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Midwest US swine herds
Peter B. Bahnson, DVM, PhD; Daniel J. Damman, DVM; Richard E. Isaacson, PhD; Gay Y. Miller, DVM, PhD; Ronald M. Weigel,
PhD; H. Fred Troutt, MS, VMD, PhD

Summary
Objectives: To describe the prevalence and
serovars of Salmonella enterica in ileocolic
lymph nodes of slaughtered swine in a
sample of Midwest US herds and to assess
as methods of study pooling and freezing
of lymph-node samples prior to bacterial
culture.

Materials and methods: Ileocolic lymph
nodes from 30 pigs from each of 146 herds
were sampled at slaughter. Tissue from
five pigs was pooled for one bacterial cul-
ture. Retained frozen tissues from the
same pigs were cultured individually (n =
82 herds) from a subset of those with Sal-
monella-positive pools (n = 100 herds). A

mathematical relationship was described
to predict approximate individual preva-
lence based on number of positive pools.
Isolates were serotyped. To test for effects
of freezing on test sensitivity, lymph nodes
from 100 pigs were cultured both fresh
and after freezing.

Results: Salmonellae were detected in 100
of 146 herds (68.5%). The mean number
of positive pools per herd was 1.75, and
the mean within-herd, individual-pig
prevalence was 6.98% (95% CI, 4.88% -
9.07%). Freezing of samples did not result
in decreased detected prevalence. Individual
prevalence could be approximately predicted
by pool results, although with low precision.

Implications: Salmonellae were found in
two-thirds of the herds studied. Culture of
pooled samples with subsequent culture of
retained frozen tissues from positive pools
may be an effective way to test a larger
number of herds on a given budget
through laboratory-cost savings. However,
pooling without culture of individuals
from positive pools results in imprecise
prevalence estimation.
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Resumen – Prevalencia y serovariedades
de Salmonella entérica aislada de los
nódulos linfáticos ileocólicos de cerdos de
mercado criados en piaras seleccionadas
del medio oeste de EU

Objetivos: Describir la prevalencia y
serovariedades de Salmonella entérica en
nódulos linfáticos ileocólicos de cerdos de
mercado en una muestra de piaras del medio
oeste de EU y valorar cólmo métodos de
estudio el agrupamiento (pooling) y la
congelacióln de muestras de nóldulos
linfáticos antes del cultivo bacteriano.

Materiales y métodos: Al sacrificio se
tomaron muestras de los nóldulos linfáticos
ileocóllicos de 30 cerdos de cada una de las
146 piaras. Se agrupól el tejido de cinco
cerdos para un cultivo bacteriano. Los
tejidos congelados de los mismos cerdos se
cultivaron individualmente (n = 82 piaras)
para un subgrupo de muestras agrupadas
que resultaron positivas a Salmonella (n =
100 piaras). Se describiól una relacióln
matemática para predecir la prevalencia
individual aproximada basada en el número
de agrupamientos positivos. Los aislamientos

fueron serotipificados. Para probar el
efecto de la congelacióln en la sensibilidad
de la prueba, se cultivaron los nóldulos
linfáticos de 100 cerdos, tanto frescos
como después del congelamiento.

Resultados: Se detectól la salmonellae en
100 de las 146 piaras (68.5%). El número
promedio de agrupamientos positivos por
piara fue de 1.75, y el promedio de la pre-
valencia individual por cerdo dentro de la
piara, fue de 6.98% (95% CI, 4.88% -
9.07%). El congelamiento de las muestras
no disminuyól la prevalencia detectada. La
prevalencia individual podría predecirse
aproximadamente con los resultados del
agrupamiento, aunque con poca precisióln.

