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SUMMARY

An observational study examining prevalence of Campylobacter and Salmonella in envi-
ronmental samples and biosecurity interventions to mitigate these 2 pathogens was performed
for 3 consecutive flocks on a commercial broiler farm in northeast Georgia. Monitoring was
performed first on a baseline flock for which no interventions or treatments were undertaken.
The same monitoring was performed for 2 subsequent flocks which underwent biosecurity in-
terventions and pest management treatments designed to prevent introduction and transmission
of Campylobacter and Salmonella. In addition to environmental sampling for the 2 treatment
flocks, fly, darkling beetle, water line, and cecal samples were collected. No management inter-
ventions were instituted within or between flocks other than those prescribed by study design.
Complete prevention of Campylobacter and Salmonella was unsuccessful in the treated flocks
but differences in prevalence were apparent although only 2 statistically significant differences
were found between study flocks. Study data also revealed interesting patterns with respect to
location and timing of positive isolations of Campylobacter and Salmonella.
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DESCRIPTION OF PROBLEM

Campylobacter and Salmonella are the lead-
ing causes of bacterial foodborne illness in de-
veloped nations globally [1, 2] and are respon-
sible for an estimated 1.8 million cases an-
nually in the United States alone [3]. Poultry
products are among the most commonly impli-
cated sources for human infection [2, 4]. The
National Antimicrobial Resistance Monitoring
System, established in 1996, monitors cases of
human infections, food-producing animals, and

1Corresponding author: elstin@uga.edu

finished retail meats for enteric bacteria and sets
the Food Safety Inspection Service performance
standards for Campylobacter and Salmonella in
commercial poultry processing. As concern over
food safety and scrutiny of the poultry industry
continues to mount, so too has interest in better
controlling these pathogens at the farm level [5–
7]. The National Antimicrobial Resistance Mon-
itoring System is conducting pilot studies at the
farm level to better assess the control of these
pathogens at this level of production and the fea-
sibility and utility of preharvest sampling.

A wide variety of sources of Campylobacter
and Salmonella infection have been identified in
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poultry including water, litter, rodents, and in-
sects such as flies and darkling beetles [8–11].
This study was undertaken to identify what real-
istic, cost-effective interventions concentrating
in general biosecurity measures and pest man-
agement could be performed at the farm level to
mitigate infection of commercial poultry flocks
with these pathogens.

MATERIALS AND METHODS

Description of Broiler Farm

This study was conducted on an approx-
imately 30-year-old, 2-house contract broiler
farm in Northeast Georgia. Farm layout and
house design were typical for the local indus-
try. Houses had solid side wall construction,
dirt floors, cooling cells, tunnel ventilation, pan
feeder lines, and nipple drinker lines. Each house
was placed with 18,900 chicks for all 3 flocks fol-
lowed during the study; these flocks were raised
on an antibiotic free program. The grower was
considered an above average grower in terms of
management and performance by the production
company.

Experimental Design

Campylobacter and Salmonella prevalence
were measured across 3 flocks via weekly en-
vironmental sampling inside and outside of the
2 houses. For the first flock, Flock 1, no inter-
ventions or treatments were applied; the grower
managed the flock following the normal com-
pany procedures and results were monitored to
establish values for a baseline flock. For the sub-
sequent 2 flocks, Flock 2 and Flock 3, respec-
tively, biosecurity interventions were undertaken
prior to flock placement and, at times, during
the life of the flock. In addition to environmen-
tal monitoring, the shavings preplacement, chick
hatch debris, fly and beetle traps, waterlines, and
preprocessing cecal samples were cultured dur-
ing Flock 2 and Flock 3.

Cleaning and Disinfection

With the aim of ensuring an environment free
of the targeted pathogens, an extensive cleaning

program was instituted prior to placement of the
test flocks, Flock 2 and Flock 3. Cleaning and
disinfection of the houses entailed full removal
of all litter and debris down to the dirt pad, fol-
lowed by a hot water wash of the house, subse-
quently followed by disinfection with formalde-
hyde [12]. All water lines were cleaned and dis-
infected with a chlorine bleach product. A full
3 wk downtime was enforced prior to placement
of the new flock. All-new, baled in plastic, kiln-
dried, and formaldehyde-fumigated pine wood
shavings were used in each house.

