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Abstract. Food-borne illness caused by Salmonella enterica remains a public health 
problem and results in economic loss worldwide. With the up-coming establish-
ment of the ASEAN Economic Community (AEC) allowing unrestricted move-
ment of labor and goods, there is a higher risk of pathogen transmission among 
the AEC countries. This study characterized and investigated the spatial and 
temporal associations of S. enterica strains isolated in AEC countries during 1940-
2012 compared with those isolated in northern-Thailand during 2011-2013. Of the 
173 S. enterica strains examined, 68 sequence types (STs) and 32 clonal complexes 
(CCs) were identified by multi loci sequence typing. Twenty-one strains belonged 
to four sequence types new to AEC countries, and they constituted only two CCs. 
A number of strains originated from various countries with multiple hosts, were 
highlighted. There was evidence of strains circulating in the AEC region well over 
a decade. Such information will be important in formulating biosecurity measures, 
as well as in educating regarding the risk of disease transmission in AEC.

Keywords: Salmonella enterica, ASEAN Economic Community, diversity, multi 
loci sequence typing, Thailand 

animal origin, such as beef, egg, milk, 
pork, and poultry are known causes of 
food-borne illnesses (Quintavalla et al, 
2001; Mürmann et al, 2009; Sirichote et al, 
2010). In addition, direct contact between 
animal and animal, animal and humans, 
humans and humans as well as indirect 
contact via the environment are involved 
in the disease transmission (Tadee et al, 
2015). Thus, there has been an increase 
in recognition of pathogen transmission 
through international travel, international 
food chain supply, environmental changes 
and human migration as being important 
causes of disease dissemination (Gushu-
lak and MacPherson, 2004; Soto, 2009; Liu 

INTRODUCTION

Food-borne illness affected by Sal-
monella enterica is a public health prob-
lem and a cause of economic loss in 
many countries (Le Fo Wong et al, 2002; 
Giovannini et al, 2004; Prendergast et 
al, 2009; Rostagno and Callaway, 2012). 
Consumption of contaminated food of 
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et al, 2011).
Southeast Asia or ASEAN region is an 

area with high prevalence of salmonellosis 
due to S. enterica, persisting over several 
decades, indicating that this disease is 
quite difficult to eradicate (Stevens, 1946; 
Sanborn et al, 1979; Arumugaswamy et al, 
1995; Barralet et al, 2004; Lee et al, 2005; 
Boonmar et al, 2008; Ta et al, 2012; Tadee 
et al, 2012). The establishment in 2016 of 
ASEAN Economic Community (AEC), 
comprising of ten countries, will unre-
stricted movement of services, labor and 
goods (Association of Southeast Asian 
Nations, 2008). This certainly will increase 
the chances of pathogens transmission 
among AEC countries.

Implementation of bacterial typing is 
an important argument for disease inves-
tigation and surveillance (Torpdahl et al, 
2005). Accordingly, more understanding 
of the disease epidemiology is needed. 
Serotyping is the most common technique 
for Salmonella typing (Quintavalla et al, 
2001; Swanenburg et al, 2001; Pulsrikarn 
et al, 2012). However, the technique has 
limited discriminatory power (Tadee et al,  
2015). As a result, tracking of infectious 
agents are not effective enough (Campioni 
et al, 2012). On the other hand, multi locus 
sequence typing (MLST) is able to over-
come this limitation of serotyping as it 
can differentiate bacterial strains from the 
sequences of multiple conserved house-
keeping genes (Mirajkar and Gebhart, 
2014). This technique is capable of accu-
rately distinguishing bacterial genotypes 
and is more appropriate in epidemiologi-
cal studies of bacterial pathogens such S. 
enterica (Torpdahl et al, 2005). 

Boonkhot et al (2015) have employed 
MLST to characterize S. enterica strains 
from swine production chain in northern 
Thailand during 2011-2013. However, the 

dataset lacks comparisons of S. enterica ge-
netic diversity in swine with other strains 
in other areas.  The current study em-
ployed S. enterica MLST to (i) characterize 
the distribution, diversity and evolution 
of S. enterica circulating in AEC countries, 
and (ii) compare the spatial and tempo-
ral associations of strains obtained from 
previous study in northern Thailand with 
strains previously submitted to MLST 
database (http://mlst.warwick.ac.uk/mlst/
dbs/Senterica) in order to expand existing 
knowledge of salmonellosis epidemiology 
in the ASEAN  region.