Implicaciones: Se encontról salmonellae
en dos tercios de las piaras estudiadas. El
cultivo de las muestras agrupadas con el
cultivo subsecuente de los tejidos congelados
de los agrupamientos positivos puede ser
una manera efectiva de probar un número
mayor de piaras con un presupuesto pre-
establecido a través de un ahorro en los
costos de laboratorio. Sin embargo, el
agrupamiento sin el cultivo de muestras
individuales de los agrupamientos positivos
resulta en una estimacióln imprecisa de la
prevalencia.
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Salmonella enterica is an important
foodborne pathogen of pork. The
US Centers for Disease Control and

Prevention (CDC) estimated that nontyphoid
Salmonella was associated with 16.1 cases
per 100,000 population in 2002.1 The
CDC also has estimated that there were
more than 1.4 million human Salmonella
cases per year in the United States, result-
ing in 15,000 hospitalizations and 400
deaths annually during 1996-1999.2 A
survey of retail US pork products, both
whole muscle and ground product, indi-
cated that 9.6% of 384 tested products
were positive for Salmonella serovars,3

while 1.6% of 613 pork chops collected at
retail US markets in 2002 were Salmonella-
positive.4

While the proportion of human cases di-
rectly or indirectly attributable to pork has
been incompletely quantified in the
United States, one report estimates that,
on the basis of an assessment of outbreak
data, 6% to 9% of foodborne Salmonella
infections in the United States may be as-
sociated with pork and pork products.5

Although data is not directly transferable
to the United States situation because of
differences in consumption patterns and

other factors among countries, reports
from two other countries also suggest a
role for pork in human salmonellosis. A
study of Danish surveillance data esti-
mated that 9% of human salmonellosis
was attributable to pork, with 75% of all
cases attributed to a source.6 Approxi-
mately 20% of human salmonellosis in
Germany may be attributable to pork
sources.7 Salmonella causes more severe
illness than other common foodborne
pathogens in pork, with relatively high
hospitalization and death rankings for
nontyphi Salmonella.2 Human infections
by nontyphi Salmonella has a substantial
economic impact in the United States,8

estimated at $US 3B.

Foodborne outbreaks of all types attribut-
able to pork have declined in the United
States during the period 1973 to 1992.9

Since 1992, US slaughter plants have in-
stituted process control systems based on
Hazard Analysis Critical Control Point
(HACCP) principles to improve pork food
safety. Salmonella serovars are being moni-
tored by the United States Department of
Agriculture (USDA) as an indicator of the
success of these plans, and a performance
standard specifying a maximum of 8.7%

Salmonella-positive carcasses has been en-
forced since 1998.10 While the USDA has
documented progress in Salmonella con-
trol, 2.5% of carcasses tested Salmonella-
positive in 2003.11 Consequently, Salmo-
nella in pork continues to represent a
threat to food safety.

We designed this study to quantify the
prevalence and serovars of Salmonella
among slaughtered pigs from US Midwest
commercial swine herds. To better under-
stand and interpret our results, we also
assessed the effect of freezing ileocolic
lymph-node samples prior to culture for
Salmonella isolation, and described the
relationship between pooled and indi-
vidual-sample culture results.

Materials and methods
Study herds
Two major US Midwest slaughter plants
agreed to participate in the study on con-
dition of anonymity. The client lists of
these plants were reviewed to identify
herds routinely capable of delivering at
least 30 pigs per lot marketed on a single
day. In addition, a state pork-producer
association, coordinated marketing groups,
and swine-dedicated veterinary practices
provided names of herds likely to market
to these slaughter plants. Participation
request forms were distributed to 333
herds, and 225 agreed to participate
(67.6%). The selection criteria for partici-
pation in the study were that the herds
sold market weight pigs to abattoirs par-
ticipating in the study, were located in the
same state as the slaughter plants, were
able to market at least 30 animals as a
single group, and agreed to complete a
survey. Herds delivered pigs to the slaugh-
ter plant on the schedule of their choice.
Pigs were sampled on the basis of avail-
ability of technical personnel at the time
of delivery. Samples were collected be-
tween July 17, 1997 and October 9, 1998,
with a target to sample up to 150 herds.
Herds were selected without prior knowl-
edge of Salmonella occurrence.

Collection of ileocolic lymph
nodes
Pigs were transported to slaughter using
the herd’s normal delivery methods, and
were placed in lairage for variable lengths
of time, as was the practice of the slaugh-
ter plants. Pigs were marked with a tattoo,
segregated into a holding pen, and moved
through the slaughter line as a group. For

Résume – Prévalence et sérovars de Sal-
monella enterica isolés des noeuds
lymphatiques iléocaecaux de porcs élevés
sur des fermes dans le midwest américain

Objectifs: Déterminer la prévalence et les
sérovars de Salmonella enterica isolés des
noeuds lymphatiques iléocaecaux de porcs
charcutiers abattus provenant d’un échantil-
lonnage de fermes du midwest américain
et évaluer comme méthode d’étude le
regroupement et la congélation d’échantillons
de nœuds lymphatiques avant de les
soumettre à la culture bactérienne.

