
Vol. 23, No. 2JOURNAL OF CLINICAL MICROBIOLOGY, Feb. 1986, p. 360-365
0095-1137/86/020360-06$02.00/0
Copyright © 1986, American Society for Microbiology

Plasmid Profile Analysis in Epidemiological Studies of Animal
Salmonella typhimurium Infection in Japan

MASAYUKI NAKAMURA,1t* SHIZUO SATO,2t TATSUO OHYA,2 SHOKO SUZUKI,1 AND SUMIO IKEDA'
National Veterinary Assay Laboratory, Kokubunji, Tokyo 185,1 and National Institute ofAnimal Health, Tsukuba,

Ibaraki 305,2 Japan
Received 24 June 1985/Accepted 15 October 1985

Plasmid profiles were investigated in 65 isolates of SalmoneUla typhimurium derived from aninal outbreaks
during the period of 1978 through 1983 in Japan. Incidence of plasmids, drug-resistance, and conjugative R
plasmids were extraordinarily high in these isolates. This high incidence reflects the prophylactic and
therapeutic use of antibiotics. Most isolates from diseased animals, cohabiting animals, and each farm showed
the same or similar plasmid patterns. However, there was a difference in plasmid patterns within strains
isolated from each of several animals. It may be that one or two plasmids were introduced or deleted in these
strains, leading to the difference discerned in strains isolated from the same animal. It was also shown that
during one epidemic, two strains of S. typhimurium were involved that could be distinguished by plasmid profile
analysis. Our conclusion is that when S. typhimurium strains isolated from animals reared in limited areas
exhibit identical or similar plasmid patterns, they are derived from the same source and that when strains
isolated in a limited area exhibit quite a different plasmid pattern, these strains are derived from independent
sources.

Since the prevalence of plasmids in Salmonella species
was reported by Taylor et al. in 1982 (19), there have been
many reports that plasmid profile analysis was useful as an
epidemiological tool in outbreaks of salmonellosis (13-15,
20). Plasmid profile analysis of Salmonella typhimurium was
thought to be at least as reliable as phage typing in identify-
ing related or unrelated isolates from outbreaks (1, 4).
Compared with phage typing, which requires specialized
laboratories, plasmid profile analyses are more rapid and
more practical. However, almost all strains of Salmonella
examined by plasmid analysis were from human clinical
isolates, and only a few reports of its application to animals
have been made (12, 16, 23). Therefore, we investigated the
plasmids in S. typhimurium strains isolated in Japan from
1978 through 1983 and compared the profiles of various
strains isolated from each animal and at each rearing house
and farm to check the uniformity of plasmids.

MATERIALS AND METHODS
Salmonella strains. Salmonella strains were isolated from

diseased animals at local Livestock Animal Hygiene Centers
by local public employees. These Salmonella isolates were
sent to the Salmonella Center at the National Institute of
Animal Health, Tsukuba, Japan. From the isolates which
were typed as S. typhimurium, we selected 65 strains. The
source of each bacterium was established and the data were
epidemiologically significant. Prefectures (regions) in which
the salmonellae were isolated were Hokkaido, Miyagi,
Nagano, Toyama, Wakayama, Tokushima, Kumamoto, and
Gifu.
The strains were divided into the following three groups

according to their sources and epidemiological significance:
(i) multiple isolates from the same diseased animal; (ii)
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multiple isolates from different animals in the same rearing
house; and (iii) multiple isolates from different farms in the
same prefecture which were associated with epidemics.
An epidemic occurred at Toyama Prefecture during 1981

and 1982. S. typhimurium was isolated from calves intro-
duced at 11 farms in Himi City, Fukumitsu, Fukuno, and
Fukuoka, at one Agriculture Cooperative in Fukumitsu, and
from a local market, dairy farms, and ordinary farms (Fig. 1).
At that time, some calves were introduced from neighboring
Ishikawa and Gifu Prefectures, and one strain (L-534) of S.
typhimurium was also isolated in Gifu Prefecture.

