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Molecular typing of Salmonella enterica serovar 4,[5],12:i:- isolates from humans,
animals and river water in Japan by multilocus variable-number tandem repeat
analysis and pulsed-field gel electrophoresis
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ABsTRACT. Fifty-one Salmonella enterica serovar 4,[5],12:1:- (S. 4, [5],12:i:-) isolates (14 human strains, 34 animal strains and 3 river water
strains) which are assumed to be monophasic variants of S. Typhimurium were analyzed using pulsed-field gel electrophoresis (PFGE) and
multiple-locus variable-number tandem repeat analysis (MLVA) in order to investigate their genetic diversities and relationships. PFGE,
MLVA and combination of them identified 28, 27 and 34 profiles (Simpson’s diversity indices [DI]=0.94, 0.96 and 0.97), respectively. No
correlations were detected between MLVA clustering and PFGE clustering or phage typing. These results suggested that S. 4,[5],12:i:- origi-
nated from multiple S. Typhimurium ancestors. Two cattle and one pig isolates showing identical phage types as well as PFGE and MLVA
profiles to human isolates S. 4,[5],12:1:- suggested the existence of the links between human infections and animal reservoirs.
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The prevalence of Salmonella enterica serovar 4,[5],12:i:-
among human salmonellosis has increased since the mid-
1990s in many countries [5, 18]. In Japan, the sporadic cases
caused by S. 4,[5],12:1:- occurred in Tohoku region since
2006 [21]. S. 4,[5],12:i:- is considered to be a monophasic
variant of S. Typhimurium [4, 6, 7], and food-producing
animals have been suspected as its reservoir [5, 8, 14]. How-
ever, the genetic relationship between human and animal
isolates from Japan has not been investigated sufficiently.

To investigate genetic relatedness of microorganisms in
detail, combined usage of multiple typing tools has been
recommended [2]. Although PFGE has been considered
as a gold standard for subtyping of Salmonella [16], sev-
eral studies reported the less discrimination between highly
genetically related strains [15]. Recently, Multiple-locus
variable-number tandem repeat analysis (MLVA) has been
proposed as an alternative tool to PFGE for molecular epi-
demiological analyses of S. Typhimurium [9, 13] and S. 4,
[5],12:1:- [11, 12]. In the previous study, we analyzed 51 S. 4,
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[5],12:1:- isolates derived from humans and animal in Japan,
using plasmid profile, antimicrobial susceptibility test and
phage typing [10]. The result suggested that S. 4,[5],12:i:-
isolates consisted of multiple distinct clones. In the present
study, S. 4,[5],12:i:- isolates in Japan were characterized by
PFGE and MLVA for the following purpose: (i) to verify use-
fulness of combined usage of PFGE and MLVA for typing of
S. 4,[5],12:1:-, (ii) to clarify genetic diversity of isolates and
(iii) to investigate the genetic relationship between human
and animal isolates.

We examined 51 S. 4,[5],12:1:- isolates identified as
monophasic variants of serovar Typhimurium in the previous
study [10]. Fourteen isolates were obtained from sporadic
cases of human salmonellosis. Seventeen were isolated from
cattle with or without diarrhea, eight were isolated from
asymptomatic swine or pork, 5 were isolated from asymp-
tomatic poultry, 2 were isolated from asymptomatic crows,
2 were isolated from a penguin and parakeet diagnosed with
salmonellosis, and 3 were isolated from river water. The epi-
demiological relationships were not found between the hu-
man cases and animal sources. The phage types of 3 isolates
were as follows; 8 were DT193, 3 were DT26, 1 was DT27,
1 was DT120, 34 were RDNC, and 4 were untypeable (UT).
PFGE was performed as described by Powell et al. [17].
Agarose-embedded chromosomal DNA was cleaved with
Binl (Roche Diagnostics, Basel, Switzerland) following the
manufacturer’s instructions. Electrophoresis was performed
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ML Combination
No." PFGE MLVA type of PFGE fJAB" Prefecture  Year

