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SUMMARY

A 3-year longitudinal study was conducted on a multi-site farrow-to-finish production system.

For each of 18 cohorts at three finishing sites, 50 pigs were randomly selected. Faecal samples

were collected every 2 weeks for 16 weeks. Salmonella was cultured from 453 (6.6%) of 6836

faecal samples. The pig-level incidence of Salmonella was 20.8% (187/899 pigs). Salmonella

prevalence varied between cohorts and within pigs. The adjusted Salmonella prevalence decreased

over the finishing period from 6.4% to 0.8%. Intermittent detection of Salmonella was found in

more than 50% of pigs that were positive at more than one collection. The finding that the

majority of pigs shed intermittently has implications for surveillance and research study design

when determining Salmonella status. The variability in shedding over time, as well as between and

within cohorts and pigs suggests that there may be time-variant risk factors for Salmonella

shedding in swine.
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INTRODUCTION

It has been well documented that Salmonella spp. are

one of the major causes of foodborne diseases in the

USA and worldwide [1–3]. In the USA alone, it is

estimated that 1027 million non-typhoidal Salmonella

human infections result in 19336 hospitalizations and

378 deaths annually [3], costing US$365 billion in

direct medical expenditure per year [2]. Swine are a

potential reservoir for human salmonellosis. The most

common serotypes isolated in swine (S. Typhimurium,

S. Heidelberg, S. Agona, S. Infantis) are common

to those found in human cases [4, 5]. It has been

suggested that reduction of Salmonella contamination

of pork requires interventions at three levels : pre-

harvest (farm), harvest (slaughter) and post-harvest

(distribution systems and consumer handling) [6, 7].

In order to put in place on-farm control and inter-

vention measures it is crucial to understand the

dynamics of Salmonella infection in swine.

A large number of epidemiological studies have

been conducted to determine prevalence and risk

factors for Salmonella infection in swine. Most of

these studies have used a cross-sectional study design.

A limited number have assessed the faecal prevalence

over time, with longitudinal studies showing high
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variability in Salmonella shedding at the farm, cohort

and individual animal level [8–15]. Longitudinal

studies at the pig level during the finishing phase have

reported time variability of faecal shedding associated

with cohort (or batch) of pigs [11–14]. Intermittent

faecal shedding is also commonly reported in epi-

demiological studies of swine [12–14].

Therefore, longitudinal studies at the individual

level based on bacteriological culture should be per-

formed in order to investigate the dynamics of Sal-

monella infection in swine. The objective of this study

was to describe the shedding pattern of Salmonella

in faeces of naturally infected finishing pigs.

METHODS

A longitudinal study was conducted on a multi-site

farrow-to-finish production system located in the

Midwestern USA. The presence of Salmonella had

been confirmed by culture of pooled faecal samples

prior to initiation of the study. Selection criteria for

the production system were willingness to cooperate

in a long-term research project and to share health

management and production records. The production

system had three-site management, meaning that

overall production was separated into three stages of

production, breeding and farrowing, nursery (wean-

ing until age y10 weeks) and finishing (10 weeks to

slaughter, 24–26 weeks), with each stage housed at a

separate site. The production system had all-in/all-out

management in nursery and finishing sites. This

system consisted of two farrowing sites (F1 and F2),

two nursery sites (N1 and N2), and 12 finishing sites.

The farrowing sites had a total inventory of 3700 sows

(F1=1300, F2=2400), the average one-time inven-

tory of the finishing sites was 25 000 (75 000 finishing

pigs/year marketed). During the study period the

system transitioned from two farrowing sites to one

farrowing site of 3000 sows. The number of nursery

and finisher sites remained unchanged. Three finish-

ing sites (A, B, C) were conveniently selected, based

on building design and willingness to participate in

the study. At each finishing site one barn was selected

for study inclusion. Site A had four barns in separate

buildings. Pigs were allocated into 40 pens (20–25 pigs

per pen). Sites B and C had identical building

structures. Each site had four barns grouped in two

buildings (two barns/rooms with one shared wall).

