Coinfection with bovine viral diarrhea virus
and Mycoplasma bovis in feedlot cattle
with chronic pneumonia
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Abstract — Chronic, antibiotic-resistant pneumonia, sometimes with concurrent polyarthritis, occurs
in feedlot cattle in western Canada. The prevalence of Mycoplasma bovis, bovine viral diarrhea virus,
and Haemophilus somnus was determined by using immunohistochemical staining of lung and heart
tissue from 2 groups of animals with this history. Mycoplasma bovis antigen was present in 44/48
cases submitted between 1995 and 1998 (retrospective group) and 15/16 of cases from 1999
(prospective group), and was associated with pulmonary necrosis. Bovine viral diarrhea virus
antigen was present in association with microscopic vascular lesions in 31/48 retrospective and 9/16
of prospective cases. Types Ib and II bovine viral diarrhea virus were isolated from 4/16 prospec-
tive cases. Haemophilus somnus antigen was present in heart, lung, or both of 15/48 retrospective
and 8/16 prospective cases. The results suggest that there may be synergism between bovine viral
diarrhea virus and M. bovis in this pneumonia with arthritis syndrome.

Résumé — Co-infection par le virus de la diarrhée bovine virale et par Mycoplasma bovis dans
un troupeau en parc d’engraissement présentant des cas de pneumonie chronique. La pneumonie
chronique résistante aux antimicrobiens, parfois accompagnée de polyarthrite, est présente dans les
troupeaux bovins de I’Ouest canadien. La prévalence de Mycoplasma bovis, le virus de la diarrhée
bovine virale, et de Hemophilus somnus a été déterminée a 1’aide de la coloration immuno-
histochimique de tissus pulmonaires et cardiaques prélevés dans deux groupes d’animaux présen-
tant les antécédents indiqués ci-dessus. L’antigéne de Mycoplasma bovis était présent dans 44 des
48 cas soumis entre 1995 et 1998 (groupe rétrospectif) et dans 15 des 16 cas soumis en 1999 (groupe
prospectif), et il était associé a de la nécrose pulmonaire. L’antigene du virus de la diarrhée
bovine virale était associé a des 1ésions vasculaires microscopiques chez 31 des 48 sujets des
groupes rétrospectifs, et chez 9 des 16 cas prospectifs. Les types Ib et II du virus de la diarrhée bovine
virale ont été isolés chez 4 des 16 cas prospectifs. L antigéne de Hemophilus somnus était présent
dans le cceur, les poumons, ou les deux organes de 15 des 48 sujets des groupes rétrospectifs, et de
8 des 16 cas prospectifs. Les résultats laissent supposer I’existence d’une synergie entre le virus de
la diarrhée bovine virale et M. bovis, dans ce syndrome de pneumonie associée a de I’arthrite.
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Introduction

B ovine respiratory diseases are the most significant
cause of mortality and elimination of calves from
feedlots, and have great economic impact on the cattle
industry (1). A recent study of feedlots in western
Canada has shown an increase in cases of antibiotic-
resistant pneumonia and fibrinous polyarthritis in which
Mycoplasma bovis and bovine viral diarrhea virus
(BVDV) infection were frequently detected (2). Animals
with M. bovis infection have chronic bronchopneumo-
nia with necrosis and bronchiectasis, which is sometimes
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associated with fibrinous to fibrous pleuritis. Pulmonary
lesions resemble those described in M. bovis infection in
younger calves (3-7).

These animals are chronically ill and fail to thrive, so
they are eliminated from the herd because of lack of
appropriate weight gain and failure to respond to treat-
ment. The major organism recovered from the lungs,
joints, or both is M. bovis, either alone or in combina-
tion with other mycoplasmas, including M. arginini,
M. bovirhinis, and M. bovigenitalium.

The role of acute BVDV infection in bovine respira-
tory tract disease is not clear; variable results have
been obtained through experimental reproduction of
respiratory disease in calves with different strains of
BVDV (8). Certain strains can cause primary respiratory
disease and mild respiratory disorder in calves (9,10).
However, a number of studies have demonstrated a
synergistic role of BVDV in bovine respiratory dis-
ease by increasing pathogenicity of both viral and bac-
terial concomitant infection; this has been attributed
to immunosuppressive effects of BVDV on the host
(11-14). There is evidence that cattle with persistent and

Can Vet J Volume 43, November 2002

863



primary postnatal infections with BVDV undergo
immunosuppression, which increases the susceptibility
of these animals to secondary infection (15).

