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Abstract

We aimed to develop a multiplex PCR (mPCR) assay utilizing the afaC gene for the detection of DAEC
pathotypes and the bla_ gene for the identification of ESBL production in clinical E. coliisolates along
with an Internal Amplification Control (IAC) to rule out false negative test results. Monoplex PCR
assays were first established for the afaC gene and bla_,, gene using 60 characterized E. coli isolates
from various clinical samples. Subsequently, an mPCR assay was designed to detect both the genes
simultaneously along with an IAC to rule out false negative reactions. The effectiveness of this assay
was validated using 80 additional clinical isolates. The overall occurrence of DAEC in the study was
found to be 0.7% (1/140). ESBL production was detected in 40.7% of the tested isolates, indicating a
concerning prevalence of drug-resistant strains. This study emphasizes the value of an in-house mPCR
assay as a crucial tool for simultaneously identifying DAEC and ESBL E. coli strains. The inclusion of
an IAC in the PCR protocol bolstered the assay’s reliability. This innovation offers a vital resource for
effective infection management and contributes to the comprehension of pathogenicity and resistance
mechanisms in clinical E. coli isolates.
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INTRODUCTION

Diarrheal diseases are major cause of
illness and death, especially among infants and
young children in developing countries.*> Among
the various causes of diarrhoea, pathogenic strains
of E. coli are frequently associated with both
epidemic and endemic outbreaks.*>*E. coli belongs
to the “Enterobacterales” order and forms part
of the harmless normal gut flora in humans and
animals. However, certain strains of E. coli, known
as diarrheagenic E. coli (DEC), are responsible
for enteric infections. The major pathotypes of
DEC include enteroaggregative E. coli (EAEC),
enteropathogenic E. coli (EPEC), enterotoxigenic
E. coli (ETEC), enterohemorrhagic E. coli (EHEC),
and enteroinvasive E. coli (EIEC). ® Each pathotype
possesses different virulence attributes, causing
diarrhoea through various mechanisms and
leading to different clinical symptoms. The
virulence genes can be transferred horizontally
from these pathotypes and are therefore, potential
source for the emergence of novel hybrid and
hetero-pathogenic E. coli strains.®

Diffusely Adherent Escherichia coli
(DAEC) is another pathotype of diarrheagenic E.
colithat is characterized by its distinct adherence
pattern to intestinal epithelial cells. Compared
to the other pathotypes, DAEC exhibits a specific
mechanism of adhesion to the intestinal mucosa.
DAEC strains adhere diffusely to the entire
surface of the intestinal epithelial cells, forming
a fuzzy, homogenous adherence pattern.” This
adherence is mediated by fimbriae or adhesins,
which are surface structures that facilitate
attachment to host cells. The adhesins involved
in DAEC adherence include Afa/Dr (afimbrial and
Dr family of adhesins) and F1845 fimbriae.®® The
pathogenesis of DAEC is not fully understood, and
its association with diarrhoea remains a subject
of ongoing research. However, studies have
suggested that DAEC strains can cause intestinal
inflammation and disrupt the normal function of
the intestinal epithelium, leading to diarrhoea.
DAEC has been implicated in not only acute and
persistent diarrhoea in children®® and adults but
also in inflammatory bowel disease and colon
cancer.’ The afa-1 DAEC have the ability to adhere
to, and invade epithelial cells and possibly play a
role in epithelial-to-mesenchymal transition.***3

The afaCgene s an integral part of the afal operon
encoding for components of these adhesins.
These afimbrial adhesins enable DAEC strains to
adhere diffusely to intestinal epithelial cells in a
“stacked-brick” manner.®'* Our current research
project was initiated in continuation of our
previous work, where we had successfully devised
a multiplex PCR (mPCR) assay for the identification
of various E. coli pathotypes.* However, this
reported mPCR assay did not include the relevant
genes to identify DAEC. We also wanted to study
the drug resistance among the E. coli strains
isolated from our population. Multi Drug Resistant
(MDR) strains of DEC pose a significant clinical
challenge. The primary mode of resistance to
B-lactam antibiotics in DEC is attributed to the
production of extended-spectrum B-lactamases
(ESBLs) encoded by plasmids.’ ESBL-producing
organisms have become widespread worldwide
and genes responsible for ESBL production such
as bla_, ,, bla,,, bla ,, and bla_ show varying
prevalence across the regions. These genes also
exhibit different frequencies among the strains and
hence play a significant role in the management
of infections.!® Hence in this study, we chose to
design a multiplex PCR assay (mPCR) for detection
of the afaC gene with bla_ gene for the rapid
identification of DAEC among the clinical isolates of
E.coli and the drug resistance mechanism among
these strains. Reported mPCR assays often lack
an Internal Amplification Control (IAC), which is
necessary to prevent false negative results. Hence,
we also incorporated an IAC in this mPCR assay.