: ‘ Type and MLVA
| K2 A Ia. 3 11 10 0 12 1 Ehime 2004
H14 B X 4 13 12 0 12 2 Gifu 2002
10 C1 C1 Ma 3 12 5 11 12 3 Twate 2003
! cz Ma 3 12 5 11 12 3 Iwate 2005
N C3 C1 Ma 3 12 5 11 12 3 Iwate 2007
| C4 C1 Ma 3 12 5 11 12 3 Iwate 2007
| | C5 C1 Ma 3 12 5 11 12 3 Iwate 2008
| c6 C1 MMla 3 12 5 11 12 3 Iwate 2008
| c7 C1 IMa 3 12 5 11 12 3 Iwate 2008
. c8 1 Ma 3 12 5 11 12 3 Iwate 2008
N[ M2 C2 Ma 3 10 6 9 12 4 Iwate 2007
| Ci6  C2 b 3 11 7 9 12 5 Iwate 2010
1) H6  C3 Me 3 12 6 8 12 6 Twate 2008
| M1 C3 m 3 12 5 5 12 7 Akita 2005
| '] H10 (3 m 3 12 5 5 12 7 Akita 2007
N | R2 C3 m 3 12 5 5 12 7 Akita 2007
N H11 (3 m 3 12 5 5 12 7 Akita 2007
| c9  C3 Me 3 12 6 & 12 6 Iwate 2008
| | Ci0 3 Mec 3 12 6 8 12 6 Twate 2008
I | K4 3 b 3 11 13 0 12 8 Ehime 2006
) HY  C4 m 3 12 5 5 12 9 Akita 2007
i Cll  ¢5 IVa 3 11 5 8 12 10 Yamagata 2004
I | Ci5 D1 V 5 19 16 26 9 11 Nagano 2007
| K1 D2 IIId 3 10 6 8 12 12 Kanagawa 2001
| K3 D3 b 3 11 13 0 12 13 Ehime 2005
| Il C13 D4 V 5 19 16 26 9 14 + Nagano 2005
N C17 E Wb 3 13 5 8 12 15 Aomori 2010
nmw H12 F e 3 11 15 0 12 16 Tokyo 2004
1 H7 Gl d 3 11 6 9 12 17 Akita 2003
11 H1 G1 mf 3 10 6 12 12 18 Iwate 2006
131 H2  G1 mf 3 10 6 12 12 18 Iwate 2006
[} H3  G1 mf 3 10 6 12 12 18 Iwate 2006
E H4  G1 me 3 10 6 12 12 18 Iwate 2006
11 1 Ci2 a1 Mg 4 11 6 9 12 19 Kochi 2005
4] Ks G2 d 3 11 6 9 12 20 Aichi 2010
N C14 H1 Vla 4 12 8 0 11 21 Fukushima 2008
1 S1 H2 Vb 4 12 7 0 11 22 Fukushima 2008
| 52 1 Ve 4 12 9 0 11 23 Saga 2009
n H5 J1 VId 4 11 10 0 11 24 Iwate 2007
S4 J2 Ve 4 12 10 0 11 25 Gifu 2003
S5 J3 Ve 4 12 9 0 11 26 Gifu 2008
83 Ja Vle 4 12 10 0 11 27 Gifu 2002
n H13 K Ve 4 12 10 0 11 28 Tokyo 2007
] H8 L1 X 7 22 14 25 9 29 + Akita 2007
.‘ M R1 L1 VII 7 26 12 13 9 30 + Akita 2007
[} R3 L1 VII 7 26 12 13 9 30 + Akita 2007
] ’ B1 L2 XI 7 28 11 20 9 31 + Nagasaki 2009
B2 M1 VII 8 15 19 9 9 32 + Chiba 2000
] B3 M1 VII 8 15 19 9 9 32 + Chiba 2000
] B4 M2 XII 7 14 10 9 9 33 + Chiba 2005
| 56 N Xar 6 8 11 9 11 34 . Chiba 2009

Fig. 1.

Results of genotyping of S. 4,[5],12:i:- isolated from humans and animals in Japan. A dendrogram prepared from the PFGE profiles

after Binl digestion is placed on the left with their PFGE profiles. Detailed assignment of the results of PFGE and MLVA typing, epide-
miological information and presence of f}j4B operon [10] of the isolates are indicated in the table placed on the right. MLVA profiles are
composed of five numbers indicating the repeat unit for each locus, in the following order: STTRO-STTRS-STTR6-STTR10pl-STTR3
[13]. 2The alphabets indicate the sources of isolates; C, cattle; H, human; S, swine; K, chickens; B, birds; M, pork; R, river water. "The

data were cited from the previous study [10].

in a 1% megabase agarose gel using the CHEF DR III appa-
ratus (Bio-Rad Laboratories, Hercules, CA, U.S.A.) in 0.5%
TBE (89 mM Tris, 89 mM boric acid and 2 mM EDTA) at
14°C, 6 V/cm. The pulse time was increased from 2.2 to 63.8
sec for 19 hr. A photograph of representative PFGE profiles
was scanned and saved in TIFF format to be analyzed using
Fingerprinting II software (Bio-Rad Laboratories). Diges-
tion profiles of the isolates were compared each other by
using Dice similarity coefficient. The cluster analysis was
done using the hierarchic unweighted pair arithmetic aver-
age algorithm (optimization, 0.5%; tolerance, 1.0%), and
a dendrogram was prepared. Profiles with minor variations

