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Summary
Objective: To summarize results obtained
with antemortem tonsil biopsy, and com-
pare them to those obtained during tradi-
tional postmortem sampling, for detecting
porcine reproductive and respiratory syn-
drome virus (PRRSV) infection in breed-
ing swine.

Methods: Tonsil biopsies were collected
from 42 sows in a 1500-sow breeding herd
known to be chronically infected with
PRRSV. Animals were euthanized after the
biopsy, and tissues were collected using
routine necropsy procedures. Two sows
that originated from a PRRSV-negative
farm were inoculated by the intranasal (IN)
route with a total dose of 102.4 TCID50 of
PRRSV, and a third sow was inoculated IN
with virus-free cell culture medium. Serum
was collected at 2- to 3-day intervals
throughout the study, and tonsil biopsies
were taken from each animal on day 14
post infection. The animals were
euthanized and necropsied. All samples
were examined histologically and tested for
PRRSV by Taqman polymerase chain reac-
tion and virus isolation.

Results: Tonsillar tissue was identified
histologically in the antemortem biopsies
from 21 of the breeding sows and two
inoculated sows, and in all postmortem
biopsies.

Implications: Tonsil biopsy is an inaccurate
procedure for antemortem collection of
tonsil tissue from breeding swine. Biopsies
should be submitted for histopathological
confirmation of tonsillar tissue. Tonsil may

not be a representative target tissue for de-
tecting PRRSV in pigs of this age, as the
virus may reside in other anatomical sites.
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Porcine reproductive and respiratory
syndrome virus (PRRSV) is an
enveloped RNA virus classified in

the order Nidovirales, family Arteriviridae,
and genus Arterivirus.1 Previous studies
have demonstrated that PRRSV can induce
prolonged viremia in the presence of circu-
lating antibodies, replicate in macrophages,
and produce persistent infections.2 The
PRRS virus also resides in lymphoid tissue,
and has been isolated for up to 157 days
post infection from tonsillar scrapings.2

Polymerase chain reaction (PCR) has
identified PRRSV nucleic acid in tonsil
biopsies from experimentally infected 4-
week-old pigs up to 252 days post infec-
tion.2,3 Ribonucleic acid viruses such as
PRRSV do not revert to inactive states post
infection, but continue to replicate, pro-
ducing a detectable serologic response.1–3

Persistently infected pigs eventually clear
the PRRS virus, and antibody decay occurs
over time.2–4

Diagnostic tests for PRRSV infections in-
clude isolation of viable virus (VI), detec-
tion of viral antigen by immunohistochem-
istry (IHC), identification of viral nucleic
acid (PCR, in situ hybridization), and de-
tection of circulating IgG antibodies

(IDEXX ELISA test).5 The IDEXX ELISA
tests (IDEXX Laboratories, Westbrook,
Maine) may be performed on tissue,
serum, or semen, and are available in
diagnostic laboratories throughout North
America. ELISA test results are expressed as
sample to positive (s:p) ratios, with ratios
>0.4 considered positive.

The feasibility of eradicating PRRSV in
individual herds in the USA is currently
being evaluated. One moderately successful
approach is Test and Removal,6,7 a method
that has succeeded in eliminating
Aujeszsky’s Disease virus and Actinobacillus
pleuropneumoniae from infected farms.8,9

The protocol for PRRSV consists of blood-
testing the entire breeding herd in a single
day, identifying previously exposed and
acutely infected animals using antibody
and nucleic acid tests, and immediately
removing these animals from the herd. The
IDEXX ELISA (IDEXX Laboratories,
Westbrook, Maine) has been used previ-
ously in breeding swine to detect PRRSV
serum antibodies, in combination with the
Taqman™ PCR (Perkin-Elmer Applied
Biosystems, Foster City, California) to de-
tect specific PRRSV nucleic acid sequences
in sera.10 Under field conditions, use of
this protocol has resulted in the removal of
approximately 8%–11% of the breeding
herd; however, 96%–97% of these animals
were ELISA-positive and PCR-negative on
the day of sampling.6,7

Test and Removal is limited by the inability
of currently available serological tests to
distinguish persistently infected, non-
viremic animals from those that have been
previously exposed and have cleared the
virus, or are undergoing antibody decay.
This presents a serious problem to the
swine practitioner and producer. Premature
removal of non-infected, seropositive
animals may have a significant impact on
the profitability of a farm. Conversely, if



280 Swine Health and Production — November and December, 2000

infected animals are allowed to remain in
the herd, risk of PRRSV transmission to
naïve pen mates exists.11 Therefore, it
would be economically beneficial to the
producer if there were an accurate ante-
mortem test to differentiate PRRSV-in-
fected breeding swine from noninfected,
seropositive animals.

