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SUMMARY

Since 1987, the number of cases of salmonellosis caused by Salmonella enteritidis
has considerably increased in Western Europe. Comparison of endemic animal
strains isolated in Belgium from 1976-84 with strains isolated from 1987 on shows
that the strains which cause the current epidemic have no features distinguishing
them from the previously-isolated strains and that furthermore, they do not
constitute a bacterial clone. They belong to 13 different lysotypes and in most
cases remain sensitive to antibiotics. Nevertheless, the lysotype 33 (which belongs
to the phage type 4 [1] has increased significatively. It encompasses 37 % of the
animal strains isolated in Belgium from 1987-9, but only 7% of the strains
isolated from 1976-84.

It is worth noting that the endemic as well as the epidemic strains contain a
virulence plasmid sharing sequence similarities with the FIB and FIIA plasmid
replicons and with the VirA and VirB virulence regions of the S. typhimurium
virulent plasmid: pIP1350.

INTRODUCTION
Since 1987 the number of cases of salmonellosis caused by Salmonella enteritidis

has considerably increased in Western Europe [2, 3]. This serotype occurs
particularly in poultry and can infect man through contaminated food [4]. In
Belgium in 1986 only 0-4% of all salmonella strains isolated from animals were of
this serotype but in 1987 the proportion rose to 7% and in 1988 to 14% (Pohl,
personal communication).

In considering the underlying causes of the epidemic one suggested hypothesis
was that a new clone of Salmonella enteritidis, more pathogenic than the strains
isolated the previous years, might have first appeared in Belgium in 1987.

To test this hypothesis, we have compared the lysotypes and plasmid contents
of endemic strains isolated before 1987 with those of epidemic strains isolated
since.

MATERIALS AND METHODS

Fifty-four S. enteritidis strains, 27 of which were isolated between 1978 and
1984, and 27 between 1987 and 1989 were studied. Forty-five of these strains were
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Plasmids of S. enteritidis 13
from poultry, 4 from horses, 2 from guinea-pigs, 1 from a dog, 1 from a man and
1 from meat in a slaughterhouse. All were isolated in Belgium.

The strains were identified by their biochemical and serological properties [5].
The antibiograms were performed, using disks supplied by the Institut Pasteur de
Paris, according to the manufacturer's recommendations. Lysotypes were
determined by the enteric lysotyping department of the Institut Pasteur de Paris.

Plasmids harboured by 34 of the strains (Table 1) were identified by the replicon
typing test [6]. Replicon typing is based on the demonstration of sequence
similarities between plasmid replicons by nucleic acid hybridization. The plasmid
content of the strain to be tested (target nucleic acid) is immobilized on a solid
matrix (filters or agarose gels) and hybridized with probes made from purified
DXA fragments isolated from plasmid replicons and labelled by incorporation of
radioactive nucleotides. Colony hybridization was performed with the following
rep probes: FIA, FIB, FIIA, 9, II, HI . l , HI.2, L/M, P, Q, U, W and Y.

After separation of the plasmids by electrophoresis, hybridization on agarose
gels, using the technique of Dalbadie-McFarland and colleagues [7], was performed
with the rep probes. A positive response was obtained on colony hybridization
(FIB and FIIA), and with the virulence probes H6 and H8. H6 and H8 are
Hind III restriction fragments of virulence plasmid pIP1350 of S. typhimurium,
[8] which correspond to the virulence regions VirA and VirB [9, 10].

RESULTS

Sensitivity to antimicrobial agents
Of the 54 studied strains, 50 were sensitive to all agents tests, namely,

streptomycin (Sm), tetracyline (Tc), chloramphenicol (Cm), kanamycin (Km),
ampicillin (Ap), trimethoprim (Tp), gentamicin (Gm) and nalidixic acid (Nal). A
strain isolated from a colt in 1976 was resistant to Su, Sm, Tc, Cm, Km, Ap. A
strain isolated from man in 1984 was resistant to Su, Sm, Tc and Cm. Lastly, a
strain isolated from poultry in 1988 was resistant to Tc, Tp and another also
isolated from poultry in 1988 was resistant to Tc.

Thus, no progression of resistance to antibiotics in strains isolated between 1976
and 1989 was demonstrable.

