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allowing growth of B nodosus. The basal medium was Eugon

agar with 0.2% yeast extract and 10% defibrinated horse

blood. Parallel inoculations of 31 foot rot lesion speci-

mens onto basal medium and basal medium containing linco-

mycin (selective medium) was done. B nodosus was re-

covered from 16 of the specimens cultured on the selective

medium and only three of the specimens cultured on the
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A SELECTIVE MEDIUM FOR ISOLATION OF
BACTEROIDES NODOSUS

INTRODUCTION

Purpose

Isolation of Bacteroides nodosus, the causative agent

of foot rot in sheep, from the foot rot lesion is extreme-

ly difficult (13, 58). This difficulty of isolation is

due not only to the fastidious nature of B nodosus, but

also to the vast number of other microorganisms present in

the foot rot lesion. These microorganisms tend to over-

grow B nodosus, thereby masking it or inhibiting its

growth. The purpose of this study was to investigate the

development of a selective medium to enhance the isolation

of B nodosus by suppressing the growth of these contami-

nant microorganisms.

Selective Media

Separation of organisms in vitro is commonly faci-

litated by including substances that have empirically

demonstrated either a stimulatory effect upon desirous

organisms or an inhibitory effect upon unwanted organisms.

In the strictest sense, these media are termed "enrich-

ment" if they are liquid and "selective" if solid (108).
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However, in common usage, "enrichment media" are thought

of as having been designed to preferentially encourage

the growth of certain organisms in mixtures. "Selective

media" commonly imply media designed to inhibit the growth

of unwanted organisms through the action of specific

agents in the media which, at the same time, allow the

desired organisms to grow. It must be remembered that

most selective media are at least somewhat inhibitory to

the strains being sought and that a non-selective medium

should always be inoculated simultaneously along with the

selective medium. It should also be realized that bac-

terial colonies on a selective medium are not necessarily

pure. Other organisms may be present which, though unable

to develop on the selective medium itself, may grow

rapidly when transferred to a non-selective medium.

Background of Sheep Foot Rot

Contagious foot rot is a serious infectious disease

affecting sheep of all ages and all breeds in practically

all areas where they are raised. The disease itself is

seldom fatal; however, serious economic losses usually

result and it is not uncommon for sheep men to dispose of

entire flocks because of foot rot problems. Under favor-

able environmental conditions the disease spreads rapid-

ly, and up to 90% of a flock may be affected (102).
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Infected animals become lame and unthrifty resulting in

ewes with reduced wool clip and decreased milk flow,

stunted lambs that may develop into culls, rams that are

unable to settle ewes during the breeding season, and in

general, sheep that are an easy mark for predatory

animals.

The minimum requirements for the severe form of this

disease are the fastidious anaerobic bacteria Bacteroides

nodosus and Fusobacterium necrophorum. Corynebacterium

pyogenes and motile fusiforms, common in foot rot lesions,

work in synergism with these organisms and aid in their

establishment (25, 74, 75). Since B nodosus is the only

etiologic organism not freely available in the environ-

ment -- its only known habitat being the epidermal matrix

of the hoof (104), the spread of foot rot is contingent

upon the transmission of this organism by infected

animals.

Vaccination trials with preparations of B nodosus

have proved effective in producing resistance and/or

therapeutic value in sheep in Australia (26, 29, 30), New

Zealand (17, 89), and England (76). However, it has been

shown in two separate field trials that an Australian-

produced vaccine did not hold up under United States con-

ditions (61, 94). The reason for this lack of efficacy

of the vaccine has not been ascertained; however, it may
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be due to variation in serotype of B nodosus between the

vaccine strain, and the infecting field strain. Australian

investigators have classified B nodosus strains into at

least three serotypes according to their K antigens (31).

They have also shown that an outbreak of foot rot in vac-

cinated sheep was associated with a strain of B nodosus

serologically distinct from the two strains in the vaccine

(29), indicating that antigenic disparity between chal-

lenge and vaccine strains can be important. Later they

found that protection was not directly related to the

vaccine K antigen content. They demonstrated that Type A

vaccine protected sheep challenged with Type A and B

strains, and a bivalent vaccine containing both Type A

and C further protected against challenge with Type C

strain and an isolate with an untyped K antigen (32).

Heretofore, no determination of the serotypes of B nodo-

sus in the United States has been made.
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LITERATURE RE VIEW

This review will deal primarily with a history of

foot rot, culture procedures for B nodosus, and antimicro-

bial agents influencing growth of certain microorganisms.

A general review including pathology, serology, and con-

trol has been published (82).

History of Foot Rot

The contagious nature of sheep foot rot was first

recognized and demonstrated experimentally by Gohier in

France in 1808 (109). Because of important predisposing

factors that largely determine the disease incidence dur-

ing any one season, much controversy and doubt regarding

its contagious nature has ensued (14). The most important

predisposing factor appears to be moisture (38, 57); how-

ever, the mean ambient temperature must be above 10 C be-

fore foot rot will spread (38). Concentrating the flock

for night-time predatory control or housing ewes during

lambing season may significantly increase the spread of

this disease. Other factors proven or suspected of con-

tributing to the incidence of foot rot are alkaline soils

(53), breeds with finer wool (12, 66), diets deficient in

calcium, phosphorus and carotene (84), Strongyloides lar-

vae (7, 12) and injuries to the skin of the foot (caused
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by seeds and stones, for example), which provide portals

of entry for the infection (12).

Etiology of Foot Rot

In 1094 the causative agent of foot rot was thought

to be Fusobacterium necrophorum then known as Bacillus

necrophorus (64). Other names assigned to this organism

include Actinomyces necrophorus, Fusiformis necrophorus

and Sphaerophorus necrophorus (15). However, in 1935,

Beveridge (8) was unable to produce foot rot using F

necrophorum and concluded that it was not the primary

causative agent. In 1928 the spirochete, Treponema

podovis was proposed as being the causative agent (57).

Finally in 1938, Beveridge (9) suggested that his

"organism K", subsequently named Fusiformis (Bacteroides)

nodosus (12), was the primary causative organism. He was

able to cause only a mild foot rot infection with "organ-

ism K"; nevertheless, this was the first time that a pure

culture of one organism had been used to produce foot

rot. Beveridge believed at this time and in a later publi-

cation (12) that the organisms responsible for foot rot

were B nodosus and Spirochaeta penortha.

In 1962, Thomas (102) reported the experimental pro-

duction of foot rot lesions in sheep using pure cultures

of B nodosus and thus attributed the condition solely to
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this organism. However, in 1969, Egerton (25) and Roberts

(75) pointed out that Thomas had not excluded F necro-

phorum from the experimental environment. They demon-

strated that B nodosus and F necrophorum were the minimal

agents required for reproducing foot rot. Roberts (75)

observed that Corynebacterium pyogenes greatly enhanced

the initial establishment of the fastidious anaerobes B

nodosus and F necrophorum. He later demonstrated an in-

tricate synergistic mechanism between C pyogenes, B nodo-

sus, F necrophorum and motile fusiforms commonly present

in foot rot lesions (74, 75). Grishaev (40) on the other

hand demonstrated an antagonism between B nodosus and F

necrophorum in vitro as both the growth and protease pro-

duction of B nodosus were depressed when grown in mixed

culture with F necrophorum.

