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Introduction

Antimicrobial resistance (AMR) has become one of the most serious threats to
global health. Misuse of antimicrobials in humans and animals may accelerate the
emergence of AMR bacteria, which is especially critical in low-resource countries
such as Vietnam. B-lactam antibiotics are intensively used for the treatment of
bacterial infections. Among them, cephalosporins (3'%, 41", and 5" generations) are
classified as “Highest Priority”. However, resistance to these important
antibiotics has been increasingly recognized worldwide. Various mechanisms of
resistance to [-lactams have been described, but the production of
extended-spectrum B-lactamases (ESBLs) is specifically concerned. The increase
of ESBL-producers such as Escherichia coli has rendered many important
antibiotics ineffective. Since the rise of multidrug-resistant (MDR) bacteria with
the ability to produce ESBLs or carbapenemases, colistin has been re-classified as
a critical last-resort antibiotic to treat life-threatening infections. However, the
emergence of mobile colistin resistance (encoded by mcr genes) has threatened the
treatment options for those infections. Recently, the extent of mcr genes in
ESBL-producing bacteria has been gradually recognized worldwide. Such a



conjunction of mcr and ESBL genes is worried due to the possibility of limitation
for therapeutic options. Vietnam, where use of antibiotics is poorly managed, is one
of the countries facing a growing threat of AMR with thousands of deaths annually due
to MDR infections. The spread of ESBL or carbapenemase-producing bacteria are
challenging healthcare settings, especially for severe infections. Therefore, it is
necessary to detect, track and prevent AMR bacteria both inside and outside healthcare
settings. In the Central Vietnam, ESBL-producing bacteria such as E. coli,
especially those from children with diarrhea have not been studied sufficiently.
Thus, close surveillance to identify sources and reservoirs of ESBL and mcr genes
are needed to contribute to the One Health approach to combat AMR in Vietnam.
This study was aimed to detect and characterize ESBL-producing E. coli
(ESBL-Ec) isolated from retail raw foods and children less than five years of age
with acute diarrhea at a local area in Central Vietnam, Khanh Hoa province in
terms of their trends of resistance, characteristics such as ESBL genotypes,
virulence genes profiles, phylogenetic groups, serotypes and the occurrence of
mcr genes for better understanding of their molecular epidemiology.

Chapter 1. Isolation and antimicrobial resistance of ESBL-producing E. coli
from retail raw foods and children with diarrhea in Khanh Hoa province,
Vietnam

The prevalence of ESBL-Ec from chicken, pork, fish and shrimp was 66.4, 55.4,
42.0 and 19.6%, respectively. Prevalence of ESBL-Ec was statistically significant
(p<0.001) between chicken and fish, chicken and shrimp, pork and shrimp and fish
and shrimp. Besides, ESBL-Ec was also found in 45.9% of E. coli strains isolated
from patients with diarrhea. The reason why high prevalence of ESBL-Ec was
detected in animal-originated foods was not clear. However, the intensive use of
antibiotics in food-producing animals might be contributing to such predominance.
Most of the food isolates were resistant to tetracycline (TET) (96.6%),
chloramphenicol (CHL) (88.0%), sulfamethoxazole/trimethoprim (SXT) (81.7%),
nalidixic acid (NAL) (77.9%), streptomycin (STR) (64.4%), ciprofloxacin (CIP)
(59.1%), kanamycin (KAN) (58.2%), gentamicin (GEN) (51.9%), ceftazidime
(CAZ) (46.6%), colistin (CST) (31.3%), fosfomycin (FOF) (12.0%) and cefoxitin
(FOX) (4.8%). Noticeably, colistin resistance was found in 53.2, 31.8, 21.0, and
8.5% in ESBL-Ec isolated from chicken, shrimp, pork and fish, respectively.
Whereas ESBL-Ec isolated from patients resistant mainly to SXT (84.0%), NAL
(80.0%), STR (56.3%), TET (54.2%), CAZ (53.1%), CIP (47.0%), FOX (40.6%),
GEN (37.5%), KAN (26.0%) and CHL (9.4%). MDR was observed in high number
of ESBL-Ec isolated from all sources such as fish (100%), chicken (98.7%), pork
(93.5%), patients (91.7%) and shrimp (86.4%). It was found that a significant



number of ESBL-Ec isolates were multiple resistant phenotypes, but AMR
patterns of ESBL-Ec strains were significantly diverse and most of the patterns
were different from foods and diarrheal patients. These results suggested that
MDR ESBL-Ec could disseminate via retail raw foods and children with diarrhea
in Vietnam.

