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SUMMARY

A nation-wide survey was conducted to estimate the prevalence of Salmonella
enteritidis and other salmonellas among Canadian commercial broiler flocks.
Environmental (litter and/or water) samples from 226 of 294 (76-9 %) randomly
selected flocks were contaminated with salmonellas. Litter samples were more
often contaminated with salmonellas than water samples (47-4 v. 12-:3%). Fifty
different salmonella serovars were isolated. The most prevalent serovars were
S. hadar, S. infantis, and S. schwarzengrund ; they were isolated from samples of
98/294 (33:3%), 26/294 (8:8%), and 21/294 (71 %) flocks, respectively. Feed
samples of 39/290 (13-4 %) flocks were contaminated with salmonellas. Salmonella
enteritidis was isolated from the environmental samples of 9/294 (3-1%) flocks.
Salmonella enteritidis phage type (PT) 8 was isolated from seven flocks, and PT
13a from two flocks.

INTRODUCTION

During the last 5-10 years in European countries and the United States, human
Salmonella enteritidis infections have increased to such an extent that S. enteritidis
has become the most commonly isolated Salmonella serovar [1-5]. In England and
Wales, 56 % of all human salmonella isolates in 1988 were S. enteritidis [1], and in
the United States 51 % of human salmonella isolates in 1987 were S. enteritidis [3].
In Canada, the prevalence of S. enteritidis is much lower: S. enteritidis was the
third commonest isolate of salmonella (83% of a total of 10646 isolates of
salmonella) from people in 1987, and the fourth commonest isolate (9-2% of 9957
isolates of salmonella) in 1988 [6]. In Europe, most human S. enteritidis isolates
belonged to phage type (PT) 4 [1, 4], whereas in Canada and the United States
they were mostly PT 8 [6-8].

It has been shown that S. enteritidis may infect eggs by transovarian
transmission [9, 10], and outbreaks of disease caused by S. enteritidis in humans
have been associated with the consumption of eggs or foods that contain eggs
(1,4, 11-15].
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The consumption of broiler chickens has been suggested to be another
important source of human infection with S. enteritidis [16]. Broilers may become
infected with S. enteritidis PT 4 via vertical transmission from infected hens in
broiler breeding stock [17], and by eating contaminated feed [18]. In the United
Kingdom it has been shown that S. enteritidis PT 4 caused increased mortality in
chicks of less than 1 week of age and stunted growth in up to 5% of the flock
[17, 19]. Pathological lesions including toxic indurated yolk sac, pericarditis, and
necrotic foci in the liver have been demonstrated in infected broilers of 2 weeks of
age [19]. Lesions of S. enteritidis PT4 infection, characterized by a distended
pericardial sac containing mucopurulent exudate, have also been observed in
market-age broiler chickens at slaughter [16, 19]. Salmonella enteritidis PT 4 was
isolated in pure culture from pericardial sacs from 22 of 30 (73 %) broilers [19]. At
broiler processing plants in the United Kingdom an average of 1 in 1000 birds was
condemned because of gross pericarditis due to S. enteritidis [16]. Salmonella
enteritidis PT 4 has been isolated from tissues such as heart, spleen and caecum of
broilers with a macroscopic pericarditis, and from swabs of the carcass cavity [16].

Salmonellas have been isolated from rinse samples of 60-9 % of chicken carcasses
in Canada [20], and poultry is often identified as one of the main sources of human
salmonellosis [21]. Serovars most frequently isolated from broiler carcasses are
also most frequently found in humans [22].

The purpose of this study was to estimate the prevalence of salmonellas, and of
S. enteritidis in particular, among Canadian registered broiler flocks.

The study was prompted by concerns about the rapid increase of 8. enteritidis
infection in people in the European countries and the United States, by the
possibility that broilers contaminated with S. enteritidis and other salmonella
serovars may be a significant source of human infection, and by concerns about
the effect these problems may have on the Canadian poultry industry.

