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Tonsil and turbinate colonization by toxigenic and nontoxigenic strains of
Pasteurella multocida in conventionally raised swine
Mark R. Ackermann, Mary C. DeBey, Karen B. Register,
David J. Larson, Joann M. Kinyon
Pneumonia and upper respiratory tract infections, such as
atrophic rhinitis, are common and insidious diseases of swine.
They are often considered causes of decreased rate of weight
gain, inefficient feed conversion, and increased time to market, although these parameters do not absolutely correlate
with the severity of lesions. Pasteurella multocida is associated with lower and upper respiratory infections, based on
results of lung cultures at necropsy and cultures from swabs
4,8,9,15
In the lung, one study showed that
of the nasal cavity.
nontoxigenic strains were most commonly isolated from acute
to subacute pneumonic areas, and toxigenic strains were most
commonly isolated from granulomas.9 In atrophic rhinitis,
toxigenic strains are associated with severe, progressive tur2-4,8,12
Experimentally, purified toxin induces
binate atrophy.
turbinate atrophy when aerosolized into the nasal cavity or
injected into the subcutis, muscle, or peritoneum. 1,6-8,11
Although isolation of P. multocida from pneumonic lungs
and nasal cavities reflects its etiologic importance, other anatomical locations, such as tonsil, may be a reservoir for P.
2,3,14,15
Pasteurella multocida can be isomultocida in swine.
lated from turbinate6,8 and tonsi1,2,3,14 however, one study in
gnotobiotic pigs and two studies in specific-pathogen-free
pigs demonstrated that tonsil is colonized to a greater degree
2,3,13,14
The purpose of this study was to use
than turbinate.
conventionally reared swine to investigate the relative affinity
of P. multocida for nasal turbinate mucosa and tonsil and
the prevalence of toxigenic strains in a random population
of Iowa swine.
Tonsil and turbinate were collected from 53 young and
growing swine (20-80 kg) submitted live for necropsy at Iowa
From the Atrophic Rhinitis Project, USDA, ARS, National Animal Disease Center, Ames, IA 50010 (Ackermann, DeBey, Register),
and the Veterinary Diagnostic Laboratory (Larsen) and the Clinical
Microbiology Laboratory (Kinyon), Iowa State University, Ames,
IA 50011.
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State University’s Veterinary Diagnostic Laboratory and the
National Animal Disease Center (NADC), Ames, Iowa, and
from 21 sows killed following routine caesarean sections at
the NADC. Tissues were collected (washed and rinsed instruments) and stored frozen at -80 C for up to 2 months.
Clinical histories and necropsy findings of pigs from the Diagnostic Laboratory varied greatly, and some pigs had evidence of turbinate atrophy according to visual inspection at
necropsy (Table 1). Sows from the NADC were clinically
healthy and had no evidence of turbinate atrophy as determined by gross examination.
Thawed tissues were ground in 0.02 M phosphate-buffered
saline (pH 7.0, 10% w/w), and 10-fold dilutions were inoculated onto duplicate blood agar (BA) plates (tryptose blood
agar base + 5% citrated bovine blood)a without or with antimicrobials (Kinyon P. muhocida type D protein [KPMD];
plate concentration = bacitracin, 3.75 U/ml; clindamycin, 5
µg/ml; gentamicin, 0.75 µg/ml; amphotericin B, 2.25 µg/ml)
to select for P. multocida. Suspect colonies on KPMD and
additional suspect colonies from BA were subcultured to
obtain single colonies on dextrose starch agara and identified
by standard methods. 5,15 Tests of over 200 tonsil and turbinate cultures by the Clinical Microbiology Laboratory at
Iowa State University demonstrated superior recovery of P.
multocida from KPMD when compared with BA. In addition, only a small decrease (roughly 10%) in numbers of
colony-forming units (CPU) of P. multocida were seen in
KPMD plates when equal bacterial suspensions were plated
onto KPMD and BA. Colonies identified as P. multocida
were transferred to duplicate nylon membranes and tested
for expression of toxin as described with a colony-blot assay.10 No differences in toxin expression, as determined by
the membrane-lift procedure, were seen in bacterial colonies
grown on KPMD or BA. Pasteurella multocida strains P1683
(toxigenic) and P4214 (nontoxigenic) served as positive and
negative controls, respectively, for the colony-blot assay.
Pasteurella multocida was isolated from 35 (66%) of 53
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Table 1. Health status, number of colony forming units (CFU) of Pasteurella multocida in tonsil and turbinate, and toxin production
from 35 growing pigs.

growing pigs and 4 (19%) of 21 sows in this study (Tables 1,

2). Of the 35 growing pigs that carried P. multocida, 17 (48%)
carried both tonsil and turbinate isolates, 15 (42%) carried
isolates only in tonsil, and 3 (8%) carried isolates only in
turbinate. Pigs carried P. multocida in tonsil tissue more
commonly than in turbinate. Of the 35 growing pigs carrying
P. multocida, 32 had isolates from tonsil and 20 carried
turbinate isolates. Higher numbers of CFU/gram were generally isolated from tonsil, averaging 1.0 × 103 CFU/g as
compared with the turbinate average of 0.5 × 103 CFU/g.
In the sows, 4 of 21 carried Pasteurella multocida, and all
4 had tonsil isolates averaging 1.0 × 103 CFU/g (Table 2).
Sow No. 1 also carried toxigenic P. multocida in the turbinate.
Only two of the growing pigs (Nos. 1, 35) and 1 sow (No.
1) carried toxigenic strains (Tables 1, 2). Toxigenic strains
were isolated from both the tonsil and turbinates from pig
No. 1 and from only turbinate from pig No. 35. Sow No. 1
was the only animal from which both nontoxigenic (tonsil)

and toxigenic (turbinate) strains were isolated. No obvious
trends were present in pigs that were ill, pigs from atrophic
rhinitis herds, and clinically normal pigs. Toxigenic strains
were not isolated from the 3 pigs with turbinate atrophy. Few
contaminant bacteria were present on KPMD plates; whereas
BA plates frequently contained Proteus, Bacillus sp., Escherichia coli, and Streptococcus sp.
Colonization of the tonsil by P. multocida in conventionally reared swine in this study is similar to that in experimental studies with gnotobiotic and specific-pathogen-free
pigs.2,3,13,14 In all of these studies, P. multocida were isolated
in greater frequency and in higher numbers per gram in tonsil
than in turbinate. In this study, 15 of 53 pigs carried P.
multocida in tonsil only and thus infection would be missed
from examination of routine nasal swabs. The tonsil may be
an important reservoir for P. multocida strains that eventually have a role in bronchitis, pneumonia, pleuritis, and
atrophic rhinitis. Turbinate, in contrast, is colonized to a
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Table 2. Health status, number of colony-forming units (CFU)
of Pasteurella multocida in tonsil and turbinate, and toxin production from 4 sows.
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sows may indicate whether there is a higher carrier rate of
toxigenic strains in animals with life spans longer than that
of slaughter pigs.

Sources and manufacturers
a. Difco Laboratories, Detroit, MI.
Disclaimer: Names are necessary to report factually on available
data; however, the USDA neither guarantees nor warrants the standard of the product, and the use of the name by the USDA implies
no approval of the product to the exclusion of others that may also
be suitable.
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