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1
INTRODUCTION

Bovine brucellosis is a disease caused by the microorganism,

Brucella abortus (@, abortus) and results in a significant economic
loss to livestock producers due to abortions, infertility and reduced
milk production. Brucellosis is also a public health problem because
it can be transmitted to man by consumption of infected milk or milk
products or exposure to infected materials {15, 60). At the present,
a high priority program in the Animal and Plant Health Inspection
Service of the U, S, Department of Agriculture is the eradication

of bovine brucellosis. Accurate diagnosis of infected animals is
essential in an eradication program. This is accomglished by both
serological and bacteriological methods.

Several servlogical tests are widely used for the identification
of infected animals; however, they have limitations. One of the main
problems with these tests is that they are unable to differentiate
between vaccinated animals and those infected with a fleld strain of
Bxgpella. Also, there are reports of sexolpgically negative animals
which were found to be shedding Brucella.

The isolation and biotyping of Brucglla from infected animals is
used in epidemiological studies, adult vaccination programs, research
projects and identifying carrier animals in problem herxds. Luchsinger
et al. call attention to the importance of determining the bilotype of
the infecting Brucella organism in the eradication program which is
used in Minnesota (43). This is helpful in the epidemiological study

of a newly infected herd. A variety of animal naterials may be examined
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for the presence of Brucella, some of which are milk, tissue, vaginal
discharge and aborted fetal material.

Diagnosis of brucellosis by bacteriological techniques is not with-
put its limitations. A lower than expected isolation rate of Brucdella
may -be due to several causeé? 1) low mumber of organisms present in
chronic infections, 2) intermittent shedding of Brucella, and 3)

. overgrowth of the isolation medium by non-brucella organisms.

Milk is a good source for isolating Brucella because the micro-
organism ié often shed in the milk and it is easy to collect: One of
the problems with milk samples is that they often contain more non-
brucella-organisms than do other types of samples such as tissue,
therefore requiring a selective medium for the isolation of Brucella. .
?he shedding of Brucella in milk, ease in obtalning samples and the con-
tamination problem are the reasons that milk was used“iq this pro ject.

The objectives of this research were: 1) to develop an improved
isolation medium for Brucella from milk samples, 2) to develop a
medium which can control the growth of non-brucella organisms by the
addition of various antimicrobial agents, and 3) to compare the effi-
ciency of such a medium to three media presently being used for the
isolation of Brucells from milk samples.,

This thesis is divided into two related parts:

1) Development and evaluation of a new selective medium for the

isolation of Brucella from milk samples.

2) Comparison of “the new selective medium to three established

media,
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LITERATURE REVIEW

A historical review

The Brucella organism was first deseribed by Sir David Bruce in

1887 and referred to as Micrococcus melitensis (11). He isolated the

organism on a peptone-beef infusion agar medium from the spleens of
soldiers who had died of Malta fever. Bruce described various
characteristics of the organism and was able to reproduce a similar

disease in morkeys (12).

. Brucella abortus (Bacterium abortus) was first described by Bang
in 1897 as the agent which caused epizootic abortion in cattle (5).
He isolated the organism from uterine exudate and fetal tissue on a
serum-gelatine agar medium. By injecting this orgénism,into pregnant
cows, he was able to induce abortions. In 1906, Bang reported various
;outeé of infection, which were the vagina, blood vascular system and
the alimentary tract (6). He recommended the segregation of the
infected apimals and the disinfection of the site as the main proce-
dures for preventing the spread of brucellosis. These procedures are
still followed ‘today,

EBvans, in 1918, determined that the organisms described by Bruce

(Micrococcus melitensis) and Bang (Bacterium abortus) were very closely

related and should be in the same gerus (21). She recommended changing

the name of Micrococcus melitensis to Bacterium melitensis. The genus

name was later changed t6 Brucella in honor of Sir David Bruce.
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Tsolation of Brucella from bovine milk

Brucella was first isolated from milk by Schroeder and Cotton in
1911 (57). They discovered lesions in the spleens of guinea pigs which
had been injected with milk from cows suspected of having tuberculosis.
They isolated a gram negative coccobacillus which was identified as the
organism which causes contagious bovine abortion. They also noted that
infected cows could shed Brucella in their milk for several years.
Fabyan confirmed the findings of Schiveder and Cotton by isolating
Brucella from the milk of two cows (22). One cow had aborted at 8
months gestation and the other had normally calved 11 months previously.

In 1913, Cotton reported the isolation of Brucella from 18 out of
19 cows (18). Fifteen of these shedders had aborted. Some of these
COWS Had shed Brucella in their milk continucusly for at least 43
years ﬁhile others shed intermittently. Thompson in 1934 studied 10
"carrier" animals which showed no clinical symptoms of brucellosis
and were high milk producers (62). By culturing at 30 day intervals
for an entire lactation period, he found 8 out of 10 cows shed
‘Brucella constantly.

Gilman correlated the agglutination titer of milk with the presence
of Brucella organisms (29). He isolated Brucella from 53.7% of the
quarters which had a titer of 1:80 or higher. The study also revealed
that infected cows did not necessarily shed Brucella from all four
quarters, Thomﬁson studied the shedding patterns of Brucella of indi-
vidual quarters of infected cows {63). He found that B. abortus may

localize in one quarter of the udder, usuvally the right hind, and be
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éqntinuously shedding in the milk. He recommended culturing individual

quarter milk samples to prevent the dilution factor which occurs with
composite samples.

Caldwell et al. conducted a study on an infected herd consisting
of 86 vaccinated cows and 77 non-vaccinates (14). They noted a corre-
lation between blood serum titers and the presence of Brucella in milk.
They isolated Brucella from the milk of 23.6% of the cows which showed
agglutinins in the blood serum, In 1960, Morgan and McDiarmid studied
the excretion of Brucella in the milk from 45 experimentally infected
cows of which 29 were vaccinated and 16 were not (47). On the basis
of weekly cultural examinations during the first lactation period fol-
lowing challenge, intermittent shedding was observed in all except five
vaccinated cows which remained negative throughout the testing period.
Another 10 cows from an earlier experiment that were in their second
lactation period, were examined and nine were still shedding Brucella.

In 1954, Huddleson and White isolated B. abortus, biotype 2 from
milk (36). They reported that it was more virulent than B. abortus,
biotype 1 since it produced macroscopic inflammatory changes in 'hhe'(

udder vhich are not obsexrved in biotype 1 infections.

Isolation methods

From 1911 through about 1932, the usual method of ifolating Brucella
from milk was by gulnea pig inoculation. Smillie, in 1918, impﬁoved
the guinea pig method of isolating Brucella by determining the optimum
incubation time (59). The guinea pigs were necropsied at varlous time

intervals following inoculation in order to determine the mumber of
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‘Brucella organisms present and the visibility of lesions. Fitch and
Lubbehusen used guinea pig inoculations to compare the isolation
efficiency when either whole milk oxr milk sediment was used as inocu-
lum (26). Although 43.2% of the isolations were made from the milk
sediment, neither type of inoculum yielded Brucella isolations from
all the known shedders.

In 1920, Huddleson developed a selective medium which had an
isolation rate comparable to that of the guinea pig method as cited by
Robertson et al. (53). In 1932, Henry et al. compared the isolation
efficienﬁy of a direct culture method to guinea pig inoculation (32).
They found the guinea pig method was better although it was more expen-
sive and required a greater time interval than the direct culture method.
These woxkers suggested that the direct culture method could supplement

the guinea plg procedure.

Dé@elopment of baszl media

Bruce (11) first isolated B. meli%ensié on a peptone-beef infusion
‘égaf”ﬁedium'and'Bangf(5) isolated B. abortus on a semi-solid gelatin
agar containing 3% serum. Schiveder and Cotton used an agar contain-
Engi&% glycerin and 5% ox bile ‘to isolate B. abortus from;guinea pig
Epieens (57). These were the first media used to grow Brucella.

~ According to Robertson et al., a medium developed by Stafseth in
1920, which was a spleen and liver infusion agar enriched by the ad-
ﬁition of 1% glucose or starch, was the basis of a selective medium
developed later (53). During World War I, the vaxriability in quality

of commercial peptones and meat infusion broths prompted ‘studies into.
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the use of peptic and tryptic digest media. This research developed
the ]:ivef digest infusion agar widely used until the deévelopment of
serum-dextrose agar. In 1937, Gould and Huddleson prepared a peptone
from a pancreatic digest of casein which gave satisfactory results for
the growth of Brucella as cited by Robertson et al. (53).

In 1941, Ardrey studied the effect of peptones on the growth of
Brucella (2). He compared four peptones at various concentrations
to determine their growth promoting properties. He found the addition
of more than 0.5% peptone to beef liver infusion agar retarded the
growth of Brucella. He also compared a commercial agar (tryptose
agar) and found it to be highly satisfactory as a basal medium.

Gerhardt and Wilson developed a simple chemically defined medium
for the growth of B, abortus, strain 19 (28). Their medium consisted
of mineral salts, four accessory growth factors, lactate, glycerol and
DL a.spa.ra.gine. They evaluated the medium for its ability to support
all Brucella spp. by testing it with 28 different isolates. All
except two CO, dependent B. abortus grew on the medium. Sanders et al.
developed a chemically defined medium for B. nelitensis which con-
tained six amino acids, _glucose, four inorganic salts ’a.nd. two 'vitamins
(56). This medium supported the abundant growth of B. nelitensis but
moderate to poor growth for B. suis and B. abortus.

The chemically defined media were useful in determining the
nutritiohal requirements of Brucella. In 1958, Gerhardt reviewed the
literature and concluded that the Brucella spp. have basically simple

mutritional nheeds but are suscepitible to certain inhibitory and toxic
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substances such as fatty acids and elementary sulfur (27).
Since chemically defined media were not suitable for isolating
Brucella species from animals, imprdvements of undefined media were

investigated. Huddleson studied the various factors which affect the

2
concentration influenced the growth of Brucella (33). The growth of

growth of Brucella. He found the pH level (7.4 - 7.5) and the CO

. B. abortus, biotype 2 was enhanced by the addition of killed bacterial
cells (2 x 10° per ml), aged blood serum (0.2%), crystalline serum
albumin (0.02%) or Tween ﬁo (0.12) (33, 34, 35).

Pacheco and DeMello, in 1950, compared various commercial broths
and digested media which were made from bovine heart, placenta, liver
and. spleen {50). They found that the dextrose tryptose broth and
veal- infusion broth were as good if not better than the digest media
in supporting the growth of Brucella., The addition of 5% horse serum
to either medium improved their efficiency as an isclation medium.

The joint FAQ/WHO expert committee on brucellosis, in their 1964
report, recommended ‘the use of five media {serum dextrose agar; serum
potato, infusion agar, trypticase soy agar plus serum, tryptose agar
plus serum and sheep blood a,gar) for the basal media for the growth
and isolation of Brucella (38). 1In 1975, Alton et al. recommended the
use of serum-dextrose agar, serum-tryptose agar and serum-trypticase--
:soy é;ga.r;__‘a,s the best non-selective basal media (l) They also listed
nutﬁént agar, glycerol-dextrose (2:1) agar and potato agar as good
ba.sa.l- media.



Selective media

One of the advantages of guinea pig inoculation as a method of
detecting Brucella sp. in specimens collected from infected hosts is
the ability of the animal to destroy any contaminating organisms while
allowing the Brucella to grow and produce lesions. By contrast, the
culture media was often overgrown Ly the contaminanits thus preventing
the isolation of any Brucellae which might be present. A selective
medium which would control the growth of non-brucella organisms would
clearly have an advantage over the costly and time-consuming guinea pig
method. In 1920, Huddleson developed a liver infusion agar containing
gentian violet (1:10,000) which was comparable to the isolation rates
from milk samples uéing guinea pig inoculation as c¢ited by Robertson
et al. (53). Gould and Huddleson later modified the medium to contain
a 1:200,000 dilution of gentian violet as cited by Robertson et al.
(53). It wasn't until the general availability of antibiotics increased
that numercus selective media were developed.

Elbexg et al. in 1946, developed a medium for the isolation of
B. suls (19). This medium consisted of a tryptose agar base to which
was added 0.025 mg/ml of tyrothricin and 0.0125 mg/ml sodium azide.

In 1951, Felsenfeld et al. developed a selective medium for the
isolation of Brucella from chicken faeces by using circulin, polymyxin B
sulfate, bacitracin and sulphadiazine in a tryptose agar base as previ-
ously cited (42, 44, 53). Kuzdas and Morse (1953) developed a selective
medium which became the basis for several media formulated later (42).

They added polymyxin B sulfate (6 units/ml), cycloheximide (0.1 mg/ml),
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‘bacitracin (25 units/r‘nl),-circulin (15 units/ml) and crystal violet
‘.(1.l+‘ mg/1l) +to albimi brucella agar.

I-n 1955, Mair developed a selective medium for the isolation of
Brucella from milk (44). This medium contained polymyxin B sulfate,
penicillin, cycloheximide, horse blood and gentian violet. He mmpé.red
the selective medium to guinea pig inoculstion and found the isolation
rates for both were similar. Morris (1956), by comparing the ability
of several basal media to support the growth of Brucella, developed a
new selective medium (48). To either tryptose agar or Hartley digest
agar he added S-nitrofurfurylmethyl ether, bacitracin, polymyxin B and
cycloheximide.

Most of the selectivé media developed would not support the fastid-
ious B, abortus, blotype 2 strains. Huddleson had reported that this
strain required extra additives to the medium {33, 3%, 35). 1In 1958,
Jones and Morgan addressed the problem of isolating B. abortus, biotype
2 by first evaluating basal media and then basal media plus antimicro-
bial agents (39). They reported that serum-dextrose agar containing
bacitracin, polymyxin B and cycloheximide wWas the most effective nediun
for the isolation of B. abortus, biotype 2 from contaminated sources.

Mérgan_ (1960) compared several previously described selective
‘medié. (46). Fz_pm his comparative study, he arrived at several conclu-
slonst 1) although Tween 40 could replace serum in basal medium for
the growth of B. abortus, biotype 2, it could not do so in the presence
of antimicrobial agents, 2) the addition of ethyl violet to serum-

dextrose agar inhibited the growth of B. abortus, biotype 2 and adversely
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:é.:t;it‘écted'some strains of B. melitensis, and 3) the serum-dextrose
agar plus antibiotics was the most effective in isolating Brucella. By
1964, the recommended selective media for the isolation of Brucejfla were
serum-dextrose agar, serum-potato infusion agar, serun-trypticaseé-soy |
agar, serum-tryptose agar or blood agar containing bacitracin, polymyxin
B sulfate, cycloheximide and with ethyl violet optional (38). Ampho-
terlcin B could replace cycloheximide or be used in addition to it.

Cabelli and Levin in 1964 developed a medium for the isolation of

Pastéurella and Brucella (13). Their medium was a peptic digest-starch

agar with brilliant green and cyclcheximide.

Painter et al. compared various media in 1966 (51). They con-
¢luded that a minimum of two different media should be used for the
isolation of Brucella. They recommended ‘tryptose agar plus bovine |
sefum containing four antimicrobial agents (polymyxin B, bacitracin,.
cycloheximide and ethyl violet) and either tryp'boée serum agar,
trypticase-soy serum agar or albimi-serum agar. Nelson et al. (1966)
in studyir_lg the ep_izootiologiq fa.ctq.f‘s of brucellosis.described their
modification of ‘a selective medium recommended by Painter et al. (49).
’i‘hey used two medias 1) tryptose agar containing #% serum, 10 gm/1 .
dextrose, 1800 units/l polymyxin B, 7500 units/l bacitracin and 30 mg/1
cycloheximide, i 2) the same as the first medium plus 1:650,000 dilution
' of.‘ crystal viol?t. These two media are presently being used at the .I
National Veteri;la.ry Services Laboratories with a minor modification.

In 1966, Keppie et al. studied the effect on Brucella growth by

the addition of erythritol to two media (41). They found that the
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addition of 1 uM/ml of erythritol to Morris' medium enhanced the growth
‘ of _]_3l abortus and B. melitensis by the appearance of colonles 1 day
ea.i‘lier than the medium without erythritol but did not affect B. suis
ﬁ:gmw'th. Also, the growth of B, melitensis was accelerated on albimi
| agar with erythritol but not the other two species. |

In 1967, Ryan developed a selective medium for the isolation of
Brucella from milk samples (55). His medium contained penieillin (or
bacitracin), polymyxin B sulfate, Spontin (replaced by vancomycin),
nalidixic acid, cetrimide, cycloheximide and nystatin in a blood agar
medium.

