N

N

Discrepancies between the isolation of Salmonella from
mesenteric lymph nodes and the results of serological
screening in slaughter pigs
Nathalie Nollet, Dominiek Maes, Luc Duchateau, Veerle Hautekiet, Kurt
Houf, Jan van Hoof, Lieven de Zuttera, Aart de Kruif, Rony Geers

» To cite this version:

Nathalie Nollet, Dominiek Maes, Luc Duchateau, Veerle Hautekiet, Kurt Houf, et al.. Discrepan-
cies between the isolation of Salmonella from mesenteric lymph nodes and the results of serological
screening in slaughter pigs. Veterinary Research, 2005, 36 (4), pp.545-555. 10.1051 /vetres:2005014 .
hal-00902981

HAL Id: hal-00902981
https://hal.science/hal-00902981

Submitted on 11 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00902981
https://hal.archives-ouvertes.fr

Vet. Res. 36 (2005) 545-555 545
© INRA, EDP Sciences, 2005
DOI: 10.1051/vetres:2005014

Original article

Discrepancies between the isolation of Salmonella
from mesenteric lymph nodes and the results
of serological screening in slaughter pigs

Nathalie NOLLET®P* Dominiek MAESP, Luc DUCHATEAUS,
Veerle HAUTEKIETY, Kurt HOUF?, Jan VAN HOOF?, Lieven DE ZUTTER?,
Aart DE KRUIF?, Rony GEERsY

a Department of Veterinary Public Health and Food Safety, Faculty of Veterinary Medicine,
Ghent University, Salisburylaan 133, 9820 Merelbeke, Belgium

b Department of Reproduction, Obstetrics and Herd Health, Faculty of Veterinary Medicine,
Ghent University, Salisburylaan 133, 9820 Merelbeke, Belgium

¢ Department of Physiology, Biochemistry and Biometrics, Faculty of Veterinary Medicine,
Ghent University, Salisburylaan 133, 9820 Merelbeke, Belgium

d Laboratory for Quality Care in Animal Production, Zootechnical Centre, K.U. Leuven,
Bijzondere Weg 12, 3360 Lovenjoel, Belgium

(Received 8 July 2004; accepted 9 November 2004)

Abstract — Most Salmonella control programmes are based on serological testing in the
slaughterhouse. However, from a point of view of carcass contamination, it is rather the presence of
Salmonella spp. in the animal at the time of slaughter that is important. The aim of this cross-
sectional study was to investigate the possible discrepancies between the isolation of Salmonella
spp. in the mesenteric lymph nodes and the results of serological screening. In total, 1821 fattening
pigs originating from 60 Belgian farrow-to-finish herds were sampled in the slaughterhouse. The
serum samples were analysed using an indirect mix-ELISA for the presence of Salmonella
antibodies and evaluated at 3 cut-off values namely 10, 20, and 40% Optical Density (OD). All
mesenteric lymph node samples were submitted to qualitative Salmonella isolation and a
representative number of isolates was serotyped. From each herd, 30 animals were screened both
serologically and bacteriologically and the herd was considered as positive when at least one sample
was positive. At the herd level, 83.6% (cut-off OD 40%) to 100.0% (cut-off OD 10%) of the herds
from which Salmonella had been isolated were evaluated as seropositive. At the individual level,
only 34.5% (cut-off OD 40%) to 82.8% (cut-off OD 10%) of the animals from which Salmonella
had been isolated were seropositive. Overall, a weak agreement was found between bacteriology
and serology for Salmonella diagnosis. If pig herds are categorised using serological tests in the
slaughterhouse, one should be aware of the fact that slaughter pigs can still harbour Salmonella spp.
in the mesenteric lymph nodes, without being detected in serological tests. The cut-off value used
to evaluate a sample as serologically positive and the number of samples per herd are of major
importance to classify herds correctly in order to protect human health.
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1. INTRODUCTION

Salmonella is one of the most important
causes of foodborne illness in humans, with
eggs, poultry meat and pork as the major
sources [3, 6, 34]. In Denmark [17], Ger-
many [23] and Ireland [25], national control
programmes, based on serological testing,
are implemented in the pork production
chain. Therefore, meat juice samples from
arepresentative number of pigs per herd are
collected at the slaughterhouse. All samples
are processed using an indirect mix-ELISA,
which combines different O-antigens. Such
tests are, as generally accepted, a useful tool
to determine the prevalence at the herd level
[18, 19] and to point out high-prevalence
herds [17]. Depending on the prevalence as
determined in these tests, herds are classi-
fied into different categories [17, 23, 25].