METHODOLOGY

Identification and sensitivity test of E. coliisolates

Total 60 E. coli isolates from clinical
samples comprising of stool specimens from
diarrheic patients (n=35), suspected urinary tract
infections (n= 14), blood stream infection (n= 4),
exudates including pus (n= 4) and endotracheal
samples (n= 3) were collected. The isolates
were phenotypically identified using standard
biochemical and physiological tests including amino
acid assimilation and sugar fermentation tests. The
antimicrobial sensitivity assay was performed
by standard disk diffusion test as per CLSI 2019
guidelines. The sensitivity test panel included CAZ
(ceftazidime) and CAC (ceftazidime/clavulanic acid)
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Table 1. List of primers used in multiplex PCR study

No. Pathotypes Gene Primer Size (bp) Source
1. DAEC afaC F-CTGAAAGGTGGCGGTAAG 208 This study
R-CAATCCTGACCCCGTAAC
2. ESBL bIaTEM F - AAAATTCTTGAAGACG 1080 18
R - TTACCAATGCTTAATCA
3. pUC19 IAC F- CAATTCCACACAACATACGA 660 29

R- CGGATAAGGCGCAGCG

disks for determination of extended spectrum
[B-lactamase (ESBL) production. Isolates showing
25 mm increase in the zone size around the CAC
disk compared to CAZ disk were considered as ESBL
producers.*®

Bacterial DNA extraction

Phenotypically confirmed, purified
isolates of E. coli from various clinical samples
viz. blood, urine, exudates and stool, were sub-
cultured in Luria Bertani broth (LB broth) which
was incubated at 37°C for 18 to 24 hours. The LB
broth was centrifuged at 4000 rpm for 5 minutes
to get a pellet of bacterial cells. The pellet was
subjected to DNA extraction by phenol-chloroform
method. ¥’

Primer designing for afaC gene

Designing the specific primers is a critical
step to establish a PCR assay. Utmost care was
taken while designing the primers to avoid the
formation of primer dimers and non specific
amplification. A set of primers targeting the
afaC gene was designed for detection of DAEC
pathotype. The coding DNA sequence (CDS)
for the selected gene was chosen from NCBI
GenBank Database. The selected gene sequence
was verified for its conservancy using NCBI BLAST.
Primers were designed for the most conserved
region using Gene Runner version 3.01 software
(Hastings Software Inc., Hastings on Hudson, NY,
USA) with reference to GenBank sequences afaC
gene. The designed primers were ordered and
obtained from Sigma Aldrich, India (Table 1).

Standardizing the monoplex PCR for detection
of DAEC

Monoplex PCR to determine the ideal
conditions for amplification of the individual
selected target gene was standardized as described

by Aradhya et al. * The PCR reaction mixture
of 20ul contained 2.0ul PCR Buffer (10X), 1.6pl
MgCl, (25mM), 1.0pl dNTP mix (2 mM), 0.1ul Tag
polymerase, 1.2ul of 10 pmol of afaC gene Primers
(F &R), 1.0ul extracted DNA and 13.1ul PCR grade
water. The thermal cycling was carried out in
Quanta Biotech Thermal Cycler QB-96 Satellite
thermal cycler with following conditions: initial
denaturation at 94°C for 4 minutes, followed by
30 cycles of denaturation at 94°C for 1 minute,
annealing at 53°C for 1 minute and extension at
72°C for 1 minute followed by final elongation at
72°C for 10 min.