Farrell developed a highly selective medium for the isolation of
Brucella from contaminated srources (23). After determining the minimum
inhibitory concentration of each antimicrobial agent for Brucella, he
added bacitracin, polymyxin B, nalidi;cic acid, vancomyein, cyclo- ’
heximide and nystatin to a basal medium of serum-dextrose agar.

Brown et al. developed a sélec'bive medium for the isolation of
B. ovis from ram semen in 1971 (10). They modified Thayer-Martin medium
by eliminating IsoVitaleX and adding furadantin and 2% ion agar #2.
This medium is being used at the present time for the isolation of B.
ovis from ram semen. .

Farrell and Robertson, in 1972, compared the isolation efficiency
of Ryan's medium, Farrell's medium, Mq_i.r's' medium and semm—dextrpge‘
agar with antimicrobial agents (25). Their study showed that
Farrell's and Ryan's media had the highest isolation rates, dlthough

Ryan._"s medium’ inhiblted the growth of B. abortus, biotype 2. Mair's
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medium and the serum dextrose agar with antimicrobial agents were not
as effective in controlliﬁg contamination and therefore their i.‘sola.-
tion rates were lower. Mair's medium was also found to inhibit B.
abortus, biotype 2. They recommended the use of Ryar's and Fa,r:rell"s
media for the isolation of Brucella. These two media are presently
being‘ used in the United Kingdom (54).

In 1975, Brodie and Sinton developed a selective broth medium for
the enrichment of Brucella in milk samples (9). They modified Farrell's
medium by decreasing the concentration of some of the antimierobial
agents and by adding cycloserine., They reported a 10 - 16% increase
in the isolation rate of Brucella by the use of their fluid enrichment
tecl}nique.

Hunfer and Kearns, in 1977, compared serum-dextrose agar, Barrow
and Peel's medium and Farrell's medium for the isolation of Brucella
from bovine milk and vaginal mucus {37). Farrell's medium proved
superior to the other two media with Barrow and Peel's Ple'dium second
and the serum-dextrose agar third., It was observed that Brucella
colonies were visible and easily identified after only 3 days of
incubation on the Barrow and Peel medium. It was concluded that_this
medium had a more enrichet.;l basal medium.

Berkhoff and Nicoletti, in 1978; compared the isolation efficiency
of a modified Brodie-Sinton broth and a solid selective medium {8).
Their report indicated the enrichment broth method was inferior to
the direct culture onto a solid medium. They recommended more research

into broth enrichment of milk samples. Also in 1978, Shin et al.
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reported the use of a new basal medium (Schaedler agar medium) with
three antimicrobial agents (bacitracin, polymyxin B sulfate and cyclo-
heximide) and 5% fetal calf serum (58). They compared it to brucella
(‘a.lbimi) agar wi-t;h the same antimicrobials and 5% whole cow blood: In
their study, Schaedler's medium was superior.

Tn 1979, Armbrust (3) and Armbrust et al. (4) developed a selec-
tive broth for the isolation of B. abortus from vaginal secretions of
cattle. The liquid medium was composed of tryptose broth, hemin, baci-
tracin, cycloheximide, nalidixic acid, polymyxin B sulfate, vancomycin
and sodium polyanetholesulfonate. The study showed the enrichment broth
increased the isolation rate of B. abortus when compared to two solid
media. Although more contaminants were encountered in the enrichment
broth cultures, the contamination did not interfere with the isclation

of B, abortus.

Antimicrobial agents

Numerous antimicrobial agents have been studied and used for the
selective isolation of Brucella spp. or as chemotherapeutic drugs to
treat bmcellosi:s?..- Gentian violet and ethyl violet are two dyes which
were used in the early formulations of selective media (53). Several
workers have reported that B, abortus, blotype 2 is sensitive to ethyl
viQIIefc (39, 46). .

In 1939, Hamann and Huddleson studied the effect of sulfapyridine

on B. abortus in vitro and in vivo (31)., They found it was bacterio-

static to Brucella in vitro but was not effective against Brucella
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when administered orally to infected guinea pigs.
Farrell and Robertson, in 1967, studied the sensitivity of B.
abortus to polymyxin B sulfate, bacitracin, and amphotericin B (24).

Birucella abortus, biotype 2 was observed to be more sensitive to the

antimicrobial agents than were the other biotypes of B. abortus.

In 1970, Hall and Manion studied the sensitivity of 27 strains of
six species of Brucella to 29 antimicrobial agents (30). Brucella spp.
were found to be relatively insensitive to the penicillin-cephalosporin
group except ampicillin, the polypeptide group, chloramphenicol,
lincomyein, cycloserine and sulfadiazine, They were sensitive to the
tetracyeline class of antibioltics, erythromycin, gentamicin, strepto-
nycin kanamyein and rifampin.

Kaur and Gupta (1972) studied the sensitivity of B. melitensis to
eight antimicrobial agents (40). They found B. melitensis to be ‘the
most sensitive to tetracycline, followed Wy erythromycin, kanamycin,
chloramphenicol, penieillin, colistin, polymyxin B sulfate and lincomycin,

In 1973, Robertson et al. determined the sensitivity of B. gbortus
to six antimicrobial agents (52). The minimum inhibitory concentration
(MIC) range of each antimicrobial agent for B. abortus is as follows:
gentamicin (1 to 2 ug/ml), kanamycin (2 to 4 ug/ml), streptomycin
(0.8 to 12.8 ug/ml), tetracycline (0.4 to 0.8 ug/ml), ampicillin (1 to
16 ug/ml) and carbenicillin (2 to &4 ug/ml).

Farrell (1974) determined the MIC of various antimicrobial agents
for 95 Brucellae strains (23). His results are as follows: polymyxin B
sulfate (10 to 160 units/ml), colistin (up to> 500 units/ml), nalidixic
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acid (10 to 30 ug/ml), bacitracin (50 to 500 units/ml) and amphotericin
| B (10 to 20 ug/ml). rA11 of the Brucella strains tested were resistant
4o 1,000 ug/ml of vancomycin, 500 units/ml of nystatin and 500 ug/ml
~ @ycloheximide.
In 1974, Corbel tested the sensitivity of 185 Brucellae strains to

spectinomyein (16)., All B. canis, B. neotomae, B. ovis, B. abortus,

biotypes 1, 5 and 9 and B. suis, biotypes 1 and 5 were sensitive to

spectinomyein., Brucella melitensis and the remaining biotypes of B.

abortus and B. suis showed variable sensitivity. In 1976, Corbel re-
ported the sensitivity of 107 strains of Bruce]_.la,e to rifampicin
(rifampin; 3-4-methylpiperazinyliminomethyl rifamycin SV) (17). i‘he
MIC range for this antimicrobial agent is 0.15 to 2.5 ug/ml.
‘Terakado et al. (1978) studied the sensitivity of 90 strains of

B. canis to 38 antimicrobial agents (61). Brucella canis was found to

be resistant to colistin, polymyxin B sulfate, bacitrac¢in and cyclo-
serine. Of the strains tesl'.ted.., 24.1% were found to be resistant to
| erythromycin, oleandomycin, kitasamycin, spiramyein,. tytosin,
phenethieillin, cloxacillin, oxacillin, novobioccin and lincomyein.

Bmcella. canis was sensitive to the other 24 antimicrobial agents

tested.
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- PART I  DEVELOPMENT AND EVALUATION OF A NEW SELECTIVE MEDIUM FOR

THE ISOLATION OF BRUCELLA FROM MILK SAMPLES
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MATERIATS AND METHODS

Brucella cultures

Forty-nine cultires of Brucella spp. consisting of 20 B. abortus,

bictype 1, 7 B. abortus, blotype 2, 9 B. abortus biotype 4, 10 B.

abortus, strain 19, 2 B. canis and 1 B. suis, blotype 1 were used in
the development of a selective medium for the isolation of Brucella
from milk samples. The Brucella cultures included 5 reference stralns
and 44 recent isolates kept by the Diagnostic Bacteriology La.‘bor::!.‘l',o:l:',)f.1
Table 1 1lists the Brucella cultures used in this investigation and the
background data of each. All ciltures were kept as stocks on potato
ini‘usion agar slants and stored at -20° except for the reference
strains which were stored. at ll-oc. In order to obtain a working culture
of actively growing organisms, each stock was inoculated onto a pla:ber
o:t: tryptose agar with % bovine serum. Unless otherwise stated,
Brucella cultures in this proJject were incubated for 48 hours at 3?0{}

in 10% 002.

Cul'ﬁures of other microorganisms

The ability of the experimental media to inhibit the growth of
microorganisms commonly found in mastitis or as contaminants of milk
‘s‘a.llrii)fes was determined by’ the use of répresenta.tive species of these
microorganisms. The micxporganisms. were obtained from the culture

collection kept by the Veterinary Microbiology and Preventive Medicine

National Veterinary Services Laboratories, Animal and Plant Health

Inspection Service, U, S.. Department of Agriculture, Ames, IA.
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" Table 1 Species, biotypes, and source of Brucella stock cultures
NVSL Brucella species State or Country
Identification and biotype Source and yeéar
0-1421 B. abortus, biotype 1  Bovine Mississippi 1980
0-1422 B. abortus, biotype 1 Ovine Kansas 1980
0-1424 B. abortus, biotype 1 Bovine Arizona 1980
0-1457 B. abortus, biotype 1  Bovine Puerto Rico 1980
0-1480 B. abortus, biotype 1 Bovine Oregon 1980
0-1481 B. abortus, biotype 1  Bovine Kentucky 1980
0—1&8? B. abor'l';us, biotype 1 Bovine Massachusetts 1980
0-1490 B. abortus, biotype 1 Bovine Massachusetts 1980
0-1492 B. abortus, biotype 1 Bovine Missouri 1980
0-1493 B. abortus, blotype 1  Bovine Missouri 1980
0-1512 B. abortus, blotype 1  Bovine Nebraska 1980
0-1513 B. abortus, biotype 1 Bovine Wisconsin 1980
0—15;L6 B, abortus, biotype 1 Bovine Arkansas 1980
0-1529 B. abortus, biotype 1  Bovine Minnesota 1980
0-1600 B. abortus, biotype 1  Bovine Oklahoma 1980
0-1651 B. abortus, biotype 1  Bovine Kentucky 1980
0-1652 B. abortus, biotype 1 Canine Kentucky 1980
0-1653 B. abortus, biotype 1  Bovine Puerto Rico 1980
0-1655 B. abortus, biotype 1  Bovine Puerto Rico 1980
2308 B. abortus, biotype 1  USDA |
Challenge

o Strain .
0-1082 B. abortus, biotype 2  Bovine Missouri 1980
0-1171 B. abtortus, biotype 2  Bovine Alabana 1980
0-1288 B, abortus, biotype 2 Bovine Nevada 1980
0-1494 B. abortus, biotype 2 Bovine Missouri 1980
0—1_528 B. abortus, blotype 2 Bovine Texas 1980
0-1618 B. abortus, biotype 2  Bovine Tdaho 1980
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Table 1. (contimed)
NVSL Brucella species State or Country
Identification and biotype Source and year
Biotype II = B. abortus, bilotype 2  Brucellosis
Lab Control
0-1657 B. abortus, biotype 4 Bovine Nebraska 1980
0-1858 B. abortus, biotype &4 Canine Canada 1980
0-1647 B. abortus, biotype & Bovine Kentucky 1980
0-1863 B. abortus, biotype 4 Canine Canada 1980
0-1862 B. abortus, blotype 4  Canine Canada 1980
0-1859 B. abortus, biotype 4 Canine Canada 1980
0-1866 B. abortus, biotype 4 Bovine Canada 1980
0-1857 B. abortus, biotype &  Canine Canada 1980
0-1861 B. abortus, biotype &  Canine Canada 1980
0—1396 B. abortus, strain 19 Bovine Texas 1980
0-1430 B. abortus, strain 19 Bovine - Montana 1980
0-1485 B. abortus, strain 19  Bovine Colorado 1980
0-1530 B. abortus, s’tmin 19 Bovine Minnesota 1980
0-1592 B. abortus, strain 19 Bovine Iowa 1980
0-1608 B. abortus, strain 19  Bovine Oklahoma 1980
0-1614 B. abortus, strain 19  Bovine Oklahoma 1980
0-1733 B. abortus, strain 19  Bovine  Indiana 1980
0-180% B. abortus, strain 19  Bovine Florida 1980
Strain 19 B. abortus, strain 19 NVSL Vaccine
’ Strain _
0-1533 B. canis Canine Tennessee 1980
Canis B. canis Strain New York 1966
- . . RM6/66 -
-S_uis_ B. suis, biotype 1 Strzain 1330
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Depa.rbmen‘b.i The cultures were Enterobdcter sp., Staphylococcus

epidermidis, Klebsiella pneumoniae, Escherichia coli, Bacillus subtillis,

Pseudomonas aeruginosa, Streptococcus a,ga.la.ctia.c, Streptococcus :

dysgalactiae, Streptococcus uberis, Staphylococcus a.ﬁrcus, Listeria

mohocytogenes, Torulopsis glabrata, and Proteus mirabilis. To provide

a working culture, each microorganism was streaked onto 2 separate
plate of tryptose agar containing 5% bovine serum and incubated over-
night at 37°C.

Nedia

Tryptose a.ga.r2 enriched with 5% bovine serum (filter s1:.e:t:':‘|.1."xzet1)3
(TS) was the basal medium used for the incorporation of the antimicro-
biai agents and for the contimiing propagation of all micmci'ga.nisms.
Tryptose bro‘l',h‘2 conté.ininé; 5% bovine serum (TSB) was used in the pro-
duction of standardized suspensions of mlcroorganisms. One percent
peptone -brcthz.' containing 0.5% NaCl, was used as a diluent and a
susPending' mediwn. Mueller-Hinton medium was prepared and poured
into plates to a depth of 4 mm and was used in an antimicrobial diskﬁ '

diffusion test.

’ ilowa. State University, Ames; IA.

" “Difeo Laboratories Tnc., Detroit, MI.

SNational Animal Disease Laboratory, -Ames, IA.
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Screening for antimicrobial agent sensitivity

The antimierobial disk diffusign test was used to determine the
sensitivity of 49 Brucella spp. to 27 different antimicrobial agents
(7). The inoculum was prepared by transferring each Brucella culture
to a different slant of TS in a 25 x 200 mm culture tube, Following
 incubation 10 ml of sterile saline (0.85%) was added to each tube in
order to suspend the cells. Each bacterial suspension was diluted
by combining 0.5 ml of the suspended cells with 20 ml sterile saline.
The required number of TS plates per Brucella culture were inoculated
with a.sterile cotton swab which was saturated with the suspension
of Brucella organisms. The cotton swab was streaked across each TS
plate in three directions with the swab being dipped into the cell
suspension between each direction of streaking. This gave a lawn of
Brucella growth over the entire surface of the agar plate. A dis-
penserl was used to place eight antimicrobial agent disks1 on each
inoculated TS plate. The disks were pressed firmly ohto the agar sur-
face with a flame-steriliged forcep. Following incubation, any zone
of growth—iphibition‘surmoynding a disk w§siconsideredr£o show some-
degree of sensitivity and the absence of an inhibition zone was an

indicator of resistance.

1pifeo Laboratories Inc., Detroit, MI.
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Minimal inhibitory concentrations

The minimal inhibitory concentrations (MIC) of lincomyein
(1incomycin hyd.mchloride)l, ;:(ystatinz and dicloxacillin (dicloxa-
cillin sodium monohyﬂ_':cad:e)3 were determined in order to calculate the
concentration of each antimicroblal agent for incozporaﬁon into the
experimental media. The procedure used was deseribed by Ericsson and
Sherris and is as follows (20).

