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INTRODUCTION

Epididymitis in sheep is an acute or chronic disease
of major importance in sheep raising countries and has a
number of causes. Diagnosis is based on clinical palpa-
tion to detect epididymal induration, spermatic granulomas
and enlargements especially of the tail. The main cause is

Brucella ovis. It is clinically difficult to differentiate

it from epididymitis due to Actinobacillus seminis,

Corynebacterium pseudotuberculosis, Corynebacterium

pyogenes, Staphylococcus aureus, and other bacteria. The

differential diagnosis also includes spermiostasis and
spermatic granulomas resulting from aberrant efferent ducts,
segmental aplasia of the Wolffian ducts, and varicoceles.

Corynebacterium spp. and S. aureus tend to produce abscesses

and not spermatoceles and spermatic granulomas in contrast

to Br. ovis and A. seminis infections. Epididymitis due to

the latter two are clinically and pathologically indistin-
guishable; diagnosis is based on clinical examination and
complement fixation testing. The discovery of A. seminis
in the U.S. complicates brucellosis control and eradication
programs in sheep.

Ovine epididymitis has been diagnosed on the basis of
clinical signs, pathological and serological findings, and
evaluation and bacteriological examination of semen. The

impracticability and unreliable nature of semen culture and



inadequacy of physical examination resulted in serclogical
methods emerging as the most dependable single aid in
detecting infection in individual rams of a flock. As the
above epididymal syndromes are almost c¢linically indistin-~
guishable, there is a need for developing reliable diag-
nostic procedures, especially serological and improved
differential media for bacterial isolation.

The perplexing problems associated with diagnosing
ovine epididymitis are compounded by the difficulties in
isolating and identifying causative agent(s). Therefore,
it was considered worthwhile to investigate immunofluores-
cence for diagnosing ovine epididymitis. There is little
information on the application of IFT for studying ovine
genital diseases. From studies of bovine vibriosis, IFT
has at least been found to be a comparable diagnostic method
when nonspecific fluorescence was minimized.

The purpose of this study was to investigate the immuno-
fluorescence technique for diagnosing ovine epididymitis.
The obiectives were to:

1. Develop conjugates for specifically identifying

A. seminis, Br. ovis, and C. pseudotuberculosis.

2. Develop an IFT for rapidly detecting and identifying

A, seminis in semen of infected rams.
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I. REVIEW OF LITERATURE



A. IMMUNCFLUORESCENT TECHNIQUES

l. Historical

Early investigations with marked antibodies estab-
lished the principle that it was possible to introduce
chemical groups into an antibody molecule without destroying
its specific reactivity. Reiner (1930) prepared sero-
logically active atoxyl-azo conjugates of antipneumococcus
Type I and II antibodies, using para-aminophenylarsonic acid
(atoxyl) for diazotization at pH 5.0 to 7.5. It was sug-
gested that introduction of arsenic into the antibody-
carrier protein might be useful for guantitative study of
the degree of purification of antibodies as well as quanti-
tative study of the antibody reaction.

Working with therapeutic sera, Bronfenbrenner et al
(1931) coupled immune sera with diazotized aromatic amines
(para-toluidin, para-anisidine, atoxyl, sulphanilic acigd,
anthranilic acid, naphthionic acid and amino R salt). It
was noted that the preparations lost their species speci-
ficity but retained a fair degree of specific immune
properties and that their antigenic proéerties were, in
general, less marked than those of native serum.

Heidelberger et al (1933) used a colored label to
distinguish between kinds of protein present in an

antigen-antibody system. A purplish-red diazo dye



(R-salt-azo-benzidine-azo-egg albumin) was employed in order
that colorimetric determination of the antigen in precipi-
tates or supernatants might be as accurate as possible.
Marrack (1934) reacted anti-typhoid and anti-cholera sera
with diazotized  benzidine-azo-R-salt and demonstrated for
the first time that homologous organisms were specifically
colored pink by the chemically modified antibodies. Fieser
and Creech (1939) synthesized and characterized g-anthryl-
1,2-benzanthryl-3- and 1l,2-benzanthryl-l0-isocyanate by
conversion to various carbamates and substituted ureas.

The isocyanates were coupled with glycine and e-amino-
caproic acid to give alkali-soluble derivatives. The method
of conjugation in agqueous dioxane was found suitable for
proteins.

These early findings were not widely accepted because
the labels employed were difficult to detect. However,
Creech and Jones (1940) found that four conjugates, prepared
by interacting isocyanates of polynuclear aromatic hydro-
carbons with several proteins, were highly fluorescent.

Other similar conjugated proteins were prepared via
coupling in an aqueocus dioxane medium and the conjugates
were purified by ammonium sulphate and acetone precipita-
tion and the degree of coupling was determined by ultra-
violet spectrophotometry. The characteristic fluorescence
exhibited by these conjugates in ultravioclet light varied

from blue to green (Creech and Jones 1941).



