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Enteroaggregative Escherichia coli (EAEC) have been reported as causative agents of
persistent diarrhea in infants and young children in developing countries, outbreaks of food
borne illness in industrialized countries. A growing number of reports and the rising proportion
of diarrheal cases in which EAEC are implicated suggest that EAEC are important emerging
agents of pediatric diarrhea. In this study, EAEC strains obtained from children with diarrheic
symptoms in Thailand during years 2008-2009 were characterized for virulence associated genes
of EAEC by multiplex PCRs, determined for invasions property, and antimicrobial susceptibility
tests by agar disk diffusion.

Determination of virulence-associated genes by PCR demonstrated that 32% of 268
EAEC strains were positive for the presence of aggregative fimbriae genes (aggA, aafA, agg3A),
but 68% were negative. About 23 % and 13% of EAEC strains were ast4, and pet genes
positive, respectively. The AAF and enterotoxin genes negative strains which accounted for 47%
of EAEC were found the most frequent.

EAEC strains were randomly selected and assayed for invasion to HeLa cells. Of 55
EAEC strains tested, 10.9% were found to be highly-invasive, 12.7% were invasive, and 76.4%
were non-invasive. The CFU/well of highly-invasive EAEC and invasive-EAEC strains
decreased gradually from 0 to 6 h of post-infection, with a marked decrease at 24 h demonstrated
the inability of EAEC to proliferate with the cells.

About 90% of 192 EAEC strains were resistant to antimicrobial drug. The frequency of
resistant to 2, 3, 4, and more than 5 drugs were found in 9.8%, 17.9%, 25.4%, 27.2% and 19.7%
strains of EAEC, respectively.  EAEC strains were 90%, 76%, and 73% resistant to AMP, TE,
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and SXT, respectively. About 7% of EAEC strains were confirmed as ESBL-producing.

These result indicated that EAEC strains in Thailand are heterogeneous with regard to
their virulence factor profile. The expression of aggregative adherence (AA) phenotype can be
mediated by as-yet-unidentified, alternative adherence factor(s). Toxins or factors other than
enterotoxins may play a role in pathogenesis of EAEC. Some EAEC strains are invasive, but
they cannot survive. The majority of EAEC are drug resistance and some are ESBL-producing
that may cause severe complication to children infected with EAEC. Genotypic assay of the

ESBL-producing EAEC needs to be further investigations.

Purpose:

EAEC are defined as E. coli strains that do not secrete heat-labile (LT) and heat-stable
(ST) enterotoxins, and adhere to HEp-2 or HeLa cells in an aggregative adherence (AA) pattern.
Since Nataro ef al © first described EAEC as an agent of pediatric diarrhea in 1987, a growing
number of studies have supported the association of EAEC with persistent diarrhea in infants and
young children in developing countries. Recent outbreaks of EAEC as a cause of food borne
illness in industrialized countries have been reported. In 1993, a massive outbreak of EAEC
diarrhea occurred in the Gifu Prefecture, Japan, in which 2,697 children at 16 schools became ill
after consuming contaminated school lunches ®. Four outbreaks of EAEC-related diarrhea
occurred in the United Kingdom in 1994 V. A growing number of reports and the rising
proportion of diarrheal cases in which EAEC are implicated suggest that EAEC are important
emerging agents of pediatric diarthea. The pathogenesis of EAEC infection is not well
understood. Histopathologic examination of tissues from infected patients and animal models
have shown that EAEC strains enhance mucus secretion from the mucosa, with bacteria trapped
in a bacteria-mucus biofilm. Human volunteers who ingested EAEC strains excrete mucoid
stools. The role of excess mucus production in EAEC is unknown. Three types of aggregative
adherence fimbriae types I (AAF/I), II (AAF/II), III (AAF/IIT) have been shown to be required

for expression of an AA pattern on the surfaces of HEp-2 and HeLa cells ¢,

In addition, a
variety of other virulence factors have been described, including the heat-stable enterotoxin
(EAST1)®, and the plasmid-encoded toxin (Pet) .  The role of EAST1 and Pet in mucus

secretion has not yet been determined.
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The study of prevalence of childhood diarrhea-associated E. coli in Thailand, during
1996 — 2000 showed that EAEC was the pathotype most frequently isolated in Thai children in
every year, indicating the important of EAEC in Thai children ®. Little is known about the
pathogenesis of EAEC in Thailand. Therefore, analysis of virulence factors of EAEC is required
to better understand their role in diarrhea disease that may lead to the improvement of laboratory

diagnosis, prevention and control of EAEC infections.

