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ABSTRACT

Over the past 10 years, Salmonella enterica serovar Enteritidis has emerged as a new serovar and a frequent cause of food-
borne diseases in Taiwan.  We used two molecular subtyping methods to investigate the development of the infections by S. enterica 
Enteritidis in Taiwan.  Twenty-eight strains of S. enterica Enteritidis isolated from Taiwan during the period of 1992 to 1998 were 
collected.  The primer pairs, MseI+C/EcoRI+0 and MseI+G/PstI+C, were used in amplified fragment length polymorphism (AFLP) 
analyses, and the restriction enzyme, AvrII, was used in pulsed-field gel electrophoresis (PFGE).  Twenty-two AFLP profiles with 
53~59 fragments in each profile were found by using the primer pair, MseI+G/PstI+C.  In the PFGE analysis, 7 PFGE types were 
identified.  Some of the collected strains, especially the imported strains, had closer relationships with the SE 02 strain isolated from 
Taipei County.  As our results indicate, AFLP analysis was time-saving, easy to perform, and highly discriminative.  In this study, 
AFLP and PFGE were used to analyze the S. enterica Enteritidis isolated from patients in Taiwan.  These results provide the epide-
miological distribution of these isolated strains and additional evidence to illustrate the sources of the food-borne pathogens.
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INTRODUCTION

There are more than 200 diseases which are transmitted 
through food(1).  The causes of food-borne illnesses include 
bacteria, viruses, parasites, toxins, and metals. In the USA, 
food-borne diseases cause an estimated of 6 to 81 million 
illnesses, and 9000 deaths each year(2-6).  Between 1986 and 
1995, 852 outbreaks of food-borne disease which involved 
26,173 cases and 20 deaths were reported in Taiwan; of 
these 852 reported outbreaks, 555 (65%) were caused by 
bacterial pathogens(7).

Food poisoning caused by Salmonella is prevalent in 
many countries. S. enterica serovar Enteritidis is one of the 
most common serovars responsible for human illness, and is 
usually spread via contaminated egg or poultry meat.  It can 
infect the ovary and the oviduct of poultry such that eggs 
can be contaminated and cause infections(8).  In Taiwan, 
outbreaks and sporadic infections caused by this pathogen 
were rare prior to 1994(7,9); however, a dramatic increase 
in this type of infection was observed after 1995, and S. 
enterica Enteritidis caused 6 cases of infections between 
1995 and 1997(10).

Pulsed-field gel electrophoresis (PFGE) is one of 
the best molecular typing methods for analyzing the 
differences between closely related organisms, and is 
frequently applied to investigate the epidemiology of 
outbreaks.  On the other hand, amplified fragment length 
polymorphism (AFLP) is a polymerase chain reaction-
based method for rapid screening of genetic diversity(11).  
The latter is a cheap, easy, fast, and reliable method to 
generate hundreds of informative genetic markers(12); 
moreover, it has been used for subtyping the E. coli strains 
including E. coli O157:H7(13,14,15).  We have collected 
the strains of S. enterica Enteritidis isolated from clinical 
patients reported to the Center for Disease Control (CDC) 
Taiwan, ROC from 1992 to 1998, and we used both AFLP 
and PFGE to investigate the relationships of S. enterica 
Enteritidis.  Aside from the combination of the restriction 
enzymes, MseI and EcoRI, the MseI and PstI combination 
was also applied in order to create a more distinctive AFLP 
analysis condition.  For the PFGE analysis, the restriction 
enzyme AvrII was used to determine the strains isolated.  
The results of these 2 molecular subtyping methods were 
analyzed and compared to illustrate the development of the 
infections by S. enterica Enteritidis in Taiwan.
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MATERIALS AND METHODS

I. Bacterial Strains

Twenty-eight isolates of S. enterica Enteritidis strains 
were used in this study.  Twenty-seven of these strains were 
collected by the CDC, Taiwan and identified by biochemical 
and serotype tests.  One strain was obtained from the Bureau 
of Food and Drug Analysis, Department of Health, Taiwan, 
ROC.  All strains were isolated from outbreaks of food-
borne gastroenteritis clinical stool samples or food samples 
from 1992 to 1998 in Taiwan.  One strain, Salmonella 
enteritidis BCRC 10744 (purchased from the Bioresource 
Collection and Research Center, Food Industry Research and 
Development Institute, Hsinchu, Taiwan) was analyzed in 
this study as well.  All strains were also re-identified by the 
multiplex PCR with the primers and conditions developed 
by our laboratory in previous study(16).

