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SUMMARY

Anecdotal evidence has suggested that outdoor-kept pigs show an improvement to health and
productivity after being moved to a new site. This study explores whether Salmonella occurrence
reduced and was sustained after moving to a new site. Nine farms were followed for a year in which
four sampling visits were completed. The highest detection of Salmonella was from pooled faecal
dropping from pigs, run-off/ pooled water, rodents and wild birds. Descriptive summaries showed
that the prevalence of both all Salmonella and serovars of public health importance were lower at all
visits after the move. Some variability was shown in results from individual farms, but a year after the
move, six farms still maintained a lower prevalence. A risk factor model showed that the prevalence at
visits 2 and 3 after the move was significantly lower than baseline, after accounting for a number of
significant factors that were included in the model. These were sample type and seasonality (included
as a priori), presence of coughing in the sampled group and Glasser’s disease on the farm, and the use
of tent or kennel accommodation. This finding provides important evidence that more frequent site
moves may help reduce Salmonella prevalence in outdoor herds.
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INTRODUCTION

Salmonellosis is consistently the second most com-
monly reported zoonosis in Europe and in the UK,
with more than 80 000 cases reported annually and
an overall economic burden estimated to be close to
three billion Euros per year [1]. Salmonella in pigs is
an important source of human salmonellosis [2] and
Great Britain was amongst the countries with the
highest prevalence in pigs in the European Union
(EU) in 2007, with Salmonella isolated from 21·7%
of ileocaecal lymph node samples and 15·2% of

carcass swabs (compared with an average of 10·3%
and 8·3% across the EU, respectively) [3, 4].

The use of outdoor pig production in Great Britain
has been growing in popularity since the late 1990s
and currently around 40% of commercially produced
pigs are believed to be born outdoors. However, out-
door pigs are mainly breeding animals and their off-
spring, as only around 5% of pigs spend their entire
life outdoors, with most finisher pigs being reared
indoors [5, 6]. Outdoor pig production has a tendency
for high Salmonella seroprevalence at slaughter [7, 8]
and a high frequency of environmental Salmonella
contamination [9], with evidence for a wide diversity
of resident and transient infections with different ser-
ovars, often showing some overlap with local environ-
mental and wildlife isolates [10].

* Author for correspondence: Dr R. P. Smith, APHA – Weybridge,
New Haw, Addlestone, Surrey KT15 3NB, UK.
(Email: Richard.P.Smith@apha.gsi.gov.uk)

Epidemiol. Infect. (2017), 145, 1983–1992. © Cambridge University Press 2017
doi:10.1017/S0950268817000930

https://doi.org/10.1017/S0950268817000930 Published online by Cambridge University Press

mailto:Richard.P.Smith@apha.gsi.gov.uk
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268817000930&domain=pdf
https://doi.org/10.1017/S0950268817000930


Outdoor pigs may be at increased risk of infection
due to: the lack of a controlled environment that
can be cleaned and disinfected between batches of
pigs; less control over exposure of pigs to factors
such as cold and heat stress; and the increased expos-
ure to Salmonella through difficulties in applying bio-
security for personnel and vehicles as well as increased
contact with the environment and wildlife [10–12].
Outdoor farms are typically run as free-range (includ-
ing organic) enterprises, with pigs bedded on earth
floors with straw, which could increase the exposure
to faeces in comparison to pigs on conventional
farms, which can be kept on slatted floors that help
separate contaminated faeces from the pigs’ environ-
ment [13–15]. In a US study comparing the serological
results from 616 samples from outdoor, antimicrobial-
free farms and conventional indoor-reared farms, a
significantly higher seroprevalence of Salmonella was
detected in the outdoor herds than indoors, with
54% samples positive compared with 39%, respect-
ively [16]. Contrary to these findings, another study
found no overall differences in the proportion of
Salmonella seropositive animals comparing organic,
outdoor and indoor pig farm production systems [17].

