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Abstract

This foodborne disease surveillance project is baesd on the active laboratory-
based surveillance system via molecular subtyping of isolates to detect clusters of
infection. The surveillance targets aim to Salmonella enterica, Campylobacter
coli/jejunii, Norovirus, and bacterial and viral pathogens of notifiable diseases
including Shigella spp., Listeria moncytogenes, Vibrio cholera, Hepatitis A virus,
and Hepatitis E virus, to accomplish early detection, early warning, and traceback
investigation of foodborne diseases. The taskforce is engaged in collecting
epidemiologic information via a Laboratory Automatic Reporting System
(LARS), detecting disease clusters, and monitoring the epidemiologic trend via
molecular subtyping of isolates using pulsed-field gel electrophoresis (PFGE) and
sequencing methods to provide the surveillance results to the sectors of Taiwan
Centers for Disease Control responsible for disease control. This project also
evaluated the power of WGS-based genotyping method for subtyping of bacterial
isolates in detecting disease clusters. WGS-based genotyping will replace PFGE
as the common subtyping tool in PulseNet laboratories in the near future, the
assessment of WGS-based method will establish the laboratory capability and
capacity in using this advance subtyping tool for foodborne disease surveillance

and outbreak investigation.

keywords :

Foodborne disease, molecular epidemiology, molecular subtyping network of
foodborne disease surveillance (PulseNet), pulsed-field gel electrophoresis

(PFGE), whole genome sequencing (WGYS)
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in O h7549
AB909123 IA traveled Papua New Guinea
h5887
O h7534
97| | o @ h904 MSM
— O h7355
h5891 A1
h5921
O h6758

1
T

—— AF485328 IA Chiha

Oh7132
91,0 h6714
h2227
941 h1041 Indonesia
O h7151
h2657 Indonesia
AB839692 Indonesia
O h6960
< ' AB819869 Singapore
' — h1013 Philippines
Philippines-Pa4-1
h1158 Malaysia A3
h1003 Indonesia
0 L Philippines-Pad-6
r ﬁ3536
O h6866
99 h1821 china
Philippines-Pa4-7
O hess4
h5911
97 h5920
O h6965
h1830
h2135
h3325
h2327 Japan
81] AB618529 traveled Indonesia
AB618530 IA Japan
h1084 Japan
h1253 Philippines
h1128
+O hess1
- h1632 Philippines
- Philippines-Pa4-2
Philippines-Pa3-2
h1694 Malaysia
O he917
h1079 China
h974 Philippines
— EU131373 IA Uruguay
L B
L — AYB44876 IIA France
96 AY644670 IIB Sierra Leone
AB258387 IIIB Japan
DQ991030 IIIA India
FJ360735 llIA India
DQ991029 IIIA India
h1708 Nepal
O hesas IIA
JQ655151 IIIA Korea
Oh7198
AJ299464 IIIA Norway
O h7062

9

1A-4

100

98

W] 7 : HAV 8% i “ A% $7(Maximum Likelihood)
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98

AB291964JPG4
AB253420)PG4
AY723745ING4
HM439284CNG4
@ h6835

T272
@ h6947
EF570133CNG4

DQ450072CNG4
T JQB55736CNG4
AJ272108CNG4
GU206559CNG4
h4569

h5330
KC163335CNG4
h3717

AB856243JP

KX387865CN
KX387866CN

AB573435JPG5

KJ496143AE

KT633715CNG3
FJ653660THG3
AB369687JPG3
KY232312THG3
EU375463THG3
EU495148FRG3
KT591534FRG3F
) | KT591533FRG3F
AB850879IPG3
LC164712JPG3F
LC055973JPG3F
@ h7140
FJ956757DEG3
LC055972JPG3F
JIN906976FRG3F
h5541

AB291961JPG3
JQO53666FRG3F
KP698920ITG3
KT447527SGG3
KU980235DEG3
EU360977SEG3
KT581445SEG3
KP698919ITG3
AB248520JPG3
AB780450JPG3
@ h7141

AF455784USAG3

LC057248)P

JX120573VN
ABB847305ID
LC225388JP

Genotype 3

94
AY535004-AVIANOrthohepevirus B

W 8 : HEV .4 /% 1* #+4 #7 (Neighbor-Joining)
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BioSample SourceSeq. Strain,D/Alias  IsolatYear SourceCountry Serogroup;ype ST  No.voidloci