Of all the microorganisms involved in the aforemen-

tioned synergistic mechanism causing foot rot in sheep,

the only organism not freely available from the environ-

ment is B nodosus. Since the only known habitat of

B nodosus is the epidermal matrix of the hoof (104), and

the spread of foot rot is contingent upon the transmission

of this organism by infected animals, B nodosus has sub-

sequently become known as the specific etiologic agent of

sheep foot rot (15, 86). Even under the most favorable

conditions, B nodosus cannot survive away from the host for
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more than two weeks (10, 104); however, it does have the

ability to multiply slowly and remain alive for long

periods in the presence of limited nutrients (75).

Classification of Bacteroides nodosus

Bacteroides nodosus is the most recently approved

name of the organism discovered by Beveridge to be the

primary causative agent of foot rot in sheep. This name

is synonymous with "organism K" of Beveridge (9), Fusi-

formis nodosus (12), Ristella nodosa (15), and Fusobac-

terium nodosus (92). The genus Bacteroides has been re-

defined in the eighth edition of Bergey's Manual (1974)

upon the basis of its products in vitro (15). Ironically,

Beveridge (9, 12) would have originally placed the organ-

ism in the Bacteroides genus except that the validity of

Bacteroides was not generally recognized at that time.

Additionally, the organism did not meet all the criteria

of the definition of Bacteroides in the fourth edition of

Bergey's Manual published in 1934 (6) in that "good growth

on ordinary culture media" did not apply. Since Beveridge

(12) regarded the organism as a new species, he proposed

the name Fusiformis nodosus (Latin "nodosus" = knobbed).

Most of the workers publishing on sheep rot have used the

term "Fusiformis nodosus"; however, two New Zealand re-

searchers have consistently used the genus name
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"Bacteroides" (88, 89, 90) and this is also accepted as a

legitimate name by a recent Australian publication (31).

United States authors (15, 47, 58, 82, 92, 93, 94) on the

other hand have been more consistent in using the term

"Bacteroides" since Smith in 1955 (91) used this classifi-

cation. Throughout this thesis the primary causative and

transmitting organism of sheep foot rot will be referred

to as "Bacteroides nodosus".

Bacteroides nodosus is a large (0.5 - 1 I'm wide by

3 - 15 pm long with filamenteous forms up to 80 um in

length - [17, 90]), gram-negative rod having characteris-

tic nodules usually at both ends especially upon primary

isolation. It is basically non-reactive biochemically,

except that gelatin is completely liquified. It is non-

motile and non-spore forming and produces only minor

amounts of succinic, acetic, formic, lactic, and propionic

acids from peptone-yeast extract glucose cultures (15,

47). It is an obligate anaerobe and is routinely grown

in an atmosphere of 10% CO2 in H2 at 37 C.

Colonies grown on agar plates containing horse blood

are non-hemolytic, colorless, and usually have smooth

surfaces, although they occasionally have a ground-glass

appearance. Beveridge (12) felt that these "rough" colo-

nies may represent R variants, although subcultures gave

rise to a mixture of smooth and rough types, so that if
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variation had taken place it was not complete. Cooper

(17) felt that a "smooth" or "rough" colony was predeter-

mined by the degree of hydration of the agar surface upon

inoculation.

The colonies usually etch into the agar surface and

appear to be growing in a pit. Sometimes this depression

can be seen only when the colonies are removed. Atypical

colonies occasionally appear, either as flat swarming

colonies that do not etch the agar surface, or as pin-point

sized colonies that may or may not etch the agar surface.

Skerman (90) felt that both of these phenomena were due

to the degree of hydration of the agar surface -- swarming

resulting from excessive moisture, and the pin-point

colonies resulting from excessive drying. He also ob-

served that typical colonies resulted upon subculture of

these divergent colonies under more favorable conditions.

Isolation of Bacteroides nodosus

In his original work in Australia, Beveridge (12)

felt it was essential to incorporate 10% horse serum into

the agar medium for isolating and maintaining cultures.

He also noted that the addition of blood renders colonies

more readily detectable, and he was usually able to iso-

late B nodosus without difficulty at the first or second

attempt if good seeding material had been obtained.
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However, later attempts by Beveridge (13) to isolate B

nodosus from cases of foot rot in England proved unfruit-

ful for five years even though the organism was prevalent

in smears. He also was unable to reisolate a strain of B

nodosus from Australia after it was artifically mixed with

contaminating bacteria (13). Other investigators have

confessed similar failures using the initial isolation

procedures (55, 101).

Thomas in 1958 (101) reported the development of a

medium for the isolation and cultivation of B nodosus

which consisted of 2% ground sheep's hoof suspended in

Lemco agar. He observed that a filter paper placed in the

lid of the agar plate absorbed condensation, and facili-

tated isolation by controlling the swarming of contami-

nants. Two years later, Merritt (62) made a slight modi-

fication of Thomas' medium by reducing the ground hoof

concentration to 1%, and reported that this concentration

was more easily kept in suspension, and that growth of

B nodosus was comparable to that found with the 2% suspen-

sion. Merritt (62) also advocated the use of 0.25 M

sucrose as a diluent for the inoculum to control the

growth of contaminating organisms, and especially to pre-

vent swarming by the motile fusiforms which are usually

present.
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Since Merritt's work in 1960 (62), very few modifica-

tions or improvements in the isolation medium have been

published. Marsh and Claus (58), using a slightly modified

medium in which a trypsin digest of sheep hoof was sub-

stituted for the ground hoof, recovered only one isolate

of B nodosus after many attempts. Egerton (28) reported

that Eugon agar was an excellent medium for isolation of

B nodosus; it was as efficient as hoof agar and did not

readily encourage the swarming organisms. Skerman (90)

reported that he inoculated necrotic foot rot material

directly onto agar medium containing an increased (2.2%)

concentration of agar and a higher (8.0) pH. He included

a dessicant in the anaerobic jar to absorb condensation.

Results were comparable to those achieved by Merritt (62)

using the sucrose inoculum diluent.

Treatment and Control of Foot Rot

Numerous authors in various countries have shown that

it is possible to control and eliminate foot rot through a

rigorous program of hoof trimming and treatment together

with isolation or culling of infected sheep (10, 11, 12,

13, 18, 33, 46, 50, 51, 52, 56, 59, 66, 67, 72, 99, 109).

The economic practicality of foot rot eradication,

however, is a disputed factor. Littlejohn (50) maintained

that although the cost of eradication was considerable,
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the expense was justifiable and would not recur if in-

fected animals were not introduced into the flock.

Littlejohn also pointed out that feeder sheep which re-

covered from a case of foot rot had a considerably lower

weight average than those which had never contracted the

disease, further justifying the eradication expenses (51).

