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1 | INTRODUCTION

Feral swine (Sus scrofa) are becoming an increasing problem across the
United States as they continue to expand their populations through
a combination of natural range expansion, accidental escape and in-
tentional release (Bevins, Pedersen, Lutman, Gidlewski, & Deliberto,
2014). Populations of feral swine now exist in more than 35 states,
but the largest populations occur in Texas where they have been
well established for the past several decades throughout most of
the state (Mapston, 2007) and are estimated to exceed two million
(Rollins, Higginbotham, Cearly, & Wilkins, 2007). Several years ago,
Texas landowner damage due to feral swine according to a survey
was reported to be $7,515 over the lifetime ownership of the land by
the respondent (Adams et al., 2005), and likely has increased since the
survey was conducted.
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Various tissues, nasal swabs, urine and blood samples were collected from 376 feral
swine at two federally inspected abattoirs in Texas during six separate sampling peri-
ods in 2015. Samples were tested for Brucella spp. by culture and serology. Brucella
spp. were cultured from 13.0% of feral swine, and antibodies were detected in 9.8%.
Only 32.7% of culture-positive feral swine were also antibody positive, and 43.2% of
antibody-positive feral swine were culture positive. Approximately, the same number
of males (14.0%) and females (12.1%) were culture positive, and slightly more males
(10.5%) than females (8.7%) were antibody positive. Our results indicate that serology
likely underestimates the prevalence of feral swine infected, and that those who come
in contact with feral swine should be aware of the symptoms of infection with Brucella

spp. to ensure prompt treatment.

abattoir, Brucella spp., brucellosis, feral swine, slaughter, Sus scrofa

Feral swine cause extensive damage to agricultural crops and for-
est plantations, destroy pastures and native plants, imperil threatened
and endangered species and cause irreversible damage to sensitive
environments (Campbell & Long, 2009). A conservative estimate from
approximately 10 years ago of the economic costs of feral swine dam-
age and control in the United States placed it at $1.5 billion per year
(Pimentel, 2007). More recent analyses estimate the economic im-
pact of feral swine damage to be much higher (Anderson, Slootmaker,
Harper, Holderieath, & Shwiff, 2016). Efforts to remove feral swine
populations once established are often met with limited success espe-
cially in states with populations as large and extensive as those found in
Texas (Dickson, Mayer, & Dickson, 2001). In some states, hunting and
bounty programmes have been implemented in an attempt to reduce
feral swine populations. However, both tend to create an incentive for
intentional release of feral swine rather than serving to decrease pop-
ulations as complete elimination would ultimately result in destroying
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the source of income (Bevins et al., 2014). Abattoirs that process feral
swine are another approach, which have been used to address feral
swine issues in some states. At least seven states slaughter and process
feral swine (Dr. Robert Boyle, USDA-Food Safety Inspection Service,
personal communication). In Texas, the feral swine population is so ex-
tensive and agricultural crop damage issues are already so widespread
(Mapston, 2007) that such facilities are unlikely to create a new market
for feral swine. However, in states where eradication efforts might still
be an option, abattoirs may result in anthropogenic movement of feral
swine to previously free areas, thus creating additional problems.

As feral swine are known to carry numerous zoonotic patho-
gens and parasites (Meng, Lindsay, & Sriranganathan, 2009; Witmer,
Sanders, & Taft, 2003), we were interested in assessing the occupa-
tional hazard posed by feral swine to abattoir employees. Specifically,
we were interested in the prevalence of Brucella spp. as unconfirmed
reports of the pathogen had been reported in an employee and a fed-
eral inspector at two different abattoirs. These reports, along with
increasing interest in feral swine zoonoses, prompted our interest
in quantifying the risk to abattoir employees. Consequently, we col-
lected multiple tissues, nasal swabs, urine and blood from feral swine
at two federally inspected slaughter facilities in Texas during six dif-
ferent months in 2015 for assessment of Brucella spp. by culture and
serology.

2 | MATERIALS AND METHODS

2.1 | Sample collection

Feral swine were sampled at two federally inspected slaughter fa-
cilities in Texas. Due to confidentiality concerns, the facilities are
referred to simply as Facility A and Facility B. Sample size was de-
termined based on detecting Brucella spp. at a prevalence of 2.5%
(estimate for Texas, USDA-Wildlife Services, unpublished data) with
95% confidence, a test sensitivity of 80% and specificity of 90%. As
culture is considered the gold standard, these are conservative esti-
mates of sensitivity and specificity. A “population” of 86,000 (approxi-
mate number of feral swine slaughtered at the two facilities each year)
was used to calculate the target sample size of 325. Approximately 62
samples were collected (31 at each) in January, March, May, August,
October and December of 2015 resulting in tissue and serum samples
from 376 feral swine.

2.2 | Blood

Two to three 15-ml Vacutainers of blood were collected from each
feral swine immediately after euthanasia. The Vacutainers were
placed on their side at room temperature for approximately 1 hr, and
then transferred to a cooler. Once sample collection was complete,
the blood was centrifuged for 15 min at 125 g. Serum was transferred
to 2-ml cryogenic vials and stored refrigerated until shipping. In ad-
dition, an aliquot of blood (approximately 1 ml) was transferred to a
blue-top buffered citrate tube immediately after collection to prevent
separation.

