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A total of 150 fecal and water samples from four swine farms were tested for the presence of Salmonella
enterica using different enrichment techniques as follows: (i) 92 fecal samples from nursery and farrowing
barns at three swine farms were preenriched overnight in tryptic soy broth (TSB) at 37°C followed by overnight
enrichment in Rappaport-Vassiliadis 10 broth (RV10) at 42°C; (ii) 24 water samples from the third farm were
preenriched overnight in 3MC broth at 37°C followed by overnight enrichment in RV10 at 42°C; and (iii) 34
fecal samples from a fourth farm, a finishing farm, were enriched overnight in RV10 at 42°C with no additional
enrichment. Following each of the enrichment techniques, samples were subcultured onto modified semisolid
Rappaport-Vassiliadis (MSRV) agar prior to transfer to Hektoen Enteric agar plates for the recovery of viable
Salmonella bacteria. Presumptive Salmonella isolates were biochemically and serologically confirmed. For the
PCR detection of Salmonella, a 1-ml portion was removed from each sample after the first overnight enrichment
and the DNA was extracted using a Sepharose CL-6B spin column. Amplicons (457 bp) derived from primers
to the inv4 and invE genes were confirmed as Salmonella specific on ethidium bromide-stained agarose gels by
Southern hybridization with a 20-mer oligonucleotide probe specific for the Salmonella invA gene. Neither the
standard microbiological method nor the molecular method detected all of the 65 samples that tested positive
by both metheds or either method alone. Salmonella bacteria were detected by both cultivation and PCR-
hybridization in 68% (17 of 25) of the positive samples that were preenriched in TSB, in 73% (11 of 15) of the
positive samples preenriched in 3MC broth, and in 24% (6 of 25) of the positive samples enriched in RV10.
Agreement between Salmonella detection using cultivation with preenrichment and detection by PCR was 76%
using the kappa statistic. However, agreement between Salmonella detection using cultivation without preen-
richment and detection by PCR was about 6%; the PCR assay detected 80% (20 of 25) of the 25 positive samples,
while Salmonelia bacteria were recovered from only 44% (11 of 25) by cultivation. Our results indicate that the
PCR-hybridization approach is equivalent to or better than cultivation for detecting Salmonella in swine feces

or water samples from swine farms when using the medium combinations evaluated in this study.

Samonella bacteria shed in the feces of asymptomatic swine
are important sources of environmental and carcass contami-
nation (3, 19, 29, 30). They can be shed from swine at levels of
less than 10 CFU/g of feces (19) and remain viable in soil for
more than a year (28). Detection of Salmonella enterica in fecal
or water samples can be limited by low numbers of the bacte-
rium (e.g., less than 10 CFU/g), thus necessitating the use of an
enrichment step. Enrichment and preenrichment broths can
dilute inhibitory compounds produced by competing bacteria
in the sample, as well as aid in recovery of injured, stressed, or
lag-phase bacterial cells (6, 21). Generally, isolation of Salmo-
nella from samples, such as feces, that contain approximately
>107 aerobic bacterial cells/g requires a selective enrichment
medium that permits the growth of Salmonella while inhibiting
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the growth of other aerobic bacteria (21, 24). However, some
selective enrichment media also inhibit the growth of Salmo-
nella bacteria that are stressed or damaged (4, 6).

Although bacteriological assays have historically been the
method of choice for the recovery of Salmonella from feces and
environmental samples, PCR has become an important tech-
nique for more-rapid detection of pathogens in feces and en-
vironmental samples when an isolate is not required (5, 7, 37,
38). Like bacteriological assays, PCR often requires enrich-
ment of fecal samples to increase Salmonella numbers and to
aid in the dilution of compounds that may interfere with the
PCR (5, 7, 22, 23, 37, 38, 40, 42).

