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Antimicrobial susceptibility, phage types, and pulsetypes of
Salmonella Typhimurium, in Sado Paulo, Brazil

Angela Cristina Rodrigues Ghilardi*, Ana Terezinha Tavechio, Sueli Aparecida Fernandes

Secdo de Bacteriologia, Instituto Adolfo Lutz, Av. Dr. Arnaldo 351, 9° andar, 01246-902 S&o Paulo, SP, Brasil

Atotal of 283 Salmonella Typhimurium strains isolated from cases of human infections and non human sources,
were examined for antimicrobial susceptibility and the incidence of resistance was 38% and multiple resistance (to
three or more antimicrobials) was 15%. All 43 multidrug-resistant strains (MDR) and 13 susceptible ones were
characterized by phage typing and pulsed- field gel electrophoresis (PFGE). The strains encompassed 14 definitive
phage types (DT), three were untypable (UT), and 18 atypicals or reaction does not conform (RDNC), which
belonged to 21 PFGE patterns, A1-A21. The predominant phage types were DT49, DT193, and RDNC and two
strains belonging to DT 104 and 104b were also identified. The most commum PFGE patterns were Al and A8.
Analysis by PFGE and phage typing demonstrated that the most of the MDR were multiclonal and association
among multiresistance, phage typing, and PFGE patterns was not so significant.

Key words: Salmonella Typhimurium - phage types - multidrug-resistant

Salmonellaisone of the most important causal agents
of foodborne illness. It can be isolated from a variety of
foodstuff such as raw meats, poultry and poultry prod-
ucts, milk and milk products (Gorman & Adley 2004). The
zoonotic nature of Salmonella infections is well estab-
lished and the observed increase in human cases has been
associated with high levels of infections in animal hus-
bandry, mainly in pigsand poultry (Seyfarth et al. 1997).

The Salmonella genus comprises more than 2500 se-
rotypes (Popoff 2001), most of which are considered po-
tential human pathogens, but only a reduced number of
them have been associated with human infections (Uzzau
et a. 2000). In developed countries, outbreaks of non-
typhoidal Salmonella infections have been caused mainly
by serotypes Enteritidisand Typhimurium (Seyfarthet a.
1997, Daviset a. 1999, Kariuky et a. 1999).

S. Typhimurium is a common cause of human salmo-
nellosisin many countries (Tavechio et al. 1996, L eegaard
et al. 2000, Esaki et al. 2004, Martinez-Urtazaet al. 2004,
Gorman & Adley 2004). It represents the most common
serotypeisolated from humans and animalsin the United
States (Bender et al. 2001, Rabatsky et al. 2004) and the
second in the United Kingdom (Martinez-Urtaza et al.
2004).

Studiesreported in the state of S&o Paulo, Brazil, have
also indicated that S. Typhimurium is the second most
common serotypeisolated from human sources (Tavechio
et a.1996) and one of the most frequent from non-human
sources (Taunay et al. 1996). The extensive use of antimi-
crobiasin human and veterinary medicine has led to an
increase in multidrug resistance strains (MDR) (Threfall
etal. 1993, Glynneta. 1998, Daviset a. 1999, Rabatsky et
a. 2004). Fernandes et a. (1992) demonstrated that 95%
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of S Typhimurium strainsisolated from humans presented
high levels of resistance to antimicrobial agents (5-14
marks) and most wereisolated in hospital environments,
which have been considered the principal vehicle of epi-
demic MDR S Typhimurium strains (Riley et al. 1984,
Fernandes et al. 1992, Asensi et al. 1995, Kariuky et al.
1999).

A MDR S Typhimurium strain, with definitive phage
type 104 (DT 104), hasemerged and spread over theworld
since 1984 (Leegaard et al. 2000, Liebanaet al. 2002, Van
Duijkeren et al. 2003). The dominant resistance type of
these strainsisACSSUT, that is, they areresi stant to ampi-
cillin, chloramphenicol, streptomycin, sulfonamides, and
tetracycline, and the resistance is encoded by chromo-
somally located genes (Davis et a. 1999, Izumiya et al.
2001). Studies have shown that only a few phage types
tend to dominate within a geographical region for a pe-
riod of time (Kariuky et a. 1999), and further subtyping of
the strains through molecular methods is required in or-
der to detect these epidemiological changes.