However, with regards to the system of
logistic slaughtering, it is the number of
Salmonella harbouring animals, with Sal-
monella spp. being present in the intestines
or the associated lymph nodes that is impor-
tant with regards to contamination of the
carcasses [5]. In many studies, the associa-
tion between serological and bacteriologi-
cal results as measured in faecal samples
has been calculated at the herd level [9, 11,
16, 25, 28, 33] and at the individual level!
[10, 28]. The authors agree that the serolog-
ical test is suitable for screening on a herd
basis in control programmes aiming to
reduce Salmonella prevalence in pork.
However, no predictions concerning the
Salmonella carrier status can be made with
certainty based on serological testing, espe-
cially not at the individual level.

During transport and lairage, the number
of Salmonella shedders can be doubled
within 2—6 h, as has been shown in a Dutch
study [4]. This increase in the number of
shedding animals is caused by pigs excret-
ing Salmonella spp. already at the herd but
also by pigs with reactivated latent infec-
tions, harbouring Salmonella spp. in the
intestines and the gut associated lymph

1 Dahl J., unpublished results.

nodes [4]. Because the risk for cross-con-
tamination during transport and lairage is
high, individual faecal samples taken at the
slaughterhouse could overestimate the herd
prevalence. A better estimation of the herd
prevalence can be made by determining the
number of Salmonella infected animals
based on isolation of Salmonella spp. in the
mesenteric lymph nodes [8, 14, 30]. Because
most of the existing Salmonella control pro-
grammes are based on serological diagno-
sis, it is important to know how many of the
Salmonella seronegative herds can still
deliver Salmonella infected animals at the
slaughterhouse.

The aim of the present study was to
determine how many of the animals that are
Salmonella culture positive, as obtained by
Salmonella isolation in the mesenteric lymph
nodes collected at the slaughterhouse, are
also serologically positive. The discrep-
ancy between the bacteriological and sero-
logical status was evaluated at the herd level
and at the individual level and was addition-
ally determined for the 5 most-occurring
serotypes.

2. MATERIALS AND METHODS

2.1. Selection of the herds and study
population

Sixty farrow-to-finish pig herds were
included in this cross-sectional study. All
herds were regular suppliers of one of the
four slaughterhouses belonging to one coop-
erative. They were all located in Flanders
(Belgium) and had a minimum herd size of
100 sows. From each herd, 30 pigs were
identified and sampled from an average
slaughterhouse delivery of about 95 pigs.
The selection of the pigs was done system-
atically with randomisation of the first pig.
More details about the studied population
are described in a previous paper [22].

2.2. Sample collection

The samples were collected at the
four slaughterhouses over a time period of
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one year. Blood samples from each study
pig were taken at exsanguination. After evis-
ceration, the intestines were individually
identified and mesenteric lymph nodes were
collected from the ileum. All samples were
immediately transported to the laboratory
for further processing.

2.3. Sample analyses
2.3.1. Serum samples

The blood samples were centrifuged at
1400 x g for 10 min. All serum samples
were stored at —20 °C until the end of the
trial. Then, they were analysed using acom-
mercial indirect mix-ELISA, following the
recommendations of the manufacturer (Herd-
Check Swine Salmonella Antibody Test
Kit, Idexx Laboratories, Inc., Maine, USA).
The presence of antibodies against Salmo-
nella in each sample was determined by
relating the absorbance value at 650 nm of
the unknown to the positive control mean
by calculating the Sample-to-Positive (S/P)
ratio. S/P values were associated with Opti-
cal Density percentages (OD%) by an
experimentally determined correlation fac-
tor of 2.5, which was based on German and
Dutch reference samples and on an interna-
tional ring trial [31]. OD% can be calcu-
lated by the following formula:

_(3)
OD%_(Z.S x 100 .