This study was designed to investigate the virulence factors and antimicrobial
susceptibility of Enteroaggregative Escherichia coli (EAEC) strains isolated from children in
Thailand.

Methods:

1. Bacterial strains
E. coli isolates obtained from children with acute diarrhea who attended hospitals across
Thailand during years 2008-2009 were included in this study. E. coli isolates were confirmed

by standard methods ©.

2. Identification of Enteroaggregative E. coli by HeLa cells adherence assay

E. coli isolates were identified for EAEC by HeLa cell-adherence assay as described
by Nataro et al '”. HeLa cells were grown to 70-80% confluence in DMEM with 10 % fetal
bovine serum and antibacterial-antimycotics (100 U of penicillin, 100 pg of streptomycin, and
0.25 pg/ml of amphotericin B in 0.85% saline) on circular cover slips of 13 mm diameter in
24-well tissue culture plates at 37°C in 5% CO,. Cells were washed twice with 500 pl of
phosphate-buffered saline (PBS), and 500 pul of fresh DMEM with 1% alpha-D-mannoside were
added into each well. Ten microlitre of overnight-grown E. coli in LB-broth (2x10° cells) were
inoculated into the wells. After 3 h incubation, the wells were washed thoroughly three times
with PBS to remove non-adherent bacteria and air-dried completely. The cover slips in the wells
were fixed with 100% methanol for 10 min, stained with 10% Giemsa stain for 30 min, and then
air-dried completely. The cover slips were mounted on glass slides and examined under a light
microscope. Each assay was done in duplicate. The adherence pattern was observed under
light microscope. Three distinct adherence patterns were identified according to the descriptions

of Nataro. Aggregative adherence pattern (AA) was characterized by the appearance of
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stacked-brick clumps of bacteria on the surface of HeLa cells as well as on the cover slip.
Localized adherence pattern (LA) was characterized by the formation of microcolonies on the
cell surface but rarely on the cover slip. Diffuse adherence pattern (DA), the surface of cells were
covered with individual bacteria. Non-adherence, only few bacteria adhered to the cells. E. coli

isolates that adhered to HeLa cells in an AA pattern were identified as EAEC.

3. Determination of virulence-associated genes of EAEC by PCR.

Bacterial cell suspension (10°to 10° organisms per ml), which prepared by suspending
colonies on overnight-grown LB agar plate in 100 pl of sterile distilled water, were boiled for 20
min and spin down to obtain template DNA in the supernatant. The PCR assay was carried out in
0.2 ml microcentrifuge tubes with 25 pl of reaction mixture consisting of PCR buffer, dNTPs,
primers specific for genes encoding AAF/I (aggA), AAF/I (aafA), AAF/MI (agg3A), EAST1
(astA) and Pet (pef), Tag DNA Polymerase, and template DNA. The reaction mixtures were run
in a thermal cycler (model 9700, Perkin-Elmer Corp). The amplified DNA products were
resolved by agarose gel electrophoresis at a constant voltage of 100 until the front dye had
migrated approximately two-thirds of the length of the gel. The gel was stained with ethidium
bromide (0.5 pg/ml) for 15 min, then rinsed twice with water for 10 min each. DNA fragments
were visualized under UV light at 320 nm and photographed.

In addition, E. coli isolates were also ruled out of ETEC, EIEC, STEC, and EPEC by

multiplex PCR as described by Fumiaki e/ al .

4. Determination of HeLa cells invasion assay

EAEC strains were tested for their ability to invade HeLa cells as described by
Benjamin et al ®@. HeLa cells (2x10° cells) were grown to 70-80% confluence in DMEM with
10% fetal bovine serum and antibacterial-antimycotics (100U of penicillin, 100 pg of
streptomycin, and 0.25 pg/ml of amphotericin B in 0.85% saline) in 24-well tissue culture plates
(Nalge Nunc) at 37°C in 5%CO,. HeLa cells in monolayer were washed twice with 500 pl of
PBS, and 500 ul of fresh DMEM with alpha-D-mannoside at a final concentration of 1% was
added into each well. At the same time, E. coli strains were cultured in 3 ml of LB broth at
37°C for 18 h. The well-grown bacterial culture were washed twice with PBS and reconstituted
to a concentration of 1x10® cells/ml. Twenty microlitre of bacterial suspension was inoculated

into each tissue cultured well. After 2 h of incubation, the HeLa cells were washed three times
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with PBS, and incubated for an additional 1 h in 500pl of fresh DMEM containing gentamicin
(Difco) at the final concentration of 100 pg/ml. The infected cells were washed three times with
PBS, lysed by adding 500 ul of sterile distilled water, and left at room temperature for 30 min.
Serial dilutions of cell lysate were plated on LB agar for overnight incubation at 37°C to
determine colony-forming unit (CFU), which is equivalent to the number of viable intracellular
bacteria. The assays were done three times, with each time in duplicate. The percent invasion
was calculated from the CFU of the original inoculum of bacteria and the mean CFU recovered
from the HeLa cell lysates. The mean % invasion of three independent assays were normalized
and scored as 0-10. EPEC strain E 1228 and JM 109 were used as positive and negative controls,

respectively.