Theaim of thisstudy wasto analyse the antimicrobial
resistance patterns of S. Typhimurium isolates, received
at Ingtitute Adolfo Lutz, Sdo Paulo, Brazil, from 1990-2001,
and to investigate the distribution of their phage types,
including DT 104, as well asto compare by pulsed-field
gel eletrophoresis (PFGE), the genetic heterogeneity of
these strains.

MATERIALS AND METHODS

Bacterial isolates - A total of 283 S Typhimurium
strains, apparently from sporadic cases of infection, of
which 187 from human and 96 from non-human sources,
were characterized. These isolates represent 56% of the
serotype Typhimurium isolates, from atotal of 505, among
the 14,249 of Salmonella spp. obtained from the analysis
of routinemonitoring surveillance, during the period 1990-
2001, inthe state of S80 Paulo, Brazil. All the strainswere
serotyped according to Popoff (2001) at the Laboratory
of Enteric Pathogens, Instituto Adolfo Lutz, S&o Paulo,
Brezil.
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Antimicrobial susceptibility testing - Antimicrobial
susceptibility tests were performed by the disk-diffusion
method, using disks (Cecon) soaked with amoxicillin-
clavulanic acid (30 pg), ampicillin (10 pg), aztreonam (30
Ka), cefepime (30 pg), ceftazidime (30 g), ceftriaxone (30
Kg), cephaothin (30 pg), chloramphenicol (30 pg),
ciprofloxacin (5 pg), gentamicin (10 umg), imipenen (10
@), kanamycin (30 pg), nalidixic acid (30 pg), netilmycin
(30 ug), nitrofurantoin (300 pg), sulfamethoxazole-tri-
methoprim (25 ug), streptomycin (10 pg), sulfonamides
(300 pg), and tetracycline (30 pg). The disk-diffusion
method and the interpretation of results were performed
as described on the Clinical and Laboratory Standards
Institute (CLSI/NCCLS) guidelines. Escherichia coli
ATCC 25992 and Pseudomonas aeruginosa ATCC 27583
were used as control on each test (CLSI/NCCLS 2001).
MDR was defined as resistance to three or more classes
of antimicrobials.

Phage typing - Phage typing was performed for all
MDR strains and 7% of the susceptible isolates. Phage
types were determined by the extended phage typing
scheme of Anderson et al. (1977) by using 30 S. Typhi-
murium typing phages obtained from the Internationa
Reference Laboratory for Enteric Phage Typing, Health
Protection Agency, Colindale, London, UK. Phagetyping
was performed at the National Laboratory for Enteric
Pathogens, National Microbiology Laboratory, Health
Canada, Winnipeg, Manitoba, Canada, which isthe Ref-
erence Laboratory for phagetyping in the North America,
trained by the International Reference Laboratory in
Colindale, London, UK.

Strains that were untypable through these 30 phages
were subtyped with 10 additional experimental phages.
All' S, Typhimurium strains displaying ununsual phage
types, which lyses patterns did not match with the stan-
dardized ones, were assigned as atypical (AT or RDNC,
reaction does not conform). Such expanded scheme is
able to type over than 300 different phage types.

