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Relationship of pulsed-field profiles with key phage types
of Salmonella enterica serotype Enteritidis in Europe:
results of an international multi-centre study
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SUMMARY

Salmonella is one of the most common causes of foodborne infection in Europe with Salmonella
enterica serovar Enteritidis (S. Enteritidis) being the most commonly identified serovar. The
predominant phage type for S. Enteritidis is phage type (PT) 4, although PT 8 has increased in
incidence. Within these phage types, pulsed-field gel electrophoresis (PFGE) provides a method
of further subdivision. The international project, Salm-gene, was established in 2001 to develop a
database of PFGE profiles within nine European countries and to establish criteria for real-time
pattern recognition. It uses DNA fingerprints of salmonellas to investigate outbreaks and to
evaluate trends and emerging issues of foodborne infection within Europe. The Salm-gene
database contains details of about 11700 S. Enteritidis isolates, demonstrating more than 65
unique PFGE profiles. The clonal nature of S. Enteritidis is evidenced by the high similarity and
distribution of PFGE profiles. Over 56 % (6603/11 716) of the submitted isolates of several
different phage types were profile SENTXB.0001, although this profile is most closely associated
with PT 4. The next most common profiles, SENTXB.0002 and SENTXB.0005, were closely
associated with PT 8 and PT 21 respectively. Studies to investigate the relationship of profile
types with outbreaks and possible vehicles of infection suggest that the incidence of PFGE profile
SENTXB.0002, and thus PT 8, in some countries may be due to importation of foods or food
production animals from Eastern Europe, where PT 8 is amongst the most frequently identified
phage types. Collation of subtyping data, especially in the commonly recognized phage types,

is necessary in order to evaluate trends and emerging issues in salmonella infection.
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INTRODUCTION

Salmonella is a major cause of foodborne infection in
Europe where 194270 cases of human salmonellosis
were reported in 2004 by the 15 Member States of the
European Union and Norway [1]. It is a zoonotic
pathogen with poultry, cattle and pigs being the pri-
mary reservoirs. Humans can acquire salmonella
infections through the consumption of contaminated
foods as well as contaminated drinking water. The
food categories considered to pose the greatest hazard
to public health include raw or undercooked food
products of animal origin, especially poultry, eggs
and products containing raw eggs, unpasteurized
milk and milk products [2]. Also fresh produce has
been implicated in salmonella transmission [3, 4].
International trade both in food animals and food
products ensures that salmonella organisms are
widely distributed throughout the European Union
and worldwide.

Within Western Europe S. Enteritidis is the serovar
most commonly identified by the national reference
laboratories of the International Surveillance Network
for Enteric Infections (Enter-net) [5, 6]. As this sero-
var forms a major subset of all the identified salmon-
ella serotypes it has been necessary to further subtype
S. Enteritidis in order to identify outbreaks of infec-
tion. The internationally standardized method for
subtyping salmonellas in Europe and most Common-
wealth countries is phage-typing based on the method
of Ward et al. [7], with DNA fingerprinting being used
as an adjunct in outbreak investigations in which
enhanced strain discrimination is needed. A number
of DNA-based methods, including pulsed-field gel
electrophoresis (PFGE), are currently in use to sup-
plement phage-typing [8, 9]. Of these, PFGE has
been used as the principal method for subtyping of
salmonellas in the United States since 1996 [10]. The
European Community DG Research-Funded initiat-
ive (Project No. QLRT-2000-01940), Salm-gene, an
international project that was established in 2001,
developed a searchable database of PFGE profiles
from human isolates within nine European countries
aimed at establishing criteria for real-time pattern
recognition and enhanced surveillance.

METHODS

Participants in the Salm-gene project included the
Health Protection Agency, Centre for Infections,
England and Wales (acting as Project Coordinator),
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together with eight other national reference labora-
tories within Europe. The other participants includ-
ed Bakteriologisch-serologische Untersuchungsanstalt
(Austria), Statens Serum Institut (Denmark),
National Public Health Institute (Finland), Robert
Koch-Institut (Germany), Instituto Superiore di
Sanita (Italy), National Institute of Public Health &
the Environment (The Netherlands), Scottish
Salmonella Reference Laboratory (Scotland), and
Instituto de Salud Carlos I1II (Spain).

