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We characterized epidemiologic and genetic features of nosocomially originated multiple-antibiotic-resistant
Salmonella typhimurium isolates from two hospitals. A total of 32 multiply resistant strains, isolated during a
28-month period, were studied. Four resistance phenotypes were distinguished on the basis of the results of
disc diffusion tests. Group 1 was resistant to chloramphenicol, gentamicin, tobramycin, amikacin, and the
newer cephalosporins because of the production of an extended-spectrum b-lactamase (PER-1). Group 2
exhibited the same pattern plus resistance to sulfamethoxazole-trimethoprim (Sxt). Except for Sxt resistance,
dominant phenotypes of both groups were transferred on an identical plasmid, pSTI1 (81 MDa). Group 3 was
resistant to ampicillin, chloramphenicol, gentamicin, tobramycin, and Sxt. This pattern was also transferred
on an 81-MDa plasmid (pSTI2) which differed from pSTI1 on the basis of EcoRI and HindIII restriction
fragments. Group 4 was resistant to ampicillin, chloramphenicol, and tetracycline, and a 74-MDa nonconju-
gative plasmid was detected. Restriction fragment length polymorphism of RNA-encoding DNA and arbitrarily
primed PCR tests revealed that bacteria from groups 1, 2, and 3 were clonally related. Epidemiologic data also
supported the clonal-dissemination hypothesis. We conclude that S. typhimurium isolates acquire and exchange
multiple-resistance plasmids in hospital microflora.

Extended-spectrum b-lactamases are encoded on conjuga-
tive plasmids, transposons, or integrons. These mobile genetic
elements readily spread under selective antibiotic pressure (7).
Antibiotics are consumed regularly and extensively in hospi-
tals. This constant antibiotic pressure selects multidrug-resis-
tant and extended-spectrum b-lactamase-producing bacteria
and enables their transmission among hospitalized patients.
Consequently, a multiresistant microflora that is mostly com-
posed of common human colonizers appears in hospitals. As a
human pathogen, the genus Salmonella is not a typical member
of this hospital microflora. Therefore, extended-spectrum
b-lactamases with multiple antibiotic resistance are rarely as-
sociated with this genus (1, 6, 13). Moreover, plasmid profiles
of salmonellae are believed to be relatively stable (16–18).
However, because of the prophylactic and therapeutic use of
antibiotics and their use as growth promoters in poultry and
food animals, antibiotic-resistant strains are becoming more
common (10).
Extended-spectrum b-lactamases are mutants of classical

enzymes such as TEM-1, TEM-2, and SHV-1. Recently, a
novel extended-spectrum b-lactamase, PER-1, has been dis-
covered, and sequence analysis revealed that it does not belong
to the TEM or SHV family (12). PER-1 was recognized in a
Pseudomonas aeruginosa isolate from a Turkish patient (11a)
and so far has not been reported from any other country. We
isolated PER-1-producing Salmonella typhimurium strains
from fatal nosocomial cases in 1992 at two university hospitals
in Istanbul (19). During another study 17 months later, we
again detected PER-1-producing S. typhimurium strains at one

of these hospitals, indicating that the clone may have been
present in the hospital microflora for more than 1 year. Al-
though multiple-drug-resistant and extended-spectrum b-lac-
tamase-producing salmonellae have been reported before, all
of them were from short-term nosocomial outbreaks and pro-
duced relatively common enzymes (1, 6, 13).
We characterized resistance genes from nosocomial multi-

ple-drug-resistant S. typhimurium strains and analyzed the mo-
lecular epidemiology of PER-1-producing isolates.