SAMN09982367 SRR7791616 R16.3447 2013 Taiwan 01 Ogawa 75 5
SAMN09982357 SRR7791601 R16.3429 2010 Taiwan 01 O0gawa 75 6
SAMN10390798 SRR8169152 2018 75 7
SAMN03234995  GCA_000818865.1 11471 2011 Russia 01 Ogawa 75 17

i SAMNO05590418 SRR4039808 2497-86 1987 USA 01 75 0
SAMN05590417 SRR4039807 1496-86 1986 USA 01 75 0
SAMN02943003  GCA_001683415.1 2740-80 1980 USA 01_Inaba 75 0
SAMN05590413 SRR4039827 2512-86 1986 USA o1 75 2
SAMN05590410 SRR4039825 2559-78 1978 USA o1 75 0
SAMN04256436  GCA_001887475.1 E506 1973 USA 01 75 0

[ SAMN09982337 SRR7791632 €12.0861 2012 Taiwan 01 Ogawa 75 4
SAMN09982338 SRR7791629 C12.0862 2012 Taiwan 01 Ogawa 75 4

l SAMN09982365 SRR7791593 R16.3445 2013 Taiwan 01 Ogawa 75 4
SAMN09982352 SRR7791607 R16.3423 2009 Taiwan 01 Ogawa 75 5
SAMN04196979 SRR2738136 ZJ1336 2005 China 01_Inaba 75 4
SAMN09982354 SRR7791621 R16.3425 2009 Taiwan 01_Inaba 75 4
SAMN09982382 SRR7791642 R16.5187 2015 Taiwan 01 Ogawa 75 4
SAMN09982381 SRR7791639 R16.5186 2015 Taiwan 01 Ogawa 75 4
SAMN09982383 SRR7791641 R16.5188 2015 Taiwan 01 Ogawa 75 4
SAMN09982359 SRR7791599 R16.3438 2011 Taiwan 01 Ogawa 75 4

- SAMNO09982355 SRR7791622 R16.3427 2010 Taiwan 01 Ogawa 75 4
- SAMN11053865 SRR8668522 R16.3443 2013 Taiwan 01 Ogawa 728 13
SAMN04196974 SRR2738131 2)0926 2009 China 01 Ogawa 75 6
SAMN04196973 SRR2738130 2J0921 2009 China 01 Ogawa 75 6
SAMN04196977 SRR2738134 Z)0946 2009 China 01_Inaba 75 6
SAMN04196975 SRR2738132 Z)0937 2009 China 01 Ogawa 75 7
SAMN04196976 SRR2738133 2J0938 2009 China 01 Ogawa 75 8

{ SAMN11053866 SRR8668521 R16.4831 2016 Taiwan 01 Ogawa 75 4
SAMN11053871 SRR8668514 R18.2414 2018 Taiwan 01 Ogawa 75 0

- SAMN09982361 SRR7791597 R16.3440 2012 Taiwan 01 Ogawa 75 4
SAMN09982373 SRR7791605 R16.3453 2015 Taiwan/Vietnam 01 Ogawa 75 4
SAMN09982374 SRR7791592 R16.3454 2015 Taiwan 01 Ogawa 75 4
SAMNO09982371 SRR7791620 R16.3451 2015 Taiwan 01 _Ogawa 75 4
SAMN09982368 SRR7791617 R16.3448 2014 Taiwan 01 Ogawa 75 4
SAMN09982372 SRR7791625 R16.3452 2015 Taiwan 01 Ogawa 75 4
SAMN11053873 SRR8668528 R18.2631 2018 Taiwan 01 0gawa 75 0
SAMNO09982344 SRR7791623 R16.3022 2016 Taiwan 01_Ogawa 75 4
SAMN11053870 SRR8668517 R18.2413 2018 Taiwan 01 Ogawa 75 0

- SAMN09982366 SRR7791615 R16.3446 2013 Taiwan 01 Ogawa 75 4
_[ SAMN04196972 SRR2738129 2J0917 2009 China 01 Ogawa 75 5
SAMN04196971 SRR2738125 ZJo911 2009 China 01 O0gawa 75 7

— SAMN11053872 SRR8668513 R18.2415 2018 Taiwan 01 Ogawa 75 0
SAMN04196978 SRR2738135 2J10014 2010 China 01 Ogawa 75 7