Each barn housed about 1000 pigs. Pigs were housed

in 12 pens; ten pens were initially stocked with pigs at

placement (eight pens with a range of 100–125 pigs

and two pens with a range of 40–50 pigs). The re-

maining two pens were used for sick pigs or pigs

deemed to be at risk for illness. Sites A and B were

finishing sites (age 10–26 weeks). Site C transitioned

to a weaning-to-finishing site after the second cohort

of pigs. For the weaning-to-finishing cohorts at site C,

piglets were placed in the barn at age 3 weeks and

remained until marketing. Finishing site A received

pigs from nursery N1 in all cohorts ; site B received

pigs from nursery N2 in four cohorts and from N1

and N2 in the last two cohorts of pigs. The first cohort

for site C was supplied from nursery N2, for all

other cohorts piglets were placed directly from the

farrowing sites due to the transition to a weaning-to-

finishing site.

Sample collection

Nursery sampling

In order to evaluate the Salmonella status of the

cohort of pigs prior to sampling during the finishing

phase, ten pools were collected from the nursery

rooms y1 week prior to movement to the finishing

barn. A pool consisted of a minimum of 5 g fresh

faecal material collected from five different locations

on the same pen floor (25 g/pool). In the weaning-to-

finishing site (site C), ten pools were collected from

ten random pens when pigs were aged y9 weeks.

Environmental sampling

Finisher barns were cleaned and disinfected between

batches of pigs. The disinfectants (Synergize, Preserve

International, USA and VirkonS, Antec Inter-

national, UK) were alternated following the standard

operating procedure of the production system. In

order to assess contamination, culture of environ-

mental samples was performed after cleaning and

disinfection and before placement of pigs in the barn.

Drag swabs and environmental swab samples were

obtained from cleaned and disinfected floors, walls,

gates and feeders/drinkers following previously de-

scribed methods [16]. Briefly, swabs were moistened

with 10 ml of sterile buffered peptone water (BPW,

Acumedia, Neogen Corporation, USA) before col-

lection. To sample floors, one drag swab was used for

four pens in site A. In sites B and C, one drag swab

was used per 1–2 pens depending on pen size. To

sample other environmental surfaces, a single 4r4

gauze moistened with BPW was used to sample each

surface. Ten, five, three and two swabs were collected
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from floors, walls, gates and feeders/waterers, re-

spectively in each barn prior to every cohort.

Individual faecal sampling

At the beginning of each cohort, 50 pigs (aged

10¡2 weeks) were randomly selected and individually

identified with ear tags. Random number generation

was conducted in Microsoft Excel 2007 (Microsoft,

USA). In site A, a simple random sample was gener-

ated to select one pig from every pen (n=40). Another

ten pens were randomly selected to identify and select

a second pig using a simple random sample (ad-

ditional ten pigs for a total of n=50/barn; 30 pens

with one study pig, ten pens with two study pigs).

A random proportional sampling scheme based on

the number of pigs in each pen was conducted in

sites B and C within each cohort. A range of 1–7 pigs

per pen was selected. In sites B and C no pigs were

selected for study inclusion from the pens identified

for sick or at-risk pigs.

Individual faecal samples were collected from

the rectum with gloved hand, and placed in sterile

containers (Specimen cups, VWR International LLC,

USA). Gloves for collecting the faecal samples were

changed between pigs. After collection, samples were

stored at ambient temperature for transport to the

laboratory. Individual pig faecal samples were col-

lected every 2 weeks for 16 weeks (eight total sampling

periods per pig). A total of 400 individual samples

(50 pigsr8 sample periods) per cohort and 7200

faecal samples overall (400 samplesr18 cohorts) were

planned for collection.

Bacteriological culture

Faecal samples

Bacteriological culture for Salmonella was performed

by the Diagnostic Center for Population and Animal

Health, Michigan State University. Faecal samples

were transported to the laboratory the day of collec-

tion or stored for 48 h at 2.8 xC.