Matériels et méthodes: Des nœuds
lymphatiques iléocaecaux ont été prélevés
à l’abattoir sur 30 porcs de chacune de
146 fermes. Les tissus provenant de cinq
porcs ont été regroupés pour effectuer une
seule culture bactérienne. Les tissus
conservés congelés de ces mêmes animaux
ont été cultivés individuellement (n = 82
élevages) pour obtenir un sous-groupe des
fermes ayant des pools positifs pour la
présence de Salmonella (n = 100 élevages).
Une relation mathématique basée sur le
nombre de pools positifs a été décrite pour
prédire la prévalence individuelle approxi-
mative. Le sérotypage des isolats a été fait.

Afin de vérifier les effets de la congélation
sur la sensibilité du test, des nœuds
lymphatiques provenant de 100 porcs ont
été cultivés frais et après congélation.

Résultats: La présence de salmonellae a été
détectée dans 100 des 146 troupeaux (68.5%).
Le nombre moyen de pools positifs par
troupeau était de 1.75, et la moyenne in-
tra-troupeau de la prévalence individuelle
était de 6.98% (CI 95%, 4.88% - 9.07%).
La congélation des échantillons ne causa
pas de diminution de la prévalence détectée.
Les prévalences individuelles pouvaient
être approximativement prédites à partir
des résultats des pools, quoique avec une
faible précision.

Implications: La présence de salmonellae
été détectée dans le deux tiers des troupeaux
étudiés. La culture des échantillons regroupés
avec culture subséquente des tissus congelés
provenant des pools positifs semble un
moyen efficace pour tester un plus grand
nombre de troupeaux pour un budget donné
en réalisant des économies sur les analyses
de laboratoire. Toutefois, le regroupement
sans culture des échantillons individuels
constituant les pools positifs donne une
estimation imprécise de la prévalence.
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lots with more than 30 animals, only the
first 30 animals on the slaughter line were
collected. After evisceration, the intestinal
tract was removed from the slaughter line,
and the tracts were placed in collection
bins. Care was taken not to place tracts
from more than one herd in any bin.
These were moved to a separate area for
removal of the ileocolic lymph nodes
(lymph nodes draining the cecum, ileum,
and colon, also commonly referred to as
ileocecal lymph nodes). The overlying me-
sentery was wiped dry with sterile gauze,
then carefully reflected using sanitized in-
struments to prevent contamination of
lymph nodes from the surface of the me-
sentery. The nodes were grasped using
sterile gauze held by a clean gloved hand,
collecting a sample expected to weigh > 4 g
per individual and placing each in a sepa-
rate sterile plastic sample bag. Samples
were transported to the laboratory on ice.

Identification of Salmonella
serovars in fresh samples
Salmonellae were identified using a modi-
fication of a published method.12 All in-
oculated media were incubated at 37°C.
Within 24 hours of collection, lymph-
node tissues from each individual were
split approximately in half using a sterile
scalpel or scissors. One half was placed in
a sterile plastic bag and frozen at -70°C for
up to 14 months. Two-gram samples from
the second (unfrozen) halves from five pigs
were combined, broken down with a mal-
let and a paddle blender (Stomacher 80;
Seward Ltd, Worthington, UK), blended
with 90 mL of tetrathionate broth
(Tetrathionate Broth Base; Remel Inc,
Lenexa, Kansas), and incubated for 42 to
48 hours. After incubation, 1 mL was
added to a tube of 9 mL of R10 broth
(Rappaport-Vassiliadis R10 Broth; Remel
Inc) and incubated for 24 hours. Broths
were streaked for isolation on XLT4 agar
(XLT4 Agar Base; Remel Inc). If suspect
colonies were found after 24 hours of
growth, one colony was transferred to bril-
liant green agar. Suspect colonies were
tested for agglutination with anti-Salmo-
nella antibodies (Polyvalent O groups A
through G Salmonella Somatic Agglutinat-
ing Serum, Rabbit; Remel Inc). Isolates
failing agglutination were further tested
using a battery of biochemical tests in a
commercially available test kit (API 20E;
bioMerieux, Hazelwood, Missouri). Iso-
lates positive either by agglutination or the
test kit were serotyped either at the US
Department of Agriculture National