Discrepancies between detection of Salmonella nucleic acid
sequences in feces by the PCR and recovery of the bacterium
on synthetic media have been noted in favor of the PCR;
however, one comparative study did not use the same enrich-
ment broth for comparing the two approaches, bacteriological
cultivation and PCR, and some studies did not include a pre-
enrichment step in the cultivation procedure (5, 7, 38). Also,
the PCR primers selected can lead to inaccurate results. False-
positive results arise from mispriming of nucleic acid se-
quences that are similar to target DNA, particularly when
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samples contain DNA from ingested material, fecal flora,
and/or mammalian cells (31). For instance, there is over 90%
homology between the genomes of Salmonella and Escherichia
coli (34), and this can cause considerable mispriming and lead
to false-positive amplicons. Misprimed amplicons similar in
length to the amplicon of interest are also difficult to distin-
guish on agarose gels but can be identified by Southern hy-
bridization with internal nucleotide probes (31, 38, 43).

An improved understanding of the agreement between the
bacteriological recovery of Salmonella, the current “gold stan-
dard” to which all other Salmonella detection tests are com-
pared, and the PCR-based detection of Salmonella is war-
ranted to determine if the latter could be used as a definitive or
a presumptive test. As a presumptive test, the PCR could be
used to determine samples from which a representative isolate
should be obtained for further characterization. For this use,
results from the PCR must be known within 18 to 24 h so that
an isolate can be obtained before appreciable cell death occurs
in the retained sample or in the primary enrichment broth (32).
As a definitive test, the PCR, followed by Southern hybridiza-
tion for the confirmation of amplicons, could be used to de-
termine which samples contain Salmonella DNA.

The purpose of this research was to compare cultivation-
and PCR-based methods for the detection of Salmonella in
porcine fecal and water samples from swine farms. The null
hypothesis was that no difference would be measured between
these methods for detecting Salmonella.

MATERIALS AND METHODS

Sample coliection and bacterial isolation. Samples were enriched by one of
three methods: (i) overnight preenrichment in tryptic soy broth (TSB; Difco
Laboratories Inc., Detroit, Mich.) at 37°C and overnight enrichment in Rappa-
port-Vassiliadis 10 broth (RV10; Difco) at 42°C (TSB-RV10 enrichment meth-
od), (i) overnight preenrichment in a laboratory-prepared medium previously
designated 3MC broth (2, 20) at 37°C and overnight enrichment in RV10 at 42°C
(3MC-RV10 enrichment method), and (iii) direct overnight enrichment in RV10
at 42°C (with no secondary enrichment) (RV10 enrichment method). All samples
were collected within 100 mi of the laboratory. The samples were placed directly
into 10 ml of TSB, 3MC broth, or RV10 and stored on ice in a cooler until
processed later the same day.

In the first trial, 92 swabs of fresh swine feces, consisting of rectally inserted,
cotton-tipped applicators or cotton-tipped applicators that had been inserted
into fresh swine feces on the floor, collected from the nursery and farrowing
barns at three swine farms (farm 1, 4 March 1998, 1 = 29; farm 2, 10 March 1998,
n = 22; and farm 3, 6 April 1998, n = 41) were placed into 10 ml of TSB and
preenriched overnight at 37°C (Fig. 1). One hundred microliters of each sample
was then transferred into 10 ml of RV10 and enriched overnight at 42°C (Fig, 1).
In the second trial, 24 water samples (1 ml), collected from bow! waterers or mud
holes from farm 3 on the same day that the fecal samples were collected, were
placed into 10 ml of 3MC broth and preenriched overnight at 37°C (Fig. 1). One
hundred microliters of each sample was then transferred into 10 ml of RV10 and
enriched overnight at 42°C (Fig. 1). In the third trial, 34 swabs of fresh swine
feces collected from the pen floors of a swine finishing facility at a fourth farm
(13 April 1998) were placed directly into 10 mi of RV10 (Fig. 1) and incubated
overnight at 42°C. After enrichment in RV10, all 150 samples were subcultured
onto modified semisolid Rappaport-Vassiliadis (Difco) agar plates (Fig. 1) by
drop (50-pl) inoculation (11) and incubated for 24 h at 42°C. Samples displaying
motile growth around the initial drop of the inoculum were subcultured onto
Hektoen Enteric (Difco) agar plates for the isolation of single colonies and
incubated at 37°C for 24 h (Fig. 2). Bacterial colonies with typical Salmonella
morphology (i.e., clear with black centers for most Salmonella serovars or clear
without black centers for S. enterica serovar Choleraesuis) were tested by slide
agglutination with Salmonella antigen group A-I, Vi polyvalent antiserum
(Difco). In addition, Salmonella isolates that tested positive using the polyvalent
antiserum were forwarded to the National Veterinary Service Laboratory (Ames,

Towa) for further authentication and identification to species level using antisera
specific for O type and H type (i.e., univalent antiserum}).