In general, most studies suggest that the inevitably
less biosecure outdoor environment limits the level
of infection control that can be achieved. This high-
lights that more research is needed to understand
Salmonella incursion, persistence and control on a
wider variety of farm types. New evidence is needed
to help farmers select appropriate management
options to provide protection against infection on
their particular farm type. Anecdotal information
has shown that moving outdoor pigs to new land is
usually followed by an improvement in herd health
and productivity. It is believed that outdoor herds in
the UK typically move site every 2–3 years. The aim
of this longitudinal study was to investigate the effect
on the occurrence of Salmonella of moving pigs to new
land and the sustainability of any improvements over
a 1-year period. Such data would help to determine
whether more frequent movement to new land
would help improve the control of Salmonella in out-
door pig production.

METHOD

Farm selection

A total of 119 farms were identified through the indus-
try representative body (Agriculture and Horticulture

Development Board – Pork) or through contact with
pig companies or pig vets linked to outdoor sites.
These farms were contacted by e-mail and followed
up by telephone to identify willing participants that
were planning on moving site in the coming year
and were outdoor breeder–finishers, outdoor breeders
(preferably supplying a single finisher) or outdoor
finishers only (preferably supplied by single source).
Nine farms participated in the study and these con-
sisted of five breeder farms, three finishers and one
farrow-to-finish farm. Details of each farm and the
sampled outdoor sites are provided in Table 1.

Schedule for sampling visits

Each farm was visited four times over a 12-month per-
iod, with all visits completed between June 2014 and
December 2015. The farm visits covered the sampling
of the outdoor pigs prior to any change of site and
then three visits after movement to a new site 4
months apart, to evaluate the benefits. On outdoor
breeding farms, the groups and numbers of sows
remained relatively stable between the old and the
new site and no additional monitoring was needed
for oncoming stock, as gilt groups were included in
the ongoing sampling before and after the move.
However, if a recruited farm supplied an indoor
finisher owned by the same company, then consent
was sought to sample the progeny from the outdoor
sows within 5 days of the visit to the breeding site.
If the recruited farm was an outdoor finisher, then
new pigs were being brought onto the site and leaving
for slaughter at regular intervals and so the same
cohort of animals could not be followed throughout
the whole 12-month intervention. The sample visits
for these farms were based around sampling before
the move, after the move, directly after the

Table 1. Description of the nine outdoor pig farms
participating in the study

Farm ID Farm type Farm size category

1-O Breeder 750–1000 sows
2-O Finisher >2500 finishers
3-O Finisher >2500 finishers
4-O Finisher 1001–2500 finishers
5-O Breeder 1001–2500 sows
6-O Breeder 1001–2500 sows
7-O Farrow-to-finish <750 sows
8-O Breeder 750–1000 sows
9-O Breeder 750–1000 sows
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introduction of the second group of finishers, and then
a final visit after 12 months to test long-term effects of
movement.

Data collection

At the initial visit, a thorough questionnaire was com-
pleted with the farmer to collect farm information on
the original location and pig health and management
(Table 2). At each subsequent visit, a short form was
completed to detail the new site (at visit 2) and iden-
tify any changes to the farm management since the
last visit, and other general observations that might
have influenced the Salmonella results. At each sam-
pling visit, a data collection form was completed to
record information on the sampled groups of pigs
(number present and type, health conditions present,
feeder/drinker type, accommodation and bedding
types) and a map was produced to identify the layout
of the farm and show where samples were collected.

Samples collected

A combination of pooled and individual fresh faecal
dropping samples were collected at each visit, with
between 200 and 300 collected per visit using the fol-
lowing protocol: at least 60 pooled samples were col-
lected from the farrowing sow paddocks, representing
every field, with a maximum of 30 samples collected

per separate field. For every three individually penned
sows, a pooled sample was collected, made up of two
faecal pinches per sow (6 pinches in total). If sows
were grouped for farrowing then the sampling was
increased to match the number of sows. Pooled faecal
samples (c·40 g faeces each, comprising 10 pinches
from separate fresh faecal droppings per pool) were col-
lected from dry sow/service paddocks, up to a max-
imum of 60 per farm. Up to a maximum of 60 pooled
gilt fresh faecal dropping samples were similarly col-
lected from all gilt pens. At least 10 pooled samples
were collected from maiden gilts and 10 from in-pig
gilts. Individual faecal dropping samples were collected
from the sows, with 60 collected from dry sows and 60
from lactating sows.

