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Infection with Mycoplasma bovis is an important cause
neumonia in cattle (Caswell and Archambault, 2008).

he lungs of infected animals M. bovis persists for several

weeks after infection, as demonstrated by isolation of the
organism, by immunohistochemistry for M. bovis antigens,
and by in situ hybridization for M. bovis DNA (Thomas et al.,
1986; Howard et al., 1987; Gourlay et al., 1989; Rodrı́guez
et al., 1996; Jacobsen et al., 2010; Hermeyer et al., 2011,
2012). Immunohistochemically, M. bovis antigen is
detected in caseonecrotic lung lesions and in the cyto-
plasm of numerous macrophages and, less frequently, in
neutrophilic granulocytes (Rodrı́guez et al., 1996; Khoda-
karam-Tafti and López, 2004; Hermeyer et al., 2011, 2012).
In the lung, as in other organs, macrophages and
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A B S T R A C T

In the lungs of cattle infected with Mycoplasma bovis persistence of the agent for several

weeks after infection has been demonstrated by different methods, e.g. isolation of the

organism, immunohistochemistry for antigens, and in situ hybridization. The presence of

macrophages and neutrophils with cytoplasmic M. bovis antigen suggests that

phagocytosis occurs in vivo. It is, however, unknown whether this intracellular

immunolabeling detected residual antigen after phagocytosis of M. bovis or surviving

organisms in macrophages that use the intracellular survival as a strategy for evasion of

the immune response. The aim of this electron microscopic investigation was to study the

distribution of M. bovis within caseonecrotic lung lesions and to examine the phagocytes

for intracellular presence of the agent. In lung tissue sections from 9 experimentally

infected calves originating from two different infection experiments large numbers of

mycoplasmas were detected by transmission electron microscopy and by immunogold

electron microscopy using M. bovis-specific polyclonal antibodies. M. bovis were found

throughout caseonecrotic foci and within the lumen of bronchi containing exudate. The

majority of mycoplasmas were located extracellularly within necrotic lung lesions and

around neutrophilic granulocytes and macrophages, while fewer organisms were found

within the cytoplasm of phagocytes. The results of this study show that there is long-time

survival of numerous intact M. bovis in necrotic lung lesions even though large numbers of

neutrophils and macrophages are present. These findings show that the phagocytes are

not able to eliminate M. bovis from the lungs from necrotic and inflamed lung tissue and

indicate that persistence of the agent is possibly due to its capacity to avoid phagocytosis.
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neutrophils constitute the first line of defence against
microorganisms. The presence of macrophages and neu-
trophils with cytoplasmic M. bovis antigen in lungs of
infected calves suggests that phagocytosis, possibly
following opsonization, occurs in vivo. It is, however,
unknown whether this intracellular immunolabeling
detected residual antigen after phagocytosis of M. bovis

and killing by macrophages that use intracellular survival
as a strategy for evasion of the immune response (Caswell
and Archambault, 2008).

In this investigation, tissue sections from areas of
caseonecrotic pneumonia in calves experimentally
infected with M. bovis were examined by transmission
electron microscopy (TEM) and immunogold electron
microscopy with M. bovis-specific antibodies. We demon-
strated at the ultrastructural level that, in the lungs of
calves with chronic pneumonia, in spite of the presence of
numerous phagocytes there is long-term survival of intact
M. bovis, indicating that the elimination of this pathogen by
this these phagocytic cells is not effective and that the
agent possibly is avoiding phagocytosis.

2. Materials and methods

For this study, formalin-fixed, paraffin-embedded lung
tissue samples from 9 calves with caseonecrotic pulmon-
ary lesions were selected. The samples had been collected
from calves of two different M. bovis infection experiments
(Table 1). Details of histopathological findings and of
immunohistochemical results of detection of M. bovis

antigen within the lung tissue samples and further data
about 7 of these calves have been described elsewhere
(Hermeyer et al., 2011, 2012). Two of the 9 calves had been
inoculated with another M. bovis field strain. This
experiment had been carried out at the same time and
under similar conditions as the infection of one of the
calves infected with M. bovis strain 1067 (calf no. 2/3 in
Table 1). On hematoxylin and eosin (H&E) stained paraffin
sections (5 mm thick) of lung tissue areas of bronchi and
necrotic foci to be examined were selected using light
microscopy. Thereafter, the paraffin sections were re-
embedded in epoxy resin for TEM using a modification of
the technique described by Ngai et al. (1985). Ultrathin