On the other hand, Snyder (93) held that eradication pro-

cedures were not economically practical in areas such as

western Oregon where there are prolonged periods of high

rainfall. He sited labor as the principal expense, com-

plicated by the fact that there is virtually no natural

immunity to foot rot. Roberts (77) contended that eradi-

cation is only practical in a flock where very few new

sheep are introduced.

Another important consideration is that goats and

cattle should be included in any control program. It has

been shown that goats are natural hosts for B nodosus in-

fection (12, 13). The role that B nodosus plays in foot

rot of cattle is not definitely known; however, it has

been recognized in many cases of bovine foot rot (1, 23,

65, 73, 78, 85, 107). In two cases (1, 107) it was demon-

strated that B nodosus was transmitted from cattle to

sheep; in another case (73) it passed from sheep to cattle.

Formalin and copper sulfate are two agents that have

consistently been used to control foot rot over the years
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(12, 49, 56, 66, 71, 72). Arsenicals have also been ad-

vocated, but their extreme toxicity and the difficulty of

safe disposal have limited their use (71, 97). The disad-

vantages of copper sulfate are that it stains the wool,

produces the risk of copper sulfate poisoning, and loses

its bactericidal effect when contaminated with feces (96).

Formalin, on the other hand, at a concentration as low as

2.5% does not lose any bactericidal effect when contami-

nated with organic matter (96), and is probably the most

widely used agent even today.

During the 1950's many researchers started looking

for other antimicrobial agents that might be administered

topically and/or parenterally to achieve a more economic

control of foot rot. Agents that have been tested with

varying degrees of success include: chloramphenicol (4,

22, 24, 42, 44, 54, 69, 79, 87, 95, 96, 100, 105),oxytetra-

cycline (22, 24, 43, 44, 100), penicillin (22, 24, 39, 41,

45, 67, 95), streptomycin (22, 24, 39, 41, 95), dichloro-

phen (45, 87), cetavlon (37, 105), tetracycline (39, 45),

chlortetracycline (45, 95), nitrofurazone (45), tylosin

(22, 24), erythromycin (16, 24, 39), and neomycin (24,

39). Polymyxin B (100) and sulfamethoxypyridazine (24)

were found to have little or no promise in treating sheep

foot rot.
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Chloramphenicol is generally accepted as the most ef-

fective topical agent with the additional advantages of

being stable in solution at ambient temperatures for at

least two years and not being inactivated by bacterial

enzymes or organic matter (95). One great disadvantage of

its general use, however, is its high cost compared to

formalin (49). All authorities on foot rot are agreed

that the medicinal agent is not as important as proper

paring of the infected foot prior to treatment (52).

In recent years vaccination has been studied as a

means of effective economical control. Field trials using

oil- and alum-adjuvanted preparations of B nodosus bac-

terins in Australia (26, 29, 30), New Zealand (89) and

England (76) generally showed the beneficial effects of

vaccination. Immunity against B nodosus infection was

rarely "all or none", but foot rot in vaccinated sheep

lasted a shorter time, was less invasive, and affected

fewer feet in vaccinates than in controls. Significant

therapeutic value resulting from vaccination has also been

noted (17, 26, 30. 89).

The relationship of the antigenic structure of B

nodosus to immunity is not definitely known; however,

Egerton et al. (29) referred to an outbreak of foot rot

in vaccinated sheep that was associated with a strain of

B nodosus subsequently shown to be serologically distinct
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from the two strains in the vaccine. It has also been

shown in two separate field trials in the United States

that Australian-produced vaccines were not efficacious

(61, 94) .

A diagnostic tool has been developed to positively

demonstrate B nodosus cells in smears from necrotic tis-

sue using fluorescein-labelled antibody (78). However,

since this preparation appears to contain antibody to

cell surface antigens which are present throughout the

species (78), it is of no value in distinguishing sero-

types. Therefore, in order to serologically type a strain

of B nodosus, it must first be cultured in the laboratory

and then serotyped. It has been shown that more than one

serological strain can be present concurrently (83);

therefore, it is advantageous to obtain several isolates

from each flock studied.

Selective Media

Selective media incorporating numerous antibiotics or

antimicrobial agents have been employed for the isolation

of gram-negative rods within the family Bacteroidaceae

including the genera Bacteroides, Fusobacterium and

Leptotrichia. Certain Bacteroides species will reportedly

grow well on agar media containing neomycin (35, 36),

kanamycin (35, 36, 92), vancomycin (35, 36, 92),
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paromomycin (35), phenethylalcohol (21) and sodium azide

(92). Bile at a 10% concentration will encourage the

growth of many Bacteroides (5, 92), but Skerman (90) re-

ported that bile did not increase the growth of B nodosus.

Representative Fusobacterium species will also grow on

media with the agents described above (5, 21, 35, 36, 92)

in addition to rifampin (36), brilliant green (5, 92),

and crystal violet (34, 92). Certain Leptotrichia will

grow readily on media containing crystal violet or

streptomycin (15).

Lincomycin, a relatively new antibiotic that was

introduced in 1965 (19), has been shown to be effective

against a number of bacteria including staphylococci,

pneumococci, lactobacilli, Bacteroides fragilis, Fuso-

bacterium necrophorum and certain streptococci, coryne-

bacteria, clostridia, Actinimyces and Nocardia (2, 3, 19,

48, 70, 81, 103, 106). Lincomycin is bacteriostatic and

inhibits protein biosynthesis (80). It appears to have

little effect on enterococci, meningococci, gonococci

and the majority of gram-negative bacilli (19, 68, 70).

Clindamycin, a derivative of lincomycin obtained by

chemical substitution of a chlorine atom for a hydroxyl

group of the parent compound (2), has been shown to be

significantly more inhibitory than lincomycin against
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certain Bacteroides, Fusobacterium and Clostridium species

(60, 81, 98, 106, 110).

Lincomycin has been used in selective media for the

isolation of Neisseria gonorrhoeae and Neisseria meningi-

tidis (68, 70). Researchers have used lincomycin at con-

centrations of 10 ug/ml, 5 ug/ml and 4 ug/m1 in combina-

tion with colistin; and at a concentration of 0.5 ug/ml

in combination with trimethoprim (68). It was felt that

the lower concentration of lincomycin could be used when

combined with trimethoprim because the two agents acted

synergistically on the gonococci. Although lincomycin

does not inhibit enterococci, most enterococci are highly

sensitive to trimethoprim (20, 68). Actually, trimetho-

prim inhibits the growth of a wide range of bacteria in

much lower concentrations than sulfonamides (20).
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The standard solid medium used in this study was a

formulation of Eugon agar. The medium consisted of the

following: 4.68% Eugonagar (Baltimore Biological Labora-

tory, Cockeysville, MD), 0.2% yeast extract (Pfizer In-

corporated, New York, NY) and 10% defibrinated horse

blood. The medium was aseptically dispensed in 12 to 15

ml volumes in 100 by 15 mm sterile plastic petri dishes

(Falcon Plastics, Oxnard, CA). The selective medium was

the standard medium with lincomycin (The Upjohn Company,

Kalamazoo, MI), at a final concentration of 1.08 lig/m1

added aseptically to the medium prior to pouring into the

petri dishes.