Biosecurity Interventions

Biosecurity measures above those normally in
place were enacted in an attempt to prevent intro-
duction of Campylobacter and Salmonella onto
the farm and into the houses during the study.
Within the entry room to each house, plywood
benches were constructed as step-over barriers,
requiring the grower and any personnel entering
the house to remove outside footwear and put
on boots designated solely for that house before
entering the bird space. The grower was also re-
quested to use alcohol hand gel when leaving and
before entering to work with the birds. Separate
equipment, such as shovels, buckets for collect-
ing mortality, brooms, and drills, was designated
for each house. In order to limit entry to the
houses, the company flock supervisor was held
off the farm during the study and no visitors or
personnel other than the grower and study in-
vestigators were allowed to enter; all doors were
maintained locked with signage indicating the
restricted access. All old litter from the previ-
ous flock was spread off farm, at least 200 m
away from farm property. Other species of live-
stock were fenced at least 100 m from the farm
perimeter [13]. One breeder source flock was
used per house in each placement to mitigate
risk of contamination and facilitate traceability
in case of evidence of vertical transmission.

Pest Management and Treatments

To reduce the risk of pathogen transfer by
pests into the treatment area, extensive measures
were taken to reduce pest numbers and limit
pest movements into the farm from surround-
ing areas. The following methods were used to
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accomplish this task. Fly jug traps [14] were
placed around the perimeter of the farm to inter-
cept flies immigrating into the study area. These
jug traps were placed 15 to 30 m from the exte-
rior of the houses and spaced approximately 30
m apart. Fly abatement strips [15] were place on
all 4 corners of each house, outside of the ante-
rooms, and under the feed bins. The anteroom
of each house was fogged when needed with a
natural pyrethrum aerosol [16] to kill adult flies
and prevent entry of flies into the houses. Fly
bait [17] was placed around the cleanout doors
and outside the anteroom doors before the study
flocks were placed and periodically throughout
the study when adult flies were observed.

Measures were also taken to prevent rodent
entry into the houses. Multiple catch devices [18]
were placed on each side of every door for both
houses and on each side of the cool cell pads.
Around the perimeter of the houses bait stations
[19] were placed every 15 m and baited with
an approved rodenticide. Any burrows or other
areas that showed signs of possible rodent infes-
tation were baited with rodenticide place packs.

Flock 1. No specific insecticide treatments
were made during Flock 1 of the study to con-
trol pests in the houses. Any treatments for pests
made during this flock and in previous flocks
were characteristic of industry standard proce-
dures for broiler houses in the region.

Flock 2. After complete litter removal down
to the dirt pad and washing and disinfection,
treatments unique to Flock 2 for controlling pests
for the study site were as follows for each house.
An initial pesticide application was made in an
attempt to control arthropods common to broiler
houses in cracks and crevices of the houses with
the primary target being Alphitobius diapernis
(A. diapernis) (Panzer; darkling beetle). The ap-
plication was made by tank mixing the follow-
ing pesticides in 95 L water: 1.89 L 23% tetra-
chlorvinphos, 5.3% dichlorvos [20], and 1.89 L
23.6% permethrin [21]. This mixture was ap-
plied by spraying cracks and crevices ceiling
to floor. After this treatment, all concrete ex-
pansion joints were caulked with an elastomeric
polyurethane sealant [22]. In House 1 only, ad-
hesive aluminum flashing (15.2 cm) [23] was
applied to the concrete stem wall metal siding
lap on the interior of the house to prevent A. di-
apernis and other arthropods from climbing the

stem walls and gaining access to areas behind
the siding of the house. Prior to the placement
of disinfected shavings and immediately before
bird placement a residual treatment of the floor
was made from the feed lines up the stem wall to
the adhesive aluminum flashing [23]. This treat-
ment consisted of the following pesticides tank
mixed in 95 L water applied with an all-terrain
vehicle boom sprayer: 1.33 L 24% clothianidin
[24], 1.77 L 42.8% imidacloprid [25], and 1.89 L
20% chlorpyrifos [26]. Boric acid, 0.45 kg, was
applied under the feed lines in House 1 only.
All-terrain vehicle tires and shoe covers were
disinfected with quaternary ammonium before
entering each house. During wk 2 of the flock
118 mL 36.8% permethrin [27] was diluted in
15 L water and applied under the feed lines of
each house with a backpack sprayer.