Serotyping, phage-typing for epidemiologically
important serotypes [7], antibiogram determination
[11] and PFGE [12] have all been harmonized in the
countries participating in the Salm-gene project.

Study design

From 2001 until the end of 2004 an agreed subset of
data was sent to the coordinating centre on a monthly
basis [13]. Using the harmonized methods, human
isolates were subtyped locally in each of the partici-
pating countries. The PFGE images, in tag image file
format (TIFF), together with additional micro-
biological and epidemiological information on each
isolate were submitted to the coordinating centre. The
data were entered into the central Salm-gene database
and analysed using BioNumerics software (v.3.1,
beta; Applied Maths, Sint-Martens-Latem Belgium).
Only gels considered of acceptable quality in terms of
image clarity, band definition and using the PulseNet
universal size standard, S. Braenderup H9812 [14]
were analysed. PFGE profiles in the Salm-gene data-
base were designated using an agreed nomenclature
and by comparison to a library of unique strain pro-
files created from the background strains in circu-
lation in Western Europe at the start of the project.
Initially all nine laboratories retrospectively subtyped
a selection of isolates, using PFGE in order to create
this library. Strains of S. Enteritidis entered into
the database therefore represent a subset of isolates
reported to each of the national laboratories between
January 2000 and December 2004.

Typing and analysing the strains

The laboratory protocols used in Salm-gene have
been developed to be compatible with those of
PulseNet USA. This is a national subtyping network
for foodborne pathogens in the United States. Similar
networks have been extended in Canada, the Asia-
Pacific region, Latin America and Europe [15]. PFGE
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was performed using the Bio-Rad CHEF system
(Bio-Rad Laboratories Ltd, Hemel Hempstead,
Herts, UK). Cells from overnight bacterial cultures
were resuspended in cell suspension buffer (CSB),
(100 mm Tris, 100 mm EDTA; pH 8:0) to a density
of 0-38-0-44 at 450 nm. Agarose plugs were then
prepared using an equivalent volume of resuspended
cells to molten agarose containing Proteinase K
(0-5mg/ml final concentration). Cells were lysed in
lysis buffer (50 mm Tris, 50 mm EDTA, 1% Sarkosyl,
0-1 mg/ml Proteinase K ; pH 8-0) for 2 h (minimum) in
a shaking waterbath (54 °C). Plugs were washed twice
in sterile distilled water and then washed 2-3 times in
TE buffer at 50 °C in a shaking waterbath. Sections
(3mm) from each agarose plug were placed in
50-100 ul reaction buffer with 0-2—0-8 U/ul of a rare
cutting restriction endonuclease (Xbal) and incubated
at 37 °C, for 4 h (minimum). DNA macrorestriction
fragments were resolved on 1% agarose gels using the
preferred electrophoresis conditions of 6:0 V/cm (200
volts) at 14 °C for 22 h (CHEF DRII), 20 h (CHEF
DRIII), or 18 h (CHEF Mapper). Pulse times were
ramped from 2 s (initial switch) to 64 s (final switch)
during the run.

Comparisons between profiles were made using
algorithms available within the BioNumerics program
and dendrograms were produced using the un-
weighted pair-group method using arithmetic means
(UPGMA). A profile differing by at least one band to a
profile of another strain was assigned a new name [13].

RESULTS

The Salm-gene database contains details of over 11 716
S. Enteritidis isolates of which 96% (11219/11716)
have been designated with a PFGE profile name.
To date the library shows 65 unique PFGE profiles
with a further 497 (4%) isolates requiring a final
designation. While most of these remaining isolates
demonstrate unique profiles they are awaiting vali-
dation before a final PFGE designation is entered
into the database. Thus, the final number of unique
profiles is expected to exceed the 65 demonstrated
so far.

Of the S. Enteritidis isolates within the database,
95% (10937/11716) also have a designated phage
type. The most common phage type was S. Enteritidis
phage type (PT) 4, making up 30-4% (3566/11716).
S. Enteritidis PT 1 was the second most common
phage type at 17:6% (2056/11716) followed by
S. Enteritidis PT 8 at 11:1% (1305/11716),
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Fig. 1. Relationship between the most common phage types
and their pulsed-field gel electrophoresis profiles. B, PT 4;
O,PTS8; @, PT6; m PT 14b; N, PT 21; &, PT 1.