Strain storage. At the National Institute of Animal Health,
isolates of S. typhimurium were incubated in Trypticase soy
broth (BBL Microbiology Systems) for 18 h at 37°C and were
stored at -80°C. At our laboratory, the isolates were stored
in soft Nutrient Agar (Difco Laboratories) at 4°C.

Japanese cattle-rearing practices. On most calf-rearing
farms, male calves were introduced from local markets or
other sources at less than 7 days of age and were reared to
the age of about 1 or 1.5 years before they were sold. In the
rearing houses, calves were given substitute milk until they
were 1 month old, and then they were given artificial milk
until they were 3 months old. After that, they were given
regular feed.

Antibiotics were administered as follows. Substitute milk
contained (per ton) 420,000 to 840,000 U of zinc-bacitracin
and 25 to 40 g of colistin or 40 to 50 g of tetracycline or both.
Artificial milk contained (per ton) 168,000 to 336,000 U of
zinc-bacitracin, 50 g of fradiomycin, and 5 to 20 g of colistin
or 40 to 50 g of tetracycline or both. Artificial milk always
contained tetracycline.

In addition to these antibiotics, most calves less than 5
weeks old were given 100 to 2,500 mg of colistin or 40 to 120
mg of ampicillin per kg of body weight per day for the
prevention of diarrhea due to Escherichia coli and Salmo-
nella species in drinking water or feed additives. Most calves
less than 3 months old were also fed 200 to 400 g of
tetracycline per ton of feed for prevention of pneumonia.

Test for drug resistance and conjugative R plasmids. Tests
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FIG. 1. Agarose gel electrophoresis of plasmid DNAs from S. typhimurium isolated from each of four animals. (A) Animal 1 (calf): lane
a, E. coli V517; lane b, L-112; lane c, L-113; lane d, L-115; lane e, S. typhimurium LT2 (cryptic plasmid, RP4, Rs-a); lane f, E. coli C600
(R40a). (B) Animal 2 (cow): lane a, E. coli V517; lane b, S. typhimurium LT2; lane c, L-518; lane d, L-519; lane e, L-520; lane f, L-521. (C)
Animal 6 (foal): lane a, L-564, lane b, L-565; lane c, L-566; lane d, E. coli V517; lane e, S. typhimurium LT2. (D) Animal 10 (calf): lane a,
L-719, lane b, L-720; lane c, L-721; lane d, L-722; lane e, L-723; lane f, E. coli V517; lane g, S. typhimurium LT2; lane h, E. coli C600 (R40a).

for drug resistance and conjugative R plasmids were per-
formed as described elsewhere (11). Antimicrobial agents
were used in the following amounts (micrograms per millili-
ter): ampicillin (Ap), 25; chloramphenicol (Cm), 25; kanamy-
cin (Km), 25; streptomycin (Sm), 25; sulfadimethoxine (Su),
400; and tetracycline, 25. E. coli ML1410 was used as the
recipient bacterium in plasmid transfer studies.
Plasmid profile analysis. Plasmids were detected by a

modified rapid method described by Kado and Liu (6).
Bacterial cells were grown overnight in 10 ml of L broth at
37°C, harvested by centrifugation, and suspended in 1 ml of
E buffer (40 mM Tris acetate, 2 mM EDTA [pH 7.9]). The
cells were then lysed by the addition of 2 ml of freshly
prepared lysing solution (3 g of sodium dodecyl sulfate, 0.6 g
of Tris, and 6.4 ml of 2 N NaOH in 100 ml of distilled water),
incubated for 1 h at 55°C, and extracted with 6 ml of
phenol-chloroform (1:1 [vol/vol]). After centrifugation, the
supernatant was subjected to agarose gel electrophoresis for
the detection and sizing of plasmid DNA. The molecular
weight standards were R27 (112 megadaltons [MDa]), R40a
(96 MDa), cryptic plasmid of S. typhimurium LT2 (60 MDa),
RP4 (36 MDa), Rs-a (23 MDa), and small plasmids of E. coli
V517.

