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Murine Respiratory Mycoplasmosis, Rat and Mouse 

Trenton R. Schoeb, Jerry K. Davis, and J. Russell Lindsey 

Synonyms. Murine chronic respiratory disease, 
infectious catarrh, chronic murine pneumonia, 
enzootic bronchiectasis 

Gross Appearance 

Gross lesions in the upper respiratory tract are not 
evident in most cases. Some affected rats have 
red-tinged fluid or red-brown crusty material 
around the eyes and external nares, which is 
porphyrin-containing secretion from the 
harderian glands, not serosanguinous exudate. 
Less commonly there is mucopurulent nasal dis
charge, and purulent exudate can sometimes be 
found in the nasal passages, tympanic bullae, and 
trachea. 
The causative organism Mycoplasma pulmonis 
preferentially affects the nasal passages and mid
dle ears, and the incidence of lesions decreases 
from the nasal passages distally. The lungs are 
externally normal in the majority of infected rats 
and mice, gross lesions being poorly correlated 
with clinical signs and microscopic changes. The 
bronchi are the most commonly affected parts of 
the lungs, and purple, depressed areas of 
atelectasis may occur in lungs in which exudate 
obstructs airways. Rats and mice with advanced 
disease may have gray- or yellow-purple consoli
dated areas of pneumonia in some cases. Yellow, 
slightly elevated foci representing bronchioles di
lated with purulent exudate can affect entire 
lobes, imparting a cobblestone appearance (Figs. 
148,149). Frank abscesses are rare. The bronchial 
and para tracheal lymph nodes may be enlarged to 
three or four times normal size. 

Microscopic Features 

The principal lesions of murine respiratory 
mycoplasmosis in the upper respiratory tract are, 

in decreasing order of frequency, rhinitis, otitis 
media, laryngitis, and tracheitis. All are character
ized by: (a) epithelial changes, including hypertro
phy, hyperplasia, metaplasia to nonkeratinizing 
squamous or stratified squamous epithelium, and 
goblet cell hyperplasia, (b) neutrophilic exuda
tion, and (c) accumulation of lymphocytes and 
plasma cells. 

Rhinitis. Normal rat nasal mucosa (Fig. 150) con
tains few lymphocytes except small numbers 
around and just anterior to the nasopharynx. In 
affected animals lymphoid cells accumulate dif
fusely in the subepithelial stroma. Loss of cilia, 
pseudoglandular epithelial hyperplasia, and gob
let cell hyperplasia can be extensive and severe 
(Fig. 151). 

Otitis Media. The middle ears are nearly as fre
quently affected as the nasal passages. The tym
panic cavity may be completely filled with 
neutrophils (Fig. 152). The lining epithelium, nor
mally simple squamous or low cuboidal, becomes 
hyperplastic. Goblet cells are often numerous. 
Commonly the lumen becomes filled with imma
ture collagenous connective tissue, leaving only a 
few glandular spaces containing neutrophils at the 
boundary representing the original lining. The 
cavity may eventually clear, but the lining mem
brane remains thickened by connective tissue 
(Fig. 153). 

Laryngitis and Tracheitis. The laryngeal sub
mucosal glands are commonly dilated with 
mucopurulent exudate. Epithelial changes are as 
in other tissues, and the tracheal mucosa can be
come extremely thickened by epithelial hypertro
phy and hyperplasia, with formation of glandlike 
crypts and severe accumulation of lymphoid cells 
(Figs. 154, 155). 

Bronchi and Lungs. Pathogen-free and even 
germ-free laboratory rats have small amounts of 
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bronchus-associated lymphoid tissue, especially at 
the acute angles of bronchial bifurcations. Similar 
lymphoid aggregates occur between the bronchi 
and adjacent blood vessels (Figs. 156, 157). The 
trachea, bronchi, and bronchioles are lined by 
cuboidal to low columnar, rather than columnar 
and pseudostratified, epithelium. Lesions in the 
lung occur mainly in the major airways and are 
characterized by neutrophilic exudate, epithelial 
hyperplasia and hypertrophy, and increased 
peribronchial lymphoid tissue (Figs. 158-160). 
The distribution and severity of these changes 
within the lungs, and even within an individual 
lobe, are quite variable. Bronchiectasis and 
bronchiolectasis can result as airways become dis
tended with purulent exudate. The epithelium of 
these distended airways becomes flattened and 
can become stratified, nonkeratinizing squamous. 
Rarely, the epithelium is destroyed completely, 
and is lost in the resulting abscess. The epithelium 
of alveoli around these severely affected airways 
may become cuboidal, imparting a glandular ap
pearance (Fig. 160). Variably distributed alveolar 
exudation of neutrophils and macrophages can 
occur in advanced disease. 
Microscopic lesions of respiratory mycoplasmosis 
in mice are similar to those in rats, with a few 
minor differences. Syncytia in the epithelium of 
the nasal passages occur in mice with the disease, 
but not in rats, and middle ear fibrosis such as that 
seen in rats does not occur in mice. Unlike rats. 
normal mice have minimal bronchial lymphoid tis
sue, making slight increases readily evident. 
Lymphoid accumulations in mice contain a 
greater proportion of plasma cells than those in 
rats, as do the regional lymph nodes. 

