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Serologic basis for assessment of subclinical Salmonella
infection in swine: Part 1

Isabel Turney Harris, DVM, PhD

Salmonella serology in swine
Within the last 10 years, serology has been
used to determine the prevalence of salmo-
nellae on pig farms and has been adopted
by several countries into national control
programs designed to reduce occurrence of
salmonellae on the farm and in pork. Serol-
ogy is an attractive alternative to bacterio-
logic methods, which have low sensitivity
and which are expensive.

Serological tests for Salmonella antibodies in
swine are interpreted by associating test re-
sults with a reduction in prevalence of sub-
clinical infection in pigs (determined by
bacteriologic methods) and reduced risk of
carcass contamination at slaughter, rather
than with the presence or absence of disease.
At its present level of sensitivity and
specificity, the Salmonella ELISA functions
under field conditions as a herd test, ie, the
responses of individual animals are evaluated
in order to make a decision on the status of
the whole herd. In research situations, how-
ever, where pigs are experimentally infected
with pure cultures of known serovars of Sa/-
monella, the ELISA is useful as an individual
pig test. Whether Salmonella ELISA testing
should be adopted in national surveillance
programs as a method of reducing
foodborne disease caused by Salmonella
serovars depends upon the ability of the test
to detect indigenous serovars, availability
and ease of testing, and cost per sample. Ad-
ditional considerations include correlation
of the serologic response with true subclini-
cal infection, pig performance, and risk of
carcass contamination at slaughter.

Control of subclinical

salmonellosis
Clinical salmonellosis in pigs is diagnosed
by observation of clinical signs, gross and

microscopic lesions in affected tissues, and
isolation and identification of Salmonella
organisms, particularly serovars
Choleraesuis, Typhimurium, and several
others.! Conversely, subclinical Sa/monella
infection, attributable to any of the more
than 2400 Salmonella serovars that have
the potential to infect pigs without causing
clinical disease, is of zoonotic interest due
to human food safety concerns regarding
pork production.? Identification of infec-
tion, rather than disease, is the challenge at
farm level for control of Salmonella in
pork. Sources of this infection range from
feed, water, pigs, other animals, and in-
sects, to transport vehicles and lairage,
where exposure of pigs to contaminated
environments for less than 2 hours may
result in contamination of the carcass with
Salmonella organisms, posing the risk of
disease for humans consuming pork.3-¢
Elimination of salmonellae in low preva-
lence situations, or reduction in higher
prevalence situations, has been the focus
for control of zoonotic salmonellae in
swine.

An epidemic of human salmonellosis in
Sweden in 1952 prompted initiation of a
comprehensive program of continuous sur-
veillance by bacteriologic culture of animals,
feeds, and animal products, compulsory
notification of all Salmonella isolates to the
Swedish Board of Agriculture, and elimina-
tion of the source of the infection. This suc-
cessful program has been in operation for
more than 30 years, and the prevalence of
salmonellae in the Swedish pig population is
reported to be less than 0.1%.”

In response to a human outbreak of salmo-
nellosis, Denmark initiated a program in
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1993 to reduce the prevalence of salmonel-
lae in pork.® The program encompassed
guidelines for producing and testing
feedstuffs, an extensive serologic surveil-
lance of pig production herds, control of
pig transport and holding before slaughter,
and bacteriologic testing of meat.” This
national program, facilitated by producer
ownership of slaughter facilities and
traceback to the farm of origin, is based
upon categorizing herds by their Salmonella
prevalence levels, which are determined by
results of serologic assays. Herds with high
seroprevalence are subject to additional
control measures up to and including pen-
alties assessed on the carcasses. An indirect
ELISA described by Nielsen et al 1° became
the basis for this monitoring program.

The Danish mix-ELISA (DME), so called
because the antigen is a combination of
lipopolysaccharide (LPS) extractions of
Salmonella Choleraesuis (O antigens 6 and
7), and Typhimurium (O antigens 1,4, 5,
and 12), is used to assay serum samples
collected from live animals on the farm or
from meat juice (collected when a meat
sample from the carcass is frozen and
thawed).!! Serologic monitoring has been
an efficient and cost-effective tool. The
prevalence of salmonellae in Danish pork is
reported to have declined from 3.5% in
1993 to 0.7% in 2000.1213

