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ABSTRACT
Monophasic variants of Salmonella Typhimurium-like strains, lacking the fljB-encoded second phase H antigen
– ie, with the antigenic structure 1,4,[5],12:i:- appear to be of increasing importance in many Member States.
Such variants are referred to as ‘monophasic S. Typhimurium’. Strains lacking expression of the phase one or
both flagellar antigens are also possible, but uncommon. Current standard methods are considered suitable for
isolation of such monophasic Salmonella Typhimurium strains. For identification of the monophasic
1,4,[5],12:i:- variant, it is advisable to proceed with serotyping until a first negative result of agglutination after
flagellar phase inversion, and then apply a PCR protocol in order to confirm the lack of the second phase
antigen. To ensure complete consistency of reporting, all isolates of putative Salmonella should be fully
serotyped and the full antigenic formula reported. If the full antigenic formula is not available but a phage type
that is consistent with S. Typhimurium lacking phase two flagellar antigens has been confirmed, and the lack of
the second phase flagellar antigen has been verified by PCR, then the term ‘monophasic S. Typhimurium’ is
recommended for reporting purposes in the current situation. On the basis of genetic similarity and ability to
obtain a recognised Salmonella Typhimurium phage type, these emerging epidemic monophasic strains with
formula 1,4,[5],12:i:- are regarded as variants deriving from S. Typhimurium. Moreover, monophasic S.
Typhimurium strains have been shown to have similar virulence and antimicrobial resistance characteristics to
other strains of S. Typhimurium. Similar to what was observed in the past for epidemic clones of S.
Typhimurium, recent studies in numerous countries worldwide confirm the rapid emergence and dissemination
of such strains in food animals, companion animals and humans. The public health risk posed by these emerging
monophasic S. Typhimurium strains is therefore considered comparable to that of other epidemic S.
Typhimurium strains.
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SUMMARY
Following a request from the European Commission, the Panel on Biological Hazards (BIOHAZ) was
asked to deliver a Scientific Opinion on the monitoring and assessment of the public health risk of
“Salmonella Typhimurium-like” strains. In particular, the Panel was asked to evaluate the analytical
methods currently used and to advise on the appropriateness for identifying these strains; to propose a
harmonised terminology for reporting which allows trend-analyses, comparison between Member
States and with humans isolates, as well as to indicate if these strains should be classified as variants
of Salmonella Typhimurium or as a separate serotype. Finally, the Panel was asked to assess the
public health risk posed by these emerging strains, in particular to advise whether the public health
risk, when detecting these strains in animals or food, should be considered similar, more or less
important than (other) Salmonella Typhimurium strains.
The BIOHAZ Panel concluded that, within Salmonella Typhimurium-like strains, monophasic
variants lacking the second phase H antigen (1,4,[5],12:i:-), encoded by fljB, appear to be of
increasing importance in many EU Member States (MSs) and have caused a substantive number of
infections in both human and animals bred for food. Strains lacking expression of the phase one
flagellar antigens (e.g. S. 4,[5],12:-:1,2) or both (S. 4,[5],12:-:-) are also possible, but have not
commonly been reported to be associated with significant disease in animals or humans. Therefore,
for the purposes of this Opinion, only the monophasic variants lacking second phase H antigens were
considered. Such variants have been referred to as ‘monophasic S. Typhimurium’ in this document.
With regard to the analytical methods currently used and their appropriateness for identifying these
strains, the current standard methods (ISO 6579 and Annex D of ISO 6579) were considered suitable
for isolation of monophasic Salmonella Typhimurium strains. Various genetic and phenotypic
characteristics have been described for the identification and subtyping of such strains. For
identification of the monophasic 1,4,[5],12:i:- variant, it is advisable to proceed with serotyping until
a first negative result of agglutination after flagellar phase inversion, and then apply a PCR protocol
in order to confirm the lack of the second phase antigen. Other methods such as phage typing and
genotyping are used to confirm relatedness to S. Typhimurium and/or to further subtype these
isolates. Accurate characterisation of monophasic strains is deemed important, since misidentification
of a non-S. Typhimurium-related strain could result in unnecessary regulatory action. Similarly,
failure to confirm identity of a S. Typhimurium-like organism could have significant public health
consequences.
The Panel found that it is currently difficult to monitor trends in the proliferation of monophasic
strains because of the inconsistent way in which they are reported by different organisations within
and between EU MSs and internationally. To ensure complete consistency of reporting, all isolates of
putative Salmonella should ideally be fully serotyped in accordance with the White-Kauffman-Le
Minor scheme, and the full antigenic formula reported, as recommended by the WHO Collaborating
Centre for Reference and Research on Salmonella i.e., in the case of monophasic S. Typhimurium,
1,4,[5],12:i:-. It was suggested that, whenever possible, as much detail of the antigenic formula as
determined by testing should be provided and reported. If the full antigenic formula is not available
but a phage type that is consistent with S. Typhimurium lacking phase two flagellar antigens has been
confirmed, and the lack of the second phase flagellar antigen has been verified by PCR, then the term
‘monophasic S. Typhimurium’ is recommended for reporting purposes in the current situation.
It was further concluded that, on the basis of genetic similarity and ability to obtain a recognised
Salmonella Typhimurium phage type, these emerging epidemic monophasic strains with the basic
antigenic formula 1,4,[5],12:i:- are regarded as variants deriving from S. Typhimurium. Moreover,
monophasic S. Typhimurium strains have been shown to have similar virulence and antimicrobial
resistance characteristics to strains of S. Typhimurium. Similar to what has been observed in the past
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for epidemic clones of S. Typhimurium, recent studies in numerous countries worldwide confirm the
rapid emergence and dissemination of such strains in food animals, companion animals and humans.
The public health risk posed by these emerging monophasic S. Typhimurium strains is therefore
considered comparable to that of other S. Typhimurium strains which have caused widespread
epidemics of infection over the past four decades.
The BIOHAZ Panel made a series of further recommendations on typing, molecular methods,
antimicrobial susceptibility testing and on monitoring the spread of these strains in EU MSs.
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION
Over the last 20 years a number of reports have been published on the isolation of “Salmonella
Typhimurium-like” strains in food and animals. During the last few years an increasing number of
cases and outbreaks have been reported in humans in Member States such as France, Germany,
Austria, Ireland, Italy, Denmark, the Netherlands and Luxembourg. The French Food Safety Agency
(AFSSA) recently provided an opinion on the increased number of isolates of these strains (Saisine nº
2009-SA-0182).
Monitoring of Salmonella is mandatory in humans in accordance with the provisions of Commission
Decision 2000/96/EC on the communicable diseases to be progressively covered by the Community
network, and in food and animals in accordance with the provisions of Directive 2003/99/EC on the
monitoring of zoonoses and zoonotic agents.
An evaluation of trends and a comparison of the prevalence in food, animals and humans are often
hindered by differences between the Member States in reporting these strains, sometimes considered
as (variants of) Salmonella Typhimurium, sometimes reported as a separate serotype using different
antigenic formulas. During a technical meeting with the MSs, the Commission collected information
on the methods used for the monitoring and reporting of these strains. This information was gathered
with the help of the Community Reference Laboratory for Salmonella and EFSA's unit on zoonoses
monitoring.
In the Member States, a target for reduction must be achieved in different animal populations for
certain serotypes, including Salmonella Typhimurium and trade restrictions may apply on the animals
and their products in accordance with the provisions in Regulation (EC) No 2160/2003 on the control
of Salmonella and other specified foodborne zoonotic agents.
In view of the above, there is a need to:
•

Ensure that appropriate analytical methods are used across all Member States allowing the
detection of the strain;

•

Harmonise the way this strain is reported in order to compare reporting data;

•

Assess the public health risk posed by these emerging strains.

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION
EFSA is asked to issue a scientific opinion on the monitoring and risk of "Salmonella Typhimuriumlike" strains and in particular:
•

To evaluate the analytical methods currently used and advise on the appropriateness for
identifying these strains;

•

To propose a harmonised terminology for reporting which allows trends-analyses, comparison
between Member States and with humans isolates;

•

To indicate if these strains should be classified as variants of Salmonella Typhimurium or as a
separate serotype;

•

To assess the public health risk posed by these emerging strains, in particular to advise whether
the public health risk, when detecting these strains in animals or food, should be considered
similar, more or less important than (other) Salmonella Typhimurium strains.
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ASSESSMENT
1.

Introduction:

Directive 2003/99 provides for the monitoring of zoonoses in animal populations in Europe. The
purpose of this Directive is to ensure that zoonoses, zoonotic agents and related antimicrobial
resistance are properly monitored, and that food-borne outbreaks receive proper epidemiological
investigation, to enable the collection in the Community of the information necessary to evaluate
relevant trends and sources (art. 1).
According to art. 4, monitoring shall be based on the systems in place in Member States (MSs). To
make data easier to compile and compare, detailed rules for the monitoring of zoonoses and zoonotic
agents listed in Annex I of the Directive may be laid down, when necessary.
Such detailed rules shall lay down minimum requirements for the monitoring of certain zoonoses or
zoonotic agents. They may, in particular, specify:
(a)

the animal population or subpopulations or stages in the food chain to be covered by
monitoring;

(b)

the nature and type of data to be collected;

(c)

case definitions;

(d)

sampling schemes to be used;

(e)

laboratory methods to be used in testing; and

(f)

the frequency of reporting, including guidelines for reporting between local, regional and
central authorities.

The first indications on criteria for Salmonella monitoring have been laid down in Regulation
2160/2003, which in Annex II lists minimum requirements that food business operators have to
respect having samples taken and analysed for the control of Salmonella in different animal species
and categories. As far as flocks of Gallus gallus, turkeys and pigs are concerned, the Regulation
requires all Salmonella strains with public health significance to be monitored, at different production
stages. Annex III of Reg. 2160/2003 defines the criteria to be adopted to determine Salmonella
serovars (also called serotypes) with public health relevance to which community targets will apply:
•

the most frequent Salmonella serovars in human salmonellosis on the basis of data collected
through EC monitoring systems;

•

the route of infection (that is, the presence of the serovar in relevant animal populations and
feed);

•

whether any serovar shows a rapid and recent ability to spread and to cause disease in
humans and animals;

•

whether any serovar show increased virulence, for instance as regards invasiveness, or
resistance to relevant therapies for human infections.

EFSA Journal 2010; 8(10):1826

6

Public health risk of “Salmonella Typhimurium-like” strains

During the course of surveillance of zoonotic Salmonella there have been several examples of
emergence of epidemic or pandemic strains that have spread widely in certain food animal and human
populations (Folster et al., 2009; Guard-Petter, 2001; Kang et al., 2006; Threlfall, 2000). Some
strains within certain serovars may have increased virulence for both humans (Molbak et al., 1999;
Rabsch et al., 2002), and animals (Jones et al., 2008; Rabsch et al., 2002), or may be associated with
certain exposure routes (Pires and Hald, 2010).
Since the late 1990s there have been increasing reports of the emergence, in many different countries
worldwide, of a variety of Salmonella strains with antigenic structures similar to that of Salmonella
Typhimurium but lacking certain flagellar antigens. Some of these strains appear to have been
ecologically successful since they have spread rapidly in certain animal populations and have also
caused numerous human infections. There is currently no legislative basis for control of such strains
as they are not designated by a serovar name, even though they may behave in a similar way to S.
Typhimurium and pose a similar or greater threat to food animal populations. Such strains are the
subject of this Opinion.
2.

Hazard Identification

2.1.