We conducted retrospective and prospective stud-
ies, using histopathologic and immunohistochemical
(IHC) examinations to determine the frequency of
occurrence and distribution of M. bovis, BVDV, and
Haemophilus somnus in the lung and heart of feedlot
animals that were submitted for necropsy to the
Western College of Veterinary Medicine (WCVM),
University of Saskatchewan, and Prairie Diagnostic
Services (PDS) because of chronic, unresponsive, necro-
tizing bronchopneumonia.

Materials and methods

Retrospective study

The case histories of 187 cases of feedlot cattle in which
a final diagnosis of mycoplasma pneumonia had been
made in the diagnostic laboratory of the Department of
Veterinary Pathology at the WCVM between January 1,
1995, and December 30, 1998, were reviewed. The
cattle were from large feedlots in Alberta (n = 5),
Saskatchewan (n = 5), and Manitoba (n = 1), as well as
from a few smaller feedlots in Saskatchewan. Forty-eight
of 187 cases were selected for further study on the
basis of availability of paraffin-embedded heart and
lung samples. Multiple sections of heart and lung,
stained with hematoxylin and eosin (H&E), were exam-
ined histologically for the presence of myocardial and
pneumonic lesions, with careful attention being given to
vascular lesions. Multiple (1 to 3) sections of heart and
lung from each animal, with or without specific lesions,
were then examined after IHC staining by an avidin-
biotin immunoperoxidase technique (16) for BVDV,
H. somnus, and M. bovis antigens. Duplicate sections of
each block were tested for each antigen. In this method,
after the antigen had been retrieved with protease XIV
(Sigma, St Louis, Missouri, USA), the tissues were
exposed to primary antibodies and incubated over-
night at 4°C. The primary antibody used for detecting
M. bovis was a polyclonal rabbit antiserum (provided by
Dr. J. Tulley, National Institute of Allergy and Infectious
diseases, Fredricton, Maryland, USA) at dilutions of
1:1000 and 1:2000. For H. somnus, a rabbit polyclonal
antiserum (provided by the Veterinary Infectious
Diseases Organization, Saskatoon, Saskatchewan),
diluted at 1:2000 and 1:4000, was used; and for BVDV,
a cell culture supernatant of monoclonal antibody 15C5
(provided by Cornell University, Ithaca, New York,
USA) was used at dilutions of 1:100 and 1:200. A
biotinylated goat anti-rabbit (H. somnus and M. bovis
stain) or horse anti-mouse serum (BVDYV stain) (Vector,
Burlingame, California, USA) was used as the sec-
ondary antibody. Staining was completed by using
peroxidase-labelled avidin-biotin complex (Vectastain,
ABC Elite; Vector). Diaminobenzidine was used as the
chromogen substrate. Positive control sections from
samples confirmed positive for BVDV by virus isolation
were stained concurrently with test tissues. Stained
tissues were scored as either positive or negative for the
presence of each antigen. A case was scored as positive
if staining, consistent with the antigen, was detected

in 1 or more blocks. No negative control was used in
this study.

Prospective study

Feedlot animals with gross pulmonary lesions suggestive
of M. bovis pneumonia (3,4), with or without joint
lesions, were selected from among submissions for
necropsy to the PDS, Saskatoon laboratory, during
1999. Lungs of these animals showed lesions of bron-
chopneumonia with marked consolidation of pulmonary
tissues, raised firm nodules on the pleural surface of the
lung, and often fibrinous to fibrous pleuritis. On the
cut surface, numerous 0.5- to 3.0-cm diameter cavities
filled with yellow caseous necrotic material were present
throughout the affected lung. Most of the animals orig-
inated from the “chronic pen” at 2 large feedlots near
Saskatoon, which are serviced by WCVM field service
clinicians. The submissions consisted of either entire
animals or parts of carcasses, which included tongue,
glottis and epiglottis, trachea, oesophagus, lungs, heart,
and adjacent lymph nodes, multiple pieces of ileum,
spleen, and, occasionally, skin, collected in the field by
clinicians. A complete necropsy was performed on
intact carcasses. Respiratory tracts were examined
grossly for severity, distribution, and type of lesions. At
least 8 samples of lung, from all lobes, were collected
whether lesions were observed or not. The heart was
examined for abnormalities, and sections of the left
and right ventricular walls, the interventricular sep-
tum, and the right and left atria were collected. The
ileum from 11 animals was examined for lesions on
the mucosa, serosa, and Peyer's patches. At least 2
cross sections of ileum were collected from these animals
for histopathologic examination. Tissues were fixed in
10% neutral buffered formalin, embedded in paraffin,
sectioned at 4-5 mm, stained with H&E, and exam-
ined using light microscopy. Immunohistochemical
staining of heart and lung samples was as described
for the retrospective cases. It was also applied to the
ileum, spleen, and skin, if available.