RESULTS
Incidence of drug resistance and plasmids. The incidence of

drug resistance was extraordinarily high in S. typhimurium
isolates from animals in Japan (Table 1). All strains were
resistant, and conjugative R plasmids were found in 25
(38.5%) of 65 resistant strains. Moreover, 100% of strains
had one or more plasmids.
Comparison of isolates from diseased animals. Plasmid and

resistance patterns were compared among isolates from
various organs or feces of the same animal. In 7 of 11 animals
(animals 3, 4, 5, 7, 8, 9, and 11), S. typhimurium isolates
showed identical plasmid and resistance patterns, although
isolates from animal 4 displayed two different resistance
patterns (Table 2). There was a difference in plasmid pat-
terns in strains from each of the other four animals (animals
1, 2, 6, and 10), although 11 strains from each of those
animals shared some of the same plasmids. For example,
four isolates (strains L-112, L-113, L-114, and L-115) from
animal 1 shared the 62- and 1.3-MDa plasmids. In addition to
these plasmids, strain L-112 harbored 90-, 7.0-, and 4.2-MDa

plasmids, and strain L-115 harbored 7.0- and 4.2-MDa plas-
mids (Fig. 1A). Four isolates (strains L-518, L-519, L-520,
and L-521) from animal 2 shared the 60-MDa plasmid; one of
the isolates also harbored plasmids of 30 and 2.4 MDa (Fig.
1B). One isolate (strain L-566) of three from animal 6 lacked
the 3.6-MDa plasmid, although the remaining two isolates
harbored this plasmid (Fig. 1C). In five isolates from animal
10, there were differences due to the presence or absence of
conjugative R plasmids (Fig. 1D).
Comparison of isolates from cohabiting animals at each

rearing house. S. typhimurium isolates from five rearing
houses showed identical or very similar plasmid patterns in
strains from each of those houses; a slight difference due to
the presence or absence of conjugative R plasmids (in
isolates from houses 2 and 3) was noted (Table 3). It was of
interest that the isolates from rearing houses 3, 4, and 5
showed quite different plasmid patterns. Calves from these
places were introduced to Tokushima Prefecture at almost
the same time (November 11 and 18). This finding suggests
that plasmid content reflected the place of origin.
Comparison of isolates associated with an epidemic. Plas-

mid patterns were investigated in 24 isolates derived during
the prolonged epidemic in the northwestern part of Toyama
Prefecture in the northern part of central Japan. These
strains were isolated at 12 farms between May 1981 and
November 1982. Farm 1 is located at Fukumitsu in the
western part ofToyama Prefecture, farms 2 through 10 are in

TABLE 1. Incidence of drug resistance and plasmids in S.
typhimurium strains (n = 65)

No. of No. of strains
drugs Harboring

evoking Resistant" conjugative Harboring
resistance R plasmidb plasmid"

6 10 8 10
5 11 9 11
4 25 3 25
3 3 0 3
2 11 4 11
1 5 0 5

Total, 65 (100%) of 65.
b Total, 24 (36.9%) of 65.
' Total, 65 (100%o) of 65.
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TABLE 2. Plasmid and drug resistance patterns of S. typhimurium isolated from various organs and feces of animals

Animal Date of Kind No. of Transferred drug
no. Prefecture collec- of Source strains Drug resistance' resistance Mass of plasmids (MDa) Strain no.

tion animal found

1 Kumamoto 10/17/78 Calf Heart 1 Sm Tc Sm Tc 90, 62," 7.0, 4.2, 1.3 L-112c
Calf M-Ld 1 Sm Tc Sm Tc 62b 1.3 L-113C

Liver 1 Sm Tc Sm Tc 62b 1.3 L-114c
Kidney 1 Sm Tc Sm Tc 62,b 7.0, 4.2, 1.3 L-115C

2 Wakayama 10/14/81 Cow Feces 3 Sm 60 L-518, L-519,
L-520

Feces 1 Sm 60, 30, 2.4 L-521
3 Wakayama 10/14/81 Cow Feces 4 Sm Su 5.2, 2.4 L-522, L-523,