ELISA serological tests for
detection of Salmonella

antibodies in swine

In 1995, a technician from our laboratory
was trained at the Danish Veterinary Labo-
ratory, Copenhagen, Denmark, to perform
the DME. We have trained personnel from
state laboratories in South Dakota, Minne-
sota, Illinois, Nebraska, and Iowa, and
from private laboratories at Boehringer
Ingelheim Vetmedica, Inc (Ames, Iowa),
and Novartis Animal Health (Larchwood,
Iowa). Other laboratories, with the purpose
of increasing the sensitivity of the test, have
developed indirect ELISAs based upon the

Journal of Swine Health and Production — Volume 11, Number 5

247



DME, using the same antigens or adding
antigens from different Sabmonella serogroups
most frequently encountered in the area or
country where the test will be used.!4-18
Serogroup classification is based upon the
O or somatic antigens (heat stable polysac-
charides) that salmonellae possess as deter-
mined by slide agglutination testing. The
Salmonella antibody detection (SalAD)
ELISA has been developed in the United
States.!®!7 Several commercial companies
offer Salmonella ELISA testing on swine sera
or meat juice or have produced test kits or
components for laboratory use in Canada
and other countries (Diakit Sa/monella
Swine, Maxivet Laboratories, St Hyacinthe,
Quebec, Canada;'®1? VetScreen Salmonella
Covalent Mix-ELISA plates, Exiqon,
Vedbaek, Denmark;?%?! Salmotype Pig,
Labor Diagnostik, Leipzig, Germany;?>23
HerdChek Salmonella kit, Idexx Laborato-
ries, Osterbybrik, Sweden;4 VetGraph an-

tibody Detection Assay test components,
Ames, Iowa; Vetsign Porcine Salmonella
Antibody ELISA Kit (VP020), Guildhay
Ltd, Guildford, Surrey, UK; Svanovir Sa/-
monella-Ab ELISA Svanova (SVA),
Uppsala, Sweden; and Porcine Salmonella
antibody ELISA kit, Biovet, St Hyacinthe,
Quebec, Canada). However, no commer-
cial test kits or components are currently
available in the United States. Many labo-
ratories have published studies regarding
the sensitivities and specificities of their
tests in experimental and field conditions
and in comparison to the DME, and the
ability of the tests to detect the Salmonella
serovars predominant in the country where
the test will be used. Twelve laboratories
that conduct either “in-house” or commer-
cially available Salmonella ELISA tests par-
ticipated in an international trial in which
a panel of well-defined sera were assayed by
each laboratory. Sera from pigs experimen-

tally inoculated with different serovars of
Salmonella or potentially cross-reacting or-
ganisms, and sera from Salmonella-free
pigs, were assayed.?> All tests were indirect
ELISAs using LPS antigens from
serogroups B (which includes Salmonella
Typhimurium) and C1 (which includes
Salmonella Choleraesuis), and some in-
cluded Salmonella LPS from other
serogroups. For each test, the sensitivities
were plotted against the specificities to cre-
ate a receiver operating characteristic
(ROC) curve. The area below the curve
was considered to be proportional to the
accuracy of the test, from 0.5 (random) to
1.0 (perfect). One laboratory had a very
low ROC curve area of 0.6, while the rest
ranged from 0.78 to 0.87. The authors sug-
gested that international reference serum
samples should be made available to stan-
dardize tests conducted by different
laboratories.

Figure 1: Serologic responses of 15 pigs experimentally infected with Salmonella serovar Typhimurium (108 colony
forming units/pig).?® Fifteen 3-week-old pigs were held for 16 days then inoculated intranasally and held for an additional
4 weeks. Arrow indicates time of inoculation. Serum samples were collected at intervals throughout the period and
assayed using the Danish mix-ELISA. Serum ELISA values were >10 OD% for eight pigs by 7 days post inoculation, and for
13 pigs by 27 days post inoculation (64 days of age).
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Evaluation of the DME

The DME can detect a serologic response
in young, experimentally infected pigs less
than a week after inoculation.!® 20 In a
group of 37 three-month-old pigs experi-
mentally inoculated orally with 108 colony
forming units (CFU) of Salmonella
Typhimurium, 86% seroconverted (optical
density [OD]%>10) by day 22 post inocu-
lation.?” The frequency of seropositive pigs
peaked at 30 days post inoculation, and
declined to 67% by 108 days post inocula-
tion. There was considerable variation in
the serologic response, and seroconversion
was never detected in some pigs.