II. AFLP Analysis

Genomic DNA was extracted using the Wizard® 
Genomic DNA purification kit (Promega Co., Madison, 
WI, USA), and the kit was evaluated according to the 
manufacturer’s instructions.  AFLP was performed and 
improved by methods described elsewhere(17-19).  In brief, 
the extracted DNA was subjected to restriction-ligation 
reactions for 3 hr in a total volume of 10 µL.  This consisted 
of 10 ng of genomic DNA, 5 U of EcoRI or PstI, 1 U of 
MseI, 1 U of T4 DNA ligase (Epicentre, Madison, WI, 
USA), 1× ligase buffer (33 mM Tris-acetate pH 7.8, 66 
mM potassium acetate, 10 mM magnesium acetate and 0.5 
mM DTT) and 0.2 µg of each adaptor, as shown in Table 1. 
The restriction-ligation products were diluted 10 to 20-fold 
since the polymerase chain reaction (PCR) template for 
pre-amplified reaction was under the touch-down PCR 
conditions.  It was then heated at 60°C for 30 min, and then 
stored at 4°C.  The PCR products were diluted 10 to 20-fold 
as the selective PCR templates, and then the selective PCR 
was carried out with the primer pairs MseI+C/EcoRI+0, 

MseI+G/EcoRI+G, MseI+G/PstI+G, and MseI+G/PstI+C 
which were screened in 50 different combinations.  The 
selective extension nucleotide included adenine (A), 
thymine (T), cytosine (C), guanine(G) or non-extension 
(0) which extended on the end of the primer pairs.  The 
reaction consisted of 200 µM dNTP, 0.2 µM for MseI+X 
selective primer, 0.04 µM for EcoRI+X or PstI+X selective 
primer (shown in Table 1), 1 U of Taq polymerase (TaKaRa 
TaqTM) and PCR reaction buffer [100 mM Tris-HCl (pH 
8.3), 500 mM KCl, and 15 mM MgCl2].  For selective 
amplified reactions, the PCR condition was 33 cycles at 
94°C for 1 min, 60°C for 1 min and 72°C for 2.5 min.  The 
PCR products were removed for capillary electrophoresis 
by sequence analyzer (3100, Applied Biosystems, Foster 
City, CA, USA) and Genescan TAMRA-500 (Applied 
Biosystems) as the internal standard in each sample(13).  The 
profiles of all strains were exported by Genescan® software 
(Applied Biosystems) and dendrograms for cluster analysis 
were performed by multivariate analysis of ecological data 
software, PC-ORD 4.0 (MJM software design, Glenenden 
Beach, OR, USA) using the Pearson correlation coefficient 
and the unweighted pair-group method using arithmetic 
average (UPGMA) algorithm.

III. PFGE Analysis

Pulsed-field gel electrophoresis was performed and 
based on the method developed by Barrett et al.(20).  In 
brief, strains were grown in Trypticase Soy Broth (TSB) 
at 37°C to an optical density of 1.4~1.5 at 610 nm.  Cells 
were washed twice and re-suspended in 75 mM NaCl / 25 
mM EDTA.  Bacterial cell suspension was carefully mixed 
with an equal volume of melted 1% chromosomal grade 
agarose (Bio-Rad Laboratories, Hercules, CA, USA), and 
the mixture was dispensed into 1.5-mm-thick block molds 
(Bio-Rad).  After solidification, the plugs were transferred 
to microcentrifuge tubes containing lysis buffer (50 mM 
Tris pH 8.0, 50 mM EDTA pH 8.0, 1% N-laurylsarcrosine, 
and 1 mg/mL proteinase K), and were then incubated 
overnight at 53°C.  After then, the plugs were washed 
twice for 30 min in 10 nM Tris / 1 mM EDTA (pH 8.0) (TE) 
containing 1.5 mM phenylmethylsulfonyl fluoride (PMSF), 
and 4 times in TE buffer without PMSF.  Two restriction 
enzymes, XbaI and AvrII (New England Biolabs, Beverly, 
MA, USA), were evaluated for typing these strains. The 
enzyme concentration, buffer, and incubation temperature 
were those recommended by the manufacturer for a 
4-hr digestion of agarose-embedded DNA.  Restriction 
fragments were separated by electrophoresis through 1% 
PFGE agarose (Bio-Rad Laboratories) in 0.5× Tris-borate-
EDTA buffer at 14°C in a CHEF DR-II apparutus (Bio-Rad 
Laboratories) for 22 hr at a constant voltage of 6 V/cm.  
The pulse time was ramped from 2 sec in the beginning 
to 40 sec in the end. After PFGE, the gel was stained with 
ethidium bromide (0.2  g/mL) and photographed under UV 
transillumination by Kodak Electrophoresis Documentation 
and Analysis System 290 (Kodak Co.,  CA, USA).  