MATERIALS AND METHODS

S. enterica strains
A total of 30 S. enterica strains isolated 

from swine production chain in northern 
Thailand during 2011-2013 were obtained 
[environment (n = 23), swine (n = 4) and 
humans (n = 3)] and characterized by 
MLST [comprising aroC (encoding choris-
mate synthase); dnaN (DNA polymerase 
III beta subunit); hemD (uroporphyrino-
genIII cosynthase); purE (phosphoribo-
sylaminoimidazole carboxylase); sucA 
(alpha ketoglutarate dehydrogenase); 
hisD (histidinol dehydrogenase) and thrA 
(aspartokinase I/homoserine dehydroge-
nase)] from a previous study (Boonkhot 
et al, 2015). In addition, S. enterica strains 
(n = 143) analyzed by MLST from 7 AEC 
countries obtained during 1940 to 2012 
(http://mlst.warwick.ac.uk/mlst/dbs/
Senterica) were included. These strains 
were originated from Indonesia (n = 22), 
Lao PDR (n = 11), Malaysia (n = 45), The 
Philippines (n = 14), Singapore (n = 2), 
Thailand (n = 10) and Vietnam (n = 39), 
acquired from avian (n = 31), boar (n = 1), 
environment (n = 1), food (n = 2), humans 
(n = 87), reptile (n = 8),  and unknown host 
origin (n = 13). 
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Discriminatory index
Simpson’s diversity index was used 

to evaluate the discriminatory power of 
MLST method (http://darwin.phyloviz.
net/ComparingPartitions/). Simpson’s 
diversity index is calculated according 
the formula (Hunter and Gaston, 1988):

     
1

11 ( 1)
( 1)

s

j j
j

D n n
N N =

=

where D is Simpson diversity index, N the 
overall number of sample population, S 
the total number of varieties and nj the 
number of strains fitting into each variety. 
This index approximates the possibil-
ity that any two consecutively sampled 
strains from a sample population will fit 
to the same clutch. The index computes 
values in a range of 0.00 (certainly of no 
diversity) to 1.00 (immeasurably diverse).
Minimum spanning tree (MST) analysis

MST analysis is based on MLST char-
acteristics in each locus using BioNumer-
ics software version 7.1 (Applied Maths, 
Sint-Martens Latem, Belgium) to deter-
mine the relationships between sequence 
types and geographical areas (stratified by 
“advanced cluster analysis for categorical 
data” command). Sequence types that are 
closely related in loci characteristics are 
displayed in close proximities.

RESULTS

Of the 173 S. enterica strains (30 strains 
obtaining from swine production chain in 
northern Thailand and 143 strains acquired 
from S. enterica MLST database) examined, 
68 sequence types (STs) were generated 
from analysis of 7 loci performed by MLST. 
Thirty-two clonal complexes (CCs) were 
available from 147 strains, while the re-
maining of 26 could not be identified in any 
CCs (Table 1). Of the 30 strains obtained 
from swine production chain in northern 

Thailand, 21 (70%) were represented by 4 
new sequence types, namely, ST19, ST48, 
ST469 and ST1500, belonging to two clonal 
complexes, CC42 and CC66 (Boonkhot  
et al, 2015) (Table 1). The most frequent se-
quence type was ST2, followed by ST1541, 
then ST1, all of which belonged to CC13 or 
CC66. The strains belonging to CC3, CC13, 
CC56 and CC205, the groups of indistin-
guishable strains were isolated at different 
times, covering well over a decade.

The discriminatory power value of 
Simpson’s diversity index of MLST com-
pared with serotyping, the most conve-
nient method used for Salmonella charac-
terization, was 0.959 (95% CI: 0.947-0.971) 
and 0.904 (95%CI: 0.882-0.925), respec-
tively. In general, strains with common 
sequence types were demonstrated as the 
same serotypes, but strains congregated 
in Salmonella serotypes Weltevreden, S. 
Typhi, S. Typhimurium, S. Enteritidis, S. 
Kentucky and S. Newport were assigned 
to more than one sequence type. 

MST analysis based on allelic profile 
characteristics revealed that strains dis-
covered in Thailand were specific to a lim-
ited number of sequence types, namely, 
ST34, ST48, ST469, ST696, ST1500, and 
ST1541, the latter also found in Malaysia 
(Fig 1). Strains grouped in ST1, ST2, ST29 
and ST198 were distributed among at least 
3 AEC countries. In addition, > 40% of all 
strains had closely related allelic profiles 
(at least 5 loci) with similar CCs and were 
isolated from different host origins.

