hospital in northern
Thailand over a period of 28 months.

Standard antimicrobial tests showing
a high prevalence of multidrug resistance
agreed with PCR-based identification of
the cognate resistance genes, confirming
the usefulness of this rapid and generally
accessible molecular platform as
an adjunct to standard microbiological

ey

nonESBL ( n=23)

Fig 1 - Seasonal variations in number of Escherichia coli isolates from 58 patients admitted to
Phayao Ram Hospital, Phayao Province, Thailand (2016)
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assays. The major source of the
pathogenic E. coli strains was urine,
indicating this bacterium was a major
causative agent of UTI in northern
Thailand (Parikumsil et al, 2017).
The PCR-based method allows facile
identification of fluoroquinolone- and
beta-lactam-resistant ST131 strains in
waste water (Finn et al, 2020), which
accounted for nearly half of E. coli
strains isolated from urine, suggesting
avoidance of these two classes of
antimicrobials in empirical treatment of
UTTl in this region of the country.

The sudden rise in 2017 of E. coli
ST131 carrying higher blacrxmo :blacrxm1
was unexpected and needs to be
confirmed in more recently isolated
clinical samples, although this trend has
been reported elsewhere (Matsumura
et al, 2016; Birgy et al, 2017; Ghosh et
al, 2017). In Thailand, the clonal spread
of E. coli ST131 carrying blacrxmo Was
previously suggested to have originated
from backyard poultry farms, farmers
and environment sources (Tansawai
et al, 2019). Although ST131 subtypes
A and C2 were predominant, presence
of subtypes C1-M27 and Cl-non-M27
indicated possible future spread of
these C1 subtypes in northern Thailand.
A recentreport in Japan of ST131 subtype
C1-M27amongresidentsinlong-term-care
is a cause of public health concern
because there was the possible evidence
of virulent plasmid (blaCTX-M-27/
F1:A2:B20) dissemination (Matsuo et
al, 2020). In addition, ST131 subtype
C2 harboring blaoxa was probably
nosocomial and originated from a
SEA-C2 clone currently circulating
elsewhere in Southeast Asia (Chen et al,

158

2019), but this need further confirmation.

In conclusion, the PCR-based
protocols described in the study
demonstrate utility of this rapid
and facile molecular platform in the
identification of antibiotic resistance
genes and virulent types of E. coli
isolated from clinical specimens, which
should assist in appropriate and timely
empirical drug treatment and in
surveillance studies, not only in northern
Thailand and elsewhere in the country.
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