Identification and classification of Salmonella

Various nomenclature systems have been used (or are still in use) to classify Salmonella. In general
the nomenclature as specified in the White-Kauffman-Le Minor scheme, published by the WHO
Collaborating Centre for Reference and Research on Salmonella, at the Pasteur Institute, Paris,
France (Grimont and Weill, 2007) is used in Europe, but a slightly different system is used in the
USA. According to the European nomenclature, the genus Salmonella belongs to the family of
Enterobacteriaceae and consists of only two species: Salmonella enterica and Salmonella bongori.
Salmonella enterica is divided into six subspecies: S. enterica subsp. enterica, S. enterica subsp.
salamae, S. enterica subsp. arizonae, S. enterica subsp. diarizonae, S. enterica subsp. houtenae, and
S. enterica subsp. indica. Within the species and subspecies, more than 2,600 different serovars have
been identified (Guibourdenche et al., 2009), with most human and food-producing animal pathogens
falling into the first subspecies, Salmonella enterica subsp enterica.
The primary identification of Salmonella species and subspecies is based on the results of specific
biochemical tests. The typing to serovar level is based on antigenic characteristics, supplemented in
some cases by additional biochemical tests. To determine the antigenic formula, strains are tested for
their O-antigens and H-antigens, and in some cases for their Vi-antigen, through the use of polyvalent
and monovalent antisera.
The O-antigen (or somatic antigen) is the external component of the lipopolysaccharide located in the
cell wall, consisting of a long linear polysaccharide comprising 50 to 100 saccharide units of four to
seven sugars per unit. Historically, the O-antigens were classified in individual O-antigen groups and
named with Arabic letters (A-Z). As there were more O-antigens than letters, it is now often preferred
to designate each O group using the characteristic O factor, e.g. O:4 (previously called ‘group B’).
The H-antigen (or flagella antigen) correspond to the flagellin which is the major component of the
flagella. The biphasic character of the flagella antigen of many salmonellas consists of its capacity to
change its composition with a switch for the expression of two loci encoding the major flagellar
protein (FliC, the phase 1 flagella and FljB of phase 2). This expression of two separate antigens was
recognized before the nature of flagella was known and described as "phases". Thus, Salmonellae
possessing the capacity to express two antigens are termed "biphasic" and capable of "phase
variation" with respect to their flagellar antigen. The expression of these two loci is regulated by a
switch mechanism (hin) so that only one variety of flagellin protein is expressed at a time (Silverman
EFSA Journal 2010; 8(10):1826
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et al., 1979). Monophasic (producing only one type of flagellin), and less frequently triphasic or other
complex (producing more than three flagellins) variants are also known. The first phase is indicated
by a small type letter ‘a to z’. As with the ‘O’ antigens the number of letters is not sufficient for the
number of H-antigens and new H-antigens are consequently indicated by the letters: z1, z2,..,z91, etc.
The second phase of the H-antigens consists of many types and is indicated by numbers or letters.
Non-motile Salmonella do not have H-antigens (i.e., they do not possess flagella). Most serovars
possess two flagellar phases, and must be submitted to phase inversion in order to identify the second
flagellar phase and determine the serovar (Jones et al., 2000).
The Vi-antigen is a surface (capsular) polysaccharide structure. The Vi-antigen occurs in only three
Salmonella serovars (Salmonella Typhi, Salmonella Paratyphi C and Salmonella Dublin).
Serovars belonging to S. enterica subsp. enterica are isolated most frequently (more than 99.5 % of
Salmonella isolates from humans and food producing animals). Such serovars are normally
designated by a name, usually related to the geographical place where the serovar was first isolated or
the animal from which it was isolated. Serovars belonging to other subspecies of S. enterica and
those of S. bongori are designated by their antigenic formula.
Due to combinations of subspecies and many serovars, the full names are long (e.g. Salmonella
enterica subsp. enterica serovar Typhimurium). It is therefore generally accepted to use a shorter
format to indicate the names of the serovars of subspecies enterica, e.g. Salmonella Typhimurium (or
S. Typhimurium).
The notation of the antigenic formulas is as follows:
O-antigens: H-antigens of first phase: H-antigens of second phase. Within each group of antigens, the
individual antigens are separated by a comma.
For instance, the full antigenic formula of Salmonella Typhimurium is: 1,4,[5],12:i:1,2. Here the
somatic O-antigens are: 1,4,[5],12. The underlined O factor 1 (1) means that this factor is determined
by phage conversion. The factor is only present if the culture is lysogenized by the corresponding
converting phage. The factor 5 between square brackets ([5]) means that the antigen may be present
or absent without a relation to phage conversion. In summary both factors (1 and 5) can be present or
absent.
2.2.

Definition of Salmonella Typhimurium, ‘Salmonella Typhimurium-like’ and
monophasic Typhimurium strains

In order to unambiguously determine whether isolates reported as “Typhimurium”, and also whether
isolates of other serovars are, in fact, monophasic, the full antigenic formula needs to be considered.
Strains defined as S. Typhimurium possess two phases of the H-antigens: in phase 1 this is H-antigen
‘i’ and in phase 2 they are H-antigens ‘1, 2’. These are universally regarded as ‘classic’ S.
Typhimurium strains (antigenic formula: 1,4,[5],12:i:1,2). Antigenic variants that lack either the first
or the second phase H antigen, or both, have been described (antigenic formulas respectively:
1,4,[5],12:-:1,2, or 1,4,[5],12:i:-, or 1,4,[5],12:-:-). Such variants have been termed ‘Salmonella
Typhimurium-like’ strains.
Within these Salmonella Typhimurium-like strains, monophasic variants lacking the second phase H
antigen (1,4,[5],12:i:-), encoded by fljB, appear to be of increasing importance. Strains lacking
expression of the phase one flagellar antigens (e.g. S. 4,[5],12:-:1,2) or both (S. 4,[5],12:-:-) are also
possible, but have not commonly been reported to be associated with significant disease in animals or
humans. Therefore, for the purposes of this Opinion, only the monophasic variants lacking second
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phase H antigens will be considered. Such variants will be referred to as ‘monophasic S.
Typhimurium’.
Examples of possible different antigenic formulae of monophasic S. Typhimurium strains and
variations in how such strains have been reported by MSs are shown in Table 1 below. This
variability makes it very difficult to be sure of the true identity of all reported isolates and to
determine prevalence trends.
Table 1:

Variability in antigenic formulas and terminology used to report possible monophasic
Salmonella Typhimurium as reported to the EU-RL for Salmonella, EFSA and ECDC
(TESSy);
Antigenic formulas reported
1,4,[5],12:i:1,4,[5],12:i:4,[5],12:i:4,5,12:i:4,12:i:4,5:i:4:i:Names reported
S. Group B
S. Typhimurium DT120*
S. Typhimurium DT193*
S. Typhimurium
S. subsp. enterica
Subspecies 1
S. I 4,5:i:Monophasic variant
No name/ new serovar/ unknown

*DT: Definitive phage type – i.e., that conforms to a specific and fully validated phage lysis pattern in the scheme of the
Health Protection Agency, Centre for Infections, London, UK

Conclusion
It is difficult to monitor trends in the proliferation of monophasic strains because of the inconsistent
way in which they have been reported by different organisations within and between EU MSs and
internationally. To ensure complete consistency of reporting, all isolates of putative Salmonella
should ideally be fully serotyped and the full antigenic formula reported, as recommended by the
WHO Collaborating Centre for Reference and Research on Salmonella according to the WhiteKauffman-Le Minor scheme, i.e., in the case of monophasic S. Typhimurium, 1,4,[5],12:i:-.
Whenever possible, as much detail of the antigenic formula as determined by testing should be
provided and reported. The current practice of routinely reporting O antigens 1 and [5] when they are
not tested for should be discontinued.
If the full antigenic formula is not available but a phage type that is consistent with S. Typhimurium
has been confirmed, and the lack of the second phase flagellar antigen has been verified by PCR, then
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the term ‘monophasic S. Typhimurium’ is recommended for reporting purposes in the current
situation.
2.3.

Emergence of monophasic Salmonella Typhimurium’ strains

Scrutiny of the literature (Echeita et al., 1999; Switt et al., 2009) has revealed the emergence, in many
countries, of a variety of apparently different monophasic S. Typhimurium of different phage types,
genotypes and antimicrobial resistance profiles. Such studies indicate that certain monophasic S.
Typhimurium isolates belong to multiple clones or clonal lines which have emerged through
independent deletion events and which can only be further differentiated by highly sensitive
molecular methods (Soyer et al., 2009).
Within EU countries and MSs two major clonal lines of monophasic S. Typhimurium have emerged
over the last two decades. One such clonal line emerged in Spain in the late 1990s and exhibits
plasmid-mediated resistance to a range of antimicrobials. The second clonal line has become
particularly common in several MSs since 2000 and is characterized by chromosomally-encoded
resistance to ampicillin (A), streptomycin (S), sulphonamides (Su) and tetracyclines (T) (= R-type
ASSuT). In this respect, the antimicrobial resistance pattern (R-type) of ASSuT has often been used
as a further characteristic to provisionally identify certain monophasic Salmonella Typhimurium
isolates (Hauser et al., 2010b; Hopkins et al., 2010a; Lucarelli et al., 2010).
Monophasic S. Typhimurium strains have rapidly increased in prevalence in cases of human illness in
the EU over a relatively short time period (see Section 5 for details) and appear to be derived from
the S. Typhimurium genetic lineages. They therefore appear to behave exactly like a pathogenic strain
of S. Typhimurium in terms of their ability to infect and cause disease in both animals and the human
population.
2.4.

Analytical methods for identification and subtyping of monophasic Salmonella strains

2.4.1.

Primary isolation methods for Salmonella

For the isolation of Salmonella in samples from food, animal feed or from primary production, EN
ISO standard methods are available. For the official monitoring of Salmonella in these matrices, the
ISO procedures are prescribed in EU legislation. For the analyses of food and animal feed, ISO 6579
(Anonymous, 2002) should be followed. For the analyses of samples from primary production (e.g.
animal faeces or dust), Annex D of ISO 6579 (Anonymous, 2007a) is prescribed. In both procedures
the following culture steps are described: pre-enrichment in a non-selective broth, selective
enrichment in/on one or two selective enrichment media, isolation on two selective agar media,
confirmation.
The full ISO 6579 and Annex D of this ISO procedure differ only in the media for the selective
enrichment culture step. For the food and animal feed samples two selective broths are prescribed:
Rappaport-Vassiliadis broth with Soya (RVS) and Muller-Kauffmann Tetrathionate with novobiocin
(MKTTn). For the analyses of the primary production samples (Annex D of ISO 6579) a selective
semi-solid agar medium, Modified Semi-solid Rappaport-Vassiliadis agar (MSRV) is prescribed. The
composition of this is similar to RVS, with the addition of a small amount of agar to provide
‘motility-enrichment’.
The isolation of Salmonella on MSRV is based on motility of the strain, meaning that (rare) nonmotile variants of Salmonella may be more difficult to detect on this medium. It is therefore essential
that any growth in MSRV is plated, not just growth that indicates motility in terms of turbidity that
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spreads from the inoculation point. Non-spreading MSRV is often taken to be non-Salmonella so may
not be routinely sub-cultured to plating agars as an economy measure. In principle non-motile
Salmonella strains might be expected to be more readily detected in the selective broths of ISO 6579,
which must always be plated, but there have been no formal studies to compare isolation of nonmotile strains. On the other hand, more background flora is able to grow in the broths (compared to
the semi-solid agar medium), which may result in masking of the Salmonella strains by overgrowth of
competing organisms.
The monophasic variants of S. Typhimurium (1,4,[5],12:i:- or 1,4,[5],12:-:1,2) are still motile and can
be readily isolated on MSRV. That this is indeed the case was shown by the fact that the monophasic
variant 1,4,[5],12:i:- was regularly found in several EU MSs during the baseline surveys of slaughter
pigs and breeding pigs (EFSA, 2008a, 2009; Mooijman et al., 2008; Mooijman et al., 2009), where
the prescribed detection method was Annex D of ISO 6579 (EC, 2006, 2007b).
With the broths as described in ISO 6579 monophasic variants have also been detected, as shown in
the baseline survey on broiler carcasses (EFSA, 2010) where the prescribed method was ISO 6579
(EC, 2007a).
Non-motile variants of S. Typhimurium (1,4,[5],12:-:- or 1,4,12:-:-) lacking both the first and the
second phase H antigen may not be so easily detected with MSRV unless non-spreading growth is
routinely plated.
2.4.2.

Confirmation of identity of monophasic S. Typhimurium and/or further subtyping.

