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ABSTRACT
Information on lairages (regarding design, construction materials, and use of bedding and cleaning regimes) was collected
for 21 commercial cattle and/or sheep abattoirs in southwest England. Overall, roughened or grooved concrete was the most
common lairage  ooring material. Straw bedding was used in the majority of lairages and was changed between animal
batches, daily, weekly, and monthly in roughly 5, 60, 15, and 10%, respectively, of the surveyed lairages. Lairages were
commonly washed with cold water with no detergents and/or disinfectants, and only about half the lairages were washed daily.
Also, a three-pathogen cocktail inoculum comprising Escherichia coli O157 (NCTC 12900), Salmonella Kedougou (VLA
S488/01), and Campylobacter jejuni (VLA C4) (at 8, 8, and 7 log CFU/ml or 8, 8, and 7 log CFU/g, respectively) was
suspended in either broth (for nonfecal contamination) or bovine feces (for fecal contamination). Samples of the four most
common substrates present in lairages (concrete, straw, metal, and hide) were contaminated in vitro with either fecal or nonfecal
inocula and subsequently held in the laboratory at 10 or 258C for 1 week. Bacterial counts for these samples were monitored
daily and used to assess the number of days required for a 90% reduction of each pathogen population. In most cases, pathogens
survived for .1 week, with survival rates being higher for straw or hide than for concrete or metal and higher for fecal
contamination than for nonfecal contamination. Overall, if survival rates for the three pathogens under practical lairage conditions were similar to the in vitro survival rates found in this study, contamination of lairages with pathogens could be carried
over from one batch of animals to another and/or from one day to the next.

Healthy cattle can be a reservoir for the major foodborne pathogens Escherichia coli O157, Salmonella spp.,
and Campylobacter spp. (9, 11, 38), and these organisms
can be transferred from hides to meat during the slaughter
and dressing of carcasses (31, 45, 46, 49, 50). The coats of
animals destined for slaughter are a signi cant source of
contamination of the resultant carcasses (7, 45). Consequently, an antemortem visual assessment of animal cleanliness via a scoring system is being used to prevent grossly
contaminated animals from entering the slaughter line (28,
42). The lairaging of animals prior to slaughter can result
in both animal-animal and animal-environment-animal
cross-contamination (3, 44, 52) due to the potential persistence of foodborne pathogens in the environment in spite
of routine cleaning procedures (15, 44, 47).
The excretion of foodborne pathogens by animals and
contamination of animals with foodborne pathogens can increase as lairage time increases (1, 36, 43). Slaughterhouse
lairages are designed primarily to facilitate animal handling
and promote animal welfare and are constructed from materials that are durable and relatively easy to clean, thus
reducing the risk of a buildup of pathogens (13, 17–19, 24,
26). Straw bedding may be provided, depending on the spe-

cies held and the length of holding time, and such bedding
may transfer contamination on the coats of animals (26,
32). However, there is little systematic information on actual lairage operation and cleaning regimes under commercial conditions and/or their effectiveness in preventing the
accumulation of and cross-contamination with foodborne
pathogens just before slaughter. Numerous published studies have shown that pathogenic bacteria can survive in
farm-related environments for very long periods (6, 22),
e.g., Salmonella Dublin was found to survive on fecally
contaminated surfaces (nonwoven polyester, rubber, and
concrete) for almost 6 years (40), and E. coli O157 was
found to survive in bovine and ovine manure for several
months (30). There is comparatively little information on
the persistence of pathogens speci cally in the immediate
preslaughter environment and on the hides of slaughter cattle (8, 27, 48).
For these reasons, the main goals of the present study
were (i) to obtain basic information on the routine operation
of lairages at commercial cattle and sheep abattoirs and (ii)
to assess the survival characteristics of E. coli O157, Salmonella, and Campylobacter under in vitro conditions simulating lairage conditions.
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Information on commercial lairage operations. From 21
commercial abattoirs (17 slaughtering both cattle and sheep, 2
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slaughtering cattle only, and 2 slaughtering sheep only) in southwest England, basic information on the design of, the materials
used for the construction of, and the use of bedding and cleaning
regimes in lairages was gathered via a questionnaire. This information was validated through subsequent visits to most of the
participating abattoirs. The abattoirs were grouped according to
throughput status according to the abattoir license (2). Fifteen abattoirs were full-throughput abattoirs (slaughtering more than 20
livestock units per week), and six were low-throughput abattoirs
operating 1 or 2 days per week (slaughtering less than 20 livestock
units). One livestock unit corresponds to 1 cow, 10 sheep, or 7
swine.

