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LHRFge: [avS5FEREAM Vibrio cholerae El Tor 01, 0139 ¥k® Integron
Island Z 8@ & L7~ PCR-RELP fi##4T] $#55E

R KB OB WERYE JRETIRR

WRES

AEENRL VLN ol LT EBEREAEM Vibrio cholerae @ 01 El
Tor BRI L TR 0139 BRD 4 7 L DNA _EIZTEFET 549 120kb @ Integron Island 8
WOZEENES L SFHICENTT 5720, ZOMERE 1112558 L -5 fmikic o>
VN PCR-RFLP % Bl W THEMT Uiz, EORE. 1983 ELIAT & 1994 FELARIC
Bl XL RRRSC RFLP & — VBV R SN AEEARD b, Z OfEHIzBW
TELIZEEMRIENT R IT o oA R, 1994 FLIRIC /0B SN 7-HRITHRTH 20 kb
DDNA % TR%E] LTWABIERHALNE R, i, 1990 FERijEICE -
LEAND ctxB BEFER (=i b= Al-H#A) OS5HOVTHRNTZER.

58 Integron Island {23 HAEREIIBIEL THRWI ARSI,

A. BFRHK)

V. cholerae \IBIfE b R TIK
SEIEL, Z OEEEZHLTWDLHIE
FIREMIE CH D, Vibrio cholerae
W EAHRAOEITIIREC 7T EH Y,
7 BB OWRFEITIEI =2 VT EREAM
@ V. cholerae 01 El Tor {ZJ& > T
1961 N OEEE Y | 1992 FITHEFL
7z 0139 HRIZ & 2 AT b & HBRIE AR
e Th D, AIEEOBRICL Y Tk
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Bi{r+ 5 [Vibrio cholerae repeats]
AR LEDNA T ¢ v =TV T4
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F— 3 1990 FEHEBRICRE 22
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D EE S EH %2 EIZ Integron
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R CIRA DR X Liz T~17 kb D&
mTE%E THeAAT) PCR 7T A < —
¥ w b (Table.2) Z{ERk L. SfElKk
21T —XDiz2# L (Fig. 1,
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L (Fig. 2), &5z 0fFEEsN» 5%
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BT A <—(Fig 2) ZIEHR LEB®HEO
PCR Z1T o7z,

6) ctxB B TOERL OLE .
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BE ctB B TOEREOBEBER
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Table.2 PCR-RFLPEHICAWTSAT—DRMNDO—K

- - - EEEME
FEIR AESREF () TS54T— T 1EE AR (N16961) (kbp)
I VC_A0291-0301 TGGGCTTAAAACACCGCTTG 309765-309784
7.1
ACCACCGGCTAAATCCAGAA 316842-316823
I  VC_A0301-0313 GCTCAAAACGGTTTTTCCG 316168-316186 77
GTGTAACTGCCCAAATGTTCCTT 323890-323868 :
W VC_A0313-0337 ATCATCTAGCGATGGCTGTCGTA 323512-323534
TGCTTTTACCCAACGATCTTC 337028-337009, 135

396243-396223
329881-329803,

v VC_A0341-0359 GTCACCTTGATCATTTGGTTCTG 338994-339016, 10.9
412384-412406 .
GAAACCATTTAATCTTACCGTCGC 349926-349803
v VC_A0359-0387 TATTGGGTTCACATCCATGCTCT 349641-349663
17
TAAAGCGGACTCTACGTTAAGCG 366677-366655

VI VC_AQ0387-0406 GAAGATATTGCGGGCATTACCGACATCTTT 366195-366224
326735-326706,
344507-344478, 12.4
378593-378564,
399155-399126

