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ABSTRACT

ACTINOMYCES VISCOSUS, A POTENTIAL PATHOGEN IN DOGS

By

Allison Ann Davenport

In one and one-half years, five cases of Actinomyces viscosus
infections in dogs have been identified at the Michigan State University
Veterinary Clinic. Infections were similar to those diagnosed of
nocardiosis and acéinomycosis during a period of nine years at the
Clinic. The possibility of mistaken identification of the etiologic
agent in many of these infections should be considered. It seems
likely that many were actually A. viscosus. Actinomyces viscosus is a
member of the normal flora in periodontal plaque and has been recently
reported in occasional suppurative, granulomatous infections in dogs
and humans,

A survey of the history and characteristics of infections with
special reference to granule morphology, cellular morphology, and
biochemical properties of the strains from these cases is discussed.
It was concluded that seven biochemical tests and an acid-fast stain
should speciate A. vigscosus from other diphtheroidal or filamentous
microorganisms. The tests are catalase production, urease production,
gelatin hydrolysis, Voges-Proskauer, lactose fermentation, aesculin

hydrolysis, and nitrate reduction.
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INTRODUCTION

The seventh edition of Bergey's manual (Breed et al., 1957)
places Gram-positive pleomorphic organisms into the families
Actinomycetaceae, Corynebacteriaceae, Streptomycetaceae, and
Mycobacteriaceae. Many of these organisms, when isolated from human
and animal sources, are considered to be normal flora or contaminants.
Since these are classified as nonpathogens, cultural identification
of these slow-growing, fastidious organisms is not attempted in most
clinical laboratories. The organisms are ignored or reported as
diphtheroids (Gerencser et al., 1969).

Recently, certain diphtheroids have been isolated in material
obtained from cases of periodontal disease, suppurative granulomatous
abscesses and empyemas (Coleman et ql., 1969; Johnson et agl., 1970;
Georg et al., 1972; Adeniyi-Jones et ql., 1973). The possible patho-
logical significance of these organisms has necessitated better methods
of cultural isolation and identification.

During a one and one-half year period, Actinomyces viscosus has
been isolated from suppurative lesions in five dogs admitted to the
Michigan State University Veterinary Clinic. The case histories and
cultural studies reported in this thesis should aid the clinician and

the microbiologist in the diagnosis of A. viscosus infectioms.



LITERATURE REVIEW

Taxonomical Methods

Numerical Taxonomy

There are two different systems of taxonomy in the analysis used
for microorganisms: the Adansonian and the Darwinian. Concern with
the validity of the results, time involved, and financial practicality
of a computer in the microbiology laboratory has eliminated the Adansonian
method from most clinical laboratories. Routine analysis presently
relies on monothetic Darwinian principles of taxonomy. No one perfect
method for classification of the kingdom Procaryotae has been found,
and strict adherence to subclassification levels, similar to those used
in the plant and animal kingdoms, is almost impossible. The eighth
edition of Bergey's Manual of Determinative Bacteriology (to be printed
in May 1974) proposes the taxonomic structure of 19 parts, many of
these lacking class, order, or family (Langlykke, 1973).

Harrington (1966) used numerical taxonomy to study diphtheroids
included in the genera Mycobacteria, Corynebacterium, and Nocardia.
Morphological, metabolic and cell wall studies led to the conclusion
that consistent data were lacking to justify use of three separate
genera. The seventh edition of Bergey's manual uses acid-fastness and

cellular morphology as criteria for genera separation; however, some



3

species of Nocardia have been shown to be non-acid-fast, and some
Corynebacterium sp. show varying degrees of acid-fastness (Harrington,
1966). Bousfield et al. (1969) also attempted classification of
coryneform bacteria with numerical taxonomy. The group of coryneforms
included Microbacterium, Cellulumonas, Listeria, Corynebacterium,
Brevibacterium, Nocardia, Mycobacterium, Erysipelothrix, and Arthro-
bacter. He also had little success in genus separation. Holmberg and
Hallander (1972b) successfully used a computer in their numerical
taxonomic methods to classify 123 diphtheroid isolates from human oral,
pathological, and typed reference material. The 77 characteristics
examined formed phenon clusters of the genera Corynebacterium,
Bacterionema, Rothia, Actinomyces, and Nocardia with a similarity level
of 87.5%. Actinomyces viscosus and A. naeslundii agreed on a level of
92.57% and thus did not warrant separate species names. Analysis of data
involved use of the similarity coefficient SJ (Sneath, 1957a), simple
matching coefficient Ss (Sokal et al., 1958) and single cluster analysis
dendogram (Sneath, 1957b). About 50% of the characteristics examined
were morphological or colonial., Diphtheroids can demonstrate varia-
tions in physical and colonial morphology which leaves much doubt as
to the significance of taxonomic data based on such characteristics
(Gordon, 1966).

Even though A. viscosus and A. naeslundii may be found in similar
specimens and have many characteristics in common, other taxonomic
methods have demonstrated definite differences between these organisms.

Cell wall composition, serology, and a limited number of metabolic
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properties demonstrate consistent differences sufficient to justify the
present use of two separate species names.

