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ABSTRACT An epidemiological survey was made of 5329 samples from 10 poultry operations to determine 
the relationship between total poultry farm environment and incidences of Salmonella contamination of 
broiler flocks. Samples were analyzed from walls, drinkers, feeders, litter, insects, water, chicks, broilers, 
and feed to determine the effect of common sanitary practices on Salmonella contamination of flocks. 

Results indicated that although similar hygienic practices had been taken on the 10 poultry farms 
examined, great variation exists in Salmonella contamination among the farms. Among the sources studied, 
the most important source of contamination was determined to be the resident Salmonella of the flock i.e., 
the strain isolated on chicks' first day in the poultry house. This source was more important than Salmonella 
isolated during the rearing period. However, the precise conditions of Salmonella contamination in poultry 
flocks remain to be elucidated. 
{Key words: Salmonella, broilers, environment, contamination, poultry farms) 
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INTRODUCTION 

One of the most perplexing problems in the 
control of Salmonella in foods is the role of 
carriers in animal and human populations. 
Barnes (1972) indicated that no definitive solu
tion to poultry carcass contamination could be 
found unless the flocks were Salmonella free. 
Recently, much attention has been directed to 
the examinations of sources and routes of Sal
monella contamination of poultry flocks. 
Sources of contamination implicated include 
chicks (Snoeyenbos et al., 1967; Ehrsam and 
Spillman, 1981; Bolder et al., 1982), feed 
(Snoeyenbos et al., 1967; Mackenzie and Bains, 
1976), equipment, rodents, insects, and humans 
(Morgan-Jones, 1982). Although Spillman and 
Ehrsam (1983) emphasized the need to have 
clean environment and hygienic conditions to 
prevent Salmonella contamination of flocks, it 
is difficult to ascertain whether such measures 
alone are adequate to prevent contamination. 
The purpose of this epidemiological investiga
tion was to determine the incidence of different 
serotypes of Salmonella in poultry farms with 
similar hygienic practices at the beginning and 
the end of the rearing period to ascertain the 
source of Salmonella contamination in flocks. 

MATERIALS AND METHODS 

Ten poultry houses were selected for investi
gation using the following criteria: 1) isolation 
from other industrial farms, 2) protection against 
birds and rodents, 3) motivation and efficiency 
of the farmers, and 4) ease of cleaning and dis
infection of silos. Buildings had dirt floors with 
walls made of asbestos cement and conglomer
ate. 

Houses were washed before manure removal, 
followed by sweeping and spraying with a 
phenol-base disinfectant. Formaldehyde fumiga
tion (10 to 15 kg of formaldehyde powder/1000 
m2) was done 48 hr before arrival of the chicks. 
Manure was removed after each brood and, on 
average, the houses remained vacant for 2 weeks 
between broods. Sixteen to 21 successive flocks 
from each of 9 poultry houses were examined; 
in a 10th house, (C) only six flocks were studied. 
Samples were collected at the time of chick arri
val and at the end of the rearing period to ascer
tain the possible succession of Salmonella dur
ing rearing period. Birds were about 42 days of 
age when slaughtered. 

Bacteriological samples were taken at the 
time of arrival of chicks and at the end of the 
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rearing period. Environmental swabs (500 cm2 

each) were made by use of sterile linen (40 x 
40 cm) moistened with sterile buffered peptone 
solutions (peptone 10 g, NaCl 5 g, NaH2P04 

9.0 g, KHP04 1.5 g, distilled water 1000 ml, 
pH 7.2). For each house three swabs each were 
taken from walls, drinkers, and feeders. 

Litter samples (50 g) in triplicate were taken 
from three to four places in the broiler house 
and collected in sterile plastic bags. Insects were 
also analyzed in one experiment. 

Water samples (50 to 100 ml) were taken 
from four or five fountains with a sterile syringe. 
Skin and viscera of day-old chicks (5 per house 
per sampling time) were studied. Feed samples 
(200 g) were collected from trucks before feed 
was stored in bulk feeders. Numbers examined 
varied according to poultry house. 

A total of 5329 samples was examined: 2291 
from the first day, 2105 at the end of the rearing 
period, 557 from feed, and 376 from carcasses 
examined in the processing plant. 