PFGE - All MDR strains and 7% of the susceptible
isolates were submitted to PFGE for analysis of their het-
erogeneity asdescribed previously by Thong et al. (1995).
Wholecellular DNA of each Salmonellaisolated was ex-
tracted from a culture of a single colony in 5 ml Luria-
Bertani broth for 16-20 (overnight), at 37°C. A volume of
1.5ml of thisculture wastransferred into eppendorf tubes
and washed twicewith 1 ml of cellular buffer (10mM Tris-
HCI, pH 8.0, 1M NaCl), by centrifuging at 10,000 rpmfor 5
min. The pellet was resuspended in 0.2 ml of the same
buffer which was kept in a40°C water bath. This suspen-
sion was mixed in equal parts with molten 2% agarose
(Bio-Rad Laboratories, Richmond, CA, US) and 22 pl of
this mixture was pippeted over aslide surface, forming 10
disks. After solidifying, thedisksweretransferred to lysis
buffer (6 mM Tris-HCI, pH 8.0; 1M NaCl; 100 mM EDTA
pH 8.0; 0.5% SDS; 0.5% N-laurilsarcosyl) with 25 pg/ml
Rnase A e 1 mg/mg lysozyme, and kept overnight in a
37°Cwater bath. After incubation overnight at 56°Cin2ml
of lysisbuffer with proteinase K (Sigma) at afinal concen-
tration of 1 mg/ml, the DNA containing diskswerewashed
fivetimes, for 30 min each, with TE buffer (10 mM Tris-
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HCI; 1 mM EDTA pH 8.0), on an end to end shaker, and
were stored at 4°C in TE buffer. One disk was pre-incu-
bated with 100 pl of 1x restriction buffer (Promega) for 40
min. The buffer was then replaced with a fresh mixture
containing 30 U of Xbal restriction enzyme (Promega) in
100 pl fresh restriction buffer and incubated overnight at
37°C. Electrophoresis of the prepared samples was per-
formed on CHEF DR-11 system (Bio-Rad L aboratories) by
using 1% pulsed-field certified agarose (Sigma), in 0,5%
TBE running buffer (45 mM Tris-HCL ; 45 mM boric acid;
1.0mM EDTA). A lambda ladder pulsed field gel maker
(New England Biolabs, Hitchin, UK) was used as a size
standard. The electrophoretic conditions were used as
follow: Block 1, initial switchtime 25 s, final switchtime,
65s, runtime8h, 6 volts. Block 2, initial switchtime5s,
final switchtime 24 s, runtime 10 h, 6 volts, temperature
14°C. After electrophoresisthe gel was stained for 30 min
insteriledistilled water with ethidium bromide (0.5 mg/ml)
and distained for 30 min in distilled water and photo-
graphed under UV illumination, with Polaroid film.

Macrorestriction patternswere compared by using GEL
COMPARIII software. Different profileswere designed as
A1-An, according to differences in the restriction pat-
terns. A difference of at least one restriction fragment in
the patterns was considered the criterion for discriminat-
ing (Tennover et al. 1995).

RESULTS

In atotal of 283 strains analyzed, recovered from hu-
man and non-human origin during 1990-2001, in different
geographic areas of the state of Sdo Paulo, it was shown
that 108 (38%) among them presented resistance to at
least one antimicrobial agent. The isolates expressed re-
sistance to 11 of the 19 drugs tested, and the highest
frequency was observed to tetracyclin (37.5%) followed
by streptomycin (24.3%), and sulfonamides (19.4%). L ess
of 10% of the strains showed resistance (in decrescent
order) to ampicillin (9.8%), chloramphenicol (9.5%),
sulfamethoxazol-trimethoprim (8.4%), kanamycin (6.3%),
nitrofurantoin (6.3%), nalidixic acid (5.6%), gentamicin
(2%), and cephalothin (0.7%). None of the isolates were
resistant to amoxicillin-clavulanic acid, aztreonam,
cefepime, ceftazidime, ceftriaxone, ciprofloxacin, imipenem
or netilmycin, and 175 (62%) were susceptibleto all anti-
microbial agentstested. MDR wasidentified in 43 (15%)
isolates of which 35 (81%) were related with human and
eight (19%) with non-human origin. The23 MDR profiles
obtained are shown in Table |, with resistance to three to
eight antimicrobials agents. Six strains showed one dis-
tinct MDR pattern, ACKSSUTST (ampicillin, chloram-
phenicol, kanamycin, streptomycin, sulfonamides,
sulfamethoxazol e-trimethoprim, and tetracyclineg).