The eighth edition of Bergey's manual (Langlykke, 1973) separates
coryneform organisms into one part, viz., 17: "Actinomycetes and Related
Organisms." Erysipelothriz, Listeria and Lactobacillaceae are not con-
sidered in this part. Corynebacteriwn is grouped without an order or
family. The order Actinomycetales includes the families Actinomycetaceae,
Mycobacteriaceae, Actinoplanaceae, Frankiaceae, Dermatophilaceae,
Nocardiaceae, Streptomycetaceae, and Micromonosporaceae. The family
Actinomycetaceae includes the genera Actinomyces, Arachnia, Bifido-
bacterium, Rothia, and Bacterionema. The criteria on which this classi-
fication is based are not available at this time, as the manual has

not yet been published (Langlykke, 1973).

General Characteristics

The family Actinomycetaceae defined by cell wall composition and
cellular morphology cannot be placed in the present classes of Schizo-
mycetes or Mycota (Sykes et al., 1973; Prevot, 1966). Organisms are
non-acid-fast, Gram-positive, nonmotile, and possess a transitory
branching mycelial phase. No true spores or aerial mycelia are present.
The cells are about 1.0 p in diameter and occasionally break into
coccoidal or rod-like elements. Cell membranes lack sterols and cell
walls lack cellulose, chitin, and diaminopimelic acid (except Arachnia).
Antibacterial agents are toxic to cells. The absence of sterols in
cell membranes makes the organisms insensitive to polyene antifungal
agents (Davis et al., 1973). Phage infection and lysozyme suscepti-

bility have been reported in some species (Gledhill et al., 1969).
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Membranous organelles are not present. Products of glucose metabolism
include acetic, formic, succinic and lactic acids, and some have traces
of propionic acid (Li et al., 1968). Catalase production varies and
addition of carbon dioxide necessary for anaerobic growth usually
enhances aerobic growth in facultative species. Oxygen requirements
vary (Gledhill et al., 1969). No gas is produced from sugar fermenta-
tion. Hydrolysis of gelatin and production of indol are not seen.
Cells may form long branched filaments or pleomorphic diphtheroidal

forms, both with round swollen primitive spores or clubbed ends.

Cell Wall Composition

Cell wall composition has become an important tool in taxonomy of
the diphtheroids. Actinomycetes lack diaminopimelic acid (DAP) which
is characteristically found in its meso form in Nocardia, Mycobacteria,
Bacterionema, and some Corynebacterium species. Cell walls of fungi
rarely contain DAP or amino acids (Cummins et al., 1958; Cummins, 1961).
Boone and Pine (1968) partially identified many species of the Actino-
mycetales by cell wall composition. Complete speciation would have
involved quantitative measurements of the cell wall components.
Diphtheroids containing LL-DAP are Corynebacterium acnes, Streptomyces
sp. and Arachnia. Bifidobacterium, Actinomyces, Rothia, Lactobacillus,
and some corynebacteria lack DAP. Lysine is present in the above
species of corynebacteria, Rothia, Lactobacillus and Actinomyces.
Actinomycetes also contain mannose and ornithine while one or both of
these are missing in the cell walls of Lactobacillus and Rothia.

Glycine is found in some corynebacteria but not in actinomycetes.
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Only C. pyogenes cannot be differentiated from Actinomyces sp. by these
techniques (Pine, 1970; Cummins, 1961).

Reed (1972) examined cell wall components of Strain T-6, A.
viscosus, with the gas chromatograph. The only amino sugars isolated
were N-acetyl-glucosamine, and N-acetyl muramic acid, both found in a
peptidoglycan. Rhamnose was the major neutral sugar. No sugar alcohol
or techoic acids were present. Phosphorus and phospholipids were in
small amounts and amino acids detected included alanine, lysine, and
glutamate. Other studies (Pine et al., 1965; Pine, 1970; Gerencser
et al., 1969) found galactose, glucose, mannose, and ornithine. Boone
and Pine (1968) detected trace amounts of phenylalanine, methionine,
leucine, and isoleucine. Cell walls of A. naeslundii contain fucose
and deoxytalose which have not been found in A. viscosus (Pine, 1970).

Two colonial morphologies of actinomycetes are commonly noticed:

a spidery, granular, irregular form, and a smooth, entire, convex form
(Ajello et al., 1963). A difference in cell wall composition may be
responsible for the morphological variations (Sykes et al., 1973; Pine
et al., 1967). Moderate quantities of hexosamines, and little or no
aspartate, are present in spidery colonies, while low amounts of hexos-
amines and larger quantities of aspartate are in the smooth colonies.
Pine (1970) admits that morphological changes may be associated with
variation in cell wall composition; however, changes in the site of
cell wall synthesis or enzymatic differences may be responsible for
morphological variation. Neither smooth nor rough forms of A. viscosus

contain aspartate in the cell walls.



Serological Properties

Serological reactions of A. viscosus and other diphtheroids have
been examined with agglutination, immunodiffusion, and fluorescent
antibody techniques. Agglutination studies produced many cross reac-
tions. Snyder et al. (1967a) found strains of A, viscosus agglutinated
with antisera prepared from A. <sraelii, A. naeslundii, A. odonto-
lyticus, R. dentocariosa, and B, matruchotii. The antisera from (,
acnes and A. odontolyticus reacted with A. viscosus in studies by
Slack et al. (1971). Immunodiffusion gel studies (Snyder et ql.,
1967a) with A. viscosus cells showed minor cross reactions with 4,
bovis, A. odontolyticus, and A. naeslundii antisera.