Ultrastructure 

M. pulmonis parasitizes the surface of ciliated and 
nonciliated respiratory epithelial cells. In mild dis
ease the organisms are sparsely distributed and 
can be extremely difficult to find, whereas in 

.... 
Fig. 148. (above) Murine respiratory mycoplasmosis, rat. Se· 
vere diffuse bronchiolectasis, atelectasis, and pneumonia in the 
left lung. X2 

Fig. 149. (below) Murine respiratory mycoplasmosis, rat. Se· 
verely affected left lung with bronchiectasis, bronchiolectasis. 
atelectasis, pneumonia, and greatly increased bronchial 
lymphoid tissue. x 8 
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severe disease they often are extremely numerous 
(Fig, 161). Ultrastructural changes in affected epi
thelium closely parallel those evident by light 
microscopy. Mildly affected epithelial cells may be 
increased in height but otherwise normal. In more 
severely affected epithelium degenerative changes 
are evident, including cytoplasmic vacuolation, 
loss of cilia, necrosis of scattered individual cells, 
and increased proportions of Clara and goblet 
cells. 

Differential Diagnosis 

In naturally occurring M. pulmonis infection in 
rats and mice other agents are almost always 
present, such as Sendai virus, sialodacryoadenitis 
or rat corona virus , pneumonia virus of mice, 
Streptococcus pneumoniae, Corynebacterium 
kutscheri, Bordetella bronchiseptica, Pasteurella 
pneumotropica, Streptobacillus moniliformis, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and cilia-associated respiratory (CAR) bacillus. 
CAR bacillus infection (pp. 325, this volume) is 
the major differential diagnostic problem. Lesions 
associated with CAR bacillus infection include 
chronic rhinitis, otitis media, laryngitis, tracheitis, 
and bronchitis that are indistinguishable morpho
logically from those of murine respiratory 
mycoplasmosis. CAR bacillus infection can be 
detected by silver impregnation staining of af
fected tissues, serological testing, culture, and 
DNA sequence amplification. Inasmuch as con
current M. pulmonis infection is common in rats 
with natural CAR bacillus infections, identifica
tion of both agents should always be sought. 
In rats S. pneumoniae causes fibrinopurulent 
bronchopneumonia, pleuritis, and pericarditis, 
and C. kutscheri induces multifocal suppurative 
pneumonia (Lindsey et al. 1991). In each case the 
diagnosis can be established by cultural identifica
tion and by demonstration of the organisms in 
sections stained with tissue gram stains, but be
cause affected rats usually have concurrent M. 
pulmonis infection, cultural, morphological, and 

.... 
Fig. 150. (above) Normal nasal septal mucosa. H&E, X500 

Fig. 151. (below) Nasal septal mucosa in severe murine respi
ratory mycoplasmosis, with neutrophilic exudate, loss of cilia, 
goblet cell hyperplasia with forma tion of glandular epithelial 
infoldings, and diffuse accumulation of lymphocytes and 
plasma cells. H&E, X500 
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Fig.152. (above) Tympanic bulla with purulent exudate in the 
lumen (A) and fibrosis of the lining membrane. H&E, X35 