L-524,
L-525

4 Wakayama 10/14/81 Cow Feces 3 Sm Su 5.2, 2.4 L526, L-528,
L-529

Feces 1 Ap Km Sm Su 5.2, 2.4 L-527
5 Miyagi 11/25/81 Calf M-L 1 Ap Km Sm Su Tc 82, 60, 7.4 L-535

Intestine 2 Ap Km Sm Su Tc 82, 60, 7.4 L-536, L-537
6 Kumamoto 05/21/82 Foal Liver 1 Ap Cm Km Sm Su Tc Ap Cm Km Sm Su Tc 85," 3.6 L-564

Lung 1 Ap Cm Km Sm Su Tc Ap Cm Km Sm Su Tc 85,b 3.6 L-565
Feces 1 Ap Cm Km Sm Su Tc Ap Cm Km Sm Su Tc 85" L-566

7 Hokkaido 08/31/81 Foal Lung 1 Ap Cm Km Sm Su Tc 60, 5.4, 4.0 L-516C
Feces 1 Ap Cm Km Sm Su Tc 60, 5.4, 4.0 L-517

8 Toyama 08/30/82 Calf Liver 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, 4.9, L-617C
3.9

Spleen 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, 4.9, L-618c
3.9

9 Toyama 08/30/82 Calf Liver 1 Ap Cm Km Sm Su Tc Ap Cm Km Sm Su Tc 80," 6.6, 3.8 L-621C
Heart 1 Ap Cm Km Sm Su Tc Ap Cm Km Sm Su Tc 80," 6.6, 3.8 L-622C

10 Nagano 04/05/83 Calf Liver 1 Ap Cm Sm Su Tc Cm Sm Su Tc 110,b 60, 6.5, 2.4 L-719
Brain 1 Ap 60, 6.5, 2.4 L-720
Spleen 1 Ap Cm Sm Su Tc Cm Sm Su Tc 110,b 60, 6.5, 2.4 L-721
Intestine 2 Ap Cm Sm Su Tc Cm Sm Su Tc 110,b 60, 6.5, 2.4 L-722, L-723

11 Nagano 04/05/83 Calf Heart 1 Ap Cm Sm Su Tc Cm Sm Su Tc 110,b 60, 6.5, 2.5 L-724
Liver 1 Ap Cm Sm Su Tc Cm Sm Su Tc 110,b 60, 6.5, 2.4 L-725
Spleen 1 Ap Cm Sm Su Tc Cm Sm Su Tc 110,b 60, 6.5, 2.4 L-726

a Tests for ampicillin (Ap), chloramphenicol (Cm), kanamycin (Km), streptomycin (Sm), sulfadimethoxine (Su), and tetracycline (Tc).
bSize of conjugative R plasmids.
SS. typhimurium subsp. copenhagen.

d M-L, Mesenteric lymph node.

Himi City, and farms 11 (Fukuno) and 12 (Fukuoka) are

between Fukumitsu and Himi City (Fig. 2).
In May 1981, two S. typhimurium outbreaks occurred at

farm 1, and the two strains (L-538 and L-539) involved were

characterized by six plasmids ranging from 120 to 3.9 MDa

(plasmid pattern A) and by resistance to ampicillin, strepto-
mycin, sulfadimethoxine, and tetracycline (Table 4). Subse-

quently, in July 1981, one strain (L-541), showing quite

TABLE 3. Plasmid and drug resistance patterns of S. typhimurium strainsa isolated from cohabiting calves at rearing houses

House Date of Taserddu
no. Prefecture colleco Source Drug resistance' resistance

Mass of plasmids (MDa) Strain no.

tion

1 Toyama 11/20/81 M-LC Ap Sm Su Tc 120, 60, 6.0, 5.1, 4.9, 3.9 L-538d
Feces Ap Sm Su Tc 120, 60, 6.0, 5.1, 4.9, 3.9 L-539d

2 Toyama 12/19/81 Spleen Ap Sm Su Tc 120, 60, 6.0, 5.1, 4.9, 3.9 L-544d
Feces Ap Km Sm Su Tc Ap Km Sm Tc 120, 95,e 60, 6.0, 5.1, 4.9, 3.9 L-545d