MATERIALS AND METHODS
Flocks and samples

Assuming that S. enteritidis would be present in 5% of flocks, it was calculated
that a sample size of 300 would give a 95 % confidence interval with a 2:5% error
limitation for our prevalence estimate. Three hundred flocks from which samples
were to be collected were randomly chosen from a list of 2319 commercial broiler
operations registered with the Canadian Chicken Marketing Agency. Flocks, not
premises, were the unit of interest. Sampling kits were sent to Agriculture Canada
District Offices in each province and the samples were collected by Agriculture
Canada inspectors from December, 1989, until May, 1990, inclusive. Twelve
pooled litter samples were collected randomly from within each flock. The litter
samples were collected in sterile plastic bags with the aid of sterile tongue
depressors. Three pooled water samples were collected randomly from the drinkers
using sterile syringes. A one kg sample of feed was collected from each flock. The
feed samples were taken from the bins or augers but not from the feed troughs. The
pooled litter samples weighed about 10-20 g, and the pooled water samples
measured about 12 ml. The samples were kept cool in containers by ice-packs and
shipped by air or ground transportation to the laboratory.
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Culture of salmonellas from litter and water samples

The litter samples were weighed and diluted 1 to 10 (w/v}) in Buffered Peptone
Water (BPW) (Difco) and then stomached. The amount of water in the syringes
was measured, the samples were expressed into sterile plastic bags, and diluted 1
to 10 in BPW. The litter and water samples were incubated at 37 °C for 18-24 h.
One-tenth of an ml of the BPW was then transferred with a sterile 1 ml pipette
and inoculated at the periphery of a Modified Semisolid Rappaport Vassiliadis
(MSRV) agar [23] plate. The medium was incubated overnight at 42 °C for
18-24 h. The MSRV plates were examined for a zone of migration. If the putative
salmonellas had migrated 20 mm or more into the MSRV agar, a loopful of the
growth was taken from the outer edge of the zone of migration and streaked onto
MacConkey (MC) agar (Difco). The plates were discarded if, after a total
incubation period of 72 h, no zone of migration into the MSRV was observed.

Serological procedures

Up to five colonies were picked from the MC agar plate and examined by a slide-
agglutination test using salmonella polyvalent O antiserum (Bacto salmonella O
antiserum poly A-1 and Vi; Difco). Isolates that give a positive result were further
tested with salmonella O group D, antisera (Bacto salmonella O antiserum group
D, factors 1, 9, 12; Difco).

Lysis by polyvalent bacteriophages

All putative isolates of salmonella were examined for lysis by bacteriophages
using a mixture of polyvalent salmonella phage 0-1 and a bacteriophage specific
for the O groups E;-E, with the methods described by Fey and colleagues [24] and
Gudel and Fey [25].

Plasmid DNA profiles

To limit the number of isolates of salmonella that needed to be serotyped, the
plasmid profiles of all isolates were determined. Plasmid DNA preparations were
made by the method of Portnoy and White as cited by Crosa and Falkow [28],
except that the isolates were grown overnight on LB agar [27], scraped off the
surface of the agar with a sterile toothpick, and suspended in lysis buffer. The
plasmid DNA was subjected to electrophoresis in a horizontal 0-7 % agarose gel in
Tris-acetate buffer, and then stained with ethidium bromide and photographed
[27]). To compare plasmid profiles of all isolates of salmonella from one flock,
plasmid DNA preparations from isolates from one flock were electrophoresed
together on one agarose gel. Plasmids used as molecular mass standards were:
pSLT2, 60 Mdal [28]; pDT285, 96 Mdal, and pDT369, 23 Mdal (both obtained
from Diane Taylor, Medical Microbiology, University of Alberta, Edmonton,
Alberta); and the eight plasmids of Escherichia coli V517 with molecular masses
of 1-4-35-8 Mdal [29].

Biochemical testing and serotyping

All salmonella cultures, isolated from the litter and water samples collected at
one farm, that displayed different plasmid profiles, and all salmonella cultures
isolated from the feed, were biotyped and serotyped. Thirty biochemical tests were
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performed on each isolate by using the Gram-Negative Identification (GNI) card
and the automated diagnostic bacteriology system of Vitek Systems (Hazelwood,
MO). Procedures used for serotyping of salmonella isolates have been described
previously [30, 31].