Early in the study a slight modification of the hoof

agar medium of Thomas (101) was also used. This medium

consisted of the following: 0.5% meat extract (Difco

Laboratories, Detroit, MI), 1.0% proteose peptone (Difco

Laboratories), 0.2% yeast extract, 0.5% sodium chloride,

1.5% agar ( Difco Laboratories), 1.0% ground sheep hoof

(ground using a Thomas Wiley F.R.I. Micro Model Laboratory

Mill with a number 40 mesh sieve, Arthur H. Thomas Com-

pany, Philadelphia, PA) and 10% defibrinated horse blood.

This medium was also dispensed in 12 to 15 ml volumes in
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100 by 15 mm sterile plastic petri dishes. Care was exer-

cised to keep the ground hoof in suspension by agitation

while the medium was poured.

The transport medium used predominately in this study

was a suspension of 0.34% Stuart Medium Base (Difco Labora-

tories) with 0.5% glycerol (J. T. Baker Chemical Company,

Phillipsburg, NJ). This medium was dispensed in 4.5 ml

volumes in one dram screw cap vials (Kimble Products,

Toledo, OH). Also used early in the study was a 1.41%

suspension of Transport Medium Stuart (Difco Laboratories).

This semi-solid medium was dispensed in 5.0 ml volumes in

13 x 100 mm test tubes (Kimble Products), fitted with

stainless steel closures (Bellco Glass, Incorporated,

Vineland, NJ).

Specimen Collection

Necrotic material was obtained from the feet of sheep

with clinical evidence of foot rot using a number 20 Bard-

Parker blade (Becton Dickinson and Company, Rutherford,

NJ). The specimen was immediately placed in the transport

medium and care was taken to reduce oxygen contact with

the specimen by allowing it to sink to the bottom of the

liquid medium or by forcing it into the semi-solid medium

with an applicator stick. The transport medium tubes with
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the samples were kept in a styrofoam-insulated cooler with

ice until they could be handled in the laboratory.

Evaluation of Foot Rot Lesions and Specimens

The system of Egerton et al. (27, 29) of assigning a

grade to each foot rot lesion was employed in this study

and is as follows:

A score of 1 indicated limited mild
interdigital dermatitis; 2, more exten-
sive interdigital dermatitis; 3, severe
interdigital dermatitis and/or under-
running of the horn of the heel and
sole; 4, as 3 but with the underrunning
extended to the walls of the hoof.

An evaluation was also placed on the condition of the

specimen upon collection. A score of "good" was assigned

to those samples that were moist, seemed to be in the

actively progressing stage and were collected with rela-

tively little fecal contamination. A specimen designated

"fair" was comparable to a "good" except that moderate

fecal contamination was present. A "poor" was assigned to

those samples which were suspected of having extensive

secondary bacterial and/or fecal contamination. A "bloody"

grade was assigned to those samples which were associated

with excessive bleeding and a "dry" grade to those that

were obtained from lesions that were apparently nearly

healed.
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Laboratory Procedure

The necrotic material was removed from the transport

medium and placed in a Tenbroeck tissue grinder (Belico

Glass, Incorporated, Vineland, NJ). Depending upon the

size of the sample, 0.5 to 2.0 ml of 0.25 M sucrose was

added before grinding. The diluted sample was then

streaked on approximately ten plates of the agar medium

selected and on a slide which was subsequently Gram

stained.

A filter paper was inserted in the lid of the inocu-

lated plates to absorb moisture and the plates were placed

in an anaerobic jar fitted with gas exchange valves

(Torsion Balance Company, Clifton, NJ or Baltimore Biolo-

gical Laboratory, Cockeysville, MD). Included in the

anaerobic jar was an open petri dish of anhydrous CaSO4

(W. A. Hammond Drierite Company, Xenia, OH) to further

absorb condensation and a sachet of cold catalyst --

palladium coated alumina pellets (Torsion Balance Com-

pany). The anaerobic jars were evacuated four times and

each time the atmosphere in the jar was replaed with 10%

CO
2

in H
2

gas.

After incubation at 37 C for four to six days, the

plates were removed from the anaerobic jars and examined

under a stereoscopic microscope at 14 X magnification
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with a fluorescent illuminator. Any B nodosus-like colo-

nies were Gram stained and transferred to fresh standard

Eugon agar plates. Confirmation of B nodosus colonies was

made on the basis of colony morphology, cellular morpho-

logy and Gram reaction. Any isolates of doubtful identi-

fication were additionally confirmed using the fluores-

cent antibody technique of Roberts and Walker (78) using

a commercial conjugate (Wellcome Research Laboratories,

Beckenham, England).

As soon as the purity of an isolate was assured,

colonies were suspended in 0.25 M sucrose and lyophilized

for further reference.

Selective Agents

Selected antibiotics and antimicrobial agents were

tested for their relative action upon B nodosus and the

associated flora of the sheep foot. Commercially prepared

sensitivity discs that were utilized included bacitracin --

2 units (Baltimore Biological Laboratory, Cockeysville,

MD -- hereafter referred to as BBL), cephaloridine -- 30

pg (BBL), clindamycin -- 2 pg (The Upjohn Company, Kala-

mazoo, MI), colistin -- 10 pg (BBL), doxycycline -- 5 pg

(BBL), furadantin/macrodantin -- 100 pg (BBL), garamycin --

10 pg (BBL), kanamycin -- 5 pg (BBL), lincomycin -- 2 pg

(The Upjohn Company), neomycin -- 5 pg (BBL), polymyxin
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B -- 50 units (BBL), sulfadiazine -- 150 ug (Difco Labora-

tories, Detroit, MI) and sulfamethoxypyridazine -- 0.25

mg (BBL).

Sterile blank discs (Difco Laboratories) were also

impregnated with various antimicrobial agents. The agents

with their resultant disc concentration were as follows:

brilliant green (National Aniline and Chemical Company,

Incorporated, New York, NY) -- 5, 50, 100 and 500 ug;

crystal violet (Difco Laboratories) -- 0.5 and 5 ug;

sodium azide (Eastman Organic Chemicals, Rochester, NY) --

50 ug, 500 ug, 1 mg and 5 mg; sodium desoxycholate (Difco

Laboratories) -- 50 and 500 lig; 50 and 500 ug discs of

sodium desoxycholate with added sodium citrate (J. T.

Baker Chemical Company, Phillipsburg, NY) -- 0.2 and 2 mg

respectively; sodium lauryl sulfate (Sigma Chemical Com-

pany, St. Louis, MO) -- 50 ug, 500 ug, 1 mg and 5 mg;

sodium taurocholate (Difco Laboratories) -- 50 ug, 500 ug,

1 mg and 5 mg and trimethoprim (Sigma Chemical Company) --

1.2, 2.4, 4.8, 12, 24 and 48 ug.