Preparation of antimicroblal agar plates A stock solution of

each antimicrobial agent was made by mixing the powdered antimicrobial
with sterile distilled water. Depending on the antimicrobial used, the
concentration of the stock solution was either 2000 units or 2000 ug

per ml.
lincomyein
Commercial lot (1 million units/vial)
Assay BUO units/mg

20 = 2000 units/ml

238.1 mg + 100 ml H
nystatin

Commercial lot ( 50(5:0(_)0 units/vial)
' H,0 = 50,000 uni ts/ml
50 = 5,000 units/mi
5ml " 6f 5,000 units/ml + 5 ml H20‘= 2,500 units/ml
0 = 2,000 units/mi

500,000 units + 10 ml H2

1 ml of 50,000 units/ml + 9 ml H

8 ml 6f 2,500 units/ml + 2 ml H,

1'LSJ',gma Chemical Company, St. Louls, MO.
zE. R, Squibb and Sons, Inc., Princeton, N.dJ.

3]3:1'::1:5"!:.01 Laboratories, Syracuse, N.Y.
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dicloxaecillin
Commercial lot (500,000 ug/capsule)

500,000 ug + 250 ml Hzo = 2,000 ug/ml

Tryptose agar was prepared and 90 ml aliguots were dispenséd into
250 ml flasks., The agar was kept liquid by placing the flasks in a
48° to 50°C shaker water bath.

Serial two-fold dilutions, ranging from 1:2.5 to 1:1280 of each
antimicrobial stock solution were prepared according to the scheme
described by Ericsson and Sherris, pg. 68 (20). Ten milliliters of
each antimicrobial dilution were added to separate flasks of 90 ml of
: a.ga.r in the water bath. Five milliliters of bovine serum were added
to ea,c,h. flask. The liquid agar-antimicrobial mixture was poured
im’media:l@ly into petri dishes to an approximate depth of 5 mm and
allowed 6 cool.. The agar plates were stored at 4°C and used within-

24 hours.

Brucella inoculum for MIC determination Starting with 1-._hé .
initial transfer from fhe stock culture of each Brucella straln, a
second transfer to a TS plate was made. Followlng incubation, a loopful
of growth was transferred to 10 ml of TSB and incubated for 18 to 24
hours. The bacterial density of each culture was adJjusted to approx-
imately 71% T on a spgctmphotometeri by the addition of uninoculated
TSB. Each culture was then diluted 1:20 in sterile saline. Wiv.'!:hin 30

mimtesa 0,001 ml drop from each standardized suspension was pipet:b_ed.'

1‘-~I:—.&.velc=,''ng;l:h- 420 nm on Coleman Spectrophotometexr, Model 6/20,
Coleman Instruments; Maywood, IL.
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on'bo‘ the appropriately marked area on the series of antimicrobial agar
plates to give a circle of inoculum with a diameter of 5 to 8 mm. This
procedure was repeated for each antimicrobial agent plus a TS control

plate for each series, The plates were incubated for 48 hours and

obsexrved for inhibition of growth.

Experimental and standard media

Five experimental media, designated A through E were developed
in order to determine if there was any antagonism or enhancement among
the antimicrobial agents which would affect the growth of Brucella.
In Table 2 are listed the ingredients and differences between each
experimental medium and the two standard media, TS with antimicrobial-
agents (TSA) and TSA with ethyl violet (TSA EV). Tryptose serum agar
was the basal medium to which ‘the various combinations of antimicrobial
agents were added, Table 3 gives the dilution scheme used for obtain-

ing the desired concentrations of each antimlcrobial agent.

Viability counts of Brucella on the experimental media

The United States Defa.fbment of Agricultire method of determining

viability counts was used to test the abllity of the different experi-

mental media to support the growth of Brueella (1). Brucella abortus,
st:ra.in- 2308 and B. abortus, strain 19 were used for this pi.ll'pose; A
loopful of 48 hour growth from a plate of each strain was transferred

into separate tubes of TSB (10 ml) and incubated for 18 hours.

-h 6 7

Dilutions of 10'2, 10, 10, and 10"’ in peptone broth were made from

the culture of each Brucella strain. Two TS plates and two plates of
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Table 2. The composition of the experimental and standard media

Component Medium

A B C D E TSA TSAEV

Bacitracin® (units/ml) 25 - - 25 25 7.5 7.5
Cycloheximide® (ug/ml) - 100 - 100 100 30 30
Lincomycin (units/ml) 6 6 6 6 6 - -
Nystatin (units/ml) 100 100 100 100 100 - -
Polymyxin B® (units/ml) - 5 5 - 5 1.8 1.8
Ethyl Violet® (ug/1) - - - - - - 1.4
Bovine serum 5% 56 5% 5% L/ 5% 5%

,?’Dialgnostic Reagents, National Veterinary Services Laboratories,
Animal and Plant Health Inspection Sexrvice, US Dept. of Agriculture,
Ames, TA.

®brizer Laboratories, Clifton, N.J.

cUpjohn, Kalamazoo, MI.

ertified by the National Biologlcal Stains Dept.



Table 3.

each medium

A method for obtaining the desired-antimicrobial drug or dye concentration for

 Preparation of stock solution

Preparation of medium

Antimicrobial o o ortrete® Distilled Water Stock 7g° Final
Concentration
Bacitracin® 150,000 units’ 100 ml 5 ml 1000 ml 7.5 units/ml
16.6 ml 1000 ml 25 units/ml
Cycloheximide L gms 400 m1 3 ml 1000 ml 30 ug/ml
10 ml 1000 ml 100 ug/mi
Lincomycin 1 x 10° units- 100 ml 0.6 ml 1000 mit 6 units/ml
Nystatin 500,000 units 10 mi- 2 ml 1000 ml 100 units/ml
Polymyxin B 500,000 units - 100 ml 0.36 ml 1000 ml 1.8 units/ml
1m 1000 ml 5 units/ml
* Ethyl Violet 1 an 1000 ml 1.4 m 1000 ml 1.40 ug/1

a1’::epa'.:r:éa.'l;ion as recelved from supplier,

btryptose agar enriched with 5% bovine serum.

Cs x 10° units/vial, welght varies.

L2
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each experimental medium were impculated with 0.1 ml of 1076 a11dition,
.likewise four TS plates and four expérimental media plates were inocu-
lated with 107¢ dilution for each culture. The inpculum was spread
over the entire surface of the agar with a flame-sterilized glass
spreader. Following incubation the colonies were counted and the-

viability count caiculated.

Irhibition of non-brucella organisms by the experimental media

The ability of the five experimental media to inl;xibi‘b the growth
of 13 non—bmcellé. nmicroorganisms was determined,

a. Two different concentrations (a.pprgxima.tely 10° and 1('.)‘6 viable
microorganisms/ml) of inoculum were used. In oxder to determine the
appropriate dilutions of an 18 hour broth cilture to obtain these
concentrations the procedure of Miles and Misra was followed (45).

An 18 hour broth culture of each nﬂ.cmorganism was made from a TS
plate. After incubation, eight 10-fold dilutions of each culture were
made, in peptone broth. TS plates, six for each culture, were dried
for 2 hours at 37°C and. then a'l'._he'.‘- bot'b(;m of”ea.ch-p_late was marked l;in'bq
eight squares a.nd. appropriately 1a.1‘:|elec_1;. Into its designated square
0.02 nl of each dilution was dropped onto the surface of the agar.
The ino‘éulum was aliowed 'bo absoxrb for 20 mimites before incubation.
The dilution selected for counting was the one on each plate which
showed no qonfluence or excessive overcrowding of colonies. The
viable count per ml was calcﬂate‘d by multiplying the average number
of colonies on the six pla._t'es by 50 times the dilution factor.

b. From the results obtained above dilutions containing
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approximately 1 x 103

and 1 x 106 microorganisms per ml were calculated
for each culture. A second 18 hour broth culture of each m‘ic;r.'oorganism
was .grown and the appropriate dilutions were made in mi];k.1 A 0.1 ml.
ai.iqtiot of each dilution was imoculated onto each of the experimental
media a.nd a TS co.n'brol‘ plate. The inoculum was spread over the %

" surface of the agar with a flamé-sterilized glass spreader and incu-

bated for 24 hdurs except for Listeria monocytogenes which was incubated

for 48 hours and Staphylococcus epidermidis for 96 hours. The number

of colonies were counted and recorded.

Antimicrobial agent sensitivity of other microorganisms

The standard disk diffusion test as described by Bauer et al. was -

‘used to determine the sensitivity of 13 microorganisms to 3 of the anti-
n&.ci;:bial agents used in the experimental media (7). The inocult'm;‘ ;f'a.s
prepared by transferring four ox five colonies from a 24 hour plate
culture of each microorganism to separate tubes of tryptose broth

(5 ml)., The broth cultures were incubated for 2 to 8 hours at 37°C

and the turbidity was then standardized to match a.lMcF_‘arla.nd tube

0.5% with sterile saline. Each cultire was imoculated omto a separate
plate of JMueller-Hinton medium and the antimicrobial disks placed on
the agar as previously described. The plates were incubated overnight

at. 37°C and any zone of growth irhibition was measured.,

1Hea.ted in a 62°C water bath for 60 mimtes.

2Mix 0.5 ml of 1.175% bariun chloride dehydrate (BaCl, 2 H,0)

‘solution and 99.5 ml of 0.36N (1?) sulfuric acid. =
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Milk samples

A total of 277 milk samples from 100 cows was used for evaluating
+the experimental media. Some of the samples were from an adult-vaccl-
Hation study conducted by the National Veterinary Sexrvices Laboratories
(¥VSL) and the rema.ln:Lng samples submitted from the field by cooper-
ative state-federal program personnel for diagnostic purposes. The
samples were centrifuged and cultured according to the procedures
outlined by Alton et al. and are as follows (1). If the sample was
larger than 20 ml, it was mixed and 20 ml was removed for culturing
purposes. The samples were centrifuged for 15 minutes at 7,700 X g.
Approximately equa.i portions of the cream layer were inoculated onto
one plate of each experimental medium and each standard medium by
using a sterlle cotton swab. The skim milk was decanted and the
sediment was inoculated by the same procedure given for the cream
layer. After 7 days of incubatlion, the plates were observed under
7.5x% magnification with light coming at a 45° angle from underneath
the plate. Colonies resembling those of the gemus Brucella were
transferred to a TS plate and identified to species and biotype by
the following tests: dye tolerance, growth on penicillin and
erythritol, Tb. phage, urease, HZS production, A and M antigen, CO2 .

dependence and catalase (1).
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RESULTS

Screening for antimicrobial agents to which Brucellae are resistant

The resistance or sensitivity of the 49 Brucellae cultures to 27
antimicrobial agents is shown in Table 4. All of the cultures were
resistant to dicloxacillin, lincomycin, and nystatin with the exception
of one B. abortus, biotype 2 culture which was sensitive to dicloxa-
cillin. Most of the cultures were resistant to methicillin except
nine cultures of B. abortus, strain 19 and all of the cultures of B.
abortus, biotype 2. Variation in resistance within some blotypes was
noted in the case of seven of the antimicrobial agents. Brucella
abortus, biotype 1 cultures were resistant to gantrisin but all of the

other Brucella cultures were sensitive. Brucella canis and B. suls,

biotype 1 were resistant to furadantin whereas the cultures of B.
abortus were all sensitive., All of the cultures were sensitive to 14
antimicrobial agents except one B. canis culture which was resistant

to polymyxin B. Table 5 summarizes the results of these tests,

Minimal inhibitory edncentrations (MIC)
The MIC for dicloxacillin, lincomyein and nystatin was determined,
Nystatin did not inhibit the growth of any of the Brucella -cultures
at the dilutions tested. The results are shown in the Appendix,
Table 14, 2
‘ The results of the MIC test for dicloxacillin are summarized in
Figure 1., Thirty cultures out of the 49 tested were resistant to the

128 ug/ml concentration of dicloxacillin; however, the remaining 19



- Table*4,” Résults of “the antimicrobial agent’ disk ‘diffusion test on 49 'Br.‘_n.iéella, cultures

__ _ Brucella abortus B. canis  B. suis
Antimicrgbial - - bio 1 - Tblotype 2 biotype #  Strain1l biotype
prse i ) L (53" 0 @
r® s R S R 8 R S R S R S
Amikacin 30meg 0 20 0 7 0 9 0 10 0 2 . 0 1
Carbenicillin 30mecg 0 20 o 7 0 9 0 10 0 2 0 1
Cephaloridine 30meg O 20 0 7 0 9 0 10 0 2 0 1
Cephalothin  30meg 0 20 0 7 0 9 0 10 0 2 0 1
Clindamycin 2nicg 16 4 L 9 0 9 1 2 0 10
Clozacillin  1lmecg 5 15 2 5 0 9 5 5 1 1 0o 1
Coly-Myein Smeg 5 15 0o 7 2 7 7 3 1 1 o 1
Dicloxacillin ‘imeg = 20. 0 6 1 9 0 10 0 2 0 1 .0
Doxycyline 30meg 0 20 . 0 -7 09 0 10 o 2 o 1
Erythromyein  2meg 18 2 o7 5 4 9 1 0 2 0 1
Furadantin  50meg 0 20" 007 . 0 9 0 10 2 0 10
Gantrisin  150meg 20 0 0 7 0 9 0 10 0 2 o 1
Gentamicin  10meg 0 20 0 7 0 -9 0 10 0 2 !
Lincomyein 2meg 20 0 7 0 9 0 10 0 2 0 1 0
' Mandelamine  3meg 0 20 o 7 0 9 10 0 2 o 1
Nethicillin  Smeg 20 O 0 7 9 0 9 2 0 1 0
Nafcillin 1meg 20 "o 7 8 1 b5 0.2 0 1

2
S



Novobioein Sncg 0 20 0o 7 0
Nystatin® 100 units 20 O 7 0 9
Oxacillin meg® 10 1 1 37 I
Oxolinic Acid 3meg 16 4 5 2 8
Polymyxin B 300 units 0 20 . 0 7 0
Rifampin Smeg 0 20 o 7 0
SXT 25meg 0. 20 0o 7 0
Sulfadiazine 300mcg 0 20 0o 7 0
Sulfathiazole 300meg 0 20 0 7 0
Triple Sulfa 300meg 0 20 o 7 0

\D\O\O\O\O\OHOO.\O

[
o O

O O O O O O v N

10

10
10
10
10

10

10

o O O O O HFH O+ NN O

NN NDM NN P MO N

©C O O 0 O O O HKH KK O

H P HKHHRFRHRDS O K

aDifco Laboratories, Product names,
bNumber of cultures tested,
C R resistant, S= sensitive.

deacillin disks in the lot used were contamlnated.

