Acta vet. scand. 1994, 35, 349-354.

Phage Types of Salmonella enterica ssp. enterica
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Baggesen, D. L. and H. C. Wegener: Phage types of Salmonella enterica ssp. enterica
serovar Typhimurium isolated from production animals and humans in Denmark.
Acta. vet. scand. 1994, 35, 349-354, — S. Typhimurium is one of the 2 most common sal-
monella serotypes causing human salmonellosis in Denmark. In order to illustrate the
significance of different production animals as a source of infection, 1461 isolates were
characterized by phage typing. The isolates originated from human patients and from
cattle, pigs and poultry. By phage typing the isolates could be separated in 35 different
phage types. Five types (10, 12, 66, 110 and 135) predominated and comprised 78.8%
of the isolates. In humans, 57.3% of the isolates were phage type 12. This phage type
was also predominant in pig herds and, to a lesser degree, in cattle. Phage types 110,
120, 135 and 193 constituted 86.5% of the poultry isolates while these phage types only
made up 12.9% of the human isolates. The investigation showed that pigs are probably

a major source of S. Typhimurium infection in humans in Denmark today.

Epidemiology; typing; infection source.

Introduction

Salmonella infection is the main cause of hu-
man gastroenteritis in Denmark. The annual
number of reported cases increased through-
out the 1980’ reaching a maximum of 3495 in
1988. The 2 most common serotypes are Sal-
monella enterica ssp. enterica serovar Typhi-
murium (subsequently S. Typhimurium) and
Salmonella enterica ssp. enterica serovar Ente-
ritidis (subsequently S. Enteritidis) both of
which ranked as the top 2 serotypes through-
out the period (Fig. 1) (Gaarslev, personal
communication 1944).

After 1988 there was a decrease in the total
number of cases (Gaarslev 1989), but recently
the prevalence has increased again (Fig. 1).
During the autumn of 1992 in particular, there
was a significant increase and the total for the
year was 3133 cases, which represent an in-

crease of 40% compared to 1991 (Gaarslev
1992). In 1992 the isolation numbers of S. Ty-
phimurium and S. Enteritidis were 1158 and
1397, respectively.

Non-typhoid human salmonellosis is primar-
ily caused by contaminated foodstuffs of ani-
mal origin. Poultry has been implicated as the
main source in a number of countries (Khakh-
ria et al. 1983, Humphrey et al. 1988, Reilly et
al. 1988). Cattle are also generally recognised
as an important source (Kirby & Wray 1986,
Humphrey et al. 1988) while the significance
of pigs is more doubtful. From The Nether-
lands, Qosterom (1991) has reported that pigs
as well as poultry represent a major source of
human salmonellosis.

In Denmark, foodproducts derived from cat-
tle and poultry have been incriminated as ma-
jor sources of human salmonellosis (Baggesen
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Figure 1. Isolation af Salmonella from human cases of salmonellosis in Denmark, 1980-1993.

1992). As a consequence of the high level of
infection detected in poultry, a voluntary sal-
monella control programme for the broiler in-
dustry has been implemented by The Danish
Poultry Council since 1989 in order to reduce
the risk of transmission and infection with Sal-
monella enterica in humans (Bisgaard 1991).
There has, however, been no continuous mon-
itoring of clinical and subclinical salmonella-
infections in other production animals. It is
therefore difficult to evaluate the importance
of the different sources of human salmonello-
sis. The number of registered cattle farms with
clinical salmonellosis caused by S. Typhimu-
rium has been fairly constant through the
1980’s, while the incidence of salmonellosis
caused by both S. Typhimurium and other sal-
monella serotypes among pigs has increased
since 1987. (Wegener et al. 1994).

The aim of this study was to make a survey of
the distribution of phage types of S. Typhimu-
rium from production animals including cat-
tle, pigs and poultry. In addition the results
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were compared with those obtained from hu-
man isolates from the same period to examine
a possible relation between human infection
and animal sources.

Materials and metods

A collection of 1461 S. Typhimurium isolates
from the second part of 1992 (1/7 - 31/12 1992)
was investigated. The origin of the strains is
shown in Table 1. From production animals,
up to 7 isolates per production unit (cattle or
pig herd or poultry flock) were included. Sin-
gle isolates from the human patients were in-
cluded.

The animal material comprised S. Typhimu-
rium isolates from samples of faeces or organs
forwarded to the Danish Veterinary Labora-
tory for microbiological investigation. All an-
imal isolates were serotyped according to the
Kauffmann-White scheme (Popoff & Le Mi-
nor 1992). The isolates were stored as sugar-
free stabcultures (Bacto-agar 0140-01; Difco)
or on Columbia agarplates (Oxoid CM331).
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Table 1. Origin of 1461 Danish S. Typhimurium isolates from the period 1/7 - 31/12 1992.