2.3.2. Mesenteric lymph node samples

First, all lymph nodes were immersed for
10 s in 95% ethanol followed by flaming to
decontaminate the surface [8, 14]. Ten grams
were aseptically transferred to sterile stom-
acher bags and 90 mL Buffered Peptone
Water (CM 509, Oxoid Ltd., Basingstoke,
Hampshire, England) was added. After
homogenisation during 1 min with a stom-
acher blender, the homogenates were incu-
bated at 37 °C for 16 to 20 h. Following
incubation, 100 pL were added to 10 mL of

Rappaport-Vassiliadis (RV) broth (CM 669,
Oxoid) and 100 pL was spotted onto a Mod-
ified Semisolid Rappaport-Vassiliadis agar
(MSRYV) plate (LAB 150, Lab M, Lanca-
shire, UK). Both media were incubated for
24hat42°C. The MSRYV plates were exam-
ined for the presence of migration zones. A
loopful of the culture edge of the migration
zones and of each RV enrichment broth was
streaked on a Xylose Lysine Desoxycholate
(XLD) agar plate (CM 469, Oxoid). After
incubation for 24 h at 37 °C, all XLD plates
were examined for the presence of sus-
pected colonies. The collected strains were
biochemically tested using Triple Sugar
Iron, Indol and Lysine. From an average of
9 randomly selected strains per herd, one
Salmonella colony per sample was stored at
—20 °C for further identification of the isolate.

2.4. Identification of the isolates

Isolates belonging to serotype Typhimu-
rium were firstidentified by the polymerase
chain reaction (PCR) assay using the
Salmonella Typhimurium-specific primers
MDH 31 and MDH 2 coding for malic acid
dehydrogenase [15]. Briefly, the isolates
were grown on Plate Count Agar (CM 325,
Oxoid) for 24 h at 37 °C under aerobic con-
ditions. One colony was harvested and sus-
pended in 150 pL sterile water and heated
for 15 min at 90 °C. The suspensions were
centrifuged for ] minat 11 000 x g and 2 uLL
of the supernatant was used in the PCR
assay. PCR reactions were performed in a
reaction mixture (50 pL final volume) con-
taining 5 uL of 10 x PCR buffer (Eurogen-
tec, Seraing, Belgium), 1 U of Tag DNA
polymerase (Yellow star, Eurogentec),
200 pmol each of dATP, dGTP, dCTP, and
dTTP, 1.25 mmol L~! MgCl,, and 50 pmol
each of the PCR primers. PCR involved
35 cycles of denaturation (94 °C, 20's), primer
annealing (67 °C, 30 s) and chain extension
(72 °C, 30 s). Prior to cycling, the samples
were heated at 94 °C for 3 min. The ampli-
fied products were detected by electro-
phoresis in 1.5% agarose in 0.5 x Tris-
borate-EDTA buffer at 100 V for 40 min.
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The gels were stained with ethidium bro-
mide. An UV transilluminator was used for
visualisation.

The isolates that tested negative in the
PCR assay were serotyped according to the
Kauffman-White Scheme [24], which is
based on somatic (O or lipopolysaccharide)
and flagellar (H) antigens.

2.5. Statistical analyses

Three different cut-off values were con-
sidered in the interpretation of the serolog-
ical results: OD 10%, OD 20% and OD
40%. The first value is recommended by the
manufacturer (Idexx Laboratories, Inc.,
Maine, USA). The value of OD 40% has
been experimentally determined as the opti-
mal value for large scale use in the original
Danish Salmonella surveillance and control
programme [17], but this value has recently
been decreased to the cut-off value of OD
20% [20]. Values lower than the cut-off
value were considered as negative, values
equal to or higher than the cut-off value
were considered as positive, following the
recommendations of the manufacturer (Idexx
Laboratories, Inc.).

First, logistic regression was used to model
the presence of a bacteriological infection
as a function of the continuous OD% value.
Next, the OD% value was replaced by a
binary variable expressing whether the sam-
ple was seronegative or not.

The relative sensitivity of the serological
test was estimated by the number of sero-
logically positive samples that was also
bacteriologically positive. The relative sen-
sitivity of Salmonella isolation in the
mesenteric lymph nodes was estimated in a
similar way. All sensitivities were investi-
gated at the herd level and at the individual
level. For the analysis at the herd level, a
herd was considered as positive if at least
one sample was found positive. The prob-
ability for classifying a herd as serologi-
cally positive given the herd was bacterio-
logically positive was calculated for different
sample sizes based on the binomial distri-

bution and assuming independence between
the samples of a herd.