Faecal samples were cultured using standard

enrichment methods from Davies et al. [17]. Briefly,

for pooled samples from the nursery, 25 g of pooled

faecal samples were diluted in 225 ml tetrathionate

broth (TTB) (Becton Dickinson, USA) and incubated

at 37 xC for 48 h. For individual pig faecal samples

10 g of the individual faecal samples were inoculated

into 90 ml TTB and incubated at 37 xC for 48 h. After

incubation, an aliquot (100 ml) of the faecal-TTB

solution was inoculated into 9.9 ml Rappaport–

Vassiliadis broth (RV, Becton Dickinson) and in-

cubated at 42 xC for 24 h. The RV broth was plated

onto xylose lysine tergoitol 4 agar (XLT4, Remel,

Thermo Fisher Scientific, USA) selective agar plates

and incubated at 37 xC, overnight. Suspect Salmonella

colonies from microbiological culture were screened

using Salmonella poly O antisera antiglutination

(Becton Dickinson, USA).

Environmental samples

Environmental samples were cultured following the

same protocol [17] using a volume of TTB sufficient to

submerge the swabs (y60 ml).

Data analysis

Bacteriological culture data were entered into an

Excel 2007 spreadsheet using appropriate coding and

subsequently verified for accuracy by checking each

entry with the original hard copy result. The spread-

sheets were transferred to a relational database

(Access 2007, Microsoft Corporation). Data were

retrieved from the database and imported into SAS

9.3 (SAS Institute Inc., USA) for data management

and statistical analysis.

Descriptive statistics of demographic data (number

of pigs sampled, gender), loss to follow-up and

morbidity were presented in proportions.

Descriptive statistics of bacteriological culture were

described for the nursery, barn environment, site, co-

hort, pig, and faecal sample (observation). Salmonella

apparent prevalence (proportion of positive samples/

tested) and respective 95% confidence intervals (CI)

were estimated at each unit of observation: cohort

(e.g. all collections combined within cohort), site

(e.g. all cohorts combined), pig age (by collection

period) and individual sample. Logistic models (Proc

Glimmix, SAS 9.3, SAS Institute Inc.) accounting for

clustering within pig, cohort and site, were applied

to compare prevalence at each unit of investigation.

Logistic models accounting for clustering within co-

hort and site were used to estimate adjusted preva-

lence for cohort and site, to compare the proportion

of Salmonella-positive samples in sites, and to esti-

mate the association between the proportion of

Salmonella-positive samples by collection period and

proportion of Salmonella-positive samples in nursery

and environmental samples. Model-adjusted appar-

ent prevalences are presented for cohorts, age and

site. Pearson x2 analysis with Bonferroni adjustment
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was used to compare the proportion of Salmonella-

positive samples in the cohorts classified based on

nursery and barn environmental Salmonella status

(positive or negative). A significance level of 0.05 was

used for all comparisons.

Patterns and duration of shedding were estimated

for those pigs which met the following inclusion

criteria: (1) survival until marketing (excluded n=3

dead and n=5 early shipment) ; (2) no more than

one period from which a sample was not collected

(excluded n=1); (3) had no more than two nega-

tive cultures between two positive culture results

(excluded n=10).

In order to estimate the duration of shedding of

individual pigs, we assumed that the shedding began

7 days prior the first detected positive culture and

lasted until 7 days after the last isolation. The 7-day

interval was selected taking into account data from

experimental studies indicating that pigs start to shed

Salmonella as early as 2–7 days post-exposure [18] and

as late as 7–14 days [19, 20], after exposure to a

Salmonella-contaminated environment or when com-

mingled with pigs shedding Salmonella. This interval

(7 days) is also the midpoint between two consecutive

sampling periods.

RESULTS

Demographic results

A total of 900 pigs were selected for inclusion in the

study. Forty-six percent (410/900) were barrows or

castrated males and 54% (490/900) were females.

The total loss to follow-up for faecal sample

collection was 5.1% (364/7200). Causes for loss to

follow-up were: death, unable to collect a specimen

(e.g. empty rectum, sick animal), or shipped to market

prior to final collection. A total of 17 (17/900, 1.9%)

pigs died during the study. The majority of the

pigs were sampled eight (71.4%, 643/900) or seven

(23.1%, 208/900) times.

At the observation level (individual pigrnumber

of sample periods pig observed) diarrhoea was de-

scribed in 2.4% (164/6836) of the observations. At the

pig level, 15.1% (136/900) were observed to have

diarrhoea at least once.