sections were cut at 60–90 nm and stained with uranyl
acetate and lead citrate and viewed under a Zeiss EM 10 A
transmission electron microscope (Zeiss, Oberkochen,
Germany). Immunogold electron microscopy was per-
formed on paraffin sections of lung tissue prior to
embedding using a polyclonal rabbit antibody with
specificity for M. bovis (Rosengarten et al., 1994). Sections
were deparaffinized, treated for 20 min with 0.05 M
glycine diluted in 0.1 M phosphate-buffered saline (PBS),
and then washed in PBS. Sections were then treated for
30 min at 95 8C with demasking solution G1 (BioLogo,
Kronshagen, Germany) for antigen retrieval. After washing
in PBS, the sections were blocked for 30 min in PBS
containing 0.5% bovine serum albumin (BSA), 0.1% liquid
gelatine, and 5% normal goat serum. Incubation with the
primary antibody was performed at 4 8C overnight and
followed by several washes in 0.5% BSA and 0.1% liquid
gelatine in PBS. Thereafter, incubation with goat anti-
rabbit IgG antibodies conjugated to 10 nm gold particles
(British Biocell International, Cardiff, UK), diluted 1:40 in
PBS, was performed for 2 h at room temperature. After
several washing steps carried out as described above,
sections were postfixed for 5 min in PBS containing 2%
glutaraldehyde. After final rinses in distilled water, the
sections were stained with Mayer’s hematoxylin for 1 min
and re-embedded in epoxy resin using a modification of
the technique described by Ngai et al. (1985) and
examined with a Zeiss EM 10 A transmission electron
microscope. Pellets of a log phase broth culture of M. bovis

obtained by centrifugation were fixed in 4% formalin,
embedded in paraffin, and paraffin sections (5 mm) were
processed for TEM and immunogold electron microscopy
with the primary M. bovis-specific rabbit antibodies as
described above. In negative control sections of lung tissue
and embedded broth culture the primary antibody was
replaced by normal rabbit serum.

3. Results and discussion

There are only a few studies describing the ultra-
structure of M. bovis in vitro and/or in vivo, i.e. in broth
cultures, bovine fetal tracheal organ cultures, and within
tissue samples from cows with M. bovis induced mastitis

Table 1

Experimental data of 9 calves with caseonecrotic lung lesions originating from two different inoculation experiments with M. bovis.

Numbers of calvesb,c Age at inoculation M. bovis strain Inoculation CFUa of M. bovis Necropsy (days

post infection)

2b/3c 4 weeks 1067 Intratracheally 1 � 108 21

10b/5c 8 weeks 1067 Endobronchially 7.4 � 109 21

13c 8 weeks 1067 Endobronchially 7.4 � 109 21

14c 8 weeks 1067 Endobronchially 7.4 � 109 21

15c 8 weeks 1067 Endobronchially 7.4 � 109 21

16c 8 weeks 1067 Endobronchially 7.4 � 109 21

17c 8 weeks 1067 Endobronchially 7.4 � 109 21

7393d 4 weeks Field strain Intratracheally 1 � 1010 21

7672d 4 weeks Field strain Intratracheally 1 � 1010 21
a Colony forming units per ml culture medium.
b Calf no. in Table 2 (see Hermeyer et al., 2011).
c
 Calf no. in Table 2 (see Hermeyer et al., 2012).
d Spergser, J., Rosengarten, R., 1998 (unpublished results).
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per et al., 1969; Hirth et al., 1970; Stanarius et al., 1981;
mas et al., 1987). In the pelleted broth culture, which

