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INTRODUCTION

Vibriosis is a bacterial disease of cattle and sheep which
‘gives rise to abortion and infertility. - The causal organism

is Vibrio fetus and although many different species of animals

.can be infeéted most work has been done 6n the cattle infection.
In cattle, there are now thought to be two different forms
~of the disease, both causing reproductive disorders. One type is

- veneresal, the organism V,fetus venemalis carried by the bull, is

transmitted to the cow either at natural service or by artificial
.. insemination. The venereal type of infection has not been
reported in sheep. _ The other type of the disease is non-

venereal the organism is V.fetus intestinalis, it causes sporadic

abortion in both cattle and sheep, and when this type occurs it is
congidered unlikely that the infection could be transmitted to the
other animals in the herd. Tt was suggested in the FAO pamphlet on
Bovine Vibriosis edited by Laing (1960) that sheep.and pigs might
possibly acﬁ as resérvoirs of infection.

In recent years the most serious aspect of.the venereal disease
has been its potenfial spread through the technique of Artificial
Insemiggfion.. | |

Tt is essential that semen used in this techﬁique should be
vibrio-free as cows reéeiving infected semen could pogsibly develop

vibriosis. These animals at return to service, (if artificial

insemination was not continued) could infect a local bull, and this
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;animal could then become & carrier, transmitting infection to other
COowWSs -

Because of the wide-séread use of artificial insemination it
is importgnt to diagnose infection in a bull, Culfural techniques
although greatly improved.are slow and the organism is not always
isolated. ﬂ -

‘The fluorescent antibody technique (EAf)'has been developed as
a rapid diagnostic test for‘identifying'many other species of
pathogeﬁic bactéria, and this-technique is now being used‘in
detecting vibriosis in bulls, Fluéfescent aﬁtibo&y.techniqﬁes
can be used in a direct or indirect test to examine for bacteria.
With V.fetug at present only the direct method has been used and
reported.

I have developed an indirect fluorescent antibody test which
could be ugsed in laboratories which lack the facilities for carrying
~out the technicél procedures required to produce a reliable clean
conjugated antiserum,

The work done in this thesis compared the efficiency of this
indirect fluorescent antibody test with a) the direct fluorescent
antibody test and b) cultural methods. This was done by
examining preputial washings to which I added known numbers of V.fetus
celis. I also inseminated heifers with known numbers of V.fetus
cells and cultured the vaginal mucus;d thg inseminating méférial
being examined by the indirect and direct fluorescent antibody test

and culture.



Two groups of bulls were examined, one by the direct
fluoresceht antibody technique, the other by both the direct FAT

and Millipore culture.
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LITERATURE
MacFadyean and Stockman in 1913, described abortions in sheep

caused by a vibrio-like organism. They did not give their isolate

any precise nomenclature. By using the same type of media

which was described by Bang (1897) for the culture of Brucella abortus,
they succeeded in isolating this vibrio. (Bang's medium was agar,

gelatin and serum in deep layer culture tubes). They attempted

to infect 7 pregnant cows with exudate from the aborting ewes,

either on its own or together with a pure culture of a previously

isolated strain of vibrio. Two cows were infected by mouth

and 5 by intravenous injection. Only 2 out of 7 cows aborted and

from only one was a vibrio isolated.’
Smith (1918) in U.S.A. reported isolating a vibrio organism
from bovine abortions. " He referred to the above work of MacFadyean

and Stockman sgying that it was impossible to determine whether or not

the vibrio isolated from the sheep was identical to the one isolated

by him from cattle. There was nothing in the description of the ovine
isolates to conflict with his findings with the bovine vibrios.

Smith also drew attention to a statement in MacFadyean and Stockman'é
paper that in 1911 in Ireland and Wales vibrios were isolated from
oa;;s of bovine abortion. Unfortunately no details were given.
Smith‘suggested that both the vibrio and Brucella abortus interfered
with placental circulation, He also noted that the vibrio was

found in the foetal membranes and especially the chorion,



In 1919‘Smith & Teylor named Vibrio fetus as the causal organism

of bovine vibrionic abortion, the morphological characterswere described
a8 followsst=- "The smallest forms appear as mimate curved S-ghaped rdds;
thé 1oﬁgest may stretch nearly across the field of the microscope'.
The dimensions are "'probably not over 0.2 to 0.;p tﬁe shortest form
about 1.5 to %P long", when sfained in aikaline methylene blue. HA
common size in the fetal fluids consists of-about two complete turns and
measures 4 to ﬁy in length .... the diameter of the spival eee. averages
O.%p". _They also noted "A flagellum is found attached to one or
both poles of the spirillum“, Growth héd been obtained on agar slants
by adding a bit of tissue (% gram) or the equivalent amount of material
from the foetal stomach or intestinal contents of other fluids, A
small quantity of water of condensation was made by adding = bouillon.
The tubes were then sealed with sealing wax. ‘

In 1927 in Germany Lerche did an extensive bacteriological survey |
on bovine abortions,. He examined 1565 cases of bovine abértion, the

~

‘materials he examined being uterine discharge, +the foetus and the

fqetal membranes, He made stained preparations from all cases and
cultured V.fetus from 15, He did this by growing the material on

agar slopes which had a drop of blood added over the surface. The
cul%ﬁre tubes were incubated in a tin along with E.Coli cultures;

this was a technique to reduce oxygen ‘tension. Th@ material from which
V.fetus was not isolated had been diagnosed as positive by étaining

the aborted material. The organism was described as bent rods,



S-shapes and spirals. He reported 1.4% of the abortions due to

V.fetus and 56.6% due to Brucella abortus.

In South Africa in 1931 Snyman reported 13 bovine abortions

in a herd of 160. All animals were free from Brucells abortus.
He succeeded in - isolating V.fetus from one case of abortion. The
foetal stomach contents were cultured on serum agar slants to which

gerun broth and defibrinated horse blood had been added. The tubes

- were set up in duplicate one éet being incubated after sealing the

tubes, the other being incubated in an increased carbon dioxide
atmoéphere. He did V.fetus serum agglutinétion tests on these animals
that had aborted but the titres were inconclusive (ranging fr;m 1:20
to 1:160),

McEwan (1940) in Greét Britain reported 5 cases of bovine vibriosis.
He examined 247 foetuses, culturing foetal stomach contenté, liver and
spleen on to liver agar slants, blood agar slanis or agar slants with
a few drops of sferile defibrinated horse blood added. One set of

cultures was grown in ain the other in 10% CO, in air. The five

2

'ﬁositive cases were from 3 herds. He said in his summary that

"Y,fetus gives sporadic abortions and is of little importance."
He élso\stated that the source of infection was obscure. -
Plastridge and Williams (1943) cultured V.fetuslon soft agar medium
composed of liver infusion broth with 1% peptone and 0.5% agare Thev
cultures were incubated at 3700 in an atmosphere of 10% carbon dioxide.

In 1947 Plastridge, Williams and Petrie isolated V.fetus from 20 out of

72 aborted foetuses, Stegenga (1950) isolated V.fetus from semen



of infected bulls and classified bovine vibriosis as a venereal
disease, | |

Since V.fetus could be isolated»from aborted foetuses the next
stage was the attemptéd isolation of V.fetus from living animals;
As vaginal mucus was found %o oontéih fewer contaminating organisms
than semen ﬁhis was the sample of choice until the incorporation of
antibiotics into fhe‘isolation media made isolation of V.fetus from
semen and preputial‘washings a worthwhile diagnostic test. Kiggins
and Plastridge (1956) isoiated V.fetus from bulls ﬁy using blood agar
plates which were incubated in the gas mixture 10% 002, BE%rNZ and
5%»02. They cultured 544 sémeg samples from 149 bulls and .
succeeded in isolating V.fetus ffom 145 (27% ) of the samples.
Preputial washings were collected from 12 carriers bulls (the
semen had already been shown to be positive). 39% of the samples
gave growth of V,fetus. Plastridge, Koths and Williams (1961)
.used blood sgar plates with antibiotics added to inhibit the growth
. of the many contaminating organisms found in semen. They found that

V.fetug and V,bubulus grew well on this medium containing 2 units of

bacitracin and 2/ug of novobiocin per millilitre (ml).qf medium.
Shepler, Plumer and Faber (1963) ineorpofated antibiotics into the blood
agarlﬁgaium and also used milliyorelfiltration to separate the vibrios
from the manj contaminating ofganisms>present in preputial fluid,
Theyused 1 upit of'polymixih B, S/ug of novobiocin and 15 units.of
bacitracin per ml of medium. | B

Dufty (1967) added 20 /g per ml of cycloheximide to the antibiotics
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used by Shepler et al (1963) for the isolation of V.fetus, Of 100
samples of preputial secretions from 5 known carriers bulls 78% were
positive. Winter, Samuelson and Elkana (1967) added 300 units of
nystatin per ml of antibiotic medium used by Plastridge 9_*9_9_1‘ in 1961
for the isolation of V,fetus.

In most of tﬁe papers from 1965 onwards, cultural means of
diaghosing vibriosis are compared with the fluorescent antibody
%echnique which is discussed later (page 26 ). One problem that
bacteriblogists faced iﬁ vibrio infection concerned the identity
.of the actual organisms isoiéted from clinical specimens. Although
microscopic examination of material from infected animals could show
the presence of vibrio organisms a precise -identification of the

bacterium could only be made by culture. The early wbrkers named their

v

-igolates Vibrio fetus but laterlwdrkers using more complex biochemical
tests in identification found strains of vibrio with different cultural,
biochemical and serologicsl chqracteristics, Whether these vibrios

are different spebies is still today undecided, Attenpts have béen.
made to link the differentiation of those vibrios.with the type of field
infection that is caused i.e., venereal or non-venereal, There is

also the problem of isolating and differentiating commensal vihfios.

The next section deals with the species variety differentiation of
V.fetus, This is essential before any consideration can be given

to methods of diagnosis of infection.



THE DIFFERENTIATION OF V.FETUS VENSREALTS, V.FETUS

- INTESTINALIS AND V,BUBULUS,

Table 1 shows thé biochemical characteristics of vérious
vibrio isolations and the names used by the authors to differentiate
the different types found. The infected aniﬁal spécies.is shown and
when stated by the author ﬁhe isolation site. It will be seen that
from 1953 to 1958 V.fetus was not differentiated into variéties but a
commensal vibrio, now named V.bubulus by Florent (1953) with a
different hydrogen sulphide; catalase and glycine pattern had been
iéolated.-
| Florent (1959) proposed to call the organism which spread vibriosis

venereally and caused infertility V.fetus venerealis. The other

i organism which was responsible for sporadic abortions, lwas not

transmitted by the bull, but invaded the pregnant uterus from the

. intestines, was to be called Y.fetus intestinalis,  Although

Florent proposed this splitting of V.fetus it will be seen from the

tablelthat the only difference he used was a weak hydrogen sulphide

_production by V.fetus intestinalis. This suggestion of Florent's

however was confirmed by further work which used better media for

observing hydrogen sulphide production by V.fetus intestinalis

. ~~ : . )
and also the ability to grow in a medium containing glycine. On

these criteria two different behavioural forms of V.fetus were found,

one called V.fetus venerealis was hydrogen sulphide negative and gave

no growth in a medium containing 1% glycine, The other V,fetus

intestinalis, .did produce hydrogen sulphide and grew in a medium
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containing 1% glycine. Florent (1959) went back through the
literature and renamed Akkermans,  Terpstra and Van Waveren's (1956)

types I, II and III, V.fetus venerealis, V.bubulus and V.fetus

intestinalis respectively.

' Today differentiation of V.fetus venerealis from V.fetus

intestinalis still relies mainly on the two tests i.e., the ability
of the organism to produce hydrogen siuphide in a medium containing
a substance which wﬁen metabolised would give hydrogen sulphide and
its ability to grow in a medium containing 1% glycine. |
These were carried out as follows:~ |
1, Hydfogen sulphide production by growing the bacteria in a
semi-g0lid medium containing 0.02% cysteine. Hydrogen sulphide
was detected by blackening of a lead acetate paper which was
‘inserted in the neck of the tube containing the inoculated medium,
2.. The ability of the isolate to grow in a medium containing
1% glycine. Different.basal‘media which gave good growth of
the bacteria in the abéence of glycine were essential, If no growth
resulted this indicated inhibition or no tolerance to the glycine,

Hydrogen Sulphide production.

- Lecce (1958) thought that “Hydrogen sulphide production was
too teﬁﬁbus a characteristic to differeﬂtiate species", while Eryans
and Smith (1960) also considered hydrogen sulphide production too
variable. Few authors staéed clearly how they pérformed the tests
to determine whether hydrogen sulphide was péoduced or nots They

rarely stated the length of incubation time before a final reading
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was taken. In the Food and’Agricuitural Organisation publication
__"™¥ibrio fétus infection in cattle™ (1960) hydrogen sulphide

production was read after overnight incubation in 10%

carbon dioiide atmosphere, the growth taking place in broth

medium with a lead acetate paper inserted at the neck of

contéiner to act as an indicator. The interpretation

of their results was slight or no blackening was negative.

For a more sensitive medium it was recommended‘to usesemi-solid

Hartin broth containing 0.02% cystine but the schedule for

inoculation, incubation or reading was not stated (unless one

assumed it was the same as for the first insensitive medium).

Kita, -Ogimoto and Sutp (1966) read the reéults of hydrogen

sulphide production daily for 7 days. Florent read up

to 3 days in 0,02% cystine medium. Park et al, (1962)

read up to 7 days, “ Winter, Burda and Dunn (1965) specified

a single colony inoculum into 0,16% brucella semi-solid medium

containing G.02% cystine. Final readings were taken after

5 days incubation. Triple sugar iron (Difco Laboratories)
was used for the identification of V.bubulus. This

organism produced hydrogen sulphide in this insensitive medium

while V,fetus did not. Winter et al. incubated this test
for 5 dayse. |

As there was such a variety of methods of observing
hydrogen sulphide production and as the period of incubation
had an effect on the result, the test could be negative

after 24 hours' incubation yet become positive after 48 hours
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- .or longer incubation, it was important that the methods used

and the times in this test were specified along with the

results.

GLYCINE TOLERANCE

There was alsb variation in the method used for detecting
5;;wth in & medium containing 1% glycine. 'For example Lecce
(1958) used 0.8% and not 1% glycine in his.biochemical studies.
Park st al (1962) used Albimi brucella broth containing 1%
glycine :Bubidid state slearly;that after:?, days of s incubation

the reaction was observed; Plastridge, Williams and Trowbridge

(1964) used 1% glycine in thiol medium and observed the reaction

"after 3 days incubation; Philpott (1968) noted his results

after 5 days but did not state the medium used in the test.
Winter et al (1965) used semi-solid brucella broth containing
1% glycine and read the results after 5 dayé' incubation,

Some authors incubated their tests in special gas mixtures,
others did not specify this requirement.

In taﬁle?2the complete criteria given by the FAO
publication on Bovine Vibriosis (1960) to differentiate
V.fetus inteétinalis and V,fetus venerealis are presented.

The majority of bacteriologists use these tests, some
using different gas mixtures and different basal media for
hydrogen sulphide production. -For comparison I héve
incorporated the information about V,bubulus, the commensgal

non pathogenic vibrio first described by Florent (1953).
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DIFFERENTIATION OF VIBRIO SPECIES

The criteria used in the differentiation of V.fetus
venerealis and V,fetus intestinalis is taken from the FAQ
"Vibrio fetus infection in Cattle” (1960)

V.fetus Y.fetus
venerealis intestinalis

V.bubulusg

Growth atmosphere - + +
1. 10% Carbon dioxide ' -

2, 10% Carbon dioxide with

oxygen tension reduced to ¢ * *
~ one third
T
Aerobic growth - - -
Anaerobic growth - - +
Catalase : 4 + -
Hydrogen sulphide production -
1, In semi-fluid Martin broth - - +
11, In semi~-fluid Martin broth
' with 0.02% cystine - e +
Growth in meaium containing
3.5% souium chioriae - - +
urowth in medium containing - 4 (+)
1% glycine _
Predilection site . Prepuce of Intestines Prepuce of

{bull, genital
tract of cow

bu110

& heifer
' gnfigzzd or carrier Cattle Cattle, Cattle &
P! sheep & sheep
pigs
Ability to survive in the
bovine vagina . $ . -
Pathogenicity in relation jInfertility | Abortion in Commgnsal
© to fertility & occasion~ | cattle and
e ally abort- | sheep
ion in :
cattle

V,bubulus results added for comparison
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In table 3 1961-1865 are listed the strains of V.fetus isoléted.
The authors in the main used the FAQ publication on Bovine
Vibriosis (1960) scheme of differentiation,

It would seem in the venereal infection V,fetus venerealis

is indeed the causal organism while V,fetus intestinalis gives

rise to sporadic,abbrtion; V.bubulus being only a commensal,
As with all bacteria, intermediate forms have been isolated
but discussion of the significance of these types is out -

with this thesis,.

Agglutinating antigens

Morgan (1959) did extensive studies on the flagellar and
sqmatic antigens of V.fetus»and other vibrios. His isolates were
dénoted V.fetus if they required an increased concentration of carbon
dioxide in the atmosphere for growth on solid media, were catalase
positive, did not produce hydrogen sulphide and reduced nitrates to
nitrites, He did not subdivide the V,fetus species. All 10
isolates shared onespecies specific flagellar antigen, and 5 out
of the 10 stains also possessed a secbnd common antigen, Using
somatic antigens, 5 isolates belonged to one group (A) and the
other 5 to a second groupib) He also noted that both cattle and
sheep isolates belonged tq each group so there was no antigenic
host specieé differentiation.

He also found that catalase negative commensal vibrios were

antigenically different from any of his 10 V.fetus isolates,
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“anst
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i

KB

Ni»
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vonerealis
V. fotus

inte stina;i £

Vabubulus

WD = Not done

Sites {2} Genital trsot

{3) Iptestines
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EPIDEMIOLOGY

Two forms of infection are fbund in both the bull and
the cow, i.e., A. Venereal and B, Non~venereal., - These

forms will be dealt with separately for each animsl.

The role of the bull in bovine vibriosis.
Venereal

Plastridge, Williams and Petri‘(1947) were the first
to suggest that the bull was infected with V.fetus. They
found high serum agglutination titres in 5 out of 6 bulls
from herds with infertility problems. Raqbech (1951)
stated fhat statistical analysis of VMA results were able
to detect which bulls were spreading vibriosis in Denmark.
Terpstra and Eisma (1951) isolated V.fetus from 3 carrier
bulls, ' Théy mated these carrier bulls with a total of
13 heifers and were able to culture V,fetus from vaginal
mcus samples'from all of them, Most heifers gave positive
serﬁm agglutination and vaginal mucus agglutination reactions.
They artificially infected the prepuce of a non infected buli
ﬁi%h a broth culture of V.fetus. A heifer subsequently
inseminated with material from this bull became infected,
Also "clean" semen together with a V.fetus culture was

inseminated into 7 heifers and all became infected. To
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eliminate the possibility of a virus or mycoplasma
causing vibriosis, a bacteria free filtrate of V.fetus
in "clean" semen was inseminated iﬁto 2 heifers. ﬂeither
became infected, and only one conceived. Lawson

and MacKinnon (1952) also established by a series of
experiments that V,fetus was responsidble for the bovine

venereal discase vibriosis, At this time V.fetus

was not sub-divided into V.fetus intestinalis and V.fetus

venerealis but only separated from the commensal fibrio

bubulus,

A group of 12 virgin heifers waé served by a
V.fetus infecfed bull and a second groﬁp of heifers was
inseminated with semen from another V,fetus infected bull,
Both bulls were known td be infected by their history only, as
V.fetug was never isolated from them. At each return to
service the heifer was either served By or inseminated with
gemen from the other infected bull, The following
additional procedures were carried out weekly and also at

oestrus, on all of the above heifers.

1.\“‘ By culturing vaginal mucus samples 22 out of 24

heifers gave growth of V,fetus at same time,

2. - Using the vaginal mucus agglutination test to detect

the presence of vaginal mucus antibodies againsgt V.fetus



again 22 out of 24 heifers gave a positive titre
during the period, 2 to 14 weeks after the initial

insemination or service,

3. Using the serum agglutination test for the

detection of serum antibodies against V.fetus, 17

eut of 24~héifers gave a positive titre at some

time,

4, The conception rate for each group was
determined and this compared with the conception rate
of a group of controls. The conception rates

(the numbers of inseminations per conception) of the
heifers either served or inseminated was 5.2 while

that of the control group was l.6.

The control group of heifers were sampled on
7 occasions and all gave negative results for the

tests stated in 1, 2 and 3 abbve.

A second experiment was carried out by
inseminating uninfected semen to which a pure culture
of V.fetus had been added to determine whether this

would also produce the infertile condition in the

19
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heifer, The results were very similar to these obtained

when the heifers were inseminated with naturally infected

semen.

The authors also attempted to produce infection 1) per
os and 2) by the conjunctival route but these methods
failed. They also ascertained that the agent responéible for
the infertile condition was not capable of passing through a
filter which woﬁld retain bacteria, | In their summary
'they statéd that they found the infertile conﬁition caused
vby V,fetus was not transmitted by ordinary contact in the
cow shed, that the serum agglutination test is of little walue
in diagnosis, but that the vaginal mucus agglutination
test is a valuable diagnostic test if the mucmas is not
collected ét oestrus. They also found that the
addition of_penicillin and streptomycin to the infected
semen hadflittle value in preventing the infectionvin

the inseminated heifers.

The bull is thought of as a carrier, the ¥,fetus
yenerecalig organisms living in the prepuce only on the
sugérficial layers of the penis and preputial mucosa.

Samuelson and Winter (1966) established the carrier status of
the bull by examining infected bulls, in detail., They found no
inflammation of the preputial mucosa, nor was there any |
invasiveness of the tissues. They also

establiched that V.fétus was preéeﬁt along the entire
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length of the prepuce,. wifh most of the V.fetus_organisms

being present on the penis and at the fornix of the prepuce,

The lumen of the preputial epithelial crypts were found to 5e
the areas where most vibrio cells were present and therefore
thought to proliferate. The urethra was not thought

to-be invaded pormally, nor was the semen itself infected except
by contact with the prepuce at service, - The sperﬁatozqa
were normal and there were no abnormalities of the genital
organs., No local antibodies were present in the
superficial layers of the prepuce not in the preputial

fluid. Unlike the cow there was no qualitative or quantitative
alteration in circﬁlating antibodies iﬁ the carrier bull,
Samuelson and Winter (1966). A carrier bull masy therefore
infect a cow either at natural service or by artificial insemin-

ation.

‘In the light of the present and aﬁove knowledge it is there-
fore strange that the bull was first incriminated as a sourcé of
infection by Plastridge, Williams and Petri (1947) as high
serum agglutination titres were found in some known carrier bulls.
These bulls were from two herds using naturasl service. There was
considerable variance in titres, any one bull giving |

different results with different samples., At this - )
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time vibrionic abortions and lowered conception rates were
observed in the same herd., The sefum agglutination test
is not considered a reliable means of diagnosing today due

to the fact that many carrier bulls appear ito have no
circulating agglutinating antibbdies. Because of the
superficial nature of the position in which V.fetug is located
in the prepuce the protective effect of circulating antibodies

would be questionable, Samuelson and Winter (1966).

Bulls that have been successfully treated are known
s
to be suséptible to reinfection, although many workers
believe that young bulls throw off the infection but older

bulls may carry it indefinitely, (Philpott, 1968).

Non Venereal.

In this form of vibriosis which is responsible for
gporadic abortions the bull is not thought to be implicated

at all, The organism currently thought to be .

" responsible is .V.fetus intestinalis., However,
T

V.fetus intestinalis has been reported isolated from the

prepuce of bulls by Hoppe and Rycewicz, (1961),
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In their experiments they failed to infect heifers with

Vofetus intestinalis but did succeed in infecting heifers

with V.fetus venerealis.

Park et al (1962) indirectly proved that certain bulls were
carrying a strain of vibrio with fhe biochemical characteristics

'Qf V.fetus intestinalis by infecting heifers with semen from the

suspect bull, The vaginal mucus from these heifers contained

“ Vofetus intestinalis only ( i.e., they grew in a medium containing

'E% glycine and produéed hydrogen sulphide on a medium containing
cystine). From this finding it would appear that certain

V.fetus intestinalis strains could be responsible for a venereal

type infection, Tlorent (1963) confirmsd,these findings. .,

Role of the cow.