Phage typing of S. enteritidis strains

S. enteritidis strains were phage typed with typing phages obtained from the
Division of Enteric Pathogens at the Central Public Health Laboratory in
London, England [32].

Culture of feed samples for salmonellas

Feed samples were cultured for salmonellas at the Laboratory Services Division
of Agriculture Canada in Ottawa. The method used was a modification of the
Health Protection Branch Method MFHPB-20 [33]. Briefly, 200 ml of BPW was
added to 100 g of feed, the mixture was incubated for 1 h at 35 °C, another 700 ml
BPW was added, and the mixture was stomached for 2 min. The pH was adjusted
to 70, and the sample was incubated at 35 °C overnight [34]. Selective enrichment
was performed by transferring 1 ml of the BPW to tetrathionate brilliant green
(TBG) broth. The TBG was incubated for 24 h at 43 °C and a loopful of the
selective enrichment broth was streaked onto bismuth sulfite and brilliant green
sulpha agar (BGS) [33].

Statistical analyses

The variability of the prevalence estimates was expressed as the standard error
of the mean. Flocks were designated as positive if any litter or water samples
(hereafter denoted as ‘environmental samples’) were culture positive for
salmonellas. The unconditional association between the presence of salmonellas
and the type of sample taken (litter ». water) was assessed for statistical
significance using the Chi-square test [35].

RESULTS

Number of flocks in which salmonellas were isolated from litter and/or water
samples, and number of samples positive for salmonellas.

Samples were received from 294 flocks. Salmonellas were isolated from the
environmental samples of 226 of 294 (76:9 % + 25 %) flocks. One or more litter
samples of 223 of 294 (759 %) flocks were positive for salmonella. Salmonellas
were cultured from one or more water samples of 63 of 292 (21-6 %) flocks.

In total, salmonellas were isolated from 1674 of 3534 (47-4 %) litter samples and
from 108 of 875 (12:3 %) water samples. The frequency of isolation of salmonella
from litter samples was significantly higher (P < 0-001) than from water samples.
Twenty of the litter samples contained two different colony types (large and small)
of salmonella. The colony types isolated from 18 of these 20 litter samples
belonged to the same serovar. Colony types of the other two samples belonged to
different serovars: from both samples S. hadar and S. heidelberg were isolated. Two
litter samples contained three colony types (large, medium and small) of
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salmonella. The colony types isolated from one sample belonged in each case to the
same serovar. No different colony types were isolated from the water samples.

Prevalence of the 15 most commonly occurring salmonella serovars within flocks as
determined by isolation rated from environmental samples

The prevalence of the most commonly occurring salmonella serovars within
flocks is shown in Table 1. Only the 15 most frequently isolated salmonella
serovars are listed. Salmonella hadar was the most common serovar isolated from
flocks (from samples of 98 of 294 (33-3 %) of the flocks). S. enteritidis was isolated
from the environmental samples of 9 of 294 (3-1% £ 1-0%) flocks. Thirty-nine
serovars, 9 rough strains with different antigenic formulas, and 2 untypable
strains, for a total of 50 antigenically different strains, were isolated. S.
typhimurium var. copenhagen was isolated from 6 flocks.

Frequency of isolation of one or more salmonella serovar(s) per flock

The frequency of isolation of one or more salmonella serovars per flock as
determined by isolation rates from environmental samples is shown in Table 2. Up
to eight different serovars were isolated from one flock.

Commonly occurring combinations of serovars within flocks

Common combinations of salmonella serovars that were isolated from
environmental samples within flocks are listed in Table 3. The most common
combination of serovars isolated from flocks was 8. hadar and S. heidelberg. These
serovars were isolated from environmental samples of eight flocks. S. anatum and
8. hadar were together isolated from environmental samples of five flocks. Ninety-
four different combinations of serovars were isolated from environmental samples
within flocks.

Number of flocks in which salmonellas were isolated from the feed samples

Salmonellas were isolated from the feed samples of 39 of 290 (13-4 %) flocks. The
serovars isolated from the feed samples were compared to those isolated from the
environmental samples of the same flocks (Table 4). In 13 of 290 (4:5 %) flocks the
same salmonella serovar was isolated from feed, and litter and/or water samples.
In 1 of 290 (0-3 %) flocks the same salmonella serovar was isolated from feed, litter,
and water samples.