s used in this study as a positive control for immunogold
tron microscopy, the M. bovis organisms were round to
l with an approximate diameter of 0.2–0.45 mm and a
ying electron density in the cytoplasm. In sections of
 culture examined by immunogold electron microscopy
 10 nm gold particles were intimately associated with
 surface of the organisms (Fig. 1). Mycoplasmas grown
roth or organ cultures, depending on their viability and
wth phase, can have a uniform or pleomorphic
rphology (Boatman and Kenny, 1970; Hirth et al.,
0; Thomas et al., 1987). The log phase broth culture
d in this study, after harvesting, had been kept for
roximately 24 h at room temperature before proces-

g for TEM was completed. The use of a log phase culture
ing which the organisms undergo binary fission at
ximal physiological activity probably explains the
er uniform morphology as well as the rather uniform
tron dense loose cytoplasm containing ribosomes

ong which are interspersed lucent and irregular areas
taining fine strands that represent the genomic DNA
atman, 1979).
In tissue sections from all calves re-embedded for TEM
e numbers of mycoplasmas were seen throughout the

eonecrotic foci and within the lumina of bronchi
taining exudate. Mycoplasmas were not seen within

 cytoplasm of bronchial epithelial cells. In the center and
he periphery of necrotic foci numerous mycoplasma cells
re present in small aggregates or larger clusters
gesting replication (Fig. 2a and b). The shape of the
anisms was round to oval or pleomorphic and they had
approximate diameter of 0.45–0.80 mm. In the immu-
old electron microscopic studies specific labeling of the
coplasma cells by gold particles was seen (Fig. 3). The
oplasm of the mycoplasmas was of varying density and

was surrounded by a mostly intact cell membrane. In the
compact cytoplasm circular electron lucent spaces were
sometimes seen (Fig. 2b), as described in in vitro and in vivo

studies by other investigators (Hirth et al., 1970; Stanarius
et al., 1981), indicating that the organisms were in different
stages of physiological activity as seen in vitro in stationary
phase mycoplasma cultures (Boatman, 1979). The organ-
isms in lung tissue largely resembled the M. bovis cells
described by Stanarius et al. (1981) in the mammary gland
tissue of experimentally infected cows. In sections from
necrotic lesions from two calves many mycoplasmas had
deposits of electron dense, granular material on their outer
surface (Fig. 2b). These deposits possibly represent adsorbed
antibodies, as discussed by Stanarius et al. (1981).
Mycoplasmas were often present around neutrophilic

1. Immunogold electron microscopy of pelleted broth culture of M.

s with gold particles on the surface of uniform organisms. Pre-

edding technique with polyclonal M. bovis-specific antibodies,

Fig. 2. (a) Transmission electron micrograph of the outer rim of

macrophages surrounding a necrotic lung lesion. There are numerous

extracellular M. bovis organisms and also intracellular organisms within the

cytoplasm of degenerate macrophages, 8000�. (b) Mycoplasmas

surrounded by a thin limiting cell membrane (open arrowheads), often
,000�.
with intracellular electron lucent areas (asterisks). Granular material was

present on the surface of several organisms (closed arrowheads), 50,400�.
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granulocytes and macrophages, and some of them were also
seen within the cytoplasm of these phagocytes (Figs. 2 and
4a,b). In some cells, mycoplasmas were apparently located
within cytoplasmic vacuoles, but most phagocytes were
degenerate, especially those located within the center of
areas of necrotic tissue, and were not well preserved enough
to determine whether the mycoplasmas were located
within phagosomes and/or phagolysosomes.

Previous studies of the lung tissue from the calves
examined in this investigation revealed that persistence of
M. bovis antigens and M. bovis DNA is associated with signs
of both innate and adaptive immune responses, such as
infiltration with numerous neutrophils and macrophages,
and proliferation of bronchus-associated lymphoid tissue
(Hermeyer et al., 2011, 2012). The present investigation
showed that, in spite of these immune responses,
numerous, most likely viable, M. bovis cells persist within
necrotic tissue lesions and are also present within the
cytoplasm of phagocytes. There are only a few studies in
which the interactions of phagocytic cells with M. bovis

have been studied in vitro (Howard et al., 1976; Van der
Merwe et al., 2010). One study, in which the in vitro

interaction of bovine alveolar macrophages and bovine
polymorphonuclear leukocytes with M. bovis was inves-
tigated (Howard et al., 1976), indicated that opsonization
with specific sera promoted phagocytosis and killing of M.

