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ABSTRACT

The lungs of 334 pigs were obtained
from two slaughter plants in Minne-
sota and examined in detail. Macro-
scopic and microscopic evaluation,
direct fluorescence for Mycoplasma
hyopneumoniae and bacterial culture
were done on all of them and a sub-
sample of 50 were selected for virus
culture.
Mycoplasma hyopneumoniae, Pas-

teurella multocida and Haemophilus
spp. were detected in 24.0%, 34.1%
and 27.0% of the lungs, commonly in
conjunction with each other. One iso-
late of Haemophilus pleuropneumo-
niae serotype 2 was detected and this
represents the first report of its pres-
ence in the United States. No virus was
detected in any of the lungs.
Lungs with bothM. hyopneumoniae

andPasteurella multocida had the great-
est amount of macroscopic pneumonia
(9.8% of the lung). Lungs with M.
hyopneumoniae or P. multocida alone
had 4.9% and 5.2% ofthe lung involved
with pneumonia respectively. Lungs
with Haemophilus sp. Taxon "minor
group" had 3.8% of the lung involved
which was not significantly different
from lungs with none of these orga-
nisms being detected (1.6%). There was
a positive correlation between the
extent ofM. hyopneumoniae infection,
as scored by FAT and the amount of
macroscopic pneumonia present
(r = 0.46; P < 0.001). Likewise, there
was a positive correlation between the
estimated concentration of P. multo-
cida present, as scored by the relative
number of colonies on blood agar and
the amount ofmacroscopic pneumonia

present (r = 0.60; P < 0.001).
Microscopically, the amount of lym-

phoreticular proliferation, polymor-
phonuclear cells and alveolar macro-
phages were evaluated. Lungs with no
isolations had the lowest scores of all
three components and lungs with M.
hyopneumoniae combined with P. mul-
tocida had the highest. Haemophilus
sp. Taxon "minor group" was asso-
ciated with significantly more lym-
phoreticular proliferation and alveolar
macrophages than sections with no
isolations.

Key words: Haemophilus, Myco-
plasma hyopneumoniae, Pasteurella
multocida, pneumonia, swine.

RfESUME

Cette experience consistait a effec-
tuer une etude detaillee des poumons de
334 porcs envoyes a deux abattoirs du
Minnesota. On utilisa a cette fin l'exa-
men macroscopique, I'histopathologie,
la recherche de Mycoplasma hyo-
pneumoniae, par l'immunofluores-
cence directe et la culture, ainsi que
rexamen virologique de 50 de ces
organes.
L'examen bacteriologique se solda

par l'isolement de M. hyopneumoniae,
Pasteurella multocida et Haemophilus
spp., dans respectivement 24%, 34,1%
et 27% des poumons; il revela aussi que
plus d'un de ces microorganismes se re-
trouvaient ensemble dans un bon nom-
bre d'echantillons. L'isolement d'une
souche du serotype #2 d'Haemophilus
pleuropneumoniae constitue le premier
rapport de sa presence aux l:tats-Unis.
La virologie s'avera constamment

negative.
Les poumons desquels on isola M.

hyopneumoniae et P. multocida, re-
presentaient 9,8% des echantillons et
affichaient le plus de lesions macrosco-
piques. Ceux desquels on isola seule-
ment M. hyopneumoniae ou P. multo-
cida arboraient des lesions de
pneumonie dans respectivement 4,9%
et 5,2% de leur parenchyme. Ceux des-
quels on isola Haemophilus sp. Taxon
du groupe mineur presentaient des
lesions de pneumonie dans 3,8% de leur
parenchyme, lequel ne differait pas
sensiblement de celui du 1,6% des pou-
mons dont la bacteriologie se revela
negative. On enregistra une correlation
positive entre la gravite de l'infection
par M. hyopneumoniae, telle que la
demontra l'immunofluorescence, et
l'ampleur des lesions macroscopiques
(r = 0,46; P < 0,001). On constata aussi
une correlation positive entre la con-
centration approximative de P. multo-
cida, telle que la revela le nombre relatif
de colonies sur la gelose au sang, et
rampleur des lesions macroscopiques
(r = 0,6; P < 0,001).

L'histopathologie servit a evaluer
rintensite de la proliferation des cellules
reticulo-endotheliales, des neutrophiles
et des macrophages alveolaires. Les
poumons dont l'examen bacteriolo-
gique donna des resultats negatifs
afficherent les plus faibles valeurs rela-
tives a ces trois facteurs, contrairement
a ceux desquels on isola simultanement
M. hyopneumoniae et P. muutocida.
Les coupes histologiques des poumons
qui recelaient Haemophilus sp. Taxon
du groupe mineur rev'lMrent une plus
grande proliferation de cellules
riticulo-endotheliales et de macro-

*Department of Large Animal Clinical Studies, University of Minnesota, St. Paul, Minnesota 55108 (Morrison and Pijoan), Department of Food
Animal and Equine Medicine, North Carolina State University, Raleigh, North Carolina 27606 (Hilley) and Veterinary Medical Research Institute,
Iowa State University, Ames, Iowa 50011 (Rapp).

