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Molecular Typing of Salmonella enterica Serovar Typhi
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The efficiencies of different tests for epidemiological markers—phage typing, ribotyping, IS200 typing, and
pulsed-field gel electrophoresis (PFGE)—were evaluated for strains from sporadic cases of typhoid fever and
a well-defined outbreak. Ribotyping and PFGE proved to be the most discriminating. Both detected two
different patterns among outbreak-associated strains.

Traditional characterization of Salmonella enterica serovar
Typhi depends on phage typing; however, this method is not
very discriminating (8). In the last few years, epidemiological
investigations have been substantially improved by the appli-
cation of molecular techniques (1, 4, 5, 11–13, 17, 18).
In the present study, we evaluated the efficiencies of differ-

ent tests for epidemiological markers—phage typing, ribotyp-
ing, IS200 typing, and pulsed-field gel electrophoresis
(PFGE)—for the differentiation of individual isolates of S.
enterica serovar Typhi and of isolates involved in a large, well-
defined outbreak of typhoid fever.
A total of 83 S. enterica serovar Typhi isolates, 48 from

sporadic cases and 35 from a large outbreak, were selected for
inclusion in this study. The 48 sporadic-case strains belong to
the collection of the Spanish National Reference Laboratory
for Salmonella. They were isolated in different geographical
locations, and nonepidemiological relationships among them
were documented. The 35 outbreak isolates were from 25
patients and the food handler from an unusually prolonged
outbreak of typhoid fever originating from a casual food han-
dler who was an asymptomatic carrier.
Phage typing was performed with the phage set provided by

the WHO International Phage Typing Laboratory for Salmo-
nella at Colindale, London, United Kingdom (7).
Genomic DNA was prepared by treatment with hexadecyl-

trimethylammonium bromide according to Current Protocols in
Molecular Biology (2). DNA fragments were digested with
HindIII and were analyzed by Southern blotting. Transferred
DNA fragments were hybridized with digoxigenin-labeled
Escherichia coli rRNA (Sigma, St. Louis, Mo.) or with an IS200
probe generated by nested PCR (6).
DNA for PFGE analysis was prepared by the method of

Smith et al. (16). The restriction endonuclease XbaI was used
on S. enterica serovar Typhi outbreak strains and also on iso-
lates from sporadic cases. Outbreak strains were also digested
with XhoI. PFGE was performed by orthogonal-field-alterna-
tion electrophoresis (Gene Navigator; Pharmacia, Uppsala,
Sweden). Macrorestriction fingerprints were compared by us-
ing the Bio Image system (Millipore, Bedford, Mass.). The
similarities of the fragment length patterns of two strains were
scored by the Dice coefficient (14). Strains were clustered by

the method of unweighted pair-group averages (10). The band-
ing patterns were interpreted according to the guidelines of
Bannerman et al. (3).
The discriminatory abilities of the different tests were cal-

culated by the index of Hunter and Gaston (9).
Table 1 summarizes the results of the different tests em-

ployed. Eleven different phage types were detected among 48
sporadic-case strains, and 8 sporadic-case strains shared the
same phage type with the outbreak strains. Although phage
typing is the classical epidemiological test for S. enterica sero-
var Typhi, it is technically difficult and can be performed only
by reference laboratories. Moreover, it can give low discrimi-
natory power when strains isolated from local cases, in which a
small number of phage types are usually predominant, are
studied. In our case the discriminatory index was 0.890.
Only eight different profiles were obtained with IS200. For-

ty-one sporadic-case strains and all 35 outbreak strains be-
longed to type 1. The low discriminatory index (0.273) sug-
gests, according to previous studies (18), that this
epidemiological test should not be used as a typing method for
this serotype.
Thirty-one different ribotypes were observed in the sporadic-

case strains (Fig. 1). The discriminatory index was 0.974. Two
different patterns were detected in the 35 outbreak strains.
Twenty-four strains showed an identical pattern (type 24).
Eleven strains had a different but closely related pattern (type
25). Several strains of different samples from seven outbreak
patients, including the food handler, were studied, with the
following results: five patients had only one ribotype (four had
ribotype 24 and one had ribotype 25), and two patients, includ-
ing the food handler, had both ribotypes. Two strains from
sporadic cases showed the same patterns as the outbreak
strains.
Thirty-eight different PFGE patterns were observed in the