For outdoor weaner kennels or lairage, two swab
samples (sterile gauze swab pre-moistened with
phosphate-buffered saline (PBS)) were collected from
the dunging area per kennel/pen, up to a maximum
of 60 per visit and 60 individual weaner faecal samples
were collected. If weaners had been moved to an
indoor grower–finisher site where they could be iden-
tified and sampled (i.e. separate from animals coming
from other sources) then up to 60 pen faeces swabs
and 60 individual faeces were collected. Outdoor
grower or finisher pigs were sampled using the same
pooled and individual sampling methods as for the
dry sows. At least 20 environmental (e.g. wallows,
pooled water on tracks, feed troughs, water troughs,

Table 2. Farm management and structure information collected from questionnaires used on the nine outdoor pig
farms (copies of the forms can be requested from the authors)

*Number of each type of livestock animals on farm
Farrowing frequency, Pig flow – continuous or batch
*Size of outdoor areas and number of pigs present in each area
How long has field been continuously occupied by pigs or empty of pigs/use of field between pig cycles
*Soil type, condition and wetness/use of pig nose rings
*Cleaning and disinfection of outdoor equipment
Use of indoor service area
*Pet and wildlife access to pig enclosures and feed/evidence of contamination by rodents and birds/controls for wild birds/
rodent control training of staff
Use and maintenance of boot dips, boots and farm overalls
Vehicle movements that cross the farm perimeter and disinfection of vehicles
Visitor protocols
Have feed, straw or bedding brought onto farm had contact with pigs or pig manure
*Sourcing of pigs/mixing and movement of pig on the site/quarantine procedures
Drinking-water source/feed stores used
*Use of feed additives – acids, probiotics, zinc, etc.
*Salmonella vaccination/antimicrobial usage over last year or since last visit
*Health conditions reported by vet in last year or since last visit/ranked current illness problems on farm/sick pig policy
Herd performance – litters born, parity, mortality, feed performance

*Indicates information that was updated at subsequent farm visits.
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soil in empty paddocks, equipment), wildlife (wild
bird and rodent faeces) or other livestock species fae-
ces (for those kept in close proximity to the pigs) sam-
ples were collected from each farm visit, using PBS
swabs for surfaces and manual collection for faeces,
to represent a cross-section of environmental samples
according to the layout of the farm.

Sample testing

All samples were tested for Salmonella using a method
based on ISO6579 (Annex D; [18]) but with Rambach
agar as the sole plating agar. Serotyping was carried
out for isolates from all positive pooled samples and
for those individual samples which were enumerated.
Isolates of Salmonella typhimurium (ST), monophasic
ST (MST) and Salmonella enteritidis (SE), selected to
represent each farm visit and each pig stage, were pha-
getyped. Up to 40 positive individual faecal samples
were enumerated, after cold storage (4 °C) pending
the initial result, using a dilution/enrichment method
[19], to estimate the concentration of Salmonella pre-
sent per gram of faeces. Two outcomes were generated
to be used in the modelling analyses: whether a sample
was Salmonella positive or not and whether a
Salmonella serovar of major human health import-
ance (ST, MST or SE) was detected.

Data analysis

Descriptive analyses were completed to describe the
sample results at each visit and on each farm. A
regression analysis was completed to model the differ-
ence in results at each visit, whilst accounting for a
priori variables of seasonality and sample type, and
farm ID was added as a random effect to account
for similarity of results collected from the same
farm. Sinusoidal components (sine and cosine terms)
for a quarterly cycle were included to account for sea-
sonality [20]. To account for the difference in structure
and management between the farms and the occur-
rence of changes to the farm between visits, a stepwise
selection method was used to add variables from the
questionnaire, and the form used for visits 2–4, to
the multivariable model. A screening stage was
used to omit explanatory variables that had a
P-value over 0·20 when added to the base model.
After this, each variable was individually added to
the model and the variable that was significant
(P < 0·05) and improved the fit of the model (deter-
mined by Akaike Information Criteria) was added

to the model. This approach was continued until
no new variables entering the model were significant
or improved the model fit. All analyses were com-
pleted in Stata 12 (Statacorp, College Station,
Texas, USA).

