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The emergence of a previously undefined phage type of Salmonella enterica serovar Typhimurium, designated
DT191a, occurred in England and Wales in July 2008. The new strain exhibits a number of distinctive
phenotypic and genotypic features. This report provides the tools necessary to track S. Typhimurium DT191a
globally.

Salmonella enterica serovar Typhimurium is the second most
prevalent serovar isolated in Europe, exceeded only by Salmo-
nella enterica serovar Enteritidis (6). Provisional data for 2008
to July 2009 from the Health Protection Agency Salmonella
data set show that S. Typhimurium accounted for 2,690
(18.8%) of Salmonella infections from humans in England and
Wales. Subtyping of S. Typhimurium by phage typing is well
established and not only plays a vital role in detecting out-
breaks (11) but also enables the appearance of new phage
types or phage types with new characteristics to be monitored.

We report here on the emergence, in mid-2008, in England
and Wales of a previously undefined phage type of S. Typhi-
murium and on the further characterization of this phage type
by pulsed-field gel electrophoresis (PFGE), variable-number
tandem repeat (VNTR) typing, and multilocus sequence typ-
ing (MLST). This strain was initially identified in our labora-
tory, as it did not conform to any of the recognized patterns in
the current schemes as described by Callow (4) and Anderson
et al. (1). Its unique pattern of phage lysis was subsequently
defined as DT191a. The full phage reaction pattern with the
panel of 32 typing phages is shown in Table 1, where the only
significant difference is in the reaction for phage 18. To date,
over 230 cases of DT191a have been typed by the Laboratory
of Gastrointestinal Pathogens (LGP), Health Protection
Agency (HPA). In England and Wales, DT191a is currently
the most common phage type of S. Typhimurium obtained

from cases of human infection. The increased isolation rate of
this phage type is compared with the level for DT104 in Fig. 1.

In addition to phage typing, all isolates were tested for re-
sistance to a range of antimicrobials by a breakpoint method
(8). Of these isolates (n � 231), 226 were resistant only to
tetracyclines when the breakpoint of 8 mg/liter was used. Four
isolates also carried additional resistance to one or more an-
timicrobials, and one isolate was fully sensitive. The new strain
was therefore defined as resistant to tetracyclines.

Biochemical analysis revealed that all the isolates produced
reactions typical of subspecies I, apart from an inability to
utilize the sugar dulcitol.

Isolates that react with S. Typhimurium-specific phages are
routinely reported as S. Typhimurium without further typing.
However, for this study, 17 isolates were fully serotyped ac-
cording to the Kauffmann-White scheme (9). Two isolates gave
reactions typical of serovar Typhimurium, with the antigenic
structure 4,5,12:i:1,2. The remainder were monophasic (4,5,12:
i:-), as the second-phase flagellar antigen was not detectable by
agglutination.

A subset of diphasic and monophasic DT191a isolates were
confirmed as S. Typhimurium by MLST, as described by
Kidgell et al. (12). When compared with the data in the Sal-
monella enterica MLST database at the University College
Cork (http://mlst.ucc.ie/mlst/dbs/Senterica), all 22 isolates
tested by this method were found to be sequence type ST19,
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TABLE 1. Phage reactions for the new phage type S. Typhimurium DT191a

Phage
type

Result for indicated phagea

1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 32 35

DT191 SCL CL � SCL CL ��� CL � ��� CL �� ��� CL CL SCL CL SCL CL �� CL CL SCL � CL SCL CL � OL �� OL
DT191a CL �� � OL CL ��� CL � ��� ��� �/� �/� CL CL CL CL � �� � OL OL �� � CL SCL �� � ��� �� OL

a Variable degrees of reaction: �, no reaction; �, 1 to 20 plaques; �, 21 to 40 plaques; ��, 41 to 80 plaques; ���, 81 to 100 plaques; SCL, semiconfluent lysis;
CL, confluent clear lysis; OL, confluent opaque lysis; �/�, variable reaction.
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regardless of whether they were monophasic or fully serotype-
able. ST19 is the central sequence type for S. Typhimurium
and is shared by a variety of other S. Typhimurium phage
types, including DT104 (13). This result demonstrates that
both mono- and diphasic isolates are of the same lineage
within S. enterica and supports the suggestion from phage typ-
ing that they are typical S. Typhimurium isolates.