Impacts

o Of 376 feral swine sampled at two abattoirs, 13% of feral
swine were culture positive for Brucella spp.

e Approximately 9.8% of feral swine were antibody posi-
tive, suggesting that serology underestimates the preva-
lence of Brucella spp. in feral swine.

e Abattoir employees who slaughter feral swine should
wear personal protective equipment, and be aware of the
signs and symptoms of Brucella spp. infection to ensure
prompt treatment should they become infected.

2.3 | Tissues

One nasal swab was collected from each animal using the BBL"
CultureSwab transport media collection system (Becton Dickinson
and Company, Sparks, MD, USA). The applicator was inserted into the
nasal cavity of both nostrils using a circular motion to cover as much
of the mucosal surfaces as possible. A urine sample was collected from
each animal by extracting urine directly from the bladder with a 3-ml
syringe, and then transferring it to a cryogenic vial. A disposable scal-
pel and disinfected forceps were used to collect the submandibular,
parotid, medial retropharyngeal (head), tracheobronchial, gastrohe-
patic (body), axillary or inguinal lymph nodes (peripheral), spleen and
the reproductive tract. Tissues were placed in a Whirl-Pak® bag by
region of the body and labelled with a barcode unique to the indi-
vidual feral swine. All samples were transferred to a cooler shortly
after collection and shipped to the laboratory on the same day or the

following day.

2.4 | Serology testing

All sera were tested at the National Veterinary Services Laboratories
(NVSL) in Ames, lowa. Serum from each feral swine was tested for
antibodies to Brucella spp. with the buffered antigen plate agglutina-
tion test (BAPA), competitive enzyme-linked immunosorbent assay
(cELISA), complement fixation, fluorescence polarization assay (FPA),
the rivanol test, plate agglutination, tube agglutination and card tests.
Each test was conducted according to standard procedures (Nielsen,
2002; Nielsen et al., 1999). Animals were considered antibody posi-
tive if two or more of the serological assays tested positive. Suspects

were considered positives for the purposes of calculating prevalence.

2.5 | Tissue culture

Culture for all tissues except the spleen was performed at the
Agricultural Research Service in Ames, lowa. Nasal swabs and 500 pl
of urine were inoculated directly onto Kuzdas Morse agar plates (KM)
upon arrival at the laboratory and incubated at 37°C in 5% CO,, for
7 days. All other tissues submitted for bacteriologic culture were fro-
zen at -20°C until testing. With the exception of reproductive tissues,
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lymphatic tissues were isolated by blunt dissection according to re-
gion of the body. For individual lymph nodes within a sampling region
of the body, and bulbourethral/seminal vesicles or uterine tissues
(reproductive), approximately one-gram aliquots of tissue were indi-
vidually ground in 2 ml of phosphate-buffered saline (pH = 7.2) using
sterile glass grinders. One to five samples each were processed from
the head, body and peripheral regions. Aliquots (100 pl) of each tissue
suspension were plated onto KM and incubated at 37°C in 5% CO,
for 7 days.

Whole blood and spleen were tested at Texas A&M University’s
College of Veterinary Medicine in College Station, Texas. Culture of
the spleen samples was performed as previously described (Farrell,
1974). Briefly, multiple spleen sections were weighed and one gram
of tissue was homogenized in 1 ml of peptone saline using an OMNI®
TH homogenizer and OMNI® Rotor-Stator Generator Probes. A vol-
ume of 100 pl of homogenized spleen was plated onto Farrell’s agar
media in duplicate. Whole blood (100 pl) was plated directly onto
Farrell's agar media in duplicate. All plates were incubated at 37°C
for up to 4 weeks, and bacterial growth was monitored for up to

4 weeks.

2.6 | Culture identification

Brucella isolates were identified on the basis of colony morphology,
growth characteristics and a real-time PCR assay using Brucella-
specific primers and probe to the omp2A region of the Brucella (Alton,
Jones, Angus, & Verger, 1988; Lee, Olsen, & Bolin, 2001). An indi-
vidual was considered culture positive if Brucella spp. was identified in
any of the tissues, nasal swabs, whole blood or urine.

2.7 | Molecular detection of Brucella spp. in
spleen and whole blood

Confirmation of Brucella colonies was performed by conven-
tional polymerase chain reaction (PCR). To identify Brucella genus
strains, primer sets consisted of vjbRf/vjbRr (5'-ACTACTTTGCC
ATTGACCCG-3'/5'-AGTGAAAACCGTACAACCCG-3'), amiCf/
(5'-GGTCGAGCAGGATATCGGT-3'/5"-GAGGGGGCTTG
TTTCGCAC-3') and virB12f/virB12r (5'-CGCTGTCTCTCTGGCC
GCTT-3'/5'-CTTATGGTGATCCTGCTGGC-3') were used to am-
plify 212-, 700- and 413-bp fragments of vjbR (BMEII1116), amiC
(BMEI1056) and virB12 (BMEII0036) genes, respectively. A multi-