Three samples of fresh tissue from affected areas of
lungs from each animal were submitted to the diag-
nostic bacteriology laboratory of PDS. In cases with
multiple lobes of the lung involved, the 3 samples were
collected from 3 different affected lung lobes. If only a
single lobe was involved, samples were collected from
different areas of the affected lobe. In animals with
other lesions, such as arthritis or myocarditis, samples
from these areas were also submitted for culture. Culture
for bacteria was carried out using standard laboratory
methods, including inoculation on blood agar, chocolate
agar, and MacConkey agar. A standard method was
used for culturing mycoplasmas (17). Mycoplasmas
were identified by using a fluorescent antibody (FA)
and antisera to M. bovis, M. arginini, M. bovirhinis, and
M. bovigenitalium (17).

Samples of lung, heart, and ileum were submitted
to the PDS virology laboratory for testing by FA and for
virus isolation of BVDYV, as previously described (18),
with slight modifications. Virus isolation was done by
inoculating tissue homogenates onto fetal bovine tracheal
(FBTr) cells. The cultures were repassed onto Mardin
Darby bovine kidney cells and FBTr cells. Presence
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of BVDV antigen was confirmed by FA staining on
cell smears of 2nd passage cultures, using a pool of
monoclonal antibodies 15C5 and 20.10.6 raised against
BVDYV (provided by Cornell University). Bovine viral
diarrhea virus antigen was detected by FA in frozen
sections of fresh tissue by using the same pool of mono-
clonal antibodies. The genotype of isolated BVDVs
was identified by polymerase chain reaction (PCR) (19).

Results

Retrospective study

Mycoplasma bovis antigen was found in the lung of
44/48 (91%) of the retrospective cases by IHC staining
(Table 1). Microscopic lesions in the lungs of the 48 ani-
mals were characterized by severe, necrotizing, suppu-
rative bronchopneumonia with bronchiectasis and
abscessation. In 5 animals, there was sequestration
of necrotic lung tissue. Pulmonary lesions were classi-
fied as acute, subacute, or chronic, based on histologic
features, type of inflammatory reaction, and indicators
of chronicity, such as fibrosis, in order to distinguish dif-
ferent stages of disease progression in pulmonary tissue.
All stages were seen with variable severity in lungs of
all cases.

In acute or early lesions, there was a small amount of
hypereosinophilic exudate within the bronchioles and
terminal airways, but the epithelial lining was intact.
The exudate was composed of degenerate neutrophils,
macrophages, proteinaceous material, and necrotic
debris; it stained positively for M. bovis antigen.
Peribronchiolar mononuclear cell infiltration of affected
airways was variable.

In subacute lesions, there was focal to multifocal
loss of bronchiolar epithelium. The bronchiolar lumen
was dilated and filled with large amounts of hypere-
osinophilic necrotic exudate. Mycoplasma bovis antigen
was detected mainly in the necrotic exudate and at
the periphery of the lumen. In many animals, affected
airways were surrounded by a zone of lymphocytes
and plasma cells or by large multifocal lymphoid
aggregations.

In chronic lesions, there were multifocal, well-
circumscribed foci of coagulative or liquefactive necro-
sis, approximately 1 to 3 mm in diameter, with
eosinophilic debris containing ghost-like outlines of
cells surrounded by a thin zone of degenerate neu-
trophils; cellular debris; and pyknotic nuclei, and a
wider area of plasma cells and macrophages mixed
with fibroblasts. Mycoplasma bovis antigen was present
at the margins of the necrotic foci in association with the
zone of necrotic debris extending into the mononuclear
cell layer.