As in’the role of the bull this is divided into two types

of clinical infection A. Venereal and B. Non Vehereal.
Venereal;

As previously stated in the venereal form of the
disease the heifer or cow is infected by a carrier bull

either by A.I. or natural service., The symptons of
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vibriosis are frequent returns to service, sometimes
irregular oestrous cycles, and occasionally vaginitis.
Diagnosis can only be confirmed by laboratory testssuch as
culture of. V.fetus from vaginal mucus or by the vaginal mucus

agglutination test being positive. (VMA)

Many reproductive disorders show similar clinical
features so although a presumptive vibriosis diagnosis can be made
on clinical evidence and herd history a laboratory diagnosis is

always necessary.

In a herd using natural service an infected cow can
transmit the infection to the bull at service and hence start the
_ eycle through which the wﬂole herd could become infected, In
& herd using A.I., an infected cow is not thought to spread the

disease to other cows.

Lawson and MacKinnon, (1952) found that if a bull werea
carrier of V.,fetus almost all (22 out of 24) the heifers that
were inseminated with its semen or served by it became
infected as was demonstrated by lowering of conception rates,
the. vaginal mucus samples became positive bbth for culture of
V.fetus and for the vaginal mucus agglutination test, They
also found that a V.fetus culture, when added to uninfécfed
semen produced the same effect of lowering conceﬁtion rates,

and giving positive titres in the VMA test. The latter
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effects could not‘bé produced by inééminating a
filtrate of a Y.fetus culture along with uﬁinfected.
semen. They also dgmonstrated'that the addition of'
streptomycin and penicilliﬁ decreased the number of
heifers infected within a group... They pointed out
that for religble results in the VMA test,lmucus
collected at oestrus gave a higher pércentage of

positive culture results (i.e., 83% positive at

oestrus and 27% positive at ancestrus).
Non venereal

In this infection the organism responsible is

V.fetus intestinalis. It gives rise to sporadic

bovine abortions. Abortion is thought to be

brought'about by the organism reaching the placenta

'via the blood stream from the intestines (Florept, 1959).
It has beeﬁ observed that although foetzl stomach, lung
and lymph nodes are often infected, placental tissue

and vaginal mucus from the cow shoﬁld also alﬁéys be

set up for culture of V.fetus, As the vagina is
often infected there seems to be no reason why a bull
cannot become infected at natufal service. Perhaps -
V.fetus intestinalis is suited to inhabit the intestinal

tract and not the prepuce,
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Clinically bovine vibrosis is thought to exist in

two distinet forms.

A. Clinical venereal vibriosis

Be. Cliniczl non venereal vibriosis,.

A. Clinicgl venereal vibriosis.

The venereal type of infection is carried by the
bull and transmitted to-the cow or heifer at natural
service or by arfificial insemination, ' V.fetusg is not
thought to prevent fertilizatioﬂl(Adler, 1960) but causes
foetal death about 3 weeks after conception in infected
animalbaéd so the female returns to service. After
many returns to service the cow may become pregnant and
ﬁény then calve normally. A cow may harbour V,fetus
after célving normally and even, it is thought through 2

gestation periodé.

B. Non venereal vibriosis.

.‘_\

The second type of vibrio infection is nbt thoﬁght
to be transmitted by the bull, the infection being coﬁfined
to the cow or heifer, It qauées sporadic abortions rather
than infertility. The cow or heifer conceives normally,

but severel months later the organism reaches the plabenta
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via the blood stream from the intestines'and so brings

about abortion. ~ ¥.fetus intestinalis has also been

igolated from the intestines of sheep and pigs and some
' -workers think that the latter animals may act as reservoirs
of infection where they or their excreta. come in contact

with cattle.
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THE HETFER MATING TEST

This test was used as a means of isolating V.fetus from
bulls as attempts at direct isolation from preputial washings
" were often unsuccessful.,

Rasbech (1951) was the first person to recommend the servige
of several virgin heifers as a means of diagnosing vibriosis in
bulls,. He found by statistical analysis of vaginal mucus
agglutination results which Artificial Insemination yulls were
spreading vibriosis in Denmark.  Terpstra and Eismé.(1951)
performed a series of experiments using heifers (see page 17 )e
They isolated V.fetus from the semen of 3 carrier bulls. One bull
was mated with 5 non infected heifers, another with one-heifer and
the third with 7 heifers. | All heifers gave growth of V.fetus
from most vaginal mucus samples and most heifers gave positive
. titres using the vaginal mucus agglutination and serum agglutination
tests. Adler, Albertsen, Rasbech and Szabo (1952) diagnosed
the carrier state of bulls by inseminating 6 to 12 heifers with
gemen and preputial washings from one suspect bull, They then
collected 6 samples of vaginal biopsy material or vaginal mucﬁs

which were set up for the culture of V.fetus during the following

3 weeks, In later experiments Adler (1954) used one heifer
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per bull in his heifer mating test. Prior to insemiﬁation,
vaginal mucus had been collected on 3 occasions and only if

all samples were negative using the vaginal mucus agglutination test,
" and culture of the mucus failed to isolate V.fefus were the

heifers used. Corpora lutea were expressed and if the

heifer showed signs of oestrus each was inseminated into the

uterus with 2 ml of semen. One week later uterine biopsy

and vaginal mucus ( from the anterior vagina ) samples were

ooilected for the isolation of V.fetus. This was done
twice weekly until 6 sampleé were taken. Negative heifers

were reused. Using Adler's (1954) basic mating test, Morgan
Melrose and Stewart_(1§57) inseminated 13 heifers with gemen from
13 bulls and by culturing V.fetus from the vaginal mucus samplés;
found all 13 bulls to be vibrio carriers. Another 4 bulls each of
'which was used‘to ingseminate one heifer, gave growfh of V.fetus
from only one vaginal mucus sample in each case. Theysuggested
that the bull carrier strain of V,fetus might have been avirulent
.;r that éome heifers have a natural resistance to vibrio
inflection. | | _

“Murane, Eales and Monsbourgh (1959) found that a suspect
bull from which V,fetus could not be isolated by direct culture
of the preputial washings infected 2 out of the 4 heifers insemine

ateds Another suspect bull served 10 heifers and from vaginal
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mucus of 6 of these heifers cultures of V,fetus were obtained.
The vaginal mucus agglutination test was ﬁerformed and 7 of the
10 gave positive titres. Only one heifer became pregnant.

"~ Two other bulls served 5 and €& heifers respectively and V.fetus
was cultured from 2 heifers in each group. By inseminating_a
culture of V.fetus into the vagina, Blobel Simon and McNutt
(1957) prbduqed ihfection.in 10 out of 14 heifers, From the
2 latter sets of results it can be seen that the insemination
of one heifer per bull would not necessarily have diagnosed
vibriosis in a carrier bull, .

Infectivity of test-mated heifers must be depenqgét on
several factors i.e.,—on the number of viable V,fetusg organisms
present, the type and number of other bacteria present in any
sample inseminated, and the virulenée of the organism as
well as the immunological status of the heifer inseminated.

" While most ejacuiates from most carrier bulls would contain
sufficient vibrio organisms to cause infection in all heifers
inseminated or served, there must be some bulis whose ejéculates
would contain less than an~infecti§e dose at some time and so
fail\to infect this heifer.

None of the previous authors quantitated the number of viable

organisms inseminated but Newsam and Peterson (1964)uinseminated
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150 x 106 viable V.fetus cells into the anterior vagina of 42 heifefs
(25 heifers were in oestrus and 17 were'not in oestrus at the time of
insemination). V.fetus was cultured from the vaginal mucus samples of
38 out of fhe 42 heifers. Vaginal mucus agglutination tests gave
‘positive titres from 14 of thg 42 heifers. In another experiment using
a laboratory adépted strain of V.fetus they inseminated each of § heifers
with 460 x 106 viable vibrios. V.fetus was subsequently isolated from
the vaginal mucus of a11.5 heifers. They also noted that vulval
smeariﬁg with viable V.fetus did not produce any efidence of infection
'in the 7 heifers they tested. From these experiments it would

appear that if a sufficiently high number of pathogenic vibrios were
inseminated 90% of the heifers would become infected; infection

being denoted by the ability of V.fetus to multiply in the bovine

vagina .

The strains of V,.fetus used by the last 4 authors were thought

to be V.fetus venerealis as the bulls used for mating were suspected

~of having vibriosis due to infertility problems associated with them
i.,e., the pattern fitted the clinical venereal disease, But

- Park et al (1962) found that they could only isolate V.fetus

intestinalis from heifers inseminated with semen from a bull suspecte&
of being a V.fetus carrier. Vaginal mucus from these heifers

was inseminated into vibrio-free heifers and the infection
established in them. Infection was denoted by the cultﬁre

of Vefetus intestinalis from the vaginal .mugus and also by

the vaginal mucus agglutinetion test giving positive titres.



- Hence the differentiation of V.fetus into V.fetus venerealis which

caused infertility and was a venereal disease, and V.fetus intestinalis

“causing only sporadic abortions, being non-venereal, was in dispute.
For this reason Park et al suggested using Bryner and Frank's (1955)
classification which only differentiated the pathogenic V,fetus from
the ngn—pathogehic Ve.bubulus. |

The heifer mating test was performed in such a way that a
Yibrio fetus free heifer was inseminated ﬁith material from a
suspect bull on one occasion only and vaginal mucus samples collected
which were cultured for the isolation of V.fetus and the V.M A- test
done. So the heifer mating test did not test for infertilit}.
induced by insemination of V.fetus along with semen but only tested
for the ability of ¥.fetus if present in the material inseminated,
to survive in the bovine vagina affer one week up to 4 wéeks. The

 findings of Park et al (1962) confirmed that V.fetus intestinalis

could be capable of producing a pattern of infertility normally only

associated with V.fetus venerealis, Tt could be carried by the

bull, Hoppe and Ryniewicz (1961). If the bull were not infected
'veqereally,«contamination of the prepuce could occur from contami-
nated bedding. No matter what the route of the infection was,

the results were the same as the venereal disease and so it seemed that
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there was little purpose in meintaining the division into V.fetus

venerealié and V.fetué intestinalis, especially when there was a

trend in certain areas to regard V.fetus intestinalis as non

pathogenic,
The heifer mating test is still generally considered a good
method of detecting vibriosis in the bull and if the vibrio isolated

from the heifer is a V.fetus intestinalis, then it should be

considered as capable of producing infection. As Park et al
(1962) stated "a bull carrying a strain of V.fetus reacting as
intestinalis in Flérent's biochemical tests should not be regarded
as being incapable of giving rige to infectious infertility but
should be regarded as infective and treated"”. |

Criticisms of the heifer mating test.

1, It is expensive and time consuming.

A heifer is an expensive animal to buy, house and feed, It must
be kept for 6 weeks as it must be established as vibrio free prior
to insehination; then starting one week after insemination, 6 vaginal
mucous samples are usually collected over the following 3 week period.

- Infection with V.fetus intestinalis,

1,\

If the heifer were carrying a V.fetus intestinalis in its

intestines, then it was possible that the wibrio might reach the

vaginal mucus and so give a positive culture.
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As the mating test felies on viable organisms, it is
depehdent'on correct storage of the bull semen or preputial

washings from the time of collection from the buil until it is

-inseminated into the test heifer.

4. The stage of the oestrous cycles at which insemination takes
place. |

It has been experimentally observed in a heifer infected with

V.fetus that more pésitive cultures were obtained from vaginal mucus

samples collected at oestrus than at any other stage in the oestrous

cycle, Lawson and MacKinnon (1952). Under natural breeding

" conditions the infection would be transmitted at oestrus. The

test animal could be inseminated at oestrus but this could mean

_a delay of over 3 weeks, The alternatives have been to bring
‘the heifer into an artificial oestrus by an injection of 25 mg

~ of stilboestrol dipropionate in arachis oil, or to expresé a corpus

luteum. If the heifer were in oestrus or given stilboestrol the
sample could be inseminated through the cervix, Alternatively heifers
ﬁavq;?een inseminated at any other stége in the oestrus cycle, the
site of inoculation then being the anterior vagina.
5 Naturally resistant animals,.

Newsam and Peterson (1964) inseminated 42 heifers with 150 x 106

viable V.fetus venerealis organisms and 38 became positive. This was
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sﬁown by the isolation of V.fetus from vaginal mucus and
a poaitife reaction with the VMA test. Blobel, Simon and
McNutt (1957)13180 noted that not all heifers served or
inseminatedeith infected material became infected.

6. Reliability of isolation technigue.

- Although vaginal mucus was much less contaminated with other
organisms than preputial washings or semen from an infected bull,
the isolation of V.fetus was greatly increased by incorporating
antibiotics into the isolation media. In Great Britain until
reééntly most A.I. bulls were screened yearly by the heifer mating
fest as it was still considered to be more sensitive than direct
culture from preputial washinés or semen, . The pracéice of
pooling semen from several bulls and inseminating a portion of the
pooi into one heifer to reduce the number of heifers used was not

a satisfactory method. If only one bull carried a Pseudomonss

species or some other rapidly growing bacteria were present in large
numbers isolation of V.fetus could become difficult or uncertain,
efen on media containing antibiotics.

Another method of examining bulls for the carrier state of

- Y.fetus is the Fluorescent Antibody Technique.'

.



36

;

FLUORESCENT ANTIBODY TECENIQUE

In 1942 Coons, Creech, Jones and Berliner investigated the
possibility of labelling a;tibodies with a chemical which fluoresced
when exposed to ultra violet (UV) light. In this way, sites of
antigenic material in the mammalian tissues could be detected.,

It had been established previously by other workers that certain
chemical groupings could be Mattached" to antibodies without destroying
fhe specific antibody-antigen reaction, Using impure fluorescein
isothiocyanate, conjugated pneumococcal 3 antibodies were prepared.

The agglutination titre of this antiserum did not drop after conjugation
and rendered pneumococcus 3 antigen fluorescent under U.V. light.

The tissues infected with this antigen (pneumococcal 3) were located
using the conjugated pneumococeus 3 antibodies. This reaction was
found to be specific. Since this original paper many workers have
used the fluorescent antiboiy techniqﬁe for the detection‘of specific
antigens from the infected material i.e., throat swabs for streptococci.
 Many diagnostic applicationé were discussed by Cherry and Moody (1965).
It is fhérefore not surprising that the FAT has been used as a
diaghostic tool for the detection of V.fetus from the carrier bulls,
Iq‘bovine vibriosis the bull acts only as a carriei and therefore does

not necessarily have a reliable antibody production against V.fetus

~

either systematically or locally within the prepuce. For this reason,
the organism itself must be detected. Anti V.fetus serum is usually
prepared and then labelled with & fluorochrome., The conjugated antiserum

is then used to detect the presence of V.fetus cells from clinical material
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from the bull, The sample material of choice is the preputial
washing but semen was used by Taul and Kleckner (1968).

-Preputial washings are thought by most people to be the most
sultable because in thelcarrier bull, V.fetus organisms are found
in greatest numbers in the prepuce, ‘Samielson and Winter.(l966)
and oﬁly contaminate the semen at ejaculation. - However, as

iﬁ is semen and nof PPW that is used in artificial insemination it
is possible for a bull to be a carrier yet not infect all the cows
inseminated with its semenMurareet al ' (1959) (see heifer mating
section page 29 ) Herschler (1963) was the first person to use a
fluorescent antibody technique to diagnose vibriosis in bulls,
0'Bérry'(1964) prepared hyperimmune antiserum in rabbits and cows

using 2 V.fetus vensrealis strains., He described the different

conjugates obtained and discussed brightness of staining reaction,
with the 2 vibrio strains as antigen. Schimmelpfernig and
Mitscherlich (1964) used a FAT to differentiate 53 strains of
V.fetus, 21 strains of V.bubulus, 3 of V.comma. var el tof, and

11 non pathogenic vibrios from water, In 1965 two papers were

publ}shed which used fluorescein conjugated anti-vibrios fetus

serum in the detection of bovine vibriosis. Mellick, Winter &

McEntee (1965) prepared their anti-vibrio fetus serum in rabbits, using

one V,fetus venerealis strain which had been isolated from an aborted

bovine foetus and stored in a lyophilised state until they reconstituted it an
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- cultured it for antigen production. The‘anti-vibfio serum

80 produced was theﬂ conjugated with fluorescein isothiocyanate
and its specificity established. Thé FAT was performed on smears
prepared from preputial washings from 24 bulls. During the
sampling period semen samples weré also collected regularly from
these bulls and cultured on media containing antibiotics., The
gemen samples were not collected on the same agy as the PPW,
In‘thié way they compared the vibrio status of eagh'bull. The
results of these stﬁdies showed that all the known carrier bulls
(11 out of 24) were positive on FAT and on culture. Six of the

24 bulls which were of unknown Vibrio fetus status gave a final

result of 4 positive using the. FAT, Each of the four bulls
which gave these FAT results, also gave at least one positive
culture result. The group of negative bulls (7 out of the 24)
were negative to both FAT and culture on all occasions samples.
The authors concluded that the FAT was "a highly accurate and
sensitive method for the detection of V,fetus carrier bulls,."

By using semen samples for culture and PPW for the FAT they were
unable toc make the direct comparisoh of resultis poésible in split
. eamg}ing. By taking 6 samples they found all animals positive
6r-negative by both methods. Belden and Roberstad (1965)
conjugated 4 antisera to V.fetus Montana serotype I, II, III and
Ve They then used these antisera to ascertain to which serotype

-each of their 40 vibrio isolates belonged. They compared aggluti=

nation cross reactions with FAT cross reactions and found that while
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no pattern could be read for the agglutin#tions, many FAT results
did form a pattern. | It was finally established by the FAT that
there were 3 groups corresponding to Montana Gpse. I, II and V.

_ Group IIT was found to share components with Gp II and V.

'Belden and Roberstad (1965) brought to notice that there were anti~~
genic differences among V.fetus strain which could render V.fetus
antigen non fluoféscent when stained with a fluorescent conjugated
antiserum prepared against a different_strain of V.fetus. They
suggeéted usiné a pooled conjugate which reacted with all but 2 out
of 33 of the vibrios they had serotyped. - Two V.fetus isolates |
-and eight saprophytes did not react with any conjugate. Kita,
Ogimoto and Suto (1966) classified their 10 Japanese isolates into

3 dist inct groups. Using growth tolerance to 1% glyeine and
h&drogen sulphide production, all the V,fetus venerealis.isolatés

belonged to one groupj all the V.fetus intestinalis belonged to

a second, and the third group comprised one intermediate isolate
‘'which fell between venerealis and intestinalis in its reactions.
Using the FAT, one group comprised all the V.fetus venerealis, the

‘second group comprised most of the V.fetus intestinalis isolates and also

the “intermediate one. - The third group comprised two V.fetus

intestinalis isolates. They also found that a pooled conjugate

comprising one conjugated antiserum from each of the 3 FAT groups would
give good fluorescence with every V.fetus isolate used as antigen.

They compared the detection of V,fetus present in the prepuce of
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bullé using the FAT witﬁ a culture method ﬁsing a selective mediuﬁ.
The rate of detection was about the.same and so they came to the
conclusion that "the FA techinque was an effective means of
diagnosis of infected bulls." Winter, Samuelson and Elkana (1967)
a;so'compared culture and fluorescent antibody methods of detecting
bulls carrying V.fetus. They examined preputial washings from
150 buils, using 269 paired tests., They found that 202 samples
were negative with both methods. They diagnosed 64 as V.fetus
carriers, 44 being positive with both.tests, 12 being positive
with tﬁe FAT only and 8 by culture only. Théyconcludéd from
theii results that either method was satisfactory for routine
.detection of carriers but that the combined use of both methods
should be used whenever possible. Dufty (1967) also compared
‘culture methods with an immnofluorescent method of detecting
-V.fetus using 5 carrier bulls and a total of 100 gsamples. He
concluded that the fluorescent antibody technique was the most
gensitive of his methods, Philpott (1968 a) estimated thét he
bould'detect V.fetus p:esent in PPW contaihing 100 vibrios per

ml of sample. To do this he added dilutions of viable V.fetus
culture (on which he performed a viable count) to a negative PPW.
In ;\second paper he compared PAT reéults with culture performed
on.the same PPW samples. He examined 142 bulls and of these

17 were positive by both methods, 16 were positive with the PAT

only and 10 were positive using culture methods only. He noted
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that it was not possible for him to compare the heifer mating test
with the FAT but stated that "It is probably of equal sensitivity

considerably cheaper and more practicable than the heifer mating

test."  Samuelson and Winter (1966) used the FAT to determine
the sites of proiiferation of V,fetus within the prepuce. Their

results showed that most vibrios were present in the anterior prepuce
‘around. -the fornix and in the cryﬁts of the preputial mucosa. Taul
and Kleckner (1968) were the first persons to uée semen samples
successfully for the detection of V.fétus using A FAT, They
conjugated their anti-V,fetus serum withifluorescein and also used a
opunterstain rhodamine by conjugating enti-semen sera with the latter.
To perform the FATtheymixedtheir 2 conjugates together and applied
this to the prepared slide. The counterstain dampened any none
specific staining of spermatozeaor cellular debris. Ahy material
Cstill found to be fluorescent could be disregarded if it did not
resemble V.fetus morphologically. They reported serological cross

reaction between most V,fetus venerealis and V.fetus intestinalis

isolates usingtheirFAT.  Theyfound one V.fetus venerealis isolate
when used as antigen did not fluoresce when stained with conjugated

antiserum prepared from a V.fetusg intestinglis isolate. They suggested

theuse of a mixed coﬁjugate that would detect all V.fetus venerealis

and V.fetus intestinalis strains for diagnostic purposes. Barnard

(1969) using a FAT found that he could not distinguish between V.fetus

venerealis and V.fetus intestinalis, "He also reported obtaining a
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higher proportion of PPW giving positive results using the FAT
than using conventional cultural methods. Bingol, Blobel
and Scharmann (1969) conjugated antiserum produced using one

V.fetus stmin as antigen,and found that it reacted with many but not

all V.fetus isolates. Theyalso noted that the gstrains which did
give a positive reaction were not always of the same type. Y.fetus

"~ could always be distinguished from V,bubulus either by FAT, CF test or
agglutination, : . i

Mﬁny wérkers from different countries have proved the FAT
a sengitive and specific test for the diagnosis of vibriosis in bulls.
Some recommend the use of a mixed conjugate to give maximum detection,
others advise culture methods as well as the FAT.

In this thesis I @ive the:results of a:group -of bulls using the
'FAT only; with another group of bulls I compared my FAT with the best
of my culture methods. Also in laboratory experiments I added
known numbers of viable V.fetus organismsto negative PFW and

compared 2 culture methods of isolation with detection by the FAT,
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VAGINAL MUCUS AGGIUTINATION TEST

Stegenga and Terpstra (1949) were first to use avvaginal
mﬁcus agglutination (VMA) test for bovine vibrosis. They
modelled their test on.that developed by Pierce (1946) for
Trichomonas foetus. Theée former authors found that 65%
df 37 suspect cows in one herd gavé positive titres using their
-Vaginal mucus_agéiutination,te;t. Blobe1, Simon'and McRutt
"(1?57) deliberately infected heifers with ngefus and studied
both the VMA and their ability to pul;cure Y.fetug from the
véginal mucus. .They found'that vaginal ﬁucus antibodies
took from 4 to 10 weeks to develop after initial infection,
They also noted that vaginal mucus should not be collected at
éestrus as the result may be falsely negative at this time,
u, The VMA tgét on cows is mostly used to diagnose the vibrio
sfatus‘of the'herd, either all females being sampled and then
re~sampled at a later date, or a random sample being taken,
'Boyd (1955) did a large scale field investigation on 35
swedish.herds. In éll 3,735 animals were examined ané
14,071 vaginal mucus samples collected. He stated that
fwifh‘certain qualifications the test has been found suitable
" for herd diagnosis of vibriosis.”  In the PAO publication
"Vibrio fetus infection of cattle," (1960) it is stated that
to use the VWMA test on its own to examine the vibrio status

of a bull, at least 6 heifers should be mated with this bull,
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The heifers used must have had negative tiﬁres with the WMA
-test prior to mating. Even if only one of the 6 heifers
~gave a positive titre with thé VMA -test the bull is diagnosed
as a V,fetus carrier. The VIIA resction is also used together
with culture methods in the heifer mating test but the delay of
14 to 105 days between infection and vaginal antibody production
renders negative results of little significance., Many heifer
mating test animals are only kept for 21 days after infection.
The VNMA test is still useful as a method of herd diagnosis but today
more emphasis is placed in diagnbéing Vvibriosis in the carrier
bulis.