Reprint requests to C. Pijoan.
Part of a dissertation submitted by the senior author in partial fulfillment of the requirements for the Ph.D degree in Large Animal Clinical Sciences,
University of Minnesota.

Submitted January 24, 1984.

Can J Comp Med 1985; 49: 129-137. 129



phages alveolaires que celles des pou-
mons qui n'hebergaient pas de
microorganismes.

Mots cles: Haemophilus spp., Myco-
plasma hyopneumoniae, Pasteurella
multocida, pneumonie, porcs.

INTRODUCTION

Etiological investigations have been
previously conducted on swine lungs
at slaughter (1-10). Osborne et al (4)
recently reported the detailed micro-
biological findings from 347 pneu-
monic lungs and this work exemplified
the myriad of organisms that can be
detected in respiratory disease ofswine
as found at slaughter. Smith (11) ana-
lyzed comprehensive pathological and
microbiological records collected
from 109 pigs at slaughter and con-
cluded that of the organisms detected,
Mycoplasma hyopneumoniae and
Pasteurella multocida were the most
highly associated organisms with the
development of lung lesions. Gois et al
(2) also concluded that P. multocida
was positively associated with pneu-
monic lesions but found no such asso-
ciation with M. hyopneumoniae. The
role of Haemophilus pleuropneumo-
niae in respiratory disease has been
demonstrated (1,7,9,12,13) but that of
Haemophilus sp. Taxon "minor
group" is unreported, despite the fact
that it may be very common (14).

It is difficult to compare the
reported prevalence or extent of
pneumonia between studies since
techniques for scoring pneumonia
have varied greatly. Aalund et al (15)
and Willeberg et al (7) have reported
the prevalence of pneumonia as a per-
centage of pigs affected. Backstrom et
al (16) and Flesja et al ( 17) reported the
prevalence by grading lungs as being
mild, moderate or severe. This system
is similar to that employed by Gois et
al (2) and Osborne et al (4) who used a
four point scale for severity. Goodwin
(18) used a system whereby if all the
anterior lobes, the accessory lobe and
the anterior edge of the diaphragmatic
lobes were pneumonic, a maximum
score of 55 was allocated. Jericho et al
(19) categorized lungs as: no externally
visible consolidation, 0-5%, 5-10% and
greater than 10% consolidation. Straw
et al (20) estimated the percentage of

each lobe involved but did not define
how the total percent of lung involve-
ment was determined.

Histology has been used to evaluate
the cell mediated immune response in
the lung and the predominant cells
involved are macrophages, lympho-
cytes and polymorphonuclear cells
(21-25). Roberts et al (6) described the
histopathology associated with P.
multocida and Mycoplasma hyorhinis
in field cases ofpneumonic swine lungs
collected at slaughter. Jericho (26)
summarized the potential problems in
extrapolating histopathological exper-
imental observations to field studies.

This investigation concentrated on
the macroscopic and microscopic
lesions associated with M. hyopneu-
moniae, P. multocida and Haemophi-
lus species. An objective, detailed,
macroscopic scoring technique was
devised that allowed comparisons
within this study's findings and
between other future investigations
that may employ the same technique.
Histopathological evaluation was
done to investigate whether micro-
scopic evaluation of lungs collected at
slaughter is an informative procedure.

MATERIALS AND METHODS

Examinations were conducted on
334 porcine lungs obtained at two
local slaughter plants. The lungs were
collected at the slaughter line without
regard for the presence or absence of
lesions. Following macroscopic eva-
luation, sections adjacent to each
other were taken for virology, bacteri-
ology, histology and fluorescent
antibody testing (FAT). These sec-
tions were taken at the edge of a gross
lesion or from the center of the right
middle lobe if no lesions were visible.

MACROSCOPIC EVALUATION

In order to accurately assess the per-
cent of lung involved with pneumonia,
11 lungs without any gross lesions
were bluntly dissected along interlobar
fissures. All lobes were individually
weighed and mean values determined
for the relative amount of lung that
each lobe contributed.

All 334 lungs were scored by the
same individual based on a subjective
evaluation ofthe percent ofthe surface
area of each lobe involved in the

pneumonic process. These percentages
were then multiplied by each lobe's
relative weight in the normal lung and
summed to equal the total percent of
the surface area of each lung affected
by macroscopic pneumonia. No
record of color, consistency, or depth
of the lesion was made. Lungs were
also scored for the presence or absence
of pleural adhesions.