plex PCR approach using species-specific primer sets were used to

amiCr

confirm that all isolates corresponded to B. suis. Primers sets con-
sisted of GI1f/Glir (5'- CATTCGTCCATCGTGATGTATT-3'/5'-
AGAAAATGAAGCGCCTGAAG-3'), G15f/G15r (5'-GCGGGAGAAT
ATGCTTGAAA-3'/5'-AAAATACCGGGCTGGTTCAC-3') and InCPf/
InCPr (5'-GGGATGGTTTTGGTCAGGTA-3'/5'-TCTCAATGGACACG
CGAATA-3') were used to amplify 109-, 364/553- and 203-bp frag-
ments of GI1 (BMEI0899), GI5 (BMEII0221) and InCP (BRA0366).
Specifically, 553- and 203-bp fragments of GI5 (BMEII0221) and InCP
(BRAO366), respectively, amplify in B. suis and B. canis, but 109-bp
fragment of GI1 (BMEIO899) will only amplify B. canis and not B. suis,

allowing distinction between these species. PCR was conducted with
an initial denaturing at 95°C for 5 min followed by 35 cycles of 95°C
for 30s, 57°C for 2 min and 72°C for 1 min, and a final extension at
72°C for 5 min. PCR products were analysed using 1.5% agarose gel
electrophoresis. Ethidium bromide-stained gel bands were imaged
using an auto-image analyser.

2.8 | Statistical analysis

Descriptive statistics and exact binomial 95% confidence intervals
were generated using Microsoft Excel. Sensitivity and specificity
estimates were calculated using culture results as the gold standard
(Godfroid, Nielsen, & Saegerman, 2010).

3 | RESULTS

3.1 | Culture

Of 376 feral swine that were sampled, 49 (13.0%) were culture
positive for Brucella spp. Of these, 16 (32.7%) were antibody posi-
tive. Head, body and peripheral lymph nodes were more likely to be
positive than urine, nasal swabs, whole blood, spleen or reproductive
tract (Table 1). Approximately, the same number of culture-positive
feral swine was collected at Facility A (n = 25) and Facility B (n = 24).
The majority of culture positives were collected from adults (81.6%;
40 of 49) and the remainder from subadults (n = 9). Approximately,
the same number of males (n = 28) and females (n = 21) was culture

positive (Table 2).

3.2 | Serology

Brucella antibodies were detected in 9.8% (n = 37) of all feral
swine tested. Of these, 43.2% were culture positive. Brucella
antibody prevalence ranged from 4.0 to 11.2% with the eight
different serological tests (Table 3). The sensitivity and specific-
ity across all serological tests based on the culture results were

TABLE 1 Apparent prevalence with 95% confidence intervals (Cl)
of Brucella spp. detected in various feral swine tissues by culture
(n=376)

% positive
Tissue (n) No. of positive (95% CI)
Urine (341) 7 2.1(1.0-4.2)
Nasal swab (373) 1 0.3 (0.05-1.5)
Head LN (372) 20 5.4(3.5-8.2)
Body LN (371) 17 4.6 (2.9-7.2)
Peripheral LN (374) 18 4.8(3.1-7.5)
Reproductive LN (372) 6 1.6 (0.7-3.5)
Any lymph nodes (376) 49 13.0 (10.0-16.8)
Spleen® (251) & 1.2 (0.4-3.5)
Whole blood® (251) 0 0(0-1.5)

*Tested by both culture and polymerase chain reaction.
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TABLE 2 Comparison of Brucella spp. serology and culture results for feral swine sampled at two different slaughter facilities (n = 376) in

Texas by different variables with 95% confidence intervals (Cl)

Variable (n Facility A,
B)
Sex
Female (73, 100)
Male (113, 87)
Unknown (1, 1)
Age class
Adult (153, 144)
Subadult (30, 43)
Juvenile (4, 1)
Unknown (1, 0)
Month
January (32, 34)
March (25, 30)
May (35, 30)
August (31, 32)
October (33, 30)
December (32, 32)
Overall (188, 188)

N/A, Not applicable.

Serology Culture

Facility A Facility B Combined Facility A Facility B Combined

17.8 (10.7-28.1) 24.0(16.7-33.2) 21.4 (15.9-28.1) 9.6 (4.7-18.5) 14.0 (8.5-22.1) 12.1(8.1-17.8)

15.9 (10.3-23.8) 19.5(12.6-29.1) 17.5(12.9-23.4) 15.9(10.3-23.8)  11.5(6.4-19.9) 14.0(9.9-19.5)
0(0-79.4) 100 (20.7-100) 50.0 (9.5-90.6) 0(0-79.4) 0(0-79.4) 0(0-65.8)

19.0(13.5-25.9)
6.7 (1.8-21.3)
0(0-49.0)
0(0-79.4)

3.1(0.6-15.7)
36.0 (20.2-55.5)
34.3(20.8-50.9)
0(0-11.0)
12.1 (4.8-27.3)
15.6 (6.9-31.8)
16.5(11.9-22.5)

25.0(18.6-32.7)
14.0 (6.6-27.3)

0(0-79.4)
N/A

11.8 (4.7-26.6)
43.3(27.4-60.8)
36.7 (22.0-54.5)
0(0-10.7)
33.3(19.2-51.2)
12.5(5.0-28.1)
22.3(17.0-28.8)