- SAMD00061025 GCA_000829215.1 MS6 2008 Thailand 01 Ogawa 75 4
— SAMN08979236 SRR7062631 2017 Thailand o1 75 6
— SAMN04196970 SRR2738124 2J07019 2007 China 01 Ogawa 75 4
[ SAMN09982369 SRR7791618 R16.3449 2014 Taiwan 01 Ogawa 726 4
SAMN09982356 SRR7791602 R16.3428 2010 Taiwan 01 Ogawa 726 4
{— SAMN11053863 SRR8668520 C15.0632 2015 Taiwan 01 Ogawa 75 0
— SAMN09982353 SRR7791608 R16.3424 2009 Taiwan 01 Ogawa 725 5
—‘: SAMN09982360 SRR7791598 R16.3439 2011 Taiwan 01 Ogawa 727 8
SAMNO09982345 SRR7791624 R16.3023 2016 Taiwan 01_Ogawa 75 5
SAMN11053875 SRR8668526 R18.2633 2018 Taiwan 01 Ogawa 75 0

ﬂ SAMN09982386 SRR7791606 R18.1640 2018 Taiwan 01 Ogawa 75 5
‘ SAMN09982384 SRR7791634 R17.6060 2017 Taiwan 01 Ogawa 75 6
- SAMN11053874 SRR8668527 R18.2632 2018 Taiwan 01_Ogawa 75 0
L i SAMN09982370 SRR7791619 R16.3450 2014 Taiwan 01_Ogawa 75 5
SAMN09982349 SRR7791612 R16.3223 2016 Taiwan 01 0gawa 75 5
SAMN09982375 SRR7791604 R16.4299 2016 Taiwan 01 Ogawa 75 5
SAMN09982348 SRR7791611 R16.3057 2016 Taiwan 01 Ogawa 75 6

B 10 : 2002-2018 # ;s # B §* 7 Fjehik F1A 4%
(F 4 Rfes P MARFAR 4 Ries B4 ALS RHES B
* F1R)
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PFGE-Xbal

AST_RIS
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FOX_Cefoxitin

picillin
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AMP_Am|
COL_Colistin
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species
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
Wl flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
Wl flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri
flexneri

flexneri

serotype  PatientSex

3a
3a
3a
3a
3a
3a
3a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
3.4
2a

2a

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male

PatientAge
32
36
39
26
31
24
26
34
24
28
31
38
28
44
26
34
31
29
31
27
31
37
23
31
26
31
84
29
32
29
50
24
25
39
33
46
25
27
26
43
29
25
23
51
29
32
23
31
41
27
31
42
26
22
27
37
24
39
29
26
30
41
2
37

SourceCounty
#ibm
Likins
#itm
TEEM%
&bl
&bl
i
Eiis il
Bim
#dbh
HET
HE
#ieh
#ibm

#dbih
Bith

#itm
aitm
kil
kil
Eiis ]
aoh
M
R
HET
#dbih
#dbih
HE
HEm
aitm
HET
#ibm
HE
M
&bl
#dbih
&a@m
#itm
aitm
apm
#itm

B A 4 o



ETP_Ertapenem
COL_Colistin

TAZ Ceftazidime
FOT_Cefotaxime
AZI_Azithromycin
GEN_Gentamicin
CHL_Chloramphenicol
AMP_Ampicillin
SMX_Sulfamethoxazole
SXT_Trimethoprim / sulfamethoxazole
FOX_Cefoxitin
TET_Tetracylcine
STR_Streptomycin
NAL_Nalidixic acid

CIP_Ciprofloxacin

W 15:108 & &1 3

=]
=

55%

o

2]

i

10% 20%  30% 40% 50% 60% 70% 80% 90%  100%
mR I mS

% B S.flexneri_2a & 3k (N=55)4L8 {4 45
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1 2 3 4 5

2011 Serotype Enteritidis Newport* Stanley Albany
n=760 % 353 26.2 8.7 6.2 34

2012 Serotype Enteritidis Newport* Paratyphi B var. Java Stanley
n=863 % 36.7 5.4 3.2 2.8

2013 Serotype Enteritidis Newport* Livingstone Stanley/Agona
n=2247 % 33.2 6.3 3.7 3

2014 Serotype Enteritidis Newport* Agona Stanley
n=1820 % 39.5 5.6 3.7 35

2015 Serotype Enteritidis Newport* Agona Paratyphi B var. Java
n=3043 % 40.7 5.6 3.9 24

2016 Serotype Enteritidis Newport*/Anatum Agona Derby
n=3822 % 311 6.6 4.2 2.5

2017 Serotype Enteritidis Anatum Newport* Agona
n=5162 % 34.8 14.2 6.2 3.9

2018 Serotype Enteritidis Anatum Newport* Agona/Goldcoast
n=1720 % 30.8 10.8 6.1 3.9

2019 Serotype Enteritidis Anatum Goldcoast Agona
n=1580 % 437 18.2 3.5

# 1:2011-2019 & #

S EH 5 2 3l K ARE 4
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2019

2016 2017 2018 (Jan - Oct)

