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SUMMARY

Phenotypic and genotypic characteristics of Salmonella Typhi were studied in 30 strains, isolated in different years, from some
areas in Brazil. Conventional typing methods were performed by biochemical tests, Vi phage-typing scheme, and antimicrobial
susceptibility test. Molecular typing methods were performed by analysis of plasmid DNA and by random amplified polymorphic
DNA (RAPD-PCR). For the latter, an optimization step was performed to ensure the reproducibility of the process in genetic
characterization of S. Typhi. The predominance of 76.7% of biotype I (xylose +, arabinose -) was noticed in all studied areas. Three
phage types were recognized, with prominence for the phage types A (73.3%) and I+IV (23.3%). All the strains were susceptible to
the drugs used. However, 36.7% of the strains contained plasmids, with predominance of the 105 Kb plasmid. RAPD was capable of
grouping the strains in 8 genotypic patterns using primer 784, in 6, using primer 787 and in 7, using primer 797. Conventional
phenotypic typing methods, as well as the DNA plasmid analysis, presented nonsignificant discriminatory power; however, RAPD-
PCR analysis showed discriminatory power, reproducibility, easy interpretation and performance, being considered as a promising
alternative typing method for S. Typhi.
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INTRODUCTION

Salmonella Typhi is noteworthy in the etiology of outbreaks and
sporadic cases of typhoid fever, which remains as an important public
health problem, causing 16 to 17 million cases of the disease and about
600,000 deaths, annually, all over the world26. The investigation of the
epidemiology of S. Typhi is, therefore, relevant, mainly in those areas
where typhoid fever is endemic, resulting in a clear evaluation about the
dissemination of strains and the establishment of prophylactic strategies.

However, the differentiation of strains based on specific markers is
critical in the epidemiologic studies of S. Typhi; unfortunately, few
markers have been described, with Vi phage-typing currently providing
the only useful means of distinguishing one S. Typhi strain from
another14,27. Molecular methods for characterization of S. Typhi strains
have been developed and improved to complement Vi phage-typing and
allow the differentiation of non-related strains that belong to the same
phage type, for example, multilocus enzyme electrophoresis19,
ribotyping1, and pulsed field gel electrophoresis – PFGE16. However,
these techniques are all time consuming and technically demanding. A
PCR–based typing method, RAPD-PCR (Random Amplified
Polymorphic DNA), has been described as a simple and rapid method
able to offer detailed fingerprinting of the genomic composition of the
organism28,29. The success of this method is due to the fact that no prior

sequence information about the target is needed and a single short 10-
mer oligonucleotide primer can be used in the reaction. The amplification
happens at low stringency, allowing the primers to anneal to several
locations on the two strands of the DNA. These primers detect
polymorphisms in the absence of specific sequence information and the
DNA sequence variations may work as genetic markers that can be used
in epidemiologic studies.

In the present study the conventional system for typing S. Typhi
(biotyping, antimicrobial susceptibility and Vi phage-typing) was
evaluated and its performance compared to molecular typing methods
(plasmid and RAPD-PCR analysis).

MATERIALS AND METHODS

S. Typhi strains were isolated from blood (Table 1) and maintained
in stock agar cultures8 at National Reference Center for Cholera and
Enteric Diseases, Department of Bacteriology of Oswaldo Cruz Institute–
Fiocruz. For molecular analysis, the strains were preliminarily grown in
Brain Heart Infusion (Difco) for 24h at 37 ºC.

The strains were confirmed as S. Typhi by the biochemical
characteristics and serotyped based on the Antigenic Formulas of the
Salmonella serovars18. The organisms were further investigated for
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fermentation of d-xylose and l-arabinose. According to the classification
proposed by KRISTENSEN & HENRIKSEN12 and KRISTENSEN13,
S. Typhi strains can be classified as biotypes I (arabinose -, xylose +), II
(arabinose -, xylose -), III (arabinose +, xylose +), and IV (arabinose +,
xylose-). Susceptibilities to antimicrobial agents were determined by
using the high-potency disk diffusion method3. The included antibiotics
were ampicillin (10 µg), ceftriaxone (30 µg), ciprofloxacin (5 µg),
gentamicin (10 µg), chloramphenicol (30 µg), tetracycline (30 µg) and
trimethoprim-sulfamethoxazole (25 µg).

Phage types were determined using the technique of CRAIGIE &
YEN6, modified by CRAIGIE & FELIX5, and ANDERSON &
WILLIAMS2. The phage preparations were kindly provided by the
International Reference Laboratory for Enteric Phage Typing, Colindale,
London.