Inoculation of lairage-related substrates. Samples of four
test substrates were used: smooth concrete (1.5-cm-diameter circular surfaces) handmade from a commercially available mixture,
raw hide (washed three times in 508C water and dried in air;
square surfaces, 2 by 2 cm), unpainted galvanized steel (2-cmdiameter circular surfaces), and cut straw (1-g portions). Each of
these samples was contaminated either fecally (with 1 g of the
fecal inoculum) or nonfecally (with 0.3 ml of the nonfecal inoculum) by spreading the inoculum on the upper surface (for concrete, hide, and metal) or by mixing (for straw). The samples were
placed (contaminated surfaces up) in the bases of sterile petri dishes and stored at either 10 or 258C. For each sample at each temperature, two identical subsamples were used; one was stored at
a high relative air humidity (90 to 96%) in a sealed plastic bag
containing a wetted cellulose sponge, and the other was stored at
a low humidity (40 to 49%) in a sealed plastic bag containing
silica gel. Humidity was measured with a portable air humidity
meter in preliminary experiments. The required number of samples was taken and examined immediately after preparation (time
0) and then daily over a 1-week period.
Sample analysis. For the direct plating method, three samples (see above) of each of the test substrates were placed in a
sterile stomacher bag, and an amount of Sorensen’s phosphate
buffer (pH 7) that was ninefold larger than the original amount of
the inoculum was added. The bags were manually squeezed for 2
min to release the bacteria from the sample. Subsequently, a series
of decimal dilutions in maximum recovery diluent (Oxoid, Basingstoke, UK) were prepared. Each dilution was spread plated in

triplicate onto xylose lysine desoxycholate (Oxoid), sorbitol
MacConkey agar (CT-SMAC; Oxoid; containing 25 ml of ce xime per 500 ml and 25 ml of potassium tellurite [Dynal, Oslo,
Norway] per 500 ml), and modi ed charcoal cefoperazone deoxycholate agar (mCCDA; Oxoid; containing selective supplement SR155E [Oxoid]) plates to determine counts of Salmonella
Kedougou and E. coli O157 (after 24 h of incubation at 378C)
and C. jejuni (after 48 h at 428C), respectively. For each pathogen,
counts were determined at time 0 and then daily over a 1-week
period. Counts were converted into terms of log10 CFU/ml or
log10 CFU/g and used to calculate D108C - and D258C -values (times
[in days] required for 90% reductions of a pathogen’s population).
For this study, for each sample, D-values obtained from two subsamples (high- and low-humidity samples) were used to calculate
an arithmetic mean value. Whereas under practical lairage conditions in England air humidity varies widely between seasons
and days (and even during the same day), in practice neither extremely high nor extremely low humidity would have been constant throughout a 1-week period.
For the enrichment method (i.e., to determine the presence
or absence of a pathogen), the 102 1 dilution of the fecally contaminated sample was added to ninefold larger volumes of tryptone soya broth (containing 1.5 g of bile salts per liter, 1.5 g of
K2HPO4 per liter, and 5 mg of novobiocin per ml; Oxoid), buffered peptone water (Oxoid), and Campylobacter enrichment broth
(containing 2.5 ml of supplement CVTN, X132, and 5% de brinated horse blood; Lab M). For the nonfecally contaminated samples, the 102 2 dilution was also used for enrichment in the same
manner. Broths were incubated for 24 h at 378C for Salmonella
Kedougou and E. coli O157 and for 48 h at 428C for C. jejuni.
For the isolation of Salmonella Kedougou and C. jejuni, the broths
were streaked onto xylose lysine desoxycholate and CCDA plates,
respectively, and incubated as described for the direct plating
method. E. coli O157 was isolated from the broth by the immunomagnetic separation technique (Dynal) with subsequent plating
onto CT-SMAC agar (12, 53).
Suspected C. jejuni colonies were con rmed with the Campylobacter test kit (Oxoid), suspected Salmonella Kedougou were
con rmed with the use of Poly O and H antisera (Prolab Diagnostics, Liverpool, UK), and suspected E. coli O157 were con rmed with the latex agglutination kit (Oxoid).