Further subtyping by PFGE using the restriction enzyme
XbaI was performed on a selection of isolates (n � 16) as
previously described (7, 17). With the exception of a single
example, these isolates were shown to have the same PFGE
profile, which was designated STYMXB.0350. Pattern
STYMXB.0349 (n � 1) differed by the presence of a larger
upper band at approximately 800 kb (Fig. 2). Although PFGE
has sometimes shown limitations within certain phage types of
S. Typhimurium (5, 15), both profiles were new and had not

previously been seen in England or Wales or within the
PulseNet Europe database.

VNTR typing on a total of 73 isolates was performed using
a modified version of the method of Lindstedt et al. (16) as
described by Best et al. (2). VNTR profiles were assigned
based on the fragment size amplified from each locus (14). For
the majority of isolates tested (63/73 isolates), a new single
VNTR type, 2-11-5-8-212, was identified (order STTR9-
STTR5-STTR6-STTR10-STTR3). However, single-locus vari-
ants (SLVs) were observed in 10 isolates on the basis of dif-
ferences at any of three loci, STTR5, STTR10, and STTR3.
SLVs were the result of either the loss or the gain of a single
6-bp repeat at locus STTR5 or locus STTR10 or the gain or
loss of up to two 27-bp or 33-bp repeats at locus STTR3 (Table
2). VNTR typing appeared to be more discriminatory than the
other methods used here, as seven different VNTR types were

FIG. 1. Relative proportions of Salmonella enterica serovar Typhimurium DT104 and DT191a typed at the Salmonella Reference Laboratory,
United Kingdom, between 2008 and 2009.

FIG. 2. Variation in PFGE profiles noted between isolates of Salmonella serovar Typhimurium DT191a. Opt., optimized.
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observed within the unique PFGE profile STYMXB.0350.
Other studies have noted that VNTRs may evolve so rapidly
that multiple profiles emerge during an outbreak (10). How-
ever, the instability of VNTR loci reported by Call et al. (3)
shows that changes are limited to a single locus and allele. This
may be reflected by the fact that any changes detected in the
loci of the isolates in this study were small. As one VNTR type
was predominant (63/73 isolates), it would appear that the
VNTR profiles have been relatively stable during the course of
this outbreak.

Typing of Salmonella isolates responsible for human and
animal infections is important for surveillance and outbreak
investigations, with many demands being placed on the typing
methods used. While a high level of discriminatory power may
be required so that unrelated and related isolates can be iden-
tified, too much variability complicates the interpretation of
the typing data in relation to epidemiologic information (18,
19). All isolates referred to the LGP, HPA, are identified and
typed using a variety of phenotypic and molecular methods and
are tested for susceptibility to a wide range of antimicrobial
drugs. As a result of this, a database of types and subtypes of
salmonellas has been developed over a number of decades
such that results can be regularly analyzed and reported upon.
The type reported here, DT191a, may be an emerging strain of
Salmonella with the potential to expand further. Both pheno-
typically and genotypically, it would appear to be a new variant
of S. Typhimurium that is still in circulation within England
and Wales. As well as being a new phage type, DT191a exhibits
a number of other characteristic features, including resistance
to tetracyclines, an inability to utilize the sugar dulcitol, PFGE
profile STYMXB.0350, MLST ST19, and typically VNTR type
2-11-5-8-212.

It is currently not known if this type occurs more widely, as
not all countries have an organized salmonella surveillance
system which reports the resistance patterns, phage types, and
molecular subtypes of S. Typhimurium from a variety of
sources. Cooperation between veterinary and human public
health agencies should enable both rapid detection and control
of newly emerging pathogens. S. Typhimurium DT191a may
have clinical and biological significance, and the monitoring of
its emergence could have important implications for public
health control. Whether or not this particular phage type con-
tinues to be seen in England and Wales, further characteriza-

tion and continued surveillance will be important steps for
improving our understanding of this strain.

We are grateful to the staff at the Salmonella Reference Unit, HPA,
and all laboratories in England and Wales that refer isolates of Sal-
monella for identification and typing.
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TABLE 2. Association of VNTR and PFGE profiles

No. of human
cases (n � 73) VNTR profilea PFGE

designation

62 2-11-5-8-212 STYMXB.0350
1 2-11-5-8-212 STYMXB.0349
5 2-12-5-8-212 STYMXB.0350
1 2-11-5-8-211 STYMXB.0350
1 2-10-5-8-212 STYMXB.0350
1 2-11-5-8-112 STYMXB.0350
1 2-11-5-8-012 STYMXB.0350
1 2-11-5-9-212 STYMXB.0350

a Differences from the common VNTR profile are highlighted in bold.
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