An excellent serological test for A, viscosus 1s the fluorescent
antibody technique. Hamster strains of A4, viscosus do not react with
antisera from human A. viscosus strains or with 4. ngeslundii anti-
sera (Holmberg et al., 1972b; Gerencser et gql., 1969). Human strains
did react with A. nqgeslundii antisera and with hamster A. viscosus
antisera. Reciprocal tests of A. naeslundii isolates with A, viscosus
antisera from either hamster or human strains reacted (Gerencser et gl.,
1969). When A. viscosus hamster antisera was sorbed with 4.
naeslundii, all cross reacting antibodies were removed; thus no reac-
tion with human strains of A. viscosus or with A. naeslundii was
possible. Antisera prepared from 4, viscosus did not fluoresce at
diagnostic titers with cultures of A, <sraelii, A. bovis, A. odonto-
lyticus, A. eriksonii, A. propionica, R. dentocariosa, B. matruchotii,
C. pyogenes, C. acnes, or Ramibacterium pleuriticum (Gerencser et al.,
1969). Studies of fluorescent antibody reactions with 4. viscosus of

human, hamster, and canine strains showed cross reactions of both human
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and hamster strains with canine strain antisera (Georg et al., 1972).
Types of cross reacting antigens varied with canine strain examined

since absorption with A. naeslundii had variable effects.

Fermentation Studies

Gas-1liquid chromatography of fermentation end-products is not
only a useful technique for speciation of anaerobic bacteria (Henis
et al., 1966), but it can also provide useful information for gross
separation of some anaerobic diphtheroidal organisms (Pine, 1973;

Li et al., 1968).

Three types of detection apparatuses have been used for determina-
tion of volatile and nonvolatile acids: flame ionization, electron
capture, and thermal conductivity. The electron capture device is
extremely sensitive for identification of organic compounds with
halogenated or polar functional groups (Cherry et al., 1969). Flame
ionization is very sensitive to formic acid and less sensitive to
water than the thermal conductivity device, but acetic acid carryover
may occur when multiple samples are being tested (Moore et al., 1966).
Li and Georg (1968) successfully used the flame ionization detector
to separate Ar. propionica from other actinomycetes. Qualitative and
quantitative analysis with this detector differentiated Actinomyces
from Corynebacterium, Nocardia, and other diphtheroids (Pine, 1973).

Howell (1963) noted that A. viscosus requires carbon dioxide for
aerobic growth but A. naeslundii does not. Buchanan et al. (1963)
suggested that actinomycetes lack aspartate permease and thus must

synthesize aspartic acid from 002 and small molecules. Large amounts
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of carbon dioxide are fixed into the carbonyl group of oxaloacetate by

the Wood-Werkman reaction:

ATP, Mg++ » oxaloacetate
phosphopyruvate ~

carboxylase

CO2 + pyruvate

(Wood et al., 1941; Buchanan et al., 1966). Other CO2 fixation mechanisms
are operative but these are not major reactions. The addition of carbon
dioxide to a growing culture of an actinomycete will rapidly increase
growth and production of several end-products. Proposed equations of
glucose fermentation by A. israelii, A. bovis, A. viscosus, and A.
naeglundii had evolved through extensive chemical extractions and titra-
tions performed before the gas chromatograph became popular for such

research (Buchanan et al., 1966; Buchanan, 1967; Pine, 1970).

Anaerobic
glucose — 2 lactate (homolactic)
3.5 glucose + 3 CO, —— 3 formate + 3 acetate

+ 3 succinate + 1 lactate (heterolactic)

Aerobic

glucose + 02 — 2 acetate + 2 CO2 + 2 H20

Malate can substitute for carbon dioxide under anaerobic conditions to
produce:
low glucose concentration

glucose + 2 malate —— 2 formate + 2 acetate + 2 succinate
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high glucose concentration
2 glucose + 2 malate —— 2 formate + 2 acetate + 2 succinate
+ 2 lactate
Other diphtheroids do not require large amounts of carbon dioxide for
growth. Arachnia propionica, Bifidiobacterium bifidum, Propionibac-
terium, and Corynebacterium acnes have the following fermentation

balances (Pine, 1970):
B. bifidum
10 glucose + 002 — 1 formate + 13 acetate + 10 lactate

+ 1 succinate

10 glucose —* 15 acetate + 10 lactate

R 4

Ar. propionica
18 glucose —— 10 CO2 + 2 formate + 10 acetate + 23 propionate

+ 1 succinate + 1 lactate

P. pentoaceum, P. arabinosum

10 glucose — 6 CO2 + 2 acetate + 14 propionate + 2 succinate

C. acnes
10 glucose — 5 CO2 + 4 acetate + 12 propionate + 2 succinate
+ 1 lactate
Actinomyces sp. ferment glucose predominantly by the Embden-Meyerhof
pathway; however, the organisms also use the hexose monophosphate shunt,
phophoketolase pathway, and Entner-Doudoroff pathway to a slight extent
(Pine, 1970). When carbon dioxide is added to anaerobic cultures of

Actinomyces sp., fermentation changes from homolactic to heterolactic.