MICROSCOPIC EVALUATION

Tissue samples were fixed in phos-
phate buffered 10% formalin, em-
bedded in paraffin, sectioned and
stained with hematoxylin and eosin by
routine procedures. One evaluator
subjectively scored all specimens using
modified previously discussed methods
(6,21,23,25-28).

Lymphoreticular proliferation, poly-
morphonuclear cells, and alveolar
macrophages were scored 0, 1, 2, or 3,
depending on their relative abundance
in each section. The lymphoid
response was graded as follows:
0 - No lymphoreticular nodules in
the submucosa of bronchi, bronchi-
oles, or vessels.
I- One or more lymphoreticular
nodules in the submucosa of bronchi,
bronchioles, or vessels, but not
appearing to penetrate the muscularis
mucosa.
2 - One or more lymphoreticular
nodules extending through the muscu-
laris mucosa and/ or partially com-
pressing the bronchus or bronchiole.
3 - Extensive perivascular and peri-
bronchiolar lymphoreticular prolifer-
ation, which may completely occlude
airways.

Polymorphonuclear cells and alveo-
lar macrophages were graded 0, 1, 2, or
3 which corresponded respectively to
none visible, few, moderate and very
plentiful.
VIROLOGICAL EXAMINATION

Standard virological techniques
were conducted on 50 randomly
selected lungs from the sample of 334.
Samples were ground up, diluted to
5-IOX in PBS, sonicated and centrif-
uged. The supernatant was inoculated
into primary porcine kidney (PPK)
cell monolayers and incubated at
37°C. The culture was observed daily
for gross cytopathic effects (CPE) for
seven days. Cell culture with no CPE
was then frozen and thawed three
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times and passaged once to PPK cell
monolayer and observed for another
seven days.
BACTERIOLOGICAL EXAMINATION

After scorching the lung surface
with a hot spatula, adjacent samples of
approximately 1 cm3 were collected
from the edge of a macroscopic pneu-
monic lesion. A dilution technique
with antibacterials added to the media,
as described by Pijoan et al (14), was
used to enhance the isolation of Hae-
mophilus sp. Isolation of other bacte-
ria was achieved by smearing the cut
surface of lung directly onto 5% sheep
blood agar and streaking for isolation.
All broths and plates were incubated
aerobically at 370C overnight.

Colonies suspected to be Pasteurella
species were visually identified accord-
ing to de Jong et al (29) and their rela-
tive abundance was scored 1, 2, or 3 by
one evaluator. Individual colonies
were selected, confirmed as being P.
multocida and capsular and somatic
serotypes were identified, following
previously described methods (30).
Special effort was made to differen-
tiate the primary somatic antigen,
characterized by the heaviest precipi-
tation line, from the secondary anti-
gens (31).
For Haemophilus isolation, follow-

ing overnight incubation, dilution
broths were plated onto sheep blood
agar and a nurse colony of Staphylo-
coccus epidermidis was streaked at a
right angle and the plate was incubated
under the same conditions. Colonies
showing satellitism were recorded and
a sample of 45 strains were character-
ized further (14).

Selected urease positive strains were
serotyped by rapid slide agglutination
(RSA) (32) and indirect fluorescent
antibody tests (33). For the agglutina-
tion test, hyperimmune antisera to the
reference strains of H. pleuropneumo-
niae serotypes 1-5 was produced in
rabbits. Two subcutaneous inocula-
tions were given 14 days apart fol-
lowed in 14 days by a series of three
intravenous injections at two day
intervals. The dose for each inocula-
tion was the equivalent of 4 x 109 cfu
of a five to seven hour culture grown
on PPLO agar (34) and inactivated
with 0.3% formaldehyde solution. The
RSA test was conducted by mixing
equal volumes of culture and antisera

and agglutination was scored within
five minutes. For the indirect fluores-
cent antibody (IFA) test, formalin
fixed culture smears were reacted with
specific antiserum, followed by
fluorescein-isothiocyanate conjugated
goat antirabbit IgG (Miles Labora-
tory, Elkhart, Indiana). Slides were
counterstained with chelated Erio-
chrome black T dye for 30 seconds and
examined at 1000 x magnification
using an AO fluorescence microscope.
Hyperimmune rabbit antisera to H.
pleuropneumoniae serotypes 1-5 and
Haemophilus sp. Taxon "minor
group" used for IFA was supplied by
Soren Rosendal, Ontario Veterinary
College, Guelph, Ontario.

DIRECT IMMUNOFLUORESCENCE

A section of lung approximately
1 cm3, including a bronchus was taken
and direct immunofluorescence for
Mycoplasma hyopneumoniae was
performed as described by Amanfu et
al (35).