€e
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Table 5. Summary of the antimicrobial agent sensitivity tests on
49 Brucella cultures

All Sensitive To Va.:r.ia.b]__e Sensitivity A1l Resistant To
Amikacin Clindamycin ‘ . Dicloxaeillin®
Carbenicillin Cloxacillin Lincomycin
Cephaloridine Coly-Myecin Nystatin
Cephalothin Erythromyecin

Doxyeycline Furadantin

Gentamiein " Gantrisin

Mandelamine Methicillin ,

Novobiocin Nafcillin

'Poiymyﬁn B ~ Oxacillin

-Ri_:f.‘a.mpin Oxolinic Acid

SXT

Su;li_‘a.d.-i,a.zine

Sulfathiazole

Triple Sulfa

a’Ong culture of B. abortus, blotype 2 was sensitive,
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Figure 1. Minimal inhibitory concentrations for dicloxacillin
on 49 Brucella cultures
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MINIMAL INHIBITORY CONCENTRATIONS FOR DICLOXACILLIN ON 49
BRUCELLA CULTURES
20 A B. gbortus, BIOTYPE |

& |8 O B. ghorfug, BIOTYPE 2 a
o= O B, abertus, BIOTYPE4
= [6 A B, gbortug, STRAIN 19
'—

= 14 ® B conis

=2 ® B suis, BIOTYPE |
e =

=10

= I

S 8

= 6

o 4

(I

o 2

c 0

-_—

2 5 | 2 4 8 16 32 64 28 >[28
pg /ml
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cultures showed varying degrees of inhibition. Dicloxacillin
inhibited the growth of -four cultures of B. abortus, biotype 2 and
one culture of B. abortus, biotype 1 at the 2 ug/ml concentration.
Appendix, Table 15 lists the complete results.

| The MIC results for lincomycin are summarized in Figure 2. All
cultures Were resistant to the 8 units/ml concentration. The growth
of one culture of B. abortus, strain 19 was inhibited at the 16
units/ml concentration. Fourteen cultures were inhibited at 32
units/ml, 30 cultures at 64 units/ml and four cultures at 128 units/ml,
The detailed results for the MIC tests for lincomycin are in the

Sensitivity of non-brucella’ oxganisms to antimicrobials

The finding that lincomycin and nystatin did not inhibit the
growth of Brucellae and the work of Farrell (23) which reported ‘that
bacitracin, polymyxin B and cycloheximide were non-inhibitory gave
Tive antimicrobials that might be useful in a selective medium. The
next stéep was to determine the 1nhibitory effect of four of these
agents on representative stralns of non-brucella organisms which
ﬁould likely be encountered’ in culturing milk samﬁles for the presence

of Brucellae. ' Disks containing cycloheximide were not available

commercially, so 1t Was not tested.
The sensitiv1ty of 12 non-brucella microorganisms to four of the
antimicrobial agents was determined by the disk diffusion test. The

results are in Table 6. Staphylococcus aureus and Staphylococeus




Figure 2. Minimal inhibitory concentrations for lincomycin
on 49 Brucella cultures

] ‘.4‘91.;
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MINIMAL INHIBITORY CONCENTRATIONS FOR LINCOMYCIN ON 49
BRUCELLA CULTURES

20 A B gbortus, BIOTYPE |
| 8 B. gbortus, BIOTYPE 2
l

aborfus, BIOTYPE 4 A
gbortus , STRAIN I9

canis

o
(o]
6 A
.
L] uis, BIOTYPE |

Ieo (o [ 0]

No. OF BRUCELLA CULTURES

2 5 | 2 4 8 16 32 64 128
UNITS/ ml



- Table 6. - Results of the antimicdrobial disk diffusion test on non-brucella microorganisms

Microorganism’ - ' Bacitracin  Polymyxin B Lincomycin Nystatin
10 units 300 units 2 mog 100 units
Zone of Zone of: Zone of Zone of
Inhibition Inhibition Inhibition Inhibition
ey (mm) (mm) (mm)
Staphylococcus aureus 16 12 22 0
Staphylococcus epidermidis 16 12 22 0
Enterobacter sp. 0 16 0 ¢
Proteus mirabilis 0 0 0 0
Escherichia coli 808-1 0 16 0 0
Escherichia coll 25922 0 15 ) 0 0
Klebslella pneumoniae 0 14 0 0
Pseudomonas aeruginosa 0 15 0 0
Streptococcus dysgalactiae 30 0 27 0
Streptococcus uberis 28 7 2?. 0
Ba.cillus subti;is 13 7 17 0
Torulopsis glabrata 0 0 0 27
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epidermidis were sensitive to bacitracin, polymyxin B and lincomycin.

Enterobacter sp., Escherichia coli, Klebsiella pneumoniae and -

Pseudomonas aeruginosa were sensitive to polymyxin B. Streptococcus

dysgalactiae and Streptococcus uberis were sensitive to bacitracin

and lincomycin. Bacillus subtilis was sensitive to bacitracin.

Torulopsis glabrata was the only one sensitive to nystatin. Proteus

mirabilis was resistant to all the antimicrobial agents at ﬁhe con-

centrations tested.

Tolerance of Brucella to various antimicrobial agent combinations

The ability of Brucella to grow in the presence of various com-
binaﬁioné of antimicrobial agents was detérminéﬂ by inoculating five
experimental media with two Brucella strains. When compared to a con-
trol, there was no apparent inhibition of growth by any of the media.
The growth on the plates inoculated with 0.1 ml of the 107¢ ai1ution
was confluent making it iﬁpossible to count colonies, therefore, only
thosé plates inoculated with 0.1 ml?Qf the 10-? were counted. The

results are given in Table 7.

Inhibition of non-brucella organismé by the- experimental media

Table 8 contains the results of the inoculation of each ex-
perimental medium with two concentrations of non-brucella organisms.
A1l five experimental media inhibited the growth of Staphylococcus

aﬁrehs, Staphylococcus epidermidis, Bacillus subtilis, Strepto-

coccus agalactiae, Streptococcus dysgalactiae, and Strgpfococcus

uberis. Experimental media B, C and E inhibited the growth of
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Table 7. The abillity of the five experimental media to support the
growth of two Brucella strains

B. abortus, strain 2308 B. abortus, strain 19
. Colonies Average Colonies Average
Medium per plate o per plate per pla.te_,? per .plate
0.1 ml 10™ 0.1 ml 10
Dilution Dilution
Control 260 231 267 266
TS 229 265
250 251
186 282
A 240 220 252 266
255 ' 325
188 3 25l
199 234
B 269 244 292 279
231 . 29
268 272
209 303
a 260 256 241 294
- 144 . 307
333 292
289 337
D 255 239 247 288
234 269
241 20k
227 345
E 309 277 193 218
270 : ‘ 221
281 246

248 215




Table 8.+ The ability of five -expe_rimen‘iial media to control the growth of selected
. non-bricella ocrganisms '

Inoculum

Medium
. Approximate — -
Microorganism oTganisns/ml A B c D E TS
Enterobacter sp 9.75 x 106 Conf.> 152b 136 Conf. 20 Conf.
9:75 x 10 8500 0 0 500 0 500
Staphylococcus 9.42 x 102 0 0 0 0 0 TNTG®
epidermidis 9.42 x 10 0 0 0 0 0 1
Klebsiella 1.09 x 102 TNTC 12 7 TNTC 11 TNTC
pheumoniae 1.09 x 10 48 0 0 57 0 58
Escherichia 3.58 x 10; TNTC o 0 Conf, 0 Conf.
coli 3.58 x 10 287 0 0 290 0 .285
Bacillus 1.75 x 106 0 0 0 0 0 Conf.
subtilis 1.75 x 10° 0 0 0 0 0 65
Pseudomonas 3.42 x 106 TNTC TNTC .  TNTC TNTC TRIC Conf.
aeruginosa 3.42 x 10° 179 37 37 114 0 180
: . . ) 6 | ‘
Streptococcus -1.13'x 10 0 0 0 0 0 TNTC
1.13 x 10 0 [ 0 0 0 L6

agalactiae
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Streptococcus 1.79 x 10 0 0 0 0
dysgalactiae 1.79 x 10 0 0 0 0
Streptococeus 1.6 x 106 0 0 0 0
uberis 1.6 x 10° 0 0 0 0
Staphylococcus 8.0 x 102 0 0 0 0
anreus 8.0 x 10 0 0 0 0

Listeria 1.5 x 10% 2 2 2 0
monocytogenes 1.5x 10 0 0 0 0

Torulopsis 9.16 x 102 1 0 0 0
glabrata 9,16 x 10 1 1 0 0

. 3d
Proteus mirabilis’ 107 27° 2% 2% 15%

oo

Conf.
TNTC

Conf.
500

Conf.
18

500
22

Conf,
310

25%

a’Con'_F‘.= confluent growth,
bGolon:;r count.

°INTC= Too numerous to count,
,dApﬁmﬁmate dilution,

ePercen'l'. of surface of plate covered by growth at 24 hours.
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Escherichia coli at both concentrations of inoculum and at the low

concentration of Enterobacter sp. and Klebsiella pneumoniae. The

growth of Listeria monocytogenes and Torulopsis glabrata was elther

partially or comple‘isely inhibited by all the experimental media.
The growth from the low concentration of inoculum of Pseudomonas

aeruginosa was partlally lnhibited by media B and C and completely

inhibited by the E medium. Proteus mirabilis was not completely
inhibited by any medium but was partially controlled by the A, B, C

and E media during the first 24 hours.

Isolation of Brucella from milk samples

Table 9 comparés the efficiency of seven media for the ispolation
of Brucella from 277 milk samples representing 100 cows suspected of
having a Brucella infection, No medium isolated Brucella from all
culture positive cows. Brucella was isolated from 16 of the 18 culture
positive cows on the E and TSAEV media, whereas isolation was fade
from only 12 cows on the B and TSA media. Isolations were made from
14 cows by using the A medium and from 13 cows with the ¢ and D hedia.

The ability of each medium to inhibit the growth of non-brucella
microorganisms is compared in Figure 3. Experimental E medium and
the standard TSAEV”medium proved the most effective in inhibiting the
overgrowth of the agar plate by con't'.:a,mina.n'l;,s. In 17 (%) milk samples,
the E medium failed to control oversrowth and the TSAEV medium
failed to do so in 22 (8%) of the samples tested. The experimental

B medium was the least effective since it falled to control the
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Table 9. A comparison of seven selective media for the isolation
of Brucella from milk samples

Number of Isolations Number of Isolatlons

Medium from 18 cows fgund f:ﬁom 34 samples th +
to be Shedders contained Brucella

4 14 25

B 12 25

c 13 35

D 13 25

E 16 28

TSA 12 25

TSAEV 16 29

8100 cows were examined.

'b2?? milk samples were cultured.

overgrowth by contaminants in 69 (25%) of the samples.
A further comparison of the isolation efficiency of the various
media was done by devising a scoring system. In this system, a higher

score was glven to a medium if 1t was the only medium on which



Figure 3. Effectiveness of ea.éh_ medium in the growth inhibition of
: non-brucella microorganisms in 277 milk samples
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Brucella was isolated. The method of scoring is explained and the
results are glven in Figure 4. The experimental E medium and the
standard TSAEV medium had similar scores of 32 and 31, respectively,
followed by TSA--18, A--14, D--13, C--12, and B--10.

Several of the 18 culture positive cows had milk samples which
contained large mnn’pers of Brucella; therefore, mahy colonies grew .on
all seven media. In other instances of samples with few Brucella
organisms or heavy contamination, Brucella colonies only grew on
some of the media. Three examples of these variations are displayed

in Table 10. Brucella abortus, biotype 1 was isolated from three of

the four quarter milk samples from cow 30. All media isolated -Brucella
from the Y and 2 quarters, but media A, E and TSAE‘f were the only .
thrge 'bopfa.:L'L to isolate from the X quarter. The results obtained
from cow 54 illustrates the ability of the E medium to control the
contamination present in the milk Sam}es. ~ Although Brucella was iso-
lated on_‘the TSAEV med.ium_._‘ from the ¥ and X quarter milk samples, this
medium failed to control the contamination present in the Y and 2
quarters. The composite milk sample suﬁmitted from cow 81 coﬁtained
B. abortus. Although Brucella was isolated on all seven media, only
two, E and TSAEV, supported the growth of a largé- number of colonies.
The estimated mumber of Brucella colonies developing on each medium
from each milk sample was statistically compared using the da.'l';a in
the Appendix, Table 17. Significantly greater numbers of colonies
were observed on med?.a. E and TSAEV than on the Q'I:he;p five media

tested (p<.05).
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Figure 4. Isolation frequency from Brucella infected milk using
various media
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Table 10. Comparison of seven selective media for the isclation of
Brucella sp. as illustrated by the results from three cows

Cow Quarter Medium Specles and
Number e biotype
A B C D E TSA TSAEV

30 W -0 -0 -0 -0 -0 -0 -0
X -0 + + 42 -0 42 -0 B. abortus
biotype 1
Y +3 +3 +3 43 +3 43 +U4 B. abortus
' biotype 1
Z +2  +2 +2 42 +2 42 +3 B. abortus
biotype 1
54 W c G c c +3 ¢ +2 B. abortus
' biotype 1
X c c c C +2 C +2 B. abortus
biotype 1.

Y C c C c -0 c c

Z C c € ¢ -0 c c
81° + 42 42+ 3 +h B. abortus
biotype 1

Ydder quarter samples designated W through Z.
b

-0 = No Brucella isolated.

+ = Single colony of Brucella,
+2 = 2-10 colonies.

+3 = 11-100 colonies.

+4 = 101 or greater colomnies.

C = Contaminated.

Cﬂomposite sample,
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DISCUSSION

A new selective medium for the lsolation of B_r&éf_lh from
contaminated sources was developed. The combination of antimicrobial
agents designated as the E medium proved to be the most efficient of
the five experimental media compared. These media were formulated
by first sereening various antimicrobial agents, selecting possible
candidates and then determining ‘the optimum concentration of each to
be incorporated into the medium. The experimental media containing
various combinations of the five selected antimicrobial agents were
compared :E‘or their ability to support the growth of known Brucella
cul‘bures! inhibit the overgrowth by non-brucella organisms, and to
isolate Brucella from miik,

Several differences among the five experimental media were ob-
served in their efficiency to isolate Brucella from naturally infected
milk sémples and to inhibit the growth of non-b:_r:i.lcelzl.a. micmorgaqj._sm&
The isolation efficiency for the E' medium proved to be the best of
the five experimental media (Table.9, Figure 4). However, the E
med;um_failed to isolate Brucella from 2 of the 18 culture positive
cows, In both cases, less than 11 Brucella colomles were isolated on
any of the other media and in several instances only a single colony
appeared. This may not reflect a difference in th; efficiency of the
E medium as much as a matter of probability of any random inoculum of
a,sample containing a viable Brucella orge:;.nism except fo:r.: hea.viiy ’
contaminated samples. _Mo‘rgan reported the isclation of Brucella on

only 4 out of 12 plates which were inoculated with milk that had been
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seeded with 15 viable B. abortus cells per 10 ml (46). Overall the
E medium supported the growth of more colonies of Brucella per pla;.-be
'bha.nudid the other experimental media.

Since some milk samples contain numerous genera of microorgan-
isms other than Brueella, it is important for the selective medium
to contol at least the majority of these contaminants. Hunter and
Kearns reported the inhibition of Brucells growth by contaminants
~ when culturing milk and vaginal mucus (37). They determined that the
isolation frequency was higher for the medium which controlled the
majority of the contaminants. Zones of Brucella inhibition sur:r.qund—
ing the colonies of some non-brucella microorganisms have been olbserved
in this laboratory. The E medium which contained all five antimicro-
bial agents proved to be the best in controlling the growth of non-
brucella organisms (Figure 3). The B medium was the least effective
in controlling contaminants and also had the lowest Brucella iso-
lation frequency. The only difference in the compositlion of the E and
B media is the addition of bacitracin o the E medium. This would
indicate tha{.‘. bacitracin is very effective in controlling Cohmi—-
;:r}gnts in a selective medium for ithe isolation of Brucella.
| .'Comparison of the a.b,ili'l:,}f of the 'five experimental media to
inhibit the growth of 13 common contaminants often found in milk
samples showed that the E medium was the most effective (Table 8).
The E mediun was able to completely or pafbially inhibit the growth -

of 12 known non-brucella microorganisms. Although the swarming of

Proteus mirabilis was delayed for 24 hours on media A, B, C and E,
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none of the five were able to prevent swarming. A1l of the media

plates werée completely covered by Proteus mirabilis after 48 hours

of incubation. This delay was noted but is of little importance
since Brucella requires a minirmuﬂ of 3 days for colonies to appear
on prin‘La.ry isola:tion.‘

One of the limitations found in other selective media is ‘the
sensitivity of B. abortus, biotype 2 to various antimicrobial agents
which may be present in the medium. Morgan (46) reported that B.
abortus, biotype 2 was sensitive to ethyl violet and Farrell and
Robertson (24) found it was moxe sensitive to antimicrobial agents
than are other Brucellae. In thls study, dicloxacillin at low con-
centrations was found to inhibit the growth of B. abortus, . blotype 2
and one culture of B. abortus, biotype 1 (Figure 1). It was deter-
mined to be an urisui‘ba.ble antimi¢robial agent for the incorporation
into a medium for -Fhe* isolation of Brucellae.

The basal medium of tryptose agar with 5% bovine serum is a
simple medium ‘bo prepare and will support the growth of the fastidious
strain of B. abortus, biotype 2 (1, 51). Comparison of the mmber of
col_onies_éf B. abortus, strains 19 and 2308 on the TS plé.tes with the
‘number on each of the five ex_per:imer_lfal media indicated that 't.l;e
growth of Brucella would be supported by all of the media..