DNA extraction and purification. Samples for DNA extraction and subsequent
PCR ampilification were retrieved directly from the broths after the initial en-
richment. The DNA was extracted as described previously by Lou et al. (23) with
some modifications. The 10-ml overnight samples were vortexed for 2 min, and
particulate matter was allowed to settle for 10 min at room temperature. A
1.5-m! portion of the resultant supernatant was transferred to a microcentrifuge
tube and centrifuged at room temperature for 2 min at 2,800 X g. One milliliter
of this supernatant was removed to a second microcentrifuge tube and centri-
fuged at room temperature for 15 to 20 min at 12,000 X g. The supernatant was
discarded, and the pellet was resuspended in 1 ml of sterile high-pressure liquid
chromatography-grade H,O (Fisher Scientific, St. Louis, Mo.) and centrifuged at
room temperature for 5 min at 12,000 X g. This wash step was repeated, and the
pellet was resuspended in 500 pl of sterile H,O, boiled for 5 min, and then
centrifuged at room temperature for 5 min at 12,000 X g. Eighty microliters of
sample supernatant and 20 ! of a 5X stop solution (2% sodium dodecyl sulfate,
25% giycerol, 0.05% bromophenot blue, and 0.05% xylene cyanol) were added to
60 pl of sterile H,O and incubated for 15 to 20 min at 70°C. Ninety microliters
of this supernatant-stop mixture was added to a Sepharose CL-6B gel filtration
spin column and centrifuged at 700 X g for 2 min at room temperature. If blue
dye was noted in the resultant filtrate, centrifugation was repeated using a fresh
spin dialysis column. The resultant fiitrate was used for the PCR.

Sepharose CL-6B spin columns were prepared essentially as described by
Maniatis et al. {25). Sepharose CL-6B (Sigma, St. Louis, Mo.) was washed three
times with equal amounts of 10 mM Tris-Cl-1 mM EDTA (TE) buffer (pH 8.0).
Buffer was removed for a final concentration of 60% Sepharose CL-6B. Auto-
claved 60% Sepharose CL-6B in TE buffer (800 l) was added to a 1-ml tuber-
culin syringe packed with glass wool to about 1 cm. The spin column was
centrifuged at 700 X g for 2 min to remove excess TE buffer. Additional 60%
Sepharose CL-6B was added, and centrifugation was repeated until the Sepha-
rose CL-6B reached a final height of the 1-ml! mark on the tuberculin syringe.

PCR. To optimize the efficacy of target DNA amplification, thawed reagents
were held on ice during setup for the PCR. All reactions included a hot start
technique (31) in HOTSTART reaction tubes (HOTSTART Micro 50; Molec-
ular Bio-Products, Inc., San Diego, Calif.). All PCR assays were performed using
10 .l of template and 90 ! of the PCR mixture. Templates were heated to 94°C
for 5 min before addition of PCR core reagents. Final concentrations of PCR
reagents were 1.8 mM MgCl,; 1X PCR buffer II at 10% of the total volume; 200
wM (each) deoxynucleoside triphosphate; 2.5 U of Tag DNA polymerase (Gene
Amp core reagents; Perkin-Elmer Corporation, Foster City, Calif.) per 100 pl;
and 0.3 uM Salmonella oligonucleotide primers (37, 38) (Gibco BRL, Life
Technologies, Rockville, Md.). The DNA templates were amplified by use of one
denaturation cycle at 94°C for 2 min; 5 amplification cycles at 94°C for 60 s, 52°C
for 30 s, and 72°C for 30 s; 40 cycles at 94°C for 30 s, 52°C for 15 5, and 72°C for
30 s, followed by an extension cycle at 72°C for 15 min; and a hold cycle at 4°C.