Carbon dioxide acts as a hydrogen acceptor to oxidize lactate, thus
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forming formate and acetate from a pyruvate intermediate. Carbon
dioxide is also used to form oxaloacetate from which aspartate can be
synthesized. Energy yielding studies by Payne (1970) showed the addi-
29 and 02 + C02 to anaerobic cultures increase the
energy yileld of A. naeslundii by 22%, 150%, and 200%, respectively.

tion of malate, CO

Presently no enzymatic differences between A. viscosus and A. naeslundii
have been suggested to explain why A. naeslundii shows no preference

for CO, when growing in oxygen but A. viscosus does (Howell, 1963).

2

Ultrastructure

Two studies on ultrastructure in the Actinomycetales have shown
some possible differences in species. Overman et al. (1963) found
complex or coiled membranes in Ar. propionica, simple coils in A.
naeslundii and A. israelii, and no coils in A. bovis or Bifidobac-
terium bifidum. Duda et al. (1972) and Overman et al. (1963) noted
variations in cell wall thickness in different species; however, these
findings showed no relationship to atmospheric requirements of the

species.

Isolation of A. viscosus

The generic name, Actinomyces, was first used by Harz in 1877
(Gerencser et al., 1969), who was describing a “concentrically radiat-
ing fungus" obtained from tongues of cows suffering from a disease
spreading around the jaw bones. Dr. Bollinger, who originally sent the
specimens to Harz, lectured and published papers describing this

Actinomyces bovis, which Harz identified but could not culture. Israel
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and Ponfick identified the disease in humans in 1878, but Actinomyces
was not actually isolated from human material and injected into animals
until 1891 by Wolff and Israel (Conant et al., 1971).

An aerobic filamentous actinomycete resembling Actinomyces viscosus
was first described by Gruter in Argentina in 1932 (Negroni et al.,
1932). He cultured Actinomyces discofoliatus from pus present in
infected lacrimal concretions and suppurative gum lesions of a patient
with an infection aggravated by an ill-fitting artificial palate. The
cellular and colonial morphology resembled that of A. viscosus but the
organism described could not hydrolyze starch or reduce nitrates. It
did hydrolyze gelatin and produce indol from tryptophan. Catalase
production had not been examined. These biochemical tests led the
author to the conclusion that this organism was probably not A.
vigscosus. Brion (1939, 1942) isolated an organism from dog and cat
lesions which also resembled A. viscosus. Georg et al. (1972) noted
that this organism, A. baudetii, was not preserved for future examina-
tion, and Brion gave a description of metabolic properties of the
organism too incomplete to adequately exclude the possibility that
A. baudetii might have been an organism other than A. viscosus.

Gerencser and Slack (1969) obtained cultures of A. baudetii from
the Pasteur Institute in Paris and 4. discofoliatus from P. Negroni in
Argentina. Biochemical, morphological, and serological tests of these
organisms demonstrated they were both A. viscosus. Further investiga-
tion showed these were not the original strains described by Gruter

and Brion. Cultures which resembled only the strains' morphological
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characteristics had been sent to Gerencser under these names.

Filamentous microorganisms became an important topic for research
in the field of dental medicine. Aerobic, non-acid-fast filaments
isolated from human specimens were identified as Nocardia salivaez in
1962 (Roth et al., 1962). Numerous other diphtheroids were also found
in the mouth, and the possibility that these might cause disease was
suspected. Hamsters orally inoculated with a suspension of Leptotrichia
sp.,3 a filamentous organism found in dental caries, produced infections
(Jordan et al., 1964a). Syrian hamsters fed high carbohydrate diets
of confectioners sugar acquired periodontal infections (Jordan et al.,
1964b; Keyes et al., 1964). The organism isolated from subgingival
plaque in the infections was identified as Strain T-6. This strain was
orally inoculated into uninfected hamsters and produced carious lesions
from which T-6 could again be isolated. Howell and Jordan (Howell,
1963; Howell and Jordan, 1963) examined the morphological, colonial, and
physiological characteristics of Strain T-6 and other diphtheroids
isolated from hamster dental plaque. Their observations of an aerobic,
catalase positive, filamentous "hamster organism' comprised the first
detailed description of A. viscosugs. The hamster organism was compared
with R. dentocariosus, another catalase positive, aerobic, non-acid-fast
actinomycete present in dental plaque. Only the "hamster organism"

could be shown to induce periodontal disease. Rothia was beaded and

lPersonal communication from M. A. Gerencser.

2IV. salviae was later called N. dentocariosus and is presently
Rothia dentocariosa.

3Leptotrichia is now Bacterionema matrichotii.
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did not produce long filaments seen in T-6. Howell (1963) mentioned
that A. naeslundii had similar morphologic and metabolic properties as
T-6; however, A. naeslundii was catalase negative and did not need
additional carbon dioxide for aerobic growth, which T-6 did require.
Nocardia and Rothia also grow well aerobically without co,. End-
products from glucose fermentation by T-6 included acetic, formic,
lactic, and succinic acids. Howell et al. (1965) officially named the
hamster organism Odontomyces viscosus. At the time the basis for
exclusion of T-6 from a new proposed family "Nocardiaceae" included
lack of aerial hyphae, different cell wall components, inability to
produce true spores, different atmospheric requirements, and fermentative
ability. Howell maintained that production of catalase was a signifi-
cant enough difference to justify the separate genus in the Actinomy-
cetaceae family. Fluorescent antibody tests were performed and no
cross reaction with 4, <sraelii, but weak reactions with A. naeslundii,
were seen.