Agents were also tested by incorporating them into

the agar medium. The agents and their final concentration

in the medium were: lincomycin (The Upjohn Company) --

1.08, 1.56, 1.8 and 3.6 ug /ml; virginiamycin (Smith Kline

Animal Health Products, West Chester, PA) -- 1.0, 2.0,

4.0, 6.0 and 8.0 ug/ml; a 10.0% concentration of bile
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(Oxgall Difco Laboratories) and a 0.25% concentration

of phenethylalcohol (J. T. Baker Chemical Company).

Plates of standard medium were inoculated with stock

strains of B nodosus and sensitivity discs were placed on

the agar to determine the practicality of a specific agent.

When agents were incorporated into the medium, there was

no need for a sensitivity disc. If an agent inhibited the

extraneous (contaminant) anaerobic bacteria to a greater

degree than inhibiting B nodosus, it was further tested

by observing its action on a mixture of B nodosus and

contaminating organisms. Finally the antimicrobial agent

was tested by incorporated into a "selective" medium which

was inoculated with necrotic foot rot material in an

attempt to isolate B nodosus. Approximately ten plates

of the "selective" medium were inoculated along with about

ten plates of the standard medium devoid of any antimicro-

bial agents. In this way a comparison could be made be-

tween the "selective" and the non-selective media.
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RESULTS

Bacteroides nodosus Isolation Improvement

Initial isolation attempts of B nodosus by this labo-

ratory were virtually unproductive. After the first three

isolates were obtained, which took innumerable attempts,

the success rate was improved to approximately one isolate

in four attempts by placing the sample in the liquid

Stuart transport medium in the field and keeping it cool

until it could be handled in the laboratory.

The semi-solid Stuart transport medium was discon-

tinued as it yielded slightly fewer isolates and was more

difficult to prepare and handle than the liquid Stuart

transport medium.

Isolation of B nodosus was less successful in the

agar of Thomas, which included ground sheep's hoof (101),

than on Eugon agar. Therefore Eugon agar was adopted as

the standard medium. Trials to determine the possible en-

hancement of B nodosus growth by 1% ground sheep's hoof

in Eugon agar were conducted. As this addition encouraged

growth of swarming organisms making B nodosus isolation

more difficult, the ground hoof was henceforth deleted

from the medium.

The need for further improvements in the isolation

procedures became evident when the presence of B nodosus
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was demonstrated by Gram stains of necrotic material from

foot rot lesions in four flocks of sheep, but from which

repeated attempts to isolate B nodosus had all failed.

A pilot study was launched to determine the feasibi-

lity of including one or more antimicrobial agents in a

selective medium. Agents that have been used to treat

sheep foot rot were not included in this study as it was

assumed that they would inhibit B nodosus growth. Since

many bacteria associated with the foot rot lesion are un-

identified, no attempt was made to quantitate the resis-

tance or sensitivity of any specific organisms. B nodosus

or the contaminants were rated relatively as being resis-

tant, partially sensitive or sensitive.

The commercial antimicrobial discs tested against B

nodosus included: bacitracin, cephaloridine, clindamycin,

colistin, doxycycline, furadantin/macrodantin, garamycin,

kanamycin, lincomycin, neomycin, polymyxin B, sulfadia-

zine and sulfamethoxypridazine. B nodosus was susceptible

to all of these agents except lincomycin and sulfamethoxy-

pyridazine to which it was resistant and partially sensi-

tive respectively.

The sensitivities of B nodosus to the laboratory-

prepared antimicrobial discs are summarized in Table I.

Although the results were not as pronounced as with

lincomycin, they indicated that the agents brilliant green,
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Table I. Sensitivity of B nodosus and Extraneous (Contaminant)
Anaerobic Bacteria to Certain Antimicrobial Agents.

Antimicrobial Agenta B nodosus
b

Resistance
Susceptibility
of Contaminants

Brilliant green 50 pg

Crystal violet 0.5 pg

Sodium azide 500 pg

Sodium desoxycholate 50 pg ND

Sodium desoxycholate
with sodium citrate SO pg ND

Sodium lauryl sulfate 500 pg

Sodium taurocholate 1 mg ND

Trimethoprim 24 pg

a. Sterile blank discs were impregnated with specific concentrations
of the antimicrobial agent and placed on the surface of Eugon agar
plates inoculated with B nodosus or an extraneous (contaminant)
anaerobe pool.

b. Highest concentration disc at which B nodosus was resistant.

c. Susceptibility of contaminants at the highest concentration at
which B nodosus was resistant. Contaminants were a pool of
extraneous anaerobes isolated from cases of sheep foot rot.

P = Partially sensitive; R = Resistant; ND = Not done.

At the 500 pg/disc concentration, the following results
were obtained: sodium desoxycholate and sodium desoxy-
cholate with sodium citrate -- B nodosus was partially
sensitive and contaminants were sensitive, sodium
taurocholate B nodosus and contaminants were resistant.



29

sodium desoxycholate, sodium desoxycholate with sodium

citrate and trimethoprim could inhibit foot rot contami-

nants to a greater degree than inhibiting B nodosus.

Bacteroides nodosus and the contaminants showed similar

resistance to crystal violet, sodium azide, sodium lauryl

sulfate and sodium taurocholate at the levels tested.

Virginiamycin, phenethylalcohol and bile, when in-

corporated into the standard medium, exhibited no selec-

tion for B nodosus. Virginiamycin was found to completely

inhibit all growth of B nodosus at the low concentration

of 2 mg/m1 of standard media whereas a concentration of up

to 20 pg/m1 was suggested by the distributor (63). A

0.25% concentration of phenethylalcohol in standard media

was found to partially or completely inhibit all B nodosus

isolates tested whereas this concentration has been shown

to be effective in selecting for Fusobacterium necrophorum

(34). Bile, at a concentration of 10% in the standard

media, inhibited all growth of B nodosus whereas this con-

centration of bile has been shown to actually enhance the

growth of certain Bacteroides spp. (5, 92).

Lincomycin, of all the antimicrobial agents studied,

exhibited the most promise for effectively selecting B

nodosus from necrotic foot rot material. An artificial

mixture of B nodosus and contaminants isolated from a

case of foot rot was streaked onto Eugon agar and 2 pg
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lincomycin discs were placed on the inoculated surface.

After five days of anaerobic incubation at 37 C the plates

were examined and B nodosus colonies were found growing

close to the lincomycin disc whereas the contaminants

were inhibited (Fig. 1). Additional experiments indicated

that a more optimal concentration of lincomycin was 1 lig/

disc.

Concentrations of 1.8 and 3.6 jig lincomycin/ml were

incorporated into the standard medium for further testing.

Since even the 1.8 ilg/m1 concentration partially inhibited

stock isolates of B nodosus, the concentration of lincomy-

cin was diluted to 1.08 and 1.56 lig/ml. Stock cultures

were partially inhibited by the 1.56 lig/m1 concentration

but not inhibited by the 1.08 jig lincomycin/ml concentra-

tion. Subsequent trials with 1.08 ug lincomycin/ml of

the standard Eugon agar were performed on actual samples

of necrotic material from sheep foot rot to determine if

this concentration would select for B nodosus in its

natural environment. This concentration of lincomycin

effectively inhibited foot rot contaminants while allow-

ing B nodosus to grow (Fig 2).