Nursery and barn environment

The total proportion of positive samples and respect-

ive 95% CI of nursery, barn environment samples

and sites, stratified by cohort are summarized in

Table 1. Pooled faecal samples from the source

nursery were collected and cultured in 17/18 cohorts.

Salmonella was detected in at least one nursery

pool in 76.5% (13/17) of the cohorts. A total of

36.5% (62/170) of the pooled nursery samples were

Salmonella positive. The proportion of positive nur-

sery samples ranged from 0% to 100% in the cohorts

(Table 1).

Environmental samples were collected for all

cohorts. Salmonella was detected in at least one en-

vironmental swab in 61.1% (11/18) of the cohorts.

The total number of positive swabs was 40 (40/360,

11.1%). The proportion of positive barn environ-

mental swabs ranged from 0% to 85% in the cohorts

(Table 1).

Site, cohort and age apparent prevalence

Salmonella was isolated from at least one sample type

(nursery, environmental or individual faecal) sample

at all three sites. In 17/18 cohorts at least one indi-

vidual faecal sample was positive. Salmonella was

cultured from 6.6% (453/6836, 95% CI 6.0–7.2)

of individual faecal samples. The proportion of posi-

tive faecal samples within a cohort (eight collection

periods combined per cohort) ranged from 0% to

44.1%. Within site, the adjusted Salmonella apparent

prevalence per cohort (six cohorts/site) ranged from

1.9% (95% CI 0.7–5.4) to 12.1% (95% CI 7.9–18.3)

in site A, 1.1% (95% CI 0.3–4.0) to 43.1% (95% CI

35.7–50.9) in site B and 0% to 5.7% (95% CI

3.2–10.1) in site C (Table 1).

For the 17 cohorts with both nursery and environ-

mental swab collections, there were nine cohorts with

at least one positive sample in both sample types that

also had at least one individual faecal sample positive.

Three cohorts were Salmonella positive in the nursery

but Salmonella negative for environmental swabs.

One cohort was negative in the nursery and had at

least one environmental swab positive. Three cohorts

were negative for both sample types. One cohort had

at least one positive sample for both nursery and en-

vironmental samples but was negative for individual

faecal samples. The proportion of Salmonella-positive

samples was significantly greater in those cohorts in

which both the nursery and the barn environment

were Salmonella positive (P<0.05) (Table 2). No

significant difference was found in cohorts negative

for both types of samples and nursery positive

and environment negative or nursery negative and

Longitudinal study of Salmonella in pigs 1931

https://doi.org/10.1017/S0950268812002464 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268812002464


environment positive (P>0.05) (Table 2). There was

a positive association between the proportion of

positive samples at each collection and the proportion

of positive pooled nursery samples (P<0.0001).

There was also a trend of a positive association be-

tween the proportion of positive barn environmental

swabs (P=0.07) and the proportion of positive faecal

samples at each collection.

Table 1. Proportion of samples positive for Salmonella spp. by site and cohort (samples represent individual

faecal samples, pooled faecal samples from the source nursery and barn environmental swabs) and respective

95% confidence intervals (CI)

Site/cohort

Environment* Nursery#

Cohort

Total positive
faecal samples
tested, n/N (%)

Adjusted Salmonella

apparent prevalence$

% (95% CI) % (95% CI) % (95% CI)

Site A

1 5.0 (0.1–24.9) 60.0 (26.2–87.9) 30/388 (7.7) 7.6 (4.5–12.5)
2 25.0 (8.7–49.1) 80.0 (44.4–97.5) 42/396 (10.6) 10.4 (6.7–15.7)
3 0.0 n.a. n.s. n.s. 7/390 (1.8) 1.9 (0.7–5.4)

4 85.0 (62.1–96.8) 60.0 (26.2–87.8) 46/382 (12.0) 12.1 (7.9–18.3)
5 5.0 (0.1–24.9) 20.0 (2.5–55.6) 16/386 (4.1) 4.7 (2.5–8.6)
6 5.0 (0.1–24.9) 10.0 (2.5–44.5) 6/396 (1.5) 1.9 (0.7–5.0)