The variable serologic response of 15 pigs
experimentally infected with Salmonella
Typhimurium in another study is illus-
trated in Figure 1. The decline in serologic
response in very young pigs within several
weeks is assumed to be due to decay of pas-
sively acquired maternal antibody from the
sow.28 Experimental infection with differ-
ent Salmonella serovars produced varying
magnitudes of detectable antibody re-
sponse in individual pigs.lo’ 26

Nielsen et al'! evaluated the DME for use
on muscle fluid (meat juice) as an alterna-
tive postmortem sample to serum. Testing
of meat juice is more amenable to large
scale surveillance programs, and allows for
accurate identification of the serologic
sample with the carcass. The agreement
between results of the ELISA performed
with meat juice and the ELISA performed
with sera was considered acceptable, and
this procedure was incorporated in the
Danish Sa/monella Control Program for
finisher herds.

Measuring the DME serologic
reSpOﬂSC

In one study of 3-week-old pigs experi-
mentally infected with large numbers of
pure Salmonella cultures and tested weekly
to 108 days postinoculation, the DME re-
sponse was determined by using an “experi-
mental” or “scientific” OD% cutoff (cut
point) of 10.1° This was calculated from
the average OD plus eight times the SD in
a group of 37 control pigs tested at the
same times. Later, when the DME was
evaluated for monitoring finisher age ani-
mals, the cutoff value was reassessed and
set at OD% of 40 for use in the Danish
surveillance program. This level was chosen
so that the subsequent examination of fecal
samples would be facilitated in herds in
which seroprevalence was deemed moder-
ate or high.? In the current Danish Sa/mo-
nella Control Program, the OD% cutoff
has been lowered to 20;% in this system,
10 is subtracted from the calculated OD%
of the individual sample. This is called the
“Salmonella Value” for the individual. The
number of individuals with Salmonella Val-
ues of OD%>20 are then considered posi-
tive, and that number of animals, divided
by the number tested, is the seroprevalence
for the group. This number is then used to
calculate the Sa/monella Index, which is the
basis for categorizing herds into Levels 1, 2,
and 3, with 1 being the lowest seropreva-
lence level. We are currently using an
OD% cutoff value 230 in the DME con-
ducted in our laboratory, and do not sub-
tract 10 from the individual OD% value as
is done in Denmark. We determined that
an OD% cutoff of 30 was optimal for epi-
demiologic studies in the field.?°

National Salmonella
surveillance programs

A national serologic surveillance program
has been in place in Denmark since 1993
for breeding stock herds and since 1995 for
herds producing slaughter pigs. In the
Danish Sa/monella Control Program for
finisher herds, meat juice samples are col-
lected monthly at slaughter and tested us-
ing the DME. The total number of
samples collected from a herd yearly de-
pends on the estimated annual number of
animals sent to slaughter. From each herd
sending 201 to 2000 animals per year, 60
meat juice samples are assayed with the
DME each year. This sample size increases
to 75 for herds sending 2001 to 5000 ani-
mals to slaughter per year and to 100 for
herds marketing >5000 animals per year.
The Salmonella Value for the individual
sample is considered positive if the OD%
is >20. Seroprevalence is determined on
each slaughter group’s monthly sampling
and is used to calculate a “Serologic Sa/mo-
nella Index,” which is a weighted average of
the seroprevalence for the previous 3
months, weighted 0.2, 0.2, and 0.6, least
to most recent test, respectively. This index
then is used to categorize the herd into one
of three levels. Level 1 herds have an index
of <40, Level 2 herds have an index be-
tween 40 and 70, and Level 3 herds have
an index >70.2% A Level 0 category is cur-
rently being evaluated for herds in which
the seroprevalence is 0 for 3 consecutive
months.

Beginning in 2002, Germany initiated a
voluntary Salmonella control program simi-
lar to the Danish one, and the United
Kingdom introduced the Zoonoses Action

Table 1: Sensitivity (%) and specificity (%) of rectal swab culture and three ELISA tests for Salmonella serovars, with results
assessed using three different cutoffs' for each ELISA, in samples collected from 1735 finisher pigs? from three farrow-to-

finish operations

Cutoff (OD%)

Test 40 30 20

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
Culture 21 100 19 100 20 100
DME3 46 100 54 100 68 100
Salmotype* 78 99 79 99 87 99
Diakit® 39 99 49 96 72 84

positive result.

Danish mix-ELISA.

wu A wWwN

Salmotype Pig; Labor Diagnostic, Leipzig, Germany.
Diakit Salmonella Swine; Maxivet Laboratories, St Hyacinthe, Quebec, Canada.