Table 1. The oligonucleotides used in this study for the amplified 
fragment length polymorphism

Name Description Sequence
MAD1

MseI adaptor
5’-GACGATGAGTCCTGAG-3’

MAD2 3’-TACTCAGGACTC AT-5’
EAD1

EcoRI adaptor
5’-CTCGTAGACTGCGTACC-3’

EAD2 3’-CTGACGCATGG TTAA-5’.
PAD1

PstI adaptor
5’-CTCGTAGACTGCGTACATGCA-3’

PAD2 3’-CATCTGACGCATGT-5’
MSEP MseI primer 5’-GATGAGTCCTGAG TAA-3’
ECOP EcoRI primer 5’-GACTGCGTACC AATTCN*-3’
PSTP PstI primer 5’-GACTGCGTACATGCAN*-3’

*�N: selective extension nucleotide including adenine (A), thymine 
(T), cytosine (C), guanine (G) or non-extension (0) which extended 
on the end of the primer pairs.
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Dendrograms for cluster analysis were performed by Bio-
Profil® Image Analysis Software (Vilber Lourmat Co., 
Marne La Vallee, France) using the Pearson correlation 
coefficient and the UPGMA algorithm.

RESULTS AND DISCUSSION 

AFLP analysis performed with 2 sets of enzyme 
combinations (MseI/EcoRI and MseI/PstI) yielded amplified 
fragments ranging from 60 to 600 bp in size (Shown in 

Figure 1).  Fifty different combinations needed to be 
screened, and the selective primer pair combinations, 
MseI+C/EcoRI+0, MseI+G/EcoRI+G, MseI+G/PstI+G, and 
MseI+G/PstI+C were utilized to type these strains.  Under 
the condition of MseI/EcoRI (ME) enzyme combination, 
the primer pair MseI+C/EcoRI+0 yielded 14 AFLP profiles 
(shown in Table 2) with 19~23 fragments in each profile. 
The selective bases of the primers were determined using 
MseI/PstI (MP) enzyme combination, and the primer pair 
MseI+G/PstI+C was found to be the most effective for 
the epidemiological typing of the 29 strains of S. enterica 

Figure 1. The profiles of the AFLP analysis results generated by Genescan® software by using the MseI/EcoRI condition. (A) SE 01; (B) SE 
10; (C) BCRC10744.
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Figure 2. The percentages of genetic similarity between 29 strains of 
S. enterica Enteritidis using the MseI/EcoRI condition as determined 
by multivariate analysis of ecological data software, PC-ORD 4.0.
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Figure 3. The percentages of genetic similarity between 29 strains of 
S. enterica Enteritidis using the MseI/PstI condition as determined by 
multivariate analysis of ecological data software, PC-ORD 4.0.
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Enteritidis in AFLP analysis. Using this technique, 22 
AFLP profiles (shown in Table 2), with 53~59 fragments in 
each profile, were determined.  The percentages of genetic 
similarity between the 29 strains of S. enterica Enteritidis, 
using ME and MP conditions, are shown in Figures 2 and 
3. Using ME, 11 strains had a unique profile (SE 01, 05, 06, 
08, 09, 10, 11, 14, 23, 24, and BCRC10744) and there were 
14 strains that shared AFLP profile E2 (Table 2).  Strains SE 
07 and SE 15, and SE12 and SE 13 shared AFLP profile E5 
and E10 respectively.  Using the MP results, 18 strains had 
unique profiles, and five strains (SE 03, 04, 08, 12, and 14) 
shared the same profile P3. Strains SE 06 and SE 15, SE 18 
and SE 19, SE 27 and SE 28 shared AFLP profile P5, P13 
and P21, respectively.  The PFGE analysis of the 29 strains 
of S. enterica Enteritidis, using AvrII restriction enzyme, 
generated fragments ranging from 40 kb to 700 kb in size. 
The PFGE patterns are shown in Figure 4.  Seven PFGE 
types were observed (Table 2), and the genetic diversity 
among these strains is illustrated by the dendrogram in 