_The foregoing methods of detéction of vibriosis have been
used most. The following tests.have also beenvused although

. they have been less popular,

. SERUNM AGGLUTINATION

Plastridge and Williams (1943) performed sérum agglutination
tests on coﬁs from 12 brucellosis free»herds, Six of these
herdsshowed evidence of vibrionic abortions, From theirvserum
-agélutination results, they concluded that»this test was of value
és & ﬁeans of herd diagnosis. Plastridge, Williams and
Pefriq\(1947) noted that V.fetus abortions in cattle were sometimes
- followed by a lowered conception rate in herds., = They. also
perfdrmeé serum agglutination réactions on bulls and found 5
gave positive titres and therfore considered them to be infécted.

Lawson and MacKinnon (1952) found that the serum agglutination

test was of little value as a diagnostic test as many cows which
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gave a negative serum agglutination reaction gave ﬁositive
reactions to other methods of diagnosis (i.e0, ;ulture or the
vaginal mucus agglutination test), Plastridgé, waiker, Williams,
Stula and Kiggins (1957) stated that it was generall& recognised
that the bull was the main transmitter of bovine vibriosis and |
| that serological methods of detecting antibody was of little
value. Ristié, White, Doty, Herzberg and Sanders (1957) also
stated that the serum agglutinatidn tgst for the detection of

circulating antibody in cattle was "not éntifély satisfactory."

Other Serological methods.

- Haemagelutination test.

Te Punga (1958) performed an indirect haemagglutination
(1HA) test on vaginal mucus. He found that he could detect
lovwer levels of antibody énd at an earlier stage.in the infection
~than would the vaginal.mucusAagglutination test. Winter (1963)
“and also Newsam, Clark and St. George (1967) described an THA
test which gave :eliable an@ specifiﬁ results;

A complement fixation test (CFT) wag used by Kramar and
Hoerlein (1969) on both serum and vaginal mucus.  Manclark
an&\Pickett (1965) coated latex particles with a solublevantigen

extract prepared from V.fetus cells, and detected antibodies using

a latex flocculation test.



'MATERIALS AND METHODS

........
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MEDIA

| A wide ranég of media was used, as the difficulfies in
maintaining Vibrio fetus in a viable state were éonsiderable.
The orgenism dies quickly and even freeze drying is not always
successful in maintaining viability. | This poinf is agreed'

- upon by bacteriologists working in this field.
-MAINTENANCE MEDIUM

‘This was found to be a good médium for maintaining growth
of vibrios and was extensifely used in this worke.
BATA agar |

Blood Agar Base No. 2 (Oxoid) 40 g

Sodium Thioglycollate (BDH) lg

Distilled water 1000 ml
» This was autoclaved at 15 pounds pressure for 15 minutes.
It was then cooled to 5000 and the following added asepticallys
Horse blood (oxalated} (Ox0id) 50 ml per litre of medium.
Actidione (filter sterilised) (Koch~Light Labsf C.1l g per litre
of medium, |

After the addition of the last 2 constituenﬁs the plates

were-poured and they were ready for use,
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Vibrio peptone broth (FAOQ 1960)

~

ﬂhis-liquid«maintenance medium was used as a sub-culturing

medium for vibrio species for both general and animal

. experiments,

Peptone (Evans) ~ : lg
Sodium chloride | .  0.5¢g
Lemeo . ) 0.5 g

(Oxoid, Lab-lemco beef extraét)

Tap water T 100 m1

The medium was adjusfed to pH é. The pressure in
the autoclave was raised'fo 20 poundé pressure and then
lowered immediately; after cooling and filtration the pH
was adjusted to pH 7.6, $he medium was then dispensed
aﬁd autoclaved at 10 pounds pressure for 15 minutes,

Rutrient agar

This medium was used in roux flasks for growth of the
5 isolates which gave fluorescence with the fluorescein
conjugated antiserum.

Futrient agar (Oxoid) : : 40 g

Distilled Water " 1000 ml
The medium was allowed to soaks then heated in steam

for half an hour to melt the agar and then dispensedin 100 ml

amounts in 30 roux flasks. These were autoclaved at 15

R e
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pounds pressure for 15 minutes., - The flasks were removed
from the autoclave while still hot and laid flat until the agar

~ solidfied.

SELECTIVE MEDIUL
BAN agaxr

Direct isolation of.vibrio-speciesAfrom préputial
wéshings and vaginal mucus was mad; on to sélid BAN medium,
the antibiotics dinhibiting many of ﬁhé contaminéting
commensal organism present in-the-épeciﬁen. This medium
has the seme composition as»BATA differing only by the

addition of the amtibiotics:

a) Bacitracin 2 international units per ml of medium
(Burroughs Wellcome)

b) Novobiocin 2 micrograms per ml of medium (Glaxo

Laboratories, Greenford, This was
a complimentary sample)

'DILUENT FOR VIABLE COUNTS

Peptone water 0,1%

Peptone (Oxoid) 0.l g
Tap water 100 ml
Tﬁs\pH was adjusted to pH 7.5. The medium was-then
dispensed in 100 ml amounts and autoclaved at 15 pounds
pressure for 15 minutes, For theAcounts, 9 ml and 2 ml

amounts were ageptically pipetted into sterils universal
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c&ntainers.l iInstead of resterilising, the pressure in
+the autoéla#e was raised to 19 pounds:and then lowered -

immediately in order to prevent the loss of volume which
often occurred on autoclaving for 15 minutes at 15 pounds

pressure,
JOERTIFPICATION MEDIA

In carryiﬁg out the biochemical testé, which were
essential for the further identificafion of Viﬁrio fetus
_ speciéé, different seml solid basal mé@ia were used. By
Iincorporating cysteine hydrochloridé 0,02 %, and glycine
1% and 1.5 % respectively into‘thésg basal media, hydrogen -

sulphide production and growth tolérance to glycine could

.be observed for Vibrio fetus strains,

Hydrogen sulphide production
To 100 m1 of each basal medium 0,02 g of l-cysteine

hydrochloride (Hopkin & Williams) was added. The mediﬁm
was then dispensed in 4 ml amounts in bijoux bottles and

autoclaved at 10 pounds pressure for 15 minutes. Lead
acetate papersl(Whatman BDH) were inserted in the neck of

the bottle immediately after inoculation,

Tolerance to glveine
- To 100 ml of each basal medium 1% and 1.5 respectively
of glycine were added, The medie were dispensed in 4 ml

amounts in bijoux bottles and autoclaved at 10 pounds pressure
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for 15 minutes.
Phese are the basal media'used in the tests for
identifications  All the media were dispensed in 4 ml

amounts in bijouwx bottles and autoclaved at 10 pounds

pressure for 15 minutes.

Basal medium 1
Vibrio Peptone Broth 100 ml

Oxoid Agar No. 3. 0.l &
Basal medium 2..' ‘ |

Hr. R. M. Gambles, MRCVS, the Ministry of Agriculture
Cattle Breeding Centre, Shinfield, Reading, Berkshire,
suggested that I tried the following medium which.was used
routinely by him in identifying vibrio cultures. The
additives were the saﬁe as the previous media but the

composition of the basal medium was different,

Albimi Brucella Broth 1000 ml
Agar (Oxoid No. 3) 2 g
ﬁethylene blue 2 ml of a 0.1%

aqueous solution

Phe constituents in Albimi-Brucella Broth are as

follows:: ‘

. RPeptonme "M . - 20 g)
Dextrose C.P ' 1 g%
Yeast autolysate 2 g} per litre
Sodium chloride | 5 s§

Sodium bisilphite ‘ 0.1 g)
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/.Basal medium 3
/

¥ibrio Peptone Broth 1000 ml
Agar lg
Methylene blue _ | -2 ml of an 0.1%

aqueous solution
Basel medium 4
' Diifco Brucella Broth 1000 ml
Agar - ' lg

The constituenfs of Difco brucella broth are as

follows:
Bacto - tfyﬁtone 10g Y
Bacto - peptamin '10. g ;'
Bacto - dextrose leg § per litre
t Bacto - yeast extract 2g) '
Sodium chloride 5 & %
Sodium bisulﬁhite 0.1 g ;

Thiol medium

Phis medium was used only for growth tolerance to
glycine. As the medium contains sulphur, hydrogen sulphide
was given off and this medium caﬁnot be used to test for
hydrogen sulphide production.
"~ The medium was prepared by dissolving 30 g of thiol
medium in 1000 ml of distilled water. It was dispensed

and autoclaved as before.
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The congtituents of Difco thiol medium are as follows:

Proteose peptone No. 3 10 g )
Bacto - yeast extract 5¢g §
Bacto =~ dextrose lg g
Sodium chloride- 5 ; per litre
Thiol complex 8 & i
ﬁacto - agar leg %
Para-aminobenzoic acid | 0.05 g 3.

Solid glycine medium

A 80l1id medium was also used to-study the tolerance
of vibrio species to a range of glycine concentrations,

.Vibrio Peptone Broth | 1000 ml
¢ Agar (Oxoid No. 3) ‘ 12 g

This medium wasAtheﬁ melted in £he autoclave and
dispensed into 5 100 ml smounts to which the following
concentrations of glycine were added, respectively:
0.6, 0.8, 1, 1.2, and 1.4%, The media were then
autoclaved at 10 pounds pressure for 15 minutes, cooled to

56°C and plates were poured for use.
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GASEQUS ENVIRONMENT USED FOR_GROWTH

Initially culture of Vibrio fetus was attemp-ted on
BATA medium in 10% carbon dioxide in air, as in the early
literature this gas mixture was regarded as essential, but I
‘found that quite often no growth was obtained.(Topley & Wilson
(5964) states that while authors differ in their assessment
of an optimal gaseous environment most agree fhat 02£ 3 - 10%,
C0,: 5 - 10% is desivable.  Following these lines the
mixture detailed below was used, and with thié mixture there
was little difficulty in maintaining‘;iable cultures.,
Gas mixture

10% carbon dioxide

10% oxygen

80% nitrogen

This mixture was supplied by British Oxygen Company in

cylinders.

l

Containers used to grow vibrio specieg in the gas mixture

As the vibrio species require to be grown in a gas
mixture the containers used for this work were important.
McIntosh & Fildes anaerobic jars (BTL) appeared to be the
most-convenient containérs. ' The hydrogen catalysts were
removed from the 1lid; the anaerobic indicator in the side

arm replaced by a carbon dioxide indicator and 2 universals
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full of dry Silica jel (to remove moiéture) were placed
inside, along with the petri dishes, in each anaerobic jar.
This was then evacuated and the gas mixture allowed to enter
from a balloon: then the Jar was evacuated again and the
gas mixture allowed to enter for a second time, To check
that thé jar was prdperly'evacuated and that the concentration
of carbon dioxide inside was corfect, the indicator tube was
shaken, The cblourlchanges for various concentrations of
carbon dioxide are given below.
Carbon dioxide indicator..

4 mwl of a 0.25% Bromo-thymol blue solution was added to

100 ml of a 0.,1% sodium bicarbonzte solution, About a
0.5 ml of this mixture was added to the side arm.

4

COLOUR CHANGE IN CARBON DIOXIDE INDICATOR

‘Concentration of 1% . 10% 20%

carbon dioxide

Colour ‘ blue green yellow

STOCK_CULTURE OF VIERIO FETUS

Cultures of Vibrio fetus venerealis and Vibrio fetus
intestinalis were obtained from the sources listed in

table. 4 -, The first 10 cultures were used to prepare
anti-sera in rabbits. Strains PV, TU and Sh which were obtained
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TABLE 4

VIBRIO FETUS CULTURES

Name and type Origin Number Source of isolation
V;fetggjvenérealis Central a7 Unknown
: . Veterinary ‘
" " Laboratory, 1980 Bovine source
: Weybridge. , '. :

¥.fetus intestinelis " GR264 Unknown

" . " N, . 82 . ’ "

" " " ‘ ) 83 n

" " " . 115 "

n ' " . " GP28T n
V.fetus venerealis - Dr. Philpott V33 From cervical mucus

Serotvne T ~ Dept. of ‘ of a heifer - from

REIOMYDE 2 Veterinary a recent vibriosis

Medicine, outbreak
: University
" . of B?lStOI Y240 From the vaginal

mucus of a heifer -
from a Minisgtry of
Agriculture experiment

at Reading
V.fetus intestinalis . C.2 . Bovine source
Serotype IIX
" -~ ' ' - Sh From sheep
VY.fetus venerealisg " Y From a carrier bull
Serotype T
" . TU From a carrier bull

* Serotype unknown
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at & later date were used as Vibrio fetus antigens in the FAT
method to test the spectra of specificity of the antibodies
present in the polyvalent antiserum produced against the original

10 strains of Vibrio fetus.

I isolated vibrio species from 2 heifers and 7 bulls and I
identified these as far as possible. Ehis identification

will be dealt with under the section on biochemical characteristics.,

MALNTENANCE OF CULTURES

The ampoules containing the freeze driedlcultures, when
received, were opened under sterile conditions, reconstituted
Aﬁitp vibrio peptone broth and plated out or spotted on to soli&
BATA medium. The plates, when dry, weré then éut into
& McIntosh & Fildes's anaerobic Jar in a gas mixture which
initially was 10% carbon dioxide in air, but later the mixture
used was 10% carbon dioxide, 10% oxygen and 80% nitrogen, angd
incubated at 37°C for 5 - 7 days. " After this the plates
’ were examined, checked for purity and individual colonies
were'filmed and stained; then-subcultures were made on to
BATA medium. ) This préﬁedure was carried out once a week |
and this became the routine method of maintaining viable
cultures. Later Qn,’in this work, cultures were freeze

dried, using the Edward's Speedivac model 5PS centrifugal freeze

dryer.
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The same procedures were carried out with my isolates
from cattle, aftler the vibrio speclies had been obtained in
© pure culture.

INOCULATION OF TDENTIFICATION MEDIA.

The stock culturgs and my own isolates of ?ibrio fefus
were lnoculated into the media to check for hydrogen sulphide
production and glycine tolerance., One colony was inoculated
into a bijou bottie of Vibrio peptone broth and grown in the
gas mixture for 2 - 3 days at 37°C. Three to 5 drops of this
culture were inoculated aseptically iﬁto the id;ntification
medias The bacterie were grown in a mitmum of 2 different
basel media.
'a) The Basal media 1 - 4 (page 50)
b) The Basal media 1 - 4 + Cysteine hydrochloride
'¢) The Basal media 1 = 4 4 1% Glycine - |
d) The Basal media 1 = 4 & 1,9 Glycine

Lead acetate papers were inserted into the necks of
the bottles céntaining the basal medium and the basal
" medium 4 cysteine hydrochloride.  The set of 4 bottles
was then incubated in air, or in some cases in the gas
miﬁture, at 37°C for 24 hours and they were incubated for
a total of 7 days, the results being read daily. The basal
medium served as a control: if growth did not occur in

this medium but did so in the basal medium 4 glycine or
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in the basal medium + cysteine hydrochloride the whole
experiment was repeated, For the basal media, growth and
hydrogen sulphide production were recorded, Vibrio bubulus
gives hydrogen sulphide production in all the basal medié
alone, Therefore, recording of hydrogen suiphide production
in the basal media signified that Vibrio bubulus, and not
Vibrio fetus, had been isolated. Vibrio fetus gives growth

but no hydrogen sulphide production in the basal media alone.
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MATERTALS USED IN THE PREPARANON OF THE PLUORESCENT

CONJUGATED ANTISERUM
Buffers, | |
Phosphate buffered saline (0,01 molar)
Di-Sodium hydrogen phosphate (anhydrous) 1.2 gflitre of

saline, Sodium di-hydrogen phosphate (2.H20) 1.8 g/litre of

saliné. The saline was 8.5 g of sodium chlbride per litre of
distilled water, The 2 solutions were mixed together %o give
a buffer of pH 7.2, which is 0.0l molar (M}. This will

be referred to throughout as phosphate.buffered saline (PBS).
This buffer was used in the sephadex column, and as diluent

for the conjugated'antiserum.

Phosphate buffered saline 0.15M
Di-sodium hydrogen phosphate 18 g/1itre saline,

Sodium di-hydrogen ﬁhosphate 26 gf1itre éaline. These
solutions were mixed to obtain a buffer of pH 7.2. This
buffer was only used for the DEAE cellulose column.‘
- Glycerol/phosphate buffered sélina

This buffer was always used as mountant between the
slide and cover slip of a fluorescent stained slide
preparation.

Glycerol - 9 parts

Phosphate buffered saline 0,01 molar,pH 8 1 part
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Carbonate[bicarbongte buffer,

Phis buffer was used for the actual conjugation,
It was made up on.the day it was to be used‘as_it was unetable.'
" TPhe constituents were as follows:~
"A. Sodium carbonate 16.5 g/litre
B. Sodium bicarbonate i2.§ g/litre
Two ml of solution A, was mixed witk 23 ml of solution B.
" The pH should then be pH 9.
Column chromatography
Sephadex column,
This was used to separate the f}uorescent conjugated
¥=globulin from.the uncombined fluorochrome.
A G25 coarse grain sephadex was used, the column being
prepared in PBS (0.0IM),' |
Diethylaminoethyl cellulose column.
This was used to separate the fluofescent conjugated
x-globuliﬁ from highly charged high molecular weight
proteins,
| Whatman's diethylaminoethyl (DEAE) cellulose was used;

the column being prepared in PBS (0.15M).

‘Pluorescent stain

Fluorescein isothiocyanate, purchased from Baltimore

Biological ILaboratories, U.S.A., was used. 3mg of fluorescein
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:isothiéqyamwe wés used to conjugate 100 ng of y-globulin,
Tﬁis'fluorochrome stains a bright.yellow-green when exposed
| to ultra vioiet light.
Dialysis
z The vibrio antiserum after precipitation with ammonium
. sulphide was dialysed against saline to remove ammonium and
sulphide ions from the ¥ ~globulin, As the volume of
| maferial to be dialysed was small, 0.5 inch'diameter
diaﬁsis tubing was used. |
Concentration of antisera
During purification of the conjugated antiserum it
became necessary t§ concentrate the material, A membrané
concentration apparatus was used for this, The material
to be concentrated was pipetted into a membrane sac and by
using suction, water was withdrawn from the sac. As
conceﬁtrations took several hours to reduce the volume from
10 ml to less than one ml the apparatus was immersed in an
ice bath to maintain the temperature of the conjugated
antiserum at around 4°c.
| FLﬁORESCENCE MICROSCOPY
\\‘Certain chemicals were found to possess the quality
of attaching themselves to certain proteins (antibody) |

without altering their immunological reactions and to be




62

capable at the'same time of emitting visible light of a
different waveiength when irradiated with ultra violet
or blue light. (In practice, the ultra violet or blue
1ight has to be filtered out after illuminating the specimen
but before it reaches the eyes of the observer.)

Use waé made of these facts in the development of the
flﬁoresoence microécope. The specific antigen antibody
reaction was detected visuélly by specific flﬁorescence of

the antigen.
. MICROSCOPE

A Leitgz Labolui microscope was used for the fluorescent
antibody work. It has a horizontal movable stage and an
‘angled binocular eyepiece.

A dark field condenser and a mercury vapour lampwere
used. |

-

Dark field condenser _

This must be correctly adjusted to give even
illumination throughout the entire field, using the oil
immersion objective ( x 100 ). As each objective, i.e.,
'x iB} x 40, must be centred separately and as the oil
immersion objective was in use all the time the correct

setting, once obtained for this, was not ordinarily altered,
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/ ’mélfc__uzy__z.___‘mmm
The mercﬁry vapour lamp emits ultra violet blue
light of steadyintensity. Tt is enclosed in a speéially
designed air=-cocled housing.unit as the mércury'aro, in
"addition to emitting ultra violet blue light, (280-60C
millimicrbne) gives out a considerable amount of heat,
A startgr unit prévides é transient high éoltage. This
voltage (appréx. 15,000 v) is used to.gtrike the arc,
followed by a much 10Werlvoltaée whiCh is sufficient to
maintain it, A few minutes after ignition fhé light
emission remains constant. The average life of the
bulb is 200 hours, assuming fhat the bulb is operating
;fof 2 hour periods. Many bulbs become unsatisfactory
before this period due to tﬁe intensity diminishing or
the intensity varying continually (flickering). It is
important that this bulb is fitted and adjusted correctly
Yo give optimal illumination, and that the correct
procedure is carried out while in use, aélthere is
éome risk of the bulb exploding.
Filtgrs . . . - t~
There is an immovable heat stopping filter
incorporated in the Leitz lamp housing, thus preventing
the heat emitted reaching the specimen or the microscopist's

eyes,
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Primary filters.

These are designed to prevent the passage of heat
and visible 1ight but to allow certain wavelengths of
light to be transmitted. The primary filters used for
this were: | |

a) Heat stopper

b) BG 12 of thickness 0,5 or lmm

Secondary or barrier filter

This filter is used to prevent harm beihg caused to
fhe microscopist®s eyes By ultra violet light reaching them.
In the Leitz microscope the filﬁer K530 is inserted Just
below the ocular lens but could be plaéed anywhere between
the specimen and the ocular lens.

Objective lens,

A (x 100) apochromat objective was used in this work.
In order to‘reduce the numerical aperture of this lens a
funnel stop was inserted in the objective. An oil
imﬁersion lens is not necessary for most fluorescent
work but in order to identify fhe fluorescent objects as
_vibrios it was considered necessary and was used all the
tire, The fluorescence becomes more dim as tﬁe!
magnification increases,

QOcular lens

A binocular x 12, 5 was used,
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o A,mohoculai is considered sufficiént for fluorescent
microscopy as there is.less light lost thgn with the
binocular, However, fér screening purposes the binocular
was much less tiring on the eyes, Probably due to the
- fact that the mercurj vapour lamp was used aglight source there was
no difficulty in obtaining étrong fluorescence, using the
above set-up,

Screening procedure

_.'For darkground ﬁicroscopy glass_slides not thicker
than 1 mm were neceésary. As each slide was prepared
in the same way the screening procedure was standardised,
Although almost all the fluorescein-labelled slides were
screened by myself, on some occasions the number of
fields dovered in a standard time was more than on other
occasions, (For example, due to misting of the oculars).
. Most of the microscopy was done in a darkened réom but
while this made the actual detection of the fluorescent
vibrio cells easier, it did cause more rapid eyé fatigue.‘
The preparation of antigen-antibody mixtureswere:madé-
‘on these glass slides, then after gtaining they were
'moﬁ;%ed in the glycerol/phosphate buffered saline
mountant, (Page 59 ). ‘ Coverslips of size
(22 x 40) mm were used to enable the slide to be

gcreened from left to right covering the edges of the
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£ilm, A drop of immersion oil wﬁg placed on the dafk
"field condenser; on the underside of the slide and

over the coverslip. | There musf bé immersiﬁn oil
between the dark field condenser and the slide and also
between the éoverslip and the x 100 objective, it was
considered important to include the edgeé of the film

in the scfeened gection as it is known to contéin more
‘bacteria than the cenfral area. The larger coverslip
enables this .to be done without mixing immersion oil

and Glycerol/PBS mountant. A strict pattern was adhered
to, always moving aéross the film from-left to right and
when thé edge of the £ilm was reéched, elways moving
upwards. This was done for 10 minutes, the number of

X fluoresceﬁt vibrio celis which were seen in that time being
recorded. Slides were always screened on the same

day as the fluorescent antibody technique was

performed.. For some expefiments, so many slides were
made that while‘all were'prepared and fixed on the day
of the experiment some were ﬁot stained until a week

~ later, During this period the slides weré stored in
“the refrigerator, By carrying ocut this procedure. of
storage, there was no loss of fluorescence during

storage.



