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Figure 1. Minimum spanning tree of the MLVA

genotypes for the S. sonnei strains collected from 10

shigellosis outbreaks.

Figure 2. Minimum spanning tree of the MLVA
genotypes for 22 S. sonnei isolates with
indistinguishable PFGE patterns (J16N09.0015)
collected from nine epidemiologically unrelated
events (E1 to E9) in five different countries.

Table 1. Characteristics of 10 shigellosis outbreaks and
genotypes of 151 S. sonnei isolates from the
outbreaks

Table 2. Characteristics of the 26 VNTR loci and the
primers for MLV A analysis.

Table 3. MLVA profiles for 536 S. sonnei isolates

characterized in this study
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Abstract

Keywords: Shigella sonnei, multilocus VNTR analysis (MLVA), variable-number
tandem repeat (VNTR), pulsed-field gel electrophoresis (PFGE), DNA

fingerprint database, molecular epidemiology

A multilocus variable-number tandem-repeat (VNTR) analysis (MLVA) method
was developed and evaluated for the subtyping of Shigella sonnei isolates. A total of
26 VNTR loci were identified by exploring the repeat sequence loci in the genomic
sequences of S. sonnei strains Ss046 and 53G and by testing 536 isolates that had
previously been characterized by pulsed-field gel electrophoresis (PFGE). The
discriminatory power of MLVA (Simpson’s index of diversity [D], 0.9524; 95%
confidence interval [CI], 0.9373 to 0.9564) for the 536 isolates was significantly
higher than that of PFGE (D, 0.8882; ClI, 0.8667 to 0.9097). MLVA typing with the
four and eight most variable loci had D values of 0.9468 and 0.9481, respectively,
results approaching that of 26 loci. The usefulness of MLVA for outbreak
investigation was evaluated using 151 isolates from 10 shigellosis outbreaks and 22
PFGE-indistinguishable isolates collected from nine epidemiologically unrelated
events in five different countries. The evaluations indicated that MLVA was a
powerful typing tool to distinguish isolates for outbreak investigation and that it
exhibited a good discrimination of the 22 PFGE-indistinguishable isolates.
Single-locus variants did occur during the outbreak; therefore, S. sonnei isolates with
MLVA profiles differing at no more than a single locus should be considered part of
the same outbreak. The present study suggests that MLVA has the potential to replace
PFGE as a standard method of typing S. sonnei isolates for disease surveillance and

outbreak investigation.
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Figure. 1. Minimum spanning tree of the MLVA genotypes for the S. sonnei strains
collected from 10 shigellosis outbreaks. The clustering was constructed by
a minimum spanning tree algorithm. Arabic numerals (1 to 10) and indicate
the outbreaks from which the MLVA strains were collected. The circle size
is proportional to the number of isolates belonging to the indicated MLVA
genotype. MLVA types differing by zero or one VNTR locus are regarded
as a group and are marked with gray. Differences in loci between the two
MLVA types are numbered. The IST genotypes for the outbreak strains are

indicated. MLV A codes are marked in the circles.
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Figure. 2. Minimum spanning tree of the MLV A genotypes for 22 S. sonnei isolates
with indistinguishable PFGE patterns(J16N09.0015) collected from nine
epidemiologically unrelated events (E1 to E9) in five different countries. Each
event is noted with the country of infection, the year of occurrence, and the
IST genotype. The circle size is proportional to the number of isolates
belonging to the MLV A genotype. MLVA types differing by zero or one
VNTR locus are regarded as a group and are colored gray. The differences in
loci between two MLVA types are numbered. The MLVA codes are indicated
in the circles.