Thirty -fivestrainsencompassed 14 DT, and threewere
UT ones. Eighteen strains were distributed into seven
atypical types (RDNC), which did not match to any of the
standard phages used for typing. The predominant ph-
agetypeswere DT 193, one of the RDNC patternsand DT
49 with 11, 11 and 6 isolates respectively (TableIl). The
definitive types 104, 104a, 104b, 104c, or U302 (closely
related definitive types, sometimes classified as DT 104
complex) included only three strainsin our study: DT 104,
DT 104b, and U302.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 101(3), May 2006

283

TABLE |

Resistance types to three or more antimicrobials among 283 Salmonella Typhimurium strainsisolated in S&o Paulo, Brazil, from
1990-2001

Drug resistence no. Resistence type

Human source Non-human source

3 ASNA
ASSu
CST
NIST
SuTTS
SsuT
SauTS

4 ACSSu
AKSSu
ANISSu
CNIST
cssuT
NISSuT
SSuTTS

5 ACSSuT
AKSSUT
AKSSUTS
CNANIST
CSSuTTS

6 ACSSUTTS
AKSSUTTS

7 ACFNANISSUTS
ACKSSUTTS

8 ACKNASSUTTS

PR RNRARRRERER
N

N

PR RN

P OFRPNNDN

Total 23 types

35 8

A: ampicillin; C: chloramphenicol; CF: cephalothin; K: kanamycin; NA: nalidixic acid; NI: nitrofurantoin; S: streptomycin; Su:

sulfonamides; T: tetracycline; TS: sulfamethoxazol e-trimethoprim.

TABLE I

Phage types of 43 multidrug resistant and 13 susceptible
strains of Salmonella Typhimurium isolated, from 1990 to
2001, in Séo Paulo, Brazil

Phage type No. of strains

DT 4
DT 10
DT 15a
DT 27
DT 49
DT 99
DT 104
DT 104b
U302
DT 110b
DT 120
DT 135
DT 153
DT 193
RDNC
uT 3

DT: definitive type; RDNC: atypical or reaction does not
conform; UT: untypable

PR NOMNWOWRRPRNONR R

el
[e%)

Twenty one PFGE profiles, designed A1-A21, were
detected among the 56 strains of S. Typhimurium (Figure)
and the most common profiles, wereAland A8 (Teblelll).

Thedatain the Figure represent adendrogram with all
PFGE profiles. After cluster analyses of thesefingerprints,
threedifferent clustersl, I1, and 11 with similarity percent-
age< 60% werefound. In PFGE cluster 11, weredll isolates
of DT 49, belonging to typesAl and A6, DT 193 strains,
types A3 and A8 and two strains DT 104 and 104b, type
A2. The only one strain of S, Typhimurium U302 wasin
the cluster 1. In cluster 111, were the strains of DT193,
types A12 and A16, DT 120, type A10, untypables and
atypicals ones. The susceptible strains were distributed
inclusters| and I11.

Table 111 shows the combination of antibiotic resis-
tance, phage types, and PFGE patterns of the MDR stud-
ied strains. Type Al and A6 were the most commum pro-
filesamong phagetype DT 49 and A3 and A8 among DT
193. TypeA2wasfound only in DT104 and 104b and A15
inU302.

DISCUSSION

In this study, we examined a collection of S. Ty-
phimurium, isolated from human and non human sources,
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Dendrogram showing the relationship of 21 representative finger-
prints pulsed-field gel eletrophoresis patterns (PFGE) for 56 Sal-
monella Typhimurium isolates (multidrug-resistant strains and sus-
ceptible ones).

between 1990 and 2001, in the state of S&o Paulo, Brazil.
Three techniques commonly used for bacterial typing;
phage typing, antimicrobial susceptibility testing, and
PFGE patterns of Xbal digested cromossomal DNA, were
used to characterize these strains, which were epidemio-
logically unrelated.