Veterinary Services Laboratory (Ames,
Iowa) or the Wisconsin State Veterinary
Diagnostic Laboratory (Madison,
Wisconsin).13

Identification of Salmonella
serovars in frozen samples
Frozen samples were stored for testing at a
convenient time, with the number of
samples stored limited by available freezer
space. Frozen lymph-node tissue from in-
dividuals in Salmonella-positive pools was
thawed overnight at 2°C and cultured us-
ing the laboratory process described for
fresh samples, except that 2 g of lymph
node from each individual was blended
with 20 mL tetrathionate broth and cul-
tured separately.

Participating herd survey
A survey was mailed to herd managers the
day after collection of samples including
questions on facilities, husbandry, man-
agement, and slaughter-transport practices.
Farm demographics are reported here;
analysis to identify risk factors for preva-
lence of antimicrobial-resistant Salmonella
are reported elsewhere.14 Nonrespondents
were initially sent a reminder card and
subsequently a second copy of the survey
if they did not reply to the reminder. Fi-
nally, nonrespondents were contacted by
telephone.

Statistical analysis
Pooled-sample prevalence. Potential dif-
ferences in the distributions of pooled-
sample results between the two slaughter
plants was assessed using the Wilcoxon-
Mann-Whitney test, which treats the
number of positive pools as ordered cat-
egorical variables (StatXact, 4.0.1; Cytel
Software Corporation, Cambridge,
Massachusetts).

Individual-pig prevalence. Pig-level preva-
lence was calculated as the number of (fro-
zen) individual-pig culture-positive samples
divided by the total number of samples.
Individuals with negative pool results were
assumed to be Salmonella-negative, al-
though these samples were not cultured
individually. To estimate individual preva-
lence in herds with only pooled-sample
results, a regression of individual pig
prevalence as a function of the number of
positive pools per herd was used to derive
a statistical model (Statistica version 6.1;
Statsoft Inc, Tulsa, Oklahoma). The
square-root transformation of prevalence
was used to meet the statistical model

assumptions required. Overall prevalence
was estimated by averaging across herds
from individual cultures, where available,
or from the predictive equation where
samples were not individually cultured.

Preliminary testing for detection concor-
dance. To assess the potential for freezing
to bias culture results, we collected > 4 g
of ileocolic lymph-node tissue from each
of 100 carcasses at one slaughter plant.
The samples were collected in four collec-
tions spread over an 8-hour work shift on
a single day, sampling every fifth carcass
on the slaughter line during each collection.
Upon arrival at the laboratory, 4 g of tissue
was weighed, and each node was cut in
half. Half of each node was immediately
processed. The remainder was placed in a
sterile plastic bag, frozen at -70°C for 2
weeks, and then thawed overnight at 2°C.
Culture methods for both fresh and frozen
tissue were as described for individual
samples, except that isolates were not
serotyped. Detection concordance was
compared by the kappa statistic using ex-
act methods (StatXact).

Results
Of the 225 herds that agreed to partici-
pate, 146 herds were sampled and surveys
were sent to them. Valid surveys were re-
turned by 113 herds. Of these, 20
(17.7%) obtained some or all growing pigs
from at least one outside herd, with the
remaining herds rearing all pigs from birth
to slaughter. The breeding-female inven-
tory, number of pigs marketed during the
previous 12 months, growing-pig inven-
tory in the barn at the time of shipment,
and proportion of piglets born in an out-
side herd were described (Table 1). Batch
or all in-all out pig flow was practiced in
the finisher barn by 39.4% of herds. Pigs
were shipped directly from the farm to the
slaughter plant by 104 herds (92.0%);
four (3.5%) delivered to a facility where
pigs from multiple herds were grouped for
shipment to slaughter; and five (4.4%)
reported other delivery methods.