Site B

1 10.0 (1.2–31.7) 10.0 (0.25–44.5) 12/383 (3.1) 3.3 (1.5–7.1)
2 10.0 (1.2–31.7) 100.0 (69.2–100) 156/354 (44.1) 43.1 (35.7–50.9)
3 0.0 n.a. 20.0 (2.5–55.6) 4/379 (1.1) 1.5 (0.50–4.5)

4 30.0 (11.9–54.3) 100.0 69.2–100) 57/339 (16.8) 16.4 (11.3–23.0)
5 5.0 (0.1–24.9) 0.0 n.a. 2/362 (0.6) 1.1 (0.3–4.0)
6 0.0 n.a. 0.0 n.a. 16/386 (4.1) 4.2 (2.1–8.3)

Site C
1 0.0 n.a. 0.0 n.a. 1/387 (0.3) 0.6 (0.1–3.0)

2 0.0 n.a. 80.0 (44.4–97.5) 24/393 (6.1) 5.7 (3.2–10.1)
3 0.0 n.a. 0.0 n.a. 6/390 (1.5) 1.6 (0.6–4.6)
4 15.0 (3.2–37.9) 60.0 (26.2–87.8) 18/371 (4.9) 4.5 (2.4–8.8)

5 5.0 (0.1–24.9) 10.0 (2.5–55.6) 0/376 (0.0) 0.0 n.a.
6 0.0 n.a. 10.0 (2.5–44.5) 10/378 (2.6) 2.5 (1.0–6.1)

n.s., Not sampled; n.a., not applicable.
* Total of 20 environmental samples per cohort.

# Total of 10 pooled samples per cohort.
$ Adjusted apparent prevalence accounting for clustering.

Table 2. Distribution of cohorts and proportion of samples positive for Salmonella spp. by the Salmonella

status of nursery and environmental swabs*

Nursery and
environment status

No. of

positive
cohorts

No. of

negative
cohorts

Positive faecal

samples tested
(n/N)

Proportion of

positive faecal
samples (%)# 95% CI

Nursery+ environment+ 9 1 383/3771 10.2a 9.2–11.2
Nursery+ environment– 3 0 38/1150 3.3bd 2.4–4.5

Nurseryx environment+ 1 0 2/362 0.6ce 0–2.0
Nurseryx environment– 3 0 23/1163 2de 1.3–3.0

CI, Confidence interval.
* Seventeen cohorts are represented, one cohort was excluded as no nursery samples were collected.

# Different superscript letters indicate a significant difference (P<0.05) of proportion of positive faecal samples.
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Although there was a numerical difference of the

overall proportion of positive samples in the sites

[site A: 6.3% (147/2338) ; site B: 11.2% (247/2203);

site C (2.6% (59/2295)], no significant difference in

the adjusted Salmonella prevalence (P>0.05) between

sites was found (site A: 5.1%, 95% CI 1.7–13.8; site

B: 5.5%, 95% CI 1.9–15.1; site C: 1.8%, 95% CI

0.6–5.5).

For all 18 cohorts, the proportions of positive

samples per cohort were plotted by age (Fig. 1).

The overall median was 2.0%; 25%, 75% and 95%

quartiles were 0%, 7.4% and 25.5%. The adjusted

Salmonella apparent prevalences were 6.4% (95% CI

3.2–12.6), 4.3% (95% CI 2.1–8.8) and 3.7% (95% CI

1.8–7.8) at ages 10, 12 and 14 weeks, respectively, and

were significantly different (P<0.0001) from the end

of finishing period (at 24 weeks: 0.8%, 95% CI

0.3–2.0). There were no significant differences (P>0.05)

in adjusted Salmonella apparent prevalence in the last

four collections (18 weeks: 1.2%, 95% CI 0.6–2.7;

20 weeks: 0.9%, 95% CI 0.6–1.5; 22 weeks: 0.6%,

95% CI 0.3–1.5; 24 weeks: 0.3%, 95% CI 0.3–2.0).