As already described in section 2.1, the identification of the genus Salmonella is classically
performed using biochemical tests. For this, the following tests are often used (between brackets the
expected results for the majority of Salmonella serovars): fermentation of glucose (+), lactose (-) and
sucrose (-), gas formation from glucose (+), production of hydrogen sulphide (+), urea hydrolysis (-),
lysine decarboxylation (+), production of indole (-) and absence of enzyme ß-galactosidase
(Anonymous, 2002). By performing additional biochemical tests it is sometimes possible to further
subtype the isolates to the level of species and subspecies. Once the genus is confirmed, isolates may
be further subtyped. The classical procedure for this is serotyping, followed (for some serovars of
epidemiological importance such as S. Typhimurium and S. Enteritidis) by phage typing.
Additionally, several molecular procedures are available to test for the genotypic characteristics of
strains within serotypes and/or phage types. The most commonly used methods for molecular typing
are: Pulsed Field Gel Electrophoresis (PFGE), Multilocus Sequence Typing (MLST), Multiple-Locus
Variable Number Tandem Repeat Analysis (MLVA/VNTR), DNA micro-arrays, and sequencing.
2.4.2.1. Determination of serotype
The principles underlying Salmonella serotyping have been briefly described in section 2.1. After
confirming isolates to be ‘Salmonella’, serotyping is undertaken to confirm the serovar name. For this
purified culture is first tested with O-antisera, followed by H-antisera (also see 2.1). An unknown
type is mostly first tested with a pool of O-antisera, followed by tests with group antisera and/or
single factor antisera relevant to the positive pool. A small amount of colony material of an isolate is
mixed with a drop of antisera on a glass slide. The result can be read after a few seconds or minutes
(depending on the antisera). The presence of granules in the suspension indicates a positive reaction.
After agglutination with the O-antisera, the agglutination with H-antisera is performed. If one Hphase is found to be negative for biphasic strains (like for Salmonella Typhimurium), a phaseinversion method has to be used. The dominant H-phase is repressed with a phase-inversion method.
By repressing the dominant H-phase the second H-phase can be expressed and identified. A
frequently-used method for phase-inversion is one for which specific phase-inversion antiserum is
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added to a swarming agar medium and the Salmonella strain is spot-inoculated on the plate. After
overnight incubation, the swarmed strain can be used to identify the second, uninhibited H phase. If
again no positive reaction is obtained with the second H-phase antisera but it is still positive with the
first H-phase antisera, the phase-inversion need to be repeated. The number of times a phaseinversion should be repeated before a strain will be considered as monophasic has not been
standarised (Jones et al., 2000). In order to unambiguously determine whether isolates are, in fact,
monophasic S. Typhimurium, the full antigenic formula needs to be determined. There are differences
in procedures for testing samples from food animals, humans and foodstuffs. In some cases isolates
may not be serotyped or reported to national surveillance networks. This applies in particular to
testing of food products by manufacturers, where rapid methods that do not produce an isolate or
serogrouping/ partial serotyping only may be carried out.
2.4.2.2. Phage typing.
Used as a means for determining relatedness to S. Typhimurium
There are a number of methods by which monophasic S. Typhimurium strains can be confirmed as
“presumptive S. Typhimurium”. The simplest method for this is phage typing. Phage typing is an
established method of detecting outbreaks of salmonellosis. The method is dependent on the lysis
reactions of organisms with a panel of bacteriophages. The phage typing scheme most commonly
used for Typhimurium is based on that originally described by Callow (1959) and expanded by
Anderson (1977). In this phage typing scheme over 200 definitive types (DTs) have been defined,
based on differences in the patterns of lysis. The phage typing of serovar Typhimurium is not
dependent on the presence of the second phase H antigen and because of this, monophasic S.
Typhimurium react with the same panel of phages (Amavisit et al., 2005; Echeita et al., 2001)
(Mossong et al., 2007). All phage types that have been recognised so far within monophasic S.
Typhimurium have also been found in normal di-phasic S. Typhimurium. The identification of a
recognised phage type is characteristic of the derivation from S. Typhimurium and not the
monophasic state.
Used as a means for further subtyping within monophasic S. Typhimurium
Phage typing is also used as a method of phenotypic subtyping within certain Salmonella serovars.
For example, for monophasic S. Typhimurium, several phage types have been recognised. A range of
definitive phage types – DTs 193, 120, 12, 18, 208, and as yet undefined phage types (PTs) - PTs
U311 snd 7 variant, have been associated with the monophasic ASSuT-resistant S. Typhimurium
variant (Hopkins et al., 2010a; Rabsch, 2009). Phage type U302 has also been associated with the
‘Spanish’ Salmonella 4,5,12,i:– monophasic variant with plasmid-mediated antimicrobial resistance
(de la Torre et al., 2003; Echeita et al., 2001; Walker et al., 2001). Similarly, the recently identified
DT191A exhibiting resistance to tetracyclines is indicative of a different monophasic S.
Typhimurium strain in USA and UK (Harker et al., 2011).
Although monophasic S. Typhimurium strains can be subtyped by phage typing, the resultant phage
types are not of necessity a definitive indication of the monophasic state. For example, S.
Typhimurium DT 193, a phage type commonly associated with the monophasic ASSuT-resistant
clonal line, is a heterogenous phage type comprised of several different lineages (Rowe and Threlfall,
1984). Thus some isolates of S. Typhimurium DT 193 may be monophasic and others may not.
Likewise S. Typimurium DT 120 has been associated with monophasic isolates of R-type ASSuT
(Rabsch, 2009), but some isolates of DT 120 of different R-types have been shown to have been
derived from DT 104 (Lawson et al., 2002), and are not monophasic.
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2.4.2.3. Genotyping
Used as a means for identification of monophasic strains or for determining relatedness to S.
Typhimurium
A variety of molecular methods has been described for identifying S. Typhimurium. Most of these,
except those that involve identification of the fljB genes that code for the phase 2 flagella antigens
(Wattiau et al., 2008), do indicate that the monophasic strains are closely related to S. Typhimurium.
Other molecular methods, including different polymerase chain reaction (PCR) and microarray-based
methods have also been described (Cai et al., 2005; Cardona-Castro et al., 2009; Gurakan et al., 2008;
Hackl et al., 2009; Kim et al., 2006; Lan et al., 2007; Leader et al., 2009; Yoshida et al., 2007). A
simple method is to use a PCR that identifies a S. Typhimurium-specific fragment of the malic acid
dehydrogenase gene (Lin and Tsen, 1999).
In order to overcome the need for submitting the strain to phase inversion several times (part of a
normal serotyping routine), which increases dramatically the length of time necessary to obtain a
final result, it is possible to use PCR to investigate the strains that are suspected to be monophasic. A
PCR, in order to be suitable for this kind of confirmation, should ideally allow discrimination of S.
Typhimurium from its monophasic variants, and also from other serovars that share the same O and H
(first phase) antigens, such as:
S. Lagos (1, 4, [5], 12;i; 1,5)
S. Agama (4,12;i; 1,6)
S. Farsta (4,12;i; e,n,x)
S. Tsevie (4,12;i; e,n,z15)
S. Gloucester (1, 4,12, 27;i; l,w)
S. Tumodi (1, 4,12;i; z6)
After a first negative phase inversion procedure, it is not possible to exclude the possibility of a
negative or weak expression of a second flagellar phase other than 1,2.
To solve this problem, it is possible to apply a PCR to detect simultaneously the fliB-fliA intergenic
region, and the phase 2 (fljB) flagellar gene. Salmonella Typhimurium and its monophasic variant
possess an IS200 fragment of 1-kb in the fliB-fliA intergenic region, which is not detected in the other
serovars listed above (apart from S. Farsta), which instead shows a 250-bp product. All these serovars
except the monophasic variant 1,4,[5],12:-:- possess the fljB allele.
Thus, if submitted to PCR using a protocol such as described in Appendix A, the monophasic variant
presents a single PCR product of 1-kb, whereas S. Typhimurium shows this fragment plus a heavier
fljB one (1389 bp). Serovars Gloucester, Agama, Lagos, Tsevie and Tumodi present this fljB
fragment and the 250-bp product in the fliB-fliA region (Tennant et al., 2010). The only inconsistent
result in this procedure appears to be S. Farsta, which can be discriminated from S. Typhimurium
only by serological or molecular identification of the second flagellar phase e,n,x.
In conclusion, for molecular identification of the monophasic 1,4,[5],12:-:- variant, it is advisable to
proceed with serotyping until a first negative result of agglutination after phase inversion, and then
apply a PCR protocol such as the one described in Appendix A in order to confirm the lack of the
second phase antigen.
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Other genotyping methods (MLST, PFGE, MLVA/VNTR, microarray analysis) have been used to
confirm relatedness of monophasic strains to S. Typhimurium (de la Torre et al., 2003; Hauser et al.,
2010b; Hoelzer et al., 2010; Soyer et al., 2009).
Used as a means for further subtyping within monophasic S. Typhimurium
Monophasic S. Typhimurium strains may also be subtyped by methods such as PFGE, MLST and
MLVA. Within the monophasic ASSuT-resistant S. Typhimurium variants circulating widely within
the EU, the predominant PFGE profiles are those of STYMXB.0131 and STYMXB.0083 (Best et al.,
2009; Hopkins et al., 2010a; Lucarelli et al., 2010), the predominant MLST types are sequence type
34 and sequence type 19 (Ben-Darif et al., 2010; Hoelzer et al., 2010; Hopkins et al., 2010b), and the
predominant MLVA types are 3-11-9-NA-211, 3-12-9-NA-211 and 3-13-10-NA-211 (Hauser et al.,
2010a; Hopkins et al., 2010b). A new epidemic MLVA subtype of 3-13-15-NA-211 was identified in
an outbreak in France in May 2010 using this sensitive methodology, which enabled discrimination
of the outbreak strain from other monophasic MLVA types also circulating in that country (Bone et
al., 2010).
Conclusion
The current standard methods (ISO 6579 and Annex D of ISO 6579) are suitable for isolation of
monophasic Salmonella Typhimurium strains. Various genetic and phenotypic characteristics have
been described for the identification and subtyping of such strains. For identification of the
monophasic 1,4,[5],12:i:- variant, it is advisable to proceed with serotyping until a first negative
result of agglutination after flagellar phase inversion, and then apply a PCR protocol in order to
confirm the lack of the second phase antigen. Other methods such as phage typing and genotyping
methods (MLST, PFGE, VNTR, and virulotyping) are used to confirm relatedness to S. Typhimurium
and/or to further subtype these isolates. Accurate characterisation of monophasic strains is important,
since misidentification of a non-S. Typhimurium-related strain could result in unnecessary regulatory
action. Similarly, failure to confirm identity of a S. Typhimurium-like organism could have
significant public health consequences.
2.5.

Public health relevance

2.5.1.

Human surveillance of salmonellosis

Monitoring of Salmonella is mandatory in humans in accordance with the Commission Decision
2000/96/EC. Since 2007, EU and European Economic Area (EEA) countries report their surveillance
data to The European Surveillance System (TESSy) at the European Centre for Disease Prevention
and Control (ECDC). Surveillance systems for salmonellosis in the MSs differ between countries. In
the majority of MSs, reporting of salmonellosis to the national level is compulsory. This is not the
case in all MSs and in some not all regions report to the national level. Whether the data are reported
by national reference laboratories, local laboratories, physicians and hospitals also varies (ECDC,
2009). For a case to be considered confirmed according to the EU case definition, it requires
laboratory confirmation with isolation of the bacteria from stool or blood (EC, 2008).
2.5.2.

Epidemiological situation of salmonellosis in the EU

In 2008, a total of 135,335 non-typhoidal salmonellosis cases were reported to the ECDC, by all EU
and EEA countries, of which 133,543 were confirmed (EFSA/ECDC, 2010). The overall notification
rate in the EU was 26.4 per 100,000 population, which represents a significant decrease over the last
five years. The notification rate of salmonellosis is high in children, in particular in the 0-4 year-olds,
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where the rate is three times higher than in 5-14 year olds and more than five times higher than the
remaining age groups.
Salmonella was also the most common causative agent reported in foodborne outbreaks in the EU in
2008, accounting for 1,888 outbreaks out of 5,332 reported (35%) (EFSA/ECDC, 2010). These 1,888
outbreaks involved 14,180 cases, 2,868 hospitalisations and 20 deaths. Pork and pork products were
the most common sources for foodborne outbreaks of S. Typhimurium (EFSA/ECDC, 2010),
although outbreaks associated with poultry and contaminated water have also occurred.
The two most common Salmonella serovars in the EU are Enteritidis and Typhimurium, representing
in 2008 58% and 22%, respectively, of all known serovars (EFSA/ECDC, 2010). While the number
of cases with S. Enteritidis is decreasing (most likely as a result of control measures implemented in
poultry flocks), cases caused by S. Typhimurium are increasing. In 2008, 26,423 cases of S.
Typhimurium were reported.
2.5.3.

Cases of monophasic S. Typhimurium reported at the EU level

The ECDC has limited information on the presence of Salmonella enterica 1,4,[5],12:i:- in the EU as
TESSy has only been in place for collecting data since 2007. Also, there is no harmonised way of
reporting this variant and thus, cases can only be found in the database by analysing the antigenic
formula, something which only ten out of 30 countries reported.
Seven countries out of the ten that reported the antigenic formula to TESSy reported monophasic S.
enterica 1,4,[5],12:i:- (Denmark, Germany, Ireland, Italy, Luxembourg, the Netherlands and Spain).
Although the numbers increased from 360 cases in 2007 to 1416 in 2009; the number of countries
reporting this type also increased during this time period. In four countries, an increase over two or
three years was observed, while in one country a decline in cases was observed for the two reported
years. For one country there was no evident trend and the remaining country only provided data for
one year. The first-line phenotypic method in several EU MSs for the primary subdivision of S.
Typhimurium is phage typing (see above). In this respect, the most common phage type among the
monophasic isolates was DT 193, representing 71% of monophasic isolates with known phage types,
followed by DT 120 (19%).
2.5.4.