Fig. 153. (below) Lining membrane of tympanic bulla thick
ened by fibrosis. H&E, x500 
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serological evidence of respiratory mycoplasmosis 
should still be sought. The other bacteria listed 
probably are only opportunistic pathogens. Sendai 
virus infection in mice and rats and 
sialodacryoadenitis virus infection in rats cause 
focally necrotizing rhinotracheitis with accumu
lation of lymphoid cells, sometimes with 
pneumonitis. These lesions are transient, and, if 
found, are easily differentiated from those of res
piratory mycoplasmosis. Serological test results 
indicate that infection with pneumonia virus of 
mice is common in conventional mice and rats, but 
no natural disease is known in either species. 
At present there is no single diagnostic test for M. 
pulmonis infection that is satisfactory in all situa
tions (Davidson et al. 1994). Cultural recovery is 
definitive, but failure to isolate the organism does 
not rule out subclinical infection, inasmuch as the 
organism can be difficult to isolate from rats 
with minimal or mild disease. Enzyme-linked 
immunosorbent assay for serum antibodies to M. 
pulmonis is commercially available but also can 
fail to detect subclinical infections and can be con
founded by infection with other species of 
mycoplasmas. Immunoblotting is useful in such 
cases but is impractical for routine use. The prob
ability of detecting M. pulmonis infection is in
creased by use of serological tests in combination 
with culture of multiple sites. 
Methods for diagnosis of M. pulmonis infection 
based on the polymerase chain reaction (PCR) are 
reported to be able to detect 0.5-1 pg M. pulmonis 
DNA and identify M. pulmonis in rat respiratory 
tract specimens from which the organism could 
not be cultured (Goto et al. 1994; Harasawa et al. 
1990; Kunita et al. 1990; Sanchez et al. 1994; van 
Kuppeveld et al. 1992). Use of reverse trans
criptase PCR to amplify ribosomal RNA se
quences increases sensitivity up to lOOO-fold, and 
efficiently detected M. pulmonis in throat swabs 
from rats for up to 248 days after inoculation (van 
Kuppeveld et al. 1992, 1993). As with other diag
nostic methods, PCR-based techniques require 
the use of adequate controls. A detection limit of 
0.5-1pg M. pulmonis DNA, for example, is the 

.... 
Fig. 154. (above) Normal rat tracheal mucosa. H&E, X500 

Fig. 155. (below) Tracheal mucosa in severe chronic murine 
respiratory mycoplasmosis, with neutrophilic exudate, 
epithelial hyperplasia with glandlike infoldings, loss of cilia, 
and accumulation of lymphocytes and plasma cells. H&E, 
X500 
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Fig. 156. (left) Normal lungs of a rat, with small amounts of 
lymphoid tissue predominantly at major bronchial bifurca
tions. X4 

Fig. 157. (right) Normal bronchial lymphoid tissue of rat, with 
fiat epithelium and mostly small lymphocytes. H&E, x500 

equivalent of about 500-1000 mycoplasma cells, 
little better than the limit of sensitivity of carefully 
optimized culture methods. In addition, efficiency 
of amplification can vary due to the type of sam
ple, the sample preparation method, and various 
impurities, not all of which are necessarily re
moved even by chloroform-phenol extraction. 
Thus a sample that is only moderately inhibitory 
could contain a considerable number of 
mycoplasmas but fail to yield enough amplicon to 
be detected without blotting and probing. Use of 
an internal control in each sample tested shows 
that with some types of samples amplification is 
inhibited in one-third or more of the reactions 
(Ursi et al. 1992; Schoeb et al. 1993a). Therefore 

internal controls are necessary to ensure accurate 
results, and additional or modified procedures 
such as reverse transcriptase or nested PCR, dot 
or Southern blotting and probing of the reaction 
product, or both, may be necessary to ensure de
tection of very small numbers of mycoplasmas or 
to compensate for inhibitory samples. 

Biological Features 

M. pulmonis infection once was common among 
rats and mice from commercial sources, but it has 
been essentially eliminated from specific patho
gen-free rats and mice from modern commercial 
vendors. Nonetheless, only a decade ago it was 
still present in some commercial barrier-main
tained colonies (Cassell et al. 1986), and this prob
ably is still the case. M. pulmonis still is prevalent 
among conventional rats and to a lesser extent 
mice. 
The major mode a/transmission of M. pulmonis is 



Fig. 158. Mildly affected lungs of a rat with mild to moderate 
increase in bronchial lymphoid tissue and early bronchiolitis in 
the right cranial lobe and cranial part of the left lung. X4 