Plasmid DNA was extracted using the BIRNBOIM & DOLY’s4

method. Electrophoretic separation of plasmid species by molecular
weight and subsequent size estimations were accomplished using
reference strains Escherichia coli V517 and 39R861.

The RAPD analysis was preceeded by total DNA extraction as
described by MANIATIS et al.15, using 1 ml of an overnight culture of
each strain. The DNA was quantified, after electrophoresis in a 1%
agarose gel, by comparison with known amounts of Hind III digested
bacteriophage λ DNA. The genetic material was mantained stable for
about four weeks, stored at –4 °C. For RAPD-PCR analysis, some
parameters of the reaction such as MgCl

2
.6H

2
O, DNA template, primer

and Taq DNA polymerase enzyme concentrations were optimized in
order to maximize the discriminatory power of the reaction for typing S.
Typhi, allow reproducibility, and facilitate the interpretation of amplified
bands. Using an isolate genomic DNA as template [(IOC 501) – Oswaldo
Cruz Institute collection] for the optimization steps, assays were made
with oligonucleotides primers commercially synthesized to test their
ability to produce discriminatory RAPD profiles in Salmonella Typhi.
A set of 16 primers synthesized by Escola Paulista de Medicina (São
Paulo, Brazil) was analyzed and based on the accurate amplified bands
profiles and the produced polymorphic patterns of DNA fingerprinting
we selected three different primers: 784 - 5’GCG GAA ATA G 3’; 787 -
5’AAC GCG CAA C 3’ and 797 - 5’AGC GTC ACT C 3’.

The reaction was prepared using 25 µl per tube, containing 20 ng
DNA of each strain, 1 unit of Taq DNA polymerase enzyme (CENBIOT/
RS), 10 mM Tris HCl, 50 mM KCL, 2.0 mM MgCl

2
, 200 mM of each

dNTP, and 20 pmol of primer. It was carried out in a thermal cycler
programmed for 30 cycles composed of one step of denaturation for 1
min at 94 °C, one step of annealing for 1 min at 36 °C followed by one
step of synthesis for 2 min at 72 °C. These conditions were previously
evaluated in an optimization step.

Amplification products were submitted to electrophoresis in 1.5%
agarose gel, Tris-borate buffer, and a constant voltage of 100V, followed
by staining with ethidium bromide and visualization by means of a UV
transilluminator. A negative control was included in each PCR run with
no target DNA. The λ phage DNA cleaved by Hind III restriction enzyme
(Sigma) and the synthetic DNA, ladder 100 (Pharmacia) were employed
as molecular markers for bands weight.

RESULTS

Among the 30 S. Typhi strains analyzed, two biotypes, I and II,
were recognized. Biotype I predominated and accounted for 76.7% of
the observed biotypes (Table 1). Phage type A was the most prevalent
type identified and comprised 73.3% of the 30 strains analyzed by Vi
phage-typing. In the Southeast and Northeast regions only phage type A
was observed regardless the year when the strains were isolated. Phage
type I+IV was prevalent in the North region and the type 46 was evident
in one of the four strains isolated in the Middle-West region and, although
a few number of strains was assayed, this region showed a considerable
diversity by using Vi phage-typing. According to the antimicrobial tests,
all the isolates displayed sensibility to the drugs used.

Plasmid DNA of S. Typhi isolates was identified according to its
molecular weight in kilobase (Kb). A total of 36.7% of the analyzed
isolates showed plasmids and it was possible to distinguish four different
profiles. Molecular weights plasmids varied from 4.2 to 105 Kb, but
plasmids 16.5 and 105 Kb were prevalents. The majority of strains
(63.3%) did not show any plasmid even in a second analysis. The
amplifications with primer 784 divided the 30 analyzed strains into 8
distinct RAPD profiles (Fig. 1), revealing fragments ranging from 350
to 3000 bp. The profile R4 was prevalent in 30% of the strains (Table 1).
Primer 787 divided the strains into 6 profiles (Fig. 2), showing less
polymorphic bands with fragments ranging from 450 to 2800 bp. The
profile D1 was predominating (70%) (Table 1). We identified seven
different profiles generated by primer 797 (Fig. 3) and the prevalence of
profile G1 in 53.3% of the tested strains. This primer produced fragments
ranging from 250 to 3000 bp and revealed a great number of bands for
each profile. When the combination of amplification products patterns,
generated by different primers was used to subtype S. Typhi strains, we
found out a high diversity and it was possible to divide them into 21
distinct types.