MATERIALS AND METHODS

Bacterial strains. Bacterial isolates were taken from the culture collections of
the microbiology departments of two universities. The university hospitals are 20
km from each other on opposite sides of the Bosporus (the sea channel con-
necting the Black Sea to the Sea of Marmara). S. typhimurium strains resistant to
more than two antibiotic groups were included in the study. Thirteen isolates
from the Anatolian-side hospital (hospital A) and 19 from the European-side
hospital (hospital E) fulfilled the criterion. The patients from whom these strains
were isolated were initially hospitalized because of other diseases and became
infected with the strains in the hospitals; thus, all isolates were nosocomially
acquired. The most recent isolate was obtained in April 1994, while the first one
was isolated 28 months before. Serotypes of the isolates were initially identified
using O and H antiserum obtained from Difco Laboratories (Detroit, Mich.) and
later confirmed at a reference laboratory.
Resistance tests, transconjugation, and plasmid analysis. Disc diffusion tests

were done on Mueller-Hinton agar with commercial antibiotic discs (Oxoid Ltd.,
Basingstoke, United Kingdom) according to the recommendations of the Na-
tional Committee for Clinical Laboratory Standards (11).
Escherichia coli K12 J53-1 (pro Nalr) was used as the recipient in transconju-

gation experiments. Donor and recipient bacteria were mated on Mueller-Hin-
ton agar plates at 378C. Transconjugants were selected on Mueller-Hinton agar
containing nalidixic acid (100 mg/liter) plus either ampicillin (64 mg/liter), cefo-
taxime (16 mg/liter), or sulfamethoxazole-trimethoprim (Sxt) (25 to 5 mg/liter).
The rapid procedure of Kado and Liu (8) was used to detect plasmids, and

their sizes were estimated by comparing their migration to that of known plas-
mids on 0.9% agarose. Extracts were run on agarose gels at 12 V/cm for 2 h and
stained with ethidium bromide. Alkaline lysis was the preferred plasmid isolation
method for restriction enzyme digestion (14). Plasmid DNA was digested to
completion in 25-ml volumes with 10 U of either EcoRI or HindIII (Stratagene,
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Cambridge, United Kingdom) and separated on a 0.9% agarose gel at 40 V for
4 to 6 h.
CAT assay and isoelectric focusing. The chloramphenicol acetyltransferase

(CAT) tube assay was performed with positive and negative controls (4).
b-Lactamases were released by freezing and thawing a dense suspension of

bacteria in 0.1 M phosphate buffer (pH 7.0) five times. After centrifugation for
15 min at 12,000 3 g, crude extracts were applied to an ampholine gel with a pH
range of 3.5 to 10, which was prepared according to the formulation of Matthew
et al. (9) but supplemented with 10% sucrose. After focusing at 10 W for 90 to
120 min, the enzymes were located by 1 mM nitrocefin in 0.1 M phosphate buffer,
pH 7.0. Estimations of pI values were made by comparison to the standards
TEM-1 (5.4), TEM-2 (5.6), and SHV-1 (7.6).
Selection of oligonucleotides. TEM and PER probes were obtained by label-

ling PCR products of blaTEM-1 and blaPER-1. An SHV probe was designed with
the OLIGO primer analysis software (MedProbe, Oslo, Norway) and compared
for sequence homology with sequences in the EMBL and GenBank databases
(Table 1). The TEM and PER probes were labelled with a random labelling kit
(Boehringer Mannheim), and the SHV probe was labelled with an end tailing kit
(Boehringer Mannheim). All labelling was performed according to the instruc-
tions of the manufacturer.
ERIC1R and ERIC2 are previously described primers for arbitrarily primed

PCR (AP-PCR) tests (21). However, because it has been suggested that short
primers provide better discrimination, we ordered the last eight nucleotides of
the 39 end of ERIC1R for AP-PCR (20).
Genomic DNA preparation, hybridization, ribotyping, and AP-PCR. Genomic

DNA was extracted from overnight plate cultures by the guanidium thiocyanate
(GuSCN)-diatom method (2). Bacteria were collected from the plates with 2 ml
of 0.1 M Tris HCl (pH 6.4), and 200 ml of these dense suspensions was lysed with
1 ml of GuSCN plus 13 mg of Triton X-100 and 0.1 ml of diatom suspension for
30 min at 608C (DNA binds to diatom in high concentrations of GuSCN at pH
6.4). After centrifugation at 12,000 3 g for 15 s, supernatants were discarded.
The diatom pellet was washed twice with 1 ml of GuSCN, twice with 1 ml of 70%
ethanol, and once with 1 ml of acetone and left for 10 min at room temperature
to dry. DNA was eluted at 508C with 100 ml of a low-ionic-concentration Tris-
EDTA buffer (10 mM Tris HCl, 1 mM EDTA [pH 8.0]). Genomic DNA was
digested to completion with the enzyme EcoRI for 6 h. Fragments were sepa-
rated on 0.7% agarose at 20 V for 14 h.
The colony hybridization method is described elsewhere (14).
Digested genomic DNA and plasmids were transferred to a positively charged