Fig. 159. Bronchus in murine respiratory mycoplasmosis, with 
neutrophilic exudate, respiratory epithelial hyperplasia, intra
epithelial lymphocytes, and large lymphocytes and plas
macytoid cells in the lamina propria. H&E, X500 

probably via aerosol or direct contact from moth
ers to neonates. M. pulmonis also infects the geni
tal tract in both rats and mice, causing purulent 
endometritis, salpingitis, and perioophoritis 
(Banerjee et al. 1985; Lindsey et al. 1986). M. 
pulmonis infection has been identified in 
cesarean-derived rats housed in isolators 
(Ganaway et al. 1973; Cox et al. 1988), and in 
utero transmission in rats has been experimentally 
documented (Steiner et al. 1993). Infection of the 
respiratory tract probably persists throughout the 
animal's life, although the severity of lesions may 
wane with age. Infected rats can transmit the in-
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fection to others, but horizontal transmission is 
slow, even within a cage, and is considerably re
duced by increasing the space between cages. 
Transmission of M. pulmonis via food, water, bed
ding, and other materials has been suggested but 
not proved. Inasmuch as M. pulmonis has been 
isolated from wild rats, cotton rats, rabbits, Syrian 
hamsters, and guinea pigs, these animals could be 
potential sources of infection. 
The nasal passages and middle ears, the most com
monly infected sites, appear to be the source of 
infection for the distal respiratory tract. Disease is 
minimal or mild under conditions favorable to the 
host, extending to the distal airways and lungs 
under the influence of complex interactions 
among host, organism, and environment. Factors 
known to affect disease expression include differ
ences in susceptibility among rats and mice of dif
ferent inbred strains (Davis and Cassell 1982; 
Davis et al. 1985a; Lai et al. 1993), virulence of M. 
pulmonis strains (Davidson et al. 1988b; Schoeb et 
al. 1993b), exposure to ammonia (Broderson et al. 
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Fig. 160. Bronchiole in severe murine respiratory myco
plasmosis, with neutrophilic exudate, severe epithelial dis
tortion and ciliary loss, lymphoid accumulation, and 
peribronchiolar glandular structures. x500 

1976), concurrent infection with Sendai virus 
(Howard et al. 1978; Schoeb et al. 1985) or 
sialodacryoadenitis virus (Schoeb and Lindsey 
1987), and advancing age (Cassell et al. 1979). 
Expression of the disease also can be influenced 
by experimental manipulations. 
The pathogenesis is not fully understood. The 
close relationship of M. pulmonis with the surface 
of respiratory epithelium undoubtedly is funda
mental to establishing and maintaining infection 
and may help the organism escape elimination by 
the mucociliary system, cellular and noncellular 
inflammatory processes, and specific immune ef
fector mechanisms. Adherence of M. pulmonis to 
rat respiratory epithelium is at least partially me
diatedby a trypsin-resistant 46-kDa protein of the 
organism's membrane (Beyers et al. 1994), but the 

corresponding receptor on epithelial cells has not 
been identified. Adherence of the organism to rat 
tracheal epithelium is increased in sialoda
cryoadenitis virus infection and vitamin A defi
ciency but is not affected by Sendai virus infection, 
ammonia exposure, or age (Schoeb et al. 1993b). 
Thus, some factors that affect expression of the 
disease may act in part through altered adherence 
of the organism to respiratory epithelium. M. 
pulmonis infection itself induces rat tracheal epi
thelium to more effectively bind the organism 
(Schoeb et al. 1993b). This may partially account 
for the slow progression of the disease from the 
nasal passages to the lower respiratory tract and 
for the observation that few M. pulmonis organ
isms can be found in rats shortly after inoculation, 
but as the disease progresses, large numbers ap
pear on the respiratory epithelial surface. M. 
pulmonis strains vary in ability to adhere to 
epithelial cells. Among the small number of 
strains studied to date, adherence appears to be 
related to virulence (Schoeb et al. 1993b). Differ
ences in adherence among M. pulmonis strains are 
associated with variations in the V-1 antigen 
(Watson et al. 1988), and V-1 heterogeneity is 
associated with differences in virulence for mice 
(Talkington et al. 1989). M. pulmonis has a high 
rate of recombination, which can be associated 
with phenotypic variation (Bhugra and Dybvig 
1992). These phenomena may be related to defen
sive mechanisms of the organism. In mice varia
tion in virulence of M. pulmonis strains is related 
to their ability to resist mucociliary clearance and 
intrapulmonary killing by alveolar macrophages 
(Davidson et al. 1988a), but the basis for these 
properties is not known. 
LEW rats develop more severe disease in re
sponse to M. pulmonis inoculation than F344 rats, 
and lung lesions are characterized by more severe 
and more prolonged accumulation of both Band 
T lymphocytes (Davis et al. 1982). This may be 
due, at least in part, to the stronger nonspecific 
mitogenic responses to M. pulmonis of 
lymphocytes of LEW rats than those of F344 rats, 
which probably results from larger numbers of T 
helper cells in LEW rats (Davis et al. 1985b; 
Williamson et al. 1986). Surface membrane pro
teins of M. pulmonis have chemoattractant activ
ity, mediated largely by the V-1 antigen, for both 
B lymphocytes and macrophages (Ross et al. 
1992), and M. pulmonis induces expression of 
class II major histocompatibility antigens on both 
B lymphocytes and macrophages (Stuart et al. 
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Fig. 161. Tracheal epithelial cell with M. pulmonis organisms on its surface. TEM, x12000 