S. enterica serovar Choleraesuis DNA extracted by the Sepharose CL-6B
method from RV10, 3MC broth, and TSB was used to determine optimal MgCl,
concentrations for PCR amplification. Negative controls, uninoculated TSB,
3MC broth, and RV10 samples and E. coli grown in TSB, were subjected to
Sepharose purification. Positive controls consisted of Sepharose purifications
from a pure culture of . enterica serovar Choleraesuis grown overnight sepa-
rately in TSB, RV10, and 3MC broth seeded with a swab of swine feces.

Detection of amplified products. Twelve-microliter aliquots of a PCR sample
and 3 pl of sample application buffer (0.25% bromophenol blue, 40% [wt/vol]
sucrose in water) were analyzed using ethidium bromide (EtBr)-stained agarose
gels. To confirm amplification of PCR products detected on agarose gels as
Salmonella, Southern hybridization (36) was conducted using a previously de-
scribed digoxigenin-labeled, internal, oligonucleotide probe corresponding to
nucleotides 106 to 125 of the Salmonella invA gene (37, 38). Nylon membranes
(MSI, Westboro, Mass.) were prehybridized followed by hybridization with the
probe as specified by Boehringer Mannheim (Indianapolis, Ind.). The DIG Easy
Hyb buffer (Boehringer Mannheim) was used for the prehybridization and hy-
bridization steps. Using the DIG Wash and Block buffer set (Boehringer Mann-
heim), probe that hybridized to the amplified Salinonella nucleotide segment was
detected using the antidigoxigenin-atkaline phosphatase antibody (a-DIG-Alka-
line Phosphatase-Fab fragments; Boehringer Mannheim), a chemiluminescent
substrate for alkaline phosphatase (CSPPD; Boehringer Mannheim), and radio-
graphic film (medical X-ray film; Fuji, Tokyo, Japan). The nylon membrane was
exposed to radiographic film for 2 h. The PCR amplicons observed as bands on
EtBr-stained agarose gels were compared to the corresponding bands on the
radiographic film.
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FIG. 1. Flow diagram of the methods used to isolate or detect Saimonella in fecal or water saraples from swine feces. », afier DNA éxtraction,

10 2l of sample DNA was used per PCR. MSRV, modified semisolid

Data analysis. For the purposes of this study, samples that were positive by
either cultivation (i.c., bacterial isolation with serological confirmation) or PCR
{i.e., the PCR with confirmation using Sonthern hybridization) were considered
pusitive, even if the samples were negative using either one of these detection
methods alone. This assumpticn, using the combinatorial results of the PCR and
coltivation to identify Semonelia present in a sample, enabled s fo estimate the
false megatives for each test. For example, a false negative would be defined as
a sample that tested negative by cultivation and positive by the PCR and vice
versa. Since the true-negative status of the samples was not known, specificity
could not be reported. For this reason, we used the term “relative specificity” to
approximate specificity. The refative specificity and seasitivity (26) of the PCR
were determined by comparison to bacteriological results. For statistical analysis,
a2 % 2 comparison table was construsted to show the association of Salmonella-
posizive rasults between the two detection strategies. The three different enrich-
ment methods used were not compared because different samples were used for
cach enrichinent scheme. The relative specificity and the sensitivity of PCR-
hybridization and BiBr-stained agarose geis were calculated with the total num-
ber of pusitive samples es the standard by using a 2 % 2 table as described
previously (26), and the differences between the two methods were compared,

Agreement between the cpltivation- and PCR-based methods for deteciion of
Salmonells was evaluated by use of the kappa statistic {17, 27, 35). The kappa

Rappaport-Vassiliadis agar; HE, Hektoen Enteric agar.

statistie measures agreement between two tests that is beyond chanee, with
chance being a value of zero and with 1.00 being complete agreement, not by
chance (8}, Agreement betwoen tests on positive samples is given as much weight
by the kappa statistic as agreement between tests on negative samples. Kappa
vaiugs were summarized as unacceptable (<<0.3), acceptabie (0.3 to 0.5}, good
0,3 w 0.7), and exceflent {(>0.7) (27}