Flock 3. Treatments unique to Flock 3 for
controlling pests at the study site were as fol-
lows for each house. After depopulation of Flock
2, 2.84 L 23.4% dimethoate [28] in 95 L water
was sprayed into the cracks and crevices of each
house. An additional tank mix in 95 L water was
sprayed on the floor from under the feed lines
up the stem wall to the metal siding on the walls
of the house with an all-terrain vehicle boom
sprayer. This tank mix was comprised of 1.77
L 42.8% imidacloprid [25], 118 mL gamma-
cyhalothrin [29], and 227 g 5% deltamethrin
[30]. One wk later another tank mix in 757 L
water was sprayed evenly over the entire floor of
each house with a turf grass sprayer fitted with
a boom. This tank mix was comprised of 1.33
L 24% clothianidin [24], 1.89 L 23.6% perme-
thrin [21], and 0.95 L 91.3% piperonyl butoxide
[31]. House 1 received a whitewash treatment
covering the entire floor and stem wall of the
house. The whitewash solution contained the fol-
lowing ingredients mixed with water to form a
slurry: 907 kg dehydrated lime, 22.7 kg salt, 5.44
kg 50% tetrachlorvinphos [32], and 3.63 kg 5%
deltamethrin [30]. On d 1 placement, spot treat-
ments were made under the feed lines of both
houses to target any remaining darkling beetle
adults or larvae. This treatment was applied with
a backpack sprayer containing 118 mL 36.8%
permethrin [27] tank mixed with 45 mL 91%
pipronyl butoxide [31] in 15 L water for each
house. A summary of pesticide treatments for
each flock can be seen in Table 1.
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Table 1. Pesticide treatments applied by flock.

Flock House Pre Placement Post Placement

1 1 None None
2 None None

In 95 L water:
1.89 L 23% tetrachlorvinphos, 5.3% dichlorvos,
1.89 L 23.6% permethrin

In 15 L water:
118 mL 36.8% permethrin

1 In 95 L water:
1.33 L 24% clothianidin, 1.77 L 42.8%
imidacloprid, and 1.89 L 20% chlorpyrifos

2 0.45 kg boric acid
In 95 L water:
1.89 L 23% tetrachlorvinphos, 5.3% dichlorvos,
1.89 L 23.6% permethrin

In 15 L water:
118 mL 36.8% permethrin

2 In 95 L water:
1.33 L 24% clothianidin, 1.77 L 42.8%
imidacloprid, and 1.89 L 20% chlorpyrifos
In 95 L water:
2.84 L 23.4% dimethoate

In 95 L water:
1.77 L 42.8% imidacloprid, 118 mL
gamma-cyhalothrin, and 2.3 kg 5% deltamethrin

In 15 L water:
118 mL 36.8% permethrin tank
mixed with 45 mL 91% pipronyl
butoxide

1 In 757 L water:
1.33 L 24% clothianidin, 1.89 L 23.6% permethrin,
0.95 L 91.3% Piperonyl butoxide

3 Whitewash treatment: 907 kg dehydrated lime,
22.7 kg salt, 5.4 kg 50% tetrachlorvinphos, 3.6 kg
5% deltamethrin mixed with water to slurry
In 95 L water:
2.84 L 23.4 % dimethoate

In 15 L water:
118 mL 36.8% permethrin tank
mixed with 45 mL 91% pipronyl
butoxide

2 In 95 L water:
1.77 L 42.8% imidacloprid, 118 mL
gamma-cyhalothrin, and 2.3 kg 5% deltamethrin

In 757 L water:
1.33 L 24% clothianidin, 1.89 L 23.6% permethrin,
and 0.95 L 91.3% piperonyl butoxide

Sampling and Culture Methodology

Prior to placement of Flock 2 and Flock 3, the
new shavings were cultured for Campylobacter
and Salmonella. Samples of hatch residue and
chick fluff from each hatcher basket that sup-
plied chicks to the flocks were also sampled
for Campylobacter and Salmonella cultures. All
samples were placed in buffered peptone water
(BPW) [33].

Throughout all 3 flocks monitored during the
course of the study, weekly environmental sam-
pling was performed in order to measure the
prevalence of Salmonella and Campylobacter.
Beginning prior to placement, testing the new
litter, through the last week of the flock, this was
accomplished through boot sock [34] samples
taken for each house in the following manner: 4
taken in the interior of the house (2 to cover each
half of the house) and 2 for the exterior perimeter
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Figure 1. Diagram of boot sock sampling.

of the house (see Figure 1). Boot socks were pre-
moistened with BPW [33] and transported from
farm to laboratory in this media on cool packs
in insulated coolers.