Sixteen isolations of B nodosus were obtained from

31 samples of necrotic foot rot material when the selec-

tive medium with 1.08 jig lincomycin/ml was used (Table II)

-- a success ratio of approximately 1:2. This success
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Figure 1. Lincomycin sensitivity disc (1 pg/disc) on
Eugon agar inoculated with a pool of B nodosus
and extraneous (contaminant) organisms. Notice
the zone of inhibition of contaminant colonies
and the presence of B nodosus colonies (arrows)
within this zone close to the disc (D) (5.5X
original magnification).
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Figure 2. Typical morphology of B nodosus primary isola-
tion colonies (arrows) after incubation for
five days on Eugon agar with 1.08 1.1g of

lincomycin/ml (5.5X original magnification).



Table II. Isolation
Eugon Agar

of B nodosus from Foot Rot Lesion Specimens Using
with Lincomycin (1.08 pg/m1)or Eugon Agar

Specimen
Identification

B nodosus-like Severity of
Foot Rot
Lesionb

Condition
of

Specimens

Isolation of a nodo5ns
Isolate
Number

Cells in Gram
Stain of Specimen

a
Standard
Eugon Agar

Selective
Mediumu

IJ 918 4 poor -e +e OSU 26

IJ 060(1) 4 fair + OSU 27

IJ 060(2) 3 fair + OSU 28

IJ 222 - 4 poor -

AW 379 ± 4 fair + OSU 29

EL 467

EL 484 ±

4

4

good

fair + OSU 30

EL 528 ± 3 dry

EL 514 + 4 dry -

EL 474 4 dry -

JK 75(1) ++ 2 good - + OSU 31

JK 75(2) ++ 1 good + + OSU 32

CS 210 i 4 poor - -

CS 256(1) +++ 1 good + + OSU 33

CS 256(2) ++ 1 fair + + OSU 34

CS 315 ± 4 poor -

DG 635 ± 4 bloody



Table II Continued.

Specimen
Identification

B nodosus-like Severity of
Foot Rot
Lesion

Condition Isolation of a nodosus
Isolate
Number

Cells in Gram
Stain of Specimen

of Standard
Specimen Eugon Agar

Selective
Medium

DG 654 + 4 good + OSU 35

DG 718 t 4 fair + OSU 36

DG 999 - 2 good

VM 129 i 4 fair -

VM 132 - 2 fair

VM 195 +++ 1 good + OSU 37

AW 359 i 3 fair _

AW 415 + 4 bloody

EL 467 t 4 bloody + OSU 38

EL 496 i 4 good

EL 510 4 dry

CS 317 + 2 good + OSU 39

VM 36 ++ 2 poor - + OSU 40

VM 189 + 1 dry + OSU 41



Table II. Continued.
Footnotes

a. = No cells observed, t = some questionable cells observed, + = few cells observed, ++ = moderate
number of cells observed, +++ = many cells observed.

b. 1 = Mild, 2 = mild to moderate, 3 = severe, 4 = extensive. (See page 21)

c. Good = Clean, fair = moderate contamination, poor = extensive contamination, bloody = associated
with bleeding, dry = nearly healed. (See page 21)

d. Standard Eugon agar containing lincomycin at 1.08 pg/ml.

e. = B nodosus not isolated, + = B nodosus isolated.
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ratio was greatly influenced by the condition of the speci-

men from which isolation was attempted (Table III). In

contrast, three of the 31 samples were positive for B

nodosus growth on the medium devoid of lincomycin (Table

II) -- a success ratio of only 1:10.

Evaluation of the lacteroides nodosus Selective Medium

Experiments were conducted to determine the influence

of 1.08 ug of lincomycin/ml of medium on the growth of

B nodosus. Further, the possible beneficial influence of

a 2.2% concentration of agar as suggested by Skerman (90)

was studied. In each of two trials B nodosus cultures

were diluted until there was a countable number of colo-

nies on each plate. Results indicated that lincomycin at

the 1.08 pg/m1 concentration in standard Eugon medium

containing 1.5% agar inhibited the growth of B nodosus

approximately 1.5-fold relative to the standard Eugon

agar medium without added lincomycin (Table IV). The com-

bination of 2.2% agar concentration and 1.08 ug lincomy-

cin/m1 in the standard medium reduced the number of colo-

nies five- to six-fold relative to similarly inoculated

plates of standard Eugon agar medium without lincomycin.

Experiments were also set up to determine if clindamy-

cin (a derivative of lincomycin) or trimethoprim could be

utilized in place of, or together with, lincomycin in a
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Table III. Effect of Severity of Foot Rot Lesion and
Condition of Specimen Cultured on Isolation
of B nodosus.

Grade
of

Lesions

Condition
of

b
Specimen

Number of
Positive
Cultures

Number of
Negative
Cultures

Percent of
Positive
Cultures

1

good

fair

dry

3

1

1

0

0

0

100%

good 2 1

2 fair 0 1 60%

poor 1 0

fair 1 1

3
poor 0 1

33.3%

good 1 2

fair 4 1

4 poor 1 3 38.9%

bloody 1 2

dry 0 3

a. See Table II, footnote b.

b. See Table II, footnote c.



Table IV. Growth of B nodosus on Eugon Medium with and
without Lincomycin (1.08 ug/m1) and with
Different Agar Concentrations.

38

Inoculum
a

Number Eugon Medium
Plate 1.5% Agar 2.2% Agar
Inoculated without with without with

Lincomycin Lincomycin Lincomycin Lincomycin

A 2 67-77
b

45-65 80-93 11-13
72 65 87 12

B 2 90-97 41-54 90-121 11-23
94 48 106 17

a. A = Mixture of B nodosus isolates OSU 10 and OSU 17 suspended
in 0.25 M sucrose, B = OSU 33 suspended in 0.25 M sucrose.

b. Number of colonies per plate: numerator = range, denominator =
mean.

Table V. Effect
Discs
(Contaminant)

of Lincomycin and Clindamycin Sensitivity
on Growth of B nodosus and Extraneous

Anaerobic Bacteria.

Culture Number of
Platesa

Lincomycin
b

Clindamycin
b

B nodosus
c

7

4

0-12
d

18-19
d

Contaminants
e

7

8

T

18

15

15

a. Standard Eugon Agar inoculated with B nodosus or extraneous
(Contaminant) anaerobe pool.

b. 2 ug/disc courtesy of The Upjohn Company.

c. Seven isolates obtained from cases of sheep foot rot.

d. Zone of inhibition in mm: numerator = range, denominator = mean.

e. Extraneous anaerobic bacteria isolated from cases of sheep foot rot.
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selective medium. Results indicated that clindamycin would

not be effective in selecting for B nodosus as it in-

hibited the B nodosus strains tested more than it in-

hibited the contaminants (Table V). Trimethoprim on the

other hand could possibly be used in conjunction with

lincomycin in a selective medium as 24 pg discs of tri-

methoprim, although not inhibitory to the B nodosus iso-

lates tested, did inhibit certain contaminants that were

resistant to 2 pg discs of lincomycin (Table VI).