21.9 (17.6-26.9)
11.0(5.7-20.2)
0 (0-43.5)
0(0-79.4)

7.6 (3.3-16.5)
40.0 (28.1-53.2)
35.4(24.9-47.5)
0(0-5.8)
22.2(13.7-33.9)
14.1(7.6-24.6)
19.4(15.7-23.7)

13.7 (9.2-20.1)
13.3(5.3-29.7)
0 (0-49.0)
0(0-79.4)

9.4(3.2-24.2)
12.0 (4.2-30.0)
25.7 (14.2-42.1)
3.2(0.6-16.2)
18.2 (8.6-34.4)
9.4 (3.2-24.2)
13.3(9.2-18.9)

13.2(8.6-19.7)
11.6 (5.1-24.5)

0(0-79.4)
N/A

23.5(12.4-40.0)
6.7 (1.8-21.3)

16.7 (7.3-33.6)
3.1(0.6-15.7

20.0(9.5-37.3
6.3(1.7-20.2

)
)
)
12.8(8.7-18.3)

13.5(10.0-17.8)

12.3(6.6-21.8)
0 (0-43.5)

0(0-79.4)

16.7 (9.6-27.4)
9.1(3.9-19.6)
21.5(13.3-33.0)
3.2(0.9-10.9)
19.1(11.2-30.4)
7.8 (3.4-17.0)
13.0(10.0-16.8)

TABLE 3 Prevalence of Brucella spp. with 95% confidence intervals (Cl) of 376 feral swine sera tested for antibodies with the buffered
antigen plate agglutination test (BAPA), competitive enzyme-linked immunosorbent assay (cELISA), complement fixation test (CFT),
fluorescence polarization assay (FPA), the rivanol, plate agglutination (PAT), standard tube test (STT) and card test. Samples with incomplete
agglutination at any dilution were identified as suspect and were counted as positive in this table. Sensitivity and specificity estimates were
calculated based on using the culture results from this study as the gold standard

Serological test

BAPA
cELISA
CFT
FPA
Rivanol
PAT
STT
Card

No. of positive
19

24

30

22

20°

42°¢

39¢

15°¢

% Positive (95% Cl)

5.1(3.3-7.8)
6.4 (4.3-9.3)
8.0(5.7-11.2)
5.9 (3.9-8.7)
5.3(3.5-8.1)
11.2 (8.4-14.8)
10.4(7.7-13.9)
4.0(2.4-6.5)

Calculated sensitivity (Previously
published sensitivity range?)

24.5(76.2-95.6)
28.6 (97.5-100)
32.7 (23.0-97.1)
28.6 (99.0-99.3)
22.4(50.5-100)
26.5(50.9-80.4)
34.7 (29.1-100)
22.4(74.3-99.0)

FPublished sensitivity and specificity values based on data from Fosgate et al. (2002) and Nielsen (2002).
PIncludes 11 suspect samples.
‘Includes 31 suspect samples.
dIncludes 18 suspect samples.
Includes one suspect sample.

40.8% and 83.8%, respectively. The highest antibody prevalence

was detected using the plate agglutination test (11.2%), standard

tube test (10.4%) and complement fixation (8.0%). At least one
positive was detected with each of the serological tests although

the results were positive on all eight serological tests for only 12

samples (Table 4).

3.3 | Prevalence trends

Calculated specificity (Previously
published specificity range)

97.9 (96.4-99.3)
96.9(99.7-99.8)
95.7 (30.6-100)
97.6 (96.9-100)
97.2 (21.9-100)
91.1(97.5-99.6)
93.3(99.2-100)

(
(
(
(
(
(
(
(

98.8 (7.4-100)

The antibody prevalence was similar at Facility A (9.0%; 95% ClI: 5.7-
14.0) and Facility B (10.6%; 95% Cl: 7.0-15.9). The culture prevalence
was also similar at Facility A (13.3%; 95% CI: 9.2-18.9) and Facility

B (12.8%; 95% CI: 8.7-18.3). There were no significant differences
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TABLE 4 Sera reactions of 376 feral swine to Brucella spp. using the buffered antigen plate agglutination test (BAPA), competitive enzyme-
linked immunosorbent assay (cELISA), complement fixation (CF), fluorescence polarization assay (FPA), the rivanol, plate agglutination, tube
agglutination and card test. Samples with incomplete agglutination at any dilution were identified as suspect and were counted as positive in

this table

BAPA cELISA CF FPA Rivanol®

Negative Negative Negative Negative Negative
Negative Negative Negative Negative Negative
Positive Positive Positive Positive Positive

Negative Negative Negative Negative Negative
Negative Negative Negative Negative Negative
Negative Negative Negative Negative Positive

Negative Negative Positive Negative Negative
Negative Positive Positive Positive Negative
Negative Positive Negative Negative Negative
Negative Negative Positive Positive Negative
Positive Negative Negative Negative Negative
Negative Positive Positive Negative Negative
Negative Positive Positive Positive Negative
Positive Negative Negative Negative Negative
Negative Negative Positive Negative Negative
Positive Positive Positive Positive Negative
Positive Negative Positive Positive Positive

Positive Positive Positive Positive Positive

Negative Positive Positive Positive Positive

Positive Negative Positive Negative Negative
Positive Positive Positive Negative Negative
Negative Positive Positive Negative Negative
Negative Negative Negative Negative Negative

411 suspect samples.
P31 suspect samples.
€18 suspect samples.
4One suspect sample.

in antibody or culture prevalence between gender, age or collection

month at either facility (Table 2).