bovis by these phagocytes. In another study, after
incubation of bovine peripheral blood mononuclear cells
with M. bovis the organisms were found intracellularly in
different cell types, including monocytes, suggesting that
phagocytosis and/or possibly attachment and invasion
play a role in the interaction of host cells with the pathogen
(Van der Merwe et al., 2010). It is not clear from the results
of this study whether the whole M. bovis organisms seen in
the cytoplasm of phagocytes had been phagocytosed and/
or if they had actively invaded. In the lung, neutrophils and

can recognize, ingest and destroy bacteria, a process which
is a pre-requisite for microbial antigen processing and
antigen presentation (Srikumaran et al., 2008). Immuno-
histochemical studies of the lungs of calves with sponta-
neous and experimental M. bovis infection have shown
that, in spite of the innate and specific immune responses
of the host, M. bovis antigen is present in the cytoplasm of
neutrophils and macrophages both at early and chronic
stages (Rodrı́guez et al., 1996; Khodakaram-Tafti and
López, 2004; Buchenau et al., 2010; Hermeyer et al., 2011,
2012). A previous investigation in which the same necrotic
lung foci of the same calves examined in this study were
immunolabeled for M. bovis antigen (Hermeyer et al., 2011,
2012) showed that large amounts of extracellular antigen
are present adjacent to phagocytes. In the present study,
the number of extracellular organisms clearly exceeded

Fig. 3. Immunogold electron microscopy of extracellularly located M.

bovis organisms at the periphery of a necrotic lung lesion. Pre-embedding

technique with polyclonal M. bovis-specific antibodies, 10,000�.

Fig. 4. (a) Transmission electron micrograph of a degenerate neutrophilic

granulocyte at the periphery of a necrotic lung lesion, 32,000�. (b) M.

bovis organisms surrounded by a cell membrane (arrows) and located

within the cytoplasm and also close to the cell surface of the neutrophil,

64,000�.
the number of those within the cytoplasm of neutrophils
macrophages play a key role in innate immunity as they
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 macrophages. These findings demonstrate that the
anisms cannot be eliminated by phagocytosis. These
ults indicate that the persistence of M. bovis may be due
ts capacity to avoid phagocytosis by so far unknown
chanisms. Possibly, evasion of the immune response

 persistence of the mycoplasmas, at least in part, results
 variable expression of variable surface membrane

teins (Vsps) of M. bovis, as discussed by Hermeyer et al.
12). During chronic stages of M. bovis induced
umonia more IgG1 than IgG2 is present in the sera

nfected animals and more IgG1 producing plasma cells
 be seen by immunohistochemical staining in pneu-
nic lung tissue (Vanden Bush and Rosenbusch, 2003;
meyer et al., 2012). Because IgG2 is a superior opsonin,

 low amounts of IgG2 could lead to less efficient
onization, resulting in reduced phagocytosis. Previous
mination of lung tissue of the same calves examined in

 present study (Hermeyer et al., 2011, 2012) showed
t, beside macrophages located at the periphery of
rotic foci, many alveolar macrophages (AM) in the
rounding lung parenchyma contain cytoplasmic M.

is antigen. Whether AM in the lungs of infected calves,
addition to antigen, also contain whole M. bovis

anisms remains to be determined.
In summary, our findings on lung tissue of calves
erimentally infected with M. bovis show at the ultra-
ctural level that there is long-term survival of numerous

ole M. bovis in necrotic lung lesions. The majority of
anisms were located extracellularly within necrotic lung
ons, while fewer numbers of organisms were present in

 cytoplasm of phagocytic cells. The findings show that,
ough numerous neutrophils and macrophages are

sent, these phagocytes are not able to eliminate M. bovis

 necrotic and inflamed lung tissue and indicate that
sistence of the agent is possibly due to its capacity to
id phagocytosis by unknown mechanisms. Further
estigations are required to study these interactions, e.g.

 mode of ingestion of the pathogen, the subsequent
nts within the cytoplasm of bovine phagocytic cells, and
sible factors involved in avoidance of phagocytosis.
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