RESULTS

A total of 8549 samples were collected from the farms,
with 92% being pooled or individual faecal samples
from pigs, and 8% being environmental or faeces sam-
ples from wildlife or cattle. Salmonella was most fre-
quently detected in pooled pig faeces samples
(33·2%) as well as from samples from run-off and
pooled water (47·3%), rodent faeces (40·0%) and
wild bird faeces (37·3%) (Table 3).

The results summarised for each set of visits indi-
cated a reduction in the average Salmonella and ST/
MST/SE prevalence between visit 1 and 2; from
29·6% to 16·9% and 11·0% to 6·4%, respectively
(Table 4). The prevalence remained lower than at
the baseline visit at both the third and the final visit,
12 months after the first visit.

The results were not consistent between the nine
farms. Although most farms showed a substantial
drop in pooled sample prevalence after the move to
the new site, farm 8-O showed an increase in preva-
lence of Salmonella, which did not correspond with
a change in serovars detected or outbreak of other dis-
eases (Table 5). At the third visit (∼6 months after the
move) most farms showed an increase in prevalence
compared with visit 2, but only one farm showed a
small increase in prevalence in comparison to visit 1
(farm 1-O). Finally, a year after the move, six farms
still showed a lower prevalence than at visit 1. The
variability of results was mirrored in the individual
samples, with two farms showing an increase in preva-
lence after the move and three farms having a higher
prevalence at visit 4 than at visit 1.

From the pooled samples, up to 13 different sero-
vars were detected at each farm visit (mean 5·5),
with 37 different serovars detected in total. The most
prevalent serovars were the two MST variants: S.
4,12:i:- (210 isolates) and S. 4,5,12:i:- (200 isolates),
followed by Salmonella derby (148), Salmonella rissen
(124), Salmonella panama (115), Salmonella reading
(112), S. typhimurium (111) and Salmonella bovismor-
bificans (110). Amongst the individual samples, 1–10
serovars were detected per visit (mean 3·8), with 25
different serovars detected in total. The most preva-
lent serovars were similar to those from the pooled
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samples, with the two MST variants being most
prevalent, followed by S. panama, S. derby, S. rissen
and S. bovismorbificans. The number of serovars
detected across samples at each visit varied, with an
average of 6·2 separate serovars detected at the base-
line visit, 4·8 at visit 2, 5·8 at visit 3 and 6·9 at visit 4.

From rodent samples, Salmonella London (two iso-
lates), MST (1x 4,12:i:-), S. bovismorbificans (1), S.
derby (1) and S. reading (1) were detected, whereas
in wild bird faeces MST (six isolates of 4,12:i:- and
four of 4,5,12:i:-), S. derby (8), S. rissen (4), ST (2),
Salmonella anatum (1), Salmonella goldcoast (1),

Table 3. Salmonella detection by sample type from nine outdoor pig farms

Pooled/individual
sample Sample type

Number of
samples

Salmonella
positive

Per cent
positive (%)

Individual Pig faeces 4321 650 15·0
Pooled Pig faeces 3517 1168 33·2
Pooled Run off/pooled water 239 113 47·3
Pooled Water troughs 169 40 23·7
Pooled Feed troughs and ad-lib feed hoppers 117 24 20·5
Pooled Wild bird faeces 75 28 37·3
Pooled Pig handling equipment 45 9 20·0
Pooled Farm tracks 22 6 27·3
Pooled Vehicles 19 5 26·3
Pooled Rodent faeces (rats or mice) 15 6 40·0
Pooled Disinfected surfaces 6 1 16·7
Pooled Other farm species (cattle) 2 0 0·0
Pooled Waste handling 2 0 0·0

Table 4. Summary of sample results from the visits to nine outdoor pigs herds

Visit

Average number of
days since previous
visit

Number of
samples

Number of Salmonella
positive

Per cent
positive (%)

Number of
ST/MST/SE positive

Per cent
positive (%)

Visit 1 – 2562 758 29·6 282 11·0
Visit 2 114 1947 330 16·9 124 6·4
Visit 3 149 2031 436 21·5 181 8·9
Visit 4 119 2009 526 26·2 150 7·5

Table 5. Percentage of pooled and individual faecal samples positive for Salmonella at each visit to nine outdoor
pig farms

Pooled samples (per cent positive) Individual samples (per cent positive)