4 | DISCUSSION

Although we collected various sample types to culture for Brucella
spp., there was no one-sample type or even a particular region of the
body that was consistently culture positive. Although whole blood and
nasal swabs do not appear to be appropriate samples for culturing
Brucella spp., our results imply that a sampling regime that does not
include a variety of sample types will result in an underestimation of
the actual prevalence. It also suggests that infection with Brucella spp.
in feral swine is not necessarily localized to one particular region of
the body, and anyone handling feral swine should be aware of the risk
of exposure.

Despite sampling at two different facilities, there was no signifi-

cant difference between the two in serologic or culture prevalence.

Plate” Tube® Card test¢ No. of samples
Negative Negative Negative 303
Positive Negative Negative 14
Positive Positive Positive 12
Negative Positive Negative 11
Positive Positive Negative 8
Negative Negative Negative 5
Negative Negative Negative 3
Negative Negative Negative 3
Negative Negative Negative 2
Negative Negative Negative 2
Positive Negative Positive 1
Negative Negative Negative 1
Negative Positive Negative 1
Positive Positive Negative 1
Positive Positive Negative 1
Positive Negative Positive 1
Positive Positive Negative 1
Positive Positive Negative 1
Negative Positive Negative 1
Positive Positive Negative 1
Positive Negative Negative 1
Negative Positive Negative 1
Negative Negative Positive 1

In fact, the only observed difference was that August was the only
collection month with significantly lower antibody (no positives) and
cultural prevalence (<4%). Neither of the two facilities was climate-
controlled and during the week in August that samples were collected,
daytime temperatures exceeded 100°F. The possibility that extreme
heat caused an overgrowth of contaminating bacteria that obscured
the recovery of Brucella spp. cannot be excluded (Boraker, Stinebring,
& Kunkel, 1981), even though the samples were placed in a cooler
shortly after collection.

Although antibody (9.8%) and culture prevalence (13.0%) of Brucella
spp. was similar overall in the feral swine we tested, only 32.7% of
the culture-positive feral swine were antibody positive on any of the
serological tests, and the sensitivity and specificity were much lower
when comparing each of the serological tests independently (Table 3).
Although it is common to report suspects as positives, it did impact the
antibody prevalence and apparent effectivity of the serological test.
There are several known limitations of existing serological diagnostics.

This includes (i) detection of both false negatives and false positives,
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(ii) cross-reactivity with other pathogens, (iii) the tests were originally
validated in cattle, (iv) the tests have traditionally been utilized as herd
tests in domestic swine, (v) the tests were developed using B. abortus
not B. suis antigen and (vi) the loss of antibody titres over time (Godfroid
et al., 2010; Weiner, lwaniak, & Szulowski, 2012). Given these limita-
tions, it is not surprising that serology underestimates infection.

In a study conducted in several U.S. states, feral swine lymph nodes
were cultured for Brucella spp. resulting in 11.5% (n = 183) culture
positive, and 25.3% of corresponding serum was antibody positive
(Pedersen et al., 2014). Although the culture prevalence was similar
to the prevalence we identified (13.0%), the antibody prevalence was
much higher which may have been due to the targeted collection of
feral swine samples from counties previously identified as antibody
positive (Pedersen et al., 2014). Other studies in the United States
have estimated Brucella spp. antibody prevalence in feral swine be-
tween 3.5 and 4.3% with localized areas of higher prevalence (Bevins
et al., 2014; Pedersen et al., 2012). In Texas, the antibody prevalence
in feral swine seems to vary widely from 1 to 24% depending on re-
gion of the state (Campbell et al., 2008; Musser, Schwartz, Srinath, &
Waldrup, 2013; Wyckoff, Henke, Campbell, Hewitt, & VerCauteren,
2009). It is possible that some of this variation was also due to the
different serological tests utilized between studies. In our study, we
compared the results of eight different serological tests to each other
and used the culture results to determine the infection status of the
animal, which is often not possible due to the time, effort and cost
required to collect and test numerous samples. The wide variation
in congruence between culture and serology suggests the need for
developing better diagnostics for detection in feral swine to ensure
awareness of human risk.