67

ANTISERU:: PRODUCTION

Polyvalent antisera were made by inoculating the

¥ibrio fetns eultures numbers 1 - 10 in table 4 into
5 rabbits, each rabbit bteing injected with all 10 strains

of bacteria,

Preparation of antigen suspension

Live suspensionsof Vibrio fetus were used for

rabbit antiserumﬁproduction. Owing to difficulties in

' handling a large number of vibrio cultures, dnly 3

cultures at a time were used in the preparation of

material for immunisation. Each cultufe was plated
out on to 10 BATA plates and grown at 37°C in the gas
mixture for 3-5 days. Each plate was then harvested
into a separate bijou bottle éontaining 1 ml of vibrio
peptone broth, and the suspension filmed and stainea by
Gram's method. The suspensions which appeared
microscopicaily to be pure, were used as inoculum for
large scale culture ir roux flasks, The roux flasks
contained 100 ml amounts of BATA mediumy these flasks
being pre-incubated overnight to check that the media

were.sterile, After using the suspensions of Vibrio

fetus for inoculum, 10 ml amounts of vibrio peptone

broth were added to each flask to ensure that the
entire agar surface was covered. A total of 10 flasks

were inoculated per culture, 'the inoculum for each
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flagk being derived from the growth scraped from one
BATA plate, Once the suspensions had been allowed to
soak into the agar surface for a few minutes, the flasks
were inverted and the excess liquid allowed to run on
to the glass surface below. The flaskswere then
incubated in the gas mixture at 37°C for 4 = 6 days.
Prior %o harvesting, the excesé liqﬁid was discarded

by pouring off aseptically,Aflaming_the neck of the
flask.and replacing the plug. The surface of the
medium was then examined for contaminants,  If none
wag observed the surface was flooded with 10 ml of
sterile 0.,1% peptone water ané then:growth scraped off,
.A sfefile scraper was devised to remove the growth from
the surface of the roux flasks. Glass beads were not
found to be of use for this, “The écnéper was made by
attaching a piece of rubber tubing to a glass pipette,
the whole being sterilised (after wrapping in grease
proof paper) in the autoclave at 15 pounds pressure for
15 minutes, The suspension was then transferred to a
sterile universal container., A second 10 ml of 0.l
pepf;he water was then fléoded over the same surface
and the remainder of the growth detached and again
transferred to the universsal containef. This suspension
was filmed and stained by Gram's method. If there were

' no contaminants visible on the stained preparation, the
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suspensions from oﬁe set of roux flasks were pooled and
spun in sterile 100 ml bottles in the refrigerated
centrifuge until the supernatant was ciear (approximately
4,000 rpm for 30 minutes). The supernatant was discarded
-and replaced with the same volume of frésh'o.l% peptone
water, This process of washing the cells was repeated

3 times, the final spin being at 4,006 rpﬁ for one hour
‘in a graduated centrifuge fﬁbe. The superhatant was
discarded and the deposit was diluted 1:10 in 0,1%
peptone water., To obtain a standard inoculum of this
suspension, further dilution (i.e., 1:200) was required
before a reading of 30 ¥ 10 could be made on the Eel
Néphelometer. The 1:10 suspension was used in the
antiserum production. Equal quantities of vibrio
suspenions and Freund's complete adjuvant (Difco) were
well mixed by loading and discharging the mixture through
a syringe and needle several times. Mixed suspensions
were used as inoculum for.each of the 5 rabbits, It was
not possible to incubate the larger quantity of}cultures that
would havé been required to prepare all 10 strains for

~

inoculation at the same time and so the following schedule

was c¢arried out,
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ZABLE 5
SCHEME OF INOCULATION FOR AKRTIBODY PRODUCTION IN
RABBITS
Injection Vibrio fetusg Route Amounts of suspension
number strain number and adjuvant injected
First 115,83 I/p 0,5 ml + 0,5 ml Freund's
adjuvant
» * .
Second 115,83,82 I/u 1l ml + 1 ml Freund's
Third €2,1980,V33 I/M 1.l + 1 ml Freund's
Fourth V33, 47, GP264 I/ " "
) 1980, Gr287, 82
Fifth GP287, 1980, 82 I/M " "
V33 '
Sixth V33, Gp2b4, 1980 I/M " "
V240
Seventh 1980, C2, V33 I/ 1 ml mixture
‘ GP264 (no adjuvant)

* stored for 1 week at 4°C before injecting

I/P = intraperitoneal injection

I/M = intramuscular injection

Five days after the last injection the rabbits were bled

from the marginal ear vein, 20 ml of blood being withdrawn,

This was followed by 2 subsequent 20 ml quantities of blood being

withdrawn within a further period of 7 days. The titre of the

antl-serum so produced was estimated using the agglutination method of
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Morgan (1959). The opécity of the Vibrio fetus suspension

used for agglutination was adjusted to match Brown's opacity
tube no. 1. The agglutinétion was the flagellar type,
the diluent being 0.1% formol saline.

Absorption of antiserum

The pooled vibrio antiserum was used in an indirect
~or sandwich method of fluorescent antibody staining.

The conjugated anti-rabbit ¥«globulin was purchased from
Sylvana (New York, U.S.A.).

The 10 immunising strains of vibrio (page 55 ) were
used as antigens (page 67 ). Six slides were prepared
(page 88 ) which were treated with dilutions of (a) my
pooled antiserum and (b) the commercially prepared antiserum.
Doing this I found that 1:40 dilution of both antisera
gave maximum fluorescence (44) with all 10 strainsof Vibrio
fetus. |

The specificity of the staining reaction was
checked to ensure that only Vibrio fetus would react
-with ny prepared antibody or with the commercial conjugate,
Thé?efore bacteria which were usually present in semen
samples and preputial washings were isolated on BATA
plates. The organisms isolated were identified by
colonial morphology, microscopic appearance, and some

biochemical reactions. The following species were found:
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Pgeudomonag, Egcherichia, Micrococei, Streptococei,
./ngxgebacteria, Proteus and Vibrio bubulus. (Also from
~ stock cultures Brucella abortus and 3 other Vibrio

bubulus strains). These bacteria were filmed and

stained with fhe 2 antisera each diluted 1:40 as in the

'test (which would give maximum fluorescence with Vibrio
fLetus). Five organisms - a Staphylococcus aureus épecies, a
Streptococcus species and 3 Micrbcdcci gspecies = gave fluorescence
‘at this l:AO dilution, ' in some sampies of preputial,'
washings a lafge coccdid organism was present which
fluoresced strongly but it had never been isolated. Because
of its size and shape it is quite distinct from Vibrio fetus

and would not be wrongly identified even as a coccoid

Vibfio fetus, Viﬁrio fetus can become coccoid especially
from week;old'cultures, and these coccoid forms fluoresce

as stronglylas‘the bent rod-like shapes. For this reason'
it was thought necessary to absorb the antisera with these
isoiated cocci and thus prevent fluorescénée with these
cocci, Coccold vibrios have never been seen on stained
slides from fresh clinical material.

\\Several conjugated anti-rabbit y=-globulin sera

~.

were purchased but none was cdmpletely satisfactory.
Antisera from Burroughs Wellcome, Sylvanna, and Baltimore

Biological Laboratories all gave fluorescence with the
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5 isolates. Antiserum from Windthrope Laboratories did

not give a sufficiently strong fluorescence with Vibrio

fetus. At this time a sheep and goat were being immunised
against rabbit g-globulin and the goat antisera was conjugated-
and tested in the indirect FAT along with the above commercial
products, Undiluted the goat antiserum gave good fluorescence
against Vibrio fetus and only very poor fluorescence against the-
5 isolates., My conjugation of the anti-rabbit xy-globulin

was considered to invalidate the convenience of using the
~indirect fluorescent stain so it was proposed to conjugate

- the anti-vibrio serum directly and if possible compare

the result obtained by using the rabbit anti-vibrio

(conjugated by myself in the laboratory) in a direct

- FAT fith the results obtained using the indirect FAT, being
Burroughs Wellcome conjugated anti-rabbit ¥-globulin,
Burroughs Wellcome antisers was chosen because it gave as

high a titre as'Sylvana, 'or Baltimore and was more easily
ofdered and less costlyQ The unwanted staining reaction of
-the cocci was first 6bserved while using the indirect fluore~
scent staining technique, This meant that the cause of the
fluorescence was antibodies either in the anti-vibrio serum
anvd/or antibodies in the. anti-rabbit serum., Either species
might have previously acquired antibodies to these 5 contaminants

by a sub clinical infection or the other possibility was
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that Vibrio fetus shared antibodies with the micrococeci.
It was found that both sera had to be absorbed as both

appeéred to contribute to the fluorescence,

Method of absorption of antisera

Indirect

Both my anti-vibrio serum and the Burroughs Wellcome
conjugated anti-rabbit x-globulin serum were absorbed with
the 5 coccoid isolafes. These 5 isolates were grown'on
BATA medium at 3700, each isolate. being inoculéted on
to about 4 BATA plates. If the growtﬁ appeared to be pure
it was scraped off the surface of the BATA medium with a
strong platinum loop and transferred into a universal
container containing 20 ml of 0.1% peptone water, the growth
" from one plate being inocuiated into one universal container.
Each 0.1% peptone water suspension was filmed and stained by
.Gram’s staining method and if it appeared to be pure the

suspensions were inoculated inta roux flasks containing nutrient

agar (page 47). The roux flasks were inoculated by pipetting
‘10 ml of the suspension into each roux flask. About 6
roux flasks were inoculated from each isolate. These

were incubated at 37°C for 24 - 48 hours, and harvested
in a similar manner to the vibrio species using sterile
saline (page 67 ). The suspension was spun

in the refrigerated centrifuge at 4,000 r.p.m., for
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20«30 minutes, The Qupernatant was then discarded and
replaced by fresh sterile saline. This process of

washing the éells by ceﬁtrifugation was repeated twice,

the final centrifugation being done in a graduated

centrifuge tube at 4,000 rpm for 20~30 minutes; then
approximately 0.5 ml of the deposit from each isolate

was mixed with the vibrio antiserum and incubated at 37°C

for 18 hours. Two drops of saturated sodium

chloride - were added to aid antibody-antigen reaction,

After absdrption the serum was spun at 27,000 g. for

20 minutes ta deposit the coceci, The supernatant was

then passed through a millipore filtér of 0,22 micron

diameter porosity to sterilise it. 'Phe filtrate was then
uéed in an agglutination feaction to test if any agglutinating
antibodies against the S isolates remained, The dilutions
were made in formol'saline. The antigen suspensions for the
agglptinations were prepared in the same way as for absorption.
-The opacity of each suspension of  antigen was standardised.

The suspensions were used in thé agglutinations at a concentration
of 7 times the opacity which gave a nephelometef reading

-of>?o T 10, Each antigen was incubated for 18 hours prior
to use and if auto-agglutination occurred the supernatant

was adjusted to the correct.obacity and used as antigen against
the antiserum, Equal volumes of antigen and antiserum were
incubafed for 18 hours and no agglutination occufred with 4

of the 5 antigens, One antigen gave partial agglutination from
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gerum dilution 1:2 to 1:16._ All antigen controls
composed of equal volumes of antigen suspensions and_saline.
showed no agglutinafion. The absorption process was
repeated with the antigen which gave agglutination, fresh
antigen being used. | After centrifugation and millipore
atérilisation of the serum the agglutination test was
repeated with this antigen suspension only and no aggiutinati§n ’
occurred atl:2,

A serum agglutination titre for Vibrio fetus strain 1980

was élso set up and the titre dropped from 1:512 to 1:256
The ability of the antiserum to react with the 5 isolates
and so give & éositive FAT was examined later when the
conjugated anti-rabbit ¥=-globulin had also been absorbed,

bs tion of conjugated snti-rabbit ¥=-globulin (B.W

The conjugated antiserum was absorbed with the 5

isolates, the same procedure being carried out as with

the anti-vibrio serum except that the reaction time of the
coccl with the conjugated antiserum ﬁas only 4 - 6 hours at
37°¢. As before the serum was centrifuged at 27,000 g.
a# 4% to deposit the cocci and then sterilised by millipore
filtration of the supernatant. To test the efficiency |
of the absorption of the antibodies to the 5 cocei and to
cheﬁk the titre of the absorbed antisera against the 10

Yibrio fetus strains, the indirect FAT was performed using

the 2 absorbed sera (my anti-vibrio and the conjugated anti-
rabbit),




77

Preparation of Viﬁrio fetus gtrain antigens to determine

the titre of the antisera used in the fluorescent anti- .
body staining reaction

Each of the 10 immunising Vibrio fetus strains were

grown on BATA plates for 2 - 3 days. Growth was removed
from the surface of the plates and emulsified in saline,
and the cells washed by centrifugation at 27,000 g. at
' 4°c for 15 minutes. The supernatant was discarded angd
: réplaced with saline. These films were then made, air
dried, fixed in absolute aslcohol and air dried gnd then
stained, The results are given in table 6_page79. From
those results the dilutions 6f each serum to be used in
the indirect FAT were 1:40,

Films from the 5 contaminants were prepared in the
same way as the vibrio species. All were tested using
"the vibrio antiserum at 1:40 dilution and the conjugated
antie-rabbit at 1:40 dilution, The fluorescence with
each was just defectable and no more (%), So absorption
had been successful,

Direct

The rabbit anti-vibrio serum was absorbed in the same
manner as it had been previously for the indirect FAT,
The absorbed serum was then conjugated with fluorescein
isothiocyanate following the method used in the Western
Infirmary, Glasgow (see conjugation of anti-vibrio serum
page 81 )

The 10 original Vibrio fetus cultures were titrated

against the absorbed conjugated anti-vibrio serum. The
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/ ‘ ) : .
/ : ‘
! antigepic material was freshly prepared, The results
are given in table 7 page 86. The procedures of méking

and staining the films are described on page 88.
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TABLE 6

NDIRECT FLUORESCENT ANTIBODY TITRATION RESULTS

ANTISERA
ANTIGEN a | A 1:40 A 1:80
B 1:40 1:80 B 1:40
47 A 4% 't
v33 A - - o
Y240 oW " | -
cz . ' .ﬂf | | " ] [ 3
G3264 . A '. h " » * . !( . "
115 . Co. n
g | " 3 "
83 o . © 4% "
1980 . ' " | " , "
GP287 . " " "

-

A = Own anti-Vibrio fetus serum - (pooled, absorbed)

B -~ Burroughs Wellcome conjugated anti-rabbit x-globulin (absorbed)
All dilutions were made in phosphate buffered saline.

The following figure code was used throughout this woxrk with
both the direct and indirect staining methods.

4¢ This means maximal brightness, with cell outline still sharp
and discrete.

3% Brightness slightly less than maximal; cell outline still
sharp and discrete.

24 Brightnegs less., Cell outline less sharp - a slight haziness-

& Just discernible %+ Barely discernible
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TABIE 7

DIRECT FLUORESCENT ANTIBODY TITRATION RESULIS.

_VIBRIO STRAINS DILUTIONS OF CONJUGATED ANTI-VIBRIO SERUM

| | ' 1:16 1:32 1:64
1980 . ‘ : 4% 44 3¢
GpP287 4+ ' 3+ 3¢
a2 Y "3 3
V240 | 4t 34 3%
GP264 vs &+ 3
AT | ' 44 o 2% 2¢
Vi3 e 3 3+
82 4+ 3+ | 24
15 o ¥ 4+ | 3
&3 o " 4k £ 2%
sh 4 ND "~ ND
Serotype II ' . A . m ND

See foot of table 6 , page T9 , for figure code.
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CONJUGATION OF THE VIBRIO ANTISERUM

The polyvalent vibrio antiserum was labelled with
fluorescein isothiocyanate, The labelled antibodies were then
'ﬁsed in a direct fluorescent antibody technique (FAT) to detect
thé presence of Vibrio fetus cells, the reaction of specific
antibody with antigen being denoted by fluorescent Vibrio fetus
ceils. .Before conjugation ¥-globulin was precipitated to prevent
labelling of other proteins presegt in the antiserum. This was
folléwed by conjugation and finally purification of the

labelled antiserum by removal of unwanted fluorescent material.,

Precipitation of X~globulin

Ten ml of the absofbed anti=-vibrio serum was pipettéd
.into a sterile beaker containing a éterile small metal réd_
covered in autoclavable polystyrene, The beaker was placed
in an ice bath on a magnetic stirrer. - .The stirrer was
adjusted so that it rofated effectively but did not cause'
frothing of the serum, Five ml of cold (4°C) saturated
ammonium sulphate was added'dropwise to the ;ntiserum making it.
33% saturated. A white precipitate of ¥-globulin was formed.
This was left to stir for one hour, The precipitated serum
was gﬁen spuﬁ at 6,000 rpm for 15 minutes at 4°C and the
supernatant discarded. The precipitate was then
regsuspended in 33% saturated ammoniﬁm sulphate made up
in saline (Q.15M). This was then stirred for 15 minutes

in the ice bath as before and the precipitated x =globulin
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'spun at 6,000 rpm for 10 minutes at 4%, The supernatant
was again discarded.  The precipitate was resuspended

in 0.15M saline (5 ml) and pipetted into a dialysis sac

to be dial&sed against 0,158 saliné to remove the ammonium and
sulphate ions from x—glbbulin. The diélysafe was changed
several times and it was tested for the presence of sulphafe
ions by removing 2 ml and addihg to it 4 drops of 0.lN
hydrochlorié acid and a few drops of Parium chloride (2%).

If sulphate lons are present a white precipitate will be formed.,
Complete removal of these ions may‘téke 2 days, so as large a volume
of dialysate as possiﬁié was used, and changed gfter several
hours. - Dhe x-globulin was'theﬁ centrifuged at 3,000 rpm

for 10 minutes at 4°C and the deposit discarded. The
.brotein content was read in a U.V. spectrophotometer (280 zu
OD=1 =1 mg prbtein per ml);

Conjugation - |

4 The fluorescein isothiocyanate which was used was
purchased from Baltimore Biological Laboratories, U.S.A,.,

K1l commercial products (unless the extremel& expensive

pure crystaline material) contain impurities.  For

effective conjugation the fluorescein/protein (¥~globulin}
rati;‘is 1:40, 3 mg of fluorescein was weighed out and

this was used to conjugate 100 mg of ¥=-globulin.  The
globulin should have a volume of 8 ml but if it were

‘less, it would be made up to this volume with 0.15M saline.

To the 3 mg of fluorescein 1,5 ml of the carbonate/bicarbonate
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buffér was added and the fluorochrome allowed to aissolve.
This-was then adde@ dropwise.to the mixing.x—globulin at 4%,
The mixiﬁg ﬁas continqed in. the refrigerator for 18-hour§.
The pH of the gerum‘to which the buffered.fluorescein was added
should be ﬁH 9.8, (Horé buffer could be added to obtain the
correct pH). | | .

Conjugation takes blace at a high ﬁH-and the pH must
be reduced to pH 7.2 as éooﬁ after conjugation as possibie
to ﬁrevent alteration.of fhe profein-cpnjugatioﬁ material,
which could occur at a high pH. ‘Gel filtration does this

ih addition to removing unreacted fluorescein,

Removal of the unreacted fluorochrome

| _This was done by gel filtration, Ten grams of G.25
coarse grain sephade# was stirfed into about 400 ml of
'phosphate buffer saline ﬁﬁ?.? (0.01M), After all the

large particles had settled, the very fine ones still in
suspension were poured off and more PBS pburedAon to the
sephadex and the process repeated. The sephadex was

soaked in PBS for 3 hours at room temperature (Or.ovefnight
at 400) to allow adequate swelling of the granulés. To pour
the column the granules were mixed in the beaker and the
slurry poured steadily into the column, The tap at the foot
was opened fq adjust the rate of flow and the slurry was
steadily poured in. There should be no air bubbles in the
column nor should there bé any ridges caused by the gel being

allowed to pack before all the slurry has been poured into the
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"column. ‘Once the column had packed, PBS was run through
ié‘at a steady rate for about‘QSIﬁinutes. 'ﬁhen the level

of saline had reached the top of the column the conjugate

was pipetted on. When it had_juét disappeared from the
surféce of the column, PBS was pipetted on to the top of

the column and a saline head (reser&oir).put on to effect fhe
ﬁ@afation. The rate was just faster than a drop a second.
When the coloured fraction reached the foot of the column,

_ colléction of the eluate began, A1l of the first coloured

fraction was collected,

This columﬁ retained the unattached fluorescein and
eluted.the conjugation y¥~globulin i,e., material of molecular
weight (MW) up to 5,000 will be retained whereas y=globulin
with & MW about 40,000 wili be eiuted. The eluvate was then
concentrated to the ériginal 5 ml volume using a membrane

éoncentration method.

Removdl of materials causihg non gpecific fluorescence
with DEAE cellulose column

A column was prepared using DEAE cellulose, About
6 gms of Whatman®s DEAE cellulose was weighedvout and mixed
4into & beaker containing PBS pH 7.2., 0.15 Molar. This
was ailowed to soak for several hours at room temperature
and then the cdlumn was preéared in a similar manner to the
sephadex one, This‘column once packed had to be washed
overnight with 0.15M PBS or until the pH was 7.2. The 5 ml

of conjugated material was passed through the column,
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Using this system .the large molecular weight proteins were

retained and the fluorescein labéelled ¥~globulin eluted.

_The eluate this time was more green and usually large in

volume if all the coloured material was collected (approximately
30 ml). This was also concentrated using the membrane
concentration apparatus and as before it was conéeptrated

to'5 ml, A drop of 2% spdium azide was added to act as
preservative. The conjugate was thendispensed in

gpproximately 0.1 ml.

'COLIECTION OF PREPUTTAL WASHINGS

The following materials were used:

25-30 ml amounts of sterile saline

Sterile flutter valves with 3ft of rubber

tubing attached,

. Sterile insemination pipettes

Disinfectént

Rubber gloves

-Preputiai washings were collected from bulls from various
localities by inserting 25-30 ml of sterile saline into the
prepuce. Tﬁis was done by attaching a flutter valve to a
universal bottle containing sterile saline., At the same
time a sterile insemination pipette was attached to the rubber

tubing of the flutter wvalve. The insemination pipette was

inserted into the posterior end of the prepuce and then the saline

was run in by raising the level of the universal container and

e et e 4 . s g g oo [ ———————
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inverting it. | The orifice of the prepuce was kept
closed with one hand and with the other hand the saline was
massaged inside the prepuce especially at the fornix, The
pipette was then drawn forward and the material allowed to
run back into the bottlé. (If the washing still looked
like clear saline then the saline which had run back had
never left the rubber tubing and the process was repeated),

Between the collection of each sample the operator's.
gloved hands were washed in diéinfectant and dried.

The maximum time between sampling and dealing with the
meterial in the laboratory was 3 hours.,

A1l the instruments used were rinsed, washed and very
well rinsed and then autoclaved at 15 pounds pressﬁre.fqr
15 minutes,

TREATMENT OF PREPUTIAL WASHINGS IN THE .

LABORATORY

When the preputial washings arrived at the labbratory,
they were first mixed for thifty seconds using a vortex mixer,
kEadh sample was transferred to a graduated centrifuge t;be
';;d centrifuged at 2000 rpm for 5 minutes to deposit the gross
debris, Four ml of the supefnatant was transferred to a |

gsuperspeed centrifuge fube and centrifuged at 27000 g

for one hour at 4°C, Three ml of the supernatant were
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carefully withdrawn end discarded. The deposit was

then mixed in the remaining one ml for 30 seconds using the

-vortex mixer, This mixed debosit was then used in 3 ways
to detect the presence of V,fetus, Firstly, it was

plated out for direcf culture of the material on to media
containing antibiotics. s Secondly, some of the deposit
was passed through a millipore filter and the filtrate
cultured. Thirdly, slides were prepared for examination
by the FAT.

Direct culture from preputial washings

The final spun deposit of the PPW was directly plated
out on predried BAN media plates. 0.05 ml1 was spread
out for isolated colonies on each of 3 plates. When the
inoculum. had dried into the BAN medium plates, they were
‘incubated in jars containing the gas mixture for 7 days at 37°C
after which they were examined for the presence of V,fetus,

Millipore filtration,

Millipore filtration was'used as a direct means of
separating Vibrio fetﬁs from other organisms'whidh could be
present in preputial washings. . After centrifugatién,
péébéé,the material was drawn into a 2 ml disposable syringe,
the needle discarded and replaced by the previously assembled and

steriliSed swinny adaptor contéining a membrane of 0.65/u




porosity millipore filter. The suspension was then
filtered by foraing the syringe plunger down, and the

filtrate collected ih a sterile bijou bottle, If all the
suspension had not left the syringe the swinny adapter and syringe
were disconnected and air was sucked into the syringe by
lifting the plunger. The swinny adapter was attached to
the syringe again and pressure was agaim put on the plunger.
After this procedure, with all specimens, at least 0.6 ml

of filtrate was obtained. The filtrate was then spotted
over one pre-dried BATA plate and one pre-~dried BAN plafe.
Occasionally it was spread out on another BATA plate to
obtain isolated colonies, The inoculum was left to

dry at room temperature‘or 37°C after which the BAN and BATA
piates were incubated in the gas mixture in the anaerobic jafs
at 37°C for 7 days. The plates were then examined for

V.fetus.