Supragingival and subgingival plaque in infected hamsters showed
apical migration of epithelium, erosion of cementum, and inflammation
of periodontal pockets, later progressing to erosion of the bone
(Jordan et al., 1965b). Hamsters could become infected from direct
plaque inoculation, close contact with infected rats, or from consuming
large amounts of carbohydrates. Odontomyces viscosus showed plaque
formation (Jordan et al., 1965a). No evidence of soft tissue invasion
in any of these infections could be shown. Some hamsters were pre-
sented with enlarged cecums after several weeks, but no filamentous

organisms were cultured from the cecums.
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Melville (1965) isolated pathogenic plaque producing diphtheroids
from the human oral cavity and identified these as A. naeslundiz.

He maintained that some of these strains of A. naeslundii were capable
of producing catalase. This was the first reference of human infection
with a possible strain of 4. viscosus; however, lack of a full descrip-
tion of the organism prevents verification.

An indirect fluorescent antibody technique to demonstrate reac-
tions to O. viscosus showed reactions in one-half of the 14 patients
examined by Snyder et al. (1967b). The ability of this test to identify
0. viscosus in patients is questionable since cross reactions occurred
with four other organisms: A. israelit, 14/14; A. naeslundii, 8/14;

R. dentocariosa, 6/14; and B. matrichotii, 14/14. No cultures grew

0. viscosus. Swerczek et al. (1968) examined eight cases of canine
actinomycosis (Table 1). Seven of these involved large breeds. It

was suggested that actinomycosis occurs frequently in dogs older than
one year, especially hunting breeds, since they have a great probability
of exposure to soil-contaminated trauma. Actinomyces sp. do not occur
in soil; however, bacteria from soil may be necessary to contaminate

the lesion and debilitate the animal so an endogenous actinomycete can
colonize in the wound. Lesions of all dogs contained granules that had
non-acid-fast filaments in their centers., Gram stains revealed Gram-
positive bacteria and filaments. A distinct border without any club
formation differentiated the canine granules from loose, irregular
granules seen in nocardiosis and clubbed granules of other actinomycoses.
Although no cultural studies were performed to speciate the actinomycete,

the author feels there is a strong possibility that the etiologic agent
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was A. viscosus in some of these cases. This is based on granule type,
acid-fast reaction, and incidence of infections of dogs with various
Actinomyces species.

In 1967 the Subgroup on Taxonomy of the Microaerophilic Actinomycetes
amended the general description of the genus Actinomyces to then include
catalase positive organisms (Georg et al., 1969b). It was suggested
that 0. viscosus be changed to Actinomyces viscosus. Isolation of A.
vigcosus in human specimens of dental plaque was characterized and
found to possess the same morphological and physiological properties
as the hamster strains. Short rods in palisade arrangements and long
dividing filaments were found in the same human isolates, and several
strains which originally formed rough, heaped colonies later reverted
to smooth, entire, colonial formations. Georg et al. (1969b) also
used serological and cell wall analysis to identify these strains. The
hamster organisms had the same cell wall components as the human strains
but serological differences were apparent.

Further studies on periodontal disease in hamsters and humans
resulted in an interesting theory on colonization and growth require-
ments. Gram-positive organisms appear to be the predominant cultivable
flora in the human oral cavity (Holmberg et al., 1972a). There must be
some bacteria present in the mouth before colonization and the induc-
tion of caries and periodontal disease can be effected. It appears
that Streptococcus sanguis is present in early plaque formation in
humans. As plaque continues to be deposited, Gram-positive rods and
filaments colonize, and St. sanguis disappears. The new flora consists

of Corynebacterium, Actinomyces, and Lactobacillus species. Cultures
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of St. sanguis can inhibit growth of Actinomyces, Bacterionema,
Corynebacterium, Nocardia and Lactobacillus on the same culture plates
(Holmberg et al., 1972a), which suggests a possibility that inhibition
of diphtheroidal colonization by St. sanguis may occur in vitro in the
oral cavity. Large amounts of sucrose catabolites which occur in
organisms fed a high carbohydrate diet inhibit the growth of St. sanguis,
and enhance the growth of A. viscosus. Actinomyces viscosus readily
hydrolyzes sucrose and uses the resulting carbon and energy for other
synthetic reactions.

T-6, A. viscosus, when fed in large amounts to gnotobiotic hamsters
and rats, will rarely produce disease symptoms other than carious
lesions (Reed et al., 1972). The lesions found in gnotobiotic rats
orally infected with A. viscosus or A. naeslundii are similar
(Socransky et al., 1970; Frank et al., 1972). Actinomyces viscosus may
be more pathogenic than A. naeslundii since orally infected rats fed
high carbohydrate diets produced more dental lesions from 4. viscosus
than from A. naeslundit.