5. Antimicrobial susceptibility test

Antimicrobial susceptibility test of EAEC strains were tested with 12 antimicrobial
disks including Amikacin (AK, 30 ug), Ampicillin (AMP, 10 ug), Amoxicillin/clavulanic acid
(AMC, 30 ug), Cefotaxime (CTX, 30 ug), Ceftazidime (CAZ, 30 ug), Cefuroxime (CXM, 30 ug),
Cephalothin (KF, 30 ug), Chloramphenicol (C, 30 ug), Sulphamethoxazole/Trimethoprim (SXT,
25 ug), Gentamicin (GN, 10 ug), Norfloxacin (NOR, 10 ug), and Tetracycline (TE, 30 ug) by
agar disk diffusion method as described by National Clinical Laboratory Standard (2008).  The
suspected ESBL-producing EAEC strains were then confirmed with a combination antimicrobial
disk of ceftazidime(30ug), ceftazidime/clavulinic acid(30/10ug) and cefotaxime(30ug),

cefotaxime/clavulinic acid(30/10ug).

Results:

A total of 4,008 E. coli isolates obtained from children with diarrhea symptoms during
the year 2008 and 2009 were examined in this study. EAEC strains were identified by HeLa cells
adherence assay. EAEC strains were found in 268 of the 4008 (6.7%) E. coli isolates. The
isolation rates of EAEC were about 7.6 % and 4.8 % in year 2008 and 2009.

EAEC strains were then determined for the presence of genes encoding AAF/I (aggA),
AAF/ (aafA), AAF/MI (agg3A), EAEC heat stable enterotoxin (EASTI, astA) and Plasmid

encoded enterotoxin (Pet, pef) by a multiplex PCR. About 27%, 1%, and 3% of EAEC were aggA4,
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aafA, and agg3A positive, respectively; whereas, 68% of EAEC were AAF genes negative.
Regarding the prevalence of enterotoxin genes, ast4 and pet genes were found in about 20%, and

12 % of EAEC, 9% of EAEC were both ast4 and pet genes positive as shown in tablel.

EAEC strains were randomly selected and assayed with HeLa cells. The mean %
invasion of the test strains were normalized and scored. Of 55 EAEC strains tested, 10.9% were
found to be highly-invasive, 12.7% were invasive, and 76.4% were non-invasive. The CFU/well
of highly-invasive EAEC and invasive-EAEC strains decreased gradually from 0 to 6 h of
post-infection, with a marked decrease at 24 h of post-infection as shown in figure 1.

EAEC strains were tested for antimicrobial susceptibility by agar disk diffusion. About
90% of 192 EAEC strains were resistant to antimicrobial drug. EAEC strains were 90%, 76%,
and 73% resistant to AMP, TE, and SXT, respectively. Details of antimicrobial resistant are
shown in table2. About 72% of EAEC were multi drug (more than 3 different drugs) resistance.
In addition, about 7% of EAEC strains were confirmed as ESBL-producing,

Discussion:

In this study, EAEC strains were investigated to determine the carriage of genes that
encode for virulence-associated factors, such as aggd (AAF/) and aafd (AAF/M), agg3A4
(AAF/II), astA (EAST1) and pet (Pet), by multiplex PCR. It was found that 32% were AAF
genes positive. The majority of EAEC (~68%) were AAF genes negative. In addition, ast4 and
pet were found in about 20% and 12% of EAEC strains. Taken together, the majority (47%) of
EAEC from this study were both AAF and enterotoxin genes negative.