Table VI. Relative Sensitivity of B nodosus and Extraneous
(contaminant) Anaerobic BaaTiTig-to Lincomycin
and Trimethoprim.

Culture Lincomycina Trimethoprimb

B nodosusc pd R

EA le S P

EA 2 and 3 R P

EA 4, 5 and 6 S R

a. 2 pg/disc courtesy of The Upjohn Company.

b. Sterile blank disc impregnated with 24 pg of trimetho-
prim.

c. Three isolates obtained from cases of sheep foot rot.

d. P = Partially sensitive; R = Resistant; S = Sensitive.

e. EA 1-6 = Extraneous anaerobes isolated from cases of
sheep foot rot.

An experiment was conducted to determine whether the

lincomycin medium should be used for routine maintenance

of B nodosus in the laboratory or exclusively for isolation



40

attempts. All of the stock cultures of B nodosus were con-

secutively subcultured four times on the 1.08 ug lincomy-

cin/m1 medium. A partial sensitivity of some B nodosus

strains to the 1.08 ug/m1 concentration of lincomycin was

demonstrated (Table VII).



Table VII. Relative Growth
Consecutive
Lincomycin

of B nodosus Isolates during
with
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Subculture on Eugon Agar
(1.08 pg/m1).

Isolate
Subculture

Isolate
Subculture

1 2 3 4 1 2 3 4

Type Aa +
b + + OSU 20 + + + +

Type B +++ +++ +++ +++ OSU 21 +++ +++ +++ +++

Type C +++ +++ +++ +++ OSU 22 + + + +

OSU lc +++ +++ +++ +++ OSU 23 + ++ +++ +++

OSU 2 ++ ++ ++ +++ OSU 24 +++ +++ +++ +++

OSU 3 +++ +++ ++ +++ OSU 25 + + + +

OSU 4 +++ +++ +++ +++ OSU 26 + + + +

OSU 5 ++ +++ +++ +++ OSU 27 + + + ++

OSU 6 ++ +++ +++ +++ OSU 28 +++ +++ +4+ +"
OSU 7 +++ +++ ++ +++ OSU 29 + +++ +++ +++

OSU 8 +++ +++ +++ +++ OSU 30 + +++ +++ +++

OSU 9 +++ +++ +++ +++ OSU 31 +++ ++ +++ +++

OSU 10 +++ +++ +++ +++ OSU 32 +++ +++ +++ +++

OSU 11 + +++ +++ +++ OSU 33 +++ +++ +++ ++

OSU 12 +++ +++ ++ +++ OSU 34 +++ +++ +++ +++

OSU 13 +++ +++ +++ +++ OSU 35 +++ + +++ +++

OSU 14 +++ +++ +++ +++ OSU 36 ++ +++ +++ +++

OSU 15 ++ +++ +++ +++ OSU 37 + +++ +++ +++

OSU 16 + + +++ +++ OSU 38 ++ ++ +++ +++

OSU 17 +++ +++ +++ +++ OSU 39 + +++ +++ +++

OSU 18 +++ +++ +++ +++ OSU 40 +++ +++ +++ +++

OSU 19 + + + + OSU 41 + + + ++

a. Types A, B, & C were supplied from Australia by Dr. J. R. Egerton
and described in reference 31.

b. + = Poor but definite growth, ++ = moderate growth, +++ = heavy
growth.

c. All OSU numbers are isolates obtained by this laboratory from
sheep in Oregon.
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DISCUSSION

Bacteroides nodosus Isolation Procedures

The reasons for the initial failures to isolate B

nodosus from active cases of sheep foot rot are not de-

finitely known; however, it is suspected that they were

at least partially due to an unfavorable atmospheric en-

vironment created by contaminating organisms present in

the specimen. This conclusion is derived from the fact

that stock cultures of B nodosus failed to grow or grew

very poorly when inoculated onto fresh plates and incu-

bated in anaerobic jars with other plates that had been

freshly inoculated with certain specimens of necrotic foot

rot material. Associated with this apparently toxic at-

mosphere was an obnoxious odor and a distinct change in

the appearance of the agar plates -- the agar was

darkened and resembled the appearance of the chocolate

blood agar medium. Bacteroides nodosus colonies were

never observed growing on any of these discolored plates.

The 1.08 ug/ml concentration of lincomycin used in the

selective medium herein discussed prevented this problem.

No lincomycin selective medium plates ever developed this

dark appearance when care was taken to incubate only

lincomycin plates (i.e. not combined with standard plates)

in any given anaerobic jar.
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Variation in B nodosus colony morphology is common

and this may have also contributed to the initial low re-

covery rate, as only colonies showing characteristic

morphology were recognized. Some B nodosus colonies con-

sist of a central, raised cone lying within a definite

circular pit in the agar (Fig 3a). Other colonies are

similar except that the pit is extended and a thin veil

of growth covers the pit and extends beyond the pit in

the form of a halo (Fig 3b). Frequently this veil of

growth virtually obscures the pit (Fig 3c). Other colo-

nies do not exhibit even a hint of a pit in the agar un-

til the colony itself is removed (Fig 4a, b, c, and d).

Occasionally, swarming, non-etching colonies that consist

of thin, spreading growth and lack of central features

are encountered. The morphology of cells grown on agar

media show a variation from short, somewhat pleomorphic

cells (Fig 5a) to more elongated cells, some of which

have terminal nodules (Fig 5b). Occasionally filamentous

cells are encountered (Fig 5c) which, upon subculture

usually yield B nodosus organisms of more typical

morphology.

The success rate for isolating B nodosus strains from

cases of foot rot was approximately one isolate in four

attempts prior to incorporating lincomycin into the cul-

ture medium. After the lincomycin use was initiated, the
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Figure 3. Colonies of B nodosus grown on Eugon agar with
1.08 lig of lincomycin/ml for five days, showing
various morphological colony types (5.5X origi-
nal magnification).



a b

d

Figure 4. Colonies of B nodosus grown on Eugon agar with
1.08 pg of lincomycin/ml for five days. Figures
a and c show colonies that do not appear to etch
the agar surface. Figures b and d show the
etching of the agar surface after the colonies
shown in a and c were removed (5.5X original
magnification) .
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Figure 5. Cellular morphology of representative B nodosus
isolates grown on Eugon agar. The filamentous
cells of figure c usually return to a morpho-
logy more like figures a and b upon subculture
(Gram stain, 800X original magnification).
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success rate was improved to one B nodosus isolate in two

attempts (Table II). Four flocks of sheep in which all

previous attempts to isolate B nodosus had failed were

being cultured at the time of this study. The foot rot

cases in these flocks were not good lesions for isolation

of B nodosus, thus it seems reasonable that a better suc-

cess rate could have been accomplished by selecting bet-

ter candidates in random flocks. For example, if one

flock was eliminated from Table II (all those specimens

identified by an EL), a new result of 14 isolates from 23

attempts would have been accomplished -- a success ratio

of approximately 2:3.