Actinomyces viscosus and A. naeslundii are not as pathogenic as
the anaerobic actinomycetes. Few cases of noncarious type infections
have been reported (Georg et al., 1972; Lewis et al., 1972; Adeniyi-
Jones et al., 1973; Holmberg et al., 1972b). Experiments to compare the
pathogenicity of A. viscosus and A. naeslundii by intraperitoneal
inoculation of laboratory animals showed slight differences between the
two species (Coleman et al., 1969; Georg et al., 1968). Coleman et
al. (1969) described three experiments of hamster and mouse infections

with A. naeslundii. Although A. naeslundii could be isolated from
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lesions in many of the experimental animals, it was apparent that
intraperitoneal inoculations with the obligate anaerobic actinomycetes
were significantly more severe and more frequent. The severity of
lesions in mice produced from single inoculations of several different
Actinomyces sp. was examined by Georg et al. (1968). Actinomyces
naeslundii induced lesion formation in 104/119 (87%) mice and A.
viscosus induced lesions in 23/24 (95%) mice.

Actinomyces viscosus is known to be the causal agent of perio-
dontal disease in hamsters, and it also has been isolated from the
human oral cavity on numerous occasions (Georg et al., 1972). Georg
et al. (1972) examined five strains of A. viscosus isolated from animal
infections and experimentally inoculated these intraperitoneally into
mice and newborn puppies. These strains were highly pathogenic to
all of the mice producing abscesses on parietal and peritoneal surfaces
which were restricted to the abdominal cavity. Most of the lesions
involved the liver. Actinomyces viscosus produced lesions in only one
of the six newborn puppies. The lesions were in the hepatic parenchyma
and resembled those found in one of the dogs presented with the original
infection. This is the only published case of a successful experimental
infection in a large animal.

Holmberg and Hollander (1972b) felt that the differences between
A. viscosus and A. naeslundii were not significant enough to justify
use of two separate species names. A calculated median organism was
suggested that would include both species. Otherwise, Holmberg et al.
recommended that A. viscosus be considered a variant of A. naeslundit.

Their data for evaluation by numerical taxonomy methods did not include
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cell wall analysis or serology, both of which are presently used to
separate the species.

Two cases of pathological involvement of A. viscosus in humans
have been described. One was a 35-year-old male who suffered with a
bilateral pleural effusion (Lewis et al., 1972). No organism was seen
in stains of direct smears of aspirated material; however, Mycobacterium
tuberculosis and A. viscosus were cultured from the specimen. The
patient had a positive tuberculin skin test and, because he had
tuberculosis, the amount of pathology due to A. viscosus could not be
adequately described. The patient showed no signs of improvement when
only antituberculosis drugs were administered, but did improve when
bacterial antibiotics were added to the treatment. The other 19-year-
old male was presented with a branchial cyst below the left ear
(Adeniyi-Jones et al., 1973). The cyst contained hemorrhagic tissue
resembling that seen in chronic inflammations and was filled with a
yellow, nonodorous pus which was aspirated and stained. The Gram
stain showed clumps of Gram—positive pleomorphic diphtheroid-like rods
and some short filaments; some organisms had swollen ends or were
filamentous. Only A. viscosus was grown in culture, and colonies on
agar were of the smooth form: entire, glistening, white, convex. This,
however, formed granular floccules when cultured in broth. Biochemical
tests confirmed the identification of A. viscosus, and a positive
reaction with the fluorescent antibody test at the Center for Disease
Control (CDC) in Georgia was reported later.

Holmberg and Hollander (1972b) stated that "no clear relationship

of A. viscosus to human infections has been shown.'" Personal
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communication with Dr. L. K. Georg has provided the author with two
strains of A. viscosus isolated from a human lung biopsy and a lung
abscess. Attempts to fulfill Koch's postulates with these strains from
human specimens have not been made. It is thus impossible to unequivo-

cally state A. viscosus can cause disease in man.

Pathology of Actinomycetales

The term "actinomycosis'" usually refers only to Actinomyces infec-
tions and nocardiosis is restricted to Nocardia infections (Carter,
1973). However, earlier studies often referred to both Actinomyces
and Nocardia infections as "actinomycosis" (Swerczak et ql., 1968);
thus, review of the literature on this topic is quite difficult.
Actinomycosis and nocardiosis are chronic, suppurative granulomatous
diseases. Nocardia sp. produces subcutaneous lesions and soft tissue
abscesses, but pulmonary involvement is the most frequent manifestation
in humans. Sinus tract formation with dissemination is rare, but a
tendency for hematogenous spread especially to the brain is occasionally
reported (Murray et al., 1960). Actinomyces sp. are frequently involved
in subcutaneous, cervico-facial, thoracic, and abdominal infections
(Conant et al., 1971).

Sulfur granules frequently found in Actinomyces infections are not
present in Nocardia infections. The granules in anaerobic Actinomyces
infections are hard and gritty in texture, while those seen in Nocardia
and A. viscosus infections are soft. The granules vary in size from a
microscopic mass to a diameter of several millimeters. The cheese-like,
yellow-gray granules of A. bovis and A. israelii contain colonies of

filaments embedded in a polysaccharide-protein matrix with approximately
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50% calcium phosphate. Sulfur granules are also found in maduromycosis,
staphylococcal actinophytosis, and actinobacillosis. In hematoxylin
and eosin stained histological sections, a mass of acidophilic, club-
like projections radiate from the centers of the granules in a rosette
pattern (Figures 1 and 2). This "club" formation is possibly a mani-
festation of an interaction of a cellular response of the host with the
organism, not a product of the microorganism (Swerczak et al., 1968).
The center of the granule contains colony-like masses of rods and
filaments which stain Gram positive. Sulfur granules are usually sur-
rounded by neutrophils and then enveloped by lymphocytes, plasma cells,
macrophages, and fibroblasts in fibroproliferative tissue (Swerczak
et al., 1968).