The PCR product was resolved on 1%
agarose gel containing ethidium bromide in Tris
acetate ethylenediaminetetraacetic acid buffer
at 100 V for 1 h followed by documentation using
gel doc system (Zenith Research, Mumbai) and
screened for 208 bp amplicon with reference
to 100 bp DNA ladder. We tested a total of 60
phenotypically identified E. coliisolates from stool
(n=35), urine (n=14), pus (n=4), endotracheal (n=3)
and blood (n=4) samples. Only one isolate obtained
from urine sample tested positive for afaC gene.
The amplicon of this isolate was further sent for
sequencing (Chromous Biotech, Bangalore) and
analyzed by Basic Local Alignment Search Tool and
was confirmed it to belong to the DAEC family. The
sequence was submitted to Banklt (accession no.
MT444431). This isolate, U-6065, was used as the
reference strain in the study.

Standardizing the monoplex pcr for detection of
bla_,, gene

Previously reported primers were used
for standardising this PCR. ® (Table 1). Similar
methods as described above were used to
establish this bla_,, ESBL monoplex PCR. The PCR
conditions were found to be optimum using the

following protocol - Initial denaturation at 94°C for
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4 minutes, followed by 30 cycles of denaturation at
94°C for 1 minute, annealing at 53°C for 1 minute,
extension at 72°Cfor 1 minute 30 seconds and final
extension at 72°C for 12 minutes. The 12 minutes
of final elongation time was found to be ideal for
the amplification of bla_,,, gene with 1080 bp. All
the 60 E. coliisolates were subjected to this bla™"
ESBL monoplex PCR.

Standardization of multiplex PCR

A multiplex PCR targeting 2 pathotype
specific genes viz., afaC (208 bp), bla_,, (1080 bp)
was developed along with an IAC (660 bp) (Table
1).E. coli isolates U-6065 and E-5455 which were
confirmed by monoplex PCR for the presence of
afaC gene and bla_,, genes respectively were
employed as the reference strains for establishing
this multiplex PCR. Once successful amplification
of the target genes was achieved, the optimization
of multiplex PCR was conducted, determining the
optimal concentrations of PCR reagents such as
MgCl,, primers, dNTPs, and Tag polymerase. To
standardize the multiplex PCR, a gradient range
of annealing temperatures spanning from 50°C to
58°C was set. The optimum annealing temperature
was concluded to be 53°C for multiplex PCR.

The reaction was finally optimized using
the following components: 2.0ul PCR Buffer (10X),
2.0ul MgCl, (25 mM), 1.2ul ANTP mix (2 mM),
0.2ul Tag polymerase, 0.4ul of 10 pmol of afaC
gene Primers (F & R), 0.8ul of 10 pmol of bla,,,,
gene Primers (F & R), 50-100 ng of template
DNA from the reference strains. Additionally, a
minimum quantity of 0.3 pmol of the IAC primer
was included in the reaction along with IAC DNA.
The final PCR reaction volume was adjusted to
20ul using PCR-grade water. The PCR conditions

Table 2. Results of Monoplex PCR (n=60)

No. Pathotype Gene Size Positives
1. ESBL bla_,,, 1080 bp 20% (12/60)
2. DAEC afaC 208 bp  1.6% (1/60)

Table 3. Results of multiplex PCR assay (n=80)

No. Pathotype Gene Size Positives
1. ESBL bla_,,, 1080 bp 20% (16/80)
2. DAEC afaC 208 bp Nil

for amplification, included initial denaturation at
94°C for 4 min, 30 cycles of denaturation at 94°C
for 1 min, 53°C of annealing for 1 min, 72°C of
extension for 1 min 30 seconds followed by final
extension at 72°C for 12 minutes. The multiplex
PCR products were visualized in 1% agarose (Hi-
media, Mumbai, India) gel stained with ethidium
bromide after electrophoresis in a 1X Tris-acetate
EDTA buffer at 100 V for 1 hour 30 minutes. The
amplicons were examined and documented using
GelDoc system.

A total 80 freshly isolated E. coli from
diarrheal stool samples were tested using this
multiplex PCR.

RESULTS

Initially 60 E. coli phenotypically identified
E. coliisolates were subjected to monoplex PCR. Of
these 60 isolates, 33 were MDR strains and were
shown to be ESBL producers. However, among
these strains only 12 isolates tested positive by
monoplex bla.,,, gene PCR (Table 2). Twenty-seven
phenotypically confirmed Non-ESBL E. coliisolates
tested negative for this target gene. Only one strain
isolated from urine tested positive for DAEC PCR
(Table 2).