Farm ID Visit 1 Visit 2 Visit 3 Visit 4 Visit 1 Visit 2 Visit 3 Visit 4

1-O 26·8 4·1 29·3 28·4 12·2 2·5 26·3 11·7
2-O 66·0 46·7 54·2 28·3 25·0 30·0 30·4 11·7
3-O 83·8 2·5 63·8 28·6 33·3 1·7 38·3 11·7
4-O 40·4 18·8 32·5 52·4 3·3 13·3 8·3 21·7
5-O 45·2 23·5 18·1 31·4 22·8 1·7 4·0 14·5
6-O 53·8 41·4 26·4 35·0 43·5 11·1 11·2 18·4
7-O 17·4 12·6 8·9 3·0 4·2 1·7 3·3 1·1
8-O 31·2 41·7 19·7 65·8 16·2 10·9 1·7 42·0
9-O 48·5 32·6 47·5 41·9 22·7 10·9 28·9 26·6
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S. London (1) and S. panama (1) were detected. Only
five wild bird ST and MST isolates were phagetyped
(3 DT193, 1 DT120 and 1 U288) and all but one
(the DT120) matched phagetypes isolated from pigs
on those farms, but DT120 strains are typically var-
iants of DT193, which was found.

An average of 15 individual samples were selected
for enumeration from each farm visit (range 1–40)
to indicate the concentration of Salmonella in each
sample. Estimates of numbers of salmonellae ranged
between <1 and 105–106 cfu/g. Samples with the high-
est Salmonella level were only found at visit 1, and the
number of samples with levels of 104–105 increased
from zero at visit 2 to 1 at visit 3 and 2 at visit
4. However, a summary of these results, categorised
into four groups, indicated that the numbers did not
differ widely between visits and the proportion of sam-
ples with levels over 102/g were small (∼5%) (Table 6).
The χ2 tests to investigate any significant difference
between visits 1 and 2, 1 and 3, and 1 and 4 detected
no statistically significant difference between the fae-
cal Salmonella levels from these visits.

The results of the risk factor model indicate that the
odds of a sample being positive was significantly lower
at visits 2 and 3 when compared with the baseline
visit, whereas the odds at the last visit was not signifi-
cantly different (Table 7). The final model included
three variables additional to the a priori variables
for sample type and seasonality. These were: coughing
in the sampled group which was a risk factor;
Glasser’s disease diagnosed in the herd since the last
visit, which was protective; and the use of tent or ken-
nel accommodation for the sampled group which was
a risk when compared with arcs.

DISCUSSION

This longitudinal study of outdoor pig herds has pro-
vided evidence that movement of outdoor site has an

overall beneficial effect on Salmonella carriage. The
risk factor model, accounting for seasonality and dif-
ferent sample types, showed that the odds of a sample
being positive was reduced by more than 50% after
movement to the new site and by 25% at the third
visit, both of which were statistically significant. The
results also showed that the diversity of serovars
detected after the site movement decreased and that
the highest Salmonella level was only detected at the
first visit, which supports this conclusion and suggests
that the land was less contaminated before the pigs
were moved to the new site but after a year the site
was at a similar level of contamination to that previ-
ously. This finding provides important evidence for
management changes that could help reduce Salmon-
ella prevalence in outdoor herds. Additionally, Sal-
monella is a useful indicator bacterium, highlighting
areas of poor control for other pathogens transmitted
by faeces and so the improvements may also have
impact on reducing the occurrence of other diseases
[21]. However, it should be noted that moving site
would incur a cost to the farmer and new land is not
always available.

The reduction in prevalence was not shown for all
studied farms, with one farm showing an increase in
pooled faecal sample prevalence at visit 2 and one
farm showing a pooled sample prevalence at visit 3
that was above visit 1. The results for the individual
faecal samples were more prone to fluctuations with
greater numbers of farms showing prevalence
increases at these stages, but smaller numbers of posi-
tive individual samples may have been associated with
greater sample variability. For the two farms which
showed increases in the pooled samples, no informa-
tion collected by the questionnaire or discussion with
the farmers could explain this difference. Some vari-
ation in the results may reflect seasonality, as farms
were sampled at different times of the year and higher
temperatures, potentially causing heat stress in the