The granules found in nocardiosis are unlike the granules seen
in bovine actinomycosis. These Nocardia granules lack club formations
and appear to be a mass of organisms held together in a loose, unstruc-
tured, acidophilic matrix. The surrounding suppurative reaction is
similar to that of actinomycosis (Kalnins, 1963). Swerczak et al.
(1968) has described granules found in canine actinomycosis which he
maintains are unlike Nocardia or bovine Actinomyces granules, but
have a well defined border without clubbing. Anaerobic bacilli and
various types of cocci were frequently found with Actinomyces sp. in
the granules. Georg et al. (1968) also noted the absence of clubbed
borders on granules found in mice which were inoculated intraperitoneally
with A. viscosus.

Many Actinomyces sp. are saprophytes of the oral cavity of man and

animals (Davis et al., 1973). Only A. humiferus has been isolated from
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Figure 1. A. bovis sulfur granules
with clubbed border. Hemateoxylin and eosin
stain; X 335.

Figure 2. Higher magnification of
A. bovis sulfur granules. Hematoxylin and
eosin stain; X 1350.
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the soil (Gledhill et al., 1969). Actinomyces eriksonii, A. israelii,
A. bovis, and A. naeslundii are commonly encountered in infections while
A. odontolyticus and A. viscosus are considered nonpathogenic. Although
Nocardia species are soil inhabitants, Nocardia asteroides, N.
brasiliensis, N. caviae, N. farcinica, and N. dassonvillei have been
isolated from purulogranulomatous nodular lesions (Thompson et qZ.,
1951). Although no cases of transmission of actinomycosis from man to
man or from animal to man have been reported, caution should be observed
by individuals handling infectious specimens.

Suspected modes of infection include trauma, passage through
carious lesions in the gums, direct aspiration, or ingestion of the
organisms in saliva. Lesions have been found in bones, thorax, abdomen,
cecum, neck, skin, brain, tongue, soft tissues, and several organs
(Conant et al., 1971).

Cervico-facial actinomycosis can involve abscessation of soft
tissue or bony hard tissue, including the maxilla or mandible. The
soft granulomatous tissue contains necrotizing abscesses which coalesce
to form draining sinuses or fistulous tracts (Georg et ql., 1968).

Hard, dense tumorlike nodules simultaneously form in cutaneous tissue.
The purulent exudate has a characteristic yellow-green color. Eventually
fibrous scar tissue replaces regions of the granuloma. Osteitis from
proliferation of the microorganism in the bone may cause a honeycombing
effect due to rarefaction and proliferation of the bone. This may cause
blockage of nasal passages and induce dyspnea. Dissemination of the
organism to other tissues is effected by sinus tract formation. Sulfur
granules are frequently found in cervico-facial actinomycosis (Smith

et al., 1972).
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Aspiration is probably the usual mode of infection in thoracic
actinomycosis. Symptoms may parallel those of pneumonia: irregular
mild fever, cough, emaciation, anorexia, anemia, with subsequent
production of bloody mucopurulent sputum, pleural pain, dyspnea, or
abnormal respiratory sounds. Acute thoracic infections may cause
pleural effusions with draining sinuses and fibrosis. Radiographs
may reveal the spread of the infection from the base of the lungs
(Hurst, 1950). Occasionally apical lung infections may resemble
tuberculosis; however, no discrete circumscribed tubercule-like lesions
will be apparent. Pleural adhesions and fluid accumulation may also
be seen on x-rays. In pleural actinomycosis, mediastinal or other
lymph nodes may become swollen and necrotic (Swerczak et al., 1968).
As fluid accumulates in the thoracic cavity, lung expansion is impeded.
Pulmonary congestion, edema, and atelectasis gradually increase, and
cardiac output may be reduced sufficiently to cause fluid accumulation
in other body cavities which can debilitate the host and abet spread of
the infection. Hyperplastic, fimbrionated villous proliferation of the
thoracic wall causing pleural thickening is the result of a chronic
tissue response to irritated pleural lining (Swerczak et al., 1968).

Abdominal actinomycosis may result from ingestion of masses of
contaminated saliva or from metastatic spread from cervico-facial or
thoracic actinomycosis. Chronic abdominal dissemination to bones,
liver, kidney, spinal column, lungs, and other regions has been reported.
Weight loss, vomiting, fever, and abdominal pain are nonspecific symp-
toms which can also suggest appendicitis or abdominal carcinoma.

Hepatomegaly, splenomegaly, and pyelonephritis may be apparent without
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actual presence of infectious organisms in these organs. Any region
of the gastrointestinal system may be infected with Actinomyces
organisms. Suppurative burrowing abscesses and draining sinuses
become embedded in fibrotic scar tissue, or are surrounded by yellowish
lipid-filled macrophages. These regions should be examined for actino-
mycotic granules. Presence of granules excludes a diagnosis of
syphilis, neoplasms, tularemia, amebiasis, disseminated tuberculosis,
typhoid fever, granuloma inguinale, or certain deep-seated mycoses
(Conant et al., 1971).