Darkling beetle counts and cultures were per-
formed at 3 time points, wk 3, 5, and 7 during
Flock 2 and Flock 3. Flies, sampled from the
flies traps around the exterior perimeter of the
houses, were also cultured at these time points.
Beetle traps, consisting of a 30.5 cm length of
polyvinyl chloride pipe with rolled corrugated
cardboard in the interior, were placed, 10 per
house at even intervals every 22 m along the
side walls, and left in place for 1 wk before
collection. Beetles and larvae were enumerated
from each trap and tallied for each house. Sam-
ples were macerated and placed in BPW [33] for
culture.

Four waterline samples per house, one from
the regulator end of each line in each house, were
collected at 24 h prior to processing for Flock 2
and Flock 3. At the same time point, 20 cecal
samples were collected from each house. Divid-
ing each house into 4 even sections, 5 birds were
selected from each quarter. Cecae were collected
from each bird aseptically and placed in indi-
vidual sterile plastic bags. Cecal samples were
placed in BPW [33] and stomached for 30 s prior
to culturing.

Salmonella culture. All samples were
cultured following the same protocol for
Salmonella. Following addition of BPW [33],
samples were incubated at 42◦C for 24 h in Ha-
jna tetrathionate broth [35], then struck onto
XLT4 [36] agar plates, and incubated at 37◦C
for 24 h. Suspect colonies were subcultured on
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blood agar plates [37] and incubated at 37◦C for
24 h with 7% CO2. Delayed secondary enrich-
ment was performed for all samples negative on
first enrichment. Isolates were serogrouped and
then inoculated into DNAse/RNAse free water
[38] to be used for later genomic DNA isolation
[39]. Aliquots were also saved in cryoprotective
media [40] at −80◦C. Intergenic sequence ribo-
typing was performed to determine serovar using
primers and protocols described in Guard et al.
2012 [41].

Campylobacter culture. All samples were
cultured following the same protocol for Campy-
lobacter. Following the BPW [33], 1.5 mL sam-
ples were placed in 13.5 mL Bolton’s broth
[42] and incubated at 42◦C for 24 h then struck
to Campy–Cefex agar [43] and incubated with
Campy gas at 42◦C for 48 h. Samples from the
BPW [33] were also inoculated directly onto
blood agar plates with 0.45 μm membrane fil-
ters [44] and incubated with Campy gas 42◦C
for 48 h. Suspect colonies were then subcultured
onto blood agar plates [37] and incubated in
the same manner as the Campy–Cefex plates.
Biochemical testing (oxidase, indoxyl acetate,
and Gram stain) was used to confirm identifi-
cation as Campylobacter. Isolates were inocu-
lated into DNAse/RNAse free water [38] to be
used for later genomic DNA isolation [39] and
aliquots were also saved in cryoprotective media
[40] at −80◦C. Campylobacter species PCR for
the detection of Campylobacter jejuni (C. jejuni)
and/or C. coli, and C. lari was performed using
the RapidFinder Campylobacter multiplex assay
beads according to the manufacturer’s directions
[45].

Data Analysis

Salmonella and Campylobacter prevalence
were compared between flocks using general-

ized estimating equations logistic regression to
account for the correlation between responses of
samples collected from the same house. General-
ized estimating equations models were estimated
using robust standard errors and an exchangeable
working correlation structure. Pairwise compar-
isons were performed using the Bonferrroni pro-
cedure to limit the Type I error rate to 5%
over all comparisons. All statistical testing as-
sumed a 2-sided alternative hypothesis, and ∗P <

0.05 was considered significant. Analyses were
performed using commercially available STATA
statistical software [46].

RESULTS AND DISCUSSION

Flock 1

Environmental sampling for Salmonella dur-
ing the baseline flock revealed an overall preva-
lence in both houses over life of the flock of 25%.
Overall, most of the positive samples came from
samples taken inside the house, 73%. The ma-
jority of positive samples, 68% of total positive
isolations, came from House 1. Prevalence data
by house and by week is presented in Table 2.

Environmental sampling for Campylobacter
during the baseline flock revealed an overall
prevalence in both houses over life of the flock of
28%. Overwhelmingly, the greatest percentage
of positive samples, at 84%, was compromised
of samples from inside the houses. The number
of positive samples from each house was evenly
split between the 2 houses, 48% and 52% from
House 1 and House 2, respectively. Prevalence
data by house and week is presented in Table 3.