17




TABLE 1. Characteristics of 10 shigellosis outbreaks and genotypes of 151 S. sonnei isolates

from the outbreaks

Outbreak  Date of isolation Location No. PFGE type® IST? MLVA type
(yr/mo/day) (county) isolates (no. isolates) (no. isolates)  (no. isolates)
1 1996/2/5-1996/3/10 Hwalien 7 J16N09.0002 (5) IST11 (7) SS26.73 (7)
J16N09.0003 (2)
2 1998/10/19-1998/11/12 Nantou 9 J16N09.0014 (9) IST21 (9) §S526.21 (9)
3 1998/10/31 Taoyuan 8 J16N09.0015 (4) IST18 (8) SS26.18 (6)
J16N09.0016 (1) SS26.74 (2)
J16N09.0129 (1)
J16N09.0140 (1)
J16N09.0141 (1)
4 1998/11/6 Taoyuan 6 J16N09.0014 (5) IST21 (6) SS26.21 (5)
J16N09.0096 (1) SS26.75 (1)
5 2000/10/20-1998/11/4 Hwalien 49 J16N09.0019 (17) IST1 (48) SS26.1 (3)
J16N09.0020 (1) IST23 (1) SS26.66 (43)
J16N09.0023 (9) SS26.129 (3)
J16N09.0024 (1)
J16N09.0025 (10)
J16N09.0026 (6)
J16N09.0027 (1)
J16N09.0028 (1)
J16N09.0029 (1)
J16N09.0131 (1)
J16N09.0127 (1)
6 2001/8/2-2001/8/11 Nantou 17 J16N09.0018 (9) IST3 (16) SS26.3 (16)
J16N09.0036 (8) IST26 (1) SS26.102 (1)
7 2001/8/9-2001/8/24 Nantou 27 J16N09.0019 (18) IST1 (27) SS26.1 (22)
J16N09.0023 (3) SS26.111 (2)
J16N09.0050 (1) SS26.125 (2)
J16N09.0125 (1) SS26.130 (1)
J16N09.0147 (4)
8 2001/10/4-2001/10/5 Taoyuan 6 J16N09.0072 (4) IST1 (6) SS26.1 (6)
J16N09.0086 (1)
J16N09.0126 (1)
9 2002/4/21-2002/6/5 Nantou 14 J16N09.0019 (14) IST1 (14) SS26.1 (7)
SS26.125 (6)
SS26.142 (1)
10 2003/12/18-2004/1/9  Taitung 8 J16N09.0118 (8) IST7 (8) SS26.7 (8)

Data from a previous study (21).
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Table 2. Characteristics of the 26 VNTR loci and the primers for MLVA analysis.

Strain  Ss046 Strain 53G
Length
of Number Length Number Length _AIIeI_eb
VNTR . . of . of No. diversity .
Consensus sequence(s) of repeat unit repeat Location of Location 2 Primers
locus . repeat - repeat - allele (126
unit - amplicon - amplicon -
unit unit strains)
(bp)
SS1  ATGCGCC 7  1616607-1616676 10 195 1685624-1685630 1 132 11 0.57
(0.72) VIC-TTGCCAGTACACCTCACTCG
GCGTCGGCGTTAATATCACT
SS2  CGTTCCCAG 9  3720971-3720988 2 181 3854019-3854027 1 172 2 0.29
(0.39) 6-FAM-AACCGGAGTGCAGCATAATC
TTTAACGTCGATGCGAAATG
SS3  CATTCAA 7 3462989-3463086 14 212 3595484-3595595 16 226 20 0.83
(0.91) 6-FAM-CTGGGAGATGAACAGGAGGA
ATGCCAGCGACAAGTTTCTT
SS4  ATGCTGA 7 3592746-3592759 2 238 3726183-3726203 3 245 2 0.29 6-FAM-ACCCAGCTGAATGGATTGTC
0.39
(0.39) AGCTTCAGATCCTTGCCGTA
SS5  CGTCTTC 7  3589488-3589515 4 245 3722688-3722708 3 238 2 0.34 6-FAM-CTCTGCTGAGCATCACGAAA
0.44
(0.44) AGCGGGTAACTGAATCATGG
SS6 AGAAAGC 7 4203622-4203719 3 250 4323815-4323905 13 243 20 0.83 NED-GAGTCGCTAAACGCTTGCTT
0.92
(0.92) GGGAAATAGAGCGGACCTTT
SS7  ACACCAT 7 1363761-1363774 2 177 1346602-1346622 3 184 2 0.33 NED-CACGGCTGAAATCAACATGA
0.44
(0.44) CACGTGCTCGCTCTTTAGAA
SS8  GGTAATGACTCCAACTTATTGATAGTGTTTTATGTTCA 60 3975503-3975562 1 196 4112363-4112482 2 256 2 0.04 VIC-CGGATGATTGCCGAGATATT
GATAATGCCCGATGACTTTGTC (0.12) CGATATACGCAGCGAATTGA
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SS9