(three or fewer band differences) were designed as different
subtypes (indicated by different Arabic numerals) within a
type (indicated by the same uppercase letters), which corre-
sponded to similarities of approximately 80% or more [20].
Otherwise, profiles were designated as different genotypes
(indicated by different uppercase letters) when rates of ho-
mology were less than 80%. MLVA was performed using 5
loci: STTR-9, STTR-5, STTR-6, STTR-10pl and STTR-3,
as described previously [13]. DNA for PCR was isolated
from cells scraped from Luria-Bertini (LB) agar plates, as
described previously [19]. PCR amplification was performed
using an initial denaturation cycle of 95°C for 5 min, fol-
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lowed by 30 cycles of 30 sec of denaturation at 94°C, 30
sec of annealing at 55°C and 1 min of extension at 72°C.
Samples were then incubated for 3 min at 72°C to complete
the extension. All PCR products were sequenced to confirm
the number of tandem repeats. The amplified products were
purified with QIAquick PCR purification columns (Qiagen,
Hilden, Germany) and sequenced in both directions using
Big Dye Terminator v3-1 chemistry (Applied Biosystems,
Foster City, CA, U.S.A.). The number of tandem repeats at
each locus was manually determined using Genetyx version
10.0 (Genetyx, Tokyo, Japan). The motif copy numbers pres-
ent in the tandem array were imported into the BioNumerics
software version 6.5 (Applied Maths, Sint-Martens-Latem,
Belgium), and a minimum-spanning 3 (MST) was generated
using the categorical coefficient. To evaluate the diversities
of MLVA loci, Nei’s diversity indices were calculated us-
ing POPGENE version 1.32 (http://www.ualberta.ca/~fyeh/
popgene.html).

To investigate the genetic relationship between human
and animal isolates in detail, a combination usage of PFGE
and MLVA was attempted. The isolates showing identical
profiles both PFGE and MLVA were typed the same com-
bination type indicated by Arabic numerals. To compare the
discriminatory powers of PFGE, MLVA and combination of
them, Simpson’s diversity index (DI) and 95% confidence
intervals (CI) were calculated using Epicompare version 1.0
(http://www3.ridom.de/epicompare/).

Figure 1 summarizes PFGE and MLVA typing of the 51
S. 4,[5],12:1:- isolates. Twenty-eight different PFGE profiles
(DI, 0.94; 95% CI, 0.91-0.98) were identified by Blnl di-
gestion. A cluster analysis of PFGE identified seven major
clusters (C, D, G, H, J, L and M) and seven minor profiles
(A, B, E, F, I, K and N). The dominant cluster C included 5
PFGE profiles (C1-C5) representing 20 isolates. The other
clusters included between 2 and 4 PFGE profiles composed
of between 2 and 7 isolates. MLVA identified 27 profiles
(DI, 0.96; 95% CI, 0.93-0.98), and five MLVA loci varied in
their degree of polymorphism, which was reflected by Nei’s
diversity indices; STTR3, 0.52; STTRS, 0.74; STTR6, 0.83;
STTRY, 0.58; STTR10pl, 0.85. A cluster analysis using MST
revealed eight major clusters (I-VIII) and 5 minor profiles
(IX-XTII), as shown in Fig. 2. The dominant cluster II in-
cluded 2 MLVA profiles composed of 13 isolates. Cluster III
included 7 MLVA profiles composed of 11 isolates. The other
clusters included between 1 and 5 MLVA profiles composed
of between 2 and 8 isolates. Three MLVA clusters, 11, VII
and VIII, included only one phage type. The other MLVA
clusters included between 2 and 5 phage types, respectively.