For each test, results were expressed in optical density % (OD%), and cutoffs represent the lowest OD% that was considered a

Animals tested included 579 pigs from a 2000-sow herd, 569 from a 1650-sow herd, and 587 from a 850-sow herd.
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Plan (ZAP) Salmonella monitoring pro-
gram, also based on meat juice ELISA. The
Netherlands and Belgium are considering
similar programs.13 Presently, there is no
national Sa/monella monitoring program
for pig producers in the United States or
Canada. Sera collected as part of the Na-
tional Animal Health Monitoring System
(NAHMS) Swine 2000 Study is currently
being evaluated with the DME conducted
at lowa State University, Ames, lowa (B.
Norby and E. Bush, verbal and written
communication, 2002 and 2003).

ELISA sensitivity and
specificity determinations

In a series of studies using pigs experimen-
tally infected with either Salmonella
Typhimurium or Infantis, the sensitivity of
the DME was >95% and the specificity
was 100% when compared to culture,
which was used to determine the positive
or negative status of the pigs.!? When the
DME was conducted on meat juice, the
sensitivity ranged from 81% to 89% de-
pending upon the cutoff value used.!! In a
Danish study, the sensitivity of the meat
juice DME in a field situation, using an
OD% cutoff of 40, was 52% for all herds,

regardless of size.

Using model-based statistical procedures
not dependent upon a gold standard,?! 32
we evaluated the DME in a large cross-
sectional study of three herds with varying
levels of subclinical infection, comparing
1735 individual serologic responses with
individual rectal swab cultures, and found
the sensitivity ranged from 47% to 70%,
and specificity from 75% to 66%, as the
OD% cutoff was lowered from 40 to 20.
The sensitivity of rectal swab culture was
20% and the specificity was 100%.3°

Results obtained by testing the same set of
sera with both the Salmotype?? and the
Diakit'® tests were compared to results of
testing the sera using the DME and cultur-
ing rectal swabs (Table 1). The sensitivity
and specificity of the serologic tests varied
as the cutoff changed, illustrating that opti-
mal cutoff value depended upon the test
used and the prevalence of subclinical infec-
tion, which varied among the three herds as
demonstrated by culture results.3% 33 Enoe
et al 3 conducted a study to estimate the
sensitivity and specificity of the ELISA and
culture of cecal contents and mesenteric
lymph nodes, also using statistical proce-
dures not dependent upon culture as a gold
standard. The estimated ELISA sensitivity

was 37% at an OD% cutoff of 40, 50% at
a cutoff of 20, and 60% at a cutoff of 10,
and specificity was 100%.

Correlation of serological test
results with culture results

It is important to consider how serologic
testing correlates to culture techniques,
since culture has long been considered the
gold standard for detection of Salmonella
infection. Particularly, how do results of
serologic tests on the serum of a live
slaughter-age animal, or the meat juice
from the carcass after slaughter, correlate
with the presence of Salmonella organisms
in the carcass? Only the organisms in the
meat, not antibodies, cause disease in the
consumer. Culture techniques are known
to be of low sensitivity,3>-3%3> and this sen-
sitivity may vary depending upon the type
of material cultured, sample size, and en-
richment procedure.%*38 Culture of
pooled pen feces has been shown to be use-
ful on a herd basis 34! and is probably the
method of choice for identifying the
serovars present on a farm. Dahl 42 showed
a strong correlation between serological
results and culture in the individual ani-
mal, but cautioned that serologic test re-

sults could not be used for selecting indi-
vidual pigs from a herd. The ELISA test
was a “predictor of risk, not a statement of
absolute microbiological negativity or posi-
tivity.” The most conclusive evidence to
date on the association of carcass culture
and serological test results was an extensive
study by Sorensen et al,® involving 167
herds, comparing meat juice ELISA results
at slaughter with cecal and carcass swab
cultures. In this study, the integrity of pigs
from each herd category (Level 1, 2, or 3)
was maintained so that cross contamina-
tion during transport and lairage was
avoided. Two abattoirs received pigs only
from Level 3 herds and slaughtered them
under increased hygiene precautions. An
increasing risk of Salmonella-positive
carcass swabs with increasing Salmonella
seroprevalence was observed only at the
abattoir that received pigs from all three
herd categories of Salmonella seroprevalence
(Figure 2).
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This is the first part of a two-
part article. Part 2 will appear in
the Diagnostic notes section of
the November-December (2003)
issue of the Journal of Swine
Health and Production.
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