Figure 5.  There were 23 strains that belonged to the PFGE 
type A1, and 6 strains which had unique types (A2 to A7).

Four strains (SE 09-12) from Taipei County, all from 
the same year, had different AFLP profiles.  We compared 
the polymorphic fragments of these strains and found that 
the SE 11 strain was more different from the other strains 
isolated during the same time period.  In the dendrogram, 
SE 09, SE 10, and SE 12 strains were closely related, and 
they were not related to the SE 11 strain.  From the results 
of MP, it is evident that the strains SE 09, 10 and 12 have 
a higher relative relationship within the dendrogram, as 
shown in Figure 3.  Although these 4 isolates had different 
AFLP profiles when using ME and MP, we hypothesized 
that the strains SE 09, 10, and 12 were more related based 
on the results of polymorphic fragments, dendrograms, and 
geographic location of infected cases.  The case caused 
by strain SE 11 was a unique case of infection in Taipei 
County in 1995.  On the other hand, the other 2 strains, 
SE 12 and 13, which were isolated from Taipei County 

Table 2. Subtypes of the type strain and 28 Salmonella enterica Enteritidis strains isolated during 1992-1998 by AFLP and PFGE

Strains
Source AFLP PFGE

Year Location ME MP AvrII
SE 01 1992 Hualien City E1 P1 A2
SE 02 1992 Taipei County E2 P2 A1
SE 03 1992 Philippines imported E2 P3 A1
SE 04 1992 Philippines imported E2 P3 A1
SE 05 1993 Hualien City E3 P4 A1
SE 06 1993 Hualien City E4 P5 A1
SE 07 1994 Taipei City E5 P6 A1
SE 08 1995 Taipei County E6 P3 A3
SE 09 1995 Taipei County E7 P7 A1
SE 10 1995 Taipei County E8 P8 A1
SE 11 1995 Taipei County E9 P9 A1
SE 12 1995 Taipei County E10 P3 A1
SE 13 1996 Taipei County E10 P10 A1
SE 14 1996 Taoyuan County E11 P3 A1
SE 15 1996 Taipei City E5 P5 A4
SE 16 1996 Taipei City E2 P11 A1
SE 17 1996 Taoyuan County E2 P12 A1
SE 18 1997 Taoyuan County E2 P13 A1
SE 19 1997 Taoyuan County E2 P13 A1
SE 20 1997 Taipei City E2 P14 A1
SE 21 1997 Taipei County E2 P15 A1
SE 22 1997 Taoyuan County E2 P16 A1
SE 23 1998 Taipei County E12 P17 A5
SE 24 1998 Taipei City E13 P18 A6
SE 25 1998 Taoyuan County E2 P19 A1
SE 26 1998 Taipei County E2 P20 A1
SE 27 1998 Taipei County E2 P21 A1
SE 28 1998 NR* E2 P21 A1

S. enterica Enteritidis BCRC 10744 E14 P22 A7

*No report.
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in 1995 and 1996, had the same AFLP profiles under ME 
analysis.  Although these 2 strains did not have the same 
profiles when using MP, and were of different time periods, 
the dendrogram of ME and the polymorphic fragments 
showed that these 2 strains were closely related.  Therefore, 
we assume that these 2 isolates were closely related at 
that time.  In summary, some of the 5 strains isolated from 
Taipei County at 1995 to 1996 were closely related, and 