Fig. 1 - Representative profiles generated by RAPD-PCR using primer 784. Lanes: 1, Hind

III digested bacteriophage λ DNA; 2, RAPD profile R1; 3, RAPD profile R2; 4, RAPD

profile R3; 5, RAPD profile R4; 6, RAPD profile R5; 7, RAPD profile R6; 8, RAPD profile

R7; 9, RAPD profile R8; 10, “Ladder” 100 DNA.
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Table 1
Phenotypic and genotypic characteristics of S. Typhi strains isolated from different geographic areas of Brazil

Strain Area Year Biotype Vi phage Plasmid RAPD RAPD RAPD
Number Type Profile Primer 784 Primer 787 Primer 797

475 North 1995 I A - R5 D1 G2
479 North 1995 I A - R4 D1 G6
492 North 1995 I I+IV - R4 D1 G1
493 North 1995 I I+IV - R4 D1 G1
496 North 1995 I I+IV - R4 D1 G2
499 North 1995 I I+IV - R4 D1 G1
500 North 1995 I I+IV - R4 D1 G6
501 North 1995 I I+IV - R4 D3 G1
653 North 1995 I A P2 R6 D3 G1
30 Middle-West 1972 II I+IV - R1 D4 G6
31 Middle-West 1972 II 46 - R8 D6 G5

655 Middle-West 1995 I A P1 R5 D1 G1
656 Middle-West 1995 I A P2 R5 D1 G2
59 Southeast 1970 I A P2 R6 D1 G1
94 Southeast 1970 I A - R6 D1 G2
74 Southeast 1972 II A P4 R2 D5 G1

174 Southeast 1972 I A - R4 D1 G1
154 Southeast 1972 I A P4 R6 D5 G4
137 Southeast 1972 II A P4 R2 D5 G1
201 Southeast 1972 I A P4 R2 D5 G1
665 Southeast 1990 I A P3 R7 D2 G3
708 Southeast 1996 II A - R5 D1 G6
721 Southeast 1996 II A - R2 D1 G1
719 Southeast 1996 I A - R5 D1 G7
652 Southeast 1996 I A - R3 D1 G4
T06 Northeast 1927 II A - R6 D1 G1
T68 Northeast 1937 I A - R3 D1 G1
T79 Northeast 1937 I A P1 R3 D1 G1
T54 Northeast 1938 I A - R3 D1 G1
T93 Northeast 1938 I A P1 R4 D1 G7

– No plasmids identified

Fig. 2 - Representative profiles generated by RAPD-PCR using primer 787. Lanes: 1, Hind

III digested bacteriophage λ DNA; 2, RAPD profile D1; 3, RAPD profile D2; 4, RAPD

profile D3; 5, RAPD profile D4; 6, RAPD profile D5; 7, RAPD profile D6; 8, “Ladder” 100

DNA.

Fig. 3 - Representative profiles generated by RAPD-PCR using primer 797. Lanes: 1, Hind

III digested bacteriophage λ DNA; 2, RAPD profile G1; 3, RAPD profile G2; 4, RAPD

profile G3; 5, RAPD profile G4; 6, RAPD profile G5; 7, RAPD profile G6; 8, RAPD profile

G7; 9, “Ladder” 100 DNA.
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DISCUSSION

The presence of S. Typhi in Brazilian areas as a recurrent pathogen
and as the cause of typhoid fever worldwide has determined the need to
monitor the epidemic spread of this microorganism. Vi phage-typing
has been the most commonly conventional technique used to type S.
Typhi, despite several disadvantages: it is technically demanding; there
is a significant proportion of non phage typable strains (Vi degradable);
there are some Vi negative strains; and the technique can only be suitably
performed by the reference laboratories that harbor all the Vi phage
preparations1. More recently, molecular techniques for typing
microorganisms have had an important advance and a great number of
techniques has been standardized and applied to type S. Typhi. RAPD-
PCR has successfully been applied to molecular fingerprinting; it uses
single primers of arbitrary nucleotide sequence able to access random
segments of genomic DNA to reveal polymorphisms28,29. The resulting
genetic fingerprint can be of epidemiologic value. This makes it a
powerful typing method that can determine genomic diversity.
Nevertheless, for the analysis of S. Typhi, few data have been published
on the applicability of the RAPD method21.