3 Tokushima 12/17/82 Feces 60, 2.0, 1.4 L-674
Feces Ap Cm Km Sm Su Tc Ap Sm Su Tc 85," 60, 2.0, 1.4 L-675

4 Tokushima 12/17/82 Feces Ap Sm Su Tc Ap Sm Su Tc 75,e 2.8 L-676
Feces Ap Sm Su Tc Ap Sm Su Tc 75,e 2.8 L-677

5 Tokushima 12/17/82 Feces Sm Su Tc 110, 60, 6.5, 4.2 L-678
Feces Sm Su Tc 110, 60, 6.5, 4.2 L-679
Feces Sm Su Tc 110, 60, 6.5, 4.2 L-680

a Only one strain was isolated from each calf.
b See Table 2, footnote a.
c M-L, Mesenteric lymph node.
d S. typhimurium subsp. copenhagen.
e Size of conjugative R plasmids.
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FIG. 2. Transport of calves and plasmid patterns of strains of S.
typhimurium isolated from calves. Arrows indicate the transport of
diseased calves. (a) Farm number as given in Table 3 is indicated. (b)
Calves were introduced from an unknown place in this prefecture.
(c) In Gifu Prefecture, S. typhimurium exhibiting plasmid pattern A
was isolated from a calf.

different plasmid (plasmid pattern B) and resistance (to
chloramphenicol, streptomycin, sulfadimethoxine, and tet-
racycline) patterns, was isolated at farm 2 in Himi City, and
one strain with the same plasmid pattern was isolated at farm
5 in Himi City in December 1981. At farm 3, strains showing
plasmid and resistance patterns the same as or similar to
those of strains L-538 and L-539 were isolated in December
1981. About 1 year later, strains showing different resistance
(to ampicillin, chloramphenicol, kanamycin, streptomycin,
sulfadimethoxine, and tetracycline) and plasmid (plasmid
pattern C) patterns were isolated. At farms 4 and 6 through
12, Salmonella isolates showed plasmid pattern A and re-
sistance to ampicillin, streptomycin, sulfadimethoxine, and
tetracycline.

Investigation of the transport of diseased calves in
Toyama Prefecture showed that some diseased calves could
be traced (Fig. 2). Although a positive correlation between
plasmid patterns of the isolates and the routing of calves
could not be demonstrated clearly, it became evident that S.
typhimurium strains characterized by plasmid pattern A
were prevailing in this prefecture and that some calves were
introduced from neighboring prefectures. It was also dem-
onstrated that one strain having plasmid pattern A was
isolated on 30 October 1981 in Gifu Prefecture, from which
some calves were introduced to farms 7 and 8 in Himi City.

Incidence of S. typhimurium subsp. copenhagen. All strains
isolated in Toyama Prefecture, one strain in Gifu Prefecture,
four strains in Kumamoto, and two strains in Hokkaido were
S. typhimurium subsp. copenhagen.

DISCUSSION

This study shows that the incidence of plasmids, drug
resistance, and conjugative R plasmids was extraordinarily
high in S. typhimurium strains isolated in Japan. Similar data
on Salmonella isolates including S. typhimurium have been
published elsewhere (8, 22). We isolated S. typhimurium
strains from apparently healthy male calves and found a high
incidence of multiple drug resistance and plasmids of various
sizes (10). The high incidence of plasmids and multiple drug
resistance suggest that the prophylactic and therapeutic uses
of antimicrobial agents created a serious economic loss in
calf rearing in Japan.
To our knowledge, there have been no comparisons of