Antimicrobial susceptibility test demonstrated a high
level of drug resistance associated with S, Typhimurium.
The data showed that 38% of the strains presented resis-
tance to one to eight antimicrobial agents. The highest
frequency of resistance observed in this study was against
tetracycline (36.7%), streptomycim (24.3%), sulfonamides
(19.4%), ampicillin (9.8%), and chloramphenicol (9.5%),
which are also the antimicrobial agents most frequently
related to resistance in other parts of the world (Seyfarth
etal. 1997, Leegaard et a. 2000, Rabatsky-Ehr et a. 2004).
The observation of MDR correlated with studies per-
formed in European Union and United States which con-
firm that the MDR is common among S. Typhimurium
strains, although the frequency found (43 strains, 15%)
was lower than in other countries (Leegaard et a. 2000,
Nastasi & Mammina 2000, Gorman & Adley 2004,
Rabatsky-Ehr et al. 2004). The occurrence of MDR was
higher in human (81%) than non-human sources (19%),
suggesting that, during this period, 1990-2001, the dis-
semination of these strains may be attributed to human
reservoir and the antimicrobial usein humanshasresulted
in an increasingly high prevalence of multiple resistance
(Fernandes et al. 1992, Asensi et al. 1995, Taunay et al.
1996, Kariuki et al. 1999). All strains of S. Typhimurium
studied were susceptible to the second generation fluo-
roquinolones, and, 5.6% of them expressed resistance to
nalidixic acid (prototypic quinolone). The emergence of
nalidixic-resistant Salmonella is a cause of concern, as
resistance to fluoroquinolone and reduced susceptibility
to fluoroquinolone have been associated with nalidixic
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acid resistance, since it preceedes resistance to fluo-
roquinolone (Hakanen et al. 1999, Gorman & Adley 2004).

Although there was no significant predominance of
any resistance profile, we have observed in the present
study that six MDR strains presented the same mul-
tiresistance profileto ampicillin, chloramphenicol, kana-
mycin, streptomycin, sulfonamides, tetracycline, and
sulfamethoxazol e-trimethoprim (ACKSSUTTS). They were
isolated from human sources in different periods of time
and geographical areas and there was no association be-
tween phage type, MDR, and PFGE patterns, suggesting
that they were not outbreak related and were likely to be
from sporadic cases of infection (Tablelll).

Of interest, in our geographical arealink between com-
plex DT 104 (DT104, DT104a, DT104b, DT104c, and
U302) and five drugs pattern, R-type ACSSuUT (ampicillin,
chloramphenicol, streptomycin, sulfonamides, and tetra-
cycline) seem to have more limited epidemiological rel-
evance than in other countries (Davis et al. 1999, Van
Duijkeren et al. 2003, Esaki et al. 2004, Gorman & Adley
2004), with these strainsaccounting only for approximately
7% of the MDR Salmonella strains. The two identified
strains DT 104 and DT 104b did not yield the typical
ACSSUT MDR pattern as that has been previously re-
ported in many countries (Glynn et al. 1998, Cloeckaert &
Schwarz 2001) (Tablelll). TheDT 104b and U302 expressed,
in addition to this pentaresistance profile, resistance to
trimethoprim-sulfamethoxazole (Table [11), which may be
encoded by anon-conjugative plasmid of approximately
4.6 MDawhich also encodes resistance to sulfonamides,
asreported by Cloeckaert and Schwarz (2001). The data
described above, agreed with the findings reported by
other authors (Van Duijkeren et a. 2003, Gorman & Adley
2004). On the other hand, avariety of MDR strains of S.
Typhimurium other than DT104, have prevailed in this
study, such as DT193 (20%), RDNC (20%), and DT49
(11%). It wasfoundin previous studies, performedin Rio
de Janeiro, Brazil, that DT193 wasthe most frequent, be-
ing present in 47.3% of the strainsisolated (Asensi et al.
1995). DT193 has been responsible for outbreaks in hu-
mansin thelate 1980s and early 1990s, mainly in Europe
(Nastas & Mammina 2000, Martinez-Urtazaet al. 2004).