Combining the PFGE and MLVA yielded 34 combination
types (DI, 0.97; 95% CI, 0.94-0.99) (Fig. 1). The dominant
combination type 3 (PFGE; C1, MLVA; Ila) was composed
of the 8 bovine isolates obtained from different farms located
in the same town. Combination type 6 (PFGE; C3, MLVA;
IMlc) included 1 human and 2 cattle isolates derived from
different towns. Combination type 7 (PFGE; C3, MLVA;
IIb) included 2 isolates from different human sporadic cases,
1 isolate from a pig and 1 isolate from the sewage water of
a different town. Combination type 18 (PFGE; G1, MLVA;

Scale: Isolate number

Fig.2. Minimum-spanning tree of MLVA. Each MLVA type was
indicated by nodes, displayed as circles, which were connected by
branches of the minimum- spanning tree. The MLVA clusters dif-
fering by zero or one variable-number tandem loci were regarded
as a group, highlighted and numbered by Roman numerals (I-XIII).
A code within each circle indicated phage type. The length of
the branches represented the genetic distances (changes in loci)
between two neighboring types. The size of the circles depended
on their population size. The thickness and dotting of the lines
indicated the distance between the circles; a thicker line denoted
a closer distance than a thin line, and a thin line denoted a closer
distance than a dotted line.

I1If) included 4 human isolates obtained from different spo-
radic cases in the same town. Combination type 30 (PFGE,
L1, MLVA; VII) and 32 (PFGE; M1, MLVA; VIII) included
2 isolates each, which were obtained from different samples
in the same town.

In the present study, various profiles were detected by
PFGE and MLVA, respectively. The discriminatory power
of combination typing was greater than single usage. These
data suggest that combination typing of PFGE and MLVA is
useful for discrimination of S. 4,[5],12:i:- isolates, as Kuro-
sawa et al. reported previously [11]. On the other hand, the
discriminatory power of phage typing (DI, 0.82; 95% CI,
0.74-0.91) of these isolates was lower than that of PFGE and
MLVA [10]. Biased distribution of phage types seemed to
reduce the DI value, and thus, we didn’t utilize phage typing
data in this study.

Although the correlations between MLVA cluster, PFGE
cluster and phage type were previously reported by the
analyses of S. Typhimurium [13, 16], no correlation was
found in this study. For example, MLVA cluster III included
5 distinct PFGE profiles (C2, C3, D2, G1 and G2). PFGE
profile C3 was found in MLVA clusters II and IX. These
results indicated that the isolates we examined consisted of



612 N.IDO ET AL.

multiple distinct clones. Previous studies suggested that S.
4,[5],12:1:- strains from several countries seem likely to be
clonal. Most of S. 4,[5],12:i:- isolates from Germany were
typed as DT193 [8]. In Spain and Thailand, U302 was the
most prevalent phage type [1, 4]. However, Zamperini ef al.
[22] concluded that S. 4,[5],12:i:- isolates from Georgia were
originated from multiple S. Typhimurium, since some mono-
phasic isolates showed identical or similar PFGE profiles
with S. Typhimurium. We identified that the deletion or point
mutations in the fljAB operon and Ain gene were the bases of
the monophasic phenotype of the S. 4,[5],12:1:- isolates in the
previous study [10]. In this study, 42 isolates lacking fljAB
operon were divided into 15 clusters and 5 minor profiles
by PFGE. MLVA divided these isolates into 6 clusters and 2
minor profiles. Eight isolates having the point mutations in
the genes fljA and hin showed five PFGE profiles (D4, L1,
L2, M1 and M2) and six MLVA profiles (V, VII, VIII, X,
XI and XII). These results supported the hypothesis that S.
4,[5],12:1:- isolates in Japan were originated from multiple S.
Typhimurium ancestors.

Best et al. [3] reported the presence of identical MLVA
types across isolates from poultry, pigs and humans, suggest-
ing that animals may be involved in the dissemination of S.
Typhimurium through the food chain. Furthermore, several
studies [8, 14] reported S. 4,[5],12:1:- isolates from pig, pork
and humans showed identical or closely related profiles by
PFGE or MLVA and suggested pig or pork might be a source
of infection. In this study, two bovine isolates and one pig
isolate belonging to combination types 6 and 7 showed
identical phage types as well as PFGE and MLVA profiles to
human isolates. Although, these strains were collected from
the towns scattered throughout the prefecture, and there was
no direct contact between these human and animals, these
results suggest a possibility that food-producing animal is
one of the reservoirs of S. 4,[5],12:1:- in Japan.

In conclusion, the present study demonstrated the
usefulness of combined usage of PFGE and MLVA for S.
4,[5],12:1:- typing. The various profiles resulting from PFGE
and MLVA suggested that S. 4,[5],12:i:- spreading in Japan
may have originated from multiple S. Typhimurium ances-
tors. The presence of identical phage types as well as PFGE
and MLVA profiles across human and animal isolates of S.
4,[5],12:1:- suggests the existence of the links between hu-
man infections and animal reservoirs.
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