Additionally, as a measure of agreement
between both diagnostic tests, Cohen kappa
coefficients were calculated at the herd
level and the individual level, and for the
different cut-off values.

The relative sensitivities were also derived
for each of the 5 serotypes that were most
prevalent. The latter sensitivities were com-
pared with each other using Chi-square tests.

All statistical analyses were performed
using SAS 8.0.

3. RESULTS

3.1. Descriptive results

In total, 1821 pigs from 60 herds were
sampled. The descriptive results for the
bacteriology and serology using the differ-
ent cut-off values are given in Table I. From
the 492 isolates that were serotyped, 23 dif-
ferent serotypes were found. The 5 most
common serotypes were S. Typhimurium
(33.0%), S. Derby (26.0%), S. Goldcoast
(11.0%), S. Panama (7.0%) and S. Living-
stone (7.0%). Other important serotypes
were S. London (4.0%), S. Rissen (4.0%),
S. Brandenburg (3.0%) and S. Anatum
(2.0%).

3.2. Association between bacteriological
and serological results

The OR (95% CI) for an animal being
Salmonella positive in the mesenteric
lymph nodes was 1.10 (1.07-1.14) for an
increase of the OD with 10%. The OR (95%
CI) for being Salmonella positive in the
mesenteric lymph nodes for OD% above
versus below the cut-off value was 2.07
(1.66-2.59),1.67(1.38-2.01) and 1.70 (1.37-
2.09) for the cut-off values of 10%, 20%
and 40%, respectively.

The individual results for the Salmonella
isolation in the mesenteric lymph nodes and
the serological results for the cut-off values
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Table 1. Descriptive results for Salmonella enterica based on bacteriological isolation in the
mesenteric lymph nodes (MLN) and serology. In total, 1821 samples were taken from 60 Belgian far-
row-to-finish herds during 2001-2002.

Serology with different cut-off values

MLN ODP 10% OD 20% OD 40%
Number of positive isolates 1066 1348 991 547
% of positive herds?® 91.7 100.0 96.7 83.3
% of positive samples per herd (+ SD) 57.3 +36.73 76.8+£24.02 533+31.24 29.0+27.82

@ A herd was defined as positive if at least one sample was found positive.
b Optical density: values lower than the cut-off value were considered as negative, values equal to or higher
than the cut-off value as positive.

Table I1. Two by two table for the Salmonella isolation results in the mesenteric lymph nodes (MLN)
and the serological test using the cut-off value of OD 10%. In total, 30 pigs from 60 Belgian farrow-
to-finish herds were sampled (n = 1821) during 2001-2002.

Serologically negative® Serologically positive Total
MLN?® negative 227 528 755
MLN positive 183 883 1066
Total 410 1411 1821

4 The results of the qualitative Salmonella isolation from the mesenteric lymph nodes. The results are
expressed as either positive or negative.

b The results of the serological testing using a cut-off value of OD 10%. The results are expressed as either
positive or negative.

Table ITI1. Two by two table for the Salmonella isolation results in the mesenteric lymph nodes (MLN)
and the serological test using the cut-off value of OD 20%. In total, 30 pigs from 60 Belgian farrow-
to-finish herds were sampled (n = 1821) during 2001-2002.

Serologically negativeP Serologically positive Total
MLN? negative 400 355 755
MLN positive 430 636 1066
Total 830 991 1821

2 The results of the qualitative Salmonella isolation from the mesenteric lymph nodes. The results are
expressed as either positive or negative.

b The results of the serological testing using a cut-off value of OD 20%. The results are expressed as either
positive or negative.

of OD 10%, 20% and 40% are shown in
Tables II, III and IV, respectively. The rel-
ative sensitivity (95% C.1.) for the serolog-
ical test at the individual level was 82.8
(80.6-85.1), 59.7 (56.7-62.6) and 34.5
(31.7-37.5) for the cut-off values of OD

10%, 20% and 40%, respectively. At the
herd level, a relative sensitivity (95% C.1.)
of 100.0 (93.5-100.0), 98.2 (90.3-100.0)
and 83.6 (71.2-92.2) was found for the cut-
off values of OD 10%, 20% and 40%,
respectively. The relative sensitivity (95%
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Table IV. Two by two table for the Salmonella isolation results in the mesenteric lymph nodes (MLN)
and the serological test using the cut-off value of OD 40%. In total, 30 pigs from 60 Belgian farrow-
to-finish herds were sampled (rn = 1821) during 2001-2002.