There are very few studies that have analysed the humoral re-
sponse of Brucella spp. in swine, and those that do exist consist of a
few studies conducted in domestic swine inoculated with either B. suis
or B. abortus S19 vaccine strain (Hutchings, Delez, & Donham, 1946;
Kernkamp & Roepke, 1948). In the studies involving B. suis infection,
sows were inoculated intravaginally or orally with a dose of 1-5 x 100
colony-forming units, and the humoral response persisted from 101
to 139 days post-inoculation (Hutchings et al., 1946). This is differ-
ent from what is typically observed in cattle infected with B. abortus
strain 2,308 where antibodies can be detected for more than a year,
whereas animals vaccinated with B. abortus S19 strain typically have a
short duration of antibody response. In cattle, antibodies to S19 typi-
cally can be detected from 6 to 12 weeks (Aguirre et al., 2002; Draghi
et al., 2010; Nielsen et al., 2007; Sutherland, 1984), but in swine, an-
tibodies can be detected for <4 weeks (Kernkamp & Roepke, 1948).
Persistence of Brucella titres has been reported in cattle and Brucella
can generally be cultured from about 50% of antibody-positive cattle
(Roffe et al., 1999). However, this does not appear to be the case in
swine, as either not all culture-positive swine retain a titre or the cur-
rent Brucella serologic tests do not identify all serologically positive
swine. Serological methods that currently exist may not be applicable
for domestic and feral swine as they were developed for cattle, and as
such, additional research to develop serological tests specifically for
swine is recommended.

Despite detection of B. suis and B. abortus in feral swine in proxim-
ity to cattle (Musser et al., 2013), a spatial and temporal association,
but not transmission, is all that has been established. However, B. suis
infection in cattle complicates surveillance for B. abortus as antibody
responses cannot be differentiated between the two strains (Olsen
& Hennager, 2010). Although B. suis infection does not cause abor-
tions in cattle typically observed with B. abortus, it is associated with
a high incidence of retained placentas and shedding in the milk (Olsen
& Hennager, 2010). Eliminating the infection in cattle is also desirable
to prevent human infection caused by consumption of unpasteurized
milk.

Prior to efforts to eradicate brucellosis in the United States, B. suis
infections were common among abattoir workers; now human infec-
tions are less common (Giurgiutiu et al., 2009), but brucellosis is still
one of the most commonly reported zoonosis worldwide (Seleem,
Boyle, & Sriranganathan, 2010). In the United States, the North
Carolina Department of Environment, Health and Natural Resources
reported a total of 22 cases of brucellosis in employees with expo-
sure to the pork processing plant kill floor in 1991 and 1992 (Trout
etal., 1995). A subsequent investigation conducted by the Centers
for Disease Control’'s National Institute for Occupational Safety and
Health determined that 19% of kill floor workers (n = 154) had evi-
dence of recent or persistent brucellosis, and 53% of the cases (n = 30)
were identified in employees who had not previously been diagnosed,
leading to a recommendation that the plant process only brucellosis-
free swine (Trout etal., 1995). Although commercial swine in the
United States maintain brucellosis-free status, antibody prevalence of
brucellosis in feral swine can be up to 14.4% (Pedersen et al., 2012),
meaning that employees at abattoirs who slaughter feral swine are
at increased risk of exposure to Brucella spp. At a minimum, personal
protective equipment and health monitoring programmes should be
provided to employees working in these facilities.

Feral swine hunters and especially those with hunting dogs are also
at anincreased risk of exposure. Hunters are perhaps at the highest risk
of exposure while field dressing animals. However, B. suis infection has
been reported in hunting dogs exposed to feral swine (Ramamoorthy
etal., 2011), and it is suspected that infected hunting dogs can sub-
sequently transmit the infection to humans (Barr, Eilts, Roy, & Miller,
1986). Evidence of transmission to a human from a dog that was ex-
posed to infected domestic swine has been reported (Nicoletti, Quinn,
& Minor, 1967), thus further supporting the possibility. In addition to
the risk to owners of infected dogs, veterinary staff should be aware
of the possibility of B. suis infection when treating dogs with reproduc-
tive tract signs, back pain or lameness, and should take appropriate
precautions to prevent transmission (Mor et al., 2016).

Our results suggest that there is a large gap in congruency between
Brucella spp. serology and culture in feral swine and that development
of serological tests designed to specifically detect B. suis in feral swine
with high sensitivity and specificity is warranted. Additional outreach
to abattoir workers, veterinarians, hunters and wildlife biologists is
recommended to ensure that appropriate precautions are taken to
prevent infection or if symptoms develop that proper post-exposure
care and prompt treatment are pursued.



PEDERSEN ET AL.

ACKNOWLEDGEMENTS

We especially thank the abattoir managers who graciously provided
us access to their facilities to collect the samples for this project. We
also thank Luis Bazan and Brian Mesenbrink for all of their help in
collecting and processing the samples for this project. We also thank
Dr. Steve Hennager who was instrumental in coordinating the sero-
logical testing at National Veterinary Services Laboratories. Without
their help, this project would not have been possible. Mention of trade
names or commercial products in this work is solely for the purpose of
providing specific information and does not imply recommendation or

endorsement by the U.S. Department of Agriculture.

REFERENCES

Adams, C. E., Higginbotham, B. J., Rollins, D., Taylor, R. B., Skiles, R.,
Mapston, M., & Turman, S. (2005). Regional perspectives and oppor-
tunities for feral hog management in Texas. Wildlife Society Bulletin, 33,
1312-1320.

Aguirre, N. P., Vanzini, V. R., Torioni de Echaide, S., Valentini, B. S., De Lucca,
G., Aufranc, C., ... Nielsen, K. (2002). Antibody dynamics in Holstein
Friesian heifers vaccinated with Brucella abortus strain 19, using seven
serological tests. Journal of Immunoassay & Immunochemistry, 23,
471-478.