Pig apparent prevalence and duration of shedding

Most pigs were detected as Salmonella positive for the

first time at the first collection period (age 10 weeks,

61.5%, 115/187). This was followed by collections

2 and 3 (ages 12 and 14 weeks, 14.4%, 27/187),

collection 4 (age 16 weeks, 4.3%, 8/187), collection 6

(age 20 weeks, 3.7%, 7/187) and collections 5, 7 and 8

(ages 18, 22 and 24 weeks, 0.5%, 1/187).

Overall incidence of Salmonella was 20.8%

(187/899 pigs, 95% CI 18.2–23.6). Of the positive

pigs, 87 were culture positive once (46.5%) and

27 (14.4%), 31 (16.6%), 17 (9.1%), 10 (5.4%), six

(3.2%), and seven (3.7%) pigs were positive, two,

three, four, five, six, and seven times, respectively.

Only two pigs were Salmonella positive in all eight

collection periods. The duration of shedding was

clustered within site and cohort. The majority of the

pigs with two or more positive samples belonged to

site B (61/100 pigs), with sites A and C having 30 and

nine pigs detected as culture positive for Salmonella at

two or more collection periods, respectively. In site B,

two cohorts had the majority (53/61) of pigs with

two or more positive samplings (40 and 13 pigs, in

cohorts 2 and 4, respectively). In site A, two cohorts

had the majority of pigs with two or more positive

samples (19/30; nine and 10 pigs in cohorts 2 and 4,

respectively).

There were 95 pigs detected positive on more

than two sampling occasions that had consecutive

sampling collections. Of these, 46.3% (44/95) had

consecutive positive culture samplings, 23.2% (22/95)

had one culture-negative faecal sample between posi-

tive culture samples and 30.5% (29/95) were culture

negative on two or more occasions between the first

and last culture-positive sample collection period for

each pig.

A total of 168 pigs met the inclusion criteria for

estimation of shedding period. The median time of

shedding was 14 days (S.D.=32.5, range 14–112 days).

Eighty-five (50.6%) pigs shed for 14 days, 15 (8.9%)
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Fig. 1. Box plot representing the distribution of Salmonella-positive faecal samples within each cohort by pig age.
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pigs shed for 28 days, 18 (10.7%) pigs shed for

42 days, 11 (6.6%) pigs shed for 56 days and 39

(23.2%) pigs shed for between 70 and 112 days.

DISCUSSION

Estimates of Salmonella prevalence in finishing pigs in

the USA range from 3.4% to 48% [10, 11, 15, 21–26].

The observed proportion of Salmonella-positive sam-

ples and cohort prevalence were within the range of

these reports. The overall incidence of positive pigs

was 20.8%, which is, to the best of our knowledge,

the first estimate of incidence in naturally infected

swine in one large swine production system in the

USA.

Several longitudinal studies have been conducted at

the farm [8, 9, 15, 27, 28] and cohort/pig group [10, 29,

30] level. A limited number of studies have repeatedly

sampled individual pigs [11–14]. Similar to these

previous studies, we report variability of prevalence

by cohort and within pig. This may suggest there are

risk factors at the cohort and pig level that might

be associated with Salmonella prevalence. This varia-

bility reinforces that point estimates of prevalence

might misclassify farm and pig status and that pro-

spective studies are needed to assess time-dependent

risk factors for Salmonella in swine with consideration

for risk factors that may be distributed at different

levels of organization (farm, cohort, pig) [31].

The majority of the pigs were detected as

Salmonella positive at the beginning of the finishing

period (age 10 weeks). Although individual sampling

during the nursery phase was not performed in

this study, Salmonella was isolated in nursery pool

samples from a majority of the cohorts and there

was a positive association between the nursery pool

prevalence and the proportion of positive individual

samples by collection period. This suggests that pigs

were exposed to Salmonella in the nursery and may

have been shedding at arrival to the finishing barn.

Salmonella shedding during the nursery phase has

been reported [13], in some cases representing the

peak prevalence during the nursery period [12].

Several authors have reported increased prevalence

when pigs were moved to finishing units [13, 30],

which may be a result of multiple potential factors:

stress caused by transportation, comingling with new

pigs, changes in feed type and exposure to residual

contamination [13, 30].