Bacterial culture was not performed on 24 cases,
either because some cases were submitted as forma-
lin-fixed tissues or because mycoplasmal culture was not
performed. Mycoplasma bovis was isolated from samples
from 8 of the 9 animals cultured specifically for myco-
plasmas. Mycoplasma arginini and M. bovigenitalium
were each isolated from a single animal. Pasteurella mul-
tocida was isolated from 5 lungs, Mannheimia haemoly-
tica from 4 lungs, Arcanobacterium pyogenes from
6 lungs, and H. somnus from 1 lung.

Table 1: Presence of various agents as detected by
immunohistochemical staining and vascular lesions
in the heart and lung of 48 feedlot animals with a
prior diagnosis of mycoplasma pneumonia studied
retrospectively

Antigen Vascular lesions
M. bovis BVDV H. somnus Heart Lung
44 31 15 35 26

M. bovis — Mycoplasma bovis; BVDV — bovine viral diarrhea virus;
H. somnus — Haemophilus somnus
aNumber in which antigen or lesion was present

Figure 1. Myocardial artery with necrotizing vasculitis from
a calf with Mycoplasma bovis pneumonia. Bovine viral diarrthea
virus antigen was demonstrated by immunohistochemical
staining.

Bovine viral diarrhea virus antigen was detected in
the heart of 26/48 (54%) and lungs of 21/48 (44%) ani-
mals. In total, 31/48 (64%) animals had BVDV antigen
in one or both tissues. Antigen was located in small- to
medium-sized arteries, predominantly in damaged areas
of vessels. Vascular lesions varied from necrotizing
fibrinoid vasculitis, with focal to multifocal eosinophilic
amorphous material within tunica media associated
with cellular debris and pyknotic nuclei, to necrotizing
lymphocytic vasculitis, with infiltration of lympho-
cytes within vessel walls and scattered cellular debris
in the tunica media and tunica intima (Figure 1).
Lymphoplasmacytic perivasculitis and proliferative
reparative changes in the tunica media and tunica intima,
characterized by mild proliferation of tunica media and
intima, were features of the affected vessels. Vascular
lesions were observed in the heart of 35/48 (73%) and
lung of 26/48 (54%) animals. In none of the damaged
vessels was there recognizable endothelial injury or
thrombosis. Haemophilus somnus antigen was present in
the myocardium of 2 animals and in necrotic lung tissue
of 13 other animals, but it was not associated with vas-
cular lesions in any of the animals.

Prospective study

All 16 animals had moderate to severe bronchopneu-
monia with fibrinous to fibrous pleuritis. The affected
cranioventral areas of the lungs were markedly con-
solidated with raised, firm nodules on the pleural surface
(Figure 2). On the cut surface, cavities that were 0.5 to
3.0 cm in diameter and filled with pale yellow necrotic
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Figure 2. Cranial lung lobe of a calf affected by Mycoplasma
bovis pneumonia. Note variably sized, raised nodules on the
lung surface (arrows).

Figure 3. Lung section with multiple foci of caseous necrosis
and a large area of coagulation necrosis (asterisk) as a result
of Mycoplasma bovis infection.

Table 2. Occurrence of lesions and microbiological findings in 16 cases of chronic pneumonia of feedlot cattle

studied prospectively

Animal number

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Arthritis -a - - - - - +° 4+ - + o+ - - - + -
Vasculitis HL HL HL HL HL - HL H HL - H HL - - - L
Immunohistochemical staining

Mpycoplasma + + + + + + - + + + o+ + + + + +

BVDV H - - - HL H/L - H HL - H HL HL - - L

Haemophilus somnus - - L L L - H - L L - - L - L L
Isolation

Mycoplasma bovis + + + + - + +He  + + + o+ + + - + +

Mycoplasma arginini - - - - + + - - + + o+ + + - + -

Mycoplasma bovirhinis - - - - - - - - - + + + -

BVDV - - - - + + - + - - - - - - - +

Haemophilus somnus - - + - - - + - - -4l - + - + -
BVDYV = bovine viral diarrhea virus; H = heart; L = lung; - = negative; + = positive

4Lesion or organism not present
"Lesion or organism present.
°Only heart

dLarynx

materials were distributed throughout the parenchyma
(Figure 3). Five animals had moderate to severe fibri-
nonecrotizing polyarthritis involving stifle, tarsus, carpus,
shoulder, and, in one case, the coxofemoral joints. Fib-
rinonecrotizing tenosynovitis involving mainly tendon
of the long digital extensor muscle was observed in 4 ani-
mals. One animal had a large, 1.0 X 2.5 cm diameter area
of myocardial necrosis and sequestration in the left
ventricular papillary muscle. Other grossly visible lesions
included focal necrotizing tracheitis in 2 animals, necro-
tizing laryngitis in 2 animals, and deep focal necrotizing
dermatitis and panniculitis in the carpal area of 1 animal.