Serologically negativeP Serologically positive Total
MLN?® negative 576 179 755
MLN positive 698 368 1066
Total 1274 547 1821

@ The results of the qualitative Salmonella isolation from the mesenteric lymph nodes. The results are

expressed as either positive or negative.

b The results of the serological testing using a cut-off value of OD 40%. The results are expressed as either

positive or negative.

C.1.) for the Salmonellaisolation at the indi-
vidual level was 62.6 (60.0-65.1), 64.2
(61.1-67.2) and 67.3 (63.3-71.2) for the
cut-off values of OD 10%, 20% and 40%,
respectively. At the herd level, a relative
sensitivity (95% C.I.) of 91.7 (81.6-97.2),
93.1 (83.3-98.1) and 93.9 (83.1-98.7) was
found for the cut-off values of OD 10%,
20% and 40%, respectively.

The probability of a herd to be correctly
classified as serologically positive using
different cut-off values as a function of the
sample size and assuming independence
between different samples of a herd is
shown in Figure 1. When analysing 5 serum
samples per herd, the probability of classi-

fying a Salmonella culture positive herd as
seropositive is 87.9%, 98.9% and 100.0%
for the cut-off values OD 40%, 20% and
10%, respectively. If 20 serum samples
were analysed, the probability of correctly
classifying an isolation positive herd as
seropositive is 100.0% for the 3 cut-off val-
ues.

Because all herds were serologically
positive at the cut-off values of OD% 10, no
Cohen kappa coefficient between the bac-
teriological and the serological diagnostic
technique could be calculated. The Cohen
kappa coefficients at the herd level for the
cut-off values 20 and 40 OD% were 0.25
and 0.15, respectively. The Cohen kappa

100
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—— 0D 20%
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20
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Figure 1. The probability of classifying a herd in the present study population as Salmonella positive
using serological testing at 3 different cut-off values (OD 10%, 20% and 40%) and for different
sample sizes (0-30) given the herd was bacteriologically positive (Salmonella isolation in the
mesenteric lymph nodes). Independence between samples of a herd was assumed.
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Table V. The relative sensitivities for serological testing given one of 5 of the most-prevalent serotypes
that had been isolated. In total, 492 isolates were serotyped from a pool of 1054 Salmonella isolates
from mesenteric lymph nodes in Belgian slaughter pigs, isolated in 2001-2002.

Relative sensitivity (%) at different cut-off values

Number of isolates OD 10% OD 20% OD 40%
S. Typhimurium 160 84.5 67.12 45.32
S. Derby 111 80.5 67.32 44.32
S. Goldcoast 52 86.8 58.5 17.0b
S. Panama 36 72.3 29.7b 10.8b
S. Livingstone 33 88.2 55.9 20.6b

ab Figures in the same column with different superscripts are significantly different from each other

(p < 0.05).

Table VI. Serological results from pigs in which a Salmonella serotype has been isolated not belong-
ing to serogroups B, C1 or D and thus are not supposed to be detected in the serological test used.

Percentage of positive serum samples at different cut-off values

Serotype Serogroup OD 10% OD 20% OD 40%
S. Goldcoast Cc2 88.5 59.6 17.3
S. Bovimorbificans C2 87.5 62.5 37.5
S. London El 73.7 474 31.6
S. Muenster El 100.0 100.0 0.0
S. Urbana N 100.0 0.0 0.0
S. Anatum El 80.0 30.0 10.0
S. Sundsvall H 100.0 0.0 0.0

coefficients at the individual level were
0.14,0.12 and 0.09 for the cut-off values of
10, 20 and 40 OD%, respectively.

3.3. Associations between
bacteriological and serological
results for the five
most-occurring serotypes

The relative sensitivity for the serologi-
cal test used given one of the most-preva-
lent serotypes being isolated is given in
Table V. Significant differences were found
between the relative sensitivity for S. Typh-
imurium or S. Derby and the relative sensi-
tivity for S. Goldcoast, S. Panama or S. Liv-
ingstone (p < 0.05). The percentages of
serologically positive animals from which a
serotype not belonging to serogroups B, C1

and D was isolated are shown in Table VI.
If using the cut-off value of OD 10%, the
percentage of serologically positive animals
varied between 73.7 and 100%, depending
on the serotype.