GCTGCTGAACGTAAATGAGCCGATTTGTAT

378120-378137,

VI VC_A0406-0417 TGAATGGTTGCTTGGGCA 325262-325279

6.3
325073-325054,
CTCTCGCGATAAAACGGACA 384453-384434
324577-324597,
;¢ VC_AD417-0447 GGCTTCGTTCACTTGAAGTGG 383957-383977 .
400973-400953,
AGCTGCAATTAAAGTTGAGCC 618-598
X VC_AD447-0470 GTTAGGTTATGCGTTTCCCTCG 400358-400379 158
CTGGGTTACTCGAACTGTTGTACG 416145-416122 :
X VC_AQ470-0490 CGATTACAACGAAGTGATTGC 415748-415768 15
CAGACTCACTTACACCCGACA 427281-427261 ’
X VC_A0480-0496 GTTCGGCTATCATCTCGAGCTT 426363-426384 45
TGTGGTTCTGAAACGGCTACTC 430843-430822 .
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Fig.1 Vibrio cholerae N16961#% Integron island ($1125.3 kb / 216 ORF )
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R 12765
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Fig. 2 Integron island $120kb REDHEED-HDPCROREEXE L
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Table.3 N16961MIntegron Island S H$HR | —~X-HYTIEROBFETEHEPCROFER

Integron Island S EIEHES

Strain Ac. No. | il 1 v \ \ Vil il IX X Xl
1 + + + + + + + + + + +
3 [+1 + +  [+] + + + + + [+ +
7 +] + +  [+] + + + + + + +
46 [+] + - + +  [+] - - + + +
47 [+ + - + +  [+] - - + + +
59 [+ + + + +  [+4] - - + + +
67 [+] + + + +  [+] - - + + +
68 +] + + + + [+ - - + + +
69 [+] + + + +  [+] - - + + +
70 [+] + + + +  [+] - - + + +

[+]1:N16961 ¥k &L RIn DU/ XOBIBEMNF SN
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fEBRIZ 1T B PCR-RFLP fi##r : BH &)
IRRB— L DEWVHBR OGNV - VITE
BRIz W TR OEEK 78 #kE M
X2 CRMRDIENT 21T o T2, £ DRER,
IVAEIR Cid 0139 kRNl 7 —
vERY, s, VI Tk 2 20
% —2 (AB) WA BIL(Fig. 4), 1971
1982 FFEDOLRERIZR T A NF —
v, 1983 4E—1994 EDSIEERR TIXM
RH— U PIRIE U, 1995 GELLEE D Sy Bt
BTN B RXEZ—ERLTE,
0139 BRI T B NZ—r%2RLE
(Table 1), 728, Fit® RFLP /X%
— v EHEROSHEH & OBFEILE -
LB OHNEE-T,

4) VIFEIZ BT 5B PCRIZ X » T
B RF — %R RRI Z OO —E
EETe#I 20 kb BREL TN D Z LA
R angz,

5) kA L7=TXT®D V. cholerae
0139 #kiT= )V b— LB ctxB Bz F%
HLTWi=, V. cholerae 01El Tor
BRIZ DT, 1990 SELLRTIC DBES h
TR TN Tl =B ctxB Ein
FEEA LTV, 1991 41993
BWTHMA ctxB Bz FERa LT
HERASHER L, 1994 ELLE Tl Al
ctxB BInFE2RA T HEKP KEE
Gz,

D. &%

A4 BE DO WF 9842 C E LR G AERF 5E
FTICREFES LTV B V. cholerae @ 37
BRIZ DWW YT 7z Integron Island
ML LIEDNAT 4 U H—TV T
{4 TR - T, 1990 FF 2 BEI SRR

REBONERIN, ZoOBHI
Integron Island {24 & 23D ZEENE
ST Z LT ENTE, & I CAEE
WFFE Tt b8 37 HEitko> DNA 2kHZ
Mz, KERRFSLA R FERT L 0 12
it X7z 51 £k DNA ABHZ oW T,
Integron Island % 11 {2438 U 7= fEik
{ZD\> RFLP AT 21TV & O IZFEM 72

R BFRORELRATL, TOK
R EFESBEI SN 6 & B OMEE, VIFE
BRIZ RELP _EZ— DR (A—B) 2
DO, ZOERIL 1983 £ 5
1993 FED 1 O MBI THIR A 735 B I
(R T50bTROL, RiE
FERFFEIC TR Xz 1990 4ELLRGT &
PRI BE S L= BRERI @ Integron
Island B{=FESIDOZERN, Z OFEK
DERIZEDH D THD aThEtENR
Xtz, T HIZZ @ Integron Island
RIS TER] 1T ctxB Bz Fo=x
Vb= NBls iR~ [ER] L&
BLahote, $bb, Bk L%E
i GES) Lzbo i<, il
BEIZ [HESLo T BolnZ &R
Shic,