nylon membrane (Boehringer Mannheim) by the method of Southern (15). All
hybridization and washing steps were carried out under high-stringency condi-
tions. The probe for ribotyping was prepared from a commercial solution of
16S-23S RNA (Boehringer Mannheim). Avian myeloblastosis virus reverse tran-
scriptase (Boehringer Mannheim) was used for synthesis and labelling of the
probe instead of the Klenow enzyme of the random labelling kit (Boehringer
Mannheim); otherwise, the hexanucleotide and digoxigenin labelling mixtures
were from this same kit.
Amplification reactions were carried out in a volume of 50 ml for AP-PCR. A

master mixture containing 200 mM deoxynucleoside triphosphate, 1 mM primer,
1.5 mM MgCl2, and Taq polymerase (in increments of 2.5 U) (Stratagene) was
prepared each time. PCR was run for 40 cycles at a denaturation temperature of
958C for 1 min, an annealing temperature of 368C for 2 min, and an extension
temperature of 728C for 3 min. Products were separated on a VisiGel separation
matrix (Stratagene) at 80 V for 1 h, stained with ethidium bromide, and visual-
ized with a UV lamp.

RESULTS

Characterization of resistance phenotypes. A total of 32 S.
typhimurium isolates, 13 from hospital A and 19 from hospital
E, fulfilled the criterion of being resistant to more than two
groups of antibiotics. All of them belong to the same serotype

(4,5,12:i:1,2) and the same biotype as API 20E (identification
number, 6704150) (BioMerieux, Lyon, France).
We identified four resistance phenotypes. Bacteria belong-

ing to group 1 (R 1) were found to be resistant to chloram-
phenicol, gentamicin, tobramycin, amikacin, and extended-
spectrum cephalosporins (Table 2). They were sensitive to
cefoxitin, and double-disc synergy tests were positive, suggest-
ing that they were producing an extended-spectrum b-lacta-
mase. Bacteria from group 2 (R 2) were resistant to the same
antibiotics as were R 1 and were also resistant to Sxt. Group 3
isolates (R 3) were resistant to ampicillin, chloramphenicol,
gentamicin, tobramycin and Sxt. The single isolate of group 4
(R 4) was resistant to ampicillin, chloramphenicol and tetra-
cycline.
Resistance transfer and characterization of the plasmids.

Although donor strains had four resistance phenotypes, the
recipients were expressing three phenotypes and harboring
three plasmids (Fig. 1). Resistance to chloramphenicol, genta-
micin, tobramycin, amikacin, and cephalosporins was sponta-
neously transferred from R 1 and R 2 with the transfer of
81-MDa plasmids at a frequency of 1028. The EcoRI restric-
tion patterns of these plasmids were similar, so both were
designated pSTI1 (data not shown). The transconjugant of R 3
harbored an 81-MDa plasmid (pSTI2) and was resistant to
ampicillin, chloramphenicol, gentamicin, tobramycin and Sxt.
The EcoRI and HindIII restriction fragment length patterns of
plasmids pSTI1 and pSTI2 were completely different (Fig. 2).
We could not achieve any successful transconjugation with the
R 3 isolate, which carried a single plasmid, pSTI3 (74 MDa).
Sxt resistance from R 2 was not transferred as well.
These experiments revealed that plasmids pSTI1 and pSTI2

TABLE 1. Oligonucleotides for hybridization and PCR analysis

Primer or probe Nucleotide sequence (59 to 39) Accession no. (Ac),a

position (p), and/or reference (r)

PER ATG AAT GTC ATT ATA AAA GC p, 308; r, 12
PER AAT TTG GGC TTA GGG CAA GAA A p, 1234
TEM TTA CCA ATG CTT AAT CAG TGA G Ac, X64523; p, 477
TEM ATG AGT ATT CAA CAT TTC CGT G p, 1359
SHV CCA GCA TGG CCG CGA CCC T Ac, M59181; p, 663
ERIC1R GGA TTC ACb r, 21
ERIC2 AAG TAA GTG ACT GGG GTG AGC G r, 21

a Accession numbers are from the EMBL and GenBank databases.
b Last eight nucleotides of the 39 end of the original ERIC1R sequence.