plasmid patterns with strains of S. typhimurium isolated
from the same diseased animal. In most instances, plasmid
and resistance patterns of the isolates from each of the
animals were identical. However, there were some differ-
ences in plasmid patterns with isolates from certain animals
(animals 1, 2, 6, and 10). The isolation of one or more
different plasmids suggests that they may have been intro-
duced or deleted spontaneously. This is a first report to
demonstrate a difference of plasmid carriage in isolates from
the same animal. Moreover, there is some evidence that the
difference of plasmids in isolates from the same animal can
be attributed to the presence or absence of conjugative R
plasmids (animal 10), a finding that was true of the isolates
from cohabiting animals reared in houses 2 and 3. It is
possible that such R plasmids were introduced by conjuga-
tion or deleted independently of the presence of other
coexisting plasmids. Genetic instability of certain R plasmids
has been reported elsewhere (3). We also demonstrated that
IncHl R plasmid in S. typhimurium isolates was less stable
against sodium dodecyl sulfate, novobiocin, and ethidium
bromide than resident plasmids (10). We also found a differ-
ence in plasmids in S. enteritidis isolates due to R plasmids
in the strains isolated from the same animal (unpublished
data). These findings suggest a more dynamic nature for
certain plasmids, including R plasmids in S. typhimurium.
Most S. typhimurium isolates during epidemics exhibited

the same plasmid pattern (plasmid pattern A). However,
some isolates displayed different types of plasmid patterns.
These results indicated that those outbreaks that lasted a
long time were caused by more than one strain and that the
strains could be distinguished by their plasmid profiles. It is
possible that a long-term epidemic due to two or three
strains, introduced independently, might occur even within
the limited areas because some healthy animals in Japan
were Salmonella carriers (5, 7, 10, 17). It has been reported
elsewhere that in Salmonella infections on a pig farm, the S.
typhimurium variety changed, indicating the occurrence of a
new infectious source on the same farm (5). During this
epidemic, one strain with plasmid pattern A and resistance
to ampicillin, streptomycin, sulfadimethoxine, and tetracy-
cline was isolated in Gifu Prefecture on 30 October 1981.
About 8 months later, strains with the same plasmid pattern
were isolated at farms 7 and 8 in Himi City from calves
introduced from Gifu Prefecture.

Plasmid analysis is accepted as a means of identifying
relatedness or unrelatedness of strains of the genera Salmo-
nella (1, 2, 4, 13-15), Shigella (18), Enterobacter (9), and
Campylobacter (21). Grouping by plasmid pattern is possible
because of the variation among plasmids of size and of
stability in given strains of S. typhimurium (1, 4). We have
already reported that several resident plasmids in S.
typhimurium isolates from healthy calves were stable (10).
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TABLE 4. Plasmid and drug resistance patterns of S. typhimurium strains isolated from calves at farms in Toyama Prefecture

Location Farm Date of Source No. of Drug resistancea Transferred drug Mass of plasmids Plasmid Strainb no.no.isolationstrains resistance (megadaltons) pattern
Fukumitsu 1 05/14/81 M-Lc 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-538

4.9, 3.9
05/14/81 Feces 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-539

4.9, 3.9
12/08/81 Feces 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-547

4.9, 3.9
Himi 2 07/23/81 Feces 1 Cm Sm Su Tc Tc 96, 2.0, 1.5 B L-541

3 11/29/81 Spleen 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-544
4.9, 3.9

Feces 1 Ap Km Sm Su Tc Ap Km Sm Tc 120, 95, 60, 6.0, A' L-545
5.1, 4.9, 3.9

08/22/82 Feces 2 Ap Cm Km Sm Su Tc Ap Cm Km Sm Su Tc 80,dd6.6, 3.8 C L-621, L-622
10/01/82 Liver 2 Ap Cm Km Sm Su Tc Ap Cm Km Sm Su Tc 80,d 6.6, 3.8 C L-643, L-644

4 12/09/81 Feces 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-548
4.9, 3.9

5 12/10/81 Feces 1 Cm Sm Su Tc Tc 96, 2.0, 1.5 B L-549
6 06/14/82 Feces 2 AP Sm Su Tc 120, 60, 6.0, 5.1, A L-578, L-579

4.9, 3.9
7 06/15/82 Feces 2 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-585, L-586

4.9, 3.9
8 06/15/82 Feces 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-587

4.9, 3.9
9 06/18/82 Feces 2 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-588, L-589

4.9, 3.9
10 06/18/82 Feces 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-590

4.9, 3.9
Fukuno 11 12/07/81 Feces 1 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-546

4.9, 3.9
Fukuoka 12 08/16/81 Feces 2 Ap Sm Su Tc 120, 60, 6.0, 5.1, A L-617, L-618,

4.9, 3.9 L-620

"See Table 2, footnote a.
b All strains were S. typhimurium subsp. cophenhagen.
'M-L, Mesenteric lymph node.
dSize of conjugative R plasmids.