the infection may have had the same origin, especially the 
SE 12 and 13 strains from different years.  The strains SE 
16~19 isolated from Taipei City and Taoyuan County during 
1995-1996 had a high degree of similarity in genotype and 
AFLP profiles when analyzed using ME and MP.  Because 
of the close proximity of Taipei City and Taoyuan County, 
we can infer that these infected cases were connected with 
each other in those 2 years.  Strain SE 01 had a unique 
PFGE type, A2, and strains SE 05 and 06, which were also 
isolated from Hualien, belonged to the A1 type.  The results 
of PFGE were similar to those of AFLP with ME and MP, 
and indicated that strains SE 01, 05, and 06 were not related 
to each other.  Based on these results, we can infer that these 
infected cases were not related to each other, even though 
they were all isolated in eastern Taiwan.  Strain SE 27, 
isolated from Taipei County shared the same profile as strain 
SE 28 which was isolated from an unknown source of food 
sample, suggesting it may have originated from the same 
source as strain SE 27. When using both MP and ME for 
AFLP analysis, strain SE 02 showed close relatedness to the 
2 imported strains from the Philippines (SE 03 and SE 04) 
isolated in the same year.  Consequently, these 3 strains may 
have originated from the same source of imported infections.

Evidence from epidemiological and molecular studies 
of microorganisms suggests that strains are frequently 
transmitted across wide geographic distances(21) due to 
the convenience of travel around the globe these days and 
increased human contacts.  At the same time, agricultural, 
human, and food-borne diseases are dispersed easily 
and quickly and they are becoming increasingly difficult 
to prevent and control.  As the investigation of Kim 
et al. demonstrated, the Salmonella enterica Serovar 
Typhimurium DT104 isolates were highly linked to the 
strains in Korea and United States because of animal and 
human circulation(22).  On the other hand, the strains always 
have unique molecular profiles in the neighboring areas. 
In our previous study, the E. coli O157:H7 strains isolated 
in Taiwan have been investigated and were closely related 

Figure 4. Pulsed-filed gel electrophoresis patterns of AvrII-digested 
chromosomal DNA of SE 01~15 (A) and 16~28 (B) S. enterica 
Enteritidis isolates and type strain BCRC 10744. Lane M: lambda 
ladder marker; Lane 1~28: SE 01~SE 28; Lane 29: BCRC10744
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Figure 5. The percentages of genetic similarity between the 7 AvrII 
digestion pulsed-filed gel electrophoresis patterns.
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to each other, but significantly different from other foreign 
strains(23).  It is important to establish molecular subtyping 
methods in order to trace and control the infection of 
foodborne pathogens.  As the results of this study indicate, 
the infection of S. enterica Enteritidis has high geographic 
relationship which was centralized in Taipei City and 
Taoyan County, especially strains SE 09~13 which caused 
4 outbreaks in 1995 and 1996. Strains SE 16~19 were in 
a similar situation from 1996 to 1997 in Taipei City and 
Taoyuan County.  The closely related strains were isolated 
in the immediate areas during continuous years indicating 
that the dominant and highly related strains were circulating 
in these areas at northern Taiwan.

Molecular epidemiological typing of microbial isolates 
through the characterization of proteins or nucleic acids has 
been successfully applied to epidemiologic investigations 
of outbreaks of food-borne diseases(24,25).  During the past 
decade, some phenotyping methods were carried out to 
illustrate the relationship between pathogens, such as the 
phage type.  Plasmid profile analysis and plasmid restriction 
fragment length polymorphism have been applied in the 
typing of E. coli O157(26).  Several other molecular typing 
methods for analyzing the bacterial genomic DNA by using 
restriction enzymes have been developed in recent years. 
These methods include RFLP, PFGE, and AFLP, which all 
focused on analyzing the genomic DNA restrictive maps for 
epidemiologic investigation of infectious diseases(20,27-33). 
Unfortunately, there has been no perfect method for the 
molecular typing of infectious pathogens; consequently 
the epidemiologists must carry out two or more molecular 
subtyping methods to identify the type of a strain.  For 
example, strains SE 01, 05, and 06 were isolated from the 
same area, and the results from PFGE using XbaI indicated 
that these 3 strains had the same genotype, but the PFGE 
using AvrII and AFLP with ME and MP inferred that these 
3 strains each had unique profiles. Therefore, it is necessary 
to combine and compare two or more results of molecular 
subtyping in epidemiology.