Outbreaks

Several foodborne outbreaks caused by monophasic S. Typhimurium have been reported in Europe.
In 2006, Luxembourg experienced two outbreaks of monophasic S. Typhimurium DT 193, involving
133 confirmed cases, 24 hospitalisations and one death (Mossong et al., 2007). A high proportion of
cases were from institutions for the elderly and in day-care centres. Locally-produced pork meat was
the suspected vehicle for the outbreaks (Mossong et al., 2007). The same variant monophasic,
multidrug-resistant S. 4,[5],12:i:- DT 193 has been associated with large diffuse outbreaks in
Germany since 2006, with increased need for hospitalisation reported (Trupschuch et al., 2010).
The most recent outbreak reported from Europe occurred in France in May 2010 involving 90 cases
of S. 4:12:i:- (Bone et al., 2010). Twenty cases out of 54 interviewed had been temporarily
hospitalised (37%). The outbreak was linked to consumption of a dried pork sausage sold in France
and Belgium (so far no cases have been reported from Belgium).
Prolonged diffuse outbreaks with a tetracycline-resistant, corn snake-related, DT 191A strain
involving significant numbers of cases have also occurred in UK since 2008 (HPS, 2010; Peters et al.,
2010). This strain originated from infected frozen feeder mice imported into UK for feeding to exotic
pets. In the USA several other S. 4,5,12:i:- outbreaks have occurred. One large multi-state outbreak
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in 2007 was related to frozen chicken pies, and other cases involved exposure to turtles (CDC, 2007a,
2007b). Canada has also reported outbreak cases (Switt et al., 2009) and in Săo Paulo in Brazil, Chile
and Costa Rica there have also been significant numbers of human cases (Switt et al., 2009).
2.5.5.

Country-specific data

While the rare isolation of Salmonella 4,5,12:i:- before the 1990s may reflect a recent expansion
and/or emergence of this serovar, it is important to acknowledge that Salmonella 4,5,12:i:- isolates
have been and still may be classified as S. Typhimurium, possibly leading to underreporting of this
variant of S. Typhimurium. Salmonella 4,5,12:i:- isolates also appear to have to often been reported
as e.g. “Group B” or “untypable” or “Salmonella enterica subspecies I” (Switt et al., 2009).
2.5.5.1. Europe
In England and Wales cases of Salmonella 4, [5], 12:i:- infections have risen from 47 in 2005 to 151
in 2009 (a 321% increase) against an overall decrease in the number of salmonellosis cases, with
isolates of R-type ASSuT accounting for approximately 30% of these strains. These figures are
probably not fully representative of the total number of infections of monophasic S. Typhimuriumlike strains, as strains identified as Typhimurium by the isolation laboratory and referred to the
reference laboratory for phage typing do not as a routine undergo full serotyping. For example in
2008 188 of 256 (42%) isolations of S. Typhimurium DT 193 from humans in England and Wales
were of the ASSuT phenotype. It should also be noted that since 2008 there has been a substantive
increase in isolations of S. Typhimurium DT 191A. The majority of these isolates were not serotyped
but of those that were, over 80% were monophasic. In Scotland there was an increase in reports of
Salmonella monophasic Group B (94 reports in 2009, compared to 37 in 2008).
In France the National Reference Laboratory for Salmonella reported a gradual increase in the
isolation of Salmonella 4,5,12 :i :- from humans. The serovar moved from eleventh to third place in
order of isolation between 2005 and 2008 (AFSSA, 2009) and a further significant increase was
reported in the first five months of 2010 (Bone et al., 2010). Furthermore, numerous outbreaks of
grouped cases corresponding to Salmonella 4,5,12 :i :- were identified in 2008 in France: 13 family
epidemics, three collective infections and two infections in hospital (AFSSA, 2009).
In Germany, isolations of Salmonella 4,5,12:i:- have continuously increased in humans since 2000
(Hauser et al., 2010b). In 2006, a multi-drug resistant strain of this type was associated with large
diffuse outbreaks and increased need for hospitalisation (isolates belonged mainly to DT 193 and
exhibited at least tetra-drug resistance (Trupschuch et al., 2010). In 2008, the monophasic variant
represented 42% of all S. Typhimurium isolates from humans analysed at the National Reference
Centre (Hauser et al., 2010a).
In Italy, S. 4,5,12 :i :- represented the third most common serovar from cases of human infection from
2004 to 2008 (Dionisi et al., 2009) and the second most common in 2009 (ISS, 2010). Monophasic
strains with the resistance pattern ASSuT (with or without additional resistances) represented 75% of
the monophasic isolates from either 2008 or 2009. Forty-eight percent of the monophasic strains
belonged to DT193 and 13% to U302. The most common PFGE profiles were STMXB 00131 (47%)
and STMXB 0079 (37%).
In The Netherlands S. 4,5,12 :i :- was initially reported from humans in 2004. Subsequently,
isolations have progressively increased in incidence, and it has represented the third most common
serovar from human infections from 2005 to 2008 (van Pelt W., 2009).
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In Spain a considerable number of Salmonella 4,5,12 :i :- isolates has been reported since the first
documented isolation in this country in 1997. Since then, this new serovar ranks fourth among the
Salmonella serovars that are the most frequently isolated in Spain (de la Torre et al., 2003).
2.5.5.2. Outside Europe
In the United States Salmonella 4,5,12 :i :- has gone from the 18th most frequently reported serovar in
human salmonellosis in 2002 to 14th in 2003 to seventh in 2004, to sixth in 2006 (CDC, 2008).
Salmonella 4,5,12 :i :- has also been reported in South and Latin America. In the Brazilian state Sao
Paulo a five-fold increase of this serovar was observed in the 1990s, since its initial isolation in the
late 1970s and it has been among the top five Salmonella serovars that have been isolated form
humans and non-human sources associated with foodborne outbreaks in humans and extra-intestinal
infections (Tavechio et al., 2009). In Thailand Salmonella 4,5,12:i:- has been found among the top
five Salmonella serovars from cases of food-borne salmonellosis (Pornruangwong et al., 2008).
3.

Hazard Characterisation

3.1.

General molecular characteristics

The monophasic S. Typhimurium strains that have been involved in recent international increases in
human and food animal infections are typically very similar to S. Typhimurium at the molecular level
(Amavisit et al., 2005; Echeita et al., 2001), but lack detectible flagella phase 2 antigens and
associated genes (McQuiston et al., 2008; Parrenas et al., 2004; Switt et al., 2009; Zamperini et al.,
2007). There are extensive genetic similarities with the S. Typhimurium LT2 type strain (Rabsch,
2009; Soyer et al., 2009). Moreover various phenotypic and molecular fingerprinting techniques have
reported similarities with S. Typhimurium, e.g. specific monoclonal antibodies (Rementeria et al.,
2009), biotyping (de la Torre et al., 2005), MLST (Alcaine et al., 2006; Soyer et al., 2009), PFGE
(Dionisi et al., 2009; Hauser et al., 2010b; Vidal-Gallego, 2005; Zamperini et al., 2007),
MLVA/Variable Number of Tandem Repeats (VNTR) typing (which also identifies the presence of
some S. Typhimurium-specific loci) (Hauser et al., 2010b; Laorden et al., 2009; Torpdahl et al.,
2009) and ribotyping. Random Amplified Polymorphic DNA (RAPD) analysis, and plasmid profile
types (de la Torre et al., 2003; Sala, 2002) are also similar to S. Typhimurium (AFSSA, 2009;
Garaizar et al., 2002) and different from S. Lagos (Soyer et al., 2009).
Characterization of American and Spanish Salmonella isolates by a MLST based on three genes
(Sukhnanand et al., 2005) revealed, with exception of one isolate of sequence type (ST) 40, that
monophasic strains were ST6, which is the predominant ST within S. Typhimurium isolates (Alcaine
et al., 2006). ST6 is unique to serovar Typhimurium and its monophasic variants (Alcaine et al.,
2006; Switt et al., 2009). Hopkins et al. (2010b) using a MLST typing according to the MLST
Databases at the ERI, University College Cork (http://mlst.ucc.ie/mlst/dbs/Senterica) (based on 7
housekeeping genes) identified ST19 and ST34 (both ST defined by the alleles aroC10-hemD12hisD9-purE5-sucA9-thrA2, and with dnaN19 and 7, respectively), both STs also typical of S.
Typhimurium. Hoelzer et al. also found ST19 for both monophasic and Typhimurium isolates from
USA analysed in their study (2010).
Different mutations and deletions have been associated with the lack of phase 2 flagella expression in
Salmonella 4,5,12,i:– isolates. Specifically, at least some of the S. 4,5,12,i:– isolates from Spain
appear to be characterized by deletion of a large fragment, including fljB and hin, encoding a DNA
invertase essential for fljB expression (Garaizar et al., 2002), although other variants have also been
found (Laorden et al.; Laorden et al., 2010). Most of the isolates from the United States characterized
thus far seem to be typified by deletions that eliminate fljB but maintain hin (Soyer et al., 2009;
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Zamperini et al., 2007). These observations and other genomic characteristics suggest that S.
4,5,12,i:– has evolved through multiple independent emergence events involving different clonal
groups during the last twenty years, during which the large increase in such strains has occurred
(Garaizar et al., 2002; Laorden et al., 2009; Laorden et al., 2010). Nevertheless, the driver for this
evolution is unknown, although for many epidemic strains antimicrobial resistance appears to be
involved (Zaidi et al., 2007) and multi-drug resistance and virulence regulation mechanisms may
overlap in some strains (Bailey et al., 2010).
3.2.

Virulence factors

Factors contributing to the virulence of Salmonella are complex and vary hugely between both
serovars and strains within a serovar. Some serovars, e.g. S. Gallinarum are host-specific and can
only survive in macrophages of that host. Other serovars, e.g. S. Choleraesuis or S. Dublin, are hostadapted but can still occasionally infect other hosts and cause serous disease in humans. The majority
of serovars can infect any host, but some, such as S. Enteritidis, are more likely to be found in a
specific host because of certain special properties, e.g. ovarian transmission. Most salmonellas are
either good survivors in the environment and able to multiply outside the host, or are able to exist
long-term within carrier animals. Some strains have shown epidemic potential, e.g. S. Typhimurium
DT 104, but others are endemic with more limited potential to spread. Infection of the host is
normally by the faecal –oral route and the organism must survive the acidic conditions in the crop or
stomach, and be able to compete with intestinal flora to multiply and invade lymphoid tissue.
Colonisation, invasion and intracellular survival involves the complex interaction of numerous and
variable virulence mechanisms that are still not fully understood despite decades of research (Stevens
et al., 2009), but the adaptability and variability of Salmonella ensures that there is a suitable strain
available to colonise any host given the opportunity. Additional details about the virulence of
Salmonella are presented in detail in Appendix B.
With respect to the monophasic S. Typhimurium strains discussed in this Opinion, such strains have
only relatively recently emerged and a variety of different strains exists (Soyer et al., 2008).
Consistent data on virulence mechanisms are therefore limited. Nevertheless, where studies have
been performed the occurrence of recognised virulence genes appears to correspond with that of
‘classic’ S. Typhimurium (Guerra et al., 2004; Hauser et al., 2010b; Rodriguez et al., 2008; Soyer et
al., 2009). Indeed, virulence microarray analysis of isolates of S. enterica serovar 4,[5],12;i.:- and
‘classic’ Typhimurium demonstrated that there were no differences except minor variations in single
strains within and between isolates from pigs, pork and cases of human infection made in Germany
during 2006 and 2007 (Hauser et al., 2010b).
Sequencing of the EU ASSuT-resistant DT 193 Salmonella.4,5,12:i:- strain shows virulence genes
with some similarities to Enterobacteriaceae phage sequences that carry putative pathogenicity genes
similar to those in Shigella and pathogenic E. coli strains (Rabsch et al., 2008) as well as carrying a
characteristic 18-19 kb genomic island in the thrW transfer RNA gene locus. Most of the other tRNA
regions investigated were identical to those found in S. Typhimurium (Rabsch and Laverde-Gomez,
2007; Trupschuch et al., 2009; Trupschuch et al., 2010). Other studies using a variety of PCR or
microarray based methods have concluded that the virulence gene repertoire of monophasic S.
Typhimurium and its variability is similar, sometimes identical or increased, compared with S.
Typhimurium, depending on the individual strains examined (Gewirtz et al., 2001; Hauser et al.,
2009; Hauser et al., 2010b; Ikeda et al., 2001). Studies by microarray techniques of strains of S.
Typhimurium PT U302 with the antigenic structure 4,5,12:i:- that emerged in Spain in the late 1990s
identified only very minor deletions in genetic content compared with S. Typhimurium (Garaizar et
al., 2002) and homologous to virulence plasmid genes spvC (even in plasmid-free strains), as well as
identical invE and invA invasion genes, stn enterotoxin genes, slyA cytolysin genes and genes
associated with survival within macrophages (pho) to those typically found in S. Typhimurium (del
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Cerro et al., 2003; Guerra et al., 2000). Although in many of these isolates the pSLT90 plasmid is
lacking, spv genes have been found in some of these isolates, being located on plasmids belonging to
different incompatibility groups (i.e. IncA/C or IncA/C plus with IncN) (Guerra et al., 2004). S.
Typhimurium U302 is closely related to the pandemic Typhimurium DT 104 (Briggs and Fratamico,
1999; Walker et al., 2001) and the Spanish strain is highly clonal, which is another indication of
virulence-related rapid expansion (Laorden et al., 2009). Virulence gene microarray studies of
various monophasic S. Typhimurium strains that have arisen since 2000 in pigs and humans have
demonstrated the same lineage as S. Typhimurium, although the monophasic strains that were
prevalent in Germany and Spain differed from each other (Hauser et al., 2009; Hauser et al., 2010b).
In most of these isolates (i.e. DT 193) the pSLT90 virulence plasmid and the spv genes are not
present (Hauser et al., 2009; Hauser et al., 2010b; Hopkins et al., 2010a). Similar studies in Spain
demonstrated overall similarities, as well as the presence of virulence plasmid genes homologous in
plasmid-free strains (Garaizar et al., 2003; Garaizar et al., 2002). Poultry and cattle S. 4,5,12:i:isolates from the USA clustered into at least four distinct clonal groups, each closely related in
virulence gene content to S. Typhimurium (Zamperini et al., 2007).
3.3.