Source Type of infection No. of units? No. of isolates
Cattle Clinical 54 822
Pigs Clinical 89 1700
Pigs Subclinical 20 43¢
Poultry Subclinical 172 3354
Human Clinical 831 831

1: The unit of investigation were for cattle- and swine isolates the herd, for poultry isolates the flock, and for
human isolates the patient.

Origin of isolates (No.):

a: Feces (66), mesenterium Igl. (5), intestine (2), liver (3), foetus (3), spleen (1), lung (1), placenta (1)

b: Feces (122), intestine (34), foetus (5), mesenterium lgl. (2), liver (2), spleen (2), lung (1), uterus (1), liquid
manure (1)

Caecum contents (21), feces (18), intestine (2), navel (2)

d: Caecal tonsil, broilers (297), organs/broilers (17), organs/hens (13), egg shells (5), cloacal swabs (3)

a

Table 2. Distribution of Salmonella Typhimurium phage types (PT) among production animals and humans.

Pigs, Pigs,
subclinical clinical
Cattle infection infection Poultry Human
PT No.* (%) No. (%) No. (%) No. (%) No. (%)
8 1 (0.5) 9 (1.0)
10 6 (10.9) 3 (13.0) 5 5.4) 94 (11.3)
12 20 (36.4) 8 (34.8) 65 (69.9) 1 0.5) 476 (57.3)
15a 1 (1.8) 9 (1.0)
17 2 3.6) 4 (17.4) 3 (3.2) 3 (0.4)
66 6 (10.9) 3 (13.0) 6 (6.5) 3 (1.4) 39 @7
110 6 (10.9) 2 8.7 3 32) 76 (36.7) 50 (6.0)
120 4 (7.3) 20 .7) 6 0.7)
135 3 (5.5) 3 (32) 58 (28.0) 17 (2.0)
177 1 4.3) 1 (1.1) 2 1.0) 1 (0.1)
193 2 (3.6) 6 (6.5) 25 (12.1) 35 42)
195 1 (1.8) 1 (1.1) 2 0.2)
RDNC** 4 (7.3) 2 8.7 4 (1.9) 42 (5.0)
T 5 (2.4) 7 (0.8)

*  No. of epidemiological units with S. Typhimurium of the specific phage type.
**  RDNC - Rutine Dilution No Conformity.
*** NT - Non Typable.
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The human isolates were isolated and sero-
typed at Statens Seruminstitut, Copenhagen,
Denmark, from where they were received as
sugar-free stabcultures (Ekstract agar, Statens
Seruminstitut, Copenhagen, Denmark).

All isolates were phage typed according to
Callow (1959) using the extended phage typ-
ing scheme for S. Typhimurium (Anderson et
al. 1977). Typing phages and type strains were
obtained from Dr. B. Rowe, Laboratory of
Enteric Pathogens, Central Public Health La-
boratories, Colindale, UK.

Results

A total of 1461 strains of S. Typhimurium iso-
lated in the second part of 1992 were phage
typed. Eight hundred and thirty one isolates
originated from human cases of salmonellosis,
while the remaining were isolated from vari-
ous production animals (Table 1).

Phage typing subdivided the isolates into 35
different phage types including a group of 52
isolates which reacted with the typing phages
without conforming any previously known
phage type (RDNC) and a group of 12 which
were non typable (NT). Thirteen isolates
were phage infected. All isolates were phage
typed, but for the animal isolates only 1 iso-
late of each phage type within a production
unit was included in the statement (Table 2).
Simultaneous infections with 2 different
phage types were observed in 35 herds/flocks
(cattle herds: 1; pig herds: 7; poultry flocks:
28) whereas infections with 3 and 4 phage
types were observed in 2 and 1 poultry flock,
respectively.

Five phage types (10, 12, 66, 110 and 135) pre-
dominated and comprised 78,8% of the iso-
lates. Fourteen phage types was seen in more
than 1 group (Table 2) whereas the remaining
21 phage types (PT 1, 2, 12a, 13, 32, 36, 41, 49,
67, 69,77, 85, 86, 89, 93,99, 104, 111, 161, 186
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and 194) only were seen in 1 group most com-
menly among the human isolates.

Different phage types predominated within
the different populations. Of the human iso-
lates, 57.3% were phage type 12, while 11.3%
and 4.7% were phage type 10 and 66, respec-
tively. Phage type 12, also predominated
within isolates from pigs. It was isolated sig-
nificantly more frequent from cases of clinical
salmonellosis than from subclinical infections
(p = 0.002). Phage types 12, 10 and 66 were all
frequently isolated from pigs and cattle.
Phage types 110, 120, 135 and 193 were mainly
associated with poultry production, constitut-
ing 86.5% of all isolates. These phage types
comprised 12.9% of the isolates from the hu-
mans (Table 2).