Preparation of slides to be examined by the FAT,

Smears to.be stained by one of the fluorescent antibody
techniques were prepared on.' glass slides; 0-025ml of the
mgféria; to be examined - either PPW or pure cultures of
V,fetus were pipetted onto each of 10 slides - the centres
of which were of known area. Different diluents were used.
These were 0.1% peptone water, saline and PBS. The smear

was allowed to dry in air and then the slide was flooded with
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absolute alcohol for 10 minutes, After Fhis time it was again
allowed to dry in air, and the slides were ready for
staining. 7
Direct fluorescent antibody technigque.

6ne ampoule of my conﬁugated antiserum which had a titre
of 1:16 was removed from the deep freeze (-20°C). After
thawing at room temperature, this dilution was prepared by_
taking one drop of conjugate and adding to it 15 drops of
phosphate buffered saline, 0.0lﬁ, pH 7.2 (PBS). A drop of
this antiserum dilution was then placed on each prepared
slide, In experiments 1, 1A and 1B a negative control slide
of the preputial washing pool alone was also treated in‘the same

manner, A positive control slide was also prepared by making

a smear from viable culture of Vibrio fetus and after alcohol

fixation a drop of the diluted conjugated anti-serum was

added to this preparation. It is essential to ensure that

the marked area containing the antigen on the slide.is completely

covered by the conjugate. This was done by usiﬁg a fine

capillary tube with an end sealéd in the bunsen to give a fine

smooth small sphere of glass. This was used to spread the

ggiiserum, béing wiﬁed clean between each slide, The slides
were immediately placed horizontally in a perépex dish with

| a tight fitting 1id, the atmosphere having been made moist

with hot wet Kleenex tissues. The slides were incubated at
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3700 fpr 15 minutes. Each slide after being taken out of |
the dish was examined to ensure that no area of the film had
dried, If the conjugate dries, it gives rise to a great
deal of backéround fluorescence, making the observation of
vibrios difficult and the result of doubtful significance,

If drying had occurred the slide was discarded and a repeat
glide stained.‘ The slides after this examination were
placed on a staining rack and flooded separately with PBS
several times. This rinsing process was repeated every 10
minutes for 30 minutes, the slides never being allowed to dry.
The-surplus PBS was allowed to run off the slide and the slide
wiped carefully round the marked area, A drop of mountant
(glycerol/PBS) was placed on the film and a coverslip placed
ovér it. ‘The slides were then ready for examination, -

A control test to inhibit fhe fluorescence of the vibrio
organisms by the addition of unconjugated vibrio antiserum
was not done with each dilution but wéé done once. Uncon=-
Jugated anti-vibrio serum diluted 1:40 was added to the film
pf,brbth diluted in preputial washings, then after incubating
~in a moist dish at 3700 for 15 minutés, followed by rinsing
iﬂﬁﬁBS for'20 to 30 minutes, the éame method of staining with
conjugated antiserum was performed on the same slide, On

examination under U. V. light fluorescence of the
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vibrio cells wasigreatly diminished and was just discernible,
(The fluorescence of the cells was reduced to + or 2+ from 4+.

See page79 for fluorescence code),

Indirectiiguorescent antibody technigue

The films were prepared and fixed as described. An
ampoule of the absorbed anti-vibrio serum and an ampoule of the
absorbed conjuééted‘anti-rabbit serum were removed from the
deep freeze (-2000). -After thawing the anti-v?brio serum
was diluted 1:40 in PBS and a drop of this dilution placed in the
films of each prepufial washing dilution, in experimehts 1,
1A and 1B. The slides were then incubated in a moist perspex
dish for 15 minutes at 37°Q, the same precautions being taken
~to ensure that the entire marked area on the slide was covered
with the antiserum and that it remained wet during the
incubation period. After incubation the slides were removed
to a staining rack and éach glide flooded separately with PBS,
This rinsing process was repeated every 10 minutes for 30 minutes.
The surplus PBS was run off the slide and it was wiped dry
‘around the marked area, Without allowing the area inside the
marked area to dry a drop of the conjugated‘anti-rabbit serum
éIluted 1:40.1n PBS was placed 6n each of the slides. These
were then incubated in the same manner for 15 minutes at 3700:

As Yefore the slides were removed from the incubator, and rinsed
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in PBS for 30 minutes, prior to mounting in the glycerol/PBS
mountant, ' .

A .control slidé (using a 1:5 broth~cu1ture dilution
of PPW in experiments 1, 1A and la)waé treated with only the
conjugated anti-rabbit serum, rinsed and moﬁnted. " A second
control using the same dilution of PPW but using preaimmune
or normal rabbit entiserum, instead of anti-rabbit serum was
treated in the saﬁe way as ih.the indirect FAT

' The foregoing methods were used in all the experimental
worke .The following 3 eiperimental sections are treated-
separately, each containing a description of the experiment
followed by results and diécussions. -In some sections materials
aﬁd methods are.also detailed where they apply only to that sedtion.

The 3 experimental sections are:=- o
1. Laboratory methods of detecting V,fetus.

In this section V.fetus was deliberately added to preputial
washings known to be vibrio free. This is described under
experiment 1, and was repeated on 4 occasions, denoted
experiments 1A, 1B, 2 and 2A. |

The aim of these experiments was to compare the efficiency
of the following_methéds to detect the presence.of V.fetus,

The 3 methods chosen were: |
a) The isolation of V,fetus using a selective s0lid medium

containing antibiotics,
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b} The isolation of V,fetus by passing the material

through a millipore filter ahd culturing the filtrate.

c) The detection of V,fetus using a fluorescent antibody
technique.

2. Insemination of heifers with laboratory strainsof V.fetus

venerealis.

In this éection known numbers of V,fetus cells were
inseminated into heifers and vaginal mucus cultured in order
to reisolatelv,fetusf(experimehté 2, 2A, 3 and 3A)

3. Bull survey

In this section some 89 bulls were screened for vibriosis
using the FAT., 1In one group a culture method was also used.
Any isolates obtained were identified as far as possible.

Some preliminary experiments were performed in an attémpt
to establish the best methods of preparing and treating the
.artificially infected preputial washings. From the results
obtained, sample amounts, centrifugation times and the numbers of

viable V,fetus cells required to be added to the PPW were determined,



EBXPERIMENTS 1, 1A and 1B
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BXPERIMERT 1.

Three methods of detecting V,fétus added to preputial
washings (PPW) were compared, The PPWs collected from the bulls
were negative for the presence of V.fetus. The sampies were
examined by the direct FAT method and ho fluorescing cells were
seen, A known number of viable vibrio cells were added
initially to the speéimen and while this number was possibly
reduced by various procedures carried 6ut on the samples there
were still organisms present which could be-detected by the
méthod under examination. A comparison of the 3 methods
showed that the results obtained could be correlated and that
the findings had validity. The_3 methods of detection were:

1. PAT (a) Direct method. My polyvalent anti-vibrio serum

was éonjugated ﬁith fluorescéin isothiocyanate and uéed for
the examination.

(b) Indirect method. My anfi;vibrio serum was used in
an indirect technique along with commercially pfepared
conjugated anti-rabbit ¥-globulin,

2. Culture - direct plating of the material., '

VUBQ Culture after millipore filtration of the sample.

o e e e e = = = = Pt 7o an ra b
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Yiable count

In this experiment, 1 ml amounts of varying dilutions of a

- wiable broth culture of V.fetus were added to 4 ml amount of PPW




It was necessary to know the number of vibrio organisms in the
dilutions and this was estimated by performing a Qiable counte.
The culture for this count was prepared as follows:

The 10 immunising strains of V.fetus (82, 83, 115, OGP 264,
GP 287, C2, V 33, V 240, 47 and 1980) were each inoculated from a
46 day-old plate of BATA medium into a bijou bottle containing
vibrio peptone b;oth. The 10 bottles were then incubated for
18 hours in the gas mixture in anaerobic Jars at 37°C. Then
0.5 ml from each bottle was pipetted into one 500 ml of vibrio broth.
This gave a total of § ml or a_l% inoculum, A% 24 hour intervals
the brdth cultﬁre was sub=-cultured, slways using a 1% inoculum and
always incubating in the gas mixture. The reason for incubating
for 24 hours was that the organisms were in the logarithmic phase of
growth, Six houfs incubation and 12 hours incubation géve'too
few bacteria to be of use.in this experiment. T used a 1%
subculture to enable me to be certain that only a very small percentage
of dead bacteria would be present in the broth and by continuing
the 1% subculture for 4 éubsequent passages I congidered that the
number ofldead bacteria present would be even less. |

- Dilution of broth culture for viable count,

~

~

The viable count was pérformed on the last 24 hours broth
subculture, The dilutions were made in 0.1% peptone water as
follows: 1 ml of the broth cultﬁre vas added to 9 ml of 0.1% peptone
wate? to make a 1:10 dilution., Further 10 fold or 3 fold dilutions

were made by pipetting 1 ml of the appropriate dilution into either
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2 ml or 9 ml or 0.1% peptone water. These dilutions were
mixed in the vortex mixer for 30 seconds before further d:i-.lu tions

were made (Table 8 ).
‘ TABLE 8

Schedule of dilutions for viable count.

0.1% peptone \  Broth culture | Final
water o ' dilution dilution

9 ml + 1ol ef 111 . 1:10

9 + 1 1:10 | - 1:100

9 + 1 11100 - 1:10°
2 + 1 11100 - 1:3 x 10°
_ 9 + 1 | 1:103 | ‘- “ '1:104

2 £ 1 1:10° - 113 x 10°

9 + 1 1110 - 1410

2 + 1 13104 - 1:3 x 10*
9 + 1 1:10° - 1s10°

2 e 1 11100 e u3x10°

. The -following dilutions were used for the viabie count: 3 x 103,

' 104, 3 x 104, 105, 3x 105, 106.4 Then 0.1 ml of eaéh dilution
was inoculated on to each of6 plates; the 0.1 ml inoculum was spotted
on to the surface of a predried BATA medium plate to cover as evenly

as possible the entire surface and so give single cell deposition,
The Miles & Misra technique did not give consistent results in my hands,
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The plates were incubated in the gas mixture for 7 days.

Dilution of culture for incorporation into preputisl washings.

The same broth culture dilutions in 0,1% peptone water

(page 96 ) were used for incorporation into PPW, Only the

following dilutions were used: 1:1, 1:10, 1:100, 1:10°,

1:3 x 10°, 1:10%, 1:3 x 10*.  Eight 4 ml samples of pooled
PPW were pipetted into sterile universal containers and then
1 ml quantities from the various broth dilutions were added

as in table 9. N
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TABLE 9
Broth culture dilutioms in preputial washings
V.fetus « V.fetus
Broth culture Preputial broth culture
_ @Gilutions - washings : final dilution
1 ml of 1.1 broth  + . 4 ml = 115
-1 ml of 1:10  +  4ml o = 1:50
1 ml of 1:100 + 4 ml = 11500
1@l of 1:10° ¥ 4 ml | = 135 x 10°
1mlof 1:3 x 100+ 4 ml = 1:15 x 10°
1 ml of 1:10° o 4 m = 115 x 10%
Imlof 1:3x10% +  4m - = 1:15 x 10%

To prepare these dilutions each broth culture dilution was mixed
with the preputial washings in the vortex mixer for 30 seconds. ‘Each
was transferred to a graduated centrifuge tube and centrifuged at
200C rpm for 5 minutes.to deposit the gross debris. - Exactly 4 ml
of the supérnatant was transferred to a superspeed centrifuge tﬁbe
(marked at 1 ml from the foot of the tube), At this stage 0,05 ml
of the supérnammtwas removed and pléted out on to BAN media. (This
step was taken tO‘compare.the effect of high spéed centrifugation on

_ the mmbers of vibrios present in the dilutions).v After centrifugation

~

media. ‘Selective BAN medium was used in plating as PPW contain many
commensal bacteria, the majority of which are sensitive to the antibiotics

present in this medium.  Thus the isolation of V.fetus was made easier,
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From each PPW bfoth dilution 0.05 ml was‘pipetted and deposited as
‘a butt on each of‘3 predried BAN medium piates. The butt was
-allowed to dry into the surface of the medium before being streakéd
out for isolated cplonies. The plates were incubated in anaerobic
Jars in.thé gas mixture at 37°C for 5-7 days. The supernatant
was then discarded (leaving 1 ml) and the deposit in the tube mixed
in the vertex mixer for 3 minutes or until all vigible particles
'were in even suspension.
This guspension was used for:
(A) Culture (second direct culture)
" (B) PAT |
(C) Millipore filtration followed by culture
(A) Culture. |
The suspension was plated out on to plates of BAN medium in the

‘aame,manner ag before. ‘
(B) FAT

‘ 0.025 ml of fhe suspenéion was pipettéd on to slides with a
central marked area, 10 slides were prepared from each broth culture
d;lution in preputial wéshings (f.e., 1:5, 1250, 1:500, 1:5-x 103,

4, 1:15 x 104). To obtain an even spread of

1:15 x 10°, 1:5 x 10
the parked area the pipetted suspension was spreaa out using a
straight piatinum wire, The slidés were air dried, then fixed

in absolute alcohol for 10 minutes, and again air dried. These
slides were then stored on staining racks in the refrigerafor being
stained aftef a period of either a few days or 2 weeks. Four slides
from each dilution were stained by the direct FAT and also another

4 slides were stéined by the indirect ?AT. For a description

of the staining techniques see pages 89 and 91 .
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(c) S .
Millipore filtration followed'bx culture
The remainder of the 1 ml mixed deposit from each PPW

diiution was passed through a swinny adaptor containing a
membrane of 0.65/u:p6rosity. Then 0,1 ml amounts of the filtrate
- were pipetted on to each of 3 BATA plates. The inoculum was evenly
spotted over the entire surface of each plate and allowed to dry
before incubating at 37°C in the gas mixture for 5-7 days. After
incﬁbation, colonies were filmed and examined by Gram's staining
method to confirm that they were V,fetus. The number of V,fetus
colonies presént on each plate were counted and the results
~ recorded, |

The procedures outlined.in Experimént I were repeated with two
other groups of 10 different Buils, thesekgroups‘are labelled
Experiment - lA and Expefimént 1B. .Thué the preputiai wgshings from
30 different bulls were used asa basis for these comparative
experiments, |

ﬁsing these same bqlls'a fufther 2 expefiments (Ex 2 and 24)
- were performed using the.same methods of detection of V,fetus
by seeding preputial washings with knowvm numbers of vibrios as was
done in Experimeﬁf le This was done at.the same time as the
heif;; insemination experimenis to enable & direct comparison of the
heifer experiments with laboratory experiment results, (pagelld).
The results are given after those of Experiment 1, 1A and 1B as |

they are comparable.
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RESULTS OF EXPERIMENTS 1, 1A and IB.

BN

Viable counts

The viable count resulfs‘bf the 3 experiments were within

30% of each other. - By carrying out the same procedure of 1%
au5~cultures every 24 hours for 4 days, the viable count results
‘obtained were sufficiently similar for direct comparison to be
made of tﬁe regults of the 3 experiments, The number of colonies
counted on each of the 5 plates at the dilutions which were
significant were sufficiently similar to be acceptable in all 3
pxperiments, see page 107, table 10,
lﬁirect plating result. _

~ There was no difficulty in isolating V,fetus from the preputial
washings when thé vibrios were pfeseﬁt in the sample at the level

5

“of 5 x 106 or 5 x 10° viable organisms, As seen from table 11

at dilutions (vibrio brotﬁ culture dilutions in PPW) 1:5, 1:50 and
1:500 all but 3 plates from the latter dilution gave growth of
V,fétus. As'woﬁld be expected there weré many more isolated
¥,fetugs colonies at the 1:5 dilution, fewer at the 1:50 and fewest
- a}.the 1500 dilutioﬁ. At the 5 x 103 dilution and higher there
was.énly the occasional isolated Y,fetus colony, the other organisms
‘which were not inhibited by the antibiotics in the medium
overgro&ing the vibrios present, At no time was the BAN medium
effective in preventing growth of all the other bacferial species
present in the preputial washings, slthough many were inhibited.
There was very little difference betﬁeen the results of the direct

plating of the supernatant after a light centrifugation and those
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'obfained afte; a supérsﬁeed centrifugation followed by
rééuspension of the depbsit. Eébherichia.species and
Psuedomonas species were often found growihg on the BAN medium
platés and becauge of their rapid growth énd colony size they
aid ten& to overgrowithe vibrio colonies unless the latter were
gréatly in excess of the former. |

The efficiency of direct plating on te¢ BAN medium
plates as a means of isolating V,fetus from preputial
washings which are known to contain many fapidly'growing
bacteria seemed to be dependent on the ability of the anti-
blotic medium to inhibit most other bécte;ia commonly found
present, and also on fhe relative number of viable V.fetus

cells present; the higher the numbgr the easier isolation

_Wecomes,

Culture following miliipore filtration of the material

Growth of V,fetus was obtalned on ail plates inoculated in
ail 3 experiments at dilutions (vibrio broth culture dilutions
in PPW) 1:5, 1:50, 1:500 and 1:5 x 10°, At higher
:dilutions the results varied as can be seen from table 12?,p109.
It-ﬁill also be seen that the number of vibrio colonies
counted was usually greater from dilutions cbntaining the
'highes;~number'of vibrios. In experiment 1, all piat?s
~ inoculated gave growth of V.fetus and although thq'number of
célonigs present varied'considerably, isolation was made

easy in gll by the almost complete absence of other bacteria.

In experiments 1A and 1B isolation.was less succegsful at
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the higher'diiutions, and in experimenf 1B there seemed to

be many fewer colonieé of V,fetug at every dilution. There

was not the steadj gradual drop in the number of colonies

present on the plates from the varying dilutions as there

was with the viable count.  This variation may be due to

the amount of filtrate obtained. If the filirate was small
in-volume, added pressure was put on the syringe attached

to the swinny’adapter to force more through the mémbrane.

‘On many occasions a pure culture of V,fetus was obtained

from the filtrate, - Evén when other organisms were present
these were few iﬁ number and the colonies small and discrete,
except on the very few occasions when an Escherichia species or
Psuedomonas species wés present, . DBecause the membrane was so
.gffective ih retaining the commensal organisms from the preputial
. w@shings a very few colonies of V.fetus on a plate were
 ,sufficient to make isolation possible.

Millipore filtration foilowed by subculture was an effective
means of separating'v,fetus from the majority of other bacteria
present in the preputial washings. The larger commensal -
l&rganisms were retained by the membrane and a proportion'of
the-vibrios passed through in the filtrate, As BATA
medium (with no antibiotics) and not BAN medium plates were used
tp culture the flltrate this emphasised that the millipore
filter membréne acted as an effective direct method of

geparating vibrios from other bacteria.
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The results are summarised in table 13 ., There was

a gradual decrease in the #umber of vibrios counted as the

‘dilutions increased. With the 1:5 dilution many vibrios

were seen in every field; at the 1:50 dilption a few vibrios

were seen in every field; ét the 1:500 one vibrio was seen

in several fields. With the 1:5 x 103

dilution the number of
vibrios counted in 16 minutes varied from 13 teo 28 and so from
this dilution also the presence of V,fetus was readily detected.
At the 1:15 x 103 dilution, only a few vibrios were seen in

10 minufesiscreening but by screening 4 slides §f each
dilution both this dilution snd the next dilution 1:5 x 10%
'consistently gave a sufficient number of fluorescing vibrios

" to make detection certain, At the 1:15 x 10%perhaps only
ene fibrio would be seen ﬁfter screening all 4 slides,.

These results varied from none to 7 and so detection

had become unceftain. For routine work 10 minutes
gcreening is about the time most workers would find they

" could readiij‘cope with especially if around 6 samples

>were received at any one time, For practical reasons
therefore the dilution in which vibrios weré readily able to
e detected was thq 1:5 x 103. At this dilution there

" were on average 60 x 103 viable V fetus cells in the

5 ml sample which meant that in 0,025 ml without concentration
of the sample there should be 300 vibrios on the smear,

The average number of vibrios counted was only 21 which is
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opé fifteenth‘éf the number presenf. I‘would estimate
that & much higher proportion of the slide was screened
than this. A certain amount must also be lost during
the staining process, although the procedure was standardised
and the PBS for rinsing was always droéped on to the slide from
& dropping bottle,

There was no obvious consistent difference between
the vibrios counted on the slides gtained by the direct and
indirect FAT, In both methods the vibrios always stained
with maximum brightness., The background fluorescence from
debris and clumps Qf other bacteria was usﬁally Qlightly
stronger with the indirect than with the direct method of
?tainiﬁg. Occasionally a large coccus or diplococci were
- seen staining brightly buf because of their size and shape
these could not be confused with V,fetus,  No smaller cocci
were seen fluorescing with anything other than slight
fluorescence, There were also small clumps of hard packed
. debris, the centre of which sometimes fluoresced strongly
-but with expérience these could be ignored.  Apart from
the above the films contained an even distribution of material,
Vibrio cells were never seen in clumps but it was noticeable
that a higher number were seen per field around the edge of the
£ilm,

Philpott (1968) reported that he could easily detect

.1oa vibrio organisms per ml and with more careful examination

~
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.0f the periphery 50 organiéms per ml, I estimated that
" I could easily detect 3000, and with longer screening time
300, but below this the results were not reliable., By screening
under the oil immersion lens I would have to screen for much
. longer to cover the same area in the same time as Philpott .
screened. He in féct could scan his entire smear in 5 =~ 10
minutes which I ceftainly did not manage. . .The other
 possibility is that he had many more dead.vibrios'than he
thought from his viable count results. Even with my 4 1%
subcultures my total vibrio céunts fanged from about double
to 4 times the viable count results.

Kita gﬁ_é& (1966) could detect the presenée of V,fetus

in PPW when he added 105 vibrio organisms per ml of preputial

washings;  they failed to detect 10% 3

and 10” vibrios per ml
by the FAT.ﬁethods usged. ?héir cfiterion of detection
was to_find a vibriq cell within 10 fields (using the x40
objective) so héd the& screéned_for a longer period I feel
sure they would have been able to detect vibrios present at
dilutions with iower numbers of vibrios present. They do
not say how their vibrios were.subcultured'prior to their
addition to the PPW but their results were closer to mine than
those of Philpott. |

Other workers using the FAT as a diagnostic tool
did not try toLqetgrmipe the numbers of V,fetus cells present

in a sample but rather compared the PAT result obtained by the

FAT with other diagnostic means i.e., culture,
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RESULTS OF THE LABORATORY DIAGNOSTIC TESTS

OF EXPERIMENTS 2 AND 2 A.

Yiable count |

| The viable count of experiment 2 was one half-the
average results of experiments 1, 1A and 1B, . The
vigble count of experim;nt 2A was one quarter that of
the 3 latter experiments. The drop in results wifh
experiment 2 could have been due to the 1% vibrio broth
culture beiné subcultured for 6 24 hour subcultures
ingtead of the usual 4, Also only one isolate, very
recently isolated from an artifically "infected” heifer
(x in table 19 ) was used instead of the 10 ¥4 fetus
cultures used in the first 3 experigents (1, 1A and 1B).
- In experiment 2A, despite the correct 4 subcultures of
the vibrio bréth culture, the viable count again dropped
but this culture was prepared from an isolate obtained from
heifers infected iﬁ expériment 2, So either animal passage
had made the ofganism grow léss-well in the broth medium or
'some.of the original 10 cultures used grew better than some of
_ the others ahd so gave.a higher viable count., |
Direct plating results

The reSuits of experiments 2 and 2A showed the same

trend aé experiment 1, 1A and 1B, in that the more vibrios

that were present, the more were isolated. The poor results



of experiment 2 were probably due fo overgrowth of V,fetus

by & large spreading colony which was probably a Pgseudomonas

species. As before the BAN medium never inhibited all other
Pacteria and so isolation was dependent on the vibrios being
present in larger numbers than any other species,

Culture following miliigore filtration of the material.