TABLE 2. Resistance phenotypes of S. typhimurium isolates,
responsible plasmids, and isolation places

Group Plasmid Phenotypea

No. of
isolates
from
hospital:

A E

R 1 pSTI1b Cmr Ctaxr Gm Tm Akr 9 13
R 2 pSTI1 Cmr Ctaxr Gm Tm Akr Sxtr 0 2
R 3 pSTI2c Cmr Apr Gm Tmr Sxtr 3 4
R 4 pSTI3d Cmr Apr Tcr 1 0

a Ak, amikacin; Ap, ampicillin; Cm, chloramphenicol; Ctax, cefotaxime; Gm,
gentamicin; Sxt, sulfamethoxazole-trimethoprim; Tc, tetracycline; Tm, tobramy-
cin.
b CAT and PER-1 are encoded.
c CAT and pI 7.0 (non-TEM, non-SHV) b-lactamase are encoded.
d CAT and pI 5.8 b-lactamase are encoded.
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(each 81 MDa) were encoding the dominant resistance phe-
notypes of R 1 and R 3, respectively.
CAT assay and characterization of b-lactamases (isoelectric

focusing and hybridization). The CAT assay was positive for
all isolates; thus, resistance to chloramphenicol was due to
chloramphenicol acetyltransferase.
Isoelectric focusing showed that pSTI1 and pSTI2 were en-

coding single b-lactamases that focused at pIs of 5.3 and 7.0,
respectively. With the colony hybridization method, all bacte-
ria belonging to phenotypes R 1 and R 2, their transconjugants,
and plasmid pSTI1 gave a positive signal with the PER probe.
The PER-1 gene was found to be located on an approximately
3.4 kbp EcoRI fragment of PSTI1. Thus, the enzyme with a pI
value of 5.3 that was hybridizing with the PER probe was
designated PER-1. Plasmid pSTI2 did not hybridize with the
PER, TEM, or SHV probes. Therefore, we concluded that the
enzyme with a pI value of 7.0 did not belong to either the TEM
or SHV family. The single isolate of R 4 produced a b-lacta-
mase focusing at pI 5.8, which was not further characterized.
Ribotyping and AP-PCR. Two RNA-encoding DNA restric-

tion fragment length polymorphism (RFLP) (rDNA) patterns

(ribotypes) were identified among the selected representatives.
Ribotypes of R 1, R 2, and R 3 were similar and distinguishable
from that of R 4 (Fig. 3). AP-PCR results were in agreement
with the results of ribotyping. Except for the single isolate of
group 4, isolates selected as representative were similar with
regard to their AP-PCR product patterns (Fig. 4). The DNA
fingerprints obtained with the above methods suggested that
the isolates of group 1, 2, and 3 were clonally related.
Retrospective analysis of patient data. Totals of 22 and 2

isolates demonstrated R 1 and R 2 phenotypes, respectively.
Of these strains, 9 were isolated at hospital A and 15 were
isolated at hospital E (Table 2). The first patient was one who
had been transferred from another hospital to hospital A with
a case of nosocomial neonatal meningitis caused by the first S.
typhimurium isolate of this study. Another patient, who was

FIG. 1. Plasmids encoding the resistance phenotypes and known plasmids as
molecular markers. Lanes: M1, NCTC 50192 (98, 42, 23.9, and 4.6 MDa); M2,
pUZ8 (40 MDa); 1, pSTI1 (R 1; 81 MDa); 2, pSTI2 (R 3; 81 MDa); 3, pSTI3 (R
4; 74 MDa).