RESULTS AND DISCUSSION
Lairages at commercial cattle and sheep abattoirs.
The hygienic statuses of surfaces,  oors, and walls in lairage holding pens can signi cantly affect the visible dirtiness of and pathogen loads on animal coats and feet (16).
Floors in both lairage pens and stunning boxes are particularly important because they are often contaminated with
major foodborne pathogens (44), and many animals lie
down during lairaging (13, 25, 29).
Concrete was used as the  ooring material in all surveyed abattoirs except one, which had brick  ooring. In
full-throughput abattoirs (Table 1), the most common types
of concrete were roughened (46.6%) and grooved (40%)
concrete, and the concrete was smooth in 26.6% of these
abattoirs. Wire grid and concrete slat  oorings were used
in one lairage each. However, four of these lairages used
two types of concrete  ooring (in different areas). Generally, grooved and roughened  ooring is used to give the
animals’ feet a better grip and prevent falls (thus improving
the abattoir’s animal welfare status), and this type of con-
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Preparation of bacterial inocula. A three-strain cocktail
comprising 10 ml of a nonpathogenicE. coli O157 (NCTC 12900)
culture grown overnight in brain heart infusion broth (Difco Laboratories, Sparks, Md.) at 378C, 10 ml of Salmonella Kedougou
(bovine strain VLA S488/01) culture grown overnight in brain
heart infusion broth (Difco) at 378C, and 20 ml of Campylobacter
jejuni (bovine strain VLA C4) culture grown for 48 h in Campylobacter enrichment broth (Lab M, Lancashire, UK) at 428C
was prepared and used as a bacterial inoculum.
Fresh cattle feces were collected from a local farm, and the
absence of E. coli O157, Salmonella spp., and Campylobacter spp.
in these feces was veri ed by both direct plating and enrichment
microbiological methods (see below). The bacterial inoculum described above was added to the feces, homogenized in a sterile
pot with a sterile spatula, and used as the fecal inoculum to contaminate the substrates. For the nonfecal inoculum, the bacterial
broth cocktail described above was used alone (i.e., without feces). Relatively high targeted levels of the three pathogens (8 log
CFU/cm2 or 8 log CFU/g of sample for Salmonella and E. coli
O157 and 7 log CFU/ cm2 or 7 log CFU/g for C. jejuni) were
used in the inocula to enable the quanti cation of even large reductions in pathogen populations.
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TABLE 1. Information on lairages at 21 commercial cattle and/
or sheep abattoirsa

Lairage aspect

Fullthroughput
abattoirs
(%)

Lowthroughput
abattoirs
(%)

Flooring type (for lairages with concrete  ooring)
Smooth concrete
26.6
66.6
Roughened concrete
46.6
16.6
Grooved concrete
40.0
0
Concrete slats
6.6
0

38.0
38.0
33.3
4.8

20.0

16.6

19.0

86.7
0
6.6

66.6
16.6
0

76.2
4.8
4.8

Frequency of change of bedding (for lairages with bedding)
After each batch of
animals
0
16.6
4.8
Daily
60.0
50.0
57.1
Weekly
13.3
16.6
14.3
Monthly
6.6
16.6
9.5
Frequency of washing
After each batch of
animals
Daily
Weekly
Monthly
Bi-monthly
a

20.0
26.6
6.6
20.0
20.0

16.6
50.0
16.6
16.6
0

19.0
33.3
9.5
19.0
14.3

Types of abattoirs are given in ‘‘Materials and Methods.’’

crete was present more often in newer abattoirs. On the
other hand, in low-throughput abattoirs, 66.6% of lairages
had smooth concrete  ooring, while roughened concrete
and brick  oorings were used in one lairage each. Generally, good hygiene practice requires that construction materials used for abattoir lairages be both durable and easily
cleanable. These requirements are satis ed by concrete and
galvanized steel as used in the surveyed lairages. However,
roughened or grooved  oor surfaces, which are used particularly in newer lairages and in newer extensions of older