Frequency of isolation of S. enteritidis from litter and water samples, and phage
types of the S. enteritidis strains
In the 9 §. enteritidis — positive flocks 42 of 108 (39 %) of litter samples and 4
of 27 (15 %) of water samples were positive. Salmonella enteritidis strains that were
isolated from the samples of seven of the broiler flocks were phage typed as PT 8,
whereas those of the other two flocks were PT 13a.

Serotyping and plasmid profile analysis

A total of 1845 salmonella strains were isolated: 39 from feed samples, 1698
from litter samples, and 108 from water samples. The plasmid profiles of all of the
strains were determined and 1185 of the strains that displayed different plasmid
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Table 1. Prevalence of the 15 most common salmonella serovars in flocks as
determined by isolation rates from environmental samples

Flocks

Rank

O DD =

S

-1

9

Serovar

hadar
infantis
schwarzengrund
anatum
thompson
typhimurium
agona

berta
heidelberg
mbandaka
enteritidis
kentucky
ohio
senftenberg
montevideo

Sample type

g ™ r A
Affected Percentage Litter Water Litter and
flocks* of flocks onlv only water
98 333 82 1 15
26 88 21 0 5
21 71 19 0 2
17 58 15 0 2
17 58 16 0 1
17 58 12 0 5
15 51 11 2 2
14 4-8 9 0 5
14 48 6 0 8
11 37 8 0 3
9 31 6 1 2
9 31 6 2 1
9 31 7 0 2
9 31 8 { 0
8 2:7 5 0 3

* Number of flocks in which a salmonella serovar was isolated from litter and/or water

samples.

Number of flocks

Table 2. Frequency of isolation of one or more salmonella serovar(s) from

environmental samples within flocks

Number of serovars

I A Bl
1 3 4 5 6 7 8 Total
110 66 34 13 1 1 0 1 226

Table 3. Common combinations of salmonella serovars isolated from environmental
samples within flocks

No. of
flocks

o

NN NN DD RO NN DN B D O

Salmonella serovars isolated from
litter and/or water samples

hadar
anatum
agona
berta
berta
hadar
hadar
hadar
heidelberg
infantis
mbandaka
anatum
rough O:d:7

heidelberg

hadar
schwarzengrund
hadar

rough O:fgt:-
mbandaka
schwarzengrund
typhimurium
infantis
thompson
schwarzengrund
hadar
schwarzengrund

rough O:z,,:x
typhimurium

profiles within isolates from one flock, or that did not harbour any plasmids, were
serotyped. Thirty-nine different salmonella serovars, nine serovars that had rough
LPS and different flagellar antigenic formulas, and two strains that were
untypable serologically, were isolated from the samples.
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Table 4. Salmonella serovars isolated from feed samples compared with those
isolated from litter and/or water samples of the same flocks

Flock

no.

162
211
133
054
358
121
167
120
216
159
132
126
209

192
370
359

357
069
068
143
199
145
157
142
408
134
152
189
183
299
191
161
263
252
378

376

391

394

Serovar isolated from
A

Feed

agona
agona
anatum
anatum
anatum
analum
anatum
binza
binza
binza
binza
binza
binza

binza
hadar
infantis
infantis

kentucky

ohio

ohio

mbandaka
montevideo
montevideo
newington
newington
newington
newington
schwarzengrund
schwarzengrund
schwarzengrund
schwarzengrund
schwarzengrund
schwarzengrund
taksony