The available 1ni‘orma.tion on lincomycin sta:bes that it inhibits
gram positive bacteria which are commonly found in milk samples. and
has not been previously used. for the selective isolation of Brucella,

Therefore, lincomycin was. considered to be a possible candidate for
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" “the incorporation into a new medium. The antimicrobial disk diffusion
test results conducted in this study confirmed the inhibition of gram
positive -micmorga.ﬁisms by lihcomyein and tolerance by Brucella.
Kaur-and Gupta reported a MIC :r:angé of 1.25 to 150.00 ug/ml for 10 -
strains of B. melitensis by using a disk method (40). 1In this study,
the MIC range of lincomycin for 49 Brucellae cultures was 16 to 128
units/ml. From these results, a concentration of 6 units/ml was
d‘efemined. to be an effective level for growth 'inhibi‘tion of gram
positive bacteria without inhibiting the growth of Brucella.
-Nystatin is an antifungal agent which affects the gmﬁh- of _
yeasts and fungi (64, 65). The findings of this study and Farrell's
work show that nystatin does not inhibit Brucella and will control a

yeast such as Torulopsis glabrata (23).

_ The MIC values for polymyxin B, cycloheximide and baclitracin
weré not determined in this study. Instead, the work of several re-
sea.:!:'chers was used to set the final concentration for each of these
three a':n'bimicroBiaJ. agents to be included in the new isolation medium
(1, 23, 39, 42). The colony counts in Table 7 show that the incorpor-
ation of ‘these. antimicmbials 1nto the mqﬁia did not affect the g;ow-th
of B. abortus, strains 19 and 2308. '

- The lowest concentration of polymyxin B available in the commer-
cial antinicrobial disk was 300 units/ml. This concentration irhibited
the growth of all but one of the 49 Brucellae cultures tested. Farrell
detérmined the MIC of polymyxin B for 105 Brucellae strains and fpund. ‘

that 5 un'i't.__s/ml would not irhibit Brucellae, including B. abortus,
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biotype 2 (23). Kaur and Gupta reported the MIC range of polymyxin B
for 10 strains of B. melitensis as 8 to 100 ug/ml (40). Since
polymyxin B is one of the few antimicrobials to control Pseudomonas
seriuginosa at a concentration of less than 8 ug/ml, it was incorporated
into the new selective medium (64, 65). The results from the anti-

mi¢robial disk diffusion tests on BEscherichia coli and Klebslella

preumoniae are in agreement with published data (64, 65).

Cycloheximide was incorporated into the new medium at a concentra-
tion of 100 ug/ml as suggested by the work of Farrell (23) and others
(1, 23, 39, 42).

Likewlse, bacitracin was incorporated into the new medium at a
concentration of 25 units/mlL as recommended by Farrell and others |
(l, 23, 39, 42). Bacitracin is effective in inhibiting the gmw-ph of |
gram positive bacterla as determined by the antimicrobial disk diffusion
test and published data (64, 65).

The E medium which contained all five of the candidate antimicro-
bial agents proved to be the most effective of the five experimental
media. The E medium had the highest isolation efficlency and was the
most effective in controlling the growth of contaminants. Comparison
of the E medium with three esta.bi!.ished_ media which are presently _.'being
used for the isplatlon of Brucella from milk samples 1s reported in
Part IT.
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COMPARISON OF THE NEW SELECTIVE MEDIUM TO THREE ESTAELISHED

MEDIA
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MATERIALS AND METHODS

Media
Tryptose agar enriched with % bovine serum (TS), TS with anti- |

microbial agents (TSA), TSA with ethyl violet (TSA EV), and the E

medium were described in Part I. Farrell's medium was also used

for comparison in this part of the research (23). Table 11 gives

the composition of each medium used for comparison of the efficiency

of the media in the isolation of Brucella from milk samples.

Milk samples

Milk samples from 224 cows suspected of having an active Brucella
infection were cultured onto the four selective media described above.
The samples came from two different groups of cows. The first group
(vaccination group) consisted of 72 animals used in a vaccination
pro ject conducted by the National Veterinary Services Laboratories
(NVSL). The second group (field group) contained 152 animals from
which samples were taken by cooperative state-federal program personnel
and submitted to NVSL for cultural examination.

The animals in the vaccination group were calfhood vaccinated
with various concenﬁrations of B. abortus, strain 19. A comparable
group of 14 non-vaccinated cows served as controls. Following breeding,

7 cru of B. abortﬁs, strain 2308

each pregnant cow was exposed to 3 x 10
by the conjunctival route. 'At the time of parturition or abortion,
stomach contents and lung tissue were collected from each aborted

fetus and vaginal mucus and quarter milk samples were collected from




Composition of the experimental E medlum and those used

Table 11,
in 1ts evaluation
Media E TSA, TSAEV Farrell
Baé.a.l Medium Tryptose Tryptose Tryptose Serum
' Serum® Serum Serum Dextrose
Bacitracin units/ml 25 7.5 7.5 25
Cycloheximide ug/ml 100 30 30 100
Lincomycin units/ml 6 - - -
Nalidixic acid® wug/ml - - - 5
Nystatin units/ml 100 - - 100
Polymyxin B units/ml 5 1.8 1.8 5
Vancomyein® ug/ml - - - 20
- - 1.40 -

Ethyl violet ug/l

SPryptose agar enriched with 5% tovine sexum.

Poxoid mitrient agar (K C Biological Inc., Lenexa, KS. ) plus

5% horse serum,

®Aldrich Chemical Co., Inc., Milwaukee, WI.

9E11 Lilly and Co., Indianapolis, IN.
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each cow and cultured for Brucella. If Brucella was not isolated from
_the first collection, then quarter milk samples were collected at 2
and 4 weeks post-parturition or abortion. Tissue was collected at
slaughter and cultured from all cows Which were previcusly cultire
negative. A total of 525 milk samples were cultured from the 72 cows
in the project.

The animals in the field group had various histories indicating
the possibility of Brucella infection. Some of the milk samples were
guarter samples and others were composites. There were 477 samples

from 152 cows.

Cultitte procedures

The milk samples were prepared for inoculation according £o .
the procedure described in Part I. The cream layer and the éediﬁént
were inoculated onto the E medium,rTSA, TSAEV, and Farrell's medium
in the manner“previously described. The agar plates were incubated

for 7 days at 37°C in 10% co,.

Identification of the gemus Brucella

Following incubation, colonies which appeared similar to those in
the genus Brucella were transferred to a TS plate in order t6 obtain a
pure cultﬁre. After 2 days of incubation, those,coignies which were
confirmed as a Brucella sp. were also biotyped for complete identifi-

cation by the routine tests previously stated in Part I.
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RESULTS

The number of Brucella isolations made on each of the four media
from 1002 milk samples representing 224 cows are compared in Table 12.
No me(_iiu.m isolated Brucella _from all éé known culture positive cows.
The TSAEV medium identified 79 cows as infected vhereas the TSA medium
only identified 64 cows. Both the Fé.:‘rrell's medium and the E medium
were similar to TSAEV in their isolation rates of 78 and 74 respec-
tively. The detailed results for each cow and milk sample on each

medium are in Appendix, Tables 18 and 19.

Table 12. A comparison of four selective media for the 1lsolation
of Brucella from milk samples

Medium : Number of Isolations Number of Isolations
- from 86 cows found from 203 samples that
to be sheddersa' contained Brucella
E - o e 169
TSA. 64 143
TSAEV 79 17%
Farrell 78 170

" "B224 cows were examined.

1002 milk samplés were cultured.
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A further comparison of the isolation frequency was made by
devising a scoring system. This system gave the highest score to a
medium that was the only one on which Brucella was isolated. Figure 5
compares the results and explains the scoring method. There was very
‘1ittle difference among the cumulative scoreé of three of the media,

E (71), TSAEV (80) and Farrell's (74) but the score for the TSA
medium (314-) was considerably lower.

The presence of non-brucella microorganisms in the milk samples
is known' to affect the isolation rate for Brucélla. Figure 6 compares
the abllity of each medium to control the growth of contaminants. The

‘B medium, TSAEV and Farrell's was unable to prevent the overgrowth

of the agar pia.te by contaminants in 4%, 3% and 1% respectively of
the milk samples. The TSA medium was unable to prevent the overgrowth
of 14% of the milk samples. '

The estimated number of Brucella colonies developing on each
medium from each milk sample was statistically compared from the data
in Appendix, Tables 18 and 19. ~ The TSA medium grew significantly
lower numbers of Brucella.colonies than t;;eg other three media (p(Ol)
The isolation of large numbers of Brucella colonies on all four media
.from several of the culture positivg cows was recorded. Other culture
positive cows only. had isolations on some of the media but not a.ll.
Table 13 contains data of four culture positive cows showing va.rleé.
isolation patterns. Cow 16F is an example in which contamination
i_n"_berfered with the isolation of Brucella on the TSA medium. Cow 59F

had a single Bmcel'la. colony isolated on the E nedium and no colonies




A

Figure 5. Isolation frequency from Brucella infected milk using
various media |

4
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ISOLATION FREQUENCY FROM BRUCELLA INFECTED MILK USING VARIOUS MEDIA

HMETHCD OF SCORING

0 POINT = ISOLATION ONALL MEDIA
| POINT =ISOLATION ON 3 MEDIA
2 POINTS = ISOLATION ON 2 MEDIA
3 POINTS = SOLATION ON | MEDIUM
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Figure 6., Effectiveness of each medium in the gﬁwth inhibition
of non-brucella microorganisms in 1,002 milk samples -
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EFFECTIVENESS OF EACH MEDIUM IN THE GROWTH INHIBITION OF NON-BRUCELLA
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Table 13. Comparison of four selective media for the isolation of
Bruceila sp. as illustrated by the results from four cows

Cow Quarter ] Medium Species &
Hunbezx E TSA  TSAEV Farrell Biotype
16 7 Comp® 1© c " ot B. abortus
. Biotype 1
59 F ¢ + -0 -0 -0 B. abortus
Biotype 1
Y - -0 -0 -0 -0
Z -0 c -0 + B. abortus
Biotype 1
13V RF 2+ 2+ 3+ 3+ B. abortus
Strain 2308
RR 2+ -0 2+ + B. abortus
Strain 2308
LF 2+ c 2+ 2+ B. abortus
Strain 2308
LR + -0 -0 2+ B. abortus
| Strain 2308
48 v RF 3+ I 3+ b+ B. abortus
Strain 2308
RR 2+ -0 c -0 B. abortus
, _ Strain 2308
LF -0 -0 -0 -0
IR -0 + 24+ 2+ B. abortus
Strain- 2308

%F = Field Group; V = Vaccination Group,

PComposite milk sample.

0o+ 10
o

P ELR

LTS O | SO | R T I |

No Brucella colonies,
Single Brucella colonies.
2 - 10 colonies,

11 - 100 colonies,

101 - 500 colonies,

501 colonies.
Contaminated.

dUnidEntified quarter milk samples designated X through Z,~
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on the other three media from the X quarter milk sample, likewise a
isingle colony was isolated only on Farrell's medium from the Z
quarter, Cows 13V and 48V are examples of the iscolation pattern
where the number of ‘colonies isolated was relatively low except for
the RF quarters. The E and Farrell media isolated Brucella from all
four quarters of cow 13V whereas the TSAEV medium only isclated from
three and the TSA medium from only one quarter. All four media
isolated Brucella from the RF quarter of cow 48V. The E medium was
the only one to isolate from the RR milk sample and the only one

failing to isolate from the LR quarter.
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DISCUSSION

A new selective medium, designated as E, was successfully de-
veloped for the isolation of Brucella from contaminated milk samples.
This medium was supportive of Brucella growth and controlled the
growth of the majority of non-brucella microorganisms encountered
in the milk samples tested. The E medium was evaluated by comparing
it to three established media. Two of these, TSA and TSAEV are media
routinely used for the primary isoclation of Brucella at NVSL and other
laboratories. The third medium was Fa.rre]l:s which has been reported
to give excellent results when compared to a number of other media
(25, 37). |

The E medium was significantly better in 1solating Brucella from
milk samples than the TSA and was comparable to TSAEV and Farrell's.
Tt has some advantages over the other media such as supporting a more
luxuriant growth of Brucella, contains fewer antimicrobial agents
than Farrell's and 'l-.l_ze basa;L medium is easy to obtain con{mercia‘.]_ly. '

| In general, the isolation frequescies for the E, TSAEV and Farrell's

media are comparable. There were several instances in which Brucella
- was isclated on only one of the four media. In each instance, 10
or fewer colonies were observed and in a majority only one colony
appeared. This may not reflect differences in the efficiency of the
media as much as a matter of probability of any random inoculum of
sample containing é. viable organism. A similar situation was de-

scribed by Morgan when he only isolated Brucella on 4 out of 12 ‘
Plates which were inoculated with milk that had been seeded with 15 ‘
|
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viable B. abortus cells per 10 ml (46).

The isolatioé frequency of the TSA medium was reduced because
it was ineffective in controlling contamination. Farrell's medium
had the highest isolation freqqéncy and was the most effective in
controlling the growth of contaminants (Figures 5 and 6). The main
differences between these two ﬁedia were the number and concentrations
of the antimicrobial agents présent in each medium. The TSA medium
contains three antimicrobial agents at low concentrations and
Farrell's contains six at higher concentrations. The inhibition of -
. contaminants by the E and the TSAEV media was similar to Farrell's.
The adverse affect qf conﬁaminants on the isolation frequency of .
Brucella has been reported (25, 37, 46). This laborétory has observed
zones of Brucella inhibition surrounding colonies of some non-brucella
microorganisms. Also, it has'beenﬁobserved that known Brucells
colonies on a TS plate céﬁ be adversely affected by heavy contamina-
tion on the other plates in thg'same enclosed contaiﬁer. The piimg:y;
iSO;aﬁion plates were incubated in a closed container into which 002,
was added. In each containe;,ja TS plate inoculated with B. abortus,
piotyge 2 was;added'as an enviionmental control. Occasionally, the
primary isolation,plates from a sampie were overgrown with a
‘contgminént wh%ph produces a vélatile gﬁd‘froduct.' In many instances,
the Brucella growth on the control plate was elther very poor oi,
completely absent, '

The growth of Brucella colonies on the E mediunm was obser%ed to

be luxuriant. Single colonies were usually a good size (apprbximately
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ﬂ2—3 mm) after 7 days of incubation. Tt ha.-s been observed in this
laboratory that occasionally the size of-the Brucella colonies on
Farrell's medium are markedly decreased (approximately 1 mm or less)
when ¢éompared to the colonies on TSA or TSAEV. In a Very‘-few in-
stances, Brucella did not grow on Farrell's when there was confluent
Brucella growth on TSA and TSAEV which were inoculated from the same
sampl‘e.- Hunter and Kearns reported diminished colony size on Farrell's
medium after 3 days of incubation compared to the other media they |
tested (37). There may be several reasons for this occurrence, two

of wl;ich were: 1) the concentration of _an'bimicmbials affects the more
sehsitive isolates of Brucella or '2) the preparation of the medium
was not correct.