Tonsil biopsy has been suggested as an
antemortem method for detecting PRRSV-
infected animals.2–4, 12 When this method
was used in PRRSV-infected field popula-
tions of finishing pigs, PRRSV was de-
tected in 0–60% of the animals tested.12

However, this study did not state whether
samples had been verified as tonsil prior to
testing for PRRSV. Although tonsil biopsy
is being used on commercial farms in an
effort to identify PRRSV-positive breeding
animals for removal from infected herds
(Reicks D, Hollis B, personal communica-
tion, 1999), it has not been properly evalu-
ated in adult swine, and may not provide
accurate information to the practicing vet-
erinarian. The purpose of this investigation
was to compare tonsil biopsy to traditional
necropsy technique as accurate methods for
detecting PRRSV-infected breeding ani-
mals. Prior to initiating the study, the fol-
lowing questions were raised:

• Can tonsillar tissue be consistently
recovered by tonsil biopsy in adult
breeding swine?

• Is tonsil an appropriate site for
detecting PPRSV in adult breeding
swine?

• Is tonsil biopsy a safe and efficacious
antemortem diagnostic test for
identifying PRRSV-infected adult
breeding swine?

Materials and methods
Experimental design: The study consisted
of a field study and an experimental animal
study. In each phase, antemortem sampling
(tonsil biopsy) was compared with post-
mortem sampling methods for detecting
PRRSV-infected sows. Animals in the field
study phase originated from a known
PRRSV-positive farm, while experimental
animals were purchased from a known
PRRSV-negative herd (negative serology
and no detectable clinical signs for 2 years).

Phase 1: Field study
Animal selection: Forty-two sows were
selected from a 1500-sow breeding herd
known to be chronically infected with

PRRSV. A minimum sample size of 30 ani-
mals was required to detect one or more
PRRSV-infected sows at an estimated
prevalence of ≥10% at a 95% confidence
interval. Diagnostic tests were used to se-
lect animals that had been previously ex-
posed to PRRSV but were not viremic at
the time of sampling. In order to identify
candidates, blood samples were collected
from a random sample of 60 breeding ani-
mals, using standard jugular venipuncture
techniques. Sera were tested for PRRSV by
PCR and for PRRSV antibodies by
IDEXX ELISA. Serum PCR-negative sows
with detectable ELISA s:p ratios were se-
lected for sampling.

Sampling methods
Antemortem sampling. Prior to euthanasia
of animals, tonsil biopsies were collected
using a Miltex uterine biopsy forceps. Sows
were restrained using a cable snare placed
around the maxilla. Visualization of the
tonsil region was enhanced using a Frick’s
speculum placed between the maxilla and
mandible, and a flashlight. The cutting
plane of the biopsy forceps was pressed
against the palatine tonsil, the handles were
compressed, and the sample was with-
drawn. One half of the biopsy sample was
fixed in 10% neutral-buffered formalin,
stored at room temperature overnight, and
processed routinely for histopathological
evaluation. The other half was kept on ice
for VI on porcine alveolar macrophages
and MARC-145 cells, and for PCR.10, 13

Between samplings, the biopsy forceps
were disinfected with 10% bleach and
rinsed with sterile saline.