48 sporadic-case strains after digestion with XbaI, with a range
of similarity between 35 and 100% (Fig. 2 and 3). The discrim-
inatory index was 0.988. One of these strains showed a pattern
identical to that of the outbreak strains. This strain could be
differentiated from the outbreak strains only by ribotyping.
Three sporadic-case strains were considered to constitute a
subtype of the outbreak strain, as shown by their digestion
pattern.
The 35 isolates from the outbreak appeared to be genetically

identical when digested with XbaI. In contrast, these strains
showed two different digestion patterns when XhoI was used.
These patterns differed by two bands (data not shown). Each
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pattern corresponds to one ribotype. Results for strains from
the same patient were identical to the results obtained by
ribotyping.
Evidence that individual humans may be infected simulta-

neously by strains of different clones has been documented
previously in countries with a high incidence of typhoid fever
(15). The possibility of two different outbreaks was disregarded
because of the epidemiological relationship among isolates
from outbreak-related patients and the detection of both pat-
terns for the food handler. The selection by subculture of a
single colony could explain the fact that only one pattern was
detected in the majority of patients. These data suggest a
double infection in the food handler. Nevertheless, the homol-
ogy detected in these strains, the high heterogeneity detected
among the nonrelated strains, the long time of asymptomatic
carriage of the food handler, and the low incidence of typhoid

fever in Spain (1.9/100,000 in 1993) (19) suggest that one of the
isolates in the food handler may be derived from the other.
In summary, we found a high correlation between ribotyping

and PFGE with regard to the ability to differentiate and group
S. enterica serovar Typhi isolates. Considerable heterogeneity
at the DNA level among S. enterica serovar Typhi isolates has
been detected by both methods. Extreme caution should be
exercised in the analysis of ribotyping results, since a single
genetic change can originate changes in two or three bands;
because of the low number of bands generated in ribotyping,
this could affect 50% of the pattern, and closely related strains
would fall apart in the cluster analysis. PFGE, generating a
large number of bands (between 15 and 21 in our study), allows
a more accurate cluster analysis when variations of two or
three bands occur, giving a high similarity index among closely
related strains. This test is thus the most appropriate for out-
break analysis. On the other hand, compared with ribotyping,
PFGE is easier to perform because it does not involve the
transfer of DNA fragments from agarose gels to solid supports
or subsequent hybridization.

FIG. 1. Southern hybridization analysis of genomic DNA from S. enterica
serovar Typhi digested with HindIII and probed by the rRNA gene. Lanes 1, 2,
5, 6, 9, and 10, outbreak strains (ribotype 25 in lane 1 and ribotype 24 in the
others); lanes 3, 4, 7, and 8, sporadic-case strains (ribotypes 30, 31, 2, and 12,
respectively).

FIG. 2. Agarose gel showing the XbaI digestion patterns of S. enterica serovar
Typhi isolates involved in sporadic cases of typhoid fever (A) and in an outbreak
from Terrassa (B). M, DNA size standards (lambda DNA concatemers; New
England Biolabs, Beverly, Mass.).

TABLE 1. Phage types, ribotypes, IS200 types, and PFGE patterns
of sporadic strains

Strain Phage type Ribotype IS200 type PFGE pattern

1 I1IV 17 1 11
5 46 15 5 1c
6 D6 19 1 22
7 46 20 1 1d
8 E1a 21 1 25
9 C1 22 1 5
13 46 26 6 17
15 C1 27 1 20
16 B2 24 1 21
19 46 27 1 1a
22 B2 25 1 14a
24 Ade 2 1 14b
25 A 10 1 16
35 A 18 7 2
36 A 29 1 27
39 F1 30 1 19
40 B2 31 1 12b
43 C1 2 1 28
48 I1IV 31 1 9
49 I1IV 33 9 3
50 B2 18 1 4
52 E1a 34 1 8
55 46 19 1 1b
60 A 1 2 29a
61 C1 2 1 30a
62 D1 3 1 31
63 E1a 1 1 40a
64 46 4 1 29b
65 Ade 2 1 38
66 A 5 1 30b
67 E1a 4 1 40b
68 34 6 1 33
69 Ade 7 1 34
70 46 8 1 26
71 46 9 1 7
72 Ade 10 1 10
73 E1a 11 1 41
74 Ade 10 1 39
75 C1 12 3 18
76 B2 13 1 32
77 Ade 1 1 36
78 Ade 12 1 38
79 E1a 14 1 42
80 C1 15 1 37
81 A 1 1 35
82 I1IV 16 4 12a
83 E1a 1 1 40c
84 Ade 10 1 13
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