Chapter 2. Molecular characterization of ESBL-producing E. coli from retail
raw foods and children with diarrhea in Khanh Hoa province, Vietnam

In this chapter, ESBL-Ec isolated from both foods and diarrheal patients were
characterized for their ESBL genotype and virulence gene profile. The results
indicated that the CTX-M type was remarkably dominant in ESBL-Ec isolated from
retail raw foods (99.5%) and diarrheal patients (96.9%). Among CTX-M types, the
CTX-M-1 and CTX-M-9 groups were popular in ESBL-Ec isolates. However, the
CTX-M-1 group (71.6%) was more predominant in ESBL-Ec from foods than those
from patients, whereas the CTX-M-9 group (51.0%) was more common in ESBL-Ec
from patients than those from foods. Novelty, the CTX-M-2 (3.9%) and CTX-M-8/25
(1.3%) were detected in chicken isolates. This is the first detection of CTX-M-2 and
-8/25 groups in E. coli from chicken in Vietnam. The majority of ESBL-Ec isolated
from foods belonged to phylogenetic groups A and B1, whilst D and B2 were
predominant in ESBL-Ec isolated from diarrheal patients. MDR was more prevalent in
ESBL-Ec groups A (99.1%) and B1 (96%) than D (91.4%) and B2 (81%). Virulence
gene profile analysis showed that the astA gene (29.3%) encoding heat-stable
enterotoxin 1 (EAST1) was the most prevalent virulence gene in ESBL-Ec isolated
from retail raw foods. Besides, the eaeA (6.5%) and cdt (5.2%) genes encoding intimin
and cytolethal distending toxin (CDT) respectively, were also detected in ESBL-Ec
isolated from chicken. Moreover, all cdt gene-positive E. coli (CTEC) produced a
biologically active CDT, indicating that CDT might be potentially virulent. This
finding also implied chicken as an important reservoir of CTEC in Vietnam. In
ESBL-Ec isolated from patients, only afaD-3 (31.2%) and astA (16.1%) genes were
identified. Furthermore, the afaD-3 positive strains showed adherence activity
suggesting their potential association with acute diarrhea in children less than five
years of age in the Central Vietnam. Most of the ESBL-Ec harboring afaD-3 gene
belonged to Og86 (29%), Ogl (25.8%) and OgGp7 (25.8%) genotypes. This is the first
description of cdt and afaD-3 genes in E. coli isolated in Vietnam.

Chapter 3. Occurrence of mcr genes in ESBL-producing E. coli isolated from
retail raw foods and children with diarrhea in Khanh Hoa province, Vietnam
The aim of this chapter was to investigate occurrence of mobile colistin resistance
(mcr) genes (mcr-1 to mcr-8) in ESBL-Ec isolated from raw foods retailed in markets
and supermarkets and children with acute diarrhea at a local province in the Central



Vietnam. All 96 ESBL-Ec isolated from patients were negative for mcr genes, but 65
out of the 208 (31.3%) ESBL-Ec isolated from foods were positive for mcr genes
including mcr-1 (26.9%), mcr-3 (0.5%) and both mcr-1 and mcr-3 genes (3.9%).
Particularly, there was higher prevalence of mcr-1 in ESBL-Ec isolates from chicken
(53.2%) in comparison to those from shrimp (22.7%), pork (11.3%), and fish (6.4%).
Both mcr-1 and mcr-3 genes were detected in ESBL-Ec isolates from shrimp (9.1%),
pork (8.1%) and fish (2.1%) but not from chicken. This is the first detection of mcr-3
gene in E. coli isolated from fish and shrimp in Vietnam. The 65 mcr gene-positive
ESBL-Ec were MDR and resistant to colistin with the MICs of 4-8 pg/mL. PFGE
analysis and O-genotyping revealed diverse genotypes implying particular clonal
dissemination of mcr-harboring ESBL-Ec among retail raw foods in the Central
Vietnam might be very limited. S1-PFGE and Southern hybridization illustrated that
the mcr-1 and mcr-3 genes were located on either chromosomes or plasmids. However,
the size of plasmids harboring mcr genes was varying from 30 to 390 kb. Noteworthy,
co-location of CTX-M-1 with mcr-1 or mcr-3 genes on the same plasmid or at least on
the similar-size of plasmids was identified. A conjugation experiment indicated that
the mcr-1 or mcr-3 gene was horizontally transferable. Two mcr genes existed
individually or concurrently in ESBL-Ec isolates from retail raw foods, which might
further complicate the antimicrobial-resistant situation in Vietnam, and is a possible
health risk for humans.

Conclusions

This study revealed that MDR ESBL-Ec, some of which were potentially pathogenic to
humans, were disseminated among diarrheal children and retail raw foods in the
Central Vietnam. Especially, the CTX-M-type ESBLs were predominant in the
ESBL-Ec strains. Noteworthy, a high prevalence of transferrable mcr-1- and/or
mcr-3-harboring ESBL-Ec among retail raw foods was observed, which could
contribute to the wide dissemination of mcr genes to bacteria in the environment,
animals and humans. Moreover, co-existence of mcr genes with the genes encoding
CTX-M enzymes in a bacterial cell was found in ESBL-Ec. Such conjunction may
further exacerbate the co-occurrence and transmission of the drug-resistance genes into
wider population, which may result in increased human health risk.
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