FIGURE 1. D-values (days) for Salmonella Kedougou at 108C on contaminated lairage-related substrates in vitro.
FIGURE 2. D-values (days) for Salmonella Kedougou at 258C on contaminated lairage-related substrates in vitro.
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Bedding
Concrete, no bedding
Concrete with bedding
Brick with bedding
Wire grid, no bedding

All
abattoirs
(%)

lairages, may hinder cleaning and facilitate the persistence
of microorganisms in the environment, as would crumbling
edges of deteriorating or broken concrete (47).
Bedding is used in lairage holding pens both for animal
welfare reasons and to speed up the drying of wet animals,
particularly sheep (34). The majority of both high- and lowthroughput abattoirs used bedding in holding pens (Table
1). For full-throughput abattoirs, straw bedding was used
in 86.6% of lairages; in one lairage, straw bedding was used
for lambs but no bedding was used for cattle; in another
lairage, straw bedding was used overnight but not during
the working day. In two lairages (the two with wire grid
and concrete slat  oorings), bedding was not used at all.
For low-throughput abattoirs, straw bedding was used in
83.3% of lairages; no bedding was used in the other lairages. Sometimes, slatted  ooring is recommended for sheep
and cattle to prevent animal coat contamination if these
animals lie down (34). The main problem encountered with
slatted  ooring is the need for a large manure collection pit
below the  oor and suf cient clearance for its regular emptying. Only one of the 21 abattoirs involved in this study
used slatted  ooring for cattle, and one used a wire grid
for sheep.
With respect to the cleaning of lairages in full-throughput abattoirs, bedding was changed daily in 60% of the
lairages, weekly in 13.3% of the lairages, and every 2
months in 6.7% of the lairages (Table 1). However, not all
of these lairages were routinely washed at the time bedding
was changed (Table 1). Only about one of  ve and one of
four full-throughput lairages were washed after each animal
batch and daily, respectively. For low-throughput abattoirs,
bedding was changed daily in 50% of the lairages and more
rarely on a weekly or monthly basis. None of the surveyed
abattoirs used any detergent or disinfectant for lairage
cleaning, although lairages were washed by hosing or with
a pressure wash in all of the abattoirs. There is little doubt
that lairage cleaning regimes are very important for meat
hygiene and safety, since the removal of dirty and contaminated bedding and washing should reduce bacterial loads
in the environment and contribute to an improvement in the
visible cleanliness of animal coats (16). It is believed that
holding animals in lairages with insuf cient bedding or inadequate drainage could lead to fecal soiling of the coat
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FIGURE 3. D-values (days) for E. coli O157 at 108C on contaminated lairage-related substrates in vitro.

and skin (20), while improved coat cleanliness would have
a positive effect on the microbiological status of the carcasses (7, 21). Nevertheless, the routine cleaning of cattle
and sheep lairages does not necessarily eliminate E. coli
O157 or Salmonella from the environment (44), and even
the use of an alkaline chloride cleaning solution was found
not to satisfactorily reduce rates of environmental Salmonella contamination in pig lairages (47). In conclusion, the
lairage cleaning practices currently used in the surveyed
abattoirs are unlikely to signi cantly reduce rates of environmental contamination with pathogens.
In vitro survival of pathogens on lairage-related
substrates. In the majority of cases, initial pathogen counts
decreased on lairage-related substrates under the in vitro
conditions used in the present study. Generally, Salmonella
Kedougou showed a marked ability to survive on straw
(Figs. 1 and 2). At 108C, the average D-values for this
microorganism were as high as 31.2 and 22.2 days for fecally contaminated and nonfecally contaminated straw, respectively (Fig. 1). At the higher temperature (258C), the
average D-values were lower (22.5 and 7.9 days for fecally
contaminated and nonfecally contaminated straw, respectively; Fig 2). Generally, Salmonella Kedougou survival
rates for the other substrates examined (hide, metal, and
concrete) were lower than the respective rates for straw at
both 10 and 258C (Figs. 1 and 2), with the sole exception
of nonfecally contaminated metal at 258C. No obvious ex-