Multiplex PCR to detect DAEC and ESBL
strains among phenotypically identified E. coli

bIGTEM 1080 bp
1AC 660 bp

500 bp

afaC 208 bp [

100 bp EECEEE

Figure. Amplification of DAEC, ESBL and IAC genes
Footnote: Agarose gel electrophoresis showing
multiplex and monoplex PCR pattern

Lane 1: 100 bp DNA Ladder, Lane 2: multiplex PCR,
Lane 3: blamw Lane 4: IAC, Lane 5: afaC, Lane 6:100
bp DNA Ladder
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isolates was successfully established (Figure).
All three genes, i.e., afaC, bla.,, and pUC 19 (as
Internal amplification control) could be detected
in this multiplex PCR assay. This standardized
multiplex assay was used to test a fresh set of 80 E.
coliisolates. Of these 80 isolates 24 were positive
for ESBL production by phenotypic method. Of
these 24 isolates, 16 were positive for bla_, gene
(Table 3). The IAC had amplified in all the reactions
successfully. We did not detect any afaC gene
among these strains.

The overall incidence of DAEC strain
tested using the molecular assay was 0.7% (1/140).
The incidence of ESBL when tested phenotypically
was 40.7% (57/140) and the incidence of ESBL
based on the detection of the bla, gene was
20% (28/140). The overall frequency of bla_,,, gene
among ESBL producers was 49.1% (28/57).

DISCUSSION

DAEC has not only been linked to
diarrhoea but also to several chronic disease
conditions related to colon, e.g. Crohn’s disease
and even to colorectal cancer.>*31%1920 The afaC
gene is one of the molecular marker to identify
DAEC and helps to differentiate DAEC from the
other diarrheagenic E. coli pathotypes.’®!* The
Afa-1 operon is responsible for expression of
afimbrial adhesin. This gene is also present in
uropathogenic E. coli (UPEC) strains giving them
the ability to adhere to epithelial cells.®! The
only afaC + E. coli in this study was a urinary
isolate. The possibility of this strain being a UPEC
cannot be ruled out. However, further molecular
characterization is essential for its confirmation.
This isolate was subjected to pap gene PCR for
identification of UPEC; however, it turned out to
be negative. Finding an afaC gene in other E. coli
strains is not uncommon as intra and interspecies
horizontal gene transfers are well known.® E. coli
strains not only from diarrheic samples but also
from other infectious samples need to be screened
for the presence of this virulence gene.®'*?! The
isolates we included in the study were from
different clinical samples like blood, stool, urine,
pus, exudates, endotracheal tube and aspirations.
The PCR amplicon from afaC positive isolate was
confirmed by sequencing and BLAST analysis.

This novel sequence is submitted to GenBank
(accession no. MT444431).

Initially, we used 60 phenotypically
characterized E. coli isolates recovered from
various clinical samples and established monoplex
PCR assays for both the targets. After having
satisfactorily established the monoplex PCR
assays, we designed a multiplex PCR assay for their
simultaneous detection. A fresh set of 80 E. coli
isolates from clinical samples was tested by this
mPCR assay.

The overall occurrence/frequency
of DAEC in our study was 0.7% (1/140). Such
low prevalence has been reported by other
investigators as well. These studies have employed
the detection of daaE gene for identification of
DAEC among diarrheic samples.>'%?? Low rates of
DAEC could be attributed to various factors, such
as the specific patient population or the limited
number of samples analysed. Studies with larger
sample size and diverse patient populations are
needed to establish a dependable estimation of
DAEC prevalence. The detection rates of DAEC
are higher when investigators have used the afaC
gene.”®? Interestingly, the presence of afaC gene
of E. coli strains has been more frequently linked to
inflammatory bowel disease and colorectal cancer.
The DAEC have the ability to adhere to and invade
epithelial cells and are likely play a role in epithelial
to mesenchymal transition.*1320