Postmortem sampling. Sows were
euthanized by intravenous injection of so-
dium pentobarbital (100 mg/kg). Tissues
collected from each sow included lung
(apical and middle lobes), heart, kidney,
spleen, tonsil, adrenal gland, cornea, brain
(sections of brainstem, cerebellum, and
cerebrum), lateral retropharyngeal lymph
node (LN), sternal LN, medial iliac LN,
ovarian LN, superficial inguinal LN, right
and left uterine horns, ovaries, and mam-
mary gland. Tissues were processed as de-
scribed above, and samples were analyzed
for PRRSV by PCR and VI. Samples that
were PCR-positive, VI-positive, or both,
were stained for PRRSV using immunohis-
tochemistry (IHC).14

Phase 2: Experimental animal
studies
Animal selection, inoculation, and sam-
pling. Three sows were purchased from a
PRRSV-negative source and housed in
separate rooms in the isolation facility at
the University of Minnesota, College of
Veterinary Medicine. The PRRSV-negative
status of the source farm was verified by
ELISA serology and clinical history over a
2-year period. Before the sows were inocu-
lated, sera were collected and tested for
PRRSV antibodies by ELISA, and for
PRRSV by PCR and VI. Sows A and B
were inoculated IN with 5 mL of culture
medium containing 102.4 TCID50 of a
PRRSV isolate recovered from a previous
study.15 A negative control sow (sow C)
was inoculated by the intranasal route with
5 mL of virus-free cell culture medium.
Serum was collected from sows A and B on
days 1, 3, 5, 7, 10, 12, and 14 postinocula-
tion, and tested by ELISA, PCR, and VI to
ensure that infection had taken place, and
that animals were not viremic at the time
of antemortem sampling. Sow C was tested
on days 1, 7, and 14 postinoculation.
Upon receipt of positive ELISA and nega-
tive PCR results from sows A and B, and
negative ELISA and PCR results from sow
C, tonsil biopsies were collected from all
animals on day 14 postinoculation. The
three sows were then euthanized and
necropsied, with tissues processed and
tested as described above.

Results
Field study
Antemortem sampling. Prior to euthana-
sia, all 42 animals were serum PCR-nega-
tive, ELISA s:p ratios ranged from 0.35 to
2.25, and PRRSV was not isolated from
sera. Biopsy tissue was confirmed to be
tonsil by histopathology in 21 (50%) of
the 42 sows, and all biopsy samples were
PRRSV-negative by PCR and VI. Photo-
micrographs of tonsil biopsy samples  and
non-specific oropharyngeal tissue collected
during the biopsy procedure are illustrated
in Figures 1 and 2.

Postmortem sampling. Tonsil biopsies
were confirmed histologically to contain
tonsillar tissues in all 42 animals, and all
were negative for PRRSV by both PCR
and VI. A lateral retropharyngeal LN from
one sow was PRRSV-positive by IHC, but
not by PCR. The initial VI results were
confirmed by a second isolation from the
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lateral retropharyngeal LN. This animal
had an ELISA s:p ratio of 1:20 at necropsy.
All other tissues collected from the remain-
ing sows were PRRSV-negative by all de-
scribed methods.

Experimental animal study
Antemortem sampling. On day 3 after
experimental infection, PRRSV was de-
tected in the sera of sows A and B by PCR
and VI, and on day 10, ELISA was positive
for PRRSV antibody. Sow C remained
negative for PRRSV by ELISA, PCR, and
VI throughout the 14-day period. Tonsil
biopsies were obtained from all three sows
prior to necropsy. Histopathological evalu-

ation confirmed the presence of tonsillar
tissue in the biopsies collected from sows A
and C, but not sow B. The PRRS virus was
detected by PCR in the tonsil sample col-
lected from sow A. The PRRS virus was
not isolated from any antemortem samples
collected after viremia had ceased.

Postmortem sampling. The PRRS virus
was detected by PCR in the following tis-
sues collected from sow A: mandibular LN,
lateral retropharyngeal LN, medial iliac
LN, superficial inguinal LN, ovarian LN,
tonsil, heart, uterus, kidney, and umbilical
cord, and PRRSV was isolated from all of
these tissues except kidney and umbilical

cord. The PRRS virus was detected by
PCR from the following tissues collected
from sow B: uterus, mandibular LN, ster-
nal LN, lateral retropharyngeal LN, and
superficial inguinal lymph nodes. All tis-
sues from sow B were negative for PRRSV
by VI. All tissue and serum samples from
sow C were negative for PRRSV by ELISA,
PCR, and VI.