As with experiments 1, 1A and 2B, the trend was similaw,
very mény'vibrio colﬁnies bein present at the low
dilution and very few colonies at the high dilutions,
Alse although BATA plates-were used there were very few
bacterial colonies present other than V,fetus.
BAT |

As with the other methods of detection, the FAT results
" of experiments 2 and 2A 5§§e 8 similar pattern to those shown

in experiments 1, 1A and 1B,

112
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| DISCUSSION OF RESULTS OF EXPERIMENTS

The 3 laboratory methods of detecting V,fetus
were compared. Excluding the initial direct culture
on to BAN medium plates all 3 methods were performed
on the same material. In the second direct culture
0.05 ml was plated out on to BAN medium plates but due to
there always being so many other bacteria present this amount
"was of little importance Qﬁantitatively. In practice
it never seemed possiblé to inhibit the growth of all other
bacteria present in PPWs:by incorporating additional
entiblotics in the media without aiso inhibiting V.fetus
and so its isolation depended on V.fetus being preSent.in.
greater numbers than any other species of bacteria which
wéqld also grow on the antibiotic plates. In the portion
of the material which was millipore filtered, and 0,3 ml of the
filtrate cultured on 3 BATA plates, the number of V,fetus
colonies present waé'counted. This number was compared
with the number of vibrio cells seen'fluopeacing on the
Aprepafed slidés, But there were discrepancies which could
be due to a few factors, If the viable number of V,fetus
. cells was less than the total number present then the
results would favour the FAT which could detect dead
vibrios. When viable counts and total counts were done

on the same vibrio culture the total count was from twice to

almost 4 times the viable result (see page 117), With the
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3

1 g

FAT, although 0,025 ml was pipettéd on to each slide, the
| entire film was never screened and so unlike millipore
filtrate culture all the organisms present in the measured
amount were not obsérved. In performing the FAT, although
the organisms were fixed to the élide and vigoréus rinsing
was avoided, it was possible for material to be removed from
. the slide during the stalning prodesa. The émount of
filtrate obtained after millipore filtration varied from
about 0.6 ml to 08 ml. Only once did the membrane
appear to be punctured and this was very apparent both by the
unusually raﬁid filtration and marked cloudiness of the filtrate,
Direct quantitative comparison is not valid for the above
reasons but fhe resuits can be compared in that for isélafion
of V,fetug from contaminated material millipore filtration
waé‘consistently better than direct culture in all 3
experiments. B |

In comparing the FAT results with millipore filtrate

culture, the FAT was able to detect a smaller number if
4 slides were screened for 10 minutes each, | If however,
-.one;wished to compare the results after 6n1y séreening one

slide for 10 minutes there was not a great deal of

difference in the results. In experiment 1B where

millipore filtration was not so successful, a Pseudomonas
species was known to be present and the PPW were stored

for 2 days before use which may have caused toxic products
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Nto be liberated into'the diluent which could have had
an adverse effect an the vibrios'added lafer.

Kita et al (1966) were the only workers who compared
different methods of detection of V,fetus from artifically
infected PEW. Uging their methods they found that
culture on to an antibdiotic medium was comparable to the
PAT, while millipore filtrate culture was less su;cessful.

The antibiotic medium they used for direct culiure was

bovine blood agar to which 300 units of mycostatin , 20 ng
of novobiocin and 2.5/ué of brilliant green were added per ml
of agar base. '

Kita et al freated their PPW seeded ;ith Y.fetus in
' twﬁ ways, neither of which used'high spged cent:ifugat;on ag I
diad. In their first method a 10 ml portion was centfifuged
at ?OOOirpm for 30 minutes. The deposit obtained was
resuspended in 0.2 ml and from this smears where prepared
in preparatién for the fluorescent antibody method of detecting
V.fetus.  The second method filtered fhe seeded PEW
through fiiter~paper and.theh.ﬁsed the gsame treatment as
degcribed in their first method. Using the abovemethods
and_their FAT they could detect vibrios present in PEW
to which théy had added more th?n 105 vibrio cells per ml
of PPW, Using my processing of PPW and FAT I could

3

detect vibrios present when 10~ vibrio cells were added per ml

of PrW. Kita et al also isolated vibrios from the same
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materisl as described above using two types of media.
One contained antibiotics énd brilliaﬁt'green (see'page 120),
the other was a‘semi-solid thiol medium, Vibrios were
cultured when 10° vibrios were present per ml of PPW,
My results for direct culture on to solid media containing
antibiotics were simiiar.

Kita gt _al also passed a portion of Pfﬁ containing

vibrios'through a millipore filter of O.6§/u porosity after

the initial filtration through filter papeé. Vibrios
‘'were grown only when 105Avibrio cells were present per ml‘
of PFW. I was able to isolate vibrios when 103 vibrio
cells were presenﬁ per ml of PPW,

| These results suggested that high Bpeéd centrifugatibn
of the material depositeda high percentagé of the vibrios
présent in the PPW and that they remained viable, For this
reason no doubt, I was able to detect vibrios present

iﬁ PPW when 163 vibrios were added per ml 6f PPW while Kit#

et al required 105

vibrios to be present per ml of PPW.

This was trﬁe of bofh:the FAT and millipore filtration
followed by culture methods but not for difect plating.

My regqlts using direct piating were similar to theirsperhaps
because it was impossible to obtain\the correct combination
of antibiotics which would inhibit all the rapid growing

commensal bacteria present in PPW yet allow vibrios to grow

freely.




HEIFER INSEMINATION

EXPERIMENTS 2, 2A, 3 AND 3A
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INSEMINATION OF HEIFERS WITH LABORATORY STRAINS

OF V. FETUS VENEREALIS

The original 10 immunizing strains of V.fetus venerealis
and iniestinalié,had been_subcultured on BATA medium once a
week for about dne and a half years, _ As the strains had
become adapted to artificial medium their virulence for
heifers now was unknown., For this reason one heifer (A)
was‘inseminated‘with V.fetus venerealis and thereafter vaginal
mucus‘samples collectéd. These samples were cultured to try to
reisolate V,fetus venerealis from them. By doing this it’;as
hdped to enhance the virulence of the reioslated inseminated
strains of V,fetus. As ¥V,fetus Ven;realis is generally considered

to be the true pathogen, only the 4 V.fetugﬁ#enerealis_strains

(47, 1980, V33 and V240) were inseminated. This mixture of strains
was used rather than pick one random old’labofatory maintained
culture. Only one heifer was used in this experiment, This heifer
had been a department holding animal and was known to be free of any
V; fetug infection. | To prepare for the insemination,

this heifer was given an intra—muécﬁlar injection of 25 mg

of stilboestrol dipropionate in arachis oil. This

stimilates 2 - 3 days later an oestrous - like flow of mucus

from the cervix into the vagina, without ovulation. It

also opens the cervix, thus permitting insemination
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through the cervix into the uterus., On the day prior to
ingemination, strains 47, 1980, V33 and V240 were each

inoculated (from 4-day old BATA plates) into 4 ml amounts

of vibrio peptone broth. These broths were grown overnight
in the gas mixture at 37%. Two ml amounts from each
" broth culture were mixed together. The material was

inéeminated through the cervix by attaching a syringe to an
inéemination piﬁette. The metal insemination pipette had

a plece of.rubber tubing attached to one end and after wrapping
;ﬁ greaseproof péper it was steriliéed by autoclaving at.iS'
pounds pressure for 15 minutes. A sterile 5 or 10 ml record
syringe was attached to the rubber tubing. The material

for insemination was drawn up through the insemination pipette
into the syringe and all air expelled from the system before
the 2 ml amount was expelled into the uterus, A viable
count was not done on the cultures but evidence from later

7 viable

experiments led me to conclude that more than 10
V,fetus cells were ihseminated. Vaéinal mucus samples were
collected as described‘on page124'sampling starting one week
éfter insemination, AAtqtal of 14 samples were collected,
aaﬁbling being done at 3 - 4 day 1nt§rvals. - Each sample
waé plated out as described on paéelZ? on to 6 predried BAN
.plates. After T days' incubation at 37°C in the gas

mixture the plates were examined, Many colonies were

filmed and stained by Gram's method. Oniy sample No, 1,




124

No. 2 and No. 7 gave growth of V,fetus venerealis on any of
the plates, All other 14 samples were pcgative. The isolate
" from sample No, 7 was filmed aggin and a direct FAT performed
on this film to establish that the isolate was a V;fetus,

The isolate gave maximum fluorescence., This step of
checking the fluorescence of the isclate with the

conjugated antiserum was considered desirable as the
microscopic appéarance of some V,bubulus iseolates are very
'lsimilar to that of ¥Y.fetus. This isolate was maintained

af room temperature in thé gas mixture, As this preliminary
expériment showed that it was possible to reisolate the

_ vibrio organisms after insemination further experiments

were done using 12 virgin heife:s. Thege animals were

- ebtained from a vibrio-free source, and were divided inte

2: groups of six, A and B, Group A (exﬁeriment 2) were

used in sn insemination experiment, using the isolate from
heifer A, Group B (experiment 2A) were alsoc used in an
inseminafion experiment using an isolate from one of thé

" group A heifefs. |

COLLECTION OF VAGINAL MUCUS

‘The procedures for the collection and culturé of
vaginal mucus is outlined in this sedtiono

The following materials were used:=
1. ﬁaginal pipettes

These were made of thick walled gless tubing 15 to»lT
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finches in length and with a-bore of internal diameter 0,25
inch.

Ta obtain uncontaminated material vaginal pipettes,
plugged at one end, were wrapped in greaseproof paper,
The wrapping was done carefully to ensure that the pipette,
wheﬁ taken out, could be reinserted into the sterile
wrapping "tube",
2, Swuckers

These weré composed of_rubber tubing attached to glass
tubing, both of which were approximately 6 inches in length.
These were wrapped and sterilised,
3. Kleenex tissues,
4, Disinfectant.
Method of collection of vaginal mucus

The paper wrapping on the vaginal pipette was cut cleanly
about 2 inches from the plugged end, the.short paper removed
and the pipetté withdrawn without touching any part of the
pipétte, except approximately 2 inches from the plugged end,
Thé sterile sucker was then unwrapped and the rubber part was
attached to the plugged end of the vaginal pipette. The
.tai; of the heifer was then pulled to one side aﬁd held in
this position duriﬁg sampling, (Occasionally if the
animal waé in a very excitable state the tail was held

straight up and back. In this position insertion into the

anterior vagina was made more difficult but the pain
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inflicted by h&lding thé tail made sudden movement less likely).
The lips of the vulva were thén wiped clean with several Kleenex
tissues., With one hand the lips of the vulva were parted

aﬁd kept in this position while, with the other hand, the vaginal
pipette was. inserted. There was less chance of breaking the
pipette in the vagina if thé rubber part of the sucker was held

. and not the glass Qaginal-pipette. The pipette was then inserted
into the anterior vagina. If more than approximétely 4linches
was s8till protruding the anterior vagina had not been reached and
correct insertion was more easily accomplished withdrawing the
pipette and thenreinserting it. When the tip of the pipette
was at the anterior vagina the operator started sucking. To
collect the maximum amount of mucus the vaginal pipette was

moved back and forward a few inches, before being withdrawn

and only after complete withdrawal did. the operator stop suction.
The pipette was then replaced in its wrapper "tube" and labelled.
The operator's gloved hands were then washed in disinfectant and
dried before the next‘saﬁple was collected,

All but the first 12 samples were collected by myself.
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CULTURE OF VAGINAL MUCUS

The following materials were used:.
1., Vaginal pipette

24 Metal rod to expel mucus from vaginal pipette

'3, BAN media

4. BATA media

5 Glass spreaders

- 6y Thick platinum loop.

The vaginal mucus was not processed in any way, except

' that the consistency of the mucug varied considerablyland so

the. method of inoculation of media had to be adapted to ensure
adequate sampling,

As vaginal mucus contains many bacteria either as normal

flora or from inseminated material, a selective medium was used

to isolate V,fetus.
Vaginal mucus samples were always cultured within 3 hours of
sampling to prevent loss of viability of any V,fetus present in

the mucus, The mucus was expelled directly on to one predried

_BAHVmédium plate, using a metal rod, to force the mucus out

of the vaginal pipette. In most cases the entire sample

was cleanly deposited but if the mucus was stringy and

.\\

scarce the cé6tton wool plug itself was drawn along the surface
of the media to deposit the maximum amount of sample.

From the material collected on this plate 5 others_were
ineculated, by transferring mucus and spreading it over the

entire surface of each plate, either with a thick platinum loop
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or & sterilised glass spreader, leaving some mucus on eagh

/ plate as V.,fetus #s known to grow along the line of the

‘A deposited mucus,. If the samples were large in volume and

watery in consistency a section of the mucus may be cut off
with sterile scissors or burnt off and then spréad out on to
other piates. - Bload stained samples and samples containing
pus, were all dealt with in a similar fashidn, the aim being to
ensure that a represenfative portion was distributed on to the

6 plates inoculated per sample. These plates were covered by

a few spreading colpnies of Egcherichia species or Pseudomonas
species, | |
None of the 36 samples gave any isolates éesembling
V,fetué. vOne sample. of vaginal mucus from each heifer
was sent to Weybridge for vaginal mucus agglutination tests.
A1l samples were negative, ' f - ,
AFrom both my cultural experiments and the vaginﬁl mucus
agglutination test 4t was shown that the heifers were not

carrying V,fetus.

INSEMINATION OF 6 HEIFERS WITH

PREPUTIAL WASHINGS CONTAINING
Y, FETUS CULTURE DILUTIONS;
~.._A broth culture was prepared in the dame way as in
exp‘eriment 1 page 95except that only one V,fetus culture
(the isolate from heifer A, sample No. 7) was used as inocculum,
This organism had been isolated from a BAN plate as described

previously on page 124 and so the colony used as inoculum for the ' -
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Pﬁoth had been incubatea in the gas mixture for 7.days at
'57°C followed by 3 days at room femperature. . Xt was then
‘igoculated into the first vibrio peptone broth, ’ Six
‘successive'subculturgs were madé in error instead of

the usual 4. Each of the 6 heifers was given one
intramuscular injection of‘25 mg of stilboestrol dipropionate
';n arachis oil 2 days'prior to inseﬁination. Preputisal
washings were collected from 10 bulls and each screened for
the presence of V,fetus using the ‘direct FAT method. Only
 those sémples found t; bé.négative were uéed in the pool for
1n§emination into the 6 heifers, Dilutions of the last (6th)
24 hour V,fetus culture were prepared in 0,1% peptone water
and a viable count performed as described on page 95 .

As well as the insemination experiment, all the laboratory
methods of detecting V,fetus used in experiments 1, 1A and
1B were also performed. The tests done wére direct culture
‘on to solid media containing antibiotics (BAN), millipore
filtration followed ®y culture and both the direct and

’ 1ndirect.flu6rescent antibody teéhniques (see pages 87

te 92). T provide sufficient ef the vibrio broth
cﬁlturp dilution in PPW which was inseminated, additional

3 dilution was prepared, This

volume of the 1:5 x 10
dilution was chosen for insemination into the 6 heifers
because this had been found to be the highest dilution from

which V,fetus could be isolated by direct plating on to BAN
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-medium plates (from resu1ts of experiments 1; 1A and 1B).
At this dilution, (1:% x 103)}V§fetus could always be
cultured after milliﬁore filtration and the organism was
. always detected on the slides by both the direct and indirect
fluorescent antibkody technique. The 1:5 x 103 PEW
dilutions was made up as follows: 3 ml of the 1l: 103 bfoth
dilution in 0:1% peptone water & 12 ml of the preputial
waghing pool were mixed in the vortex mixer, and it was spun
at 2000 rpm for 5 minutes. This was done 3 times so that
" there ﬁas a total of 45 ﬁl. Then 12‘m1 of the aﬁpernatant
waé wifhdrawn from each 15 mi amount, The 3 x 12 ml (36 ml)
withdrawn was pooled and mixed, This was then used for
insemination, 2 ml being given to each heifer; the estimated
number of viable V,fetus venerealis inseminated into each heifer
was 6000 cells. Thebsame insemination pipette was used to
- inseminate 2 animals; thus 3 pipettes were used for the
ingemination of the & heifers.,

..thinal mucus was then collected from each heifer twice
1'week1y, comméncing one week after insemination,  The sampling
- was continued for 6 weeks, making a tetal of 12 samples per
‘heifer. The mucus was cultured on 5 BAN‘plates and one BATA
plate per sample {page 127), After 6~T days'4incubation in
the angerobic jars in the gas mixture at 37°C-the plates were
examined and colonies filmed and stained by Gram¥s staining

method, Any organisms which looked like vibries were filmed,
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fixed in alcohol and a direct FAT performed on them,
If the organism gave maximal fluorescence it was called a
¥,fetus and that sample denoted as positive.

“After the 4 heifers had been shown to be negative §n
culture each animal was again given an injection of stilboestrol.
This was done as the natural oestrus cycle of the é heifers was
not known. Vaginal mucus samples were taken on 3 successive
days. It has seen shown that mucus collected at oestrus in

infected animals gives a much higher percentage of samples

containing V,fetus (Lawson and Ma¢Kinnon, 1952).

RESULTS OF CULTURE OF VAGINAL MUCUS OF HEIFERS IN

EXPERIMENT 2.

" Vaginal mucus from 2 out of the 6 heifefs'gave growth of
- Yeofetus, - From Woth heifers there was only one sample positive,
For a summary of results sée table i%,pa132. |
Heifer No. 2, sample NQ. T was the'only sample positive,
All 5 BAR plates had several V,fetus colonies per plate, The
- ene BATA plafe inoculatéd was negative dﬁe to overgrowth of
~ ether bacteria., Most of the BAN plates from the-other samples
'céntagned only a few bacterial colonies, On one oeccasion 3
out of 5 BAN plates were overgrown by mould colonies, but the
ether 2 had only a few gtaphylococcal colonies,
In heifer No. 1, sample No. 1 was the only sample positive,
Of the 5 BAN plates inoculated 3 were positive each having only

ene or 2 Y,fetus colonies per plate. All the negative samples
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RESULTS OF THE CULTURE OF VAGINAL MUCUS

FRONM HEIFERS IN EXPERIMENTS 2 AND 3

132

. Heifer
Number of samples A .1 2 3

numbers

4

5

first sample

Heifers inseminated with 12,000
V.fetus cells 7 days.prior to

+ +
I -
1
[ |

O O~ O WNH
1L +3 1
I SR

1

ol
MO
LI I |
N B |
t 1

Injected with stilboestrol

14 - - -
15 ) -
16 - - - -

Heifers 3-6 reinseminated with
3.75 x 107 V.fetus cells
17 - - -
18 :
19
20
2l
e 22
23

IR -

]

R R

I B

AR EEE

Por key see foot of table page 134.
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~had enly a few other bacterial colonies on the BAN plates,

The BATA plates were nearly always overgrown wut on'some

eccasions colonies looking like V,fetug were observed but

'‘did not react with the FAT test.

V.,fetug was not isolated from the other 4 heifers, Forx

‘& summary of results see table 19

BXPERIMENT 2A (GROUP B)

This experiment was a repeat of Experiment 2, the culture
used for insemihation be;ng the V,fétus isolate from heifer
pumber 2 sample numbexr 7 in Experiment 2. The 6 heifers
Iofming group B were sampled, prior to insemination, on 6

eccasions., The vaginal mucus was cultured in the same way_

- &8 in Experiment 2 and examined for the presence of ¥V,fetus,

As &ll the samples were negative, the 6 heifers were then inseminated.

Cwing to the timing of the experiments the re-isolate V fetus
was sub-cultured on BATA medium 3 times before being inoculated
into the first of the four 1% wroth sub-cultures, Preputial

washings were collected as before on the day before insemination

" from 10 different bulls. In a1l other respects the same

procedures were carried out as in Experiment 2,

~RESULTS OF THE CULTURE OF VAGINAL MUCUS OF HEIFERS

IN EXPERIMENT 2A
V,fetus was isolated from only 2 of the 6 inseminated

heifers,
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TABLE 20

RESULTS OF THE CULTURE OF VAGINAL MUCUS
" FROM HEIPERS IN EXPERIMENTS 2A AND 3A

Hdifer numbers
Number of gamples
' 7 8 9 10 11 12

Heifers inseminated with 6000
V,.fetus cells, 7 days prior to
first gample

NV AWA R
[ B}
1+t
[
|
!
'

Injected with stilboestrol
8 - - - ‘-

Heifers 9-12 reinseminated
with 15 x 107 V,fetus cells
9
10
11
12
13 ' -

14 '
15

I+ + +
[

+ 1+
1

+ 4+ 11

. ~ 418 no V,fetus isolated
+ xls V.fetug isolated

The final sample result in each case is for the culture of
V.fetug from material collected at slaughter.,
Samples were taken at 3-4 day intervals
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‘Heifer No, B.
Pour §ut of the 5 samples takeﬂ from this heifer were
positive. From thé first sample all 4 BAN plates
. inoeculated gave approximatély Borpolonies per plate. From
the second sample all 5 BAN plates gave approxiﬁately 50
colonles per plate. ‘ Tﬁ?re were only a few other bacterial
colonies present on~thcse platgs. From the third sample all
4 BAN plates contained more than 300 V,fetus celonies,
The fourth samples also gave very numerous V,fetus colonies on
"~ each of the 4 BAN plates.inoculated. The fifth sample was

negative but only one BAN plate was inoculated from a poor

sample,
Heifer No, 7. : . _ h

Two of the 5 samples takén from this heifer were positive.

From the first sampl? 3 of the 4 BAN plates contained V,fetus
éolonies. There was an average of 6 colonies per plate,

" The fourth plate was completely overgrown with bacteria other
thaﬁ Vofetus, All 5 BAN plates inoculated from the second

" gample were positive, each plate havihg a few V,fgtus.colonies.
ﬂhe 3 subsequent samples were negative, somé BAN plates having many
h#cterial colonies other than V,fetus, others having no growth
at all on them, |

EXPERIMENT

" Infectivity of the 4 negative heifers.,
) This experiment was designed to prove that those heifers

which failed to become infected (denoted »y failure to isolate
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Vy,fetus from ahy vaginal'mucus samples) were capgble of'being

- s/infected with V.fetus provided the number of bacteria inseminated

was high enough. As Newsam (1964) had inseminated 150 x 10§ viable

, V,fetus-organisms into 42 heifers and _isolated V.fetug from the

vaginal muqus‘of 38, I‘aimed at inseminating this number of cells,
but, in fact, I used 3.75 x‘loT_viable vibrio cells, The culture
used for fhis was an iéolatajfroﬁ éne of the 2 positive heifers (No 2)
in Experiment 2., The isolate was subcultured as described on page 95

with 4 1 % subcultures in vibrio peptone broth. A viable count

- and a total count were performed. The 4 heifers were injected with

stilboestrol 2 daye prior to insemination. This time the broth
culture was hot diluted before being added jo the PPW, 1.e. 2 ml
of broth‘culture + 2 ml PPW,  Seven days after insemination
vaginal mucus samples were collected from all 4 heifers

and these were set up for culture on BAN plates as described

on page 127 , After 7 days® incubation colonies froﬁ each
plate were filmed and stained by Gram's staining method. From
each heifer 6 samples were collected over a 3 week period.

Each sample was dealt with in the same way.

Results of the culture of vaginal mucus

v,fetus was isolated from the vaginai mucus of 3 of the
4 reinoculated heifers, The negative heifer had a prolépsed
vagina and the vaginal mucus was contaminated with faecal
materiél from the first sample onwards which may have prevented
the establishment of ¥.fetus in the genital tract or if infection

had taken place may have prevented isolation as the plates'were
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_heavily contaninated with meny faecal bacteria.

For a summary of the results see table 19 o

Heifer No., 3.

Two of the 6 samples were positive., From the first sample,

3 of the 5 BAN plates inoculated were positive., From the second

eémple 2 of the 5 BAN plates were positive there being 15 and 10

V.fetus colonies on each plate. All 4 subsequent éamples were

negative.