Table 6. Summary of the distribution of pig faeces samples within four categories of Salmonella concentration (cfu/
g) from four farm visits

Visit

Number of samples with each quantity Proportion of total

<1 1–10 10–102 >102 % <1 % 1–10 % 10–102 % >102

1 134 37 13 12 68·4 18·9 6·6 6·1
2 40 12 4 3 67·8 20·3 6·8 5·1
3 93 27 12 5 67·9 19·7 8·8 3·6
4 97 31 17 12 61·8 19·7 10·8 7·6
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pigs, has been linked to Salmonella shedding [22, 23].
Heavy rain before or during sampling visits may also
have influenced the findings [24]. Although seasonality
was accounted for in the risk factor model, it would not
have reflected local weather conditions.

As Salmonella control is multifactorial, one simple
intervention would not be expected to be consistently
beneficial and other risk factors relating to manage-
ment of pig herds and farm biosecurity, including
pest control, must also be adequately implemented.
Introduction of pigs from external sources and move-
ment of staff and equipment between units are often
poorly managed and could result in an increase in
prevalence [22, 25, 26]. Interestingly, farm 2-O had a
relatively high prevalence at each visit, and this farm
was the only one that routinely introduced animals

from multiple sources which were not part of the
same company. This factor may have meant that the
farm introduced different genotypes of Salmonella
onto the farm during the study to which the popula-
tion were naïve, which may have negated the effect
of moving site for these serovars. However, the subset
of 16 MST isolates that were phagetyped indicated the
same phagetype was present at all four visits and
importation of other pathogens that may have
influenced susceptibility to Salmonella may also have
occurred [13]. For the finisher farms, incoming groups
of pigs after visit 2 were not sampled prior to move-
ment to the new site, and it cannot be excluded that
these pigs had a different baseline prevalence to the
previous batch or that they introduced Salmonella to
the site.

Table 7. Results from a mixed-effects model, determined by stepwise selection, assessing the effect of visit number on
Salmonella prevalence on nine outdoor pig farms (n = 8548*)

Variable Level
Number of
positive

Number of
samples

Per cent
positive (%)

Odds
ratio P-value 95% CI

Visit 1 758 2562 29·6 1·000
2 330 1947 16·9 0·413 <0·001 0·336 0·506
3 436 2031 21·5 0·744 0·025 0·574 0·964
4 526 2009 26·2 1·179 0·083 0·979 1·421

Sample type Individual 650 4321 15·0 1·000
Pooled 1400 4228 33·1 3·051 <0·001 2·709 3·436

Sampled area Gestation 481 1165 41·3 1·000
Farrowing 319 2301 13·9 0·187 <0·001 0·155 0·226
Weaners 522 1480 35·3 0·476 <0·001 0·330 0·686
Growers 132 575 23·0 0·490 0·001 0·320 0·751
Finishers 341 1677 20·3 0·270 <0·001 0·200 0·364
Gilts 91 245 37·1 0·649 0·030 0·438 0·960
Maiden gilts 3 9 33·3 0·438 0·252 0·106 1·801
Dry sows 144 1039 13·9 0·309 <0·001 0·236 0·405
Environmental 17 58 29·3 1·119 0·784 0·503 2·488

Sinusoidal quarterly cycle Sin – – – 0·817 0·001 0·725 0·922
Cos – – – 0·975 0·702 0·855 1·112

Coughing in sampled group No 1909 8283 23·0 1·000
Yes 141 265 53·2 4·007 <0·001 2·779 5·777
N/A 0 1 0·0 1·000

Clinical Glasser’s disease
present on farm

Yes 937 3789 24·7 1·000
No 925 3683 25·1 2·043 <0·001 1·681 2·482
Missing 188 1077 17·5 1·287 0·129 0·929 1·783

Pig accommodation Arc 921 5051 18·2 1·000
Hut 214 947 22·6 1·042 0·777 0·785 1·384
Kennel 11 16 68·8 7·732 <0·001 2·447 24·433
Lairage
building

30 94 31·9 1·675 0·089 0·924 3·035

Tent 810 2059 39·3 3·816 <0·001 2·594 5·614
N/A or missing 64 382 16·8 0·709 0·138 0·451 1·116