All slides were read by one individ-
ual and the intensity and location of
fluorescence was scored as proposed
by Piffer (27):
0 No significant fluorescence.
1+ Scattered fluorescent particles lin-
ing bronchi but no fluorescence in
bronchioli.
2+ Thin coat of fluorescence lining
bronchi but no fluorescence in
bronchioli.
3+ Thin coat of fluorescence lining
bronchi and scattered fluorescent gra-
nules lining bronchioli.
4+ Continuous thin coat of fluores-
cence lining bronchi and bronchioli.
Fluorescein-conjugated porcine IgG
antibody against M. hyopneumoniae,
negative and 4+ control slides were
kindly provided by R.F. Ross,
V.M.R.I., Iowa State University,
Ames, Iowa.

STATISTICAL ANALYSES

Standard microcomputer software
(Microstat by Microsoft Inc. Indiana-
polis, Indiana) was used to tabulate
data and perform descriptive statistics,
frequency distributions and regression
and correlation analyses.

RESULTS

MACROSCOPIC FINDINGS

The percentages of total lung (and

standard errors of means) contributed
by the right apical, right middle, right
caudal, accessory, left apical, left mid-
dle and left caudal lobes were 11.9
(0.5), 7.5 (0.2), 30.0 (0.7), 4.6 (0.2), 7.1
(0.3), 6.9 (0.4) and 31.6% (0.6) respec-
tively. These values were used in calcu-
lating the percent ofpneumonia scores
for each lung.
Two main types of pneumonic

lesions were noted. The most common
was anteroventral in its distribution
and purple to grey in color. Affected
areas felt firm and appeared atelectic.
These lesions have been described as
being typical ofenzootic pneumonia in
swine and have been usually asso-
ciated with M. hyopneumoniae
and/or P. multocida (36).
The other characteristic lesion

observed in 1.8% of the lungs, con-
sisted of firm, well circumscribed,
reddish-black foci ranging in size from
I cm3 to 5 cm3. This type of lesion has
been described as being typical of H.
pleuropneumoniae infection (13).
Four lungs had lesions in the right
caudal lobe only, one had lesions in the
right caudal and left caudal lobes and
one lung had lesions in the right cau-
dal, right middle, left caudal and left
middle lobes.
The percent of lung macroscopically

involved in the pneumonic process
ranged from 0 to 34.7% (Fig. 1) and the
mean pneumonia score was 3.9%
(standard deviation 5.7%). The right
middle lobe was the most frequently
affected lobe and also had the most
involvement. The mean scores from all
lobes were positively correlated
(p < 0.001) with the total score (Table
I).

MICROBIOLOGICAL FINDINGS

Mycoplasma hyopneumoniae was
detected by FAT in 24.0% of the lungs
and it was commonly found in con-
junction with P. multocida infection.
Pasteurella multocida was the only
significant isolate in 15.9% ofthe lungs
and was found in a total of 34.1% of
lungs. Two hundred and twenty-two
isolates of P. multocida were sero-
typed, of which 97. 1% were capsular
type A and 2.9% were capsular type D.
Fourteen different somatic serotypes
were detected with A:3,5 being the
most common (Table II).

Ninety-one Haemophilus sp. were
isolated with one lung yielding two
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Fig. 1. Frequency distribution of pneumonia scores.

TABLE I. Distribution Frequency and Extent of Pneumonic Lesions in 334 Swine Lungs Collected
at Slaughter

Correlation With
% Frequency of % Mean Score Total % Score

Lobe Involvement (Standard Error) (p< 0.001)
Right cranial
Right middle
Accessory
Right caudal
Left cranial
Left middle
Left caudal

44.3
67.7
38.3
26.0
27.2
62.0
23.7

8.2 (0.8)
14.7 (0.8)
8.6 (0.5)
1.0 (0.1)
3.0 (0.2)
10.4 (0.6)
0.9 (0.1)

0.912
0.773
0.804
0.836
0.811
0.842
0.810

CAMP, urease and ALA test positive,
fermented dextrose, lactose and
sucrose with the production of acid,
and were negative for mannitol and
xylose. One isolate was hemolytic,
CAMP, urease and ALA positive, lac-
tose negative and fermented dextrose,
sucrose, mannitol and xylose with the
production of acid and was thus iden-
tified as H. pleuropneumoniae. Sero-
typing by RSA and IFA indicated the
isolate to be serotype 2. Five isolates
were identified as H. parasuis on the
basis of being nonhemolytic, CAMP
negative, ALA positive, urease, lac-
tose, mannitol and xylose negative and
producing acid from dextrose and
sucrose.