However, this study demonstrated that certain plasmids of
S. typhimurium isolates may be spontaneously introduced or

deleted.
Thus we may conclude that S. typhimurium strains iso-

lated from animals reared in limited areas and exhibiting
identical or similar plasmid patterns originated from one
source and that isolates from such limited areas exhibiting
quite different plasmid patterns were derived from different
sources.

In the present study, we detected at least one plasmid in
all 65 isolates. In the United States, Rilay et al. (15) could not
detect plasmids in all S. typhimurium isolates checked.
Holmberg et al. (4) also failed to detect plasmids in 50 (21%)
of 228 strains examined. Although the comparison between
S. typhimurium in the United States and Japan is difficult,
since the U.S. isolates were derived from humans and the
Japanese isolates were derived from animals, it is of interest
that all isolates of S. typhimurium from animals in Japan
have plasmids. This high incidence of plasmids may reflect
the prophylactic and therapeutic uses of antimicrobial agents
and recommends the plasmid analysis of S. typhimurium
isolates as useful for epidemiological study.

ACKNOWLEDGMENTS

We are grateful to H. Inoue (Animal Hygiene Service Center of
Western Toyama Prefecture) for useful information about S.
typhimurium outbreaks and the transport of calves in Toyama
Prefecture.

LITERATURE CITED
1. Brunner, F., A. Margadant, R. Peduzzi, and J. C. Piffaretti.

1983. The plasmid pattern as an epidemiologic tool for Salmo-
nella typhimurium epidemics: comparison with the lysotype. J.
Infect. Dis. 148:7-11.

2. Casalino, M., A. Comanducci, M. Nicoletti, and F. Maimone.
1984. Stability of plasmid content in Salmonella wien in late
phases of the epidemic history. Antimicrob. Agents Chemother.
25:499-501.

3. Chaw, P. Y., J. Ling, E. J. Threlfall, and S. K. K. Im. 1982.
Genetic instability of R plasmids in relation to the shift of drug
resistance patterns in Salmonella johannesburg. J. Gen. Micro-
biol. 128:239-245.

4. Holmberg, S. D., I. K. Wachsmuth, F. W. Hickman-Brenner,
and M. L. Cohen. 1984. Comparison of plasmid profile analysis,
phage typing, and antimicrobial susceptibility testing in charac-
terizing Salmonella typhimurium isolates from outbreaks. J.
Clin. Microbiol. 19:100-104.

5. Ishiguro, N., G. Sato, K. Takeuchi, and A. Nakayama. 1979. A
longitudinal epizootiological study of Salmonella infection in a
piggery: a study on the mode of contamination by biotyping of
Salmonella typhimurium and by the antibiogram. Jpn. J. Vet.
Sci. 41:261-272.

6. Kado, C. I., and S. T. Liu. 1981. Rapid procedure for detection
and isolation of large and small plasmids. J. Bacteriol.
145:1365-1373.

7. Katsube, Y., Y. Tanaka, and K. Imaizumi. 1973. Salmonella
carriers in swine. Jpn. J. Vet. Sci. 35:25-31.

8. Makino, S., N. Ishiguro, G. Sato, and N. Seno. 1981. Change of
drug resistance patterns and genetic properties of R plasmids in
Salmonella typhimurium of bovine origin isolated from 1970 to
1979 in northern Japan. J. Hyg. 87:257-269.

J. CLIN. MICROBIOL.



PLASMIDS IN S. TYPHIMURIUM 365

9. Markowitz, S. M., S. M. Smith, and D. S. Williams. 1983.
Retrospective analysis of plasmid patterns in a study of burn
unit outbreaks of infection due to Enterobacter cloacae. J.
Infect. Dis. 148:18-23.