Mycoplasma bovis antigen was detected by THC
staining in lung from 15/16 (94%) animals (Table 2). The
staining pattern was similar to that described in the
retrospective study. Mycoplasma spp. were cultured
from the lungs of 15/16 animals. From 6 animals, both
M. bovis and M. arginini were recovered; from 2,
M. bovis, M. arginini, and M. bovirhinis were isolated;
from 6, only M. bovis was recovered; and from 2, either
M. arginini or M. bovirhinis was isolated. Mycoplasma
spp., predominantly M. bovis, were recovered from 4 of
5 affected joints. No mycoplasmas were isolated from the

lung or joints of 1 animal with severe polyarthritis and
a large focal area of myocardial necrosis; however,
M. bovis was cultured from the area of myocardial
sequestration and H. somnus was isolated from joints.
There were no areas of necrosis in the lung, and M. bovis
antigen was not detected in the lung of this animal.
Lesions in the lungs of the 15 animals with cultures that
were positive for mycoplasmas were similar to those pre-
viously described in the retrospective cases and included
the acute, subacute, and chronic stages. Pasteurella
multocida was isolated from the lungs of 6 animals;
H. somnus was recovered from the lungs of 3 animals and
the joint of 1 animal.

Microscopic vascular lesions associated with BVDV
were found in the heart of 10 (63%) and the lung of 9
(56%) animals. In 2 animals (calves #7 and 12), severe,
fibrinoid vasculitis associated with BVDV was observed
in multiple organs, including the heart, lung, spleen, kid-
ney, liver, and lymph nodes. One animal (calf #14),
had fibrinoid necrotizing vasculitis confined to the sub-
mucosa of the ileum, and in 5 animals (calves #5, 7, 9,
11, 12), there was lymphoplasmacytic myocarditis, in
addition to the pulmonary and cardiac vascular lesions.
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Vascular lesions were not detected in 5 animals (calves
#6, 10, 13, 14, 15). One animal (calf #13), had severe
mineralization of medium and large arteries in the lung
and spleen, without any associated inflammation.
Depletion of lymphoid cells in Peyer's patches was
present in all 11 animals in which the ileum was exam-
ined. Bovine viral diarrhea virus antigen was detected in
tissues of 9/16 (56%) animals. Antigen was found in the
heart of 8 (50%) and lungs of 6 (38%) animals. In 7 ani-
mals with vascular lesions, BVDV antigen was present
in the wall of damaged vessels. Immunohistochemical
staining of the ileum was positive for BVDV antigen in
5/11 (45%) animals, with a small amount of staining
noted in the mucosa and Peyer's patches. Bovine viral
diarrhea virus was detected in 3 animals by both FA and
virus isolation; BVDV was recovered from another
animal by virus isolation, while the FA test was negative.
Two of the 4 isolates were identified by PCR as type Ib
and 2 were type Il BVDV.

Haemophilus somnus antigen was present in the heart
of 1 animal (calf #7) within necrotic myofibers and in the
lungs of 8 animals. Staining was located in the center of
the necrotic areas in the lungs and was not associated
with vascular lesions.