4. DISCUSSION

Since pork is a main source for human
salmonellosis [6, 29], it is important to reduce
the prevalence of Salmonella in pork as much
as possible. In different European countries,
Salmonella control programmes that mon-
itor the prevalence of Salmonella in pigs
and pork have been implemented. Also in
Belgium, a Salmonella surveillance pro-
gramme is underway. Except for Norway
and Sweden, where the national programme
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is based on Salmonella isolation in faecal
and in lymph node samples [26], the exist-
ing control programmes are based on sero-
logical tests in which antibodies against
Salmonella are measured. However, when
logistic slaughtering is applied, it is the
presence of Salmonella spp. in a shipment
that is important regarding contamination
of carcasses [5, 7, 29]. The aim of the
present study was therefore to investigate
the possible discrepancies between the iso-
lation results of Salmonella and the results
of serological screening methods.

The reason why we sampled the lymph
nodes is that Salmonella is often present in
the mesenteric lymph nodes in carrier ani-
mals [5] and that lymph nodes are the tis-
sues most consistently colonised in infected
animals [8]. Although a recent infection
during transport or lairage cannot be totally
excluded, the presence of Salmonella in the
mesenteric lymph nodes mostly refers to an
infection originating from the pig herd [14,
30]. In the present study, transport lasted on
average 1.7 h and the time spent in the
lairage was on average 3.1 h. Moreover,
because transport of finishing pigs originat-
ing from more than one herd together in one
truck is not allowed in Belgium and because
of thoroughly cleaning and disinfection of
the truck before every shipment, the risk for
cross-contamination between pigs from dif-
ferent herds during transport is probably low.
Although infection of the mesenteric lymph
nodes during the present time span cannot
be totally ruled out, we think that it has not
or only marginally biased our results. To
exclude the influence of transport and lairage,
pooled pen faecal samples could also have
been taken at the herd of origin and a cor-
relation could have been made between the
serotypes found in those samples and the
serotypes isolated in the mesenteric lymph
nodes. However, this was not the aim of the
present study and therefore the prevalence
based on Salmonella culture was estimated
based on one sampling per herd.

The risk for a positive Salmonella isola-
tion in the mesenteric lymph nodes was in

the present study population 1.10 times
higher when the OD% was increasing with
10. The OR for being Salmonella culture
positive for OD% above versus below the
cut-off value was slightly higher for the cut-
off value of OD 10% than for OD 20% and
40%. The lowest cut-off for serological
testing had thus more discriminatory power
in detecting the Salmonella harbouring pigs
in comparison with higher cut-off values.

Depending on the cut-off values used,
the number of culture positive herds which
were serologically classified as positive var-
ied from 83.6 (cut-off 40%) to 100.0% (cut-
off 10%). In the group of animals that were
Salmonella culture positive, only 34.5%
(cut-off 40%) or 82.8% (cut-off 10%) were
seropositive. This means that a high per-
centage of serologically negative animals
can still harbour the pathogen and therefore,
every shipment must be regarded as suspi-
cious when using the system of logistic
slaughtering.

The use of the lowest cut-off value, result-
ing from the relative sensitivities, was rec-
ommended in the present study population
in order to increase the probability of clas-
sifying herds correctly based on serological
testing. However, when using this cut-off
value of OD 10%, a higher number of herds
were detected as seropositive although the
animals were not harbouring the bacteria.
Although Salmonella was not present in
those shipments, a positive serological result
at the herd level means that Salmonella is
or has been present in the herd and the
farmer needs to solve the problem.