Salmonellae were detected in lymph nodes
from 100 of 146 herds (68.5%). The dis-
tribution of pooled-sample results did not
differ between slaughter plants (P = .71).
The number of pooled positive samples
varied from zero to six of six pools tested
per herd, with a mean of 1.75 positive
(Figure 1). Thirty-three serovars were de-
tected. Ten serovars were represented by more
than ten isolates (Table 2): these serovars
accounted for 76.5% of all isolates. The
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other serovars detected were 4,5,12:i-mono-
phasic, Bareilly, Bovis-morbificans,
Bredeney, Chailey, Cholerasuis (Kunz),
Cubana, Give, Hartford, Heidelberg,
Infantis, Johannesburg, Litchfield,
Livingstone, Montevideo, Muenchen,
Newport, Ohio, Pakistan, Saint-Paul,
Schwarzengrund, Tennessee, and Thompson.

Of the 100 samples cultured both as fresh
and frozen tissues, a total of 24 were cul-
ture-positive by at least one method, and
10 were positive by both methods (Table
3). Prevalence estimated by both methods
was the same, although seven individuals
that were positive by each method were
negative by the other. The kappa statistic
was 0.50 (95% CI, 0.28 - 0.73).

A total of 1005 frozen individual lymph-
node samples were cultured from 201
positive pools distributed among 82 herds.
These samples were frozen for 2 to 14
months, depending on availability of lab
resources. Among these herds, the median
within-herd prevalence of positive indi-
viduals was 6.67% (95% CI, 6.73% -
13.20%) and the mean was 9.96% (95%
CI, 0% - 80.0%). No salmonellae were
detected among individual cultures from
22 of these herds, although salmonellae
were isolated from pooled samples. At the
herd level, the number of positive pools
was positively correlated with individual
prevalence (r = 0.65; P < .01). Transformed
individual prevalence was described by a
quadratic equation (Table 4) derived by
regression analysis. The fitted within-herd
prevalence varied from 2.1% (95% CI,
0.7% - 4.0%) for herds with one of six
positive pools to 36.8% (95% CI, 24.7% -
51.1%) for herds with six of six pools posi-
tive (Figure 2). The distribution of num-
ber of Salmonella-positive pools among

pool-positive herds was not significantly
different in herds with or without indi-
vidual culture results (P = .78). The mean
prevalence for all herds was estimated using
frozen tissue for 82 herds and the predic-
tive equation for the 22 culture-positive
herds without individual results, and was
set at zero for herds with no positive pools.
The estimated mean prevalence was
6.98% (95% CI, 4.88% - 9.07%) and the
10th, 25th, 50th, 75th, and 90th percentiles
were 0%, 0%, 2.5%, 7.0%, and 20%, re-
spectively, with a range of 0% to 80%.

Discussion
Approximately two-thirds of the herds in-
vestigated in this study had at least one

Salmonella culture-positive result, suggesting
the importance of procedures to minimize
pork contamination throughout the pork
chain. These findings are similar to results
of a study of Minnesota herds,15 where
Salmonella were detected in 16 of 25 farms
and in 3.6% of 3442 pigs. The Minnesota
study differed from this study in culture
and collection methods, and in addition, a
variable number of pigs per herd were
sampled in the Minnesota study (n = 14 to
1172). A survey of 317 pigs in Canadian
slaughter facilities during 1985-1986 re-
ported 14.2% positive (mesenteric lymph-
node samples).16 Studies of five North
Carolina farms17 and six Iowa farms18 re-
ported 21% and 9.15% culture-positive
pigs, respectively (ileocolic lymph-node
samples). In Europe, findings of large-
scale, population-based slaughter studies
include 3.3% positive (n = 11,942) in
Germany19 and 15.2% positive (n = 7756)
in the Netherlands20 (ileocolic lymph
node samples). In Denmark, 6.2% of cecal
content samples were culture-positive (n =
13,468).21

The herds in this study were not selected
in a manner that would ensure that they
are representative of midwestern US herds.
However, participants were chosen without
knowledge of prior or current Salmonella
status, farm management, or other herd
characteristics other than size. Neither of
the participating slaughter processors had
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Table 1: Summary of responses to herd survey questions among 113 Midwest
swine herds

*   For the 94 herds with breeding stock.
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Figure 1: Frequency distribution of 146 swine herds by the number of Salmonella
culture-positive pools of ileocolic lymph nodes among six pools collected (five
pigs sampled per pool).
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high risk of Salmonella shedding at slaugh-
ter. Further, the current study represents a
one-time snapshot of prevalence. Since the
prevalence of Salmonella may vary over
time,23-25 identification of marketed
groups with high prevalence may require
ongoing sampling, which would be expen-
sive and cumbersome using existing
methods.