taksony
thomasville

thomasville

worthington

worthington

Litter

infantis. ohio

anatum, hadar

anatum, heidelberg, kentucky
haardt, infantis, ohio, thompson
indiana

anatum, hadar

anatum, hadar

berta, binza

binza, orion, schwarzengrund,
senftenberg

ohio

hadar, heidelberg, typhimurium

berta

berta. infantis, rough O:fg.t:-,
rough O:r:5

heidelberg, infantis, manhattan

anatum, hadar, ohio

hadar

anatum, hadar

enteritidis

hadar

anatum, hadar

berta, newington

newington

agona, berta

agona, schwarzengrund

berta

hadar

infantis, rough O:r:5, thompson

heidelberg

braenderup, schwarzengrund.
thomasville

heidelberg, rough O:r:2,
thomasville

hadar, heidelberg, infantis,
schwarzengrund, typhimurium.
worthington

kentucky

DISCUSSION

Water

senftenberg

typhimurium
hadar

enteritidis
hadar
berta
newington

heidelberg

infantis

kentucky

Salmonella enteritidis was recovered from environmental samples of only 9 of
294 broiler (3-1 %) flocks and amongst layer flocks there was a similar low degree
of contamination — 8/295 (2:7%) [36]. S. enteritidis PT 8, which was found in
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environmental samples of 7 of 9 broiler flocks, is also the most common phage type
of 8. enteritidis strains isolated from people in Canada [6]. Phage type 13a, found
in samples of two broiler flocks, is rarely isolated from humans in Canada [6].

How the prevalence of S. enteritidis in environmental samples of broiler flocks
relates to S. enteritidis infection in people in Canada is not well understood. Many
variables may influence such a relationship. Prevalence of salmonellas in litter is
a good indication of flock infection [37] and it is known that infected flocks
introduce salmonellas to the processing plants [38]. Surveys conducted in Canada
during 1988 and 1989 showed that S. enteritidis was isolated from only 1-2% of
broiler carcase rinses that cultured positive for salmonellas (Moir, unpublished).

Salmonellas were present in the environmental samples (litter and/or water)
from 226 of 294 (76:9 %) commercial broiler flocks which is substantially higher
than that found in commercial layer flocks (52:9%) [36]. Factors that may
contribute to these contrasting figures are age, housing, and residual con-
tamination in barns. Broiler flocks were sampled when the flock was less than
8 weeks of age against layer flocks which were sampled between the ages of 20~
72 weeks. Young chickens, particularly those of 1-14 days of age, are much more
susceptible to infection with salmonella [39] than pullets and hens which are often
able to eliminate infection by 16-22 weeks of age [37]. Broiler birds housed on the
floor have ample opportunity to spread infection and re-contaminate their
environment, while layer flocks are raised in cages where cross-contamination
between birds is minimized. Further, residual contamination, after cleaning and
disinfection, of metal cages is likely to be lower than on wooden, dirt, or concrete
floors [40].

Within the flocks, 47-4 % of litter samples were contaminated with salmonellas
and up to eight different serovars were isolated from samples from any one flock.
The large numbers of birds allowed free movement in a confined space probably
contributed largely to this high figure. Salmonellas have been found to spread
rapidly from infected day-old chicks to pen mates reared on litter [41] and when
2 infected day-old chicks were placed with 98 non-infected pen mates, infection of
the contact chicks approached 100% by the seventh day of exposure [41].

No comparable nation-wide study on the prevalence of salmonellas in the
environment of broiler flocks has been carried out previously in Canada. A study
on litter samples from 60 broiler houses in Nova Scotia, Canada, showed lower
rates of contamination than in the present study, i.e. 55 % from broiler houses and
30% from litter samples [42]. The lower rates of contamination may be because
the houses were owned and operated by single and possibly superior management
[42].