CI, confidence interval; N/A, not applicable.
* One sample was omitted from the model as the answer to the coughing variable was not applicable and predicted success in
the model perfectly.
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The risk factor model identified only a small num-
ber of factors that were associated with Salmonella
prevalence. As expected, the a priori variables showed
that pooled samples were at greater risk of being posi-
tive than individuals and that there was a significant
difference between samples collected from different
pig stages. Samples from farrowing, weaner, grower,
finisher, dry sow and gilt areas of the farm were all
at lower risk compared with those from gestation
areas. This may be related to greater movement and
mixing of sows after weaning and during service pro-
cedures, together with higher stocking densities in
more muddy paddocks and the use of floor feeding.
Coughing detected in the sampled pigs was a risk fac-
tor and positive associations between Salmonella pres-
ence and pneumonia have been shown by previous
studies [27, 28]. This may be due to the effect of one
pathogen dampening the immune system and facilitat-
ing the infection of another, or may be due to
Salmonella and respiratory conditions sharing similar
risk factors, such as the use of straw-based housing
and continuous flow production [14, 25, 29, 30].
However, the presence of Glasser’s disease in the
herd at a specific sampling visit was protective which
is counterintuitive. This may have been due to random
chance or it may have been a proxy for the effect of
pig management factors used to control Glasser’s dis-
ease, such as use of quarantine and improved cleaning
and disinfection, that would also help protect against
Salmonella. Pigs using kennels and tents were shown
to be a greater risk than those using arcs which may
be due to larger groups of younger pigs typically
using this type of accommodation and the level of fae-
cally contaminated liquid mud associated with such
large groups. Additionally, solid structures such as
arcs may be easier to clean between batches, whereas
tents may remain contaminated and spread infection
to new batches. The type of farm did not show a sign-
ificant association with Salmonella, with finisher farms
showing a similar pattern of change between the visits
as the other farms. However, as only nine farms were
included in the study, the power to detect differences
at the farm level in the model may have been weak.

MST variants were the most common serovars
detected, followed by other common pig serovars,
such as S. derby. However, the number of serovars
detected at each visit was high and contrasted to 26
indoor pig herds similarly sampled as part of a separate
project (unpublished data). In these indoor herds an
average of 2·2 serovars per farm (range 1–13) was
detected in the pooled samples and 1·9 serovars per

visit (range 1–5) from the individual samples. This sug-
gests that outdoor herds have, on average, around dou-
ble the number of serovars present. These findings,
along with the high prevalence detected from samples
from run-off and pooled water, and wild birds and
rodents may highlight the greater risk of infection via
environmental sources for outdoor pigs.

The results suggest that there is a likely benefit asso-
ciated with annual movement of pigs compared with
the typical 2–3 year cycle, and this may be cumulative
if applied in successive years. However, there are prac-
tical and logistic difficulties as there is likely to be
insufficient land available for pig farming for a signifi-
cant increase in whole site movement and the labour
cost for the move is high. It is likely however that better
use could bemade ofmore frequent resting and rotation
of land used for paddock systems within a field site,
since localised contamination of soil and surface
water may be an important source of infection [31].

The semi-quantitative faecal culture results from
this study suggest a high prevalence of low-level shed-
ders of Salmonella, with occasional pigs being more
highly colonised and acting as heavy shedders of the
organism, thereby contaminating the environment of
other pigs and driving cycles of infection [10].
Ingestion of soil and attraction of wild birds can be
reduced by feeding gestational sows in troughs and
other pigs using bird-proof ad-lib feeders, rather
than floor feeding.

The study was limited by only visiting nine farms
and although the structure of these farms was typical
of outdoor farms, they may not represent all outdoor
farm types. The findings on these farms may therefore
reflect specific actions or management and may not be
generalisable to the wider population. Additional fully
controlled trials would be useful to attempt to repro-
duce these findings in other outdoor herds and to
explore whether any benefits are seen for other patho-
gens. Future studies could also include long-term fol-
low up of the farms at 16 and 24 months to see if any
farms had maintained a lower prevalence for a sus-
tained period. Additionally, further studies could test
whether multiple yearly moves could result in a cumu-
lative improvement in Salmonella prevalence and how
crops and pigs can be rotated on land parcels to make
more frequent movement cost-effective.
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