Alton, G. G., Jones, L. M., Angus, R. D., & Verger, J. M. (1988). Bacteriologic
methods and serologic methods. In G. G. Alton (Ed.), Techniques for the
brucellosis laboratory (pp. 17-136). Paris, France: Institut National de la
Recherche Agronomique.

Anderson, A., Slootmaker, C., Harper, E., Holderieath, J., & Shwiff, S. A.
(2016). Economic estimates of feral swine damage and control in 11
US states. Crop Protection, 89, 89-94.

Barr, S., Eilts, B., Roy, A., & Miller, R. (1986). Brucella suis biotype 1 infec-
tion in a dog. Journal of the American Veterinary Medical Association, 189,
686-687.

Bevins, S. N., Pedersen, K., Lutman, M. W., Gidlewski, T., & Deliberto, T. J.
(2014). Consequences associated with the recent range expansion of
nonnative feral swine. BioScience, 64, 291-299.

Boraker, D., Stinebring, W., & Kunkel, J. (1981). BrucELISA: An enzyme-
antibody immunoassay for detection of Brucella abortus antibodies in
milk: Correlation with the Brucella ring test and with shedding of viable
organisms. Journal of Clinical Microbiology, 14, 396-403.

Campbell, T. A., DeYoung, R. W., Wehland, E. M., Grassman, L. I., Long, D.
B., & Delgado-Acevedo, J. (2008). Feral swine exposure to selected
viral and bacterial pathogens in southern Texas. Journal of Swine Health
Production, 16, 312-315.

Campbell, T. A., & Long, D. B. (2009). Feral swine damage and damage man-
agement in forested ecosystems. Forest Ecology and Management, 257,
2319-2326.

Dickson, J. G., Mayer, J. J., & Dickson, J. D. (2001). Wild Hogs. In J. G.
Dickson (Ed.), Wildlife of Southern forests: Habitat and management (pp.
191-208). Blaine, WA: Hancock House Publishers.

Draghi, M., Samartino, L., Torioni de Echaide, S., Conde, S., Piazza, E., Schust,
M., ... Aguirre, N. (2010). Persistencia de anticuerpos séricos en bovinos
Hereford, 3/8 Hereford y 5/8 Cebu vacunados con Brucella abortus cepa
19. Revista of the Sociedad de Medicina Veterinaria, Buenos Aires, 91, 53-58.

Farrell, . (1974). The development of a new selective medium for the
isolation of Brucella abortus from contaminated sources. Research in
Veterinary Science, 16, 280-286.

Fosgate, G. T., Adesiyun, A. A., Hird, D. W., Johnson, W. O., Hietala, S. K.,
Schurig, G. G., & Ryan, J. (2002). Comparison of serologic tests for de-
tection of Brucella infections in cattle and water buffalo (Bubalus buba-
lis). American Journal of Veterinary Research, 63, 1598-1605.

WILEY--2%

Giurgiutiu, D., Banis, C., Hunt, E., Mincer, J., Nicolardi, C., Weltman, A, ...
Blackmore, C. (2009). Brucella suis infection associated with feral swine
hunting-Three States, 2007-2008. Morbidity and Mortality Weekly
Report, 58, 618-621.

Godfroid, J., Nielsen, K., & Saegerman, C. (2010). Diagnosis of brucellosis in
livestock and wildlife. Croatian Medical Journal, 51, 296-305.

Hutchings, L. M., Delez, A. L., & Donham, C. R. (1946). Studies on brucello-
sis of swine; exposure and reexposure experiments with Brucella suis.
American Journal of Veterinary Research, 7, 11-20.

Kernkamp, H. C., & Roepke, M. H. (1948). Vaccination of pigs with Brucella
abortus vaccine strain 19. Journal of the American Veterinary Medical
Association, 113, 564-567.

Lee, I.-K., Olsen, S. C., & Bolin, C. A. (2001). Effects of exogenous recom-
binant interleukin-12 on immune responses and protection against
Brucella abortus in a murine model. Canadian Journal of Veterinary
Research, 65, 223-228.

Mapston, M. (2007). Feral hogs in Texas. College Station, TX: AgrilLife
Extension Texas A&M, 28 pp.

Meng, X., Lindsay, D., & Sriranganathan, N. (2009). Wild boars as sources for
infectious diseases in livestock and humans. Philosophical Transactions
of the Royal Society B: Biological Sciences, 364, 2697-2707.

Mor, S. M., Wiethoelter, A. K., Lee, A., Moloney, B., James, D. R., & Malik,
R. (2016). Emergence of Brucella suis in dogs in New South Wales,
Australia: Clinical findings and implications for zoonotic transmission.
BMC Veterinary Research, 12, 199.

Musser, J. M., Schwartz, A. L., Srinath, |., & Waldrup, K. A. (2013). Use of serol-
ogy and bacterial culture to determine prevalence of Brucella spp. in feral
swine (Sus scrofa) in proximity to a beef cattle herd positive for Brucella
suis and Brucella abortus. Journal of Wildlife Diseases, 49, 215-220.