DISCUSSION

An investigation of the epidemiol-
ogy of 173 S. enterica strains and their 
relationships isolated from AEC countries 
over the past several decades revealed 
the existence of 68 sequence types (from 
analysis of 7 house-keeping  gene loci), the 
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Fig 1–Minimum spanning tree analysis of 173 S. enterica strains. Each circle represents each sequence 
type and size indicated numbers of strains. Thick solid line connects sequence type with one 
locus difference; solid, thin solid and dotted line connects sequence type with two, three and 
four loci differences, respectively; dashed line connects sequence type with > 4 loci differ-
ences. The grey shade area represents strains related by at least five gene loci (belonging to a 
common clonal complexes). 

majority of which could be grouped into 
CCs. Strains whose allelic profiles did not 
match with the others suggest that they 
contained infrequent sequence types due 
to rare recombination or mutation events, 
horizontal gene transfer or microevolu-

tion occurrences (Harbottle et al, 2006; 
Mirajkar and Gebhart, 2014). 

Application of Simpson’s diversity 
index indicated that MLST was superior 
than serotyping in differentiate the relat-
edness of S. enterica strains. This finding 
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is in agreement with previous studies 
on typing of S. enterica (Torphdalh et al, 
2005; Liu et al, 2011; Achtman et al, 2012), 
as well along with the other organisms, 
including Streptococcus suis (King et al, 
2002) and  Vibrio cholerae (Lee et al, 2006). 
In this study, a number of S. enterica se-
rotypes were associated with more than 
one sequence type,   a phenomenon also 
observed Salmonella, in which serotypes 
Weltevreden, Typhi and Typhimurium are 
correlated with common CCs (Liu et al, 
2011; Achtman et al, 2012) confirming the 
high resolution power of MLST technique. 

Seventy percent of S. enterica strains 
recently isolated from northern Thailand 
(Boonkhot et al, 2015) were represented by 
4 sequence types (ST19, ST48, ST469 and 
ST1500) new to AEC countries. S. enterica 
ST469 and ST1500 were isolated originally 
in AEC-nearly areas such as China and 
India, and ST19 was found first in China 
(Liu et al, 2011), demonstrating that the 
strains which are categorized in similar 
STs may be associated with the common 
ancestors as well as common sources of 
infection (Tadee et al, 2015). Conversely, 
most of strains belonging to ST48 are de-
rived from Europe (Torphahl et al, 2005). 
It may be the first time that this ST have 
been discovered in AEC region. Of the 
143 strains deposited in S. enterica MLST 
database, the highest frequency was ob-
served in ST2, followed by ST1541 and 
ST1, respectively. ST2 and ST1 have been 
reported as being the dominant sequence 
type isolated from humans in the AEC 
and nearby regions for decades (Dahiya 
et al, 2012). On the other hand, S. enterica 
ST1541 was very rare among AEC coun-
tries, being reported only in Malaysia. 
For that reason, it is difficult to conclude 
the epidemiology for this STs. Moreover, 
the presence of indistinguishable strains, 
discovered at different times well over a 

decade, is a strong evidence for the per-
sistence of certain S. enterica strains in the 
AEC areas (Tadee et al, 2015). 

MST analysis based on allelic profiles 
and geographical distributions in the AEC 
countries revealed that Thailand con-
tained unique S. enterica sequence types, 
almost all of which were isolated recently 
in northern Thailand, thus suggesting 
that the notion of facile disease spread of 
disease across international border in this 
region may not be relevant (Tadee et al, 
2015). Nevertheless, such strains as ST1, 
ST2 and ST198 have been discovered in 
various AEC countries (The information is 
demostrated in MST) (Fig 1). International 
travel, food chain supply and/or trade 
may be playing a key role on this aspect 
circumstances (Gushulak and MacPher-
son, 2004; Soto, 2009; Liu et al, 2011). 

In conclusion, MLST approach pro-
vides precise typing of S. enterica, which 
allows ready comparison of the results 
among different laboratories. It is ac-
cepted as a standard tool in routine geno-
typing suitable for diseases surveillance 
and investigation. This study provided 
information on S. enterica epidemiology 
in AEC countries that will be important 
for implementing biosecurity measures 
and for educating awareness of the risks 
of disease transmission in AEC.
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