FIG. 2. (A) Agarose gel electrophoresis of EcoRI- and HindIII-digested plasmids. Lanes: M, HindIII-digested lambda DNA; 1, EcoRI-digested pSTI1; 2,
EcoRI-digested pSTI2; 3, HindIII-digested pSTI1; 4, HindIII-digested pSTI2. (B) Hybridization of the digested fragments with digoxigenin-labelled PER probe. Lane
M, digoxigenin-labelled HindIII-digested lambda DNA. Lanes 1 and 2 correspond to lanes 1 and 2 in panel A. The PER-1 gene has a HindIII restriction site in the
middle, so there is no positive hybridization signal in the HindIII-digested plasmid.

FIG. 3. rDNA RFLP of EcoRI-digested chromosomal DNA hybridized by
digoxigenin-labelled 16S-23S rDNA probe. Lanes: M, digoxigenin-labelled
HindIII-digested lambda DNA; 1, ribotype of R 1; 2, ribotype of R 2; 3, ribotype
of R 3; 4, ribotype of R 4.
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admitted to hospital E, was transferred from hospital A and
was already infected with the R 1 isolate of S. typhimurium.
Nearly all the patients were from pediatric surgery or neonatal
intensive-care services.
A patient was found who had been excreting the isolate

exhibiting the R 1 phenotype for more than a year. A total of
seven strains, three from hospital A and four from hospital E,
showed the R 3 phenotype. We could not find enough data to
show a link between the hospitals for this phenotype, but the
first of the hospital E isolates was also detected on the Ana-
tolian side. The four isolates from the European side were very
recent.

DISCUSSION

We identified four groups of isolates with different resis-
tance patterns, namely, R 1, R 2, R 3, and R 4. Three plasmids,
pSTI1, pSTI2, and pSTI3, were responsible for the dominant
phenotypes. DNA fingerprinting with rDNA RFLP and AP-
PCR suggested that R 1, R 2, and R 3 were clonally related.
Although the relative mobilities of pSTI1 and pSTI2 were
similar on agarose gels, their restriction patterns were differ-
ent. This difference indicated that resistance patterns were
changed because of the exchange of plasmids rather than by
transposon or integron exchange. We conclude that if S. typhi-
murium isolates can persist long enough in hospital microflora,
they will acquire and exchange multiple-resistance plasmids.
Phage typing, plasmid profiles, and antibiotic resistance pat-

terns are the classical methods of an epidemiological investi-
gation. Recently, molecular biology methods, such as rDNA
RFLP, pulsed-field gel electrophoresis, and AP-PCR were ap-
plied to the field. These methods depend mainly on the com-
parison of fingerprints of either total DNA or a specific part of
it. The discriminatory power of rDNA RFLP and AP-PCR
depends on the selected restriction enzyme and primer se-
quences, respectively. EcoRI was previously suggested to be
discriminative when coupled with a 16S-23S RNA probe for
rDNA RFLP of S. typhimurium (5). The primers that we se-
lected for AP-PCR were also known sequences and had been
shown to differentiate clones of Enterobactericeae. The data

based on the ribotyping and AP-PCR similarity of groups 1, 2,
and 3 of this study revealed the clonal relatedness of S. typhi-
murium. A retrospective analysis of patient data further sup-
ported the hypothesis of the spread of a single clone between
hospitals.
Several studies have indicated the stability of plasmid pro-

files of salmonella species, and thus plasmid analysis has been
suggested as a useful method for epidemiological investiga-
tions (16–18). However, in this study, despite having similar
rDNA RFLP and AP-PCR patterns, groups 1 and 3 harbored
different plasmids.
Extended-spectrum b-lactamases are believed to be encoded