Beetle counts performed at wk 6 for Flock 1
revealed counts consistent with average numbers
for houses in the region [47]. House 2 had nearly
double the number of beetles and larvae than did
House 1. Beetle counts by house are presented in

Table 2. Salmonella isolations by flock, house, and week (# positive/# boot socks).

Flock House Wk 0 Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8

1 1 1/6 0 0 2/6 4/6 5/7 3/7 – –
2 0 0 0 2/6 2/6 1/7 2/7 – –

2 1 0 0 3/6 0 4/6 4/7 5/6 4/7 4/6
2 3/6 1/6 0 1/7 0 0 0 0 0

3 1 0 0 1/6 4/7 3/6 3/7 0 2/7 0
2 0 1/6 3/6 4/7 0 3/7 2/6 0 0
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Table 3. Campylobacter isolations by flock, house, and week (# positive/# boot socks).

Flock House Wk 0 Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8

1 1 0 0 0 0 4/6 4/7 4/7 – –
2 0 0 0 0 2/6 6/7 5/7 – –

21 1 1/6 0 1/6 2/7 0 4/7 1/6 3/7 1/6
2 0 0 0 1/7 0 1/7 5/6 6/7 6/6

32 1 0 0 0 2/7 2/6 7/7 4/6 5/7 5/6
2 0 0 0 0 2/6 5/7 4/6 5/7 4/6

1The outside boot socks of Flock 2 had significantly higher levels than Flock 1 (P < 0.001), but did

not differ significantly from Flock 3.
2The inside boot sock samples of Flock 3 were significantly higher (P < 0.001) than Flocks 1 and

2, which did not differ significantly from each other.

Table 4. Darkling beetle and larvae counts by flock, house, and week.

Wk 3 Wk 5 Wk 7
Flock House Adults Larvae Adults Larvae Adults Larvae

1 1 – – 1,270 2,904 – –
2 – – 5,083 9,589 – –

2 1 25 5 60 225 6,841 15,638
2 4 0 81 161 1,684 3,176

3 1 18 0 44 107 1,153 2,635
2 1 0 18 5 147 249

Table 4. Beetles sampled in House 2 were pos-
itive for C. jejuni and Salmonella typhimurium
(S. typhimurium).

Flock 2

Environmental monitoring of Salmonella dur-
ing Flock 2 revealed an overall prevalence of
25% including both houses over the life of the
flock. The majority of positive isolations, 86%,
came from interior samples and the majority of
positives came from House 1, at 83% of the total
positive samples. Prevalence data by house and
by week is presented in Table 2. None of the
beetle samples were positive for Salmonella.

Campylobacter monitoring for Flock 2 found
an overall prevalence in both houses of 28% over
the life of the flock. Interior samples accounted
for 65% of all positive environmental samples.
Samples from House 2 accounted for 59% of
the positive samples. Prevalence data by house
and week is presented in Table 3. Of the dark-
ling beetles sampled, 33% of the samples were
positive for C. jejuni.

Beetle counts performed at wk 3, 5, and 7
showed impressively low numbers at the first

time point, a mild increase, mostly in number
of larvae, at the second sampling and a return
to high numbers of both adults and larvae by
the end of the flock. Beetle counts by house are
presented in Table 4.

Cecal samples taken 24 h prior to process-
ing yielded no isolations of Salmonella but were
overwhelmingly positive for Campylobacter, at
70 and 85% of samples in Houses 1 and 2, re-
spectively. There were no positive isolations of
either bacteria from the chick hatch residue, wa-
ter line, or fly samples.

Flock 3

Salmonella prevalence in environmental sam-
ples from both houses combined over the life of
Flock 3 was 23%. Positive samples were evenly
split between House 1 and house 2. An over-
whelming 88% of all positives came from sam-
ples taken inside of the houses. Prevalence data
by house and by week is presented in Table 2.
None of the beetle, fly, hatch residue, water line,
or cecal samples yielded Salmonella isolations.

Campylobacter environmental prevalence in
both houses over the life of Flock 3 was 39%.
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Figure 2. Environmental Salmonella prevalence by flock.

The majority, 84%, of the positive samples
came from inside the houses and the number of
samples contributed by each house was relatively
close at 56% from House 1 and 44% from House
2. Of the darkling beetles sampled, 67% of the
samples were positive for Campylobacter, re-
sulting in isolations of both C. jejuni and C. coli.
Prevalence data by house and week is presented
in Table 3. No positive isolations were made from
the samples from the hatch residue, water lines,
or fly samples.