Although in developed countries, only asingle phage
type has often been associated with outbreaks of MDR S.
Typhimurium, our findings did not indicate a significant
predominance of any phagetype (Tablel) and therewas
no association between phage type and MDR pattern
(Table111). We did not also find a significant association
between phage type and PFGE pattern, once most phage
types were distributed among different PFGE clusters
(Tablelll, Figure). Thefact that both strains DT 104 and
104b, presented the same PFGE pattern A2 (Figure) and
had been isolated from human source, at the same hospi-
tal and time, may suggest a possible link between these
strainsasacase of infection, either inthe community or in
the hospital, indicating theimportance of the surveillance
systems. However, someDT49, DT193, and RDNC strains
presented arelationship with PFGE pattern (Tablelll), it
did not suggest any link among them, due to their isola-
tion been done in different time and geographical area.
Some strains belonging to these most common phage
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TABLE 1l

Combination of phage types, PFGE profiles, and patterns of antimicrobial resistance of 43 multidrug resistant and 13 susceptible
strains of Salmonella Typhimurium isolated in S&o Paulo, Brazil, 1990-2001

PT PFGE Resistance type No.
DT4 All SsuTS 1
DT10 A20 Susceptible 1
DT15a A8 SsuT 1
DT27 A5 ACFNANISSUTS; 1
A8 CSSuTST 1
DT49 Al ACKSSUTTS; AKSSUTTS; ASSu; SSUTTS 4
A6 AKSSUTS; AKSSuT 2
DT99 A7 ACKSSUTTS 1
A18 Susceptible 1
DT104 A2 ANISSu 1
DT104b A2 ACSSUTTS 1
U302 A15 ACKNASSUTTS 1
DT110b A8 SSuT; ACKSSUTTS; Susceptible 3
DT120 A8 NIST 1
A13 CNANIST 1
DT135 Al SsuT 1
A4 ACSSuT 1
DT153 A19 Susceptible 1
DT193 A3 SSuT; SSUTS(2); SSUTTS 4
DT193 A8 CNIST; CSSUTTS (2); NISSuT 4
A10 cssuT 1
Al12 Susceptible 1
A16 ACSSu 1
RDNC Al ACKSSUTTS; ACSSUTTS (2); susceptible (4) 7
A3 SsuT 1
A5 ASSu 1
A7 ACKSSUTTS; SUTTS 2
A8 CSSuT; CST 2
A9 SsuT 1
All susceptible 2
Al4 AKSSUTTS 1
Al7 AKSSu 1
uT A3 ANAS 1
All Susceptible 1
A21 Susceptible 1

PT: phage types, DT: definitive type; RDNC: atypical or reaction does not conform; UT: untypable; PFGE: pulsed-fied gel
eletrophoresisprofiles; A: ampicillin; C: chloramphenicol; CF: cephalothin; K: kanamycin; NA: nalidixic acid; NI: nitrofurantoin; S:
streptomycin; Su: sulfonamides; T: tetracycline; TS: sulphamethoxazol e-trimethoprim; in parenthesis are number of strainsif more

than one strain.

typesDT49, DT 193, and RDNC presented different PFGE
patterns (Table I11). A similar degree of diversity within
DT 193, by PFGE, was revealed in studies described by
Doran et a. (2005), indicating that PFGE was ableto dis-
criminate between strains close related by phage typing.

The strains studied expressed MDR, and belonged to
different clusters, presenting different PFGE and phage
types, which are widely distributed among hosts and lo-
cations and originated from sporadic cases of infection.

Kariuki et a. (1999) mentioned similar observationsin
their studies performed in Nairobi, Kenya, suggesting that
these data could be related with devel oping countries.

Continued surveillance of antimicrobial resistance and
phage typesamong S. Typhimurium will monitor the dis-
semination of MDR strains and outbreaks which can be
caused by these potential endemic strains, expressing
multipleresistance.
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