10. Nakamura, M., K. Ohmae, S. Sato, S. Suzuki, and S. Ikeda.
1985. Isolation of salmonellae from apparently healthy fattening
male dairy calves and fattening pigs and stability of plasmids in
the isolates. Jpn. J. Vet. Sci. 45:379-384.

11. Nakamura, M., H. Yoshimura, and T. Koeda. 1982. Drug
resistance and R plasmids of Escherichia coli strains isolated
from six species of wild birds. Jpn. J. Vet. Sci. 44:465-471.

12. O'Brien, T. I., J. D. Hopkins, E. S. Gilleece, A. A. Medeiros,
R. L. Kent, B. 0. Blackburn, M. B. Holnes, J. P. Reardon,
J. M. Vergeront, W. L. Scheil, E. Christenson, M. L. Bissett, and
E. V. Morse. 1982. Molecular epidemiology of antibiotic resist-
ance in Salmonella from animals and human beings in the
United States. N. Engl. J. Med. 307:1-6.

13. Riley, L. W., B. S. 0. Cebaflos, L. R. Trabulsi, M. R. Fernandes
de Toledo, and P. A. Blake. 1984. The significance of hospitals as
reservoirs for endemic multiresistant Salmonella typhimurium
causing infection in urban Brazilian children. J. Infect. Dis.
150:236-241.

14. Riley, L. W., and M. L. Cohen. 1982. Plasmid profiles and
Salmonella epidemiology. Lancet i:537.

15. Riley, L. W., G. T. Diferdinando, Jr., T. M. Demelfi, and M. L.
Cohen. 1983. Evaluation of isolated cases of salmonellosis by
plasmid profile analysis: introduction and transmission of a
bacterial clone by precooked roast beef. J. Infect. Dis.
148:12-17.

16. Sato, G., Y. Nakaoka, N. Ishiguro, H. Ohishi, H. Senba, H.

Kato, S. Homma, and N. Nagase. 1984. Plasmid profiles of
Salmonella typhimurium var. copenhagen strains isolated from
horses. Bull. Equine Res. Inst. 21:105-109.

17. Seno, N., T. Watanabe, K. Hosokawa, S. Yoshida, A. Akashima,
K. Sato, and H. Saito. 1982. Prevalence of salmonellosis among
dairy cows in Tokachi, Hokkaido. J. Jpn. Vet. Med. Assoc.
35:632-637. (In Japanese with English summary.)

18. Tacket, C. O., N. Shahid, M. I. Huq, A. R. M. A. Alim, and
M. L. Cohen. 1984. Usefulness of plasmid profiles for differen-
tiation of Shigella isolates in Bangladesh. J. Clin. Microbiol.
20:300-301.

19. Taylor, D. E., J. G. Levine, and K. L. Kouvelos. 1982. Incidence
of plasmid DNA in Salmonella strains isolated from clinical
sources in Ontario, Canada, during 1979 and 1980. Can. J.
Microbiol. 28:1150-1157.

20. Taylor, D. N., I. K. Wachsmuth, Y. H. Shangkaun, E. V.
Schmidt, T. J. Barret, J. S. Schrader, C. S. Scherach, H. B.
McGee, R. A. Feldtnan, and D. J. Brenner. 1982. Salmonellosis
associated with marijuana. N. Engl. J. Med. 306:1249-1253.

21. Tenover, F. C., S. Williams, K; P. Gordon, N. Harris, C. L.
Nolan, and J. J. Plorde. 1984. Utility of plasmid fingerprinting
for epidemiological studies of Campylobacter infections. J.
Infect. Dis. 149:279.

22. Terakado, N., T. Ohya, H. Ueda, and Y. Isayama. 1980. A
survey on drug resistance and R plasmids in Salmonella isolated
from domestic animals in Japan. Jpn. J. Vet. Sci. 42:543-550.

23. Yataya, K., N. Terakado, and K. Hashimoto. 1983. Epizooti-
ologic observation from plasmid DNA in Salmonella typh-
imurium infection in a human infant and calves. J. Jpn. Vet.
Med. Assoc. 36:274-277. (In Japanese with English summary.)

VOL. 23, 1986