Regional differences have been reported
for Salmonella prevalence based on fecal
culture, with higher proportions of south-
eastern US herds positive compared with
the herds in the Midwest and other ar-
eas.26 Consequently, it is likely that the
results reported here are lower than would
be found nationwide, assuming that fecal
and ileocolic lymph-node detection rates
are positively associated.27

The serovar distribution in swine in this
study differed from that of isolates re-
ported for human salmonellosis by the
CDC’s FoodNet surveillance system.28

Most notably, the proportion of serovar
Derby isolates was much higher in study
samples compared with human-origin iso-
lates. This discrepancy, among others, has
been the basis for speculation that either
pork may be a minor source of human
salmonellosis in the United States, or that
certain serovars, especially serovar Derby,
have relatively low infectivity for humans.29

Serovar Derby was the most commonly
detected serovar both in this study and in
carcass swabs collected nationwide.11 On
the other hand, there are commonalities
among serovars isolated from pigs and hu-
man. First, eight of the 10 most common
human serovars reported by the FoodNet
system in 199828 were detected in swine
lymph nodes in this study. Second, more
than half of isolates from both swine and
human FoodNet isolates were common
serotypes. Whereas these commonalities
do not prove that pigs are a source for hu-
man infection, the findings are consistent
with such linkage and indicate the need
for further study.

Invasive Salmonella infections result in more
serious health consequences. Four of the
eight most common invasive serovars re-
ported in human disease30 were detected
in swine samples in this study, although
three of these, Heidelberg, Schwarzengrund,
and Choleraesuis, were not among the 10
most common swine serovars detected in
this study.

Samples collected at slaughter may reflect
bacteria derived from the farm of origin,
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Table 2: Salmonella enterica serovars detected among ileocolic lymph node
samples from slaughtered pigs from 113 Midwest herds*

*    Ileocolic lymph nodes were collected from 30 pigs per herd. Half of each individual
pig sample was frozen. The other halves of individual fresh samples were pooled
and cultured for Salmonella (five pigs per pool, six pools per herd). For Salmonella-
positive pools, individual frozen samples were cultured and Salmonella isolates
serotyped.
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Table 3: Salmonella culture results from 100 paired ileocolic lymph-node
tissues collected at slaughter and cultured fresh (not frozen) and after storing
at -70°C for 14 days (frozen)

Table 4: A regression model of Salmonella prevalence0.5 in ileocolic lymph
nodes of slaughtered pigs as a function of the number of culture-positive
pooled samples*

*    Samples from five individuals were combined to form a single pool for bacterial
culture (six pools per herd) as described in Table 2.
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specific programs linked to herd Salmonella
history or current status of herds. Although
the smallest herds were excluded from the
study, since they were not able to deliver
30 pigs per shipment, most Midwest
slaughter pigs are produced in herds at
least the size of the study herds. Assuming
weekly delivery, this minimum delivery-
group size would correspond to a herd size
of approximately 100 sows, assuming average
production efficiency calculated from Na-
tional Agricultural Statistical Service (NASS)

figures.22 Midwest herds with current to-
tal inventory of 1000 pigs or larger, the
NASS category closest to the inventory
expected for 100 sows, accounted for
70.4% of all Midwest inventories in 1998.22

Only 10% of herds had ≥ 20% prevalence,
suggesting the possibility that on-farm
interventions might be targeted to a subset
of farms. However, the success of such a
program would depend on development
and implementation of tests that are both
cost effective and able to accurately predict
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or those acquired during transportation
and lairage. Although farms are an impor-
tant source of strains isolated at slaugh-
ter,27 rapid Salmonella enterica infection of
intestinal lymph nodes can occur,31,32 and
there is evidence for uptake of new strains
during transport and lairage.18 Conse-
quently, isolates collected at slaughter
should be regarded as a composite of all
three sources.