Antimicrobial resistance

Over the last decades, the emergence and spread of antimicrobial-resistant zoonotic bacteria has
become a serious public health problem. In the case of severe human Salmonella infections resistance
may limit the options for treatment, particularly when strains exhibit resistance to critically-important
antibiotics (Anonymous, 2007b; Collignon et al., 2009). Bacteria contain extremely efficient genetic
transferable elements capable of exchanging and accumulating antimicrobial resistance genes (Guerra
et al., 2004). Resistance genes can move between chromosomal and extra-chromosomal DNA
elements, and they may move between bacteria of the same or different species or to bacteria of
different genera by horizontal gene transfer. The most important vehicles for transfer of resistance
genes in bacteria are mobile genetic elements, such as plasmids, transposons, and genomic islands.
Different resistance determinants and mechanisms can be responsible for the same resistance
phenotype. This observation has been confirmed in several studies on the molecular epidemiology of
resistant bacterial clones (Guerra et al., 2000; Guerra et al. 2004). The presence of a gene does not
always imply resistance of the strain to a particular antimicrobial, but reflects the potential to express
resistance once a selective pressure is applied (Guerra et al., 2004).
In recent years there has been an overall decline in the level of resistance in serovar Typhimurium in
several European countries, mainly as a result of a reduction in the number of isolates of pentaresistant S. Typhimurium DT 104 (Hopkins et al., 2010a; Meakins et al., 2008). To some extent this
reduction has been counteracted by an increase in prevalence of Salmonella 4,[5],12:i:- isolates of Rtype ASSuT (Dionisi et al., 2009; Hauser et al., 2010a; Hopkins et al., 2010a; Litrup et al., 2010).
The antimicrobial resistance patterns of monophasic strains vary with the strain. In UK, strains of
Salmonella 4,5,12:i:- (in this case designated and reported as S. Typhimurium, except in Scotland)
have been seen as severe cases, particularly in humans that were exposed to corn snakes fed on
specially-bred mice imported from the USA. These strain(s) are clearly virulent but are only resistant
to tetracyclines (Harker et al., 2011). The newly emerged monophasic S. Typhimurium DTs 193 / 120
strains that have been reported from numerous EU countries are typically of R-type ASSuT, with the
respective resistances encoded by chromosomal blaT EM, strA-strB, sul2 and tet(B) genes (Hauser et
al., 2010b; Hopkins et al., 2010a; Lucarelli et al., 2010), although a minority of strains may acquire
additional resistances (i.e class 1 integron located dfrA genes encoding trimethoprim resistance). In
the laboratory data from TESSy, 79% of isolates tested against these four antimicrobials were
resistant compared to only 14% of all tested S. Typhimurium. Resistance in the Spanish S.
Typhimurium PT U302-based monophasic strains was different. All these isolates were multiresistant
(from 6-9 resistant determinants), and the most frequent phenotype found was that with resistance to
ampicillin, choramphenicol, gentamicin, streptomycin, sulfamethoxazole, tetracyclines and
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trimethoprim (Echeita et al., 1999; Guerra et al., 2000; Usera et al., 2002), mainly encoded by blaTEM1, cmlA1, aac(3)-IV, aadA2 and/or aadA1, sul1, sul2, sul3, tet(A) and dfrA12 (Guerra et al., 2000;
Guerra et al., 2001). Almost all isolates possessed large non self-transferable (but mobilizable)
resistance plasmids (> 120-200 kb) with multireplicons for incompatibility groups IncN and/or
IncA/C. In some of them, the spv genes have been captured (Guerra et al., 2004). These resistance
plasmids often carry several class 1 integrons (up to three): one with a variable region of 1900bp with
dfrA12-orfX-aadA2 genes, a second one with the estX-psp-aadA2-cmlA1-aadA1gene cassettes
associated to an unusual 3' sequence region carrying qacH, IS440 and sul3, and an empty one lacking
of resistance genes in its variable region but with qacEΔ1 and sul1 in it 3’ conserved segment
(Antunes et al., 2010; Guerra et al., 2000; Guerra et al., 2001; Guerri et al., 2004).
Isolates from Thailand, and Korea had additional resistance to gentamicin, potentiated sulphonamides
or chloramphenicol (Lee et al., 2009; Pornruangwong et al., 2008). In contrast US and Brazilian
monophasic Salmonella strains were rarely multidrug resistant and often pan-susceptible (Agasan et
al., 2002; Tavechio et al., 2004) but most strains had the 90 kb S. Typhimurium virulence plasmid
(Tavechio et al., 2009).
Salmonella 4,5,12:i:- isolates carrying extended-spectrum ß-lactamases (i.e. blaCTX-M-1) have been
also detected in UK isolates from animals in 2009 (VLA, 2010).
In conclusion, the repertoire of antimicrobial resistance genes of monophasic S. Typhimurium is
similar to that in S. Typhimurium and in other Enterobacteriaceae. The principal differences in the
European monophasic strains are the presence of a unique chromosomal resistance island with the
blaTEM, strA-strB, sul2 and tet(B) genes in the epidemic ASSuT-resistant clonal line, and resistance
genes linked to the serovar-specific plasmid in the Spanish monophasic S. Typhimurium U302
isolates.
3.4.

Severity of human cases caused by monophasic S. Typhimurium

It is difficult to assess this from reported cases in the literature although some reports suggest
increased severity compared with most Salmonella infections (Switt et al., 2009). In the UK, children
have been commonly affected in outbreaks and incidents associated with monophasic tetracyclineresistant S. Typhimurium DT 191A and there has been an unusually high rate of hospitalisation, but
no deaths up to 2009 (Harker et al., 2011). In Germany there have also been a large number of diffuse
outbreaks involving an increased hospitalisation rate compared with normal Salmonella outbreaks
and a particularly high attack rate in children and old people (Rabsch, 2009). In large outbreaks in
New York involving a dulcitol-negative S. 4,5,12:i:- strain, 14% of cases involved haemorrhagic
diarrhoea (Agasan et al., 2002). In two major outbreaks in Luxembourg in 2006 the most recent
pandemic PFGE type STYMXB.0031 DT193-related monophasic strain of 133 reported cases
involved 24 hospitalisations and one death (Mossong et al., 2007).
It is not clear if infections caused by monophasic Salmonella Typhimurium strains are more or less
severe than with other S. Typhimurium infections since reports of severity appear to vary in different
countries (Jones et al., 2008). The data reported to ECDC do not suggest infections with the
monophasic variants to be more severe. This conclusion is based on the percentage of strains isolated
from blood compared to faeces, as this ratio was in the same range or even lower, than for other S.
Typhimurium (which had 1.8% isolated from blood and 95% from faeces).
As previously described, most of the emerging Salmonella 4,5,12:i:- strains have shown multiple
antimicrobial resistance (Garcia-Feliz et al., 2008), although pan-susceptible and monoresistant (to
tetracyclines only) strains have also featured in outbreaks in USA and UK (Harker et al., 2011;
Zamperini et al., 2007). It would therefore appear that treatment failure is not as yet a feature of
virulence in humans. Nevertheless, the development of resistance to critically important
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antimicrobials such as fluoroquinolones and/or third generation cephalosporins, which seem to be
emerging within monophasic S. Typhimurium isolates (Garcia-Feliz et al., 2008; Hauser et al.,
2010b) could, in the case of need, lead to treatment failure. On the other hand, the regular or routine
use of antimicrobials such as tetracyclines in pigs may promote higher levels of resistance and some
multiple resistances, and the proliferation of resistant strains (Usera et al., 2002), thereby enhancing
their colonisation and persistence in the porcine hosts.
Conclusion
On the basis of genetic similarity and ability to obtain a recognised Salmonella Typhimurium phage
type, we regard these emerging epidemic monophasic strains with formula 1,4,[5],12:i:- as variants
derived from S. Typhimurium. Their virulence potential and their antimicrobial resistance
characteristics are similar to those of S. Typhimurium. Consequently, they should be treated like
S.Typhimurium and therefore be included in the Salmonella control programmes.
Antimicrobial susceptibility testing is important for epidemiological investigations. The antimicrobial
resistance pattern should be determined and reported in a harmonised way for human, animal and
food isolates, according to European guidelines (EFSA, 2008c; EUCAST, 2010).
4.

Exposure assessment

4.1.

Monophasic S. Typhimurium reported in scientific literature

Since the late 1990s the emergence of monophasic strains belonging to the serovar S. 4,5,12:i:isolated from a wide variety of sources have been documented worldwide (Switt et al., 2009) as
reported in the following table.
Table 2:

Worldwide reports published on the isolation of Salmonella enterica serovar 4,5,12:i:(Data obtained from Switt et al. 2009 and supplemented)

Years of isolation

Country

Source

Reference

1986-1987
1993-1994
1997
1991-2000
1998-2000
1998-2000
2000-2002
2000-2001
2003-2004
2003-2004
2003-2006
2004
Not available
2006
2004-2008

Portugal
Thailand
Spain
Brazil
United States
Spain
Spain
Thailand
Italy
Portugal
Thailand
United States
United States
Luxembourg
Germany

Chicken
Human, chicken meat
Human, food
Human, food, animals
Human , raw chicken meat
Swine
Swine
Human, frozen meat, foods
Human, swine
Pig carcasses
Human, swine
Human, bovine
Bovine, poultry, non domestic birds
Pork, pigs
Human, food, swine, cattle, broiler

Machado and Bernardo, 1990
Boonmar et al., 1998
Echeita et al., 1999
Tavechio et al., 2009
Agasan et al., 2002
de la Torre et al., 2003
Vidal 2005
Amavisit et al., 2005
Barone et al., 2008
Vieira-Pinto et al., 2005
Pornruangwong et al., 2008
Alcaine et al., 2006
Zamperini et al., 2007
Mossong et al., 2007
Trupschuch, 2010, Friedrich et
al. 2010, Hauser et al. 2010
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In Europe, a considerable number of Salmonella 4,5,12:i:- isolates have been reported:
Data from the French Salmonella network have demonstrated a gradual increase in the isolations of S.
4,5,12 :i :- strains from animal and food samples. These isolations have been usually related to
poultry production, but this is not always the case (AFSSA, 2009).
In addition, S. 4,5,12 :i :- has continuously increased in pigs and humans in Germany since 2000 and
this serovar resulted to be the second most common one from samples collected in the framework of
the EU-monitoring study on the prevalence of Salmonella in slaughter pigs (Hauser et al., 2010a).
Data collected from the German National Reference Laboratory on the prevalence of Salmonella spp.
for the years 2004-2008 revealed that S. 4,5,12 :i :- has represented the second most common serovar
isolated from pig and the third from bovine samples (Friedrich et al., 2010).
In Italy, the monophasic S. Typhimurium R-type ASSuT strain has also ranked in the top five
serovars isolated from non-human sources (animal, food and environment) during the last four years.
In particular, it has been included among the first three most common serovars isolated from bovine
samples in Italy since 2005 and from swine samples since 2002, the first year when the Italian Entervet surveillance network was operational (ISS, 2010).
In The Netherlands, during the five-year period 2004-2008 S. 4,5,12 :i :- was the fourth most common
serovar isolated from pigs, and it moved up to the second position in 2009. Moreover, when
considering strains from bovine samples S. 4,5,12 :i :- was confirmed as the third serovar in 2009 as
well as during the five previous years (MARAN, 2010).
In Spain S. 4,5,12:i:- has become the most common serovar in swine and the second most common in
pork products (de la Torre et al., 2003).
In UK a first increase in isolations of S. 4,5,12 :i :- from animal samples was observed in 1997-1998.
During the following years the number of isolations of the monophasic strains went down but
increased again, mainly in pigs and cattle but also in horses, pets and animal feed
ingredients, during the last three years, as the monophasic S. Typhimurium R-type ASSuT
DT193/DT120 clonal group emerged (2007-2009) (VLA, 2010).
Outside of Europe, this serovar also ranks in the top ten in both broiler and ground chicken samples
in the United States, starting in 2004, the year in which the U.S. Department of Agriculture Food
Safety Inspection Service began reporting this serovar (Zamperini et al., 2007). In addition, a highly
virulent monophasic S. Typhimurium DT 193 strain has been reported in cattle and in wild birds
(Phalen et al., 2010). In Thailand S. 4,5,12:i:- has become the most frequently encountered serovar in
swine, and the second most common serovar in pork products (Pornruangwong et al., 2008).
4.2.