S. Enteritidis PT 21 at 89% (1045/11716) and
S. Enteritidis PT 14b at 5-:7% (670/11716). In total
there were 82 different phage types for S. Enteritidis
within the database, many of these had only one or
two representatives.

The predominant PFGE profile in all countries,
regardless of phage type, was SENTXB.0001 with
over 56% (6603/11716) of all S. Enteritidis isolates
demonstrating this profile. SENTXB.0001 was also
the predominant, but not exclusive, PFGE profile for
S. Enteritidis PT 4 (85%, 3027/3566) as this phage
type was seen across a wide range of different PFGE
profiles. There were 39 other PFGE profiles within
the database that were linked to one or more isolates
of S. Enteritidis PT 4 but the second most common
profile (SENTXB.0014) only accounted for a further
5% (177/3566). PT 1 and PT 6 also shared
SENTXB.0001 as their predominant profile at 80 %
(1645/2056) and 67 % (390/579) respectively (Fig. 1).

Overall, within the database the next most common
profile at 16% was SENTXB.0002 (1877/11716)
followed by SENTXB.0005 (9:5%, 1108/11716) but
there were differences between each of the countries.
Finland, Italy, Germany and The Netherlands all
had SENTXB.0005 as the second most common
profile, while for the remaining countries (Austria,
Denmark, Scotland, Spain, England and Wales)
it was SENTXB.0002. Similarly, most countries
demonstrated the next most common profile to be
SENTXB.0014 (2:7%, 311/11 716) but for two coun-
tries (Scotland and The Netherlands) SENTXB.0007
(1-8%, 206/11716) was more common than
SENTXB.0014.
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Table. Distribution, by country, of the three most common PFGE profiles and their related four most common

phage types

Most common PFGE profiles

SENTXB.0001

SENTXB.0002

SENTXB.0005

PT (n/n)* % PT (n/n)* % PT (n/n)* %
Austria PT 4 (808/1017) 754 PT 8 (688/732) 94-0 PT 21 (178/235) 756
PT 6 (58/1017) 54 PT 4 (9/732) 1-2 PT 1 (25/235) 10-6
PT 1 (58/1017) 54 PT 14b (9/732) 12 PT 4 (23/235) 9-8
PT 14b (27/1017) 2-5 PT 2 (5/732) 0-7 PT 3 (5/235) 2-1
Denmark PT 4 (41/125) 32-8 PT 8 (35/55) 636 PT 21 (22/40) 550
PT 1 (25/125) 20-0 PT2 (4/55) 73 PT 1 (5/40) 12-5
PT6 (15/125) 12-0 PT 14b (1/55) 1-8 NT (13/40) 32-5
PT 21 (7/125) 56 PT 13a (1/55) 1-8 — 0 0
England & Wales PT 4 (908/2194) 41-4 PT 14b (225/458) 49-1 PT 21 (104/133) 782
PT 1 (619/2194) 282 PT 8 (104/458) 22-7 PT 1 (22/133) 16-5
PT6 (150/2194) 68 PT 56 (66/458) 14-4 PT 24var (2/133) 1-5
PT 14b (88/2194) 4-0 PT 13a (19/458) 4-2 PT 21c (1/133) 0-8
Finland PT 4 (150/336) 44-6 PT 8 (71/89) 79-8 PT 1 (57/118) 483
PT 1 (75/336) 22:3 PT 1 (8/89) 9:0 PT 21 (48/118) 40-7
PT 14b (55/336) 16-4 PT 2 (4/39) 4-5 PT 6a (2/118) 1-7
PT 6 (32/336) 95 PT 14b (2/89) 23 PT 21c¢ (2/118) 1-7
Germany PT 4 (406/604) 67-2 PT 8 (144/157) 917 PT 21 (159/175) 90-9
PT 1 (64/604) 10-6 PT 13a (7/157) 4-5 PT 1 (9/175) 5-1
PT 6 (35/604) 5-8 PT 4 (2/157) 1-3 PT 4 (3/175) 1-7
PT 7 (17/604) 2-8 PT 25 (1/157) 06 PT 1b (2/175) 1-1
Italy PT 4 (78/266) 29 PT 8 (19/69) 275 PT 21 (25/119) 21-0
PT 1 (23/266) 87 PT2 (8/69) 11-6 PT 1 (19/119) 16-0
PT 14b (14/266) 53 PT 4 (2/69) 2:9 PT 4 (9/119) 76
PT 21 (6/266) 27 PT 13a (1/69) 15 PT Ic (6/119) 5-0
The Netherlands PT 4 (173/312) 555 PT 8 (58/74) 78-4 PT 21 (116/148) 78-4
PT 1 (65/312) 20-8 PT 14b (6/74) 81 PT 1 (13/1438) 88
PT 6 (26/312) 83 PT 4 4/74) 54 PT 4 (7/148) 4-7
PT 6a (13/312) 42 PT6 (2/74) 27 PT 6a (3/143) 2:0
Scotland PT 4 (193/490) 394 PT 8 (39/62) 582 PT 21 (40/46) 87-0
PT 1 (154/490) 314 PT 14b (14/62) 209 PT 1 (2/46) 4-4
PT 14b (29/490) 59 PT 13a (4/62) 65 PT 3 (2/46) 44
PT 6 (17/490) 3-5 PT 1 (1/62) 1-6 RDNC (1/46) 2:2
Spain PT 1 (562/1244) 452 PT 14b (48/176) 273 PT 21 (64/94) 681
PT 4 (270/1244) 21-7 PT 8 (40/176) 227 PT 1 (17/94) 18-1
PT 21 (59/1244) 47 PT 13a (33/176) 18-8 PT 4 (4/94) 43
PT 6 (55/1244) 44 PT 22 (14/176) 80 PT 14b (2/94) 2:1