on mobile genetic elements such as transposons and integrons.
Integrons are recently described genetic elements, and with the
aid of integron integrase they are able to exchange resistance
gene cassettes (3). In other words, a single plasmid could be
found with different multiple-resistance compositions. Because
salmonellae are believed to have very stable plasmid profiles,
the probability of exchanging transposons or gene cassettes on
a common plasmid seemed to be high. If this were the case, we
would find differences at very few restriction fragments of
digested plasmids. Thus, to answer the question of whether
clones exchanged two plasmids, pSTI1 and pSTI2, or the same
plasmid with only the gene cassettes or transposons changed,
we compared the RFLP patterns of pSTI1 and pSTI2. If only
several restriction fragments were different, it would be essen-
tial to look for sequence homology between the fragments
other than the one that carried blaPER-1. However, RFLP pat-
terns obtained with two enzymes were quite different for these
plasmids; thus, restriction enzyme analysis strongly suggested
that pSTI1 and pSTI2 were different plasmids. The sequence
analysis of blaPER-1 showed that it was only distantly related to
the TEM or SHV enzymes. Although extended-spectrum
b-lactamases are almost always the mutants of classical en-
zymes, the ancestor of PER-1 has not yet been identified (12).
Our experiments with colony hybridization revealed that
blaPER-1 was not uncommon among nosocomial P. aeruginosa
isolates in Istanbul, Turkey (unpublished data). However, we
did not detect PER-1 in any nosocomial species other than P.
aeruginosa and S. typhimurium at hospitals A and E and could
not find an explanation of why blaPER-1 was not disseminated
among other species.
Probably, an S. typhimurium strain acquired plasmid pSTI1

in 1992 and the strain was disseminated between hospitals by
the transfer of infected patients. The actual number of patients
infected with multiply resistant strains must be much greater
than that which we detected. Asymptomatic carriers or mild
cases, which were unnoticed, could be an explanation for the
persistence and dissemination of this clone in the hospital
microflora.
S. typhimurium is one of the most common serotypes iso-

lated from humans with salmonellosis. Although it is not rec-
ommended to treat gastroenteritis due to this organism with
antibiotics, invasive complications such as bacteremia, sepsis,
and meningitis do require antibiotics. Therefore, increasing
multiple-resistance and extended-spectrum b-lactamase inci-
dence among S. typhimurium deserves special attention, par-
ticularly in neonatal infections.

ACKNOWLEDGMENTS

We thank Victor L. Yu and Patric Wall for their critical review of
the manuscript, Ismail Sisman for his excellent assistance, and the
Microbiology Department of Capa University for confirming the bio-
types and serotypes of bacterial strains.
This study was supported in part by Pakize Tarzi Laboratories,

Istanbul, Turkey.

FIG. 4. AP-PCR patterns of randomly selected representatives of resistance
phenotypes from both hospitals. Lanes: M, HaeIII-digested fX174 DNA (Strat-
agene); 1 and 2, R 1; 3 and 4, R 2; 5 and 6, R 3; 7, R 4. The arrows indicate the
main differences between the seventh lane and the others.

VOL. 34, 1996 MULTIPLE-ANTIBIOTIC-RESISTANT S. TYPHIMURIUM 2945

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

cm
 o

n 
05

 M
ar

ch
 2

02
2 

by
 8

5.
15

3.
23

8.
31

.



REFERENCES

1. Archambaud, M., G. Gerbaud, E. Labau, N. Marty, and P. Courvalin. 1991.
Possible in-vivo transfer of beta-lactamase TEM-3 from Klebsiella pneu-
moniae to Salmonella kedougou. J. Antimicrob. Chemother. 27:427–436.

2. Boom, R., C. J. A. Sol, M. M. M. Salimans, C. L. Jansen, P. M. E. Wertheim-
van Dillen, and J. van der Noordaa. 1990. Rapid and simple method for
purification of nucleic acids. J. Clin. Microbiol. 28:495–503.

3. Collis, C. M., and R. M. Hall. 1995. Expression of antibiotic resistance genes
in the integrated cassettes of integrons. Antimicrob. Agents Chemother.
39:155–162.

4. de la Maza, L., S. I. Miller, and M. J. Ferraro. 1990. Use of commercially
available rapid chloramphenicol acetyltransferase test to detect resistance in
Salmonella species. J. Clin. Microbiol. 28:1867–1869.

5. Esteban, E., K. Snipes, D. Hird, R. Kasten, and H. Kinde. 1993. Use of
ribotyping for characterization of Salmonella serotypes. J. Clin. Microbiol.
31:233–237.