RESULTS

Detection of Salmonella by either cultivation- or PCR-based
methods. Of the 150 samples tested in this study, 65 (43%)
were positive for Salmonellz by either cultivation or PCR-
hybridization (data not shown). No Salmonella bacteria were
detected on farm 1 or farm 2 by either approach alone (Table
1). Saimonella bacteria were detected in §1% (25 of 41} of the
fecal samples from farm 3 (Table 1). On this farm, Salmonella
hacteria were also detected in 63% (15 of 24) of the water
samples (Table 1}. Detection of Sabmonella in fecal samples
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FIG. 2. Comparison of the time to Salmonella detection via Southern hybridization with that by serotyping of a single colony isolate. MSRV,
modified semisolid Rappaport-Vassiliadis agar; HE, Hektoen Enteric agar; TSA, tryptic soy agar.

from the finishing farm (i.e., farm 4) was 74% (25 of 34) (Table
1). Of the 65 Salmonella-positive samples from all of the farms
tested, 47 (72%) were positive by cultivation, 52 (80%) were
positive by PCR-hybridization, and 51 (79%) were positive by
visualization of the PCR amplicons on EtBr-stained agarose
gels (data not shown). Therefore, there were 18 false negatives
with respect to cultivation, 13 false negatives with respect to
the PCR-hybridization detection, and 14 false negatives with
respect to EtBr-stained agarose gels. Only 34 (52%) of the 65
positive samples were detected by both cultivation and PCR-
hybridization (data not shown).

In the present study, five Salmonella serovars were detected
from two of the four clinically normal swine herds tested (data

not shown). At a nursery-farrowing farm, S. enterica serovar
Choleraesuis biotype kunzendorf, S. enterica serovar Anatum,
S. enterica serovar Derby, and S. enterica serovar Enteritidis
were isolated from feces, whereas serovar Anatum and serovar
Derby were isolated from water samples. At the finishing farm,
S. enterica serovar Choleraesuis, S. enterica serovar Enteritidis,
and S. enterica serovar Bredeney were isolated from fecal sam-
ples.

Comparison of detection methods. Of the 65 positive Sal-
monella samples, only 52% (34 of 65) were detected by both
cultivation and PCR-hybridization; overall agreement (kappa)
between both methods was 53% (data not shown). For the
TSB-RV10 enrichment method, Salmonella bacteria were de-
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TABLE 1. Detection of Saimonella using cultivation,
PCR-hybridization, and a combination of cultivation
and PCR-hybridization following enrichment
using three different media

Detection (%) of Selmonella
{no. pasitive/total ro. of

Farm no. and Enrichment samples) by method:
sample type medium
(no. of samples) {-a) g Cultivation-
Cultivation PdCR based PCR-based
ateciion :
detection
Farm I, feces (29) TSB-RV10 00 0.0 0.4
Farm 2, feces (22) TSB-RV10 0.0 0.0 0.0
Farm 3, feces (41} TSB-RV10 53.7(22/41) 488 (20/41) 60.9(25M1)
Total 2392202y 21.7(20/92) 27.2(25/9%

Faum 3, water (24) 3MC-RVIO 583 (14/24) S0.0 (1224) 62.5(15724)
Farm 4, feces (34) RV10 324 (11/34) 58.8(20/34) 73.5(2534)

tected by both cultivation and PCR-hybridization in 68% (17 of
25) of the positive samples, Likewise, for the 3MC-RV10 en-
richment method, Salmonella bacteria were detected by both
methods in 73% (11 of 25) of the positive samples. However;
for the RV10 enrichment method, Salmonella bacteria were
detected by both methods in only 24% (6 of 25) of the positive
samples. Therefore, when a TSB preenrichment followed by
enrichment in RV10 was used, cultivation failed to detect 3%
{3 of 92) of the positive samples while PCR-hybridization
failed to detect Salmonefle in 5% (5 of 92) of the positive
samples {Table 2). In contrast, when a preenrichment step was
not performed and sampies were directly enriched into RV1{,
there was a higher rate of false-negative reactions as cultiva-
tion failed to detect 41% (14 of 34) of the positive samples
(Table 2). The agreement (kappa} between cultivation and
PCR-hybridization was 76% for samples that were preenriched
{data not shown), Agreement (kappa) between cultivation and
PCR-hybridization was higher for the TSB-RV1{ (71%) and