These results were somewhat different from other studies. Bouzari et al. ® had
shown by hybridization that among 98 EAEC strains from Iranian children, 8% were positive
with AAF/I probe, 25% with AAF/I probe, and 5% with AAF/I and AAF/II probes. Ellis et al.
13 detected AAF/I and AAF/I in 19% and 8% of 115 EAEC strains associated with childhood
diarrthea in Sao Paulo, Brazil. In contrast, Okeke et al. 9 detected AAF/ and AAF/II
genes in 63% and 35% of 131 EAEC strains isolated from children in southwestern Nigeria.
Czeczulin et al. * found that 32% of EAEC strains from various epidemiologic studies
hybridized with AAF/I probe, and 18% hybridized with AAF/II probe. In addition,Vila et al. (1)
showed that AAF/1 and AAF/ were detected, respectively, in 0% and 8.7% of 23

diarrhea-associated EAEC strains from Spanish travelers to developing countries. Thus, the
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prevalence of AAF in EAEC appears to vary substantially as it ranges from 0 to 47.2% for AAF/I
and 8 to 35% for AAF/Il.  That ~68% of EAEC in this study were negative for aggd, aaf4,
and agg34, is in agreement with those reports of Vila “® and Ellis *® that the majority of
EAEC strains were negative to AAF/I and AAF/I probes. Therefore, these results strongly
suggest the presence of alternative adherence factor(s) in the expression of AA phenotype.

The role of EAST1 (astA) and Pet (pet) in intestinal secretion and enterotoxicity has not
yet been determined in humans. In this study, ast4 and per were found in about 20% and 12% of
EAEC strains. ast4 was found in 38% of EAEC strains associated with diarrhoea in Iranian
children *®. Savarino et al. ® demonstrated that ast4 was found in approximately 40% of
EAEC and in the similar proportion of non-pathogenic E. coli strains. Other E. coli categories,
most notably EHEC, elaborate EAST1 with a higher frequency than EAEC  ©. Vila et al. ¢%)
demonstrated that ast4 was detected in EAEC, diffuse adherent E. coli, and non diarrhoeagenic
E. coli with more frequently in strains from the control group than from the case group. Thus, the
potential of EASTI1 to cause the disease is controversial. It is possibly that unless additional
virulence factor(s) is present, EAST1 alone is insufficient to cause diarrhea.

In an outbreak of EAEC diarthoea in Mexico @7, Pet was identified in sera from
patients, suggesting its potential role in causing disease. Isolation rate of pet was variable
geographically. Therefore, significant questions persist in understanding of EAEC epidemiology
and pathogenesis. It has led some investigators to doubt the pathogenicity of EAEC.

Cravioto et al. *® demonstrated that 33% of EAEC isolates were obtained from children
with persistent bloody diarthoea. In addition, 2 of the EAEC strains had invasive ability,
although no further details were given. No other studies that have documented the association of
EAEC strains with persistent diarrthoea have provided clinical descriptions of the diarrhoea to
further assess the association of bloody diarrhoea with EAEC strains. HeLa cell-invasion assay
in this study showed though EAEC strains are able to invade, or most probably internalized by
the cells, they are unable to survive or multiply within the cells.

Nguyen et al " had studied the antimicrobial susceptibility of EAEC strains in Hanoi,
he reported that 86.4% of Diarrheagenic E. coli strains were resistance to AMP, 88.3% were
resistant to SXT, and multi drug resistance were found in 91.8% of EAEC strains. This present

study also demonstrated that strains 90% and 73% of EAEC were resistant to AMP, and SXT,,
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and more than 90% of EAEC in Thailand were multi drug resistance. These results indicated the

spread of antimicrobial resistant strains of Diartheagenic E. coli in this region. The genetic

analysis of multi drug resistant and ESBL-producing needs to be further characterized.
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Table 1. Aggregative adherence fimbriae genes and enterotoxin genes of 268 EAEC strains

as determined by PCR.
Aggregative fimbriae genes Enterotoxin genes No.(%)
aggA  aafA agg3A astA pet of strains
+ - ; - - 68 (25.4)
+ ] ; + - 6(2.2)
- + - + + 2(0.7)
- + - - + 1(0.4)
- - + + - 9(3.4)
- ] - + - 23 (8.6)
- - ] + + 22 (8.2)
; . - - + 10 (3.7)
- - - - - 127 (47.4)
74(27.6) 3(1.1) 9(34)  62(23.1) 35(13.1)
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Table 2. Antimicrobial resistant of EAEC strains isolated from children in year 2008-2009.