The low Cohen kappa values found in
the present study confirm that the agree-
ment between both diagnostic techniques is
only weak. Two major explanations for these
discrepancies are possible. First, none of
the diagnostic tests has a 100% sensitivity
and specificity. The specificity of the ELISA
test used was 99.4% as tested in a prelimi-
nary screening by the manufacturer (Idexx
Inc., Maine, USA, non-published data). As
shown in the present study, the sensitivity
of the serological test can be influenced by
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the serotype causing the infection. The prob-
ability of serologically detecting S. Typh-
imurium or S. Derby, was higher than for
S. Goldcoast, S. Panama or S. Livingstone.
Similar results were obtained in the study
by Van Winsen et al. [33] who concluded
that some serovars may not be detected at
all or may be detected to a lesser extent in
different mix-ELISA currently used. More-
over, according to Nielsen et al. [18], not all
pigs do seroconvert. Some serotypes can
thus be isolated, without inducing detecta-
ble antibodies in the infected swine. The
serological test used in the present study
should be able to detect all serotypes
belonging to serogroups B, C1 and D. How-
ever, positive serological results were also
found in pigs from which serotypes belong-
ing to other serogroups were isolated. These
pigs could have been infected with other
serotypes than the one isolated, at the same
time or earlier in their life. If a pig was
excreting more than one serotype at the
same time, we were not able to detect this
because only one colony per isolation plate
has been serotyped. On the contrary, the
range of serotypes able to be detected by the
serological test is probably wider than that
described. In 25 of the herds, more than one
serotype was isolated. If one of those sero-
types was a serotype not supposed to be
detected by the serological test, the herd
can still be classified correctly as positive
because of the presence of detectable sero-
types in the herd.

Regarding the bacteriology, the sensitiv-
ity of Salmonella isolation remains depend-
ent on the media used [1, 32]. Under field
conditions, the culture of faecal samples is
considered to have a sensitivity below 50%
[2].Inacollaborative study [12], it has been
shown that the relative sensitivity of MSRV
is 96% in naturally contaminated food sam-
ples. In mesenteric lymph node samples and
in faecal samples, the combination of MSRV
(selecting the more motile serotypes) with
RV (selecting the non-motile serotypes) had
a high relative sensitivity (98.4%), as shown
in preliminary experiments [21]. By using
mesenteric lymph nodes instead of faecal

samples and by combining two different
enrichment media, we believe the sensitiv-
ity to be sufficient.

A second explanation for the discrep-
ancy is the biological difference between
the serological reaction in the animal and
the presence of the pathogen. The presence
of the bacteria in the lymph nodes can be
caused by an infection very early in the pigs'
life [27], or by a recent infection. No anti-
bodies will be detected in the serum of these
infected animals, because the serological
response may no longer be there in the first
case [13,35] oris not yet there in the second
case.

When looking at the probability distri-
bution for different sample sizes and for dif-
ferent cut-off values, based on the analysis
of 30 samples in the 60 study herds, a min-
imum sample size of 20 samples per herd
would be needed, irrespective of the 3 dif-
ferent cut-off values, in order to classify all
culture positive herds as serologically pos-
itive. If a cut-off value of OD 10% is used,
a minimum sample size of 5 samples per
herd would be sufficient to classify a herd
correctly using serological tests.

According to the binomial distribution
of the probabilities of correctly classifying
a herd as serologically positive in function
of the sample size, 30 serum samples should
be enough for classifying all culture posi-
tive herds as serologically positive. This is
in contradiction with the relative sensitivi-
ties obtained, and is due to the fact that sam-
ples of a herd are apparently not independ-
ent, as was assumed in the calculation of the
sensitivities. As a consequence, the number
of serum samples needed to classify Salmo-
nella isolation positive herds as seroposi-
tive cannot be calculated based on the bino-
mial distribution but also other factors, such
as clustering of samples within a herd, should
be taken into account.

The probability distribution in the present
study was calculated for a within-herd prev-
alence of 57.3% (Salmonella isolation) or
76.8,53.3 and 29.0 for the cut-off values of
OD 10%, 20% and 40% (Salmonella serol-
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ogy), respectively. If a Salmonella control
programme would lead to a reduction of the
Salmonella prevalence as a consequence,
the minimum sample size to classify herds
correctly should be re-estimated.

In conclusion, it can be stated that sero-
logical screening methods are useful at the
herd level, but in the present population, a
low cut-off value and an adequate number
of samples is recommended to classify
herds correctly. Only a weak agreement
was found between the results of both diag-
nostic procedures. Although a herd can be
classified as negative in serological screen-
ing programmes, each shipment should be
regarded as suspicious with regards to logis-
tic slaughter systems.
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