Twenty-nine of the Haemophilus
sp. Taxon "minor group" isolates were
serotyped by RSA using antisera to H.
pleuropneumoniae serotypes 1-5.
Twenty-five isolates showed no reac-
tion, three isolates reacted with sero-
type 3 antisera and one isolate cross
reacted with serotype 3 and 5 antisera.
Sixteen of these 29 isolates were sero-
typed by IFA using antisera to sero-
types 1-5 and to strain 202, the refer-
ence strain for the Taxon "minor
group". Eight isolates reacted with
strain 202 antisera, while two isolates
reacted with serotype 2 antisera, one
isolate reacted with both strain 202
and serotype 2 antisera and five iso-
lates showed no reaction.
No virus was detected in any of the

50 lung samples that were checked.

TABLE II. Amount of Pneumonia Associated with Serotypes ofP. multocida in Slaugl
Swine

Pneumonia
Serotype Number of Isolates (Mean % of Lung) (Stand
A:3,5 15 4.7

10
6
9
2
4
3

I

l

I

strains. Forty-five isolates were
further characterized biochemically.
Thirty-nine were identified as Haemo-

5.5
5.0
5.8
4.4
3.9
2.8
3.7
0.7
0.0
1.5

philus sp. Taxon "minor g
they were nonhemolytic c
agar, negative (or weakly

PATHOLOGICAL FINDINGS

The amounts of pneumonia asso-
ciated with M. hyopneumoniae and P.

hter Weight multocida were significantly morethan lungs with no isolations but were
not significantly different from each
other (Table III). There was a signifi-

lard Error) cant positive correlation between the
1.5 M. hyopneumoniae score (r = 0.46;

3.0 p < 0.001) and also the P. multocida
2.3 score (r = 0.60; p 6 0.001) and their
3.1 respective percentages of pneumonia.
2.4 The combination of M hyopneumo-
2.3 niae and P. multocida was associated

with approximately twice as much
pneumonia as with either of these
organisms alone. The presence of these
two organisms accounted for 41% of

,roup" as
the variation observed in the amount
of pneumonia in these slaughter

positive) weight pigs (r = 0.64; p < 0.001).

A:3,4,5,12
A:3,4,5
A:3,5,12
A:3
A:5
A:3,4,5,7,12
A:3,4
A:4,5,12
A:4,5
D:3,4,5,7, 12
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TABLE III. Macroscopic and Microscopic Observations in Swine Lungs Collected at Slaughter

Haemophilus
no Mycoplasma Pasteurella M. hyopneumoniae sp. Taxon
isolation hyopneumoniae multocida +P. multocida "'minor group"

Macroscopic findings
Number of lungs 124 22 44 39 15
Mean percent
pneumonia (± s.e.) 1.6(0.2) 4.9(Il)a 5.2(0.9) 9.8(1.5)b 3.8(1.4)
Percent pleuritic
lungs 22.0 36.3a 31.8a 33.3a 47.0a

Microscopic flndings
Number of lungs 124 22 42 38 15
Lymphoreticular 0-1 55 10 10 5 1

2-3 69 12 32 33Z 14
Polymorphonuclear 0-1 114 19 29 22 14

2-3 10 3 13. a 16 "ac I
Alveolar
macrophages 1-0 94 8 17 13 4

2-3 30 14 -Zz a 252 a 1I

alndicates significant difference from lungs with no isolation (p < 0.05)
blndicates significant difference from lungs with M. hyopneumoniae or P. multocida (p < 0.05)
clndicates significant difference from lungs with M. hyopneumoniae (p C 0.05)

The amount of pneumonia asso-
ciated with Haemophilus sp. Taxon
"minor group" (3.8 ± 1.4%) was not
significantly more than lungs with no
isolations (1.6 ± 0.2%). The lung from
which H. pleuropneumoniae serotype
2 was isolated had 0.2% of the lung
involved with pneumonia but the
lesions were more typical of enzootic
pneumonia rather than those usually
associated with H. pleuropneumoniae.
Haemophilus parasuis was found in
combination with M. hyopneumoniae
and/or P. multocida but insufficient
numbers were confirmed to present
those data.
The mean amounts of pneumonic

tissue in lungs where P. multocida but
not M. hyopneumoniae was detected
and the corresponding P. multocida
capsular and somatic serotypes were
compared (Table II). There were no
significant differences in the amount
of pneumonic lung associated with
each of the serotypes listed.