Most studies focusing on the detection of
extended spectrum B-lactamase (ESBL) producing
strains and diffusely adherent E. coli (DAEC)
pathotypes have worked on isolates from stool
samples. In this work we have included isolates
from various clinical samples as the pathogenicity
of E. coli is extensive. Identification of E. coli
pathotypes is essential as they display different
virulence and resistance mechanisms. Precise
pathotype identification helps to understand the
mechanisms involved in the pathogenesis of the
infection and directs the management decision
for the infection.**?! Drug resistance is a frequent
problem in E. coli infections and isolation of MDR
strains in common. Both genotypic and phenotypic
tests were used in this work to determine the
prevalence of ESBL producers. Of the total 140
isolates 57 (40.7%) were found to be positive for
ESBL production by phenotypic detection while
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28 showed presence of bla_, gene. All the 28
isolates positive for bla_,, PCR were also positive
by phenotypic method for ESBL production.
The prevalence of 40.7% ESBL-producing strains
among the tested clinical isolates is alarming. With
bla_ gene only 20% isolates were positive for
ESBL activity. In this work we have targeted only
one gene from among the various other targets
available for ESBL production. Prevalence rates of
ESBL producers and distribution of various drug
resistance mechanisms vary among different
hospitals in the country and worldwide.*** The
bla_, . in particular has gained much prominence
due to its global prevalence. The prevalence of
ESBLs reported from various other studies from
India ranges from 37% to as high as 91%.21%% |t is,
therefore, important to continue monitoring and
understanding the significance of ESBL production
by both molecular and phenotypic methods.
Inclusion of other targets to determine ESBL
production like bla . bla,,, bla, in an mPCR
for this purpose is essential and we hence intend
to establish such an assay in future. Molecular
methods for detection of resistance mechanisms
are ever evolving as gene alterations keep
occurring in Gram negative pathogens. Phenotypic
methods for identifying ESBL production may not
consistently align with existing molecular assays
because of incessant appearance of newer drug
resistance mechanisms. Therefore, updating
or development of novel molecular methods is
imperative to accurately identify ESBL production
in such cases.?® Mandal et al. reported 37.6%
of DEC isolates to be ESBL producers of which
51.8% were bla. positive. 'Govindaswamy et al.,
found 59.53% of their E. coli isolates producing
ESBL when tested by disk potentiation test of
which 67.3% isolates tested positive for bla_,,,.”*
Chellapandi K et al., reported 91.6% of E. coli
isolates were ESBL producers by phenotypic
method. They did not test for bla_,, gene in their
isolates.' El Aila et al., evaluated various gram-
negative isolates phenotypically and found 51.6%
of the isolates produced ESBL of which 57.6%
were bla_  positive. 7 It is imperative to know
the local prevalence of drug resistance and the
drug resistance mechanisms in commonly isolated
pathogens.

A major challenge with mPCR is the
potential for false negative results. The absence of

a positive signal may not truly indicate the absence
of the target DNA. False negatives may occur
due to various other factors like PCR inhibition,
sample degradation or technical issues. To
address this issue, The European Standardization
Committee (CEN) and International Organization
for Standardization (ISO) have suggested the
inclusion of an Internal Amplification Control
(IAC) in PCR testing protocols for detecting
pathogens.?®%

CONCLUSION

The use of mPCR assay in our study
played a crucial role in evaluating DAEC strains
and detecting the presence of the bla_,,, for ESBL
production. The importance of mPCR in identifying
these pathogens and resistance genes lies in its
ability to simultaneously detect multiple targets
in a single assay. The detection of DAEC strains
using mPCR allows for efficient identification of
this pathotype, which has been linked not only
to diarrhoea but also to chronic conditions such
as Crohn’s disease and colorectal cancer. This is
valuable in understanding the role of DAEC in
various diseases and their potential impact on
human health. Furthermore, the detection of
the bla_,, gene, known for conferring resistance
to B-lactam antibiotics, is of great significance
in monitoring and combating antimicrobial
resistance.

The implementation of mPCR in routine
diagnostic laboratories can aid in timely and
accurate identification of pathotypes and
resistance profiles, enabling appropriate treatment
strategies and effective management of infectious
diseases. Although our mPCR assay currently
focuses on a limited number of gene targets, it is
flexible to incorporate additional targets without
compromising the accuracy and specificity. In
future, we desire to expand the assay by including
more genes of interest to this assay. The flexibility
of mPCR allows it to be used for specific diagnostic
needs and has great applicability in a rapidly
evolving field of biomedical sciences.
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