planation can be offered for Salmonella Kedougou’s better
survival on metal.
E. coli O157’s behavior was similar to that of Salmonella Kedougou in that its overall survival rate was higher
for straw than for the other substrates examined (Figs. 3
and 4). At 108C, E. coli O157’s D-values were 11.9 and
27.4 days for fecally contaminated and nonfecally contaminated straw, respectively (Fig. 3). At the higher temperature (258C; Fig. 4), E. coli O157’s D-values were 16.7 and
4.1 days for fecally contaminated and nonfecally contaminated straw, respectively. The presence of feces had a protective effect on E. coli O157 on straw at 258C (similar to
the effect seen for Salmonella Kedougou) but not at 108C,
a  nding that is dif cult to explain. This result may be due
to the effects of some other variable factors, such as different counts and/or different of competing background  ora activities in the feces at these two temperatures, but this
possibility was not investigated. On the whole, E. coli O157
survival rates for the other substrates examined (hide, metal, and concrete) tended to be lower than the respective
rates for straw (particularly for fecally contaminated substrates) at both 10 and 258C (Figs. 3 and 4).
At 108C, C. jejuni most often survived for days on the
lairage-related substrates examined (Fig. 5) and also had a
tendency to survive longer in the presence of feces. At 258C
(Fig. 6), populations of the pathogen on nonfecally contaminated substrates decreased to below the level of detection

FIGURE 5. D-values (days) for C. jejuni at 108C on contaminated lairage-related substrates in vitro.
FIGURE 6. D-values (days) for C. jejuni at 258C on contaminated lairage-related substrates in vitro.
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FIGURE 4. D-values (days) for E. coli O157 at 258C on contaminated lairage-related substrates in vitro.
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Practical implications of the results. Heavy microbial
loads are normally associated with animal hides and hooves
(4). Total microbial counts for cattle hides have been found
to range from 3.53 to 12.50 log10 CFU/cm2 (6), E. coli
levels have been found to range from 2.08 to 7.50 log10
CFU/cm2 (5), and a Salmonella Dublin level of about 4 3
106 cells per g has been found (39). The average microbial
count for sheep  eece was found to be 5.38 log10 CFU/cm2
(37). Recent studies have demonstrated that animal coats at
slaughter frequently carry foodborne pathogens, e.g., the
prevalence of E. coli O157 on cattle hides ranged from
several to tens of percentage points (3, 14, 35, 41, 44).
Since the microbial status of cattle hides and sheep  eeces
can in uence the microbial contamination of carcasses (14,
23), it is a relevant meat safety issue.
Various approaches to reducing the risk of the transfer
of pathogens from the hide to the carcass, including the
shaving of tags off cattle hides, the slowing of slaughter
lines (51), the postmortem chemical dehairing of hides (10),
and hide decontamination (33), have been considered, but
the reduction rates achieved have been relatively limited.
It was very dif cult to simulate and fully control all
the possible lairage-related variables under in vitro conditions, but large-scale experiments involving the contamination of commercial abattoirs with fully pathogenic strains
were not permissible. Because of the inherent experimental
variability, as well as uncertainties associated with the possible behavioral diversity of wild strains of the three pathogens, the in vitro survival rates determined in this study
cannot be directly extrapolated to a range of practical conditions encountered in abattoir lairages. However, these
rates do support the possibility that a marked proportion of
pathogen populations could survive in lairage environments
during the routine animal lairaging period of 24 h (i.e.,
overnight), enabling their carryover from one animal batch
to another and from one day to another. More in-depth research is necessary to fully evaluate how and to what extent
common lairage construction, operation, and cleaning regimes contribute to cross-contamination with such pathogens and to develop adequate control strategies.

Beek for technical assistance and Dr. Diane Newell (Veterinary Laboratory
Agency, Weybridge, UK) for bacterial strains.
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within 1 day, with the sole exception of the populations on
hide. Interestingly, the overall better survival rates for straw
than for the other substrates clearly observed for Salmonella Kedougou and for E. coli O157 were observed only
at 108C, and not at 258C, for C. jejuni.
When these in vitro results were considered overall, in
spite of some unexplained inconsistencies probably caused
by certain variable factors such as unknown behavior of
background  ora in feces under different conditions, some
general trends were apparent. First, in most cases the pathogens survived better on straw than on other lairage-related
substrates examined. Second, all three pathogens had a tendency to survive better on fecally contaminated substrates
than on nonfecally contaminated substrates. Third, C. jejuni
populations decreased to undetectable levels more often
than Salmonella Kedougou and E. coli O157 populations.
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