Discussion
Tonsil tissue was obtained by antemortem
biopsy from only 21 of the 42 purchased
sows, and from two of the three experi-
mentally infected sows. In contrast, tonsil
tissue was obtained by postmortem biopsy
from 100% of the animals. Therefore, it
appears that histopathological verification
is critical to ensure that tonsil biopsy sub-
mitted for detection of PRRSV is truly
tonsil. It is unknown whether practitioners
using tonsil biopsy are confirming their
results in this manner, and it is strongly
recommended that they do.

In contrast to previous reports,2–4 PRRSV
was not detected in any of the tonsil
samples collected. One explanation for this
observation could be that our study fo-
cused entirely on sows, while previously
published work was based on experimental
infection of nursery age pigs. The duration
of PRRSV viremia in the nursery pig has
been reported to range from 3–35 days, in
contrast to 9–11 days in adult animals.16,17

While PRRSV was not detected in tonsils
of any of the 42 animals in the field study,
it was detected in one sow in a lymphoid
region not accessible in the live animal.
Therefore, tonsil biopsy may generate false
negative results. Finally, only one of the
two experimentally infected animals had
detectable PRRSV in the tonsil, although
the virus was detected in other sites
throughout the body in both sows.

In our experience, the protocol for tonsil
biopsy was technically challenging and
would be difficult to apply to large breed-
ing herd populations. Three people were
required to obtain each sample: one to re-
strain the sow, a second to collect the
sample, and another to illuminate the ton-
sil using a flashlight. Furthermore, collec-
tion of the sample resulted in extensive
trauma to the oropharyngeal region of the
sow, and the entire process frequently took
2–3 minutes to compete. In contrast, two
people can collect a blood sample in 30–60
seconds.

Figure 1: Photomicrograph of tonsillar tissue collected by antemortem tonsil
biopsy procedure. Lymphoid nodule, indicative of tonsil tissue (arrow).

Figure 2: Photomicrograph of non-specific oropharyngeal tissue collected by
antemortem tonsil biopsy procedure.
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Animals from only one farm were used in
this experiment, a significant limitation of
the study. Whether these results are repre-
sentative of those from other infected farms
remains to be seen. One could speculate
that in an acute outbreak, the recovery of
PRRSV-infected tonsils might be much
higher. The major difference in the results
obtained by Kolb12 and the results from
our study may relate to the difference in
the stage of the disease in the animals. In
the Kolb study, acutely infected finishing
pigs were sampled, and PRRSV was de-
tected in 0–60% of the animals sampled by
PCR and VI. However, since the tissues
were not examined microscopically, it is
unknown whether PRRSV was undetected
in some samples because there was no virus
in the tissues, or because inappropriate
samples had been collected. The veterinar-
ian responsible for sample collection in our
study had no prior experience with the bi-
opsy procedure, and different results might
have been obtained if experienced person-
nel had been employed. Finally, the per-
centage of PRRSV-infected tonsil samples
might have been higher if more sensitive
assays (i.e. nested PCR or swine bioassay)
had been used.18 However, use of nested
PCR assays may result in false positive
readings because of laboratory contamina-
tion (dust, non-specific nucleic acid, etc),19

and the availability and cost of animals and
facilities may limit the practicality of swine
bioassay. We selected tests for this study on
the basis of their availability to swine prac-
titioners through US diagnostic laborato-
ries, and did not consider research facilities
as centers for routine testing.

This is the first report of the use of tonsil
biopsy to detect PRRSV in adult breeding
swine. This study differs from published
reports in a number of respects: sows were
studied instead of nursery age pigs, the
field study allowed for the evaluation of
naturally infected sows, and the experimen-
tal animal study used a relatively low total
dose of PRRSV (10 2.4 TCID50).

Implications
On the basis of our results, we conclude
that:

• Antemortem tonsil biopsy is inaccu-
rate for collection of tonsil in
unanesthetized sows when conducted
by inexperienced veterinarians.

• Tonsil may not be a representative
target tissue for detection of PRRSV
in sows, and

• PRRSV may reside in sites other than
tonsil in naturally infected sows.

Therefore, it is important that practitioners
understand the limitations of tonsil biopsy
before using this technique to detect
PRRSV-infected sows when the goal is
elimination of PRRSV from infected
populations.
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