Lo VI B ISR o= 0as
TR 5 ARSI AR AT
RR2BREHAVTA VT 7o 8RO
in silico BB E 4T o 1=, F D
F. 1990 FELIRTIZ 0B X - N16961
ESLBRELEN V. cholerae 01
El Tor #RIZHFEAZ2GEIRAHIA L 7=,
VIBIRIZIB W TAHA LI 1994 FE LI
I8 X 7= PCR-RFLP /%% — L D&
VI, B 20kb D TRE] 1285
DT o7-, Genbank DT — F ~— 2



IZ & DL HEDOM 20kb (21X 42D
acetyltransferase putative gene &
1 -2® lipoprotein #EEEIZFE D gene
Z 5% 42 @ open reading frame 23 F
FETHEINTHDN, &Y 37 o
orf X # 68 & &1 @ hypothetical
ThHhDH, T HOD
hypothetical protein #f {2 V.
cholerae DIFIFMERCAERBRICHR &
RHEICH BEFEMHTSE
BEFREENTONIE, ZFORKITH
T2 IRIBEMEDORBIZ D728 ) | F1UZ
X o T 1990 FLAE D HRAIBRAT 2 7
BATAZENTELNbLNRY, L
7= TE%IT, £ 20 kb fEIkIC = —
FENDBEFORKICLDREH
(CERANmE, 77 — VRS ) O
Rt (B, BEREANESE) ~DF
BIZOWTHRAET 2 TETH D,
s, £OZD [RE) Z#HRET S
N ARFEEOPFRIZEL > THES N
7z PCRIEIX, AHBIMITLD D “Hid”
FEkE B, fEICRET 5 ETHEA
ThbdrEEZD,

protein

E. f&#

a LS BREEAM Vibrio cholerae
@ 01 El Tor #EIB LR 0139 ¥kD &'/
A FIZfFEET D Integron Island @
PCR-RFLP £% F\NTHRAT 24T » 12 5%
F. 1994 FLURIZHBE SRR TIS
20 kb @ TRZK) RO LT,
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1. S SCHFR

Tokunaga, A., Yamaguchi, H., Morita,

M., Arakawa, BE.,

Watanabe, H., Osawa, R. (in press):
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Objective: To study the contributions of the serotype-converting phages to the

serotype shifting and emerging of new serotype of Shigella flexneri in China

Achievements:

Bacillary dysentery caused by Shigella is one of the major infectious diseases in

developing countries. Shigellosis in China has been one of the top four notifiable

infectious diseases, with close to half a million cases each year as reported by the

Chinese Internet-based Reporting System of Notifiable Infectious Diseases which began

operation in 2005. The predominant Shigella species in developing countries such as

China where the sanitation and hygiene are not well practiced is S. flexneri and the

distribution of S. flexneri serotypes varies geographically and temporally. Statistically



significant shifts of S. flexneri serotypes were observed in several developing countries
including Indonesia, Bangladesh, Pakistan and China. Epidemiological studies
consistently showed that certain serotypes are predominant and responsible for the
majority number of cases. This suggests that some serotypes are more likely to cause
epidemics than others. In other words, certain serotypes may have stronger epidemic
strength than others. The phenomenon has not been well clarified.

There are 15 known serotypes of S. flexneri has. In a previous study we found nine
serotypes including 1a, 2a, 2b, 3a, 4a, 5b, X, X variant and Y were present China over a
nine-year surveillance and we further showed that 95% of the S. flexneri infections in
China were caused by a single epidemic clone namely sequence type 91 including all
the 9 serotypes found. Those findings suggest that the serotypes switch frequently in a
similar, if not identical, genetic background.

In this study we report for the first time that epidemic strength ofa s, [flexneri serotype
reflected by prevalence in clinical isolation is determined by bacteriophages. The strains
of S.flexneri carrying high epidemic strength phages, such as SfX, SfII and SfI, are
prevalent and epidemic. And, nine epidemic-associated genes on the phage were

identified,



From a total of 1608 isolates of S. flexneri studied, the most prevalent serotypes are X

variant (37.1%), 2a (20.8%), X (16.7%), 1a (14.5%) and 2b (7.3%), and the three most

prevalent phages are SfX, SfIl and Sfl, present in 996 (61.9%), 451 (28%) and 233

14.5%) isolates respectively. The phage SfI successfully converted a serotype X strain
p

to a novel serotype, 1:X, which has not been detected in nature. When compared with

genome sequence of 402 dsDNA phage genomes available, phage SfX was found to be

phylogenetically related to the O antigen modification phage P22, which is widespread

in Salmonella. The two phages share uniquely 9 genes including three for virion

assembly, two for integration and excision, two for immunity and two with unknown

functions.