Diarrhea Cluster No.Year 446 568 417 484

NV Cluster No,[Year

504 0 s4 Qo o 10
(Percentage of NV %) 316 (69.5%) 410 (72.2%) 225 (54.0%) 286 (39.1%)

% 2 :105-108 &£ AR E B F L 45
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R 5 28
104 90 0
105 508 43
106 183 25
107 11 1
108 1 0

% 3181 MSM HAV(+)2 % 515 51§ F iR X
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& i

ERmA AL BRpABEAEY
102 139 9
103 117 9
104 171 8
105 1133 16
106 378 15
107 81 10
108(% 10/31) 38 11

% 4 :102-108 # & ® HAV 2 HEV =% B 2 #c
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BURFERSEETE (HAHE) WERE®E (GB)

RinaETh PG10802-0191
i Lt P o L T R 5T
T EHRR 7 R e R
TR RS e MOHW108-CDC-C-315-122129
ShiTH i il S e e TR
FRE 108 - REHERA 10801 - 10812
FHEETWE (BEfr - Tor) (8868
R
EhiTHEME TEE AT WA e iR
£ a5 a7 2 0
3 a7 ag 2 0
WA [m'_J—:""}_%tr'? hﬁ‘?‘fw}ﬂl&?‘_ﬁi‘ ¥ A H 5
£ 2868 a634 a7
3 159651 19457 a5
N R B
it |
#/ET
i
GRARE
=R S
WH%
HLEHY 49 lEmEe |
SRR = ) vl | gl e
oo R EREE SR - AR TR REE  ENER  SEFERET
T R EREE Foodboene disease; molecular epidemiclogy: molecular subtyping network of
foodborne disease surveil lance (PulseNet); pulsed-field gel
electrophoresis (PRGE); whole genome sequencing (WGS)

st i o B O

A ST L WG SR I R L) A 'IIHL-I.‘II TR AR L A (VA - RS - SEEETE LS
i 'dﬂ-ilf'hiﬁuafiﬂl-wﬁ# - pSdE g - B I'E%H- W - m?Eéahly JslﬁfrH:ﬂ:ﬁ"J"‘l
¥ s 'Jﬂ-'*+1l‘::'Hlf-‘*r"j’E'E ﬂiH— 1‘“ h‘l:lH‘fEl-ﬁ‘-ﬁ:Hf BT LA REHET
P (WGS ) 7 B+ HOf B8 T B M A PRGE) Bl 7 A iy lL 1|8 S e T “a*..'Hlf

(Pul seNet ) = b8 ES g, « #‘JHLﬁﬂ“HﬁT‘ = BBl A -

st @ % O EOE

This foodborne disease surveillance project is baesd on the active laboratory-based surveillance
svstem via molecular subtyping of izolates to detect clusters of infection. The surveillance
targets aim to Salmonella eaterica, Campylobacter colifjejunii. Norovirus, and bacterial amd viral
pathogens of notifiable diseaszes including Shigella spp.. Listeria moncytogenes, Vibrio cholera,
Hepatitis A viros, and Hepatitis E virus, to accomplish early detection, early warning, and
traceback investigation of foodborne dizeases. The taszkforce is enpaged in collecting

epidemi ologic information via & Laboratory Automatic Beporting Svstem (LARS), detecting disease
clusters, and monitoring the CEJdEE ologic trend via molecular subtyping of isolates using pulsed
field gel electrophoresis (FFGE) and sequencing methods to provide the surveillance results [u thc
sectors of Taiwan Centers for Disease Control respoasible for disease comtrol. This project a
evaluated the power of WOS-bazed genotyping method for subtwyping of bacterial isolates in
detecting diseaze clusters. WiS-bazed genotyping will replace PRIE as the common subtyping tool in
PulseNet laboratories in the near future, the assessment of WGS-based method will establish the
laboratory capability and capacity in using this advance subtyping tool for foodborne dizease
surveillance and outbreak investigation
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