Monophasic S. Typhimurium in the EU zoonoses monitoring system

In the EU, zoonoses data collection is based on the Directive 2003/99/EC (EC, 2003a). This Directive
came into force into 2004, and since then EFSA has examined the zoonoses monitoring data collected
by MSs and publishes the annual zoonoses Community summary report.
Summary results for the years 2004 to 2008 in food, animals and feed are presented in Table 3.
Overall, 224 units were reported to be positive for the monophasic S. Typhimurium strains; 16 in
food, 205 in animals and seven in feed. Eleven northern, central, western, and southern MSs have
reported these serovars. The proportion of units reported positive for the various monophasic S.
Typhimurium strains was very low (between 0.1% and 1%), except for S. 1,4,5,12:i:- in animals, S.
4,12:i:- in food and animals, and S. 4,5:i:- in animals. The specific proportion of positives was low
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for these strains (between 1% and 10%). The first three variants S. 1,4,5,12:i:-, S. 4,12:i:- and S.
4,5:i:- were reported by more Member States and the numbers of reported positive units to these
strains was higher compared to units positive to the other strains.
Table 3:

Summary of reported monophasic Salmonella Typhimurium strains in food, animals and
feed, Community zoonoses monitoring, EU, 2004-2008.

Possible Monophasic
Salmonella Typhimurium
strains
S. 1,4,5,12:i:S. 4,12:i:S. 4,5:i:S. 4,5,12:i:S. group B, monophasic strain
S. group B HS. 1,4,5,12:-:1,2
S. 4,5,12:-:1,2

Origin

food
animals
food
animals
feed
animals
animals
feed
animals
animals
food
animals

Number of
positive units
(N=233)
4
124
11
20
2
38
11
1
9
2
1
1

% of
units with
serovar
0.8
6.2
2.1
1.0
0.9
1.9
0.6
0.5
0.5
0.1
0.2
0.1

Number of
countries
reporting
2
4
1
5
2
2
1
1
1
1
1
1

Member States*

EE, LU
EE, ES, IT, LU
IT
BE, CZ, EE, IT, SK
FI, SK
IT, PT
IT
AT
AT
AT
EE
IT

* See Glossary for the country names key

Isolations from food, feed and food animals
In food, 16 samples were reported positive for monophasic S. Typhimurium by three MSs. The
specific proportion positive samples to these strains (out of the Salmonella spp.-positive samples in
the EU) ranged between 0.2% and 0.8% except for S. 4,12:i:- for which one MS reported 11 isolates
(2.1% of the Salmonella spp.-positive food samples). The food categories that were positive were
fresh meat from bovine animals and pigs, meat products from pigs, minced meat from other animals
or ‘not specified’.
In animals, 205 units (flocks, or herd, or slaughter batches) were reported positive for monophasic S.
Typhimurium by ten MSs. The proportion of positive units (out of the Salmonella spp.-positive units
in the EU) was very low (below 1%) except for S. 1,4,5,12:i:-, for which four MSs reported 124
isolates (6.2% of the Salmonella spp.-positive animal units); S. 4,12:i:- for which five MSs reported
20 strains (1.0% of the Salmonella spp.-positive animal units); S. 4,5:i:- for which two MSs reported
38 strains (1.9% of the Salmonella spp.-positive animal units). Almost all isolates, (92%) were
reported to originate from pigs. Other reported incriminated animal species were poultry, cattle, pet
animals and wild birds.
In feed, four units were reported positive for monophasic Salmonella Typhimurium by three MSs.
The specific proportions of positive units (single sample or batch) ranged from 0.5% to 0.9%. The
positive feed categories were pet food, final product - non-pelleted/meal and other feed material.
More detailed information about these strains from the Salmonella monitoring program in MSs is
presented in Appendix C.
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4.3.

Monophasic S. Typhimurium in the Salmonella baseline studies conducted in EU

The presence of monophasic S. Typhimurium has also been reported previously in some of the
Salmonella baseline studies conducted in the EU since 2004 in the context of Regulation
EC/2160/2003 (EC, 2003b), which aims at reducing the incidence of food-borne diseases. A summary
of these findings is presented in Table 4. While these strains were not found in baseline studies of
laying hen (EFSA, 2007b) or broiler flocks (EFSA, 2007a) a single isolate was reported in the
baseline study of turkey flocks carried out between 2006 and 2007 (EFSA, 2008b). Monophasic S.
Typhimurium isolates were more commonly found in both baseline studies of the prevalence of
Salmonella in slaughter pigs (EFSA, 2008a) and breeding pigs (EFSA, 2009), conducted in 20062007 and 2008 respectively.
Despite monophasic S. Typhimurium isolates not being found in poultry at farm level, they were
reported in the baseline study of broiler carcases conducted in 2008 (EFSA, 2010), which might
indicate the more recent emergence of monophasic S. Typhimurium in poultry. Details of all the
monophasic S. Typhimurium isolates identified in baseline studies can be found in Appendix C.
The hypothesis of the misclassification of S. 4,5,12:i:- and consequently the underreporting of this
serovar because of the lack of harmonised typing and reporting procedures is demonstrated by the
results of these EU baseline studies. These studies revealed a low prevalence of such isolates in pig
production but pig meat is considered likely to be the most common link with human infections.
Baseline studies in poultry holding were carried out before the widespread emergence of monophasic
S. Typhimurium DT193 and no baseline studies have been undertaken in cattle or companion
animals. Similarly the involvement of wild animals and environmental contamination in human
infection has not been investigated.
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Table 4:

Summary of reported monophasic Salmonella Typhimurium strains in different food-producing species, Community baseline studies, EU,
2004-2008

Possible Monophasic
S. Typhimurium strains

Baseline study

Salmonella spp
positive
units
(total samples)

Positive
for
Monophasic
S. Typhimurium

Member States* reporting

Comments

-

Laying hen flocks

-

-

-

No monophasic Salmonella reported

-

Broiler flocks

-

-

-

No monophasic Salmonella reported

Monophasic strain of Group B

Fattening turkey flocks

35 (202)

1

AT

-

-

Breeding turkey flocks

-

-

-

No monophasic Salmonella reported

S. 4,[5],12:i:-

Slaughter pigs (lymph nodes)

2,600 (19,071)

128

CY, DK, ES, GR, HU, NL, PT, UK

-

S. 4,[5],12:i:-

Slaughter pigs (swabs)

387 (5,736)

5

UK

-

S. 4,5,12:-:1,2

Slaughter pigs (swabs)

387 (5,736)

1

UK

-

S. 4,12:i:-

Swine breeding holdings

452 (1,530)

4

DE, ES, CH

-

S. 4,5,12:i:-

Swine breeding holdings

452 (1,530)

6

NL, PT, ES, UK

-

S. 4,12:i:-

Swine production holdings

950 (3,278)

6

CZ, DE, PL, ES, UK

-

S. 4,5,12:-:-

Swine production holdings

950 (3,278)

1

PT

-

S. 4,5,12:i:-

Swine production holdings

950 (3,278)

15

EE, DE, NL, PL, PT, ES, UK

-

S. 4,[5],12:i:-

Broiler carcases

1,225 (10,035)

15

DE, MT, CH, NL

-

* See Glossary for the country names key
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5.

Risk characterisation - Considerations for human health

The emergence in Europe of the monophasic strains of S. Typhimurium DTs 193 and 120 of R-type
ASSuT since the late 1990's in pigs, humans, cattle and to a lesser extent poultry and companion
animals in many countries (Hauser et al., 2010b; Hopkins et al., 2010a; Rabsch, 2009; Torpdahl et al.,
2009) is evidence of its potential for enhanced spread (AFSSA, 2009; Barone et al., 2008; Boonmar et
al., 1998; CDC, 2008; Garaizar et al., 2002; Soyer et al., 2009; Switt et al., 2009; Tavechio et al.,
2004; Usera et al., 2002). In the UK the first animal isolate of the current pandemic strain of
monophasic S. Typhimurium of R-type ASSuT and the characteristic 18.65 kb genomic island was
detected in 2005 in a horse. Since 2006 the strain has increased dramatically in pigs, cattle and has
occasionally been found in companion animals in the UK. In Scotland there has been a similar
increase in monophasic isolates from clinical cases to around 80 cases in 2009, with 20 so far in 2010;
in England and Wales the corresponding figures are 188 cases of S. Typhimurium DT 193 of ASSuT
for 2009 and over 150 for the first seven months of 2010, indicating a substantive and on-going
increase in isolations. In 2008, S. 4,5,12:i:- Salmonella Typhimurium DT 193 isolates represented
over 40% of human S. Typhimurium isolates in Germany (Rabsch, 2009). The National Reference
Centre for Salmonella in France (AFSSA, 2009) reported a rapid increase from rank 11 (99 reports) in
2005 to number three (410 reports) in 2008, with even more cases in 2009. In Spain, the S.
Typhimurium PT U302-related monophasic strain was first detected in August 1997 (Echeita et al.,
1999) and by 2007 represented 20.8% of all Salmonella in pigs and 2.5% in poultry (Soyer et al.,
2009). In humans, monophasic S. Typhimurium was the fourth most common serovar in 1998
(Garaizar et al., 2002) and third in 1999 (Usera et al., 2002). In Italy, monophasic S. Typhimurium has
rapidly emerged from the tenth to the second most common serovar since 2003 (ISS, 2010).
The emergence of monophasic Salmonella 4,5,12:i:- demonstrates its evolutionary success in rapidly
becoming amongst the most prevalent serovars in humans in numerous countries worldwide (Switt et
al., 2009). Such strains have also been associated with a wide range of animal species, from mice,
snakes and turtles to poultry, pigs, cattle and horses.
Although outbreaks of infection of monophasic S. Typhimurium strains have been reported from
several countries, in only one outbreak was a death reported, in an elderly patient (Mossong et al.,
2007). To date, the accumulated evidence is not suggestive of increased virulence in these strains in
humans in comparison with bi-phasic S. Typhimurium strains.
Conclusion
Similar to what was observed in the past for epidemic clones of S. Typhimurium, recent studies in
numerous countries worldwide confirm the rapid emergence and dissemination of such strains in food
animals, companion animals and humans.We therefore regard the public health risk posed by these
emerging monophasic S. Typhimurium strains as comparable to that of epidemic S. Typhimurium
strains.

EFSA Journal 2010; 8(10):1826

26

Public health risk of “Salmonella Typhimurium-like” strains

CONCLUSIONS
Within Salmonella Typhimurium-like strains, monophasic variants lacking the second phase H
antigen (1,4,[5],12:i:-), encoded by fljB, appear to be of increasing importance. Strains lacking
expression of the phase one flagellar antigens (e.g. S. 4,[5],12:-:1,2) or both (S. 4,[5],12:-:-) are also
possible, but have not commonly been reported to be associated with significant disease in animals or
humans. Therefore, for the purposes of this Opinion, only the monophasic variants lacking second
phase H antigens will be considered. Such variants were referred to as ‘monophasic S.
Typhimurium’.
Answer to the terms of reference
•

To evaluate the analytical methods currently used and advise on the appropriateness for
identifying these strains;
The current standard methods (ISO 6579 and Annex D of ISO 6579) are suitable for isolation of
monophasic Salmonella Typhimurium strains. Various genetic and phenotypic characteristics
have been described for the identification and subtyping of such strains. For identification of the
monophasic 1,4,[5],12:i:- variant, it is advisable to proceed with serotyping until a first negative
result of agglutination after flagellar phase inversion, and then apply a PCR protocol in order to
confirm the lack of the second phase antigen. Other methods such as phage typing and genotyping
methods (MLST, PFGE, VNTR, and virulotyping) are used to confirm relatedness to S.
Typhimurium and/or to further subtype these isolates. Accurate characterisation of monophasic
strains is important since misidentification of a non-S. Typhimurium-related strain could result in
unnecessary regulatory action. Similarly, failure to confirm identity of a S. Typhimurium-like
organism could have significant public health consequences.

•

To propose a harmonised terminology for reporting which allows trends-analyses, comparison
between Member States and with humans isolates;
It is difficult to monitor trends in the proliferation of monophasic strains because of the
inconsistent way in which they have been reported by different organisations within and between
EU MSs and internationally. To ensure complete consistency of reporting, all isolates of putative
Salmonella should ideally be fully serotyped and the full antigenic formula reported, as
recommended by the WHO Collaborating Centre for Reference and Research on Salmonella
according to the White-Kauffman-Le Minor scheme, i.e., in the case of monophasic S.
Typhimurium, 1,4,[5],12:i:-. Whenever possible, as much detail of the antigenic formula as
determined by testing should be provided and reported.
If the full antigenic formula is not available but a phage type that is consistent with S.
Typhimurium has been confirmed, and the lack of the second phase flagellar antigen has been
verified by PCR, then the term ‘monophasic S. Typhimurium’ is recommended for reporting
purposes in the current situation.