It has long been observed that certain serotypes of S.flexneri are more prevalent than

others. Historically serotype 2a has been regarded as the leading serotype but

recently a number of other serotypes including serotype X variant we reported

previously have become frequent. These serotypes are often involved in epidemics and

their isolation reflects how many people they infect and thus we called those serotypes

with high isolation rate as epidemic serotypes, while those with low isolation rate as

nonepidemic serotypes. Based on our analysis of nine-year data in China, five



serotypes, X variant, V, 2a, 1a, 2b are epidemic serotypes.

We have shown previously that a single clone of S. flexneri defined by MLST as ST91

is predominant and frequent serotype switching occurs with the clone. This lead us to

conclude that the epidemic strength of certain serotypes is due to their

serotype-converting phages which determine the serotype specificity, converting

serotype frequency to phage frequency using the known relationship allowed us to

identify the three most prevalent serotype-converting phages in China: SfX, SfIl and

Sfl, which were present in 97% of the 1608 isolates studied, with the other three

phages, SfIV, Sf6 and SfV, together being represented by a mere 3%. Clearly, the

phages SfX, SfII and SfI have a high epidemic strength.

From comparison of SfX and P22, both of which are serotype-converting phages with

high epidemic strength with other phages of low epidemic strength, we identified nine

highly homologous genes shared only by these two phages as high epidemic strength

genes. Apart from the two genes of unknown function, the other seven genes are

related to phage functions with three in virion assembly, two in integration and

excision and two of immunity. These genes are not obviously related to epidemic

strength. However these genes play a critical role in the life cycle of a phage. A phage



that is readily inducible from its host, survives better in the environment and has less

restrictive receptor requirements which can be considered as having a higher fitness

will reach higher frequency and lead to increased frequency of a serotype carrying

such a phage. Thus phage fitness determines the epidemic potential of a phage. Further

studies are required to dissect the precise mechanisms.
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1 ) OBJECTIVE:
(1) o organize a Workshop to enhance the laboratory capacity of countries/ areas in Asia and Pan
Pacific region in performing PFGE in February 2010;
(2) o train up key laboratory personnel so they acquire the ability to build up the laboratory capacities

in their own country/ area;
(3) To build up a network of trainer and trainees that have shared experiences in PFGE laboratory

work, and which can work together in partnership during outbreak investigations.

Report of the PulseNet Asia Pacific PFGE Workshop, Hong Kong, February 23-26, 2010



2 ) STUDY DESIGN:
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Organization of Workshop in the Public Health Laboratory Centre in Hong Kong for training
of laboratory personnel in the Asia Pacific Region in February 23- 26, 2010.

Co-organizers were: NIID, Japan; CDC, USA.

The Public Health Laboratory Centre in Hong Kong was responsible for the use of fund
monies of 2,000,000 yen in the overall organization of the Workshop.

The Workshop took place in the Public Health Laboratory Centre in Hong Kong.

The Workshop lasted 4 days and covered the setting up of PFGE laboratory data analysis
software, requisite computer technique, commonly encountered problems, 'quality control/

quality assurance issues, and network requirements.

3 ) RESULTS:
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Participants of the Workshop had hands-on experience in performing PFGE’ data analysis
and management. (listed Appendix 1)

PFGE Data input and analysis in relation to outbreak investigations were also covered in the
Workshop. (Schedule in Appendix IT)

Key trainers from advanced institutions (including NIID, Japan and CDC, USA) were invited
to participate in the Workshop.

Evaluation of the Laboratory Workshop by participants were done to gather experiences for
development of future work in the Asia Pacific Region. (Appendix IIT)

A report was generated after the Workshop.

Report of the PulseNet Asia Pacific PFGE Workshop, Hong Kong, February 23-26, 2010