MICROSCOPIC FINDINGS

Histological sections of lung were
scored on a four point scale for the
relative presence of lymphoreticular
and polymorphonuclear cells and
alveolar macrophages. Significant
relationships for each organism were
determined and then for clarity, the
results were collapsed into two catego-
ries for each cell type (Table III).
Haemophilus sp. Taxon "minor
group", P. multocida, M. hyopneu-
moniae and M. hyopneumoniae and
P. multocida combined were com-

pared. All other organisms were not
included in the data due to insufficient
numbers.
Lungs with M. hyopneumoniae in

combination with P. multocida and
those with Haemophilus sp. Taxon
"minor group" were associated with
the greatest extent of lymphoreticular
proliferation. Sections with P. multo-
cida by itselfwere intermediate, where-
as those with M. hyopneumoniae and
those with no isolations had the least.
For the polymorphonuclear score,
lungs with P. multocida by itself and
especially in combination with M.
hyopneumoniae were associated with
the most response. Haemophilus sp.
Taxon "minor group" and lungs with
no isolations had the least and M.
hyopneumoniae lungs were interme-
diate. Lungs with no isolations had the
least associated alveolar macrophage
response and all those lungs with iso-
lates had significantly elevated macro-
phage scores but these were not signif-
icantly different from each other.

DISCUSSION

The method of macroscopically
scoring lungs in this study was consid-
erably more accurate than previously
reported grading techniques (2,4,
18,19). It allows for estimations to be
made on the percent of lung involved
with pneumonia and the association
with various organisms.

Previous investigations into pneu-
monia at slaughter have demonstrated

that more organisms than just M.
hyopneumoniae can be isolated from
the lesions described as being enzootic
pneumonia (36). This investigation
concentrated on M. hyopneumoniae,
P. multocida and Haemophilus spe-
cies and found all three to be com-
monly found alone, or in various com-
binations. Failure to detect a
particular organism did not prove its
absence and more effective tests or
more samples from the same lung may
have increased the detection of the
specified organisms.
The prevalence of pneumonia at

slaughter reported in other countries
has varied from 5.4% to 70% of the
animals (17,37). Factors that may
account for this great variation include
different sampling methods, season of
year when the investigation is con-
ducted, environmental and manage-
ment conditions, age at slaughter and
different etiologies present. A major
reason may be that the scoring system
employed has varied dramatically
between studies. The technique used in
this investigation was designed to
detect the slightest amount of macro-
scopic pneumonia and even if less than
1% of the lung was involved, it was
counted as being pneumonic.

Similarly, a broad range exists in the
literature on the prevalence of M.
hyopneumoniae and P. multocida in
swine lungs at slaughter. The factors
that influence the prevalence of pneu-
monia, in addition to different micro-
biological techniques, will also influ-
ence the detection of microorganisms.
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Since techniques and conditions may
vary dramatically between studies, it
seems potentially misleading to com-
pare the prevalence of macroscopic
lesions or microbiological findings
between studies without accounting
for differences in materials and
methods.
No virus was detected in any of the

lungs that were tested. Hog cholera
virus, pseudorabies virus, adenovirus,
swine influenza virus and possibly
enterovirus may be involved in pneu-
monia in swine (11,38-42). However,
whether any of these viruses were
involved in the development of pneu-
monia in these pigs is unknown. De-
spite the fact that none was detected,
one or more viruses may have been
present at a younger age and since has
been eliminated. Demonstrating infec-
tion by testing acute and convalescent
sera and then attempting isolation at
slaughter may be more informative.
Gram positive cocci were commonly

detected in this investigation, but were
not found to be associated with an
increased amount of pneumonia. No
attempt was made to identify these
cocci and it is possible that one or
more Gram positive bacterial species
may have been associated with pneu-
monia and the effect may have been
missed in the analyses.

Immunofluorescent staining for the
identification of Mycoplasma spp. has
been demonstrated to be rapid, relia-
ble and species specific for M. hyo-
pneumoniae and M. hyorhinis (43).

Detection of M. hyopneumoniae
was positively associated with the sev-
erity of pneumonic lesions. That is,
lungs from which it was detected had
significantly more pneumonia than
lungs with no isolations. This is con-
sistent with experimental studies
where M. hyopneumoniae was inocu-
lated into pigs and resulted in pneu-
monic lesions (28,44,45). However,
Gois et al (2) reported that the detec-
tion ratio of M. hyopneumoniae was
greater in lungs with low lesion scores
than high. They concluded that M.
hyopneumoniae is not a species of
marked pathogenic activity. The posi-
tive correlation (r = 0.46; p < 0.001)
between the M. hyopneumoniae FAT
score and the percent macroscopic
pneumonia detected in this investiga-
tion, supports the experimental find-
ings that M. hyopneumoniae alone is

capable of causing lung damage. It
should be noted that Gois et al
employed isolation techniques to
detect M. hyopneumoniae while FAT
was used in this investigation. It seems
possible that other organisms present
in the lungs with high lesion scores,
may have decreased Gois et al's isola-
tion of M. hyopneumoniae leading to
the conclusion that the organism was
absent.
When complicated by P. multocida

infection, the consequent macroscopic
pneumonia is significantly increased.
This is consistent with experimental
studies reported by Gois et al and
Smith et al (2,46) and represents a con-
firmation of these findings at field
level. Similar relationships have been
shown to exist in other species with
different organisms. Although a syn-
ergistic effect has been experimentally
demonstrated to exist between Myco-
plasma bovis and Pasteurella haemo-
lytica and between bovine herpesvirus
1 and P. haemolytica in calves (47,48),
this field study found that the effect
between M. hyopneumoniae and P.
multocida was only additive.