Lesions due to different Actinomyces sp. cannot be differentiated.
"Lumpy jaw" in cattle caused by A. bovis resembles a similar infection
in humans due to A. Zsraelii. Experimental infection of large animals
with different species of actinomycetes has been rather unsuccessful.
Even the most pathogenic actinomycetes, A. bovis and A. israelii, have
induced infections in less than one-half of the inoculated test animals
(Georg et al., 1968).

Reported human infections with A. naeslundii include one abdominal
abscess, one gallbladder empyema, three septicemias (one associated with
leukemia and pyelonephritis), several sinus infections related to tooth
extractions, one leg abscess, and one post-thyroidectomy wound abscess
(Georg et al., 1969a). Human infections with A. vigcosus involved a
branchial cyst abscess (Adeniyi-Jones et al., 1973) and a case of
pleural effusion complexed with tuberculosis. Georg et al. (1972)
isolated A. viscosus from one case of enzootic pneumonia in pigs, a
lymph node abscess in a goat, and two cases of abdominal infections in

dogs. Canine strain 1231 was isolated from an abdominal mass attached
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to the pancreas, stomach, spleen, intestines, and kidneys of a six-
month-old.;errier. The dog was presented with signs of emaciation,
vomiting and general malaise. Granules found in a biopsy had irregular
margins but no clubbed edges. Granules yielded Eubacterium Lentum,
Enterobacter cloacae and A. viscosus in culture. The latter two
organisms are considered normal intestinal flora.

A six-month-old mixed breed dog was presented with signs suggestive
of abdominal effusion: 1lassitude, anemia, emaciation, abdominal
distention, pale oral mucosa, hepatomegaly, and a mild leukocytosis
with a shift to the left. No sulfur granules were seen; however,
numerous abscesses were observed on the liver. The latter were sur-
rounded by yellow zones of lipid accumulation, fibrotic tissue, and
hemorrhagic material. On histologic examination the center of the
abscesses contained mostly dying hepatocytes and colonies of 4,
vigcosug filaments.

Nocardiosis is a disease found in cattle, man, dogs, cats, marsupials,
horses and goats, and tropical fish (Bruner et gl., 1973). Subcutaneous,
abdominal and thoracic forms have been reported in varying frequencies
from different animal species. Subcutaneous abscesses, empyema,
pyopneumothorax and infections of the stomach, brain, kidneys, bones
and heart have been reported in dogs (Bruner et ql., 1973). Definitive
diagnosis requires cultural identification of the organisms since lesions
closely resemble those seen in actinomycosis. There is frequently
extensive vascularization of lesions particularly in villous prolifera-
tion of serosal surfaces. Non-clubbed flake-like granules containing
filaments may aid in a tentative diagnosis if the organism is partially

acid-fast.
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Confusion of A. viscosus with Other Organisms

Reported infections with A. naeslundii, A. viscosus and N.
asteroides have similar pathological and morphological characteristics.
Nocardia sp. appeared as the cause of most Gram-positive filamentous
infections in dogs seen at the Michigan State University Veterinary
Clinic during the past eight years (Table 2). These statistics,
however, are somewhat weighted since all Gram-positive, aerobic, fila-
mentous organisms were thought to be N. asteroides until 1973, when
knowledge of more precise techniques for identification of Actinomy-
cetales were applied. Failure to differentiate A. viscosus from
N. asteroides probably accounts for the low incidence of reported
cases of canine actinomycosis. Not listing an acid-fast stain,
improper decolarization of the stain, and knowledge that some Nocardia
species are non-acid-fast may result in some microbiologists reporting
all Gram-positive, aerobic, catalase-positive filamentous organisms
as N. asteroides (Georg et al., 1969b).

The absence of clubs in granules of A. viscosus has not been
reported in most literature on actinomycosis; however, many references
are found which cite the presence of non-clubbed flaky granules in
nocardiosis (Langham et al., 1959; Murray et al., 1960), thus causing
further confusion in identification of these two potential pathogens
(Swerczak et al., 1968). Diphtheroidal bacteria may be a contaminant
or, on occasion, a pathogen (Johnson et al., 1970). A diphtheroidal
non-filamentous form of A. viscosus also exists which physiologically
and morphologically resembles these bacteria (Adeniyi-Jones et al.,

1973).
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Treatment of Canine Actinomycosis and Nocardiosis

Because there have been so few cases of canine actinomycosis
diagnosed, there is very little information on the efficacy of treat-
ment. Actinomyces viscosus is sensitive to most antibiotics. Penicillin
is the drug of choice. Chloramphenicol, oxytetracycline, erythromycin,
clindamycin, ampicillin, and chlortetracycline are also very effective
(Lerner, 1974). Streptomycin, rifampin, and novobiocin are not as
potent against these infections as many broad-spectrum antibiotics
(Adeniyi-Jones et al., 1973; Murray et al., 1960; Davis et al., 1973).
The latter drugs are usually given intravenously or orally for two or
more weeks until no signs of active infection persist. Surgical
excision of infected tissues and drainage of wounds cannot adequately
eliminate infection from fibrotic scar tissue unless antibiotics are
also used. Topical application or flushes with iodine solution are
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