6. Hammami, A., G. Arlet, S. Ben Redjeb, F. Grimont, A. Ben Hassen, A. Rekik,
and A. Philippon. 1991. Nosocomial outbreak of acute gastroenteritis in a
neonatal intensive care unit in Tunisia caused by multiply drug resistant
Salmonella wien producing SHV-2 beta-lactamase. Eur. J. Clin. Microbiol.
Infect. Dis. 10:641–646.

7. Jacoby, G. A., and L. Sutton. 1991. Properties of plasmids responsible for
production of extended-spectrum b-lactamases. Antimicrob. Agents Che-
mother. 35:164–169.

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

9. Matthew, M., A. M. Harris, M. J. Marshall, and G. W. Ross. 1975. The use
of analytic isoelectric focusing for detection and identification of b-lacta-
mases. J. Gen. Microbiol. 88:169–178.

10. Murray, B. E. 1986. Resistance of Shigella, Salmonella, and other selected
enteric pathogens to antimicrobial agents. Rev. Infect. Dis. 8(Suppl. 2):
S172–S181.

11. National Committee for Clinical Laboratory Standards. 1992. Performance
standards for antimicrobial disc susceptibility tests. M2A2. National Com-
mittee for Clinical Laboratory Standards, Villanova, Pa.

11a.Nordmann, P. Personal communication.
12. Nordmann, P., and T. Naas. 1994. Sequence analysis of PER-1 extended-

spectrum b-lactamase from Pseudomonas aeruginosa and comparison with
class A b-lactamases. Antimicrob. Agents Chemother. 38:104–114.

13. Poupart, M.-C., C. Chanal, D. Sirot, R. Labia, and J. Sirot. 1991. Identifi-
cation of CTX-2, a novel cefotaximase from a Salmonella mbandaka isolate.
Antimicrob. Agents Chemother. 35:1498–1500.

14. Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular cloning: a
laboratory manual, 2nd ed. Cold Spring Harbor, Laboratory Press, Cold
Spring Harbor, N.Y.

15. Southern, E. M. 1975. Detection of specific sequences among DNA frag-
ments separated by gel electrophoresis. J. Mol. Biol. 98:503–517.

16. Spika, J. S., S. H. Waterman, G. W. Hoo, M. E. St. Louis, R. E. Pacer, S. M.
James, M. L. Bissett, L. W. Mayer, J. Y. Chiu, B. Hall, K. Greene, M. E.
Potter, M. L. Cohen, and P. A. Blake. 1987. Chloramphenicol-resistant
Salmonella newport traced through hamburger to dairy farms. A major per-
sisting source of human salmonellosis in California. N. Engl. J. Med. 316:
565–570.

17. Taylor, D. N., K. I. Wachsmuth, Y. H. Shangkuan, E. V. Schmidt. T. J.
Barret, J. S. Schrader, C. S. Scherach, H. B. McGee, R. A. Feldman, and
D. J. Brenner. 1982. Salmonellosis associated with marijuana. A multistate
outbreak traced by plasmid fingerprinting. N. Engl. J. Med. 306:1249–1253.

18. Usera, M. A., T. Popovic, C. A. Bopp, and N. A. Strockbine. 1994. Molecular
subtyping of Salmonella enteritidis phage type 8 strains from the United
States. J. Clin. Microbiol. 32:194–198.

19. Vahaboglu, H., L. M. C. Hall, L. Mulazimoglu, S. Dodanli, I. Yildirim, and
D. M. Livermore. 1995. Resistance to extended-spectrum cephalosporins,
caused by PER-1 b-lactamase, in Salmonella typhimurium from Istanbul,
Turkey. J. Med. Microbiol. 43:294–299.

20. Van Belkum, A. 1994. DNA fingerprinting of medically important microor-
ganisms by use of PCR. Clin. Microbiol. Rev. 7:174–184.

21. Versalovic, J., T. Koeuth, and J. R. Lupski. 1991. Distribution of repetitive
DNA sequences in eubacteria and application to fingerprinting of bacterial
genomes. Nucleic Acids Res. 19:6823–6831.

2946 VAHABOGLU ET AL. J. CLIN. MICROBIOL.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

cm
 o

n 
05

 M
ar

ch
 2

02
2 

by
 8

5.
15

3.
23

8.
31

.