TABLE 2. A 2 X 2 comparison of Salmonells detection by
cultivation and PCR-hybridization versus the combined
results of cultivation and PCR-hybridization

% Detection by
combination of cultivation
and PCR-hybridization

Enrichment  No. of Detecﬁien Result (0. with result/otal
method samples technique iype no. of samples)
+ —
TSB-RVIOD 92 Bacterjologicai  +  239(2292) 0
- 334352y T2.8{67/92)
PCR based + 0 2LT{20M92) O
- S.4(5M2y  T2.8(6792)
3MC-RVI0 24 Bacteriological  +  58.3(14/24) 0
- 4.2(1/24)  373(924)
PCR based + 50002224 0
~  125{3/24) 373(%24)
RV10 34 Bacteriological +  324(11A4y @

— 412(1834) 26.5(9/34)

PCR based +
~ 147(534)

588 (2034) ©
26.5 (9/34)

SALMONELIA DETECTION ON SWINE FARMS

TABLE 3. A 2 X 2 comparison of Safmoeneila detection by PCR
and EtBr-stained agarose gels with that by PCR-hybridization

% Detection by PCR-
hybridization {no. with result/

Enrichment No. of Result type
method samples  for PCR-E{Br fotal no. of samples)
A -
TSB x + 72092 33{302)
- 9 75.0 {69/92)
IMC broth 24 + S00(1224)  12.5(324)
- 0 37.5 (9/24)
RV10 34 + 559(19/34)  88(334)
- 290184 32401134

IMC.RVID (63%) methods than for the RV10 enrichment
method (6%) (data not shown). Compared fo cultivation, PCR-
hybridization displayed 77% sensitivity and 96% relative spec-
ificity with respect to the TSB-RV 10 earichment method, 79%
sensitivity and 90% relative specificity with respect to the 3MC-
RV10 enrichment method, and 55% sensitivity and 39% rela-
tive specificity with respect to the RV1¢ enrichment method.
Also, in comparison to bacterial isolation and biochemical
identification of presumptive Salmenella isolates, PCR-hybrid-
ization detected Salmonella 3 days carlier than i a preearich-
ment was used and 2 days earlier if preennchment was not
performed (Fig. 2).

Comparison between agarose gel electrophoresis and South-
ern hybridization for the detection of PCR amplicons. Nine
amplicons, three from each of the three enrichment methods,
were visualized on EtBr-stained agarose gels but did not hy-
bridize to the Salmonella-specific oligonucleotide probe (Table
3). Therefore, the corresponding false-positive rates for detec-
tion of Salmonella amplicons on agarose gels for each type
of enrichment were 3, 13, and 9% for the TSB-RV10, IMC-
RV10, and RV10 enrichment methods, respectively {Table 3).
Southern hybridization detected only one false-negative sam-
ple compared to EtBr-stained agarose gel electrophoresis de-
tection of the PCR amplicons, as one band was seen on a
radiograph of a Southern hybridization that was not seen on
the corresponding EtBr-stained agarose gel when the RV1D
enrichment method was used (Table 3).