SS10

SS11

SS12

SS13

SS14

SS15

SS16

SS17

SS18

SS19

SS20

SS21

TGCAGG

AGAGGA

CTGACT

AACCCGGTG

GCTGGT

TGCCAGATC

GCCATT

AAAGTGCTATGCAGTAA

CCGATG

CCTAT

TGTTA

CGTTACTCCCCGGTTCCCGCATCAGAATTACGTGGTAGTA

ATAAGAAAAATCTTTAGC

17

40

18

4197029-4197076

765727-765710

266254-266277

281168-281185

2893867-2893884

815674-815691

1733392-1733403

4666803-4666836

1418565-1418576

4755082-4755091

2478072-2478081

4650394-4650473

4493355-4493372

20

209

198

199

188

236

165

246

134

244

213

243

243

204

4317216-4317269

777669-777710

261172-261207

278744-278770

3026278-3026289

830701-830727

1814911-1814928

4822898-4822948

1403533-1403550

4919271-4919285

2569486-2569500

4806529-4806568

4648827-4648862

215

223

211

197

230

174

252

151

250

218

248

203

222

0.61
(0.76)

0.58
(0.74)

057
(0.73)

0.36
(0.48)

0.38 (0.5)

0.29
(0.39)

0.34
(0.44)

031
(0.45)

0.34
(0.44)

0.28
(0.37)

0.34
(0.44)

0.34
(0.44)

0.27
(0.37)

VIC-CGCAATCAGCAAAACAAAGA
GCGATGCTGGAAAAACTGAT

6-FAM-ACGGTGGGCTTTCTCTACCT
GCGAGGGGGAGATCAGTATT

NED-CTGGTCCGGGAGATTATCG
CTGTTTCAGCGGTCTCTTCC

NED-GCTGTAGGCACGGAAAAGAA
TGGATATTGTGCAGGGTTCA

VIC-AGACGCTGGCTTATGACGAT
GCCACTGTCCTGAATGGTCT

PET-TTCAAAAGTCTGCCCGTTGT
GTGGATTTTGCGGAACAGAT

NED-ACCCGCTCTCTTCGCTTAAT
TTGGCTCATCAAGCACAATC

6-FAM-GTCAGGTTATGCGTCTGCAA
AAGAAGAAAGCGTCGCGTAA

VIC-GTTACCTGTATGCCGCGATT

AGCGTCAGTACGCCGTTAAT
PET-TGGTTATGATGTCACTGGCAAT
CCATTTTTCACCGTAATGGTTT

PET-CGAGCATTTTACCCCAAAAA
TTTCCGCATTACGGAGAGTT

PET-TGGCAATGTTTCGTTGGTTA

GTGCAAAGCTTAGGCGTGAT
VIC-TCGATAAATGCGTGAAAAACTT

TGTGAATAGCAACAAAACGACA



SS22 AAACAGAACTC

S§§23 GTTAACGCTTACCTCC

SS24 AATCCTCTATCACCGACCAAATTCGAAAAGCCTGCTCA
ACGAGCAGGCTTTTTTGCATTTGTAGCTCATGAGGATG
AGAACCTCCGGGGGCAGGGAGGTTCGACTCGAGCGAAG
CGAGAGAACGTTGCGCCAGCAACGGCCCGCAGGGCGAG
CCACGAAGTGGCGAGT