Isolations from water from 21-6% of the flocks and the proportion of water
samples contaminated with salmonellas (12-3 %) were much lower than those from
litter. As the broilers grow the drinkers are raised off the floor and the water is less
liable to contamination from the litter. Contamination of drinking water also
depends on the kind of drinker used in the barns. The drinker most commonly used
in Ontario, Canada is the red bell-shaped drinker, and the second most commonly
used drinker was the trough drinker [43]. Both these drinkers are more prone to
contamination than other less frequently used waterers such as cup drinkers and
nipple drinkers [44]. Clearly litter is a better indicator of environmental
contamination of flocks than water.
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S hadar was the most frequently isolated serovar and was found in
environmental samples of 33:3% of the broiler flocks. In 1973, S. kadar became
established in flocks of the largest turkey breeder in England [45]. The infection
spread to rearing units throughout the country and, in ensuing years, consumption
of turkey contaminated with S. hadar caused a sharp increase in S. hadar infection
in humans [45, 46]. S. hadar also became prevalent in broiler chicken flocks in the
United Kingdom [47]. Exportation of turkey breeder stock from England to
Canada [48] and the United States caused infection of turkeys and chicken in these
countries, and a rapid increase in reported isolation rates of S. hadar from humans,
first in Canada, and shortly thereafter in the United States occurred [47]. During
the last decade the isolation rate of S. hadar from humans has increased steadily
and S. kadar is now the second most common serovar isolated from people in
Canada [6]. In Canada there is a high prevalence of S. hadar in the environment
of broiler flocks, in the broilers themselves [37, 41] and in broiler carcasses [38].
During the years 1988 and 1989, of 427 salmonellas found on broiler carcasses, 240
(56-2 %) were S. hadar (Moir, unpublished). Although S. kadar has been the second
most commonly reported serovar isolated from humans in Canada during 1987
and 1988 [6] and is the most commonly isolated serovar from broiler carcass rinses,
conclusive epidemiological evidence linking human disease with the contaminated
poultry is still lacking.

The same serovar was isolated from feed and litter samples in 13 of 39 flocks,
and in only one flock from feed, litter, and water samples. In 10 of 11 flocks in
which salmonellas were isolated from feed, litter, and water samples, the same
salmonella serovar was isolated from litter and water samples. Since the feed
samples were taken from the augers or feed bins and not from the feeding troughs,
feed must be presumed to be the origin of at least some contamination.

Why the prevalence of S. enteritidis in broiler and layer flocks in Canada appears
to be lower than that in the United States and Western Europe is not understood.
Perhaps the low prevalence in Canadian broiler and layer flocks is likely a
reflection of the low prevalence of S. enteritidis in the breeder flocks supplying the
Canadian industry. A detailed survey of salmonella contamination of breeder
flocks is currently in progress.

In summary, the main findings of this national survey were: (i) S. enteritidis was
isolated from 3% of the flocks; (ii) environmental samples of 77 % of the flocks
contained salmonellas; and (iii) S. hadar was the most common salmonella serovar
isolated from the broiler flocks.

ACKNOWLEDGEMENTS

We wish to thank Anne Brouwer, Janet Coffin, Walter Demeczuk, Debora
Foster, Michelle LaCroix, Laura MacDonald, and Kim McFadden for technical
assistance. We thank Dr T. R.S. Bhatia, Director of the Health of Animals
Laboratory in Guelph, Dr N. G. Willis, Director General of the Health of Animals
Directorate, and Dr W. S. Bulmer and Dr J. A. Kellar of the Animal Health
Division for support to conduct the survey. We thank the veterinarians and
inspectors at the Agriculture Canada district offices across the country for
collection of the samples. We are grateful to the technicians at the Health of
Animals Laboratories in St. Hyacinthe, Quebec, and Sackville, New Brunswick,

8 HYG 107

https://doi.org/10.1017/50950268800048822 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800048822

210 C. POPPE AND OTHERS

for culturing the litter and water samples for flocks in Quebec. We thank
personnel at the Laboratory Services Division in Ottawa for culturing the feed
samples. We thank the Canadian Chicken Marketing Agency, the Provincial
Chicken Marketing Boards, and all the producers for participation in this survey.

[=r ]

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

REFERENCES

. Cowden JM, Lynch D, Joseph CA, et al. Case-control study of infections with Salmonella

enteritidis phage type 4 in England. Br Med J 1989; 299: 771-3.

. Frost JA, Ward LR, Rowe B. Acquisition of a drug resistance plasmid converts Salmonella

enteritidis phage type 4 to phage type 24. Epidemiol Infect 1989; 103: 243-8.

. Madden JM. Increase in the numbers of cases of Salmonella enteritidis in the United States

due to whole chicken eggs and the implications to food handlers. J Food Protect 1989; 52:
753.

. Perales I, Audicana A. Salmonella enteritidis and eggs. Lancet 1988; ii: 1133.
. Sharp JCM. Salmonellosis and eggs. Br Med J 1989; 297: 1557-8.
. Lior H. Isolations of enteric pathogens from people in Canada. Safety Watch 1989; 14

(Fall): 3.