Discussion

This study demonstrated that mycoplasmal infection, par-
ticularly with M. bovis, is common in chronic pneumonia
of feedlot cattle in western Canada, and that the organ-
ism can frequently be isolated from the pneumonic
lungs. Mycoplasma bovis antigen was detected by IHC
staining in the lungs of > 90% of both groups of cattle
studied. The lesions were similar to those described in
younger calves infected with M. bovis (3—7). Our results
suggest that M. bovis should be considered as a princi-
pal pathogen in chronic unresponsive pneumonia of
feedlot cattle. In a previous study, mycoplasmas were
recovered from about 90% of feedlot cattle with fatal
pneumonia (20), with M. bovis being the major isolate.
In another study, mycoplasmas were isolated from
almost 90% of lungs; M. dispar, M. bovis, M. arginini,
M. bovirhinis, and ureaplasmas were isolated in dif-
ferent proportions (21). We did not isolate M. dispar or
ureaplasma; however, these are fastidious microorgan-
isms and are difficult to isolate under routine conditions.
The animals in our study were selected from the “chronic
pen” and had had extensive antibiotic treatment before
death, which likely affected the result of bacterial cul-
ture. In addition to the characteristic pneumonic lesions,
M. bovis was detected by culture or IHC staining in a
variety of other lesions, such as necrotizing myco-
carditis, necrotizing tracheitis, and panniculitis. Some
of these lesions have not previously been associated
with M. bovis.

The severity of M. bovis infection might be influenced
by factors such as virulence of the mycoplasmal strains,
changes in immune status of the host caused by other
agents, or stressors exacerbating the pathogenicity of
M. bovis. Mycoplasma bovis may become pathogenic
after tissue trauma or other physiological stress (22).
Decreased host immune response with M. bovis infection
has also been described (22,23).

While the exact role of BVDV in chronic diseases
of feedlot animals is unknown, the presence of BVDV
antigen in 64% of retrospective and 56% of prospective
cases and the isolation of the virus from 4/16 prospec-
tive cases suggests that there may be synergism between
BVDV and M. bovis. The frequency of occurrence of per-
sistent infection with BVDYV in cattle entering a feedlot
in western Canada was reported to be < 0.1% (24);
these animals may provide a source of virus for primary
infection of other animals.

We theorize that many animals in our study had a pri-
mary BVDV infection and were not persistently infected
animals. The pattern of IHC staining in all but 1 of the
cases was primarily in smooth muscle of small- to
medium-sized arteries and in the Peyer's patches of
the ileum, with no or very little evidence of antigen in
the mucosal epithelium or glands. This pattern of viral
antigen distribution is suggestive of primary BVDV
infection and has been reported in experimental pri-
mary infection (25). Seroconversion to BVDV has been
reported to increase the risk of respiratory disease in feed-
lot cattle (26). It has been suggested that cattle with pri-
mary infection undergo immunosuppression (15), which
might predispose to secondary infection with bacteria
such as M. bovis.

The vascular lesions seen in this study were in the
tunica intima and tunica media of arteries and did not
involve the endothelial lining of the vessels. Presence of
vascular lesions in a significant number of the animals
with positive IHC staining for BVDV suggests that
these vascular lesions are associated with BVDYV infec-
tion. Vascular lesions have been reported in cattle with
mucosal disease (27,28) and have also been attributed
to BVDV (29). Our study suggests that in a majority of
calves, primary BVDYV infection is responsible for vas-
cular lesions. These vascular lesions could be used as a
diagnostic indicator for the presence of BVDYV infection.
Among the tissues examined, vascular lesions were
found more often in the heart than in other tissues.
Collection of multiple sections of heart for histologic
examination should be encouraged during post-
mortem examination of cattle suspected of having
BVDYV infection.

The reason for the lack of a consistent correlation
between the presence of vascular lesions and presence
of BVDV antigen is not clear. During this study and in
other cases (unpublished observations), even in ani-
mals that have BVDV antigen, not all individual histo-
logic sections have vascular lesions or are positive for
BVDV antigen. Other factors, such as the stage of viral
infection or immune status of the animal, as well as
unknown mechanisms associated with BVDV vasculi-
tis, might also play a role. In order to increase the
chance of detecting vascular lesions, it is recommended
that multiple sections of heart and lung be examined.

Cardiac lesions in feedlot cattle are usually associated
with H. somnus infection (30,31), but we did not find
H. somnus antigen in association with cardiac vascular
lesions. In the current study, H. somnus antigen was pre-
sent in 15 (31%) animals in the retrospective study and
in 9 (56%) animals in the prospective study. Haemophilus
somnus was not a common bacterial isolate from affected
lungs. The role of H. somnus in chronic pneumonia is
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unclear, and it was not associated with vascular lesions.

An

tibiotic treatment probably negatively affected the

likelihood of isolation of this and other bacteria from
the lungs.
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