PT, Phage type; NT, not typed; RDNC, reacts but does not conform.

* n/n, Number of isolates of a particular phage type/total number of isolates within a specific profile.

The relationship between S. Enteritidis PT 8 and
PFGE profile SENTXB.0002 was almost exclusive
with approximately 92 % (1195/1305) of these isolates
demonstrating this profile (Fig. 1). The range of
PFGE profiles was also narrower as S. Enteritidis
PT 8 was only linked to 10 other profiles, of which
the second most common profile (SENTXB.0009)

represented only 2 % (26/1305) of all the PT 8 isolates.
The remaining profiles each accounted for less than
1% of the PT 8 isolates submitted. A strong associ-
ation was also seen between PT 21 and profile
SENTXB.0005 with more than 72% (756/1045) of
this phage type sharing the same profile. PT 21 was
also linked to 20 other PFGE profiles within the
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Fig. 2. Relationship between PFGE profile SENTXB.0002
and phage types 8 ((J) and 14b (H).

database of which the second most predominant link
was to SENTXB.0001 (15:7%, 164/1045). The re-
lationship between profile SENTXB.0002 and PT 14b
was less dramatic but still accounted for almost 46 %
(306/670) of this phage type.

The distribution of phage types for all countries
within the three most common PFGE profiles can
be seen in the Table. Again, there was a strong
association between SENTXB.0001 and PT 4, PT 1
and PT 6; SENTXB.0002 with PT 8 and PT 14b;
and SENTXB.0005 with PT 21 and PT 1. For
SENTXB.0001 the predominant phage type for
all countries, except Spain, was PT 4. The second
most common type was PT 1. The reverse was seen
for Spain, where PT 1 predominated within
SENTXB.0001 followed by PT 4. For SENTXB.0002
and SENTXB.0005, however, the distribution pattern
for phage types varies more between countries.
While PT 8 was the predominant type associated
with SENTXB.0002 for most countries (Austria,
Denmark, Finland, Germany, Italy, The Netherlands
and Scotland) in England and Wales, PT 14b was the
dominant phage type within this profile (Fig. 2). In
Spain there was an almost equal distribution between
PT 8 and PT 14b within SENTXB.0002. PT 21 was
the most common PT within SENTXB.0005 except
for Finland where PT 1 predominated (Fig. 3). PT 1
was the second most common phage type linked to
this profile for all other countries.

DISCUSSION

Major changes in the serotype and phage-type distri-
bution of non-typhoidal salmonellas have occurred
during the last 20 years in many European countries.
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Fig. 3. Relationship between PFGE profile SENTXB.0005
and phage types 21 ((J) and 1 (H).