Beetle counts over the 3 collection points dur-
ing Flock 3 once again demonstrated impres-
sively low numbers at the first sampling, still
relatively few beetles and larvae at 5 wk, but by
7 wk, the numbers of darkling beetle adults and
larvae had rebounded, although the levels were
still generally lower than in previous flocks. Bee-
tle counts by house are presented in Table 4.

Cecal samples taken from the birds 24 h prior
to processing were negative for Salmonella but
70% and 100% of samples in House 1 and House
2, respectively, were positive for Campylobacter.

Comparison of Flocks

Prevalence of Salmonella was very similar
across all 3 flocks. Serovars isolated also re-
mained very consistent with S. typhimurium be-
ing isolated most consistently with 3 isolations
of S. kentucky occurring, two in Flock 1 and one
in Flock 2.

Prevalence of Campylobacter did not vary
greatly between all 3 flocks; only 2 statisti-
cally significant differences were found. The
inside boot sock samples of Flock 3 were sig-
nificantly higher (P < 0.001) than Flocks 1

and 2, which did not differ significantly from
each other. The outside boot socks of Flock
2 had significantly higher levels than Flock 1
(P < 0.001), but did not differ significantly
from Flock 3. The Campylobacter species iden-
tified across the study was primarily C. je-
juni; isolations of C. coli occurred consis-
tently in House 2 during Flock 3. Prevalence
of Salmonella and Campylobacter comparisons
of all 3 flocks are presented in Figures 2 and 3,
respectively.

Generally the 2 houses had their first posi-
tive samples at the same time point, when there
was a difference; however, the difference did
not last more than 1 wk before the other house
turned positive. With respect to Salmonella, the
inside samples yielded positive isolations at time
points before the outside samples in all 3 flocks,
possibly indicating that the source of infection
was coming from or already in place inside the
houses. The same pattern was not seen with
Campylobacter however. Isolations of Campy-
lobacter did not generally appear until after the
first few weeks of age, a finding consistent with
typical Campylobacter biology and epidemiol-
ogy in poultry [48, 49] and afterwards remained
highly positive for the life of the flock. Of inter-
est was the sequence of positive darkling beetle
samples, which occurred in every flock 2 to 4 wk
after the first positive environmental isolations
occurred in the houses. While their role as me-
chanical vectors [9, 49] may appear less obvious
from these results, it is still possible that the bee-
tle populations may have carried over pathogens
from one flock to another. It was evident from the
beetle counts at early time points throughout the
study that it is possible to achieve good control
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Figure 3. Environmental Campylobacter prevalence by flock.

of these pests; however, the control and resid-
ual effect of the products used did not appear
sufficient to completely suppress the population
throughout the life of the flock, at least in dirt
floor houses as used in this study. Continuing an
aggressive beetle control program through addi-
tional flocks could eventually curb this pest pop-
ulation and eliminate their potential as pathogen
vectors. It is obvious, however, that a robust
and consistent program would be necessary to
achieve this, especially in dirt floor housing sys-
tems that lack a prior history of continuous pest
management. Performance parameters including
livability, feed conversion, weight, and condem-
nations did not vary significantly between all 3
flocks.

Confounding Factors

Average daily rainfall [50] over the study
period was more than double that for the pre-
vious 3 yr and average daily temperature [50]
was 5◦F cooler than average temperature in the
same period for the previous 3 yr; both factors
which could have positively affected survival of
Campylobacter in the external environment dur-
ing the study period. Additionally, while pest
control during the study was excellent; for ex-
ample, there were less than 5 mice found over
the entire study period, there was evidence of
other small mammalian activity near the houses
such as paw prints and feces, indicating the pos-
sibility of horizontal spread from other species
[51, 52]. However, the boot change protocol in-
stituted during the study should have negated this
possibility.

CONCLUSIONS AND
APPLICATIONS

1. Strict biosecurity measures alone may not
be sufficient to control ubiquitous environ-
mental pathogens at the farm level of pro-
duction.

2. Strict pest management with currently avail-
able products, such as the compounds used
in this study, alone may be insufficient for
adequate control of potential vectors for the
entire production cycle.

3. Further analysis, including enumeration,
may be required to determine if a com-
bined biosecurity and pest management ap-
proach has a significant effect at decreasing
pathogen load at the farm level.

4. Adequate control of Salmonella and Campy-
lobacter at the farm level of production
may require a multifaceted approach in-
cluding biosecurity, pest management, and
other factors such as probiotic treatments or
vaccines.
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