The prelimina.ily study in Part I indicated the E medium would sup-
port the growth of all biotypes of Brucella found in the United States
including the fastidious B. abortus, biotype 2. Morgan (46) reported
‘the inhibition of B, a.'bo:r;tqs, biotype 2 'bxla. 1:800,000 dilutio{}h of
ethyl-violet but Pa._:l.pter et al. (51) reported it grew on a 1:700,000
dilu-bic;n. Since TSAEV contains ethyl violet, several researchers

recommended its use only in conjqnction with other selective media

1, 39, 46, 51). Brucella abortus, biotype 2 was not isolated from

a.ny of the milk samples tested. Therefore, a limited study was conducted
to determine its viability on the four media. The United States Depart-
ment of Agﬂcuiture viability count procedure was used to inocula.t_e“the

6

four media plus a TS control with 10~ and 10—? dilutions of B. abortus,

biotype 2 (1). The TSA and TSAEV media showed no inhibition of growth,
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Farrell's showed partial inhibition and the E showed complete inhibi-
tion., Since lincomycin has never been used before, it was felt that
its concentration was too high. A second test was done by inoculating
a TS control plate and TS plates containing 6 umits/ml, 5 units/ml or
4 uﬁit‘s/ml of lincomycin. There was no inhibitien of B. abortus,
‘biotype 2 by any of the three concentrations of lincomycin. There may
be an interaction occurring among some of the antimicrobial agents in
the E medium. This possibility should be studied in more detail. The
TSA and Farrell's media have been reported not to inhibit the growth
of B. abortus, biotype 2 (1, 23, 25, 51). The limited probe:- done in
this study indicates that Farrell's medium may partially inhibit the
growth of B, abortus, biotype 2. |

Three of the media, E, TSAEV and Farrell's,were equivalent in
- their isolatioh frequency and effectiveness in controlling the. growth
of cpn't.amina,nts“. The ’I‘SA imed‘:i.um proved in;eﬂor to the other 'bh;bee
media in ;bhose‘ two ¢riteria, For different reasons, each of the three
best media could be used for the lsolation of Brucella from contami-
nated sources. The E medium supported luxuriant growth of Brucella
except B. abortus, biotype 2, was highly effective agalnst contami-
nants, and had a high isolation frequency from naturally infected milk.
Fa.;c'reil.l's medium had a high lsolatlon frequency, was very effective
against coﬁta.minants but may adversely affect the growth of B. abortus,
biotype 2. The TSAEV medium was. also effective in controlling con-
taminants, had a high isolation frequency, but its affect on ;l:.hp.

growth of B. aboxrtus, biotype.2 is questionable (1, 39, 46, 51), It



7

;has been Ieported'(46, 51). and obsexved in this study.that the use of
severﬁl plates increases the isolation chances from samples with 16w
mumbers of viable Brucella organisms. The use of the E, TSAEV and
Farrell's medium together would increase the isolation frequency from
clinical samples. Each medium has different advantages and disadvan-

tages and the three would complement each other.
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SUMMARY
A new selective medium (E medium) for the isolation of Brucella
from bovine milk was developed. The medium was composed of tryptose
agar, bovine serum (5%), bacitracin (25 units/ml), cycloheximide
(100 ug/ml), lincomycin (6 units/ml), nystatin (100 units/ml) and
polymyxin B sulfate (5 units/ml).
The E medium was compared to three established media (TSA, TSAEV

and Farrell's). Brucella abortus was isolated from 86 of the 224

cows Which were tested. Of these 86 cows, TSAEV isolated from 79,
Farrell's from 78, E medium from 7% and TSA from 64. The TSA medium
isolated fewer Brucella colonies than the other three media (p{.Ol).
The TSA medium was inferior to the other three media in all compari-
sons. It is recommended that the E medium replace the TSA medium as
a primary isolation medium for contaminated sources.

Although there was little difference among the E, TSAEV and
Farrell's media in their isolation frequencies and contamination
control, each|had some advantages. The sensitivity of B. abortus,
blotype 2 to E, TSAEV and Farrell'g_media tends to vﬁ:y among the
different isolates as indicated by other researchers and further
studies done in this laboratory. Therefore, by using a combination
of all three media (E, TSAEV and Farrell's) the isolation frequency
ﬂoul@ be lncreased and the isolation of B. abortus, biotype 2‘

would not be missed due to inhibition by one of the media.
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Table 14. Results of the minimal inhibitory concentraion
determination for nystatin on Brucella spp. after
48 hours incubation

Dilution (units/ml)

NVSL Brucella 3pp=.a' - v
.25 T8

Number and biotype 128 64 32 16 8 4 2 1 .5

0-1171 BA biotype 2 A T T
0-1288 BA biotype 2 + + + + + o+ 4+ F o+ o+ #
0-1421 BA biotype 1 + + + + 4+ + + + 4+ o+ o+
0-1422 BA biotype 1 o+ d o+ o+ o+ F o+ 4+ o+
0-1424 BA biotype 1 + 4+ 4+ + + + 4+ o+ o+ o+ o+
0-1430 BA strain 19 + + o+ + + o+ - + o+ + +
0-1457 BA Dbiotype 1 + + + + + + + + o+ o+ o+
0-1480 BA biotype 1 + + + + + + ¥ o+ o+ o+ o+
0-1481  BA biotype 1 + + o+ o+ o+ o+ o+ o+ o+ o+ 4
0-1485 BA strain 19 o+ o+ - 0+ + 0+ o+ + o+
70-1.1487 BA biotype 1 + + o+ o+ o+ o+ o+ o+ o+ T+ o+
0-1490 BA biotype 1 + + + + + + + + + + +
0-1492 BA biotype 1 + + + + + + 4+ o+ o+ o+ o+
0-1493 BA biotype.l + + + + + + + + o+ o+ o+
,0—14911# ‘BA biotype 2 + + + + + + + o+ + + o+
0-1512 BA biotype 1 + + .+ + + + o+ o+ o+ -+ o+
0-1513 BA biotype 1 + + 4+ + + + + o+ o+ o+ o+
0-1516 BA biotype 1 + + + + o+ o+ 4+ o+ 4+ o+ o+
0-1528 BA biotype 1 T F ot o+ o+ + + +
0-1529  BA blotype 1 T+ o+ v o+ o+ F o+ o+ 4+ 4

8pp = Brucella abortus, |

B3 = Brucella suis.

b .

TS = Control: Tryptose agar plus 5% bovine serum.
®+ = Growth,

+ =

Iight growth,
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Table 14. {continued)

NVSL Brucella spp. Dilution (units/ml)

Number  and blotype 128 64 32 16 8 4 2 1 .5 .25 TS
0-1530 BA strain 19 + + + - + + - - + + +
0-1533 B. canis ¢ + o+ o+ o+ o+ o+ o+ o+ 4+
0-1592 BA strain 19 + + + o+ o+ 4+ o+ o+ o+ o+ F
0-1600 BA biotype 1 + + + + + + + +. 0+ + o+
0-1608 BA strain 19 + + 4+ + + + o+ o+ o+ o+ o+
0-1618 BA biotype 2 + + + + + + o+ o+ o+ o+ O+
0-1647 BA biotype 4 + + + + + + + + O+ o+ o+
0-1651 BA biotype 1 + o+ o+ o+ o+ o+ 4+ o+ o+ o+
0-1652 BA biotype 1 + + 4+ + 4+ + + 4+ + o+ o+
0-1653 BA biotype 1 + + + + + + o+ o+ o+ o+ o+
0-1655 BA biotype 1 + + + + + F o+ + + o+ o+
0-1657 BA biotype 4 + + + 4+ o+ o+ O+ O+ O+ O+ o+
0-1733 BA strain 19 + O+ o+ o+ o+ o+ o+ o+ o+ o+ 4
0-1804 BA strain 19 + + + + + + o+ o+ o+ o+ o+
0-1857 BA 'biO'f;'y:pe L + + 4+ + + + + + + + +
0-1858 BA biotype 4 + o+ 4+ o+ 4+ o+ o+ o+ o+ o+ o+
0-1859 BA biotype 4 + + + + + + o+ o+ o+ o+ o+
0-1861 BA biotype 4 + o+ o+ o+ o+ 4+ o+ o+ o+ o+ 4
0-1862 BA biotype 4 + 4+ + + + o+ + o+ o+ o+ 4
0-1863 BA biotype 4 + + + + 4+ o+ o+ o+ 4+ o+ o+
0-1866 BA biotype 4 *oE o+ d o+ o+ o+ o+ o+ o+ 4
Strain .

19 BA strain 19 + o+ + 0+ o+ + o+ o+ o+ o+
2308 BA biotype 1 + + o+ o+ + o+
Biotype

2 BA biotype 2 +  F + +
‘Suls BS biotype 1 + +
Canis B. canis + - + o+
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Table 15. Results of the minimal inhibitory concentration
determination for dicloxacillin on Brucella spp. after
72 hours incubation

Dilution (ug/ml)

o
Ut
Lo 1
o
o-

NVSL Brucella spp.2
Number and biotype 128 64 32 16 8 & 2 1 .5
0-1082  BA biotype 2 +© ¢+ o+ o+ o+ + o+ o+
0-1171 BA biotype 2 - - - - - - + + o+
- 0-1288 BA biotype 2 - - - - € = - + + +
0-1396 BA strain 19 - + + + C 4+ + + + +
.0-1421  BA biotype 1 + + + + + + + o+ o+
. 0-1422  BA biotype 1 e A
0-1424  BA blotype 1 -+ + 4+ O O+ o+ o+ 4+ ¥
0-1430 BA strain 19 -+ 4+ + € + + + + +
0-1457  BA biotype 1 + o+ o+ o+ o+ o+ o+ o+ o+ 4+
0-1480 BA blotype 1 + + + + 4+ + o+ o+ o+ o+
0-1481  BA biotype 1 + + 4+ + € + + + + -+
0-1485  BA strain 19 -+ + 4+ € o+ o+ o+ o+ 4
0—111_8?' BA biotype 1 ¢+ £ + + + + + + + o+
0-1490 BA biotype 1 + + 4+ o+ o+ o+ o+ o+ o+ o+
0-1492  BA biotype 1 + + + + + + + + + +
0-1493  BA biotype 1 + + + + o+ o+ o+ o+ o+ 4
-0-1@9# BA biotype 2 - - = = - - -+ o+ 4
0-1512 BA biot;fpe 1 + + + 4+ o+ o+ o+ o+ o+ o+
0-1513 BA biotype 1 L T T I O S R A o
0-1516  BA biotype 1 + 4+ 4+ o+ o+ o+ T+ o+ o+ O+
0-1528 BA biotype 1 - - = = - = -+ o+ o+
®BA = Brucella abortus,
" BS = Brucella suils,
Brs = Control: Tryptose a.ga.r plus 5% bovine serum,
® = Growth.
- = No growth, .
C = Contamination,

+ + + 4+ +.F + + + + + + + + 4+ F + + o+ + o+
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Table 15. (contimued)

Dilution (ug/ml)

NVSL Brucella spp.
Number  and blotype 3158 64 32 16 8 4 2 1 .5 .25 TS
0-1529 BA biotype 1 - + + + + o+ o+ + o+ O+
0-1530 BA strain 19 - + + + + + + + + ¥
0-1533  B. cenis S T T
0-1592 BA strain 19 -+ o+ o+ o+ o+ F o+ o+ o+ O+
0-1600  BA biotype 1 + + + + + + + + + +
0-1608  BA strain 19 + + + + + 4+ o+ 4+ o+ o+ o+
0-1614 BA strain 19 -+ + + + + + + + o+ o+
0-1618  BA biotype 2 - e e - e o -+ o+ %
0-1647  BA biotype 4 + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
0-1651  BA biotype 1 + 0+ + 4+ 4+ o+ o+ o+ o+ o+ o+
0-1652 BA biotype 1 + + + + + + + + + + +
0-1653  BA blotype 1 + + + + + 4+ + + + + +
0-1655  BA biotype 1 + + + o+ o+ o+ o+ o+ o+ o+ A+
0-1657  BA biotype 4 + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
0-1733 BA strain 19 - + 4+ + + o+ o+ o+ o+ o+ o+
0-1804  BA strain 19 + + + + o+ o+ + o+ o+ o+ 4
0-1857  BA biotype 4 + + o+ + o+ o+ o+ o+ o+ o+ o+
0-1858 BA biotype 4 + 4+ + 4+ 4+ + O+ o+ v o+ .+
0-1859  BA biotype 4 + + + + o+ o+ o+ o+ o+ o+ o+
0-1861  BA biotype 4 o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
0-1862  BA biotype 4 + + 4+ o+ o+ o+ o+ o+ o+ o+ o+
.0-1863  BA biotype 4 + 4+ + o+ o+ o+ o+ o+ o+ o+ o+
0-1866  BA biotype 4 R
‘Strain L

19 - BA strain 19 - + o+ + + + + 4+ o+ o+
2308 BA biotype 1 + o+ o+ o+ o+ o+ o+ o+ o+ o+
Biotype

2 BA biotype 2 - e e e e 4 a4+ o+ o+ o+
Suis 'BS biotype 1 - 4+ + 4+ o+ o+ o+ o+ o+ o+ %

Canis B. canis - + + + o+ + o+ F ok o+ 4
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Table 16. Results of the minimal inhibitory concentration
determination for lincomyecin on Brucella spp. after
72 hours incubation

NVSL Brucella spp.- Dilution (units/ml)

Number  and blotype 128 &% 32 16 8 & 3 1 .5 .25 TSP
0-1082  BA biotype 2 N N T T T TR S S
0-1171 BA biotype 2 - - -+ + o+ + o+ o+ o+ o+
0-1288 BA biotype 2 - - + + 4+ + + + + + +
0-1396 BA strain 19 - - -+ 4+ o+ o+ o+ o+ o+ o+
0-1421 BA biotype 1 - - + + 4+ + + + + + +
0-1422  BA biotype 1 S+ 4+ o+ o+ o+ o+ o+ o+ o+
0-1424  BA biotype 1 - - - ¥ + o+ o+ + + o+ o+
0-1430 BA strain 19 - - -+ + o+ o+ o+ o+ o+ o+
0-1457 BA biotype 1 - - ¥ o+ o+ o+ ot o+ o+ o+ o+
0-1480 BA blotype 1 - -+ o+ o+ o+ ok + o+ o+ o+
0-1481 BA biotype 1 - -+ = o+ o+ o+ o+ O+ o+ o+
0-1485 BA strain 19 - - - + o+ . o+ o+ O+ o+ o+
0-1487  BA biotype 1 - -+ + 4+ o+ o+ o+ o+ o+ o+
0-1490 BA biotype 1 - - + + + + o+ o+ o+ o+ o+
0-1492 BA biotype 1 - - + + + + + + + o+ o+
0-1493  BA biotype 1 - - + *+ 4+ + o+ o+ o+ + #
0-1494  BA biotype 2 e e - 4+ 4+ o+ o+
0-1512  BA biotype 1 - -+ o+ o+ o+ o+ o+ o+ O+ &
0-1513 BA biotype 1 T R N R T N T
0-1516  BA biotype 1 I SN S A T
0-1528  BA biotype 1 e
0-1529 BA biotype 1 - - =+ + + + + + 4+ o+

2pp = Brucella abortus,

BS = Brucella suis.

b

TS = Control: Tryptose agar plus 5% bovine serum,
S+ = Growth.

|
un

No growth,
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Table 16. (continued)

NVSL Brucella spp. Dilution (units/ml)
Number and biotype 128 64 32 16 2

w
=

25 TS

=
O

0-1530 BA strain 19 - - - + 4+ + 4+ + + + =
0-1533 B, canis - 4+ 4+ + + 4+ o+ o+ o+ o+
0-1592 BA strain 19 - - - - + + 4+ + + + «+
0-1600 BA biotype 1 - - 4+ 4+ F o+ o+ o+ o+ o+ %
0-1608 BA strain 19 - + 4+ o+ o+ o+ 4+ o+ o+ o+ F
0-1614 BA strain 19 - - -+ o+ o+ o+ o+ o+ o+ O+
0-1618  BA biotype 2 - - - 4+ o+ o+ o+ o+ o+ o+ o+
0-1647 ~ BA biotype 4 T T T I S
0-1651  BA biotype 1 -~ = 4+ o+ o+ o+ o+ o+ o+
0-1652 BA Dbiotype 1 - - F o+ o+ o+ o+ o+ o+t
0-1653 BA biotype 1 - - +* + 4+ + + 4+ o+ o+ =
0-1655 BA biotype 1 - - - o+ 4+ o+ O+ o+ F o+ o+
0-1657  BA biotype 4 - -+ o+ o+ o+ o+ o+ o+ o+ 4+
0-1733  BA strain 19 - - o+ 4+ o+ o+ o+ o+
0-1804 BA strain 19 - - + + ¢ o+ o+ 4+ o+ o+ o+
0-1857 BA biotype 4 S I R R R
0-1858 BA biotype- 4 - -t ot o+ o+ o+ o+ 4+ +
0-1859  BA biotype & - =+ o+ o+ ¥ o+ o+ o+ o+ 4
0-1861  BA biotype b - -~ +t o+ o+ o+ O+ o+ o+ o+ 4
0-1862 BA biotype 4 - - * + + + + o+ + o+ o+
0-1863  BA biotype 4 - -+ o+ o+ o+ o+ o+ o+ o+ %
0-1866. BA biotype 4 - - + 4+ + + 4+ o+ o+ o+ 4+
Strain

19 BA strain 19 - - = + 4+ o+ o+ o o+ o+
2308 BA biotype 1 - - - + + + o+ +
'Biotype

2 BA biotype 2 - - + + + + + + + + ¥
Suis BS biotype 1 - 4+ + = 4+ &

‘Canis B, canis - * + 4+ + + + + + o+ ¥
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Table 17: The cultural results of 100 cows on seven different media

Cow Quarter - Medium B. abortus
Sample 37 B ¢ D E TSA TsAEy, 1solated
1 RF 0* o0 0 0 c 0 0 L
RR 0 0 0 2 + 0 0 strain 2308
LF 0 0 0 0 0 0 0 ‘
LR 0 0 0 0 0 0 0
2 E®F 0 0 o 0 o0 0 0
RR 0 0 0 0 0 0 0
3 AP o ©o o 0 0 0 0
B 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0
Iy A c 0 a c 0 ¢ c
B 0 0 0 0 0 0 0
a ¢ ¢ 0 c 0 e 0
D c 0 -0 c 0 ¢ a
5 A 0 0 0 C 0o 0 0
B 0 0 0 0 0 0 0
G G c C a 0 0
D 0 0 0 0 0 o0 0
6 iy 0 ¢ G 0 0o 0 0
RR 0 0 0 H 0 0 0
LF 0 0 0 0 0 0 0
LR 0 0 0 0 0 0 0
% = No Brucella colonies isolated,
'+ = Single colony.
2 = 2-10 colonies,
3 = 11-100 colonies,
4 = 101 or more colonies,
C = Contaminated,

hUnident’ified. quarter samples,
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B. abortus

(continued)
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Table 17.