The results of this study are in agreement with

Merritt (62) in that the best results are obtained when

necrotic material is collected from actively progressing

cases of foot rot and only those samples are cultured

which demonstrate in Gram stains the presence of numerous

bacteria with the morphological appearance of B nodosus.

However, it is not always possible to obtain the "perfect

sample" and very often it is necessary to accept what

would be considered a poor sample.

As noted in Table II, there were only two samples in

the study considered to have a relatively high number of

B nodosus-like cells in the Gram stained smears of the

necrotic material. While both of these samples yielded



48

isolates, one of them had colonies only on the selective

medium and was negative for B nodosus growth on all stan-

dard medium plates. Four more samples were considered to

have moderate numbers of B nodosus-like cells in the Gram

stains of the necrotic material. All four of these sam-

ples also yielded isolates; however, only half of them had

colonies on the medium without lincomycin. Extremely

large numbers of B nodosus colonies (approximately 120

colonies on one primary isolation plate) were present on

the selective medium plates inoculated with the specimens

yielding OSU isolates 31, 32, 33 and 34. However, even

with these specimens the number of colonies on the media

without lincomycin ranged from zero to three colonies per

plate.

The four "problem flocks" referred to earlier are

represented in Table II by those specimens identified by

IJ, AW, EL and DG. Twenty-seven unfruitful attempts to

isolate B nodosus from these flocks had been previously

made; 12 of the Gram stains of the necrotic material from

these previous attempts had revealed B nodosus-like cells,

indicating that B nodosus was present and could have been

isolated. After incorporating lincomycin into the selec-

tive medium, 19 more specimens were collected from these

same four flocks and cultured on both standard and selec-

tive media. Of these 19 samples, all were negative on
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the standard medium whereas eight were positive on the

selective medium. It is interesting to note that none of

these samples were considered to have either a moderate

or heavy number of B nodosus-like cells in the Gram stain

of necrotic material. If the advice of Merritt (62) had

been strictly heeded and no cultures of the specimens

attempted, no isolates would have been obtained from these

four "problem flocks".

If only those samples in which typical B nodosus

cells were observed were cultured (those designated +),

only one isolate would have been obtained from one of the

four "problem flocks". If on the other hand, all samples

in which typical or suspicious cells were observed (those

designated ±) had been cultured, at least one isolate

from three of the four "problem flocks" would have been

obtained. By culturing all specimens, including those in

which no typical or even suspicious cells were observed

(those designated -), at least one B nodosus isolate was

obtained from each of the "problem flocks".

As noted in Table II, many of the samples were taken

from lesions that had progressed beyond the optimum time

for B nodosus isolation, i.e. progressed beyond the grade

"1" or "2" during which time B nodosus is actively pro-

liferating and secondary bacteria are at a minimum. Al-

though the number of specimens may not be adequate to
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support definite conclusions, it is interesting to note

that 100% of the samples from grade "1" lesions yielded

isolates even when the sample collection was not rated

as "good". This, together with the 60% success rate from

grade "2" lesions, yielded an 80% success rate for all

samples collected from "1" or "2" grade lesions (Table

III). On the other hand, the combined success rate for

samples from "3" and "4" grade lesions was only 38%

(Table III), indicating that at this stage of infection,

B nodosus is present in relatively low numbers and that

secondary bacteria are proportionately numerous. The in

vitro isolation of B nodosus from older lesions is a vast

improvement over a previous method, which consisted of

inoculating the interdigital skin of a sheep with necro-

tic material and then attempting B nodosus isolation from

the early lesion in this newly infected animal (23).

Attempt to Improve the Bacteroides nodosus Selective
Medium

The experiments that were conducted to determine if a

higher concentration of agar, as suggested by Skerman

(90), could be incorporated into the lincomycin selective

medium to further select for B nodosus are recorded in

Table IV. The results of these trials indicate that the

2.2% agar together with lincomycin have an inhibitory

effect on B nodosus; therefore, it appears that their
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combined use would not be advantageous in isolating B

nodosus from foot rot lesions. However, it should also

be noted from Table IV that the 2.2% concentration of

Eugon agar without lincomycin appeared to enhance the

growth of B nodosus. It would therefore seem prudent to

incorporate a 2.2% concentration of agar into the stan-

dard media inoculated in parallel with the selective

media. This would enhance any possible lincomycin-

sensitive B nodosus strains that would be inhibited by

the selective medium.

This study generated some evidence that antimicro-

bial agents other than lincomycin, particularly tri-

methoprim, may also be effective in selecting for B

nodosus from necrotic foot rot material. The author is

presently concentrating on a study to determine the

feasibility of including trimethoprim into the lincomycin

selective medium.

Susceptibility of Bacteroides nodosus Cultures to
Lincomycin

All stock cultures of B nodosus were subcultured on

the selective medium four times in succession to determine

their sensitivity to 1.08 ug lincomycin/ml of medium. The

results indicated that some strains are partially in-

hibited by this concentration of lincomycin; however, even
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though OSU isolates 26, 27, 29, 30, 37, 39 and 41 appeared

to be partially inhibited by lincomycin (Table VII), they

were in fact isolated on the selective medium (Table II).

Thus the inhibitory effect of lincomycin on these strains

was not great enough to completely inhibit their growth on

the selective medium. In view of this, routine mainte-

nance of B nodosus stock cultures and laboratory studies

with B nodosus should be conducted on media devoid of

lincomycin.
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SUMMARY AND CONCLUSIONS

1. Lincomycin, at a 1.08 pg/m1 concentration in Eugon

agar, effectively increased the success of isolation

of B nodosus from necrotic foot rot material by in-

hibiting many contaminants ordinarily associated with

foot rot lesions. The inhibition of the contaminat-

ing organisms that apparently produced a toxic atmos-

phere for B nodosus in the anaerobic jar was especial-

ly important.

2. Although the 1.08 lig/m1 concentration of lincomycin

partially inhibited some strains of B nodosus, this

inhibition was considered insignificant since many of

the strains demonstrating this partial sensitivity

were in fact initially isolated on the 1.08 ug

lincomycin/ml medium from cases of foot rot.

3. The highest ratio of B nodosus isolation was from the

more mild cases of foot rot. However, the use of

1.08 pg lincomycin/ml in the standard medium made it

possible to secure B nodosus isolates from the most

advanced cases of foot rot even when low numbers of

B nodosus-like cells were observed in Gram stains of

the necrotic material.

4. An increased concentration of agar (2.2%) with lincomy-

cin (1.08 lig/m1) greatly reduced the numbers of
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B nodosus colonies on a given plate relative to the

1.5% agar concentration without lincomycin. However,

2.2% agar in medium without lincomycin showed an en-

hancement of B nodosus colony formation as compared to

the standard 1.5% agar concentration.

5. Clindamycin, although derived from lincomycin and com-

monly used in lieu of lincomycin, did not appear to

be selective for B nodosus.

6. Results from this study indicate that incorporation

of trimethoprim along with lincomycin in a selective

medium might further select for B nodosus.
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