DISCUSSION

Neither cultivation nor PCR-hybridization alone detected all
of the 65 Salmonella-positive samples from swine farms. How-
ever, the results from this study indicate that the PCR is equiv-
alent to cultivation for delineating positive samples, particu-
larly when a preenrichment step is used. Additionally, our
results and those of others (38, 43) establish the importance of
nucleic acid prabes to evaluate the PCR amplicons visualized
on EtBr-stained gels. With respect to gel electrophoresis and
the visualization of EtBr-stained gels, Southern hybridization
improved both the sensitivity and relative specificity of the
PCR. While we bad only one false positive (0.67%; 1 of 130),
two other studies, one using feces and one vsing blood as the
biological samples, have shown higher falge-positive rates (38,
43). More specifically, 13 of 21 (54%) fecal samples tested
from a single colony of beagles had PCR amplicons that could
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be detected on an EtBr-stained agarose gel but not on the
corresponding radiographic film after Southern hybridization.
The higher false-positive rate with respect to feces was most
likely due to the cross-reaction of the PCR primers with a
commensal bacterium or other DNA within the fecal speci-
mens of the beagle colony tested. As there is no way of deter-
mining background flora, or other background DNA, within a
sample containing DNA that may cross-react, it is imperative
to perform hybridization. For this reason, Southern hybridiza-
tion was used to confirm presumptive Salmonella positives
from PCR-based assays just as serotyping was used to confirm
presumptive Salmonella from cultivation-based strategies.
While the PCR-hybridization approach was equivalent to the
bacteriology-based technique, the former only confirms the
isolate at the genus level and does not delineate Salmonella
species or serovar. For epidemiological purposes, the species
or serovar of Salmonella may be of interest, particularly on
swine farms where Salmonella prevalence is high and where
more than one Salmonella species or serovar can be isolated (1,
9, 29, 33). In this regard, univalent O typing can be done within
1 day, whereas confirmation of Salmonella isolates by serotyp-
ing could take an additional 1 to 2 weeks depending on the
difficulty of flagellar typing (i.e., H typing).

S. enterica serovar Choleraesuis biotype kunzendorf, the
most common cause of salmonellosis in swine (16, 41), and
serovar Choleraesuis, a rare serovar in swine in the United
States (16), generally have been isolated only from clinically ill
swine (14, 37, 41). Our ability to detect serovar Choleraesulis,
an H,S-negative biotype, was aided by using modified semi-
solid Rappaport-Vassiliadis agar, a medium previously de-
scribed for the enhanced recovery of Salmonella from human
feces (13, 18). Detection by this medium is based on motility
and not on H,S production as determined on Hektoen Enteric
or XLT4 agar (11, 12, 13, 18). In contrast to our study, the
predominant Salmonella serotypes recovered from swine feces
in other studies included §. enterica serovar Heidelberg, S.
enterica serovar Mbandaka, S. enterica serovar Typhimurium,
§. enterica serovar Worthington, and S. enferica serovar Ten-
nessee (1, 9, 10, 33).

At the farms where Salmonella was detected by either cul-
tivation or the PCR technique, the detection of Salmonella
ranged between 61% (25 of 41) and 74% (25 of 34). Previously,
field trials using PCR-based and culture-based methods for the
detection of Salmonella from nonsymptomatic pigs have not
been reported. Detection of Salmonella from swine intestinal
swabs was 40% (two of five) using either bacteriology-or PCR-
based methods when intestinal specimens from five dead pigs
suspected of having salmonellosis were tested (37). As another
example, detection of Salmonella was about 8% (6 of 79) and
9% (7 of 79) using bacteriology-and PCR-based methods, re-
spectively, when intestinal specimens from 79 pigs with diar-
rhea were tested (14). In a study of clinically normal swine, the
detection of Salmonella in feces averaged 25% from the feces
from 24 of 29 farms tested (10). In additional studies of clin-
ically normal swine, the detection of Salmonella in feces was
37% (186 of 504) in feces from one farm (33) and ranged
between 3 and 22% for seven other farms tested (9). Frequen-
cies this high could challenge the Salmonella reduction prac-
tices at slaughter and could present an appreciable risk to
public health.

RV10 was used as an enrichment medium for all samples in
this study as Rappaport-Vassiliadis broths are optimal for iso-
lating Salmonella from swine feces (1, 15, 39). The RV10
enrichment method (i.e., no preenrichment) did not perform
as well as the other two methods that used a preenrichment
step and subsequent RV10 enrichment. While the RV10 en-
richment method may not be an ideal method for the isolation
of some Salmonella species from feces, Salmonella could be
detected by the PCR method after enrichment in RV10. As
reported by Stone et al. (37), a Rappaport-Vassiliadis enrich-
ment broth inhibited the detection of Salmonella by the PCR,
whereas in the present study RV10 was not inhibitory to PCR
amplification of DNA. Within the RV10 enrichment group,
cultivation detected only 44% (11 of 25) of the positive sam-
ples even though detection of Salmonella in fecal samples at
this finishing farm was 74% (25 of 34). Our ability to detect
Salmonella using the PCR was independent of the enrichment
medium and was most likely due to the DNA extraction tech-
nique vsed.