{continued)
. Quarter

Cow

B. abortus

Medium

Isolated

-T8A: TSAEV

D

Sample

E .

Co

16,
17

QOO O

OO OD

ODCoDDD

UL DOD

OO0 0O
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(continued)

Table 17.

B, abortus

Medium

Quarter

Sample

Cow

Isolated

TSA TSAEY
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(continued)

Table 17.

abortus
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B.
TSA TSAEV

E

Medium
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(continued)

Tatle 17.
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(continued)

Table 17.

B. abortus
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B, abortus

Isolated

(con%inued)‘

. Table 17.
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(continued)

Table 17.
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(continued)

Table 17.
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Table 18, The culture resultis.of four media using milk samples from
72 cows in the adult vaccination project.

Cow Sample Quarter Medium B, abortus

_Dates . Samples " gy  .qgARV Faxrell's  Lsolated
1 62882 . &F 0 o0 0 o
7-13-82 RR 0 0 .0 0
7_28-82 LF 0 0 0 0
LR 0 0 0 0
2 2-27-82 RF 2 + 2 3 strain 2308
RR 2 3 3 3 strain 2308
LF 2 0 2 2 strain 2308
LR 5 5 5 5 strain 2308
3 3-31-82 RF 3 3 L i strain 2308
RR 5 & 5 5 strain 2308
IF 3 I 3 3 strain 2308
LR 5 5 5 5 strain 2308
4 2-20-82 . EF vk 4 b strain 2308
" RR L L 4 L strain 2308
. LF 3 b 3 4 strain 2308
LR L L 3 L strain 2308
5 '3-1582  RF 2+ 2 2 strain 2308
RR 3 + 3 3 strain 2308
LF 0 0 0 0
LR 3 3 4L 3 strain 2308
6 3-9-82 RF I I L 4 strain 2308
RR 3 2 3 3 strain 2308
IF 0 0 0 0
LR 4 L 3 4 strain 2308
5 4-20-82 RF 0 0 0 0 |
RR 0 0 0 0
LF 0 0 0 0
0 0 0 0

LR

No Brucella isolated,
Single Brucella colony,
2 to 10 colonies,

11 to 100 colonies,
101 to 500. colonies,
501 or more colonies,
Contamination,

c:Ln{rthaq;cg ’
nHmnwunmnmnan
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Tabtle 18. (continued)
Cow Sample Quarter Medium B. abortus
Dates Samples . TSA TSAEV Farrell's Isolated
8 3-9-82 RF 0 0 + + strain 2308
RR L 3 b b strain 2308
LF 2 + 2 0 strain 2308
LR 3 3 3 2 strain 2308
9 4-9-82 RF 0 0 0 0
4-14-82 RR 0 0 0 0
4-28-82 LF 0 0 0 0
5-12-82 LR 0 0 0 0
10 4-1=82 RF 0 0 0 0
4-14-82 KRR 0 0 0 0
h-28-82 Lp 0 0 0 0
LR 0 0 0 0
11  3-30-82 R¥ 0 0 0 0
© h-14-82 RR 0 0 0 0
4-28-82 LF 0 0 0 0
LR 0 0 0 0
12 B-12-82 RF 0 0 0 0
RR 0 0 0 0
r 0 0 0 0
LR 0 0 + + strain 2308
13 3-20-82 KR 2 2 3 3 strain 2308
RR 2 0 2 + strain 2308
LpF 2 c 2 2 strain 2308
LR + 0 0 2 . strain 2308
14 3-14-82 RF + 0 0] 0 strain 2308
RR 0 0 0 0
LF 0 0 0 0
LR 3] 0 0 + strain 2308
15 3-6-82 HE 0 0 0 0
RR 2 0 0 0 strain 2308
LF 5 5 5 5 strain 2308
LR L 3 L L strain 2308
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Table 18. (continued)
Cow BSample Qué_.r'ter Medium B. abortus
Dates Samples - TSA  TSAEV TFarreil's Isolated
16 4-28-82 RF 0 0 0 0
RR 0 0 0 0
LF. t] 0 0 0
LR ¢ C G 0
17 L4-26-82 RF c c c 0
5-12-82 RR 0 0 0 c
5-24-82 LF c c C 0
LR ) 0 0 0
18 3-12-82 BF 2 2 2 2 strain 2308
RR 3 3 2 3 strain 2308
LF 0 + 0 2 strain 2308
LR 3 3 3 3 strain 2308
19 3-1-82 RF 3 [+ 3 2 strain 2308
RR 0 G 0 + strain 2308
LF 0 + + 0 strain 2308
‘ IR 2 2 2 2 strain 2308
20 L-7p-82 RF 0 0 0 0
RR 0 0 0 0
LF 0 0 0 0
LR 3 3 3 3 strain 2308
21 2-24-82 RF 4 L L 4 strain 2308
RR 4 L i L strain 2308
LF + 0 0 0 strain 2308
LR 0 0 0 0
22  3-20-82 RF 0 0 0 0
4-7-82 RR 0 0 ¢ 0
L-22-82 LF 0 0 0 0
LR 0 0 0 0
- 23  3-20-82 RF 0 0 0 0
RR 0 + 2 0 strain 2308
LF 3 3 2 3 strain 2308
LR 0 0 0 + strain 2308
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Table 18. (continued)
Cow Sample Quarter Medium B. abortus
Dates Samples = TSA  TSARV Farrell's Isolated
24 3-20-82 _RF 0 0 0 0 .
RR 5 5 5 5 strain 2308
LF 0 ¢ 0 0
LR 5 5 5 5 strain 2308
25 3-30-82 RF 0 c 0 0
L-14-82 RR 0 0 0 0
L-28-82 iF 0 0 ) 0
LR 0 0 0 0
26 3-7-82 RF 0 0 0 0
RR 0 0 0 0
IF 0 + 0 0 strain 2308
LR 0 0 + + strain 2308
27 4-7-82 RF 0 0 0 0
Y-22-82 ER 0 0 0 )
5-5-82 LF 0 0 0 0
28  2-19-82 RF 3 3 3 b strain 2308
< RR 0 0 0 0 -
LF 2 2 2 + strain 2308
LR 0 0 ) 0 '
29° 4-1-82 RF o o0 0 0
4-14-82 RR 0 0 0 0
h_28-82 iF 0 0 0 0 ‘
LR 0 0 + 0 strain 2308
30 3-18-82 RF 0 0 0 0
4-7-82 RR 0 0 0 0
I-21-82 LF 0 0 0 0
IR 0 0 0 0
1 4-26-82 RF 0 0 0 0
5-12-82 RR 0 0 0 0
52482 LF 0 0 0 0
IR 0 ) 0 0

Pﬁ:_mcglla. isoldted onl;y'm from the milk samples collected on
1-82, '
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Table 18. (continued)
Cow Sample Quai'ter Medium B. abortus
- Dates ‘Samples - TSA  TSAEV Farrell's Isolated
32 4-21-82 RF 0 0 0 0
5-20-82 RR 0 0 0 0
F 0 0 0 0
LR 0 0 0 0
33 5-3-82 RP 0 0 0 0
5-12-82 RR 0 0 0 0
5-24-82 LF 0 0 0 0
LR 0 0 0 0
34 3-19-82 RF 0 0 2 + strain 2308
' RR 3 L 3 3 strain 2308
LF 0 0 0 0
LR L L L L strain 2308
35  3-9-82 RF 0 0 2 0 strain 2308
RR 2 ¢ 2 2 strain 2308
LF + c 0 2 strain 2308
LR 4 3 4 3 strain 2308.
36 3-10-82 RF + 2 2 0 strain 2308
RR 0 0 0 0
iF + 0 0 0 strain 2308
LR 5 L b 4 strain 2308
37 3-23-82 P 0o 0 0 0 |
l-14-82 RR 0 0 0 0
4-28-82 LF 0 0 0 0
LR 0 0 0 0
38 3-27-82 RF 0 0 0 0
RR 0 0 0 0
LF 0 0 0 0
? LR 5 5 5 5 strain 2308
39  3-11-82 RF 0 0 2 0 strain 2308
RR + 0 2 2 strain 2308
LF 0 0 0 0 .
LR 5 5 5 5 strain 2308
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Table 18, (continued)
Cow Sample an.fber Medium _ B. abortus
Dates Samples - TSA TSAEV F 11's Isolated
o  4-9-82 iy 0 0 0 0
RR 0 0 0 0
LF 0 0 0 0
LR 0 0 0 0
51 4-23-82 RF 0 0 0 0
5-20-82 RR 0 0 0 0
r 0 0 0 0
LR 0 0 0 0
b2 2-26-82 RF 3 c 3 L strain 2308
RR L4 5 L strain 2308
LF 4 3 b 3 strain 2308
LR 5 5 5 L strain 2308
43 2-22-82 RF 2 2 0 + strain 2308
RR Iy 4 b 4 strain 2308
LF L n L L strain 2308 -
LR 3 3 3 3 strain 2308
by 2-25-82 RF 0 0 0 + strain 2308
RR 2 + 2 2 strain 2308
LF 5 ¢ 5 5 strain 2308
LR 5 3 L L strain 2308
45 3-13-82 RF 0 0 0 0
4-7-82 " RR 0 0 0 0
h-21-82 - IF 0 0 0 0
"LR 0 0 0 0
46  3-3-82 RF b 4 b b strain 2308
-~ ER + + 2 2 strain 2308
LF 5 5 5 5 strain 2308
LR 4 4 4 3 strain 2308
47  3-10-82 RF 5 5 5 5 strain 2308
RR 4 3 L L strain 2308
F 2 2 2 2 strain 2308
LR L 3 L 3 strain 2308
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Table 18. (continued)
Cow Sample  Quarter Medium B. abortus
Dates Samples B TSA TSAEV F 11's Isolated
48 3-4-82 B 3 3 3 b strain 2308
RR 2 0 C 0 strain 2308
nF 0 0 0 0 »
LR H + 2 2 strain 2308
b9 L-7-82 RF 0 0 0 0
L-22-82 RR 0 0 0 0
5-5-82 LF 0 0 0 0
LR 0 0 0 C
50  3-27-82 RF 0 0 0 0
b-14-82 RR 0 0 0 0
L-28-82 LrF 0 0 0 0
LR 0 0 0 0
51  3-4-82 R 3 2 2 2 strain 2308
RR 3 3 3 3 strain 2308
LF 3 3 3 L strain 2308
LR 3 3 3 b strain 2308
52 3-8-82 RF 2 0 0 + strain 2308
RR 0 0 0 0 ,
LF + 2 2 0 strain 2308
LR 2 + 3 2 strain 2308
53 3-27-82 RF 0 0 0 0
4-14-82 RR 0 0 0 0
L-28-82 r 0 0 0 0
_ LR 0 0 0 0
54  3-8-82 RF 3 3 3 3 strain 2308
RR 4 3 u 4 strain 2308
LF 4 c 3 5 strain 2308
LR i 2 3 3 strain 2308
55- 3-21-82 RF 2 0 0 0 strain 2308
RR 0 0 2 + strain 2308
LEF 0 0 0 0 '
LR 0 0 0 -0
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Table 18. (continued)
Cow Sample Quarter Medium ~ B. abortus
Dates Samples E TSA TSAEV Farrell's Isolated
56 3-24-82 RF 0 0 0 0
L1482 RR 0 0 0 0
4-28-82  LF o 0 0 0
LR 0 0 0 0
57 3-16-82 RF 0 0 0 + strain 2308
RR + 2 0 2 strain 2308
Ly 0 0 0 0
LR 0 + 0 0 strain 2308
58 3-18-82 RF 0 0 0 0
L-7-82 RR 0o 0 0 0
L.21-82 LF 0 0 0 0
_ LR 0 0 0 0
59 2-2682  EF .2 2 0 0 straln 2308
RR 2 2 2 2 stxrain 2308 .
LF 2 0 0 + strain 2308
LR 2 2 2 + _s‘bra.in 2308
60 2-23-82  RF 3 2 3 3 strain 2308
RR 3 .2 3 3 strain 2308
LF 3 3 3 3 strain 2308
. LR 5 5 5 5 strain 2308
61 3-30-82 RF 0 0 0 0 '
43482 . RR ) 0 0 0
4-28-82 F 0 0 0] 0
LR o 0 0 0
62° 3-17-82 BF - 0 0 0 0
4-7-82 RR’ 0 0 0 0
4-21-82 LF + 0 0 0 strain 2308
| LR o 0 0 0 |
63 3-2-82 RF 0 0 0 0
RR L c 3 3 strain 2308
LF 2 0 3 3 strain 2308
LR L 4 L L strain 2308

®Brucelia isolated only from the milk sample collected on 3—1’?—82,
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Table 18, . (continued)
Cow Sample . Quarter " Medium B. abortus
Dates Samples B TSA  TSAEV TFarrell's Isotated
64 L4-21-82 RF 0 c c 0
5-20-82 ER 0 0 0 0]
LF 0 0 0 C
LR 0 c c 0
65 4-9-82 RF 0 0 0 0
4-14-82 RR 0 0 0 0
4-23-82 LF 0 0 0 0
5-12-82 LR 0 o 0 0
66  3-20-82 R 0 0 0 0
L-7-82 RR 0 0 0 0
4-21-82 LF 0 0 0 0
LR 0 0 0 0
67 2-20-82 RF 0 + 0 0 strain 2308
RR. L. 3 4 b strain 2308
LF L 5 4 4 strain 2308
LR 4 3 L i strain 2308
68 4-2-82 RF 0 0 0 0
L422-82 RR 0 0 0 0
5-5-82 LF 0 0 0 0
LR 0 0 0 0
69 3-20-82 RF 0 0 0 0
h-7-82 RR 0o 0 0 0
h-21-82 LF 0 0 0 0
LR 0 0 0 0
70 4-7-82 R 0 0 0 0
4-22-82  ER 0 0 0 0
E5-5-82 LF, 0 0 0 C
LR o o0 0 0
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{continued)
Cow Sample Quarter Medium B. abortus
Dates Samples B TSA  TSAEV F 1's Isolated
71 3-29-82 RF 0 0 0 0
4-14-82 RR 0 0 0 0
' LF 0 0 0 0
LR 0 C 0 0
72 4-2-82 RF 0 0 0 0
U-22-82 RR 0 0 0 0
5-5-82 LF 0 0 0 0
LR 0 0 0 0
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Table 19. The culture results of four media using milk samples from
152 cows submitted from the field for diagnostic purposes

Cow Sample Quarter Medium

B. abortus

Date Samples B TSA TSAEV Farrell's Isolated
1 2-22-82 RE 0* o 0 0
RR 0 0 0 0
LF 0 0 0 0
LR 0 0 0 0
2 2228 AP 0 0 0 0
B 0 0 0 0
c 0 ¢ 0 0
D 0 0 0 0
3 2-22-82 A ¢ o 0 0
B 0 0 0 0
C 0 0 0 0
D 0 b 0 0
4 2-23-82 A 0 c 0 o
B L 2 3 4 strain 19
c 0 0 0 0 -
D 0 0 0 0
5 3-3-82 RF 0 0 0 0
RR 0 C 0 0
LF 0 0 0 0
IR 0 c 0 0
6 3-4-82 - RF 5 5 5 5 biotype 1
RR 5 5 5 5 biotype 1
LF 3 L 3 L biotype 1
LR 5 5 5 5 biotype 1
% = No Brucella isolated,
+ = BSingle Brucella colony,
2 = 2 to 10 colonies,
3= 11 to 100 colonies.
4 = 101 to 500 colonies,
5= 501 or more colonies,
€ = Contamination,

bUnident‘ified quarter samples designated A throtigh D,
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Table 19. (contimed)

Cow Sample Quarter Medium B. abortus
Date Samples E TSA TSAEV Farrell's Isolated

7 3-4-82 A 0 0 0 0

B 0 0 0 0

G 0 0 0 0

D 0 0 0 0

8 13-11-82 co® 0 c 0 0

9 3-11-82 0o 0 c 0 0

10 3-12-82 A 0 0 0 0

B 0 0 0 0

C 0 0 0 0

D 0 0 0 0

11 3-12-82 A 0 c 0 0

B 0 0 0 0
12 3-12-82 A . 2 2 2 2 strain 19 -
. B + 2 2 2 strain 19

13  3-12-82 A 0 0 0 0

B 0 0 0 0

. c 0 0 0 0

D 0 -0 0 0

14 3-16-82 RF 0 ¢ C 0

RR 0 0 0 0

LF 0 c ¢ 0

LR 0 c ¢ 0

15 3-16-82 RR 0 0 0 0
LF 2 2 2 0 strain 19

LR 0 0 0 0

16 3-18-82 co L ' L I

blotype 1

°co = Composite sample,
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(continued)

Table 19.