The analysis of S. Typhi by Vi phage-typing divided the strains into
three distintic types: A, I+IV and 46. The detection of phage type 46 in
the Middle-West area is presumed by the presence of imported cases
and its relation to South American countries10,11. For example, most of
the isolates from Santiago, Chile, belongs to phage type 4625. For the
strains isolated in southeastern and northeastern areas, the application
of Vi phage-typing was limited since only phage type A was identified.
The prevalence of type A has already been detected in some Brazilian
states such as São Paulo, Rio de Janeiro, and Pernambuco10 and also in
S. Typhi strains isolated from Malaysia, Singapore, and Indonesia30.
Phage type occurrence follows a geographic distribution18 and types A
and I+IV are considered of world wide distribution. This highlighted
the necessity of more discriminatory methods to complement Vi phage-
typing, particularly when only one phage type is present.

Plasmid profiles proved not to be a good epidemiological marker
for S. Typhi when analysing strains from different areas and years. The
analysis of S. Typhi plasmids would be more suitable to characterize
their temporal occurrence in an endemic setting and their possible
association with the typhoid fever severity7, as well as for analysis of
outbreaks of nosocomial infections. Plasmid profiles are not very useful
for subtyping S. Typhi since less than 10% of the strains, in general,
harbor plasmids24. Indeed, we found that only 36.7% of the strains tested
showed plasmids and no relation was found between these plasmids and
antibiotic resistance. This could be explained as a result of plasmid
instability in S. Typhi, rather than an inherent barrier to the entry or
establishment of foreign plasmid DNA14.

The clonal nature of S. Typhi has been of interest to many researches.
As reported before, clones are considered genetically related isolates
that are indistinguishable from each other by a variety of genetic tests
(e.g., PFGE, multilocus enzyme electrophoresis, or ribotyping)22. Based
on enzyme genotypic identity, S. Typhi has been considered as member
of a single clone of world wide distribution19,20. However, we found
diversity among the strains analyzed by RAPD-PCR despite the relatively
small number of oligonucleotides primers (3) used. To interpret the DNA
fragment patterns generated by RAPD-PCR, we should understand that

the occurrence of random genetic events, including point mutation and
insertions and deletions of DNA, can alter the RAPD fingerprinting
patterns23. For this reason, we presumed the differentiating bands in the
profiles could be due to one or more genetic events (Fig. 1, 2 and 3).

The discriminatory power of RAPD was tested by considering the
number of profiles generated, both with each primer separately, and
combining the results obtained with the three primers (Table 1). When
the RAPD profiles were analyzed considering the temporal occurrence,
the persistence of some profiles was evident in all years, as for D1 and
G1. The evidence of profile R4D1G1 isolated in 1972 in the Southeast
region and in 1995 in the North region may indicate the emergence and
the circulation of this strain. Furthermore, the results suggested that some
strains disappeared and returned in time and space. Once the same
optimized conditions were applied to all the strains, resulting in different
profiles, the more suitable analysis of the results should be done
considering the final profile obtained combining the primers 784, 787
and 797. The employment of other primers could increase the possibilities
to detect DNA sequence variations.

The traditional phenotypic typing methods used (antibiogram typing,
biotyping and Vi phage-typing) showed low discriminatory power.
RAPD-PCR analysis showed to have the potential to provide a
discriminatory, reproducible, low cost, easy to perform and interpret
method to type S. Typhi strains.

RESUMO

Métodos convencionais e moleculares para tipagem de Salmonella
Typhi isoladas no Brasil

Características fenotípicas e genotípicas de Salmonella Typhi foram
estudadas em 30 amostras originárias de certas regiões do Brasil e isoladas
em diferentes anos. Os métodos convencionais foram realizados através
da tipagem bioquímica, da fagotipagem Vi e do teste de suscetibilidade
aos antimicrobianos. Os métodos moleculares foram realizados através
das análises do DNA plasmidial e do DNA polimórfico amplificado
aleatoriamente (RAPD-PCR). Para este último, uma etapa de otimização
foi promovida para garantir a reprodutibilidade do processo na
caracterização genotípica das cepas. Foi observada a predominância de
76,7% do biotipo I (xilose +, arabinose -) em todas as regiões
consideradas. Três fagotipos foram reconhecidos, com destaque para os
fagotipos A (73,3%) e I+IV (23,3%). Todas as amostras demonstraram
sensibilidade às drogas testadas. No entanto, 36,7 % das amostras
evidenciaram plasmídios, predominando o de 105Kb. RAPD-PCR
agrupou as amostras em 8 perfis genotípicos com o iniciador 784, em 6
perfis com o iniciador 787 e em 7, com o iniciador 797. Os métodos
convencionais, bem como a análise do DNA plasmidial, não mostraram
poder discriminatório significativo; entretanto, a análise por RAPD-PCR
mostrou poder discriminatório, reprodutibilidade, fácil interpretação e
execução, sendo considerada uma alternativa promissora na tipagem de
S. Typhi.
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