This investigation was purely obser-
vational and since pneumonia in swine
is a dynamic process involving a com-
plex etiology, some of the results
obtained may not be consistent with
experimental studies. For example,
experimentally it has been proposed
that the normal pig lung appears to be
capable of efficiently coping with even
a massive dose of P. multocida result-
ing in neither clinical signs nor
macroscopic lesions (1,49). However,
this study found 5.2% (± 0.9) pneu-
monia associated with P. multocida
alone. It seems possible that these
lungs may have been exposed earlier to
an immunosuppressive organism
which may include M. hyopneumo-
niae and this event then predisposed
them to P. multocida infection. Alter-
natively, a concurrent infection with
M. hyopneumoniae may have been
present but was not detected by the
FAT.
The isolation of Haemophilus sp.

Taxon "minor group" in North Amer-
ica was previously reported (14).
Kilian et al proposed the formation of
Haemophilus sp. Taxon "minor
group" based on four strains that
could not be characterized into exist-
ing species. This Taxon's distinguish-

ing characteristics are its lack ofhemo-
lytic activity on plain blood agar or in
the CAMP test (although some strains
in this study were weakly CAMP posi-
tive), ability to ferment melibiose and
soluble starch but not ribose, xylose
and mannitol and a relatively low gua-
nine plus cytosine content of DNA
(50). At present the prevalence of this
organism, and its exact role in the por-
cine respiratory disease complex are
not known. It has been suggested that
17 isolates detected by Little in Great
Britain from 120 grossly pneumonic
lungs and named Haemophilus
parainfluenza (12), may in fact be
Haemophilus sp. Taxon "minor
group" ( 13). Three of these 17 isolates
(343,294,349) have been confirmed as
"minor group" (50). These 17 isolates
should not be confused with an orga-
nism isolated from a case of porcine
pneumonia and initially called
"haemophilus-like organism" by Pat-
tison et al in 1957 (51). Unfortunately,
this isolate was lost, but Matthews and
Pattison isolated a similarly reacting
one several years later (52). Based on
cultural characteristics, serological
reactions and pathogenicity, it was
concluded to be the same organism as
the "haemophilus-like organism" and
was called H. parainfluenzae. How-
ever, Kilian (50) proposed that these
two strains have cultural and biochem-
ical characteristics similar enough to
consider them belonging to the Hae-
mophilus pleuropneumoniae species.

Biberstein et al (53) isolated one
strain of Haemophilus sp. Taxon
"minor group", which was denoted as
being serotype 202 and it is this sero-
type that currently serves as the
"minor group" type strain. The reac-
tions observed by RSA of some of the
Taxon "minor group" isolate to anti-
sera of H. pleuropneumoniae refer-
ence serotypes could reflect reactions
to common antigens since antisera
prepared against inactivated whole
cell cultures was used. Both H. pleu-
ropneumoniae and Taxon "minor
group" are urease positive and, unless
complete biochemical characteriza-
tion is performed, there is the possibil-
ity of misidentification.
When serotyping of the Taxon

"minor group" strains by IFA was
done, antisera to the reference strain
202 was available. Eight of 16 isolates
reacted with strain 202 antisera, while
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two isolates reacted with H. pleuro-
pneumoniae serotype 2 antisera, one
with both strain 202 and serotype 2
and 5 isolates were nonreactive. The
positive IFA reactions to serotype 2
antisera were unexpected. It is perhaps
notable that the single H. pleuro-
pneumoniae isolation was a serotype 2
culture. The fact that five of the iso-
lates failed to react with strain 202
antisera indicate that antisera to this
strain may not have complete reactiv-
ity for all field isolates.
The gross and histopathological

findings associated with Haemophilus
sp. Taxon "minor group" have not
been described previously. In this
investigation its presence was asso-
ciated with significant histological
changes and a nonsignificant increase
in macroscopic pneumonia compared
to lungs with no isolations. It appears
that Haemophilus sp. Taxon "minor
group" is capable of infecting the
lower respiratory tract of pigs which
results in a lymphoid response. Given
a sufficient dose it may be capable of
causing macroscopic lesions but this
warrants further experimental studies
to confirm.