. Hickman-Brenner FW, Stubbs AD, Farmer JJ. Phage typing of Salmonella enteritidis in the

United States. In: Morello JA, Domer JE, eds. Abstracts of the 90th annual meeting of the
American Society for Microbiology. Washington: American Society for Microbiology, 1990:
403.

. Miller D. Summary of S. enteritidis, source and phage types. In: Proceedings of the 39th

annual meeting of the United States Animal Health Association. Richmond VA: Carter
Printing, 1989: 555-6.

. Snoeyenbos GH, Smyser FC, Van Roekel H. Salmonella infections of the ovary and

peritoneum of chickens. Avian Dis. 1969; 13: 668-70.

Timoney JF, Shivapradad HL, Baker RC, Rowe B. Egg transmission after infection of
hens with Salmonella enteritidis phage type 4. Vet Rec 1989; 125: 600-1.

Cowden JM, Chisholm D, O’Mahony M, et al. Two outbreaks of Salmonella enteritidis phage
type 4 infection associated with the consumption of fresh shell-egg products. Epidemiol
Infect 1989; 103: 47-52.

Lee LA. The public health impact of Salmonella enteritidis infection in the United States.
In: Proceedings of the 39th annual meeting of the United States Animal Health
Association. Richmond VA: Carter Printing, 1989 : 548-9.

Lin CF-Y, Morris JG, Trump D, et al. Investigation of an outbreak of Salmonella enteritidis
gastroenteritis associated with consumption of eggs in a restaurant chain in Maryland. Am
J Epidemiol 1988; 128: 839—44.

St. Louis ME, Morse DL, Potter ME, et al. The emergence of grade A eggs as a major source
of Salmonella enteritidis infections. J Am Med Assoc 1988; 259: 2103-7.

. Steinert L, Virgil D, Bellemore E, et al. Update : Salmonella enteritidis infections and grade

A shell eggs — United States, 1989. MMWR 1990; 38: 877-80.

Rampling A, Anderson JR, Upson R, Peters E, Ward LR, Rowe B. Salmonella enteritidis
phage type 4 infection of broiler chickens: a hazard to public health. Lancet 1989 ii: 436-8.
Lister SA. Salmonella enteritidis infection in broilers and broiler breeders. Vet Res 1988
123: 350.

Hinton M, Pearson GR, Threlfall EJ, Rowe B, Woodward M, Wray C. Experimental
Salmonella enteritidis infection in chicks. Vet Rec 1989; 124: 223,

O’Brien JDP. Salmonella enteritidis infection in broiler chickens. Vet Rec 1988; 122: 214.
Lammerding AM, Garcia MM, Mann ED, et al. Prevalence of salmonella and thermophilic
campylobacter in fresh pork, beef, veal and poultry in Canada. J Food Prot 1988; 51:
47-52.

Todd CD. Poultry-associated foodborne disease —its occurrence, cost, sources and
prevention. J Food Prot 1980; 43: 129-139.

Handzel S, Laidley R. Salmonella in poultry and related environment. Can Dis Weekly
Report 1975; 28: 112.

De Smedt JM, Bolderdijk RF. Dynamics of salmonella isolation with modified semi-solid
Rapport-Vassiliadis medium. J Food Prot 1987; 50: 658-61.

https://doi.org/10.1017/50950268800048822 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800048822

24.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.
48.

Prevalence of salmonellas in broiler flocks 211

Fey H, Burgi E, Margadant A, Boller E. An economic and rapid diagnostic procedure for
the detection of salmonella/shigella using the polyvalent salmonella phage O-1. Zentralbl
Bacteriol Mikrobiol Hyg I Abt Orig A 1978; 240: 7-15.

. Gudel K, Fey H. Improvement of the polyvalent salmonella phage’s O-1 diagnostic value

by addition of a phage specific for the O groups E,-E,. Zentralbl Bakteriol Mikrobiol Hyg
I Abt Orig A 1981; 249: 220-4.

. Crosa JH, Falkow S. Plasmids. In: Gerhardt P, ed. Manual of methods for general

bacteriology. Washington: American Society for Microbiology, 1981: 267-8.