•

To indicate if these strains should be classified as variants of Salmonella Typhimurium or as a
separate serotype;
On the basis of genetic similarity and ability to obtain a recognised Salmonella Typhimurium
phage type, we regard these emerging epidemic monophasic strains with the basic antigenic
formula 1,4,[5],12:i:- as variants deriving from S. Typhimurium.
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•

To assess the public health risk posed by these emerging strains, in particular to advise whether
the public health risk, when detecting these strains in animals or food, should be considered
similar, more or less important than (other) Salmonella Typhimurium strains.
Monophasic S. Typhimurium strains have been shown to have similar virulence and antimicrobial
resistance characteristics to strains of S. Typhimurium. Similar to what was observed in the past
for epidemic clones of S. Typhimurium, recent studies in numerous countries worldwide confirm
the rapid emergence and dissemination of such strains in food animals, companion animals and
humans.
We therefore regard the public health risk posed by these emerging monophasic S. Typhimurium
strains as comparable to that of other epidemic S. Typhimurium strains.

Additional conclusions
Many of the clonal lines of monophasic S. Typhimurium described are multidrug resistant and exhibit
resistance to long-standing and commonly used antimicrobials; a minority of isolates also present
resistance to first-line antimicrobials used for therapy in humans, or carry virulence-resistance hybrid
plasmids.
The cause of the recent emergence and rapid international spread of monophasic S. Typhimurium
strains is unknown.

RECOMMENDATIONS
In order to identify the emergence of new variants of S. Typhimurium, all Salmonella strains that
could potentially be S. Typhimurium should be further typed by phage typing and /or molecular
typing, referring the strains to a reference laboratory where necessary.
New molecular methods of identification are continuously under development and should be assessed
in relation to the ability to characterise such strains as S. Typhimurium.
Antimicrobial susceptibility testing is important for epidemiological investigations. The antimicrobial
resistance pattern should be determined and reported in a harmonised way for human, animal and
food isolates, according to European guidelines.
It is important to monitor the further spread of such strains as much as possible, particularly in poultry
breeding flocks, where to date they do not appear to be established in EU MSs.
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APPENDICES
A. MULTIPLEX

POLYMERASE CHAIN REACTION (PCR) FOR
DIFFERENTIATION OF S. TYPHIMURIUM AND MONOPHASIC 4,[5],12:I:-

IDENTIFICATION

AND

Introduction
In order to differentiate Salmonella strains belonging to the somatic antigen group “B” and sharing
the same first flagellar antigen ‘i’, a multiplex PCR can be used to support the serological
identification of the antigens.
This PCR uses two pairs of primers. Primers FFLIB and RFLIA amplify the fliB-fliA intergenic
region of the flagellin gene cluster. They amplify a 1-kb product from S. Typhimurium and S.
4,[5],12:i:- strains. Primers Sense-59 and Antisense-83 amplify the fljB allele. These primers amplify
a 1389 bp product from strains that possess a phase-2 flagellar antigen genetic determinant (S.
Typhimurium) and no product from strains that lack these genes, such as S. 4,[5],12:i:-. So this
multiplex PCR is able to discriminate between S. Typhimurium, for which it generates two amplicons,
and monophasic strains, for which it generates only one amplicon. For the other serovars sharing the
‘i’ antigen, the PCR generates two amplicons: 250 bp and 1389 bp products (Figure 1). An example of
each combination is represented in Figure 1.
Reference
Tennant S.M., Diallo S., Levy H., Livio S., Sow S.O., Tapia M., Fields P.I., Mikoleit M., Tamboura
B., Kotloff K.L., Nataro J.P., Galen J.E. and Levine M.M. (2010) Identification by PCR of Nontyphoidal Salmonella enterica Serovars Associated with Invasive Infections among Febrile
Patients in Mali. PLOS Neglected Tropical Diseases.
Methods
DNA Extraction
•
•
•
•
•
•
•
•
•

Spread a strain of Salmonella spp. on a non selective agar tube
Incubate the tube at 37°C ± 1°C for 18-24 hours
Add 400µl of nuclease free water in a 1,5ml or 2ml dnase free tube and suspend the bacteria
Mix the bacterial cells (e.g. using an agitator)
Read absorbance at 600nm. Correct absorbance to be comprised between 1 and 2.
Incubate the tube at 100°C for 15min
Centrifuge at 20°C to 25°C for 5 min. at 10,000 g
Collect the supernatant and store at -20°C
Nucleic acid extracts that have been shown to cause PCR inhibition, indicated by appropriate
controls, shall be purified before use in PCR.

Detection
•

Prepare a PCR reaction using a Taq polimerase of high fidelity in a sterile tube as shown in
Table 1:
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Table 1:

Reagents concentration for the PCR
Reagents

Final concentration

Buffer Taq

1X

MgCl2

2,5 mM

dNTPs

0.6 mM

Primer FFLIB

0.1 µM

Primer RFLIA

0.1 µM

Primer sense-59

1.0 µM

Primer antisense-83

1.0 µM

High fidelity Taq Polimerase
H2O
•
•
•
•

1U
to adjust to a final 25 µl volume reaction

Mix vigorously the DNA templates (e.g. using an agitator)
Add 5µl of DNA and spin tubes.
Prepare a negative control using all the PCR reagents with the exception of the DNA template
The amplification is performed in a thermocycler using the following conditions:

Pre-denaturation: 95°C for 2 min;
Amplification (30 cycles): 95°C for 30 sec, 64°C for 30 sec, 72°C for 1min30 sec;
Post-extension: 72°C for 10 min.

Table 2:

Sequences of primers (Tennant et al., 2010)
Primer FFLIB

5’-CTGGCGACGATCTGTCGATG-3’

Primer RFLIA

5’-GCGGTATACAGTGAATTCAC-3’

Primer Sense-59

5’-CAACAACAACCTGCAGCGTGTGCG-3’

Primer Antisense-83

5’-GCCATATTTCAGCCTCTCGCCCG-3’

The PCR products are visualised by gel electrophoresis in 2% agarose gel after staining with DNA
intercalating dyes (e.g. ethidium bromide solution) and under a UV light source. The amplicons sizes
are estimated by comparison with bands of a DNA ladder.
The expected sizes of amplicons are:
•
•
•

S. Typhimurium: 1389 bp and 1000 bp
4,[5],12:i:-: 1000 bp
Other strains sharing the ‘i’ antigen: 1389 bp and 250 bp
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Figure 1: Expected amplicons for different Salmonella serovars

1,5 kbp
1,4 kbp
1,0 kbp
0,3 kbp
0,2 kbp
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Lane 1: S. Lagos
Lane 2: S. Agama
Lane 3: S. Agama
Lane 4: S. 4,[5],12:i:Lane 5: S. Typhimurium
Lane 6: Negative control
Lane 7: Perfect DNA Marker
(0,05-10 kbp, Novagen)
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B. SALMONELLA VIRULENCE ATTRIBUTES
The severity and persistence of Salmonella infection is determined by characteristics of both the host
and pathogen (van Asten and van Dijk, 2005). Host factors include those that affect the intestinal
barrier, such as age (Kirk et al., 2010), stomach acid, diet, composition of the intestinal flora, immune
status, and stress levels (Moreira et al., 2009), whereas the success of the pathogen relates to the dose
of exposure and a strain-specific complex array of RNA-mediated molecular mechanisms, especially
virulence factors (Boyle et al., 2007; Eckmann and Kagnoff, 2005; Stevens et al., 2009; Vogel, 2009)
that are still not fully understood despite hundreds of studies and scientific papers on the subject.
Excretion of large numbers of organisms leading to rapid spread of infection has been a feature of
various S. Typhimurium epidemics in cattle (Threlfall et al., 1994) leading to a high infective dose,
often combined with mechanisms to assist survival in the protective gastric acid environment of the
crop or stomach (Boyle et al., 2007). Once the gastric barrier has been breached Salmonella possesses
an arsenal of molecular attributes that enable it to adhere to intestinal mucosa (Darwin and Miller,
1999; Patel et al., 2005) and subvert host cellular functions. Salmonella Typhimurium has a variety of
fimbrial operons that code for different adhesion mechanisms, as well as 5-10 randomly positioned
flagella, coded by fliC (phase 1 flagella) or fljB (phase 2 – absent in most monophasic strains).
Flagella (Parrenas et al., 2004) are also thought to be important in pathogenesis of many strains, but
some major pathogens, e.g. S. Gallinarum in poultry, are aflagellate. This variability appears to be
typical of Salmonella, in which combinations of other virulence mechanisms can compensate for
absence of specific factors (Jones et al., 2007; van Asten and van Dijk, 2005). Once an association
with intestinal M cells has been achieved Salmonella exploits host cellular intestinal inflammatory
responses to suppress competitive organisms (Santos et al., 2009) and induce its internalisation into
intracellular Salmonella-containing vacuoles (Tierrez and Garcia-del Portillo, 2005). Six serovars
typically harbour virulence plasmids of 60-95 kb that contain the spv locus that codes for proteins
involved in intracellular multiplication. These are: Typhimurium, Gallinarum, Gallinarum biovar
Pullorum, Enteritidis, Dublin, Choleraesuis and Abortusovis. Not all strains within these serovars
contain a virulence plasmid but such strains may still be pathogenic (Rychlik et al., 2006). The typical
virulence plasmid of S. Typhimurium (pSLT90), is about 90-95 kb, and belongs to the FII
incompatibility group. Many monophasic ‘S. Typhimurium-like’ strains do not possess this virulence
plasmid but are still highly represented in human disease (Switt et al., 2009). Virulence plasmids
contain some of the genes that are involved in intracellular survival and multiplication as a facultative
intracellular pathogen (Tierrez and Garcia-del Portillo, 2005) but an array of other mechanisms are
also involved. In some monophasic S. Typhimurium isolates, although the virulence plasmid is
lacking, genes belonging to it (i.i. spv genes) are present.
There are at least twelve chromosomally-encoded Salmonella Pathogenicity Islands (SPIs), the
occurrence of which varies between serovars and strains (Hensel, 2004). Pathogenicity Islands can
transfer between bacteria of different genera, leading to an accumulation of different virulence
mechanisms in some strains (Saroj et al., 2008). SPI-1 codes for a type III secretion system that is
present in all Salmonella and mediates cell invasion processes via proteins such as SptP and SopE;
SPI-2 is only present in members of S. enterica and encodes other type III secretion systems that are
involved in systemic pathogenesis; SPI-3 is conserved in S. Typhi and S. Typhimurium, but is variable
in other serovars, and is involved in magnesium ion uptake systems that facilitate intracellular
survival; SPI-4 has unknown functionality but a similar serovar distribution; SPI-5 is responsible for a
varied range of characteristics that are not well characterised; SPI-6 (otherwise known as SCI in S. T
yphimurium) is involved in maintenance of fimbriae and invasion genes; SPI-7 codes for the Vi toxin
antigen that is only found in S. Typhi, S. Paratyphi C and S. Dublin, and SPI-8 is specific for S. Typhi;
SPI-9 is present in S. T yphi, and as a pseudogene in S. Typhimurium and SPI-10 is responsible for sef
fimbriae of different types in S. Typhi and S. Enteritidis. Salmonella Genomic Island 1 has been
associated with some worldwide pandemic strains, especially S. Typhimurium DT104 and S. Agona.
It has multiple functions and is usually linked with multiple antimicrobial resistance genes. Most
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pathogenicity islands are associated with transfer RNA loci and acquisition of a new SPI has often
been involved in the emergence of new multiple resistant epidemic strains (Brabban et al., 2005;
Garcia-Russell et al., 2009; Hensel, 2004). Once inside the cell Salmonella subverts the host cellular
process to avoid recognition (Biedzka-Sarek and El Skurnik, 2006) and slows down its own metabolic
processes so that it can survive long term within macrophages (Bedoui et al., 2010; Bueno et al.,
2010; Helaine et al., 2010; Hueffer and Galan, 2004; Ibarra and Steele-Mortimer, 2009; Lilic and
Stebbins, 2004; Xu et al., 2009). The generalised stress response RpoS, triggered by the stationary
phase of growth, is also important for intracellular survival (Dong and Schellhorn, 2009). After
invasion of epithelial cells and gut-associated lymphoid tissue Salmonella is carried to mesenteric
lymph nodes, particularly ileo-caecal lymph nodes, where it may persist for long periods in some
cases, even when no Salmonella can be found in intestinal samples. Pathogenic strains are able to
multiply in host cells, escape from macrophage cells by inducing apoptosis and spread beyond the
lymph nodes to cause septicaemia (Stevens et al., 2009). During multiplication of some strains
pathogenicity is further enhanced by production of exotoxins, including an outer membrane cytotoxin
in S. Typhimurium, and endotoxins, derived from the Lipid A component of the bacterial cell wall
that may trigger a variety of host responses. Haemolysins are also produced by some strains of S.
Typhimurium, S. Enteritidis and S. Typhi. It is clear that multiple virulence mechanisms are well
represented in many strains of S. Typhimurium but full characterisation of individual strains is very
time consuming and costly so each study only supplies a small piece of the virulence jigsaw for the
particular strains involved in the study. Occurrence of genes is also only part of the picture as
quantitative differences in the simultaneous or sequential expression of genes under different
conditions is also vitally important and is very difficult to study in-vivo. High throughput full genome
sequencing is likely to contribute considerably to the fund of knowledge of Salmonella virulence in
the future (Sabbagh et al., 2010; Stevens et al., 2009).
To summarise, the virulence of Salmonella is very complex and varies hugely between serovars and
strains within a serovar. Some serovars, e.g. S. Gallinarum are host-specific and can only survive in
macrophages of that host. Other serovars, e.g. S. Choleraesuis or S. Dublin, are host adapted but can
still occasionally infect other hosts and cause serous disease in humans. The majority of serovars can
infect any host, but some, such as S. Enteritidis, are more likely to be found in a specific host because
of certain special properties, e.g. ovarian transmission. Most Salmonella are either good survivors in
the environment and able to multiply outside the host, or are able to exist long-term within carrier
animals. Some strains have shown epidemic potential, e.g. S. Typhimurium DT 104, but others are
endemic with more limited potential to spread. Infection of the host is normally by the faecal-oral
route and the organism must survive the acidic conditions in the crop or stomach, and be able to
compete with intestinal flora to multiply and invade lymphoid tissue. Colonisation, invasion and
intracellular survival involves the complex interaction of numerous and variable virulence
mechanisms that are still not fully understood despite decades of research (Stevens et al., 2009), but
the adaptability and variability of Salmonella ensures that there is a suitable strain available to
colonise any host, given the opportunity.