B. aborius

Sample

Date

Isolated

TSAEY Farrell's

Medium

E

Quarter
Samples

Cow

TSA

biotype 1

Co

17 3-18-82

co

3-18-82

18

(=R ool

oo

[N eloela)

OCOoOoO

QOO0

OO OO

o0 QOO

OO0 00

QOO0

o0 OoOO0

CoOO O

OQOQOo

3-23-82

22

3-23-82

23

24 3-23-82

COOO

o oNolo)

COOoOO0O

(e ReNole]

RF
RR
L
LR

25  3-23-82

COOCO

o0 oD

OO0

o RN oRe)

RF
RR
LF
LR

26 3-23-82
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Table 19. (continued)
Cow Sample Quarter Medium B. abortus
Date Samples T=olated
E TSA TSAEV Farrell's
27 3-23-82 RF 0 0 0 0
RR 0 0 0 0
L 0 0 0 0
LR 0 0 0 0
28 3-23-82 RF 0 0 0 0
RR 0 0 0 0
LF 0 0 0 0
LR 0 0 0 0
29 3-23-82 Co 0 c C 0
30 3-23-82 RF 0 c 0 0
RR 0 C 0 0
LF 0 C 0 0
LR 0 0 0 0
19 32382 A o o0 0 0
- B 0 0 0 0
C 0 0 0 0
D 0 0 0 0
E 0 0 0 0
32  3-23-82 co 0 0 0 0
33 3-25-82 A 0 0 0 0
B 0 0 0 0
c 0 0 0 0
D 0 0 0 0
Co 0 0 0 0
34 3-25-82 A 0 c G 0
B 0 0 0 0
G 0 0 0 0
D 0 0 0 0
co c c c 0

dFour quarter samples plus a composite sample, unidentified,
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Table 19. (continued)

Cow  Sample Quarter Medium B. abortus.
D 1 - ' Isolated
ate Samples TSA TSAEV Farrell's

35 3-25-82  RF 0 0 0 0
‘RR 0 C 0 0
LF 0 0 0 0
LR c c 0 0
36 3-26-82 RF 5 b 5 5 biotype 1
RR 3 2 3 3 biotype 1
LF 2 2 2 2 biotype 1
LR 5 5 5 5 biotype 1
37 3-26-82 RF 5 5 5 5 biotype 1
: ER 5 5 5 5 biotype 1
LF 5 5 5 5 . biotype 1
LR 4 3 b [ biotype 1
38  3-26-82 RF 0 0 0 0
RR 0 c 0 0
LF 0 0 0 0 :
LR L 3 L 3 biotype 1
39 3-26-82 RF 0 0 0 0
RR 5 5 5 5 biotype 1
LF 2 0 2 3 blotype 1
LR 0 c 0 0
W  3-26-82 Rr 0 0 0 0
RR 3 2 3 3 biotype 1
LF 0 0 0 0 :
LR 0 c 0 0
b 3-30-82 A 0 0 0 0
B 0 c 0 0
c 0 0 0 0
D 0 0 0 0
b2 4-7-82 A 0 C 0 0
B 0 ¢ 0 0
c 0 ¢ 0 0
D 4 c 0 0
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Table 19. {continued)
Cow Sample  Quarter Medium B. abortus
Date Samples - TSA TSAEV Farrell's Isolated
43  4-7-82 A ¢ C ) 0
B i 3 L 4 blotype 1
c 2 2 2 0 blotype 1
By 4-7-82 A 0 C 0 0
B 0 0 0 0
¢ 0 G 0 0
D 0 0 0 0
45  4-7-82 A 0 0 0 0
B- 0 0 0 0
c 0 0 0 0
D 0 C 0 0
46  L-p-82 A 2 2 3 3 biotype 1
B 3 3 b L biotype 1
c 0 ¢ 0 0
D 2 2 2 0 biotype 1
47 - hv-82 RF o 0 0 0
RR 0 0 0 0
LF 0 0 0 0
LR 0 0 0 0
48  4-12-83 A 2 ¢ 3 2 biotype 1
B 0 G 0 0
c 0 c 0 0
D ¢ c 3 2 biotype 1
L9  412-82 A c c 0 0
B G c 0 0
50  4-13-82 A 0 0 0 0
B 0 0 0 0
¢ 0 c 0 0
D 0 0 0 0
51 4-13-82 ‘A 5 5 5 5 biotype 1
B 3 2 4 3 biotype 1
c 3 3 3 3 biotype 1
D 3 3 b 3 biotype 1
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Table 19. (continued)
Cow Sample Quarter Medium B. abortus
Date Samples E TSA  TSAEV Farrell's Isolated
52  4-13-82 A 0 0 0 0
B 0 0 0 0
c 0 0 0 0
D 0 0 0 0
53 4-13-82 A 0 0 0 o
B 0 0 0 0
C 0 0 0 0
D 0 0 0 0
5 4-13-82 A 0 0 0 0
B 0 0 0 0
c 0 0 0 0
D 0 C 0 0
55 4-13-82 RF 0 0 0 0
RR 0 0 0 0
F 0 0 0 0
LR 0 0 0 0
56 b-13-82 co 0 c 0 0
57 bW13-82 A 0 G 0 0
B 0 c 0 0
58 4-15-82 A 2 2 2 3 biotype 1
B 0 0 0 0
C 0 C 0 0
D 0 0 0 0
59 4-15-82 A + 0 0 0 biotype 1
B 0 0. 0 0
c 0 c 0 + blotype 1
60 U-15-82 A 0 0 0
B 0 0 0 0
c 2 2 2 2 biotype 1
D + 0 0 2 blotype 1
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Table 19. (continued)
Cow Sample  Quarter Medium B. abortus
Date Samples TSA TSAEV Farzell's Isolated
61 4-15-82 A 3 + 3 3 biotype 1
B 4 b L 4 biotype 1
c 2 2 3 3 biotype 1
D 3 3 3 3 biotype 1
62 4-15-82 Co 0 0 0 0
63 4-15-82 Co 0 0 0 3 biotype 1
6%  4-15-82 co 4 b 4 i biotype 1
65 4-15-82 Co 3 ¢ 3 3 biotype 1
66 L-15-82 co 5 5 5 5 blotype 1
67 4-15-82 Co 0 0 0 0
68  4-15-82 co 0 0 0 0
69 4-15-82 co 0 0 0 + biotype 1
70  415-82° €O VI 0 0
71 4-15-82 co 0 0 0 0
72  4-15-82 Co 4 3 3 3 biotype 1
73 4-15-82 co 0 0 0 0
74 4-15-82 co 0 0 0 0
75 4-15-82 co 2 c + 3 biotype 1
76 4-15-82 [+4] 0 0 0 0
77 4-15-82 co 0 0 0 0
78  4-15-82 o 0 0 0 0
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(contimed)

. Table 19,

abortus

Isolated

-B-l

Medium

Quarter

Sample

Date

Cow

TSA -

E

Samples

TSAEV Farrell's

OO0

QOO

o000

QOO0

h-15-82 co

80

(o o I & B o)

COOD

C0OoD

[ o I} b ]

4-15-82

81

CoOoooO

OO0 0O

DO0OoOO0

OO0 O0

4-15-82

82

Co

83 U4-15-82
8L 14-16-82

Co

OO0

o000

ODOoOOoU

cvoD

Qo oo

OO 00

LDODOLO

DDLU O

OO0

e NoNoNe

L

DO O

4RO A_

4-20-82

87

=NeNeN-

OO

QOoQCoO

QOO0

MO A

4-20-82

88
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Table 19. {contimed)
Cow  Sample Quarter Medium B. abortus
Date Samples — Isolated
TSA  TSAEV Farrell's
89 4-21-82 A 0 0 0 0
B 0 0 0 0
90  4-21-82 A 0o 0 0 0
B 0 0 0 0
c 0 0 0 0
D 0 - O 0 0
91 4-21-82 RF 0 0 + 0 biotype 1
RR 0 0 0 0
LF 0 0 0 C
LR 0 ) 0 C
92 L4-21-82 - FF 0 0 0 0 .
ER 5 5 5 5 biotype 1
LF b 5 5. 5 biotype 1
LR 0 0 0 0
93 4-21-82 0 0 0 0
94  4-21-82 A o 0 0 ¥
B 0 0 0 0
c 0 0 0 0
D 0 0 0 C
95 4-22-82 RF 0 0 0 0
RR 0o 0 0 0
LF 0 0 0 0
LR 0 c 0 C
96 4-23-82  EF [ 0 0
: RR 0 ¢ 0 0
LF 0 0 0 0
LR c (i e 0
97 4-23-82 RF 0 0 0 0
. RR c c 0 0
iF 0 c 0 0
LR 0 e 0 0
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Table 19, (continued)
Cow Sample - Quarter Medium B. abortus
' - . _Isolated
Date Semples T e TSARV Farrell's Lo e
98  L4-23-82 A 0 0 0 0
B 0 0 0 0
99  4-23-82 A 0 0 0 0
B 0 0 0 0
100 4-23-82 A 0 0 0 0
B 0 0 0 0
101 - 4-23-82 A 5 5 5 5 biotype 1
B 5 L 5 5 biotype 1
c L L 4 0 biotype 1
D L 3 1 0 biotype 1
102 4-27-82 . A c c 2 3 biotype 1
) B a c . a 0
C c H 0 0
D 0 0 0 0
103 ' 4-27-82 A 0 0 0 0
B 0 c 0 0
c C c 0 0
D 0 0 + 0 biotype 1
104  4-27-82 A 0 0 0 0
B 0 - C 0 0
c 0 0 0 0
D 3 3 3 3 biotype 1
105  4-27-82 A 3 2 3 3 biotype 1
B 3 2 3 3 biotype 1
¢ 3 2 3 3 biotype 1
. D 0 c 0 0
106 4-27-82 A 0 0 0 0
LT B 0 0 0 0
C 0 0 0 0
D 0 0 0 0
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(continued)

Table 19.

ammﬁ

Isolated

.”iB_.

Quarter
Samples

Medium
TSA TSAEV Farrell's

E

Sample
Date

Cow

biotype 1

biotype 1
biotype 1

oMo O

NOYNO

ONND

NN O

OO0

000

OO0

OO0 0O

oo

CcCOoOOoOo

QOO0

OO OO

OO0

OO0

QOO0

(=Nl e N

OO0

QDO

OO0

QOO0

L0000

OO0

OO0

OO0 00

OO OO0O

cCooo

I-y-¥-¥-3

OO OO

OO oo

OO OO

OO 00

COQO

114  5-5-82
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(continued)

. Table 19.

‘B. abortus

Tsolated

_ Mediuwm
TSA

E

Quarter
Samples

Sample
Date

Cow

TSAEV TFarrell's

OO0

l=ReNoRo]

(o NoNeNal

OO0 O0O

SO QOQO

OO OO
OO0 OOo

oo Nole

5~5-82

116

biotype 1

COoOON

OO ON

[y R

e R =R=Xa}

<MOUA

5-6-82

117

biotype 1
blotype 1
biotype 1

Mo M

oo m

OO

Moo o

MO A

5-6-82

118

biotype 1

+ 0O

NOOO

o000

OO0

biotype 1

coon

oo oM

LooD

OO O+

(==

5_6-82

121

o OO

ovoo

U OO

OO0
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(conti nued)

Table 19.

Medium B. abortus
Isolated
TSA TSAEV Farrell's soate

E

Quarter
Samples

Sample
Date

Cow

cooo
oYY oy

COoOOoOQ

OO0

OO0

(= NeoRoNal

COoOo0U0Oo

OO OCO

OO0

O oo

[ JE I n 2 o

OO0

COoOO0C

cCOoo0Oo

[ o I e B o ]

‘ocoo

OO0 O

QOO0

OO0 0O

QOO0

OO0

OO0OOoCo

L2000

OO OO

5-10-82

128

OO CoCOQO

SO OO0

OO OO

cCooo

OO0

OO0

OO0

0DO0O0O
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{continued)

Table 19.

abortus

Isolated

B.

Medium

TSA

Quarter
Samples

Sample
Date

Cow

TSAEV TFarrell's

E

OO0 OO0

COOoO0O

OO0

OO0

COoCOoOo

S OOO

OO0

COoOOo

5-14-82

132

COoOQO

(= R o I o)

O 0O

OO 00O

RF
RR
Lr

R

]

133 5-19-82

Mﬂwei

" A

134 5:20-82

m o

OO OQ

cocow

DO OO

CQOO0U

QOO0

oo

QO

<4 MO A

136 5-20-82

COON

QO OoOWN

COoOoU

o0+

biotype 1

biotype 1

COQOOO

ONOO

DO OO

o000
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Table 19, (continued)
Cow Sample Quarter Medium _ B. abortus
Date Samples E TSA TSAEV Farrell's Isolated
139 5-20-82 A 0 ¢ 0 0
B 0 o 0 0
¢ ¢ c 0 0
D 0 c 0 0
140  5-20-82 A - 0 ¢ 0 0
B 0 c 0 0
C 0 ¢ 0 0
D 0 c 0 0
14 5-20-82 A 0 ¢ + 0 biotype 1
B 0 C 0 0
C L L 5 5 biotype 1
D 0 0 0 0
142  5-20-82 RF 0 G c c
RR 0 c c ¢
143  5-20-82 RF 0 c 0 ¢
: RR 0 c c c
44 5-20-82 RF c c c c
RR 0 ¢ 0 0
LF 0 c o 0
LR 0 c ¢ c
145 5-24-82 Cco 5 5 5 5 " biotype 1
146  5-24-82 co c ¢ c 0
147 5-24-82 co 0 0 0 0
148  5-24-82 co 5 5 5 5 biotype 1
149  5-24-82 co 0 0 0 0
150 5-24-82 co 0 0 0 0
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Table 19. (continued)

Cow: Sample Quarter ~ Medium - B . abortus
. Date Samples B TSA  TSAEV Farrell's Isolated
151 5-26-82 A 0 0 0 0
B 2 2 2 0 biotype 1
C 0 0 0
152 5-26-82 A 0 0 0 0
B 0 0 0 0
c 0 0 0 0
D 0 2 0 0 biotype 1