This report on the isolation of H.
pleuropneumoniae serotype 2 is the
first in the United States. Elsewhere in
the world, diagnostic laboratories
have isolated it commonly from acute
cases; 73%, 94% and 2% were reported
from Sweden, Switzerland and Onta-
rio, respectively (33,34,54).
No cultures of serotype 2 were iden-

tified in two studies where a total of
nearly 200 field isolates of H. pleuro-
pneumoniae from swine from the
midwest United States were serotyped
(32,55). Its failure to have been
detected at diagnostic laboratories
may reflect recent introduction into
the U.S. Alternatively, it may not be
causing significant mortality and may
not have been detected despite its pres-
ence. The significance of the three iso-
lates of Haemophilus sp. Taxon
"minor group" isolated in this study
that cross reacted with H. pleuro-
pneumoniae serotype 2 antisera on
IFA is unknown. Since serological
surveys incorporating random sam-
pling have not been conducted for
haemophilus serotypes in the United
States, it is impossible to speculate on
its true prevalence.

This particular isolate of H. pleu-

ropneumoniae, serotype 2 was
detected in a lung without typical
lesions of haemophilus pneumonia.
Little and Harding (1), using a similar
dilution technique as was used here
also detected H. pleuropneumoniae in
lungs without typical lesions. It
appears that H. pleuropneumoniae
may be found in the lower respiratory
tract but may not be detected unless
techniques are used to suppress and
dilute overgrowth by less fastidious
organisms.

It has been suggested that P. multo-
cida serotype differences may explain
why some cases of pasteurellosis are
more severe than others (56). This
study found no significant differences
between the seven most commonly iso-
lated serotypes. However, the number
of some of the isolates is quite low and
significant differences may not have
existed as a consequence. It has been
suggested that mouse inoculation
techniques may enhance the isolation
of D strains from nasal turbinates of
swine (29), but this has been demon-
strated not to be the case in swine
pnemonia (57).
The primary cell types involved in

the immune response that can be histo-
logically examined from lung sections
are the alveolar macrophage, lympho-
cytes and polymorphonuclear cells of
which the predominant type is the neu-
trophil. This investigation found a
positive association between the isola-
tion of P. multocida and the presence
of polymorphonuclear cells. This is
consistent with other studies which
infer that these granulocytes play a
major role in the clearance of Gram
negative bacteria from the lung
(6,21,58).

Alveolar macrophage scores were
significantly elevated for M. hyo-
pneumoniae, P. multocida and Hae-
mophilus sp. Taxon "minor group".
This suggests that these cells are re-
cruited in an attempt to eliminate these
organisms. Studies in laboratory
animals have indicated that under cer-
tain circumstances, both granulocytes
and macrophages are attracted, whe-
reas in other circumstances, only one
of these cells is recruited. The Gram
type of the infecting organism has been
shown to be a factor, but the inoculum
size has also been demonstrated to be
an important determinant (59,60).
Using Staphylococcus aureus, Ono-

frio et al (60) suggested that low doses
are rapidly cleared by alveolar macro-
phages but as the dose was increased,
polymorphonuclear cells were re-
cruited to assist in the elimination. It
seems likely that these relationships
occur in pigs also. This points towards
a potential problem in conducting
extensive histopathological studies
with the objective of distinguishing
organisms.
In this investigation, no significant

increase in lymphoid proliferation was
noted in M. hyopneumoniae sections
compared to those with no isolations.
Similar results were obtained by
Roberts et al (6). This is in distinct
contrast to experimental inoculation
studies (44,45) and two explanations
for this apparent discrepancy are pos-
sible. It may be that most or all of the
lungs with no isolations that had lym-
phoid proliferation had been pre-
viously infected with M. hyopneumo-
niae but the infection had been cleared
or not detected on FAT. It seems
equally as likely that since other orga-
nisms and inhaled organic material
can stimulate the lymphoreticular sys-
tem (61) the effect that M. hyopneu-
moniae has would be missed in the
analysis when examining conventio-
nall raised pigs.

Jericho stated that the histopatho-
logical changes are important,
although inconclusive guidelines and
that misinterpretation of these
changes may lead to undue simplifica-
tion or complication in the study of
porcine respiratory disease (26). In our
experience, conducting extensive his-
topathological surveys of convention-
ally raised market hogs with no history
of previous exposures does not appear
to be overly rewarding.
The results of this study emphasize

the complex nature of pneumonia in
market weight swine. Microscopic
examination indicates a much higher
prevalence of inflammation but it may
be only when the immune system is
overwhelmed that macroscopic pneu-
monia results.
Many organisms can be detected,

but without having any information
on disease incidence rates, it is impos-
sible to speculate on their relative
importance. Pneumonia in market
weight swine from conventional herds
will inevitably involve M. hyopneu-
moniae, P. multocida, possibly H.
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pleuropneumoniae if present in the
herd and various other secondary
invaders. Investigations of this type
can generate a wealth of information
on organisms involved in the respira-
tory disease complex, but research
efforts towards clarifying when and
why the pig becomes infected and how
to reduce each organism's incidence
rate may be more rewarding.
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