Discussion

The results of the present investigation dem-
onstrated, that the most frequent phage type
of S. Typhimurium isolates from humans in
Denmark in the second half of 1992 was phage
type 12, followed by phage type 10. When
compared to phage type distribution in pro-
duction animals, it was most likely that these
infections were caused by food products of pig
or cattle origin. The increase in clinical salmo-
nellosis and subclinical salmonella infections
among Danish pigs may indicate, that pig
meat today is a major source of human S. Ty-
phimurium infections in Denmark.

Poultry has previously been incriminated as a
major source of human S. Typhimurium infec-
tions in Denmark (Baggesen 1992) as well as
in other countries (Khakhria et al. 1983, Kirby
& Wray 1986, Humphrey et al. 1988, Reilly et
al. 1988). In the present investigation, phage
typing indicated that only a minor part of the
human cases originated from poultry or poul-
try products because the isolation of poultry
associated phage types from human was rela-
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tively low compared with pig associated types.
Until recently there was no continuous moni-
toring of subclinical salmonella infections in
production animals other than poultry in
Denmark. A minor investigation of S. Typhi-
murium strains isolated from humans, poultry
and cattle in 1987 indicated that human S. Ty-
phimurium infections were caused in particu-
lar by phage types 66 and 110 and that these
phage types might originate from both cattle
and poultry (Baggesen 1992).

The present investigation indicated a change
in the phage type pattern of S. Typhimurium
from 1987 to 1992. This shift has been con-
firmed in a retrospective study of human S.
Typhimurium isolated from 1988 to 1993 . The
significance of phage type 12 as a cause of hu-
man salmonellosis increased dramatically be-
tween 1990 and 1991, while the significance of
phage types 66 and 110 was reduced through-
out the whole period (Wegener et al. 1994).

It is not possible to determine the exact pre-
valence of S. Typhimurium in the different an-
imal populations. Salmonella infection in
broiler flocks have decreased from approxi-
mately 80% to 12-15% since the implementa-
tion of the control programme, while less than
1% of the table egg producing flocks were in-
fected (Anon. 1993). Important serotypes in-
cluded Berta, Enteritidis and Typhimurium.
A currently ongoing screening programme,
involving Danish pig herds has shown, that
approximately 14% of the pig herds, are sub-
clinically infected with salmonella of which
one third is S. Typhimurium (Holst 1993).

At the moment only little is known about the
level and significance of subclinical S. Typhi-
murium infection in cattle. It is therefore dif-
ficult to evaluate to which extend beef might
be a risk to the human population.

This investigation has shown, that phage typ-
ing of S. Typhimurium may be useful in estab-

lishing relations between human illness and
potential animal sources at the herd/flock
level. Typing should however be performed
continuosly, as opposed to screening investi-
gations of limited duration, because the oc-
curence of specific types in animals and man
may be displaced in time (Olsen et al. 1992).
Phage typing has shown to be a useful surveil-
lance method as it is definitive, stable, easy to
perform and cheap and the method is used in
several other countries (Old & Barker 1989,
Threlfall & Frost 1990). In addition to phage
typing other epidemiological markers as plas-
mid profiling, ribotyping or pulsed field gel
electrophoresis may be useful to give more
detailed informations on relations within a se-
lected material. These methods are, however,
too expensive and time consuming for contin-
uous examination of large numbers of strains
(Threlfall & Frost 1990).
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Sammendrag

Fagtyper af Salmonella enterica ssp. enterica serovar
Typhimurium isoleret fra produktionsdyr og men-
nesker i Danmark.

S. Typhimurium er den ene af de to hyppigste
drsager til human salmonellose i Danmark. Med
henblik pé at belyse betydningen af forskellige pro-
duktionsdyrs betydning som smittekilde er 1461 iso-
later blevet karakteriseret ved fagtypning. Isolater
fra kvaeg, svin og fjerkrz er sammenlignet med iso-
later fra mennesker. Fagtypning kunne inddele det
samlede materiale i 35 typer, hvoraf 5 typer (10, 12,
66, 110 og 135) alene udgjorde 78,8%. Blandt hu-
mane isolater tilhgrte 57,3% fagtype 12. Denne fag-
type var ogs& dominerende blandt isolater fra svin
og i mindre udstrekning blandt isolater fra kvag.
Fagtyperne 110, 120, 135 og 193 udgjorde 86,5% af
fjerkrzisolaterne, men disse fagtyper udgjorde kun
12,9% af de humane isolater. Undersggelsen an-
tyder, at svin i dag udggr en vasentlig kilde til human
salmonellose forarsaget af S. Typhimurium i Dan-
mark.

(Received March 16, 1994; accepted June 3, 1994)

Reprints may be requested from: D. L. Baggesen, DanishVeterinary Laboratory, Biilowsvej 27, DK-1790 Co-

penhagen V, Denmark.

Acta vet. scand. vol. 35 no. 4 - 1994