1989), which may increase interactions of these 
cells with T helper cells. 
Rats and mice produce serum and secretory 
immunoglobulin (Ig) M, IgG, and IgA antibodies 
in response to M. pulmonis infection (Simecka et 
al. 1991, 1992, 1993). The lymph nodes of the up
per respiratory tract are the initial site of antibody 
production in rats and remain the major site as the 
disease progresses. LEW rats produce equal or 
greater amounts of the major classes of serum 
antibody to M. pulmonis than F344 rats, although 
LEW and F344 rats have similar numbers of anti
body forming cells of all major immunoglobulin 
classes in their lymphoid tissues. However, the 
subclass distribution of IgG antibodies differs 
among rat strains. The IgG antibodies of LEW 
rats are largely of the IgG j and IgGza subclasses, 
whereas those of F344 rats are primarily IgGzb and 
those of Sprague-Dawley rats are predominantly 
IgGza (Brown and Reyes 1991). The roles of these 
responses in resistance to M. pulmonis are un
clear. High concentrations of specific antibody are 
associated with severe disease with large numbers 
of the organisms in the respiratory tract rather 
than elimination of the organisms and resolution 
of lesions. Transfer of immune cells, but not se
rum, confers resistance in rats, whereas the re
verse is the case in mice (Lai et al. 1991; Taylor 
and Taylor-Robinson 1976). 
Nonspecific responses to M. pulmonis (those not 
requiring recognition by receptors of B or T 

lymphocytes) are best studied in mice. The greater 
susceptibility of C3H/HeN mice relative to 
C57BL!6N mice is related to impaired pulmonary 
mycoplasmacidal activity (Parker et al. 1987). Ge
netically determined differences in susceptibility 
to murine respiratory mycoplasmosis and to exac
erbation by nitrogen dioxide are mediated at least 
in part by effects on alveolar macrophages (Davis 
et al. 1992; Lai et al. 1993). Interactions of M. 
pulmonis with natural killer (NK) cells are un
clear. M. pulmonis infection is reported to in
crease activity of splenic and lung NK cells 
(Kamiyama et al. 1991; Lai et al. 1990), and NK 
cells appear to be able to aid clearance of M. 
pulmonis from the lungs by an interferon-y de
pendent process, possibly macrophage activation 
(Lai et al. 1990). Others have found that virulence 
of M. pulmonis strains, susceptibility of mouse 
strains, and stimulation of NK were not related, 
and that M. pulmonis stimulated significant NK 
cell activity only in susceptible C3H/HeN mice 
(Swing et al. 1995). Nonetheless, interferon-y and 
other cytokines probably have prominent roles in 
pathogenesis. Messenger RNAs of tumor necrosis 
factor-a, interferon-y, interleukin-1, and inter
leukin-6 appear in the lungs of mice shortly after 
inoculation, and susceptible C3H/HeN mice have 
increased interleukin-6 in serum and higher and 
more persistent concentrations of tumor necrosis 
factor-a and interleukin-6 in bronchoalveolar 
lavage fluid than resistant C57BL!6N mice 
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(Faulkner et al. 1995b; Nishimoto et al. 1994). M. 
pulmonis infection also potentiates neurogenic in
flammation of the respiratory mucosa, probably 
by inducing increases in the number and respon
siveness of mediator-sensitive postcapillary 
venules (McDonald et al. 1991). Exposure to 
ammonia further increases the severity of the 
response. 
The mechanisms of host cell injury by M. pulmonis 
are not known but may include deprivation of 
nutrients, alteration of host cell components and 
metabolism, and production of toxic substances. 
M. pulmonis has membrane-associated nuclease 
and hemolysin activities that could be involved in 
such processes (Minion and Jarvill-Taylor 1993, 
1994). The inflammatory and immune responses 
that accompany infection probably contribute to 
host injury. Mice with acute M. pulmonis pneumo
nia develop severe lung lesions associated with 
coagulopathy (Faulkner et al. 1995a), which may 
be related to tumor necrosis factor-a production. 
Specific responses also appear to be injurious as 
well as beneficial, inasmuch as both rats and mice 
with T cell deficiency develop less severe lung dis
ease due to M. pulmonis infection than immuno
competent animals (Simecka et al. 1992). 