SS25 ACTAGACTGGCCCCCTGAATCTCCAGACAACCAGTATC
ACTTAAATAAGTGATAGTCTTAATACTAGTTTTTAGAC
TAGTCATTGGAGTACAGATGATTGATGTCTTAGGGCCG
GAGAAACGCAGACGGCGTACC

SS26 GCATCCGGCAGTTGGCGCACAATGCCTGATGCGACGCT
TGACGCGTCTTATCATGCCTACAAGTCTGTGCCGAACC
GTAGGCCGGATAAGGCGTTCACGCC

11

16

168

135

101

4545382-4545403

3777764-3777717

4038618-4038953

3466987-3467121

4798869-4799272

237

180

485

243

555

4702309-4702319

4038374-4038453

4175556-4175723

3599989-3600258

4962108-4962511

226

212

317

378

555

0.34
(0.44)

0.38
(0.48)

0.34
(0.44)

0.19
(0.27)

0.09
(0.15)

PET-GTTTTAAACGCATCAGAAGACG
ACTGTTGGCGAGAAAGCTGTA

PET-CTGGCTTAATGGCTACATAC
CGCATGAGCGTGTTGTAATG

NED-ACGAAGGGGTCGGAGGTT
GCGCGTCTTATCAGGCCTAC

NED-TAGCGGTGCGACAAATTACA
TGCTGAACAATTGCGATCTT

PET-CGTATGCGTTGTTTAGCGTTAG

TCTATTTGTGACATGCCGGATA

*Number of alleles detected in 536 S. sonnei isolates.

PAllele diversity calculated from 536 isolates (from 126 MLVA strains).
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Table 3. MLVA profiles for 536 S. sonnei isolates characterized in this study.