The number of human S. Enteritidis infections has
increased dramatically. During this time S. Enteritidis
replaced S. Typhimurium as the predominant
Salmonella serovar and remains the most commonly
isolated serovar in humans today. While phage-typing
has proven vital for improving outbreak ascertain-
ment and for outbreak investigations in the countries
where it is used, especially within the more common
serovars, further discriminatory methods are some-
times necessary to differentiate within types of
S. Enteritidis such as PT 4. As PFGE is currently the
gold-standard molecular-typing method for Salmon-
ella the Salm-gene project was established, in part, to
develop a searchable database of PFGE profiles
within Europe to enhance outbreak investigations.
The two most common profiles, SENTXB.0001 and
SENTXB.0002, accounted for almost 75 % of all the
Enteritidis isolates submitted to the database. This
is comparable with other smaller studies where the
most prevalent type accounted for 64 % of both ani-
mal and human isolates [16]. Thus, the apparent lack
of diversity in PFGE patterns seen within this project
was not an unexpected finding for S. Enteritidis. Pre-
vious studies appear to have shown greater diversity
for S. Enteritidis by using a second restriction enzyme
such as Binl [17] or by combining more than one
technique. Although this was beyond the original
remit of the project, the use of a second restriction
enzyme would appear useful for discriminating par-
ticular serovars and phage types, e.g. PT 4.

The clonal nature of S. Enteritidis within the data-
base has been previously evidenced by the high simi-
larity and distribution of PFGE profiles from all the
participating countries [13]. It was noted that strains
generating different phage reactions shared a common
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genotype, particularly for PT 4. However, while the
distribution of PFGE profiles did not always corre-
spond with a single phage type, there was a strong
association between SENTXB.0001 and PT 4, PT 1
and PT 6. There were also strong associations
between PT 8 and SENTXB.0002, and PT 21 and
SENTXB.0005. S. Enteritidis is so well known as
having various animals as reservoirs for the disease
that the Zoonosis Control Regulation (2160/2003)
considers salmonellosis to be a disease that has a high
impact on human health in the European Union. This
directive regulates the control of salmonella and other
specified foodborne zoonotic agents [18]. The results
of a recent study looking at the comparative burden
of salmonellosis, shows a high, linear correlation
between salmonella prevalence in laying hens and
human illness [19].

Across Europe, S. Enteritidis PT 4 is currently the
main subtype in both animals and humans and is the
most frequently isolated phage type in poultry.
However, local variation between countries has also
been seen and other phage types such as S. Enteritidis
PT 8 are more common in Austria and Denmark than
in other Western European countries [20].

Data from the European Union and Norway
for 2002 have shown that overall S. Enteritidis was
also the dominating serovar in chicken (Gallus gallus)
breeding flocks, layers and broilers, representing 38 %
of isolates tested, and it has emerged as a major egg-
associated pathogen. Approximately 70% of out-
breaks caused by S. Enteritidis in Europe during the
1990s were related to eggs and egg products [20].
Previous studies in Denmark, during the period
19801990, of strains from poultry flocks [21] dem-
onstrated that PT 1, followed by PT 4, were the most
common types among the isolates that were tested,
while isolates belonging to PT 8 were found exclus-
ively in imported birds. However, data from
Denmark for 2002 showed that PT 8 was the domi-
nant phage type, being the main causative agent of
salmonellosis in humans and also frequently isolated
in laying hens. Similarly, in Germany, 12 % of isolates
in 2002 were PT 8 compared to only 4-5% in 1994
[22], although PT 4 still predominated at approxi-
mately 70%. On the other hand, in some countries,
e.g. Finland, there is no known domestic reservoir
of S. Enteritidis, and the infections caused by this
serovar are mostly of foreign origin [23]. Both PT 4
and PT 8 were among those most frequently seen in
this study and were closely associated with
SENTXB.0001 and SENTXB.0002 respectively. In
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this study the emergence of SENTXB.0002 as the
second most common profile would appear to reflect
the trend seen in Western Europe, where PT 8 is
becoming a type of increasing epidemiological rel-
evance. This may be due to niches created by the
decrease of one serotype or phage type being filled by
others [24] although it is equally plausible that the
new strains have displaced the old strains, possibly as
a result of the movement of stock between countries.
In this respect, data from the Enter-net database has
identified a recent decrease in the proportion of PT 4
together with a significant increase in non-PT 4 phage
types in Western Europe [6]. This increase in non-PT 4
S. Enteritidis may be due to importation of foods or
food production animals from Eastern Europe, where
PT 8 is amongst the most frequently identified phage
type. In the Czech Republic, PT 8 was reported as the
most common type in humans (92 %) and in animals
(79 %) [25] while data from Poland show that in 2001,
22% of all S. Enteritidis isolates were identified as
PT 8 [26]. In 1997 the Slovak Republic reported that
PT 8 was the phage type most frequently identified
(73%) [27] where it still accounted for 74 % of all
Enteritidis isolates in this republic in 2000 [28]. A re-
cent study of S. Enteritidis infections in Swedish tra-
vellers found that PT 8§ seemed to be more common
among travellers returning from central European
countries to Sweden while PT 4 dominated among
travellers returning from most other European
countries [29]. These authors also noted that in
travellers returning from some countries in southern
Europe, a previously rare phage type (PT 14b) became
one of the more commonly observed types.