Salmonella were isolated by enrichment serol
ogy (Sperber and Deibel, 1969; Boothroyd and 
Baird-Parker, 1973) as adapted for poultry prod
ucts by Lahellec and Colin (1977) and by conven
tional method. The conventional method en
tailed preenrichment at 37 C for 18 h in buffered 
peptone solution followed by enrichment in tet-
rathionate broth (no. 41302, Institut Pasteur, 
Lille) and then plating on brilliant green agar 
(Kristensen medium, no. 64467, Institut Pasteur, 
Paris). Strains were identified by their biochem
ical properties using the miniaturized methods 
of Fung and Hartman (1975) as adapted by Lahel
lec and Colin (1981). 

RESULTS AND DISCUSSION 

Table 1 indicates that 34 flocks out of 180 
were found to be contaminated on the first day. 
These results include chicks (in 6 cases), sam
ples from the environment (in 25 cases), or 
chicks and environment (in 3 cases). Table 1 
shows that the percentage of samples found to 
be contaminated by resident strains on the first 
day in the house is quite low, but it increased 
significantly at the end of the rearing period. 
Absence of detectable Salmonella on the first 
day does not necessarily mean that contamina
tion will not occur during the rearing period. In 
addition, serotypes identified the 1st day may 
remain in the environment and can be found at 
the end of the rearing period of successive flocks 
even if not recovered in intermediate flocks, as 

shown in Table 2. In fact, when examining dif
ferent serotypes isolated from the 10 poultry 
houses (Table 3), it becomes apparent that the 
resident Salmonella in the poultry farms is far 
more important than Salmonella isolated later 
during the rearing period in terms of contamina
tion of the flocks. 

Nevertheless, additional serotypes are reco
vered during the rearing period, as shown in 
Table 1. Of course, there is a possibility that 
sample size and numbers were not large enough 
to detect the presence of Salmonella on the 1st 
day, but other possible sources have also to be 
taken under consideration. 

In a separate experiment, feed contamination 
by Salmonella was examined. From a total of 
557 samples only 7 were contaminated. The 
strains included S. saint paul, S. senftenberg, 
S. Livingstone, and S. infantis, recovered from 
the feed delivered to 4 farms. Identical serotypes 
were found in only two cases in both the feed 
and the poultry house at the end of the rearing 
period. This excludes feed as a major source of 
contamination of Salmonella in poultry houses. 

Other sources, such as the farmers them
selves, should be considered, such an approach 
was not possible during the present experiment. 

Samples were examined from poultry farms 
for sources of Salmonella contamination in the 
environment and chicks (Table 4) on the 1st day 
of chicks arrival. Walls of poultry houses pro
vided the highest frequencies of recovery of Sal-
monella. The contamination of walls might have 
come from soils, insects, etc. In general, at the 
end of the rearing period drinkers had the highest 
incidence of Salmonella contamination, al
though in one house chicks had the highest and 
in another feeders had the highest. 

It is important to note that although all houses 
practice the same hygienic procedures, high vari
ations of contamination occur among houses at 
the end of the rearing period. 

This was a qualitative Salmonella investiga
tion (i.e., all or none in each sample) only. When 
quantitative investigations are made (i.e., 
number of Salmonella in each sample) other 
facets of Salmonella contamination may be dis
covered. 

In conclusion, in this study resident Sal
monella, and not other serotypes isolated during 
the rearing period, constituted the most impor
tant contamination source of Salmonella in the 
flock. However, other studies indicate that newly 
placed chicks may also be an important source 
of contamination. The conditions of colonization 
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TABLE 3. Influence of Salmonella serotypes isolated the first day on the final contamination of poultry farms 

Poultry 
farm 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

Total of Salmonella-
contaminated 
samples 

84 
62 

6 
56 
30 
53 
42 
37 
85 
20 

Samples contaminated 
by serotypes 
the first 

<no.) 
57 
53 

0 
49 
17 
30 
19 
34 
70 

0 

day 
isolated Serol 

thef: 

(%) 
67.9 
85.5 

0 
87.5 
56.7 
56.6 
45.2 
14.6 
82.4 

0 

Serotypes isolated 
the first day/total serotypes 

Total 475 329 69.3 

TABLE 4. Salmonella isolations on the first day according to sources 

Poultry 
farms in 
France 

Source of Salmonella contamination 

Drinkers Feeders Walls Soil Feed Insects Chicks 

A 
B 
C 
D 
E 
F 
G 
H 

J 

Total 

1 
1 

5 
7 

16 

(no. flocks) 

1 
21 

1 
1 
1 

1 One flock was positive for chicks and soil. 

of poultry guts by Salmonella remain to be eluci
dated. 
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