Strain code | Year of isolation| MLVA type | SS1|SS2|SS3|SS4 | SS5|SS6|SS7|SS8|SS9|SS|SS|SS|SS|SS|SS|SS|SS|SS|SS|SS|SS|SS|SS|SS|SS|SS| Note
10|11|12|13|14|15|16|17|18|19|20|21|22|23|24|25|26
85e47127 1996 $526.16 1|12 142|322 |1|11|5|4|5|2|2|3|2|3|2|3|1|1|1|0|1|1]|5
85e47128 1996 $526.16 1|12 142|332 |2 |1|11|5|4|5|2|2|3|2|3|2|3|1|1|1|0|1|1]|5
85e47209 1996 $526.60 712|182 |4 (16| 2|1 |9 |3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1|4
85e46821 1996 $526.73 5|2 152 |49 |2 |1|10|3|4|2|3|2|2|2|2|2|2|2|1|2|3|2|1|4]| 1
85e46841 1996 $S26.73 5|2 152 |49 |2 |1|10|3(4|2|3|2|2|2|2|2|2|2|1|2|3|2|1|4]| 1
85e46842 1996 $526.73 5|2 152 |49 |2 |1|10|3(4|2|3|2|2|2|2|2|2|2|1|2|3|2|1|4]| 1
85e46839 1996 $S26.73 5|2 152 |49 |2 |1]10|3(4|2|3|2|2|2]2|2|2|2|1|2|3|2|1|4] 1
8546840 1996 $526.73 512|152 |4 |9 |2 |1|10|3|4|2|3|2|2|2|2|2(2|2|1|2|3|2|1|4] 01
85e46858 1996 $526.73 512|152 |4|9|2|1|10|3|4|2|3|2|2|2|2|2(2|2|1|2|3|2|1|4] 01
85e46873 1996 $526.73 52|15/ 2|4|9|2|1|10|3|4|2|3|2|2|2|2|2(2|2|1|2|3|2|1|4] 01
sh04185 1996 $526.8 12112 |3|2|2|1|11|5/3|4|2|2|3|2|3|2|3|1|1]|1|2|1|1]|5
sh08289 1997 $526.10 111833 |3|19|3 |1 |11|5/7|4|2|3|3|3|3|3|3|1|2|1|3|2|1|4
sh08542 1997 $526.11 712224172 |19 |3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1]|4
86e47517 1997 §526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1|4
86e47518 1997 §526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1|4
86e47499 1997 §526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1|4
86e47498 1997 §526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1|4
86e47453 1997 §526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1|4
86e47439 1997 §526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1|4
86e47406 1997 $526.11 712224172 |19 |3|4)2|3]|2|2|2|2|2|2|2|1|2|3|2|1|4
86e47620 1997 $526.11 712224172 |19 |3|4)2|3]|2|2|2|2|2|2|2|1|2|3|2|1|4
86e48405 1997 $526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1|4
86e47356 1997 $526.11 712224172 |19 |3|4)2|3]|2|2|2|2|2|2|2|1|2|3|2|1|4
86e47381 1997 $526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1]|4
86e47382 1997 $526.11 712224172 |19 |3|4)2|3]|2|2|2]2|2|2|2|1|2|3|2|1|4
86e47397 1997 $526.11 712224172 |19 |3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1|4
sh09397 1997 $526.51 7122324172 |1|9|3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1|4
sh08069 1997 $526.51 7122324172 |1|9|3|4|2|3|2|2|2|2|2|2|2|1|2|3|2|1|4
86e48248 1997 $526.51 7122324172 |1|9|3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1|4
86e48397 1997 $526.51 7122324172 |1|9|3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1|4
86e47360 1997 $526.51 7122324172 |1|9|3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1|4
86e47383 1997 $526.55 8|2 |22|2 |4 |17 2|19 |3|4|2|3|2|2|2|2|2|2|2|1|2|3|2|1|4
sh08255 1997 $526.56 712|241 2|4 |17 2|1|9|3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1]|4
86e48259 1997 $526.57 7122224162 |1|9|3|4)2|3|2|2|2|2|2|2|2|1|2|3|2|1]|4
sh07150 1997 $526.9 111833 |3|18|3 |1 |11|5/7|4|2|3|3|3|3|3|3|1|2|1|3|2|2|4
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sh26841 2002 $526.121 25 19 8|6
sh26840 2002 $526.122 26 19 8|6
sh29350 2002 $526.122 26 19 8|6
sh29368 2002 $526.122 26 19 8|6
sh29507 2002 $526.122 26 19 8|6
sh26364 2002 $526.123 26 21 8|6
sh29864 2002 $526.124 20 19 8|6
sh27212 2002 $526.124 20 19 8|6
sh26747 2002 $526.124 20 19 8|6
sh27076 2002 $526.124 20 19 8|6
sh27592 2002 $S26.124 20 19 8|6
sh27866 2002 $S26.124 20 19 8|6
sh27882 2002 $526.124 20 19 8|6
sh27559 2002 $526.124 20 19 8|6
sh27695 2002 $526.124 20 19 8|6
sh27710 2002 $526.124 20 19 8|6
sh27531 2002 $526.124 20 19 8|6
sh27533 2002 $526.124 20 19 8|6
sh29511 2002 $526.124 20 19 8|6
sh29513 2002 $526.124 20 19 8|6
sh29515 2002 $526.124 20 19 8|6
sh29289 2002 $526.124 20 19 8|6
sh28843 2002 $526.124 20 19 8|6
sh28949 2002 $526.124 20 19 8|6
sh26418 2002 $526.125 21 19 8|6
sh26442 2002 $526.125 21 19 8|6
sh26487 2002 $526.125 21 19 8|6
sh26512 2002 $526.125 21 19 8|6
sh26601 2002 $526.125 21 19 8|6
sh26621 2002 $526.125 21 19 8|6
sh26746 2002 §526.125 21 19 8|6
sh26675 2002 §526.125 21 19 8|6
sh26981 2002 $526.125 21 19 8|6 09
sh27026 2002 $526.125 21 19 8|6 09
sh26620 2002 §526.125 21 19 8|6
sh26325 2002 §526.125 21 19 8|6
sh26854 2002 $526.125 21 19 8|6
sh26889 2002 $526.125 21 19 8|6
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