These findings probably underestimate the
true prevalence of Salmonella for several
reasons, including the effect of pooling
samples, freezing samples, and limited sen-
sitivity of the culture methods used. Pool-
ing followed by culturing of individual
samples in positive pools was an effective
way to reduce laboratory resources re-
quired. In this study, the total number of
bacterial cultures was reduced by approxi-
mately two-thirds, compared with cultur-
ing all 30 individuals from every herd. Be-
cause the cost of culture media needed for
Salmonella isolation is substantial for
large-scale studies, this efficiency and cost
savings can dramatically increase the number
of herds and pigs studied. For epidemiologic
studies, inclusion of a large number of
herds provides for a more robust descrip-
tion of a population. However, pooled
samples were not a precise indicator of
individual-pig prevalence, suggesting that

a two-stage protocol would help define
prevalence more accurately. Pooling has
the potential to introduce systematic bias
if the culture methods for pools are less
sensitive than culture methods for indi-
vidual samples. An assessment of prevalence
among samples paired with culture-nega-
tive pools would be useful to help interpret
results. However, we did not evaluate this
potential effect, since the objective of
pooling in this study was to make more
efficient use of available laboratory and
financial resources, and culture of negative
pools would have required resources that
were instead used for study of additional
pigs and herds. However, if this methodol-
ogy resulted in lower sensitivity at the pig
level, as would be expected, a bias toward
underestimation of prevalence is the likely
result. A further bias was noted in failure
to detect Salmonella in individual samples
paired to 22 of the positive pools. If it is
assumed that none of the pooled-sample
results were false-positives, then it follows
that using individual results where they
were available, as was done in this study,
would also tend to underestimate preva-
lence. Possible reasons for these incongru-
ities include potentially heterogeneous
distribution of salmonellae in lymph-node
tissues, relatively insensitive culture meth-
ods, death of bacteria during storage, and

potential cross-contamination of pooled
tissues, among others. These limitations
should be kept in mind when pooled
samples are used.

Freezing samples may result in diminished
viability of salmonellae, with a consequent
bias to underestimate prevalence in frozen
samples, as has been reported in food
samples,33 swine feces,34and poultry-
house environmental samples.35 The find-
ing of identical prevalence estimates in
fresh and frozen samples, however, sug-
gests that this effect, if present, appears to
be fairly small for lymph-node cultures
using the methods reported here. Salmo-
nellae are believed to survive intracellularly
in lymph-node tissue,36,37 and it is pos-
sible that enclosure of the organisms in
host cells protected them from some of the
damaging effects of freezing. The high
number of discordant samples and moder-
ate kappa statistic38 may suggest moderate
to low sensitivity for the culture methods
used, inconsistent distribution of salmo-
nellae within lymph-node tissue, or both.
Although the sensitivities of the specific
methods used in this study have not been
documented, other conventional methods
applied to fecal samples have shown vari-
able sensitivity, and in some cases, low
sensitivity.39,40

While salmonellae were found in 68% of
herds, the median prevalence of 6.7% sug-
gests that in most herds, the proportion of
culture-positive pigs was low. However,
positive pigs pose a likely risk to pork food
safety, since many of the serovars detected
are also detected in human infection, and
four were among the common list of invasive
human serovars. These findings suggest
the need for continued care in develop-
ment of pork-chain Salmonella control
programs, and the need for further re-
search to identify cost-effective methods to
reduce Salmonella shedding on farms.

Implications
• Under the conditions of this study,

salmonellae were commonly isolated
from ileocolic lymph nodes of
slaughtered pigs, with positive results
in approximately two-thirds of herds
and an average of 7% of individual
pigs.

• Among herds studied, a minority of
market deliveries provided a dispro-
portionately high prevalence of
Salmonella-positive pigs.

• Freezing of lymph-node samples

Figure 2: Salmonella prevalence in ileocolic lymph nodes of swine, modeled as
a function of the number of culture-positive pooled samples per herd (six
pooled samples per herd, 82 herds). Approximate 95% CIs for the fitted model
are shown. Lymph nodes were collected at slaughter and stored at -70°C for 2
to 14 months before culturing.
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before bacterial culture appears an
effective way to simplify logistics
without compromising the ability to
detect Salmonella.

• Pooling of samples for microbial
culture then culturing individual
retained (frozen) tissue from positive
pools can be an effective way to
reduce study costs, increase the
number of herds examined, or both.
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