Unfortunately, the experimental design of this study did not
permit comparisons among the different enrichment tech-
niques, so we do not know if the addition of a preenrichment
step would have improved the isolation of Salmonella in the
RV10 enrichment group. Since the three enrichment methods
used in this study were not directly compared, we also do not
know if the enrichment protocol used for a sample affected the
recovery of specific Salmonella serotypes. However, some me-
dia may be better than others for the recovery of Salmonella.
Further studies to compare the efficacies of selective preen-
richment, nonselective preenrichment, and no preenrichment
using the same sample are warranted.

The kappa statistic was used to evaluate the agreement of
results between bacteriology-and PCR-based methods. When a
preenrichment was used (i.e., TSB or 3MC broth), agreement
between bacteriology-and PCR-based methods was higher
than the agreement between bacteriology-and PCR-based
methods from the RV10 enrichment method. According to'the
kappa statistic, the PCR-hybridization approach was as effec-
tive as cultivation for detecting Salmonella for the TSB-RV10
and 3MC-RV10 enrichment groups. These results indicate that
enrichments in TSB-RV10 and 3MC-RV10 were equivalent to
the PCR-hybridization procedure, while enrichment in RV10
was not optimal. In addition, the PCR-based detection may
have outperformed cultivation with respect to the RV10 en-
richment group due to a high number of nonviable Salmonella
bacteria. It can be argued that bacterial cells in field samples
need a resuscitating step, as they can be damaged. These dam-
aged cells may not grow or may die in selective media. Like-
wise, samples containing only dead cells that are diluted into a
synthetic medium must have a final concentration of 4 X 107
cells/ml to have one cell/2.5 pl, the volume used in the PCR.
Therefore, it is highly unlikely that the PCR-hybridization
method detected dead cells in this study.

While used in this study to compare PCR- and bacteriology-
based assays, the kappa statistic has some disadvantages. The
kappa statistic measures agreement of negative results as well
as positive results. As such, a high kappa value, such as 90%,
could indicate that the compared tests are equivalent in miss-
ing a positive sample. Since the samples used in this study were
from farms, we do not know if both bacteriology-and PCR-
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sased assays missed any Salmonella-positive samples. Another
veakness of the kappa statistic pertains to the cutoff value that
should be used to distinguish between poor and good agree-
nent. The kappa statistic cutoff values are strictly arbitrary and
rary by source (8, 17, 27, 35). In spite of these weaknesses, the
:appa statistic was used because the presence or absence of
salmonella in the samples was unknown, so a measure of
igreement, not accuracy, between the two tests was required.
Nhen using the kappa statistic to evaluate the agreement be-
ween the two methods, the researcher must determine what is
icceptable, particularly in the range between 0.3 and 0.7, as the
cientist may reasonably find 0.3, as well as a higher value such
15 0.60, to be unacceptable.

Salmonellosis in swine is an economic concern to the swine
yroducer and a human health risk, and a reliable and rapid
echnique for Salmonella detection would be useful. Histori-
:ally, the PCR has been used as a confirmatory test following
yacterial isolation. We provide evidence here that the PCR
:ould be used in combination with cultivation to improve Sal-
nonella detection. For the synthetic medium combinations
1sed in this study, the PCR worked as well or better at delin-
:ating positive samples. When an isolate is required, the PCR
;ould be used as a presumptive or screening test. The organism
:ould then be cultivated from the enrichment broth used for
he PCR or from the original sample. However, the observa-
jon that the PCR detected only 72% (34 of 47) of those
iamples which cultivation identified as positive indicates that
\dditional improvements are warranted before PCR replaces
:ultivation as the gold standard for detection of Salmonella
Tom swine.
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