Contaminated facilities are a source of Salmonella

[10, 11, 32, 33] and may in part explain the high

prevalence of Salmonella at the first collection

period. In agreement with other authors we observed

that cleaning and disinfection did not eliminate

Salmonella in the barn environment. The elimination

of Salmonella from the barn environment is difficult

and residual contamination might be responsible for

new infections [11, 14, 32, 33]. The trend of a positive

association between the proportion of positive barn

environmental swabs and the proportion of positive

individual samples suggests that the contaminated

environment may have contributed to Salmonella

infections in the finishing phase.

There was a significant difference in Salmonella

prevalence between age groups and shedding de-

creased as pig age increased. Other authors have re-

ported a decrease in prevalence during the finishing

period [12, 13, 30]. It is unclear whether this associ-

ation represents the natural history of Salmonella in

swine, with young animals being more susceptible and

ultimately clearing the infection over time, or if other

factors are involved. Further research to understand

whether control of Salmonella in young pigs ulti-

mately would decrease the risk of shedding at the time

of harvest is warranted.

More than 50% of the Salmonella-positive pigs

were detected at two sampling periods. Other studies

that have followed pigs over time have reported a

lower percentage of pigs that were detected on more

than two occasions. Beloeil et al. [14] reported that a

majority of pigs shed only once in weekly samplings.

In other studies the comparison is not as direct, since

in this study the sampling period was more frequent

than other reports [11, 12]. In this study, pigs

identified as Salmonella positive on more than two

occasions were clustered within site and cohort. This

is in agreement with Kranker et al. [12] who reported

characteristic patterns (shorter or longer periods of

shedding) by cohort. This might suggest that there are

cohort-level effects that are related to duration of

shedding or transmission dynamics.

The median and range of shedding duration in this

study is similar to that described by Kranker et al. [12]

who reported a mean duration of shedding of 18

or 26 days (range 7–101 days). Although our esti-

mates are limited by an imperfect diagnostic test, the

sampling frequency and the assumption of no new

infections, these data present critical information re-

garding the duration of shedding in naturally infected

swine. Further research to understand risk factors

for duration of Salmonella shedding in swine are

warranted.
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There was intermittent detection of shedding in

more than 50% of the pigs with multiple culture-

positive collections. Salmonella carriers can shed

intermittently and for long periods [11, 12, 34].

It is difficult to separate intermittent shedding of

Salmonella from intermittent detection or new infec-

tions. Despite being an imperfect diagnostic test,

faecal culture is considered the ‘gold standard’ for

Salmonella isolation. Estimates of the relative sensi-

tivity of faecal culture range from 6.5% to 95%,

depending on culture method and parallel estimation

of the sensitivity [17, 22, 35–38]. Although a relative

short sampling interval (2 weeks) was conducted

in this study, new infections could occur between

sampling occasions. Therefore, the intermittent shed-

ding could be intermittent detection of an ongoing

infection or a new infection after clearance of a

previous infection.

These data represent one production company in

one region of the USA. Although this may limit

external validity, we believe that this limitation is

minimal. This farm is typical of many US swine pro-

duction systems in size and production practices.

Furthermore, there are many similarities between the

results in this study compared to studies both in the

USA and other countries. A further limitation for

interpretation is in regard to the univariate analyses

reported in this paper. Statistical inferences regarding

these associations should be interpreted with caution,

as univariate analyses may bias the results reported.

Further risk-factor analyses using multivariate analy-

sis were not the aim of this paper and are currently

in process. Despite this limitation, the findings

presented in this paper are consistent with what has

been previously reported in the literature [11–14, 30,

32, 33].

These descriptive data regarding the incidence,

duration and pattern of shedding in swine provide

critical data for understanding risk factors for

Salmonella in finishing swine. The variability and

clustering of Salmonella shedding by site, cohort and

pig not only suggest a need to evaluate time-variant

risk factors, but also guide the design of future epi-

demiological studies for identification of potential

risk factors at different levels of clustering (site,

cohort, pig). Future research of the epidemiology of

Salmonella in swine should focus on longitudinal

study designs focused on multilevel and time-variant

risk factors. This study also reinforces that point-

source estimates of prevalence might misclassify herd

or pig Salmonella status.
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