EFSA Journal 2010; 8(10):1826

43

Public health risk of “Salmonella Typhimurium-like” strains

C. SUMMARY OF MONOPHASIC
BASELINE STUDIES
•

SALMONELLA

IN

COMMUNITY ZOONOSES MONITORING AND

Community Zoonoses Monitoring

Summary of reported monophasic Salmonella Typhimurium strains in food, animals and feed,
Community zoonoses monitoring, EU, 2004-2008.
Number of
isolates
128

Serovar
S. 1,4,5,12:i:-

% of Salmonella
spp. isolates
4.7

MSs

Non-MS

EE, ES, IT, LU

S. 4,12:i:-

40

1.5

BE, CZ, FI, EE, IT, SK, PT

S. 4,5:i:-

38

1.4

IT, PT

S. 4,5,12:i:-

11

0.4

IT

S. group B, monophasic strain

10

0.4

AT

S. 4,5,12:-:-

4

0.1

BE

S. group B H-

2

0.1

AT

S. 1,4,5,12:-:1,2

1

0

EE

S. 4,5,12:-:1,2

1

0

IT

•

CH

Baseline studies
1. Report on the Analysis of the baseline study on the prevalence of Salmonella in holdings
of laying hen flocks of Gallus gallus (2007).
www.efsa.europa.eu/en/scdocs/doc/97r.pdf
No monophasic Salmonella reported.
2. Report of the Task Force on Zoonoses Data Collection on the Analysis of the baseline
survey on the prevalence of Salmonella in broiler flocks of Gallus gallus, in the EU,
2005-2006 (2007). Part A: Salmonella prevalence estimates.
www.efsa.europa.eu/en/scdocs/doc/98r.pdf
No monophasic S. Typhimurium strains were reported by MSs. Cyprus and Denmark had one
positive flock each to “Salmonella Group B” and Germany reported 20 flocks testing positive
to “Salmonella Group B.
3. Report of the Task Force on Zoonoses Data Collection on the Analysis of the baseline
survey on the prevalence of Salmonella in turkey flocks, in the EU, 2006-2007 (2008).
Part A: Salmonella prevalence estimates. www.efsa.europa.eu/en/scdocs/doc/134r.pdf
(Data in Annex:
www.efsa.europa.eu/en/scdocs/doc/zoon_report_ej134_finturkeys_annexes_en.pdf)
Frequency distribution of Salmonella serovars in fattening turkey flocks in EU and Norway,
2006-2007, by Member State
Number of flocks
Country

Sampled

Austria

202

Positive for Salmonella
35

Positive for “Monoph. strain of Group B”
1

Additionally, Cyprus and Germany had three positive flocks each to “Salmonella Group B”.
Italy reported 5 positive flocks to S. enterica subsp. enterica.
Frequency distribution of Salmonella serovars in breeding turkey flocks in EU and Norway,
2006-2007: No monophasic Salmonella serovars were reported in this baseline study.
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4. Report of the Task Force on Zoonoses Data Collection on the analysis of the baseline
survey on the prevalence of Salmonella in slaughter pigs, in the EU, 2006-2007 (2008).
Part A: Salmonella prevalence estimates. www.efsa.europa.eu/en/scdocs/doc/135r.pdf
(Data in Annex: www.efsa.europa.eu/en/scdocs/doc/135rax1.pdf)
Frequency distribution of isolated Salmonella serovars from lymph nodes in the slaughter
pigs baseline survey, in the EU and Norway, 2006-2007
Serovar reported

Total number of
lymph node samples

S. 4,[5],12:i:-

19,071

Positive for
Salmonella

Positive for the
monophasic serovar

No. countries where
found

2,600

128

8

Frequency distribution of Salmonella serovars in lymph node samples of slaughter pigs, in
the EU and Norway, 2006-2007, by Member State
Country

Total number of
lymph node samples

Cyprus

Positive for
Salmonella

359

Denmark

Positive for the
monophasic serovar

47

Serovar reported
1

S. 4,[5],12:i:-

998

80

1

S. 4,[5],12:i:-

2,619

806

97

S. 4,[5],12:i:-

Greece

345

73

2

S. 4,[5],12:i:-

Hungary

658

76

4

S. 4,[5],12:i:-

Spain

1,087

92

2

S. 4,[5],12:i:-

Portugal

The Netherlands

658

156

17

S. 4,[5],12:i:-

UK

639

139

4

S. 4,[5],12:i:-

In addition, some countries had isolates under the following headings:
Incomplete serotyping, S. enterica: Greece (1 isolate).
Incomplete serotyping, S. enterica subsp. enterica: Bulgaria (4), Cyprus (3),
Estonia (4), Greece (8), Italy (6), The Netherlands (2).
Incomplete serotyping, Salmonella Group B: Belgium (1), Cyprus (2), Germany (64),
Denmark (1), The Netherlands (1).
Frequency distribution of isolated Salmonella serovars from carcass swabs in the slaughter
pigs baseline survey, in 13 MSs, 2006-2007
Serovar reported

Total number of
carcass swab samples

Positive for
Salmonella

Positive for the
monophasic serovar

No. countries
where found

S. 4,[5],12:i:-

5,736

387

5

1

S. 4,5,12:-:1,2

5,736

387

1

1

Frequency distribution of Salmonella serovars in carcass swabs of slaughter pigs in the 13MSs group, 2006-2007, by Member State
Country

Total number of
carcass swab samples

Positive for
Salmonella

Positive for the
monophasic serovar

Serovar reported

UK

641

97

5

S. 4,[5],12:i:-

UK

641

97

1

S. 4,5,12:-:1,2

In addition, some countries had isolates under the following headings:
Incomplete serotyping, S. enterica subsp. enterica: Cyprus (1 isolate).
Incomplete serotyping, Salmonella Group B: Cyprus (1).
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5. Analysis of the baseline survey on the prevalence of Salmonella in holdings with
breeding pigs in the EU, 2008 (2009). Part A: Salmonella prevalence estimates.
www.efsa.europa.eu/en/scdocs/doc/1377.pdf
Breeding holdings:
Frequency distribution of isolated Salmonella serovars in breeding holdings, ranked by
positive holdings, Salmonella EU baseline survey, 2008
Serovar reported

Number of holdings
Positive for
Positive for
Salmonella
monophasic serovar
452
4
452
6

Total sampled

S. 4,12:i:S. 4,5,12:i:-

1,530
1,530

Countries where
serovar found
3
4

Frequency distribution of Salmonella serovars in breeding holdings, Salmonella EU baseline
survey, 2008, by Member State
Number of holdings
Country

Total sampled

Germany
Spain

Serovar reported

46

13

1

S. 4,12:i:-

96

2

S. 4,12:i:-

71

11

1

S. 4,12:i:-

109

63

1

S. 4,5,12:i:-

Portugal
Spain

Positive for
monophasic serovar

150

Switzerland
The Netherlands

Positive for
Salmonella

33

15

2

S. 4,5,12:i:-

150

96

2

S. 4,5,12:i:-

67

35

1

S. 4,5,12:i:-

UK

In addition, Italy reported an unusually high number of isolates under the “Salmonella
untypeable” heading (29/62 total Salmonella positive). Maximum was 2 for other MSs
reporting them.
Production holdings:
Frequency distribution of isolated Salmonella serovars in production holdings, ranked by
positive holdings, Salmonella EU baseline survey, 2008
Number of holdings
Serovar reported

Total sampled

S. 4,12:i:-

3,278

Positive for
Salmonella
950

Positive for
monophasic serovar

Countries where
serovar found

6

5

S. 4,5,12:-:-

3,278

950

1

1

S. 4,5,12:i:-

3,278

950

15

7
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Frequency distribution of Salmonella serovars in production holdings, Salmonella EU baseline
survey, 2008, by Member State
Number of holdings
Country

Total sampled

Positive for
Salmonella

Positive for
monophasic serovar

Serovar reported

Czech Republic

160

25

1

S. 4,12:i:-

Germany

155

32

1

S. 4,12:i:-

Poland

157

17

1

S. 4,12:i:-

Spain

209

111

2

S. 4,12:i:-

UK

191

84

1

S. 4,12:i:-

Portugal

131

58

1

S. 4,5,12:-:-

Estonia

28

1

1

S. 4,5,12:i:-

155

32

2

S. 4,5,12:i:-

Germany
The Netherlands

212

118

7

S. 4,5,12:i:-

Poland

157

17

1

S. 4,5,12:i:-

Portugal

131

58

1

S. 4,5,12:i:-

Spain

209

111

1

S. 4,5,12:i:-

UK

191

84

2

S. 4,5,12:i:-

In addition, Italy reported an unusually high number of isolates under the “Salmonella
untypeable” heading (92/213 total Salmonella positive). Maximum was 11 for other MSs
reporting them.
6. Analysis of the baseline survey on the prevalence of Campylobacter in broiler batches
and of Campylobacter and Salmonella on broiler carcasses in the EU*, 2008 (2010). Part
A: Campylobacter and Salmonella prevalence estimates.
www.efsa.europa.eu/en/scdocs/doc/1503.pdf
Frequency distributions of Salmonella serovars detected on contaminated broiler carcasses in
the EU, 2008
Serovar reported

Total number of
carcasses sampled

S. 4,[5],12:i:-

Positive for
Salmonella

10,035

1,225

Positive for the
monophasic serovar

No. countries where
found

15

4

Frequency distributions of Salmonella serovars detected on contaminated broiler carcasses, by
country, 2008, by Member State
Country

Total number
samples

of

Positive for
Salmonella

Positive for the
monophasic serovar

Serovar reported

Germany

432

76

1

S. 4,[5],12:i:-

Malta

367

77

12

S. 4,[5],12:i:-

Switzerland

390

10

1

S. 4,[5],12:i:-

The Netherlands

429

43

1

S. 4,[5],12:i:-

*Greece did not participate in the baseline survey

Additionally, Belgium, Italy, Lithuania and Malta reported a high number of isolates under
the “Salmonella untypeable” heading (15/77, 13/66, 15/26 and 10/77 total Salmonella
positive). Maximum was 1 for other MSs reporting them.
EFSA Journal 2010; 8(10):1826

47

Public health risk of “Salmonella Typhimurium-like” strains

GLOSSARY AND ABBREVIATIONS
Member States of the European Union, 2010

Member State

ISO Country Abbreviations

Austria

AT

Belgium

BE

Bulgaria

BG

Cyprus

CY

Czech Republic

CZ

Denmark

DK

Estonia

EE

Finland

FI

France

FR

Germany

DE

Greece

GR

Hungary

HU

Ireland

IE

Italy

IT

Latvia

LV

Lithuania

LT

Luxembourg

LU

Malta

MT

The Netherlands

NL

Poland

PL

Portugal

PT

Slovakia

SK

Slovenia

SI

Spain

ES

Romania

RO

Sweden

SE

United Kingdom

UK

EFSA Journal 2010; 8(10):1826

48