According to Struelens(34), different bacteria strains, 
different operators and procedural modifications can affect 
the results of AFLP.  Desai et al. found that the different 
PCR condition was effective for genotyping S. enterica 
Enteritidis(8,35).  Lindstedt et al.(36) used the same primer 
pair, MseI+C/EcoRI+0, for the AFLP analysis of S. enterica 
Enteritidis and the results showed that AFLP is a versatile 
molecular subtyping method.  A good molecular typing 
method should be versatile, which means the method should 
be able to type any kind of bacterial strain.  The situation 
they described could be solved by choosing different 
restriction enzymes or selective bases in the primer.  The 
choice of restriction enzymes and the number of selective 
bases are critical in AFLP analysis(37).  A highly frequent 
cutter enzyme will generate results which are too complex, 
while an extremely rare cutter enzyme will generate too 
few fragments.  The former results are difficult to interpret 
while the latter ones may reduce the possibility of detecting 
polymorphism.  At the same time, according to Aarts 

et al.(38), 200 fragments are considered to hamper the 
interpretation; thus, most studies set the range between 50 
to 200 fragments.  However, different materials (bacteria, 
plant or animal cells) and a modification of procedures can 
still affect the range.  In this study, after the restriction and 
selection it was found that ME has less fragments than MP 
and that the discriminatory power decreased appreciably. 

Although AFLP with MP could differentiate S. enterica 
Enteritidis better than with ME in this study, strain SE 08, 
which has a unique profile when using PFGE with AvrII 
and AFLP with ME, could not be differentiated from other 
strains in AFLP with MP.  Such results have also been 
reported from other studies(39,40).  Nair et al. hypothesized 
that the differences between the ability of PFGE and AFLP 
to differentiate strains may arise from the fact that the 
strain had no polymorphisms within the MseI and EcoRI 
restriction sites in the sequences adjacent to the restriction 
sites.  These sites are complementary to the selective base 
of the primer, as compared to the polymorphisms within the 
AvrII and XbaI sites (detected by PFGE)(40). 

Although, at least theoretically, AFLP provides 
better differentiation of strains compared to PFGE, many 
researchers have considered the fact that an outbreak 
genotype should be identified on the basis of a combination 
of AFLP analysis and epidemiological context(8,34).  There 
already exists a system for standardizing the interpretation 
of PFGE patterns(41), and a Pulsed-Net internet system was 
established to collect epidemiological data from all over the 
world so that inter-laboratory comparisons can be made(42). 
Also, the pattern interpretation for AFLP analysis needs 
to be standardized.  To establish two or more molecular 
subtyping methods is becoming increasingly important 
for effective infection and disease control.  In Taiwan, 
there is not any one department which has the all-inclusive 
capabilities to analyze food-borne pathogens for molecular 
subtyping; in addition, there is not any one molecular 
subtyping method that has been agreed upon as the official 
method to investigate food-borne or infectious diseases. 
In Taiwan, this present study is the first to propose regular 
methods of molecular subtyping for S. enterica Enteritidis 
infection, and for comparing the two kinds of subtyping 
methods.  At the same time, there is no international 
organization set up to participate in this network which is so 
urgently needed right now.  Therefore, it remains difficult 
to trace the source of any food-borne pathogens quickly, 
especially if that infection comes from a different country. 
The establishment and joining of a global network database 
is an important task if we wish to control the agricultural 
and food-borne pathogens, and reduce the losses resulting 
from the infection and spread of these pathogens.

CONCLUSIONS

In summary, we used the AFLP and PFGE methods 
to investigate the relationships between 28 isolates from 
Taiwan during 1992-1998.  It was found that some of 
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these cases had a higher level of relationship, especially 
the imported strains, SE 03 and 04 which had the same 
genotype patterns as strain SE 02 isolated from Taipei 
County.  The cases of infection by S. enterica Enteritidis in 
Taiwan was first determined in 1992, and had increased after 
1995.  These infections were centralized in northern Taiwan, 
specifically in Taipei City, Taipei County, and Taoyan 
County, where all had a large population.  Our results 
showed that AFLP was efficient, easy to use and highly 
discriminative for a molecular subtyping method.  It seemed 
to provide the most useful epidemiological information 
about S. enterica Enteritidis.  To combine and compare two 
or more molecular subtyping information could provide 
more evidence to illustrate the sources of the food-borne 
pathogens.
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