Thus, the incidence of profile SENTXB.0002 in
the Salm-gene database may not only be due to
rapidly growing international trade between countries
in the European Union but may also reflect other
factors such as travel. This would have facilitated the
spread of PT 8 and PT 14b to countries where its
incidence was previously low, although this requires
verification. It was interesting to note that in England
and Wales, although SENTXB.0002 was still the
second most common profile this was largely due to
PT 14b followed by PT 8. The only other country with
a similar SENTXB.0002/PT 14b association was
Spain. Within Western Europe, since 2000, the inci-
dence of S. Enteritidis non-PT 4 infection has almost
doubled with two phage types, PT 1 and PT 14b, ac-
counting for most of the increase. Much descriptive,
statistical and microbiological evidence supplied by
investigators points to the use of eggs imported from
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Spain as a cause of the increase in these phage types
in England and Wales [30]. The proportion of im-
ported shell eggs from Spain had increased since 2000
to the extent that Spain was the largest exporter of
eggs to the United Kingdom between 2003 and
2004. Thus, it is not unexpected to see these countries
showing similar associations between SENTXB.0002
and PT 14b.

For the SENTXB.0005 associated phage types (PT
21 and PT 1) the general trend was the same for all
countries, with the exception of Finland. Over the
past 6 years, both these types have shown dramatic
increases that are reflected in this study by profile
SENTXB.0005 being the third most common profile
in the database. PT 1 is often found in travellers
returning from Mediterranean countries where the
principal source of S. Enteritidis is chickens and egg
products. Thus, it is likely that the occurrence in tra-
vellers also reflects contamination of these foods
within these countries [6].

A prominent finding of our study was the con-
siderable similarity, often regardless of country, in the
association of specific PFGE profiles and particular
phage types. This information would be particularly
useful for those countries that do not routinely per-
form phage-typing but are able to perform PFGE.
Italy appears to show much lower percentages for
associations between PFGE profiles and phage types.
This is probably due to the lower proportion of iso-
lates (approximately 60 %) that had phage-type data
supplied to the database. The results suggest that
PFGE analysis is still potentially a valuable tool for
the characterization of S. Enteritidis. However, for
several of the most common phage types causing
infections in humans, it may be necessary to combine
results obtained for two or more enzymes, to enhance
the discriminatory power of the method.

There is a need for further differentiation and sur-
veillance if we are to identify the sources of infection
and possible routes of transmission allowing certain
strains to proliferate and circulate in Western Europe.
This would include information on the animal re-
servoirs of these phage types/PFGE profiles together
with any other contributing factors such as food im-
ports or travel history. It is therefore important to
continually evaluate trends in Salmonella infection
and to rapidly communicate surveillance information
between countries in the European Union and
worldwide. Where further discrimination may be
required, it is especially important to include infor-
mation on PFGE profiles of phage types that are

common or appear to be increasing in numbers. To
this end, data from the Salm-gene database has been
transferred to the PulseNet Europe database in order
to continue a real-time linked surveillance database
system to detect disease clusters and investigate out-
breaks of Salmonella. The Salm-gene project, not only
created the large database of Salmonella DNA pro-
files but also harmonized the electronic transmission
of exact microbiological data between countries.
Thus, it has formed a steady basis that PulseNet
Europe can exploit in the future.
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