HBeifer No. 5. |

Five of the 6 samplés were positive. All the BAN plates
inoculaté@ from the firét 3 samﬁles gave gfowth of V.fetus, On all
9 piateé there were.greater than 300 V.fetus colonies present in pure

culturé. The fourth and sixth samples were also positive.

Heifer No. 6.

Five of the 6 samples were positive. From sample 1, 2 of the
5 BAN plates had about 5 V.fetus colonies. From the second sample
all 4 BAN plates inoculated had about 10 V.fetus colonies.< Samples

3, 5 and 6 were also positive.

Heifer No. 4. Never gave growth of V.fetus,

By increasing the number of viable V.fetus cells ihseminated,

e

the recovery rate from vaginal mucus was increased. With the

first ingeminating dose 2 out of 6 heifers were positive, and with

the much higher'second inséminating dose 3 out of 4 were-poeitive.
All the 6 heifers in group A were slaughtered, tbe é in

experiment 2 that had been positive  after a single insemination
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and the remaining 4 reinseminated in experiment 3, of
which 3 had been positive, Samples were taken from the
’genital tract as described on page 139 and set up for
culture,

EXPERIMENT 3A

This experiment was a repeaf of experiment 3, Each of
the 4 negative heifers from group B was reinseminated with
15 x 107 viable V.fetus cells, This was 4 times the number
of organisms inseminated in experiment 3, The culture used
for insemination was isolated from one of the positive heifers
in experiment 3.
RESULTS OF THE CULTURE OF VAGINAL MUCUS IN

EXPERIMENT 3A
Three of the 4 heifers.were positive,

Heifer No, 12,

Pwo of the 5 samples were positive, Samples 1, 2 and
3 were negative, only a few non vibrio colonies growing on most
plates., Sample 4 was positive, the ¥,fetug colonies growing
along the line ef the mucus left{ on the plates, Sample 5 was
also positive, each of the 6 BAN plates contéining a few
V.fetus colonies and many colonies of other bacterial species.
Heifer Ko, 11,

The first 2 of the 3 samples taken were positive, Two
samples were taken of gsample No. 2, as the first one was'poor

and this was in fact negative. The second was positive,
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Heifer No. 9.

A11°3 semples taken were positive. Some plates gave
growth of the V.fetus colonies along the mucus left on the plates.

Heifer No, 10.

Y,fetus was never isolated froﬁ this heifer at any time,
As in experiment 2, by greatly increasing the number of
viable ¥Y,fetus cells inseminated on the second occasion, the
recovery rate of V,fetus from thelvaginal mucus was increased.
With the first inseminating dose 2 out of 6 heifers were positive,
and with the.second higher inseminating.dose 3 out of 4 were
'positive. ‘
| A1l the 6 heifers in group B were slaughtered and the

material collected from the genital tract cultured for the

isolation of V,fetus,

- MATERIAL COLLECTED FROM HEIFERS AT SLAUGHTER

The procedures for the collection of material at
slaughter are outlined in this ‘section,’

After slaughter, the vagina and uterus were collected
. iﬁ'a clean pail and brought immediately to the laboratory,.
The gehitalia were deposited on an enamel tray and arranged
in sq9h a way that the genital tract was easily discerned.
This may entail cutting off loose‘faf, and other axfraneous
matter, |

Ohipg to the amount of sampling, it was impossibie to
have sufficient sterilised instruments available., For this

part of the work all instruments had been cleaned thoroughly
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then dipped in'alcohol and set alight to sterilise and after
this stored in a sterile beaker until they were required, mftei
use each instrument was placed in a beaker of water and set
under continuously running hot water. They were cleaned again,
dipped in alcohol, fiammed and were ready for use again,
Other sterile instruments used were artery forceps and scissors.

The procedure used for taking non-contaminated samples was
as follows:

The surface was swabbed with absolute flqoh&l.
Several iayers'of muscular tissues were then incised with scalpel
and the final incision inte the lumen was made with a second
sterile scalpel, When the ¢rifice was large enough "throat"
swabs were taken of material present in the lumen. (Throat
. swabs were composed of coetton wool wound firmly round the foot
2 inches of a 6 inch stick. The whole is ste£ilised with a
large plug of cotton wool and covered with silver paper).
This material waslsometimes very thick in consistency and this
geemed the only way to do it. Repeating this technique one
-half of the vagina and both uterine herns were split open
and sampied. With some genitalia, sampling was started
at the middle of the vagina (the vulval area was never sampled
or split open) and continued until the cervix and finally the
2 uterine horns were exposed. Latterly sampling was started
&t one uterine horn and continued to the cervix, and'then

backwards to the other uterine horn then into the vagina.

This method was used as I considered there was less chance of
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contaminating the vagina from the uterus than vice versa,

Samples were therefore collected fﬁom:
1. uterine horns
2, cervix
3« anterior and mid vagina

Material was not collected from around the vulva or
posterior vagina as it was often contaminated with faecal material.
Samples were collected by inserting sterile "throat® swabs and
plating. The mucus was plated on to predried BAN plates and
incubafed in the gas incubated mixture for 7 days. At all sites
the maximum amount of mucus possible was collected; there was
usually sufficient in the vagina but there generally was little in the
unterine horns.

RESULTS OF CULTURES SET UP FROM MATERTAL

‘COLLECTED AT SLAUGHTER OF ALL 12 HETFERS

el
Group A is composed of 6 heifers, 2 in experiment 2 and 4 in

experiment 3,

lGroup B is also composed of 6 heifers, 2 in experiment 2A and
4 %n experiment 3A. Experiments 2 and 2A each had the single
ins;ﬁination of vibrio cells while experiments 3 and 3A had in
addition a second much larger insemination of V.fetus cells (see
table 2 for the estimated number of cells inseminated in these

experiments).
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Experiment 2.

Heifer Nos. 2 and 6 did not give growth of V.fetus from
any site.

Experiment 2A.

The material collected from heifer No. 8 after slaughter was
' positive.. The 2 BAN plates inoculated with vaginal mucus had an
average of 14 V.fetus colonies per plate. These colonies were very

tiny but as there were also large colonies of an Escherichia~like

species present on the plates this may be thé reason why the vibrio
colonies were abnormally small for.tﬁe age of the culture. There
were 3 V,fetus colonies on the plate from the cervix. The plates
from the uterus were negative, only'one non~vibrio colony being
present on one of these 3 plates. _

Heifer No. 7 was negative, The plates from the vagina had
"-many Escherichia-like colonies and many small colonies which
were not V.fétus; The plates from the uterus and cervix also

contained very numerous small colonies which were not V.fetus.

Bxperiment 3.

At glaughter 2 of the 4 heifers were negati;e. Heifer No. 4
was~never positive at any time.

Heifer No. 3 had 2 positive samples taken just after re~insemi-
nation but no V.fetus was isolated from the material cultured just
after slanghter.

Heifer No. 5 gave growth of V.fetus from the vaginal mucus
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»ut not.from the cervix after slaughter. There were several
Y,fetus coloniesvén each of 3 plates inoculated with vaginal mucus.
These colonies were very small but there were also a.few large
Escherichia-like colonies on each plate. The surface of the
plates inoculated with material from the uterus was completely

covered with Escherichia or Pseudomonas-like growth.

Heifer No. 6 gave growth of V,fetus on plates ineoculated
with materlal from the vagina and from one uterine horn. There
were 2 plates inoculated with vaginal mucus and each plate contained

3 Bacherichia~like colonies, and one had one Vibrio fetus colony

while the other had 2, A plate inoculated with material from
ene uterine horn contained oneV,fetus colony. ' The other uterine
horn and the cervix wefe negative, there being no bacterial growth
_on either plate. |
-Experiment 3 A,
At slaughter 2 of the.4 heifers were negative,
Heifer No. 10 was never positive at any time,
Heifer No. 9 was posifive on 3 occasions prior to
_8laughter but no Y.fetus was isolated from any material
collected just after slaughter. There was no bacterial
growth on any plates inoculatéd with_vaginal mucus, The
plate;\from the cervix contained a few colonies and one
uterine horn had very many but none was V,fetus,

Heifer No. 12. Two of the 4 plates inoculated with

vaginal mucus contained many V,fetus colonies. The V,fetus

could be seen growing along the deposited mucus, The

2 negative plates contained many Escherichig-like colonies.
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The plates inoculated with material from the cervix contained
several bacterial colonies other than V.fetug, while the plates

from the uterine horns were completely negative.

Heifer No., 11, All 5 plates inoculated with vaginal
mucus grew almost pure cultures of V,fetus, - BEach plate

had more then 300 V,fetus colonies and on all plates the colonies
| grew along the mucus deposited on the surface of the plate.
Plates from one utefiﬁe horn and the cervix contained many
non~-vibrio colonies, while the other.uterine horn plate

contained many tiny colonies which were V.fetus.
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TABLE 21

RESULTS OF CULTURE FOR V.FETUS FROM THE

GENITAL TRACT OF HEIFERS COILLECTED AT SIAUGHTER

Culture of V.fetus from
Heifexr number : , i
Yagina Cervix Uterine horns

1 - - - -
2 - - - -
3 i - - - -
4 - - - -
5 + KD - -
6 + - $ -
T - - - -
8 + + - -
_9 ] _ i _
10 - - - -
11 + - + -
s 12 4 - - -
+ Culture of V,fetusg

- V.fetus not isolated

- ND Not done
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- TABLE 22

SUMMARY OF RESULTS OF HEIFER EXPERIMENTS

Heifer

"Samples positive after vibrio insemination
number ‘ ’
Flrst dose:. Second dose:
12000 cells 7.5 x 107 cells
1 . -i/17
2 1/17
3 0/16 4 2/7
4 0/16 o 0/7
5 - 0/16 . | 6/7
6 o6 6/7
First dose: Second dose:
6000 cells 15 x 107 cells
7 o 2/6
8 ‘ | 5/6 |
9 o/8 | ; 3[4
10. o/8 . of5
11 - 0/8 3/4
12 ~ © o/8 _ 37

The results‘are given as the number of vaginal mucus samples
from which V,fetus was isolated, out of the total number of samples

taken from each heifer,
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DISCUSSION

Both positive heifers gave cultures of V.fetus from a
single v;ginal mucﬁs sample, With heifer No. 2 only the seventh
saméle waé positive, There were several col&nies of V.fetus
on each of the 4 BAN plates that were inoculated and isolation
was possibly due to the small number of colonies of other bacterial
~ species présent oﬁ these plates, At this time for éomparison one
BATA plafe was also inoculated but the surface of this plate was
completely covered with bacterial growth, to the extent thét there
were hardly any isolafed'colonies, and none of these was‘V,fetus.
Throughout the sampling period almost every BATA plate inoculated
was completely overgrown with meny species of bacteria‘other\than
V,fetus and had this.vibrio been presenf it is unlikely.that it
gmuld have been isolated from these plates, Bach batch of BAN
media prepared was inoculated with.a V,fefus culture to confirm
that the medium was able to support its growth, and so failure
to culture V,fefus from the other samples was not due to inhibition

of the organism by the antibiotics incorporated into the medium,

Many of the bécteria present in the vaginal mucus may have
been introduced from the preputial washings at inéemination and
this aISQg with the fact that sampling of the faginél mucus todk
place twice a week may be responsible for the high number of

organisms found in the samples. The preputial washings were




148

stored overnight at 4°C before being pooled aﬁd inseminated ‘
and this delay may have caused the release of toxic material
from the bacteria which could have had an adverse effect on the
¥,fetus added later to these preputial washings;

Heifer.No. 1l only gave the firgt sample of vaginal mucus
positive, and while some multiplication must have taken place,
no subsequent” isolation of V,fetus suggesteda poor éstablishment
" of the organisms in this animal. Isolation ﬁas made from the
.BAN plates, each having only a few V,fetué colonies, As with
the prgvious heifer, the BATA plate was too overgrown with other
organisms to be able to isolate V,fetﬁs from it,

Because these 6 heifers were not known to have a regular

oestrbus cycle, each was injected with the same quantity of
gtilboestrol dipropionate in arachis oil as before to induce an
bestrous—like gsecretion.  Vaginal mucus samples were collected
on the 3 following days as it has been observed by some workers
tﬁat.in 8 V.fetus infected he;fer, a higher percentage of positive
cultures of V,fetus is obtained from vaginal mucus collected
at oestrus. than from vaginal mucus collected at any other time
in the oestreus cycle. As all tﬁese sampies were negative this
;eemg‘to confirm that the infection was not well established or
that the stilboestrol does not imitate the natural oestrus in this
respect. | |
Experiment 2 A,
This was a repeat experiment of experiment 2, the differences

being that twice the number of viable V.fetus organisms were
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inseminated into each heifer and that the isolate of V.,fetus
used had been passaged through 2 consecutive heifers instead
of one for experiment 2. The number of heifers infected was

the same (2/6) but the number of colony or plate sample

isolations was different, Heifer No. 8 gave growth of V.fetus
from 5 out of 6 samples. The negative sample was noted at the
time of c¢ollection &as being very small in volume. This animal

. wWas vefy nervous and moved about a lot and for this reason adequate
sampling was often difficult.  On this occasion fresh blood was
notiéed on the very small sample and because of this no repeat
sample . was‘taken. There was on this occasion pnly sufficient
material to inoculate one BAN medium plate; Oh all other BAN
medium plates inoéulatéd. from every other sample there were many
V.fetus colonies. As geen from the results (page 135) there were
many more colonies per plate fr&m the third and fourth samples than on
the plates from the first and secoﬁd; and so it would appear that
multiplication of the V.fetus had taken place in this animal. The
amount of vaginal mucus collected from samples varied but the fourth
sample "was noted as very little mucus with slight pus in it," and
. yet every plate from this sample had very numerous V.fetus célonies

s

on {%. The other positive heifer in this group (no. 7) was

ﬁositive on only 2 occasions, the first and second samples.
~Some of the BAN medium plates from the subsequent samples were
overgrown with organisms other than V.fetus and this was the only

~ heifer in this group that it could be suggested that subsequent
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%éolation of V.fetus maey have been prevented by the abundant
‘growth of other organisms. H

'In_both experiment 2 and experiment 2A, each Y,fetus
colony isolated from a vaginal mucus sample was filmed, fixed and
3tain§d with the conjugated anti-vibrio serum and all the coioniea
regﬁrded as being vibrios gave strong fluorescenée. This FAT was
. done because colonies resembling V,fetus but growing only on the
BATA plétes were seen occasionally and some were microscopically
like V,fetus but did not fluoresce when stained with the conjugated
anti-vibrio serum, These isolates were probabiy V.bubulus.
One isolate gave the biochemical characteristics of V,bubulug
‘wut every such isolate was not identified. If an isolate did mot
fluoresce with the conjugated anti-vibrio serum this was considered
'Qufficient to confirm thaf it was not V.fetus.

Experiments 3 and

In experiments 3 and 3A, the 4 negative heifers of each
group that were reinseminated with the much increased number of
Y,fetus cells each gavé_} out of the 4 positive. Almost every
bositive heifer had atleast one sample from which V,fetus was not
isolated (see page 146). This could‘be due to inadequate sampling
but care was taken to ensure proper insertion of the pipette and
that an adequate amount of mucus was withdrawn. The other possibility
is that the number of viable V,fetus cells present in the vagina |
fluctuated greatly. There was one sample (sample No. 2 from
heifer No. 8) that was thought to be unsatisfactory and so a repeat

was taken with a fresh pipette, The culiure results showed that
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the first sample'was negative while the repeat was positivé.
Ip‘this case the poor sample was thought unsatisfactory because
‘the pipette hadlpossibly”'nof reached the anterior vagina and so
it wéuld appear that vaginal mucus collected from some other area
of the vagina other than the anterior eﬁd could give a false
negative result.

General discussion of heifer experimentse.

The sampling technique used was satisfactory but the disposable
plastic pipettes would have been safer than the glass ones used,
Only one breakage occurred with the pipette in the vagina 6f a heifer.
Fortunately the pipette broke into two pieces and both were easily
removed before the vagina was injured. Using this type of pipééte,,
although the vulva and mouth of the vagins were alﬁays ﬁiped clean
before insertion, any material near the posterior end of the wvagina
was likely to be pushed backwards to the anterior end and might
have contributed to the quite high number of organisms often found
present in the'samples. Seger and Levy (1962) found that'there was
more cdniamihation in the first 2 - 3 weeks after insemination and
also if the samples were collected more than once a week. As my
sampling took place twice weekly this may explain the large number of
.orggnisms present on most BATA plates inoculated. The BAN
medium plates mostly contained very few colonies and from this it
would appear that the antibiotics.present in the medium were effective

in preventing growth of many baeteria present in many of the samples.
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There was no delay between sampling and inoculation of the:
media so failure to isolate ¥V, fetus was not due to the organisms
dying before being inoculated on to the culture media. Also
because the BAN medium was successfﬁl in inhibiting such a high
proportion of the other bacteria present I feel confident that
if the V,fetus inseminated had multiplied in the genital tract

it would have been possible to isolate it,

Material collected from the genital tract cultured at glaughter.,
No heifers that were negative while alive grew V,fetus

from any part of the genital tract immediately after slaughter.

'Six of the 10 heifers that gave at least one positive isolation

‘of V,fetus while alive were negative at slaughter, ~As would be
expected from the results of culture of vaginal mucus while the

‘heifers were still alive, most of the animals with the highest

number of positive samples were also positive at slaughter. In a

few cases, failure to isolate V,fetus may have been due to the
presence qf other rapidly growing organisms which were present

on some BAN,ﬁedium plates.. Fallure to culture V.fetus could be
due to a very small number being present in the genital tract

at the time of slaughter and the method of isolation used not
being sensitive enough to detect them. The other gtraight-
forward p&ssibility for negative results was that fhere were

no V,fetué organismsg present and this would not be surprising
with heifers 12 or 10 (see table 20‘), where only one sample was
positive and many were negative,

From these results obtained it would appear that there was
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quite a variatiqn in thé degree of multiplication.or survival

.of Y,fetus among heifers given the same dose of viable
-organisms; It had been hoped that all animals inseminated
with the much larger dose would become infected But 2 of the 8
did not and whiie the one with the prolapsed vagina and therefore
badly contaminated vaginal mucus might explain the failure to
cﬁiture V,fetus from this heifer, the second negstive heifer

- 18 less easily explained. A Gram negative rod did invade its
genital tract but wheth;r this could have been present at

the anterior vagina or cervix early_énough to compete with the
vibrio is a matter of conjectﬁre. It may have had some natural

resistance against vibriosis.
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' BULL SURVEY

I concluded from éxperiments 1, 14 and 1B that either
the direct or indiréﬁt PAT method was the most sensitive of the
3 methods used in detecting the smallest numbers of vibrio
cells present in laboratory infécted samples, . I have already
discussed the results obtained by both the direct and indirect
FAT method. My antiserum was prepared against 10 laboratory
strains of E.fetus{ aftef conjugation this was used iﬁ the
direct FPAT method to detect the presence of these same stréins.
I now tested the ability of this conjugated antiseruﬁ to detect
vibrios in naturally occurring infection. As I foﬁnd the direct
PAT method was quicker to do than the indirect method I used
this method in eXamining clinical material from 89 bulls. At
the start of the survey I examined clinical maferial by the
FAT method alone, this was done to cope with the flow of samples;
but later in the sﬁrvey I also cultured the samples, |

89 bulls were divided into 2 groups of 54 (Group.A) and
35 (Group B) bulls respectively. Preputial washings were taken
from all animals and treated as follows: o
Group A. The preputial washings of the 54 bulls were examined
- by the ihm.method alone. In both groups of bulls any animal
giving a positive PAT result was resampled - usually 7 days
after the first sampling.
Group B, The washings of the 35 animals were examined by both

the direct FAT method and by culture of the filtrate after the
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washings were passed through a_millibore filter. Although
it.was found that the FAT test coﬁld pick out vidbrio cells in
¢linical and lgboratory material, culture of the clinical
material was essenfial to a) compare iealistically the efficiency
lof-my conjugate in the FAT methad with culture b) identify
any isolétes found, as precigely as possible.

The majority of specimens were taken from bulls in an ﬁrea
| within easy reach of Glasgow. All samples were taken by
| skilled operatoré who fglly realised the importance of a good
sampling technique. A fewwere taken in thé Veterinary
School, Garscﬁbe, some specimens were sent from Perthghire,
and some from more distant areas in Scotland. A yerj few
samples, which were sent by post from the msre distant areas
could naturally not be examined on the day of sampling as a delay
of 3 days usually occurrea before the material was received;
therefore the FAT method only was used in these cases as Y.fetus
dies very quickly. All samples for culture were inoculated on
the day they were taken. |

In the majority of bulls the preputial washings were taken
in sterile physiological saline, but an unknown diluent was
used for a very few samples, These had been taken by people
notkzbnnected with the department, and who did not realise the
importance of the diluent,

The collection and treatment of preputial washings for
a) the FAT method and b) for millipore filtration and culture

are stated on pages 85 —-38.
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In culturing the isolates, twice the amount of filtrate
was cultured on one BAN and one BATA plate compared with

experiments 1, 1A and 1B,

RESULTS

Group A,
Of the 54 bulls in this group, 46 were negative on the

fi&st sample. These were not re-examined. Seven were positive
on the first sample and fesampled once again. One bull gave a
doubtful result with the FAT test, but this was considered té
be positive as fhis animal had one year previously been |
positive using the heifer ma%ing tesf. In the 7 positive
| bulls the number of fluorescing cells counfed in 10 minutes
; varied from 3 to greater thanm 300,  Por individual numbers
counted see Table 23. | '

'ﬂhe 8 positive bulls were.treated with streptomycin,
Three weeks after this treatment, these 8 bulls were resampled
and the FAT test done on the preputial washings. All the
_samples gave a negative réaction. Almost 4 months after
streptomycin treatment, the 8 bulls were resampled'and the
preputial washings from bulls 1, 5 ﬁnd 6 were again found to be
posit;;e. The number of vibrio cells counted in the 10
minutes screening was 396,>142 and 750‘respective1y. As
this was an unexpected finding, cultures were set up from these
3 positive sampleé; the material left after preparation of the

filmed slides was millipore filtered and the filtrate inoculated




157

"on to 2 or 3 BATA plates. Colonies of cells which after
Gram*s staining method appeared to be vibrios were again filmed
and a FAT test done, All 3 isolates gave a positive reaction

8o these were obtained in pure culture and the V,fetus identified

| further. The isolates were found to be Vifetus intestinalis

intermediate (Table 24 ) i.e., no growth in 1.5% glycine, *
(These results were confirmed ble; Gambles, Ministry of
Agriculture, Shinfield, Reading).

The 3 cﬁltures were streptbmycin gengitive, the senéitivity

test was done with multidiscs 30/3G - dosage 25 units.

, The use of 1 5% glyclne was a mbdlflcation of the orlgxnal test and "

R P ~=._-'

this test“1s nof‘the&acaepted methdd of tlﬂs”lflcaﬁion. f'f
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TABLE 273
GROUP A

NUMBER OF FLUORESCINGVY.FETUS CELLS IN PREPUTIAL WASHINGS

SEEN DURING 10 MINUTES SCREENING BY THE DIRECT FAT

Bull Daete of Number of vibrios counted
number sample in 10 ninutes
1 18,12,68 45 .
1 23.12.68 > 300
2 23.12.68 z )
3 26.12.68 11
3 3. 1.69 © 0
4 26.12,.68 4.
4 3, 1.69 14
5 26,12,68 36
5 30.12,68 25
6 27. 1.69 o
6 10, 2,69 64, 42 2)
7 23.12.68 5
T 26.12,68 3
7 3. 1.69 19
8 4.12,68 +

+ The number of vibrios seen were not counted,

(1) Previously heifer mating test positive, Both
cells seen were atypical,

(2) Two samples collected one immediately after the

other
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RESULTS,

Groue B.
The preputial washings of 25/35 bulls were negative for

V.fetus both by the direct FAT and culture; 10 bulls were

positive by the direct FAT btut only 4 of these 10 animals were
positive on culture (Table 26).