Nicoletti, P., Quinn, B., & Minor, P. (1967). Canine to human transmission of
brucellosis. New York State Journal of Medicine, 67, 2886-2887.

Nielsen, K. (2002). Diagnosis of brucellosis by serology. Veterinary
Microbiology, 90, 447-459.

Nielsen, K., Gall, D., Smith, P., Vigliocco, A., Perez, B., Samartino, L., ...
Enright, F. (1999). Validation of the fluorescence polarization assay as
a serological test for the presumptive diagnosis of porcine brucellosis.
Veterinary Microbiology, 68, 245-253.

Nielsen, K., Smith, P,, Yu, W. L., Elmgren, C., Nicoletti, P., Perez, B., ...
Renteria, T. (2007). Second generation competitive enzyme immuno-
assay for detection of bovine antibody to Brucella abortus. Veterinary
Microbiology, 124, 173-177.

Olsen, S., & Hennager, S. (2010). Immune responses and protection against
experimental Brucella suis biovar 1 challenge in nonvaccinated or B .
abortus strain RB51-vaccinated cattle. Clinical and Vaccine Immunology,
17,1891-1895.

Pedersen, K., Bevins, S. N., Schmit, B. S., Lutman, M. W., Milleson, M.
P., Turnage, C. T., ... Deliberto, T. J. (2012). Apparent prevalence of
swine brucellosis in feral swine in the United States. Human-Wildlife
Interactions, 6, 38-47.

Pedersen, K., Quance, C. R., Robbe-Austerman, S., Piaggio, A. J., Bevins, S.
N., Goldstein, S. M., ... DeLiberto, T. J. (2014). Identification of Brucella
suis from feral swine in selected states in the USA. Journal of Wildlife
Diseases, 50, 171-179.

Pimentel, D. (2007). Environmental and Economic Costs of Vertebrate
Species Invasions into the United States. In G. W. Witmer, W. C. Pitt &
K. A. Fagerstone (Eds.), Managing vertebrate invasive species: Proceedings
of an International Symposium (pp. 2-8). Fort Collins, CO: National
Wildlife Research Center.

Ramamoorthy, S., Woldemeskel, M., Ligett, A., Snider, R., Cobb, R., &
Rajeev, S. (2011). Brucella suis infection in dogs, Georgia, USA. Emerging
Infectious Diseases, 17, 2386.

Roffe, T. J., Rhyan, J. C., Aune, K., Philo, L. M., Ewalt, D. R., Gidlewski, T., &
Hennager, S. G. (1999). Brucellosis in Yellowstone National Park bison:
Quantitative serology and infection. Journal of Wildlife Management, 63,
1132-1137.



PEDERSEN ET AL.

| wiLEy

Rollins, D., Higginbotham, B. J., Cearly, K. A.,, & Wilkins, R. N. (2007).
Appreciating feral hogs: Extension education for diverse stakeholders
in Texas. Human-Wildlife Interactions, 1, 192-198.

Seleem, M. N., Boyle, S. M., & Sriranganathan, N. (2010). Brucellosis: A re-
emerging zoonosis. Veterinary Microbiology, 140, 392-398.

Sutherland, S. S. (1984). Evaluation of the enzyme-linked immunosorbent
assay in the detection of cattle infected with Brucella abortus. Veterinary
Microbiology, 10, 23-32.

Trout, D., Gomez, T. M., Bernard, B. P., Mueller, C. A., Smith, C. G., Hunter,
L., & Kiefer, M. (1995). Outbreak of brucellosis at a United States pork
packing plant. Journal of Occupational and Environmental Medicine, 37,
697-703.

Weiner, M., lwaniak, W., & Szulowski, K. (2012). Value of fluorescence polar-
isation assay in comparison to traditional techniques in diagnosis of por-
cine brucellosis. Bulletin of the Veterinary Institute in Pulawy, 56, 467-471.

Witmer, G. W., Sanders, R. B., & Taft, A. C. (2003). Feral swine -Are they
a disease threat to livestock in the United States? In K. A. Fagerstone

& G. W. Witmer (Eds.), Proceedings of the 10th wildlife damage man-
agement conference (pp. 316-325). Hot Springs, AR: Wildlife Damage
Management Working Group of the Wildlife Society.

Wyckoff, A. C., Henke, S. E., Campbell, T. A, Hewitt, D. G., & VerCauteren,
K. C. (2009). Feral swine contact with domestic swine: A serologic sur-
vey and assessment of potential for disease transmission. Journal of
Wildlife Diseases, 45, 422-429.

How to cite this article: Pedersen K, Bauer NE, Olsen S, et al.
Identification of Brucella spp. in feral swine (Sus scrofa) at
abattoirs in Texas, USA. Zoonoses Public Health. 2017;64:647 -
654. https://doi.org/10.1111/zph.12359



https://doi.org/10.1111/zph.12359

	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	2017

	Identification of Brucella spp. in feral swine (Sus scrofa) at abattoirs in Texas, USA
	Kerri Pedersen
	N. E. Bauer
	S. Olsen
	A. M. Arenas-Gamboa
	A. C. Henry
	See next page for additional authors
	Authors


	Identification of Brucella spp. in feral swine (Sus scrofa) at abattoirs in Texas, USA