Lysotypes
The lysotypes of the strains isolated from 1976-84 and of those isolated from

1987 on are presented in Table 2. The former strains were scattered among 7
lysotypes and the latter among 10.

Lysotype 33 was more frequently isolated in the 1987-9 survey than in the
earlier one. The increase in incidence of this phage type is significant (P = 0-02).
Nevertheless, there was no indication that from 1987 a new lysotype of S.
enteritidis had appeared in Belgium, supplanting previously observed lysotypes.

Plasmid content
The plasmid content of 11 strains isolated from 1976-81, and 23 isolated in 1988

were studied. Among the former a plasmid with an approximate molecular weight
(MW) of 40 MDa was found in 9 strains, a plasmid with an approximate MW of
60 MDa in 1 strain, and in 1 strain no plasmid was present.
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Table 2. Lysotypes of S. enteritidis. Strains from animals, Belgium

Lysotypes

29
31
32
33*
35*
38
39*
41
66
72
74
77
Atypical

Totals

Isolation period
(number

1976-84

1
—
—
2
7

—
3

—
4

—
—
6
4

27

of strains)

1987-9

1
1
2

10
—
1
2
1

—
2
6
1

27

* Types 33, 35 and 39 are grouped together in Ward's type PT4 (Vieu. unpublished).

Figure 1. Salmonella enteritidis H8 probe. Radioautograph of agarose gel (0-6%) after
hybridization, by the technique of Dalbadie-MacFarland and colleagues 1982, with the
Vir probe H8. Lines 1 and 6, strains 53S76 and 62Sa88 (no plasmid). Lines 2. 3. 4. 7.
strains 169D76. 355Sa81. 373Sa81. 374Sa81. 63a88. The last two numerals of the
strains code (76, 88, ...) indicate the year of isolation (see Table 1).
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Plasmids of S. enteritidis 15
Among the 1988 isolates a plasmid with an approximate MW of 40 MDa was

found in 19 strains, and no plasmids in 4 strains.

Characterization of plasmids by genotyping
The five strains in which no plasmid were detected failed to hybridize with any

of the test probes. The 29 others, whatever their isolation dates, all reacted weakly
to the probe rep FIB and strongly to the 'vir' probes H6 and H8. Moreover, 28
of these 29, also hybridized weakly with probe rep FIIA.

Gel hybridization showed that the plasmids detected by electrophoresis were
those which reacted with the various probes (Figure 1).

DISCUSSION

The frequently occurring outbreaks caused by various serotypes of salmonella
in Belgium generally associated with bacterial clones which had acquired one or
several plasmids which conferred increased antibiotic resistance and possibly new
virulence factors. Such was the case in an epidemic caused by S. typhi in which
strains harboured plasmid incHI. 1, coding for resistance to chloramphenicol [11].
Another was due to a strain of 8. wien harbouring plasmid inc Flme, coding for
multiple resistance and for aerobactin synthesis [12, 13], and another to a strain
of S. typhimurium belonging to phage group 49/193/204, harbouring resistance
plasmids incHI.2 and incl. 1, which began to spread among bovines in 1977 [14].

The situation with S. enteritidis is, however, different. The strains causing the
current epidemic in Belgium do not all constitute a bacterial clone; they present
no distinctive features when compared with previously isolated strains. The
current epidemic is principally the result of the progression of the lysotype 33
(which belongs to phage type 4) which was known to be present in Belgium before
1987. The older and the more recent strains both harboured similar plasmids as far
as their virulence and replication regions were concerned. The epidemic was thus
not due to the appearance of a variant of S. enteritidis harbouring a new plasmid.
Similar results had been obtained by Chart on the plasmids of nine strains of
S. enteritidis PT4 [15]. All the lysotype 33 strains had been isolated from poultry
or their products.

Finally, the relationship between the virulence plasmids of S. enteritidis and
S. typhimurium is worth noting. Both contain virulence regions H6 and H8,
corresponding with Vir A and VirB, and they also possess replication regions with
DXA sequences with similarities to replicons FIB and FIIA [16]. This virulence
plasmid is likely to be the same as the most common 38 MDa plasmid found by
Threlfall and colleagues [17] in the 27 S. enteritidis phage types.
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