TABLE 25
.GROUP B

SUMMARY OF RESULTS OF 35 BULLS EXAMINED FOR VIBRIOS BY THE

" FAT AND MILLIPORE CULTURE METHOD

* Total " Bulls negative on Bulls positive on
number
of bulls FAT CULTURE FAT CULTURE
sampled ' :
35 - 25/35 2t/35 10/10 4/10
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TABLE 26

" GROUP B

NUMBER OF FLUORESCING V.FETUS CELLS IN PREPUTIAL WASHINGS SEEN .
. DURING 10 MINUTES SCREENING BY THE DIRECT FAT

Bull Sanple Date of Number of vibrios Result of
numbexr sample counted in 10 minutes culture

a 21.5.69 1 -
P . 27.5.69 0 -
2 a 21.5.69 44 +
b 27.5.69 36. -
a 27.5.69 19 -
b 4.6.69 70 -
40 a ‘ 2705069 11, -
b 4.6.69 8 -
5 a 1106.69 35 -
b 18,6.69 2. -
6 a  18.6,69 6 -
) b 2506.69 6 -
Te a 18,6.69 132 -
b 25.6.69. 218 -
8. a  18,6.69 13 +
b 25.5.69 20 -
9. a  25.6.69 30 ¥
10, a 2,7.69 500 -
) ~ b 907069 260 +®

'® Preputial washings taken in broth instead of saline
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Sample (a)

Sample (b)

Sample (a)

Sample (b)
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EESULTS OF GROUP B

FAT method
44 fluorescing vibrio cells were counted

in 10 minutes screening,
36 fluoresciﬁg vibrio cells were counted

in 10 minutes screening.

Culture method
BATA medium |
After incubation this BATA plate.contained
numerous colonies of several different types.
A great manylof these were filmed and one colony
wﬁs found which after staining by Gram®s method
locked like Y.fetus,  This isolate was filmed
again and a direct FAT performed om the £ilm.
Eiporescence wes as intense with this éreparation
as with the control positive slide and so

confirmed that the isolate was a V,fetus. The

- colony was then subcultured on to a plate of BATA

mediunm, Once obtasined in pure culture further
identification tests were carried out. |
BAN medium |

The BAN medium plate also contained numerous
colonies but mno colony appeared to bé V,fetus

There were no ¥,fetus colonies isolated either ¢n




the BATA or BAN media.

'Most of the other colonies filmed from both
BATA and BAN plates were Gram negative cocco~
 bacilli. There was.also the occasional large
| Gram negative bent rod, and the occasional Gram

positive short rod (possibly Corynebacteria).

-

- Bull 8.
- FAT method
Sample (a) 13‘fluore§cing vibrio cells were counted in 10:
‘minutes | |

" Sample (b) 50 fluorescing cells were counted in 10 minutes.

Culture method

Samﬁle (a) :ﬁﬂ@hggguﬁgg
The BATA plate contained many colonies, Most
ﬁf'these were rather large and flat for vibrio
colonles but one colony which was notApure on the
Gram.film looked like V,fetus. This was confirmed

| by performing a EAi;on a film from this contaminated
colony. The vibrio cells fluoresced strongly.
The isolate was subcultured on to BATA medium and
‘.  obtained in pure culture,

BAN medium _ ‘
The BAN plate contained only a few colonies, but
¥,fetus was not present.

Sample (b) No V.fetus isolates were obtained although many

colonies were filmed and stained,




© Bull

Sample

Sample

------- ~ Sample

(a)
(b)

(a)

Bull 10

Sample

Sample

Sample

Sampie

(a)
(v)

(a)

(v)

104

FAT method
30 flubrescing vibrio cells were counted,
One fluorescing vibrio cell was seen.

Culture method

V.fetus was isolated from either the BATA or BAN plate.

The vibrio colony was filmed and a FAT performed. The

vibrios fluoresced and so.confirmed that the isolate was

V.fetus. The colony was subcultured for further identification.

FAT method
500 fluorescing vibrio cells were counted in 10 mimites,
200 fluoreécing vibrio cells were counted in 10 minutes.

Cul ture method

On both.the BATA and BAN platesthere were many isolated

colonies but no V.fetus was isoiated.

Thig sample was collected in mutrient broth instead of
gsaline, 3Both plates contained many vibrio colonies.
There were other colonies present but the V,fetus

colonies greatly outnumbered the others énd were in excess

_of 300 per plate, A colony was filmed and the FAT

performed on it, The vibrio cells fluoresced as strongly
as the control, The colony was subcultured and"

obtained in pure culture.
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iDENTIFICATION.OF THE _ISQLATES

The medium used for further identification was vibrio
peptone water made semi-solid and'used‘as the basal medium (see
page 50). The method of inoculation and réading of the
results is described on page 57 . The results aie
shoﬁn in table 27 , | | |

In summary a total of 89 bulls weré screened bj the‘

FAT and 17 were positive (19%). 38 bulls were aléo
screened by the ﬁiilipore filtration culture method and 8

were positive (2;%). (Al1 8 isblates_yere_aiso FAT positive).

DISCUSSION OF BULL SURVEY

Sampling
In the field the method of taking preputial washings

varies, but a most important factor was to ensure that the
“drrigating fluid was adequately massaged in the prepuce and
especially at the fornix, The fornix was known (Winter

dhd Samueléoﬁ,.1965) to be the area where the highest number of
V,fetus cells were located. It would be comparatively

eaéy to run a volume of liquid into the anterior pfepucg aﬂd
for it to have remained in this site; éo it was important

to ensﬂre that the sampling 1iquid.w;s forced back and forward
ingide the prepuce before allowing it to run baék into the
collecting container. The amount of liquid used was alsd‘of
importance as the'greater the volume the more concentration of the

sample was required. - If a very small amount of liquid wereused it
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may not reach all the areas within the prépuce. If the
bull urinated during sampling theé volume collected would
have been considerably increased. There were only a few
TEW obtained that were obviously contaminated with urine.
When this happened I tested the sample as usual but tock a
- repeat sample at a later date. There have ﬁeen conflicting
reports as to the effect of urine on the viabilitf of V.fetus
cells, Van de Plassche et al (1963) said that it inhibited
their growth, while Dufty (1969) said that it had mo |
. deleterious effect, This may depend on the biochemical
| atate of the urine (eg pH), or its bacterial content, both of
.which will vary both from time to time and from dull to bdull,
It will be realised that the efficiency of teking the
| samples will influence the results, Diagnosis of
vibriosis depends on the presence of V,fetus cells whéther the
method of detection is by the FAT or by culture,

In the sufvey, the time interval between samples
for sny one bull, varied from 3 to 4 days (with the longest
" interval of 24 days for sample 8 in‘Group A, Where
ver& few vibrios were present in the prepuce of the bull
-1t would have been possible to remove the majority of the
- bacteria with‘a very thorough irrigation technique.
Because 2 samples were not taken from each bull it was
only possible for the second sample to be negative.l This

only occurred with 2 bulls (see tables 23 and 26),
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Almost each bull sample had a différent appearance,
some were very cloudy and a few were quite clear, Any
that were very clear were viewed with suspicion as it

"was possible to run éll the saline out of the sampling
bottle but for it to be retained in the ruﬁber tubiﬁg.

If I were present at collection-or doing it mysélf énd a
sample lookedAvery qlear, the collection piocess was |
repeated. In fact, most samples were vefy cloﬁdy.
Fluorescent antibody technigue. N

- ‘The initial light centrifugation deposited much

of fhe gross cellular debris but with some samples

there was material present on the prepared slides

wh;gh fluoresced. In most cases this was of little

importance as the fluorescence was of a much'IOWer‘

intensity thgn the V.fetus cells. Occasionally, there

was a mﬁss of debris, the centre of wh;bh fluoresced

'.sfrongly. The vibrios seen on these fiims were

‘ usﬁally seen singly or in pairs and very rafely a8 a small

spiral. For this reason it was supposed that even if the

occasional mass of debris did engulf a vibrio and mask its

fluo;;scence,'there were others present which wouid be

seén. Spermatozoa were sometimes seen and their broken -

tails fluoresced but these were never confused with V,fetus

cells. On 6nexoccasion semen contaminated a saline preputial
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washing sample and this géve the smear a rather light matt
fluorescent background, probably of seminal plasma;

Despite this, several V.fetus cells were seen fluorescing

and the positive diasgnosis was confirmed on a second
éemen—free preputial washing sample. A large coccoid

cell or pair of cells waé seen fluorescing in a few

different bull samples. 'Its fluorescence wasabout as bright
Ias V.fetug but it could not be confused with it because of its
shape, - Coccoid vibrios were never ébserved fluorescing
from freshly collected positive preputial washing samplés.
‘{Coccoid vibrios from 0ld laboratory cultures did fluoresce,)
In the very occasional preputial washing sample, slightly bent
rods were seen which fluoresced. This fluorescence was
estimated at maximum to be (2+#), whereas Y.fetus was

always (4+), and so sﬁch samples were designated as negative.
The one Y.bubulug isolated gave (+) fluorescence and looked
smaller and thinner than the fluorescing V.fetus cells. This
apparent difference was not seen whén both were stgined by
Gram's method and observed in the bright field; and so it

was assumed that the fluorescing cell wall surface of V,fetus
caused this apparent increase in sizes

Results,

Group A,
From the results in table 23, it will be seen that

8 out of the 54 bulls were positive. Bull (2) was
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treated as positiVe because it had been a V.fetus carrier
in the past, although the 2 fluorescing cells seen were .
not typical of V,fetus. Two bulls (3) and (8) were
‘positive once and negative once. As bull (3) had only
»given a count of 10 fluorescing cells in the positive sampie,
it was not too surprising that a repeat sample was negative.
As I did not count the number of vibrios seen with bull
(8), I cannot cbﬁpare the positive finding with respect
to numbers with the negative result. Bulis (4) and (7)
both gave rather low counts from all samples, while (1),
| €5) and (6) all gave higher ones. The number of vibrios
seen.in'the secdnd sample from bull (1) was too numerous
to pount and I expected from this result to find that this bull
was a carrier capable of”transmitting infection. | From |
the results of Experiments 2 and 2A, when an average of 15
vibrios were counted on the slide, 2 out of 6 heifers
became infected from the same artificial sampie. Although
such a comparison could not be_made directly, when very
mahy fold4this number were seen on the FAT slides, it
.d1d suggest that this bull was a carrier, All these éamples
were collected im saline prepared and sterilised in my
laboratory.. |
| Group B,
For a summary of the results see table 25 .

a) TFluorescent antibody technique.
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As was stated for Group A, there was quite a difference
in the background fluorescence from sample to sample in
Group B. This was not sufficient to prevent ¥,fetus cells
being detected. Many bull samples (8), (3) and (2),
contained a number of almost straight fluorescing cells
but there were always many curved typical vibrio-like
cells fluorescing in greater numbers so‘thére was no doubt-
about their being positive. Straight flﬁorescipg cells were
never geen on their own.

The negative result from the second sample from bull (1)
was not unexpected as only one fluorescing vibrio was seen
om the first positive sample, There was quite a marked
difference befween the counts from the 2 samples collected
from bull (3), with 19 and 70 vibrios seen, and bull (5) with
35 and 5 counted. This could be due to a variation in the
sampling technique, or unexplained multiplication or death of

the organisms in the prepuce, Also because the amount of

- ¢ellular material present could vary and as the sample was

processed by first depositing and discarding this gross cgllular
material, if much were present in one sample then more vibrios
couia‘be lost with this one than with another sample. In an
experiment set up to estimate this loss, there could be as many
as 50% vibrios deposited.

b) Culture.

The results are summarised in table 5
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It was not surprising that no isolation was made from
bull.(l). The nﬁmbers of vibrio cells counted by
the FAT from the samples of bulls (4) and (6) were low
and could be the reason for failure'to culture_V,fetus from them.
Bulls (5}, (3) and especially (7) were expected to give positive
cultures but all 3 were negative, Overgrowth of other
bacterial species on the isolation media was not responsible
for this. In some cases organisms had passed through thé
millipore filter membrane, but these were usually few in
number., It was possible that the cells seen by the FAT were
non viable or rendered so by the effects of being.sﬁspended
in the preputial washing,  Bulls (2), (8), (9) and (10)
all gave one .0of the 2 samples positive by culture also.
With bulls (10) and (8) the isolation was made from the
sample with the lower count, which was the first sample
collected in (8) and the second in (10). As the saline for
this group had not been pfepared in my laboratory, I was
suspiéions that it might have ha& a deleterious effect on the
vibrios present and for this reason I requested that the second
sample from bull (10) be collected in sterile nutrient brofh.
The sample resulted in very numerous V,fetus colonies being
-isdlafed on the culture medium plates. This one example drew
attention to the fact that the FAT was capable of detecting
dead or dying vibrios and that for culture isolation a suitable

diluent was important,
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Biochemiéal characteristics of V.,fetus isolates

Group A.

Some of the bulls in Group A were re-sampled a few
months after the initial survey and treatpent with anti-
blotics and the PAT performed. As some were positive the
remainder of the processed mgferial was millipore filtered
and the filtrate cultured in the same way as with Group B.
In this way, 4 isolations were made. All these isolates
gave the biochemical characteristics of V,fetug intestinalis
Intermediates. They produced hydrogen sulphide in the cysteine
containing medium, grew in a medium containing 1% glycine
bﬁt not l.5% glycine, These 1solates seem to be similar
to those discussed by Park et al (1962) and Florent (1964)
The latter called these V,fetus intestinalis intermediates as
they were, unlike the previously described V,fetus intestinalis,
able to survive in the bovine vagina from séme time. The 3 bulls
from which V,fetus was isolated had been positive in the originél
gurvey and treated with streptomycin and had beeﬁ negative
subsequently. All the isolates were sensitive to streptomycin
80 the later "infection™ was not due to fesistant organisms being
1ndg?ed by treatment. This raises the question was treatment
ineféective (treatment may have left a small number of
vibrios in the prepuce which given the correct conditions
again established themselves in detectable numbers) or were
the bulls reinfected? It has been noted that mature bulls

are readily "reinfected", There is thought to be no immunity
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conferré& on a bull by its having been a vibrio carrier,
This is probably due to the bull only being a carrier,
the vibrios belng present as commensals in the prepuce and
.so there was no immunologlcal response,

The number of vibrios counted on the FAT slides
and grown after millipore filtration were very high,. .It
did not séem -reasonable that these were fascal strains
of V,fetus intestinalis contaminating the'sample at
collection. The true faecal vibrios are not thought to
multiply in the prepuce, nor were their biochemical
characteristics that of V,fetus intestinalis. Both the high
number of cells cdunted in the FAT slides and the high number of
colonies on the solid media suggested that a high proportion were
viable and probably multiplying. Despite the evidence that the
vibrios were multiplying and they were V,fetus intestinalisg
intermediate none of these bulls was giving any evidence
of reduced ferfility. This couid be due to the semen containing
. Yoo few vibrios to infect. a cow or that the antibiotics added
" routinely to the semen were effective in preventing the growth
of V.fetus in the vagina or uterus of the inseminated cow.
Bhé strains isolated could be of 1ow virulence and this: seemed
to'be-substantiated by the circumstances, One full.had been
positive by the heifer mating test a year prior to the FAT survey.
The isolate from this was then biochemically V,fetus intestinalis,

At that time 1,56 glycine tolerance was not performed by me but it
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was retested later and found to be a V.Petus infestinalis
interﬁédiate. As the 4 isolates of the latter vibrioswere all
from bulls on the same premises‘it did suggest thaf the bulls
‘tound positive in the FAT survey could have been infected from
this bull,

It was also possible that for some reason infectivity
in cows inseminated with semen'from these bulls was not
reflected in thé information as it was presented. If only
. & very smail percentége of cows were infected and retﬁrning
‘ fo service, but not using AI subsequently, they would
eventually become in calf but would then have infected the local
bull and in time there would be an infertility problem in the
herd., However, this does not appear to be the case at present
in any of the areas sampled.
Group B |
- There were 4 isolates obtained from this group (table 26 ),

One gave biochemical characteristics of V.fetus venerealis

while the other 3 did not agree with the reactions of either

V.fetus intestinalis or V.fetus venerealis. ‘These isolates did

not grow in media containing either 1% or 1.5% glycine, but did
produce hydrogen sulphide in a medium containing cysteine hydro-
chloride. As some of the original strains that I was given as

V.fetus venerealis also produced hydrogen sulphide in media containing

cysteine and as the methods of reading this test varied it did suggest
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- that the other 3 isolates were intérmediates of V,fefus,
yenerealis. : The bull.carrying the ¥V,fetus venereelisg
had been very recently inﬁroduced on to the premises, and as
none of these bulls were showing reduced fertility it did
suggest that the infection was recently introduced and

probaebly by this bull.
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ADDITIONAL RESULTS OF THE BULL
SURVEY ‘

Over the 2% year period since the bull survey was completed
some of the bulls'were regampled, It will be seen from table 28
that all of the bulls which wefe initially found to be V.fetus
carriers were either again found positive using the FAT or they
wére not resampled., Many of the bulls that were originally
V.,fetus carriers were subggquently found positive after treatment
and negative results..’ 1In addition 10 bulls originally found
negative became positive. | These findings suggested either
failure to eradicate V.fetus from the premises, or reinfection
having been reintroduced and spread by the intfoduction of new bulls,

TABLE 28

RESULTS OF THESE BULLS RETESTED USING THE FAT IN. THE 2% YEAR
PERIOD SINCE THE ORIGINAL SURVEY

Original Original
Group A bulls  Group B bulls

The number of Original : :
Carrier bulls T 10

The number of these positive bulls )
subsequently found positive o* 6%
The number of bulls retested which

remained negative 14 13

The number of bulls originally . .
negative but became positive 6 4

. *0ne bull from Group A and 4 bulls from Group B were not retested.
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GENERAL. DISCUSSION

In the experimental section dealing with the laboratory
techniques of diagnosis of V.fetus, 3 methods were examined.
In these experiments (1, XA, 1B, 2 and 2A) known numbers of
viable vibrios were added to pooled PPW, After processing in the
laboratory these artificially infected PPW were inoculated
directly on to a selective medium (BAN page 49). A second portion

was passed through a millipore filter of 0.65/u porosity and the

filtrate cultured. From a'third'portion smears were prepared
and stained with conjugated anti V,fetus serum, The resultis

with both the FAT and millipore methods showed that vibrios were

3

detected when 10~ viable vibrios were added per ml of PPW,

With direct culture on tp the selective medium the results were

5 vibrios

not so good, as vibrios were only readily detected when_lO
were added per ml of PPW, The direct'plating on'to éelective media
results agreed with the findings of Kita et _al (1966), while their

FAT and millipore filtration methods could only detect vibrios

5 vibrios were added per ml of sample. Their

present when 10
preparation of the PPW seeded with vibrios, the selective media
used, as well as the quantities involved all differed in many
details from the ones used here and this might explain the greaf
difference between the results. Philpott (1968b) was able to
detect 50 to 100 vibrios per ml of PPW using the FAT; and 200

wvibrios per ml using millipore filtration. Mellick et al
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(1965), Dufty (1967), Winter et al (1967) and Philpott (1968Db)
compared FAT and culture methods for the detection of vibriosis
in clinical~samples from bulls and all found both methods

satisfactory. Winter et sl (1967) suggested that as their

culture and FAT results were to some extent complementary, both
shouid be used for routine diagnosis and thereby increase the

chance of making a correct diagnosis. As no selective medium
.inhibited all other commensal bacteria,'isolation methods have
deéended on the number and species of commensals present in the

PPV, és well as the number of vibrio fetus cells present.

In experiments 1, 1A, 1B, 2 and 2A the same vibrios were used as
antigen as had beeh used to prepare the conjugated antiserum and

so prevented the possibility of weak or absent fluorescence being
due to the antigen belonging to a different serotype from any of the
- conjugated antibodies. This therefore ensured a positive reaction
occurring when V.fetug cells were present. The main discrepancy in
this section of the work was between the results of fiable count

and total count of V.,fetug; the latter being 2 to 4 times that of
the former, If these results were correct then all the FAT
results, in terms of numbers of vibrios counted in 10 minutes
sé?eening; in experiments 1, 1A, 1B, 2 and 2A should have been
divided by 2 to 4 1if they were to be éompared directly with the
culture results, assuming that the FAT was able to d;tect these
dead cells, Twelve heifers were inseminated with the number

of vibrios that was detectable by the least successful of the 3
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laboratory diagnostic tests done. In this way it was hoped

to compare a heifer mating test with 3 laboratory methods of

diagnosing vibriosis in bulls, From only 4 of these 12
animals was V,fetus isolated. The 8 negative heifers were

inseminated with approximately the same number of vibrios as
Newsam (1964) had used (15 x 107) and again not all became infected.
The fact that 6 out of the 8 heifers became positive showed that
these 6 were capable of becoming infected and suggested that their
f;rﬁt insemination with the smaller number of vibrios was insufficient
to cause infection. Murane, Eales and Monsbourgh (1959),
‘Blobel, Simon and McNutt (1957) and Newsam (1964) all failed to
infect every heifer inseminated with material containing V,fetus.
Of the two that remained regative, one had a prolapsed vagina which
was heavily contaminated with faecal bacteria which could have
prevented establishment of V.fetus, but for the other no /
explanation can be offered except perhaps a natural resistance
against infectionf

‘ Unfortunatély it was not possible to inseminéte heifers with
PPN from a known infected bull. This would have been useful to‘

do as the 3 laboratory methods of diagnosis would also have been

-\\

simaltaneously performed. - Until this is done no direct
comparison can be made between the efficiency of the heifer mating

test and culture or FAT of infected PPW.
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Bull survey,’

In the original survey preputial washings from 89 bulls were
examined, 54 by the FAT only and 35 by the FAT and millipore
filtration followed by culture, Seven out of 54 were positive
by the FAT, Ten out of 35 ﬁere positive by the FAT, with 4
of these 10 positive samﬁles being positive on culture after
millipore filtration. At a later date V.fetus was isolated
from 4 of the 7 FAT positive bulls, The subsequent retesting

of many of these bulls in the original survey revealed that some

" of the bulls originally found bositive became negative after

treatment but at a later date became positive again.. This

raised the question of whetﬁer t;eatmeht was only greatly reducing the
nurbers of vibrios prese?t, perhaps below detection level, and

after treatment ceased multiplication again took place until the
detection level was again reached. The other possibility was

that after treatment the bulls were free of vibriosis for a time

but were lafer reinfected. The other interesting fact was that

10 out of 37 bulls originally negative became positive: Unlegs

the first survey failed to detect the presence of vibrios in the

‘ PPW of these bulls, this suggested some means of bull to bull

infection,

The FAT was the method of choice for its accuracy and speed.
From the results obtained in experiments 1, 1A, 1B, 2 and 2A, the
FAT and millipore filtration were of comparable sensitivity but in
the bull survey the PAT was able to detect more infected bulls than

culture following millipore filtration. Isolations were made from
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samples with a FAT count of 13 vibrios seen in 10 minutes

- screening and yet samples with FAT counts of 500, 218 and 132

failed to grow vibrios. ﬁIdeally a culture method and a FAT was
done on each sample for two reasons; firstly it was desirable

if not essential to isolate the vibrio so that it could be further
Identified and secondly ﬁhere was no possibility of the FAT failing
to detect a V,fetus antigenically different from the strains used to
prepare the coﬁjugated antiserum. All isolates gave good
fluorescence aﬁd on no occasion was V.fetus isolated without wvidbrios
being'seen on the FAT sglide, The isolates obtained from the
survey were 4 V,fetus intestinalis intermediates, one ¥.fetus

yenerealis and 3 probably V,.fetus venerealis intermediates, All

bulls were treated as if.they were infected with a pathogenic vibrio

although 1t is not thought that V,fetus intestinalis can survive for

a great length of time in the prepuce. Park et al (1962) however,

found that V.fetus intestinslis was capable of causing infetility
and recommended that it should be treated in the same way as V.fetus

venerealis, - None of the carrier bulls in the survey were

infertile but the very recent introduction of the bull carrying

. the V.fetus venerealis was thought to be a likely source of infection

61 the premises, although the other 3 isolates were intermediates.

The other 4 bulls were carrying V.fetus intestinalis intermediates.
These isolates might have been of reduced virulence but insemination

of 2 heifers with semen from one of these carrier bulls gave growth
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of V,fetus intestinalis intermediates from vaginal mucus samples,

This bull isolate was therefore capable of multiplication in the-
vagina'of these 2 heifers and as such was treated as infected.
After treatment this bull gave one doubtful result and then became
negative using the FAT method of detection. The heifér
inseminations were done ﬁrior to the work of this thesis and so no

PAT was done on PPW from this bull at the time of infection.’

\
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