Comparison with Other Species 

Several features are common among most 
mycoplasmal respiratory diseases, including para
sitism of the epithelial surface; chronic, predomi
nantly lymphocytic, inflammation; and rare 
fatality. An exception is contagious pleur
opneumonia, caused by M. mycoides, of cattle and 
goats, which is characterized by fibrinous 
pleuropneumonia and is frequently fatal. As in 
murine respiratory mycoplasmosis, host and envi
ronmental factors strongly affect disease progres
sion and lesion severity in enzootic pneumonia of 
swine and the genital and respiratory diseases 
caused by mycoplasmas in poultry. Avirulent 
strains of M. pulmonis and most other animal 
mycoplasmas occur naturally, and at least some 
animals carry the organisms with no signs of 
disease. 
Lesions of M. gallisepticum infection in chickens 
include chronic suppurative rhinitis, sinusitis, 
tracheitis, and bronchitis, with epithelial hypertro
phy and hyperplasia, increased mucus production, 
and lymphoid cell accumulation with follicle for
mation in the lamina propria. The lesions are thus 

similar to those of murine respiratory myco
plasmosis. M. gallisepticum alone usually causes a 
rather mild upper respiratory disease, but infec
tion frequently is complicated by wild or vaccine 
Newcastle disease virus, infectious bronchitis vi
rus, avian adenovirus, or Escherichia coli, result
ing in more severe disease with extension to the 
lungs and air sacs. 
In turkeys M. gallisepticum produces a disease 
similar to that in chickens but with even more of a 
tendency for upper respiratory tract lesions, espe
cially sinusitis, to predominate. Thus, the disease 
is usually called infectious sinusitis. M. meleagridis 
causes a spontaneously resolving air sacculi tis 
also characterized by chronic suppurative inflam
mation, lymphoid infiltration, and epithelial 
hyperplasia. 
Swine with porcine enzootic pneumonia, caused 
by M. hyopneumoniae, develop lesions similar to 
those of murine respiratory mycoplasmosis, al
though bronchiectasis does not occur. Alveolitis 
with macrophage and neutrophil accumulation is 
more prominent than in the rodent disease. The 
gross lesions, discrete gray-red firm areas pre
dominantly in the dependent parts of the lungs, 
are characteristic. The natural disease is fre
quently complicated by other agents such as 
Pasteurella multocida, M. hyorhinis, and swine 
adenovirus. 
Lesions of human disease caused by M. 
pneumoniae are not well known because the dis
ease is rarely fatal. However, available descrip
tions indicate that lesions include peribronchial 
and perivascular lymphoid infiltrates, acute 
bronchitis and bronchiolitis, transformation of al
veolar epithelium to cuboidal type, and an alveo
lar exudate made up chiefly of macrophages. 
These changes are similar to those of other respi
ratory mycoplasmoses. 
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Synonyms. Rat submaxillary gland virus infec
tion, sialodacryoadenitis virus, Parker's rat 
coronavirus 

Gross Appearance 

Gross lesions are usually extrarespiratory and lim
ited to mixed or serous salivary glands, exorbital 
glands, harderian glands, periglandular connective 
tissue, cervical lymph nodes, and thymus. The 
submaxillary and parotid salivary glands are en
larged, pale, and edematous. Intermandibular and 
cervical connective tissue is gelatinous due to 

periglandular edema. This edema restricts the ve
nous return in the neck, resulting in distention of 
the great veins entering the thoracic inlet. 
Exorbital glands are occasionally enlarged. 
Harderian glands are swollen and flecked with 
yellow-gray spots. These foci must be distin
guished from normal brown-red mottling of the 
harderian gland imparted by its normal content of 
porphyrin pigment. The cervical lymph nodes are 
enlarged, and the thymus is atrophic. In these 
cases ocular lesions may include corneral opacity, 
corneal ulcers, pannus, hypopyon, hyphema, and 
megalogobus (Innes and Stanton 1961; Jacoby et 
al. 1975, 1979). 