No. (%) of antimicrobial resistant EAEC strains

Type of 2008 2009 Total
antimicrobial (n=112) (n=61) (n=173)
AK 2(1.8) 0(0) 2(1.2)
AMP 100(89.3) 56(91.8) 156(90.2)
AMC 7(6.2) 4(6.6) 11(6.3)
CTX 7(6.2) 4(6.6) 11(6.3)
CAZ 5(4.5) 1(1.6) 6(3.5)
CXM 8(7.1) 5(8.2) 13(7.5)
KF 17(15.2) 14(22.9) 31(17.9)
C 49(43.7) 23(37.7) 72(41.6)
SXT 76(67.8) 51(83.6) 127(73.4)
CN 25(22.3) 13(21.3) 38(22.0)
NOR 1(0.9) 1(1.6) 2(1.1)
TE 88(78.6) 44(72.1) 132(76.3)

Note : Amikacin (AK, 30 ug), Ampicillin (AMP, 10 ug), Amoxicillin/clavulanic acid (AMC, 30

ug), Cefotaxime (CTX, 30 ug), Ceftazidime (CAZ, 30 ug), Cefuroxime

(CXM, 30 ug),

Cephalothin (KF, 30 ug), Chloramphenicol (C, 30 ug), Sulphamethoxazole/Trimethoprim (SXT,

25 ug), Gentamicin (GN, 10 ug), Norfloxacin (NOR, 10 ug), Tetracycline (TE, 30 ug)
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Figure 1. Intracellular survival in HeLa cells of highly-invasive and invasive EAEC, and

Salmonella serovar Typhi.
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Abstract

A total of 39 variable number of tandem repeat (VNTR) loci were explored in silico
from five sequenced Salmonella enterica serovar Typhimurium strains. Sixteen of the
VNTRs were polymorphic for the number of repeats in 40 diverse isolates tested.
These 16 VNTRs were further tested on panels of 183 diverse isolates, 203 closely
related isolates and 54 isolates from seven outbreaks, to assess their allelic diversity,
variability and stability, to compare the discriminatory power of pulsed-field gel
electrophoresis (PFGE) and multilocus VNTR analysis (MLVA) and to evaluate the
usefulness of MLVA data in delineating phylogenetic structure among isolates. The
evaluations revealed that five of the 16 VNTRs had diversity values greater than 0.5,
and three (STTR5, STTR6 and STTR10) were hypervariable. The results obtained
from the outbreak isolates suggested that the 16 VNTRs were considerably stable in
isolates recovered during a normal outbreak time course. MLVA4, based on the four
most variable VNTRs, exhibited a better resolving power over PFGE in discriminating
among isolates, in particular among the closely-related isolates. MLVAS, which is
based on five VNTRs and has been widely used in many European laboratories,
displayed a level of discrimination close to MLVA4. The phylogenetic tree established
using the MLVA16 profiles presented four distinct clusters, which were associated
with four different phage types. Therefore, MLVA based on four or five highly variable
VNTRSs can be sufficient to supplement or replace PFGE for outbreak investigation
and surveillance of S. Typhimurium infection, and MLVA data based on 16 VNTRs

can be useful in establishing clonal structures among isolates.

Keywords: Salmonella enterica serovar Typhimurium; variable number tandem repeat
(VNTR); multilocus VNTR analysis (MLVA); disease surveillance; phylogenetic

analysis
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1. Introduction

Salmonella enterica serovar Typhimurium is a broad-host range zoonotic pathogen, a
major cause of human gastroenteritis, and transmitted primarily via contaminated food
or, occasionally, via pets (Centers for Disease Control and Prevention, 2005) or from
person to person (Alam et al., 2005). Diffused outbreaks or even multi-national
outbreaks of S. Typhimurium infections have frequently been reported in recent years,
accompanied by the application of discriminative molecular typing methods in the
detection of disease cluster and epidemiological investigation (Bruun et al., 2009;

Fuller et al., 2008; Van Duynhoven et al., 2009).

Among the discriminative molecular typing methods, pulsed-field gel electrophoresis
(PFGE) is a universal subtyping tool for bacterial pathogens. Several PFGE protocols
have been standardized and implemented in the laboratories of PulseNet International,
an international molecular subtyping network for foodborne disease surveillance
| (Swaminathan et al., 2006). Although PFGE is highly discriminative for most bacterial
pathogens, in certain circumstances it is not sufficient to resolve epidemiologically
unrelated isolates of monomorphic pathogens (Liang et al., 2007; Noller et al., 2003).
Moreover, PFGE data are less useful than sequence-based methods, for example,
multilocus sequence typing (Maiden et al., 1998), in delineating phylogenetic structure

among isolates.

Bacterial genomes contain thousands of tandem repeat (TR) loci; a small portion of
the loci are polymorphic in terms of the number of repeats across strains. The
polymorphic loci, referred to as variable-number tandem repeat (VNTR) loci, possess
a wide range of mutability (Grant et al., 2008; Noller et al., 2006; Vogler et al., 2006;

Vogler et al., 2007), making VNTRs useful for assessing genetic relatedness among
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