Maniatis TE, Fritsch EF, Sambrook J. Molecular cloning : a laboratory manual. Cold Spring
Harbor: Cold Spring Harbor Laboratory, 1982: 97-106.

Sanderson KE, Kadam SK, MacLachlan PR. Derepression of F factor function in
Salmonella typhimurium. Can J Microbiol 1983; 29: 1205-12.

Macrina FL, Kopecko DJ, Jones KR, Ayers DJ, McCowen SM. A multiple plasmid-
containing Escherichia coli strain: convenient source of size reference plasmid molecules.
Plasmid 1978; 1: 417-20.

Anonymous. Salmonella serology. In: Difco manual, 5th ed. Detroit: Difco Laboratories,
1984 ; 784-837.

Shipp CR, Rowe B. A mechanised microtechnique for salmonella serotyping. J Clin Pathol
1980; 33: 595-7.

Ward LR, de Sa JDH, Rowe B. A phage-typing scheme for Salmonella enteritidis.
Epidemiol Infect 1987; 99: 291—4.

Anonymous. Methods for the isolation and identification of salmonella from foods.
Montreal : Polyscience Publications Inc. 1989. (Compendium of analytical methods; vol 2;
HPB methods of microbiological analysis of foods; identification number MFHPB-20).
Anonymous. Official method for the determination of salmonella. In: Laboratory
manual - dry milk products. Agriculture Canada, Food Production and Inspection Branch,
Ottawa, Ontario, 1988: pp DFV 91 and 9-2.

Snedecor GW, Cochran WG. Statistical methods, 7th ed. Ames IA: The Iowa State
University Press, 1982: 124-8.

Poppe C, Irwin RJ, Forsberg CM, Clarke RC, Oggel J. The prevalence of Salmonella
enteritidis and other Salmonella sp. among Canadian registered commercial layer flocks.
Epidemiol Infect 1991; 106: 259-270.

Snoeyenbos GH, McKie BA, Smyser CF, Weston CR. Progress in identifying and
maintaining salmonella-free commercial chicken breeding flocks. 1. 1967-1969. Avian Dis
1970; 14: 683-96.

McGarr C, Mitchell WR, Carlson HC, Fish NA. An epidemiological study of salmonellae in
broiler chicken production. Can J Public Health 1980; 71: 47-57.

Sadler WW, Brownell JR, Fanelli MJ. Influence of age and inoculum level on shed pattern
of Salmonella typhimurium in chickens. Avian Dis 1969; 13: 793-803.

Higgins R, Malo R, Rene-Roberge E, Gauthier R. Studies on the dissemination of
salmonella in nine broiler-chicken flocks. Avian Dis 1982; 26: 26-33.

Snoeyenbos GH, Carlson VL, Smyser CF, Olesiuk OM. Dynamics of salmonella infection in
chicks reared on litter. Avian Dis 1969; 13: 72-83.

Long JR, DeWitt WF, Ruet JL. Studies on salmonella from floor litter of 60 broiler chicken
houses in Nova Scotia. Can Vet J 1980; 21: 91-4.

Poppe C. The effect of chlorination of drinking water on salmonella infection in poultry.
[M.Sec. Thesis]. Guelph, Ontario: University of Guelph, 1984.

. Poppe C. Effect of chlorination of drinking water on experimental salmonella infection in

poultry. Avian Dis 1986; 30: 362-9.

Rowe B, Hall MLM, Ward LR, de Sa JDH. Epidemic spread of Salmonella hadar in England
and Wales. Br Med J 1980; 2: 1065-6.

Payne DJH, Scudamore JM. Outbreaks of salmonella food-poisoning over a period of eight
years from a common source. Lancet 1977; i: 1249-51.

Rowe B, Lior H. Salmonella hadar — England and Wales. MMWR 1980; 29: 506-13.
Rigby CE, Pettit JR, Papp-Vid G, Spencer JL, Willis NG. The isolation of salmonellae,
Newecastle disease virus and other infectious agents from quarantined imported birds in
Canada. Can J Comp Med 1981 ; 45: 366-70.

8-2

https://doi.org/10.1017/50950268800048822 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800048822