Coons'gg al (1941) conjugated a B-anthryl-carbamido
derivative with antipneumococcus III rabbit serum, that
gave a faint blue fluorescence in ultraviolet light in very
dilute solution. Unfortunately, since mammalian connective
tissue exhibited a blue fluorescence that was enhanced by
formalin fixation, this particular antibody conjugate was
inadeguate for demonstrating antigens in tissues.
Immunofluoresceht technique (IFT) was initiated with the
synthesis of fluorescein-4-isocyanate by the interaction of
phosgene and 4-aminofluorescein. The crude fluorescein
isocyanate (FIC) was conjugated with pneumococcus III anti-
serum to form chemically modified antibodies that £fluoresce
green (Coons et al 1942). With this significant achievement,
numerous reports of the practical application of immuno-
fluorescence appeared. Thus, the cytological distribution
of the pneumococcal polysaccharides, types II and III, in
mouse tissues was followed histochemically by means of the
IF technique (Kaplan et al 1950).

Rickettsia of epidemic typhus fever and Rocky Mountain
spotted fever were microscopically localized and identified
in smears of exudates and tissue sections from infected
cotton rats by means of homologous antibody labelled with
fluorescein. Epidemic typus was also identified in smears
from single infected human body lice. Mumps virus antigen
was similarly microscopically localized in the parotid

acinar cells, lumens, ducts and in the cytoplasm of lining



duct epithelial cells in experimentally infected monkeys
(Coons et al 1950).

IFT was also applied to trace the fate of three pro-
teins (crystalline hen's egg albumin, crystalline bovine
plasma albumin and human plasma gamma-globulin) after intra-
venous injection into mice. This was accomplished by pre-
paring frozen sections of quick-frozen tissue, allowing
what foreign protein might be present in the section to
react with homologous fluorescein-labelled antibody, and
examining the section under the fluorescence microscope
(Coons et al 1951).

Clayton (1954) extended IFT to the study of changes in
distribution of multiple antigens relative to one another
during different stages of development in mice. A mixture
of several antiserums of different specificities, each
coupled to a different dye, was used. FIC gave green
fluorescence; l-dimethyl-amino-5-sulphonyl-chloride-
naphthaline yielded a yellow fluorescence while red fluores-
cence was due to nuclear fast red (benzaldehyde-6-nitro-2-
sodium-diazotate).

Weller and Coons (1954) described an indirect IFT for
studying etiologic agents of varicella and herpes zoster
in vitroc. Employing the infected preparations as antigen,
fixation of antibody (from human serums derived from cases
of varicella, herpes zoster or herpes simplex) was detected

by using fluorescent antihuman gamma globulin conjugate.



A method for the specific histochemical demonstration
of antibody in cells and parts of cells was carried out in
a two stage immunological reaction on frozen tissue sections:
1) allowing reaction between antibody in tissue and dilute
antigen applied in vitro, and 2) detecting those areas where
this antigen had been specifically absorbed using a fluores-
cein-labelled antibody. Examination under a fluorescence
microscope revealed a yellow-green fluorescence over those
areas where a precipitate was formed (Coons et al 1933).

Coons (1956) reviewed the status of IFT. Antibody
coupling to a visible label (FIC) provided a microscopic
method for studying cells for their content of complex bio-
logical substances, and potentially placed a large body of
immunological knowledge at the service of histochemists.
One major problem remained; purification of the chosen anti-
genic material derived from the species to be explored, in
order to stimulate synthesis of the necessary antibody in
some other convenient species. Some other problems asso-
ciated with IFT included setting up of a fluorescence micro-
scope and obtaining the necessary labelled antibody.

Moody et al (1956) used fluorescein-labelled antiglobulin

to identify individual cells of Malleomvces pseudomallei in

dried smears prepared from pure cultures. Liu (1956)
described a simple, practical and rapid method for diagnosing
human influenza infection by means of fluorescein-labelled

antibody staining of cells flushed from the nose. Even



though the IFT had a lower sensitivity than the hemaggluti-
nation-inhibition test (HIT), a positive diagnosis could be
made on the same day as the specimens were collected, while
the HIT reguired a delay of 10-14 days for collection of
convalescent serum.

A fluorescent-inhibition technique (based on inhibition
of specific staining with fluorescent antibody) was described

for detecting Toxoplasma gondii (Goldman 1957). Goldman

and Carver (1957) also described a method for stabilizing
the isocyanate used in IFT by preparing acetone-dioxane solu-
tions of FIC, dried onto filter baper. The reagent, stored
in a desiccator at room temperature, remained active for
seven months. It was noted that an antiserum could be
stained more intensely by repeating the labelling process
two or three times, without danger of loss of protein content
as a result of denaturation.

The IF technique of Coons and Kaplan (1950) employed
the yellow-green fluorescein label of antibodies tc stain
and identify organisms specifically. Silverstein et al
(1957), however, used a second contrasting fluorescent label
on antibody in conjunction with a fluorescein-labelled anti-
body for the simultaneous differential staining of two
organisms in the same smear. This contrasting label was an
crange fluorescing amino derivative of rhodamine B.

Pressman et al (1958), comparing the sensitivity of

IFT with radioautography, noted that both technigues had



the advantage of demonstrating a small amount of antibody
in the presence of a large amount of background protein,
if the specific localization had a higher local concentration.

The original choice of fluorescein was based on the
brilliance of its fluorescence and the rarity of green-
fluorescing materials in tissues. It had the additional
advantage that the wavelength of its emitted light (520 mu,
range 510 to 540 mu) was near the maximum sensitivity of
the retina (Coons and Kaplan 1950). However, Chadwick et al
(1958) pointed out that fluorescein was not an ideal fluoro-
chrome for tracer work because the method of conjugation was
laborious énd the apple-green fluorescence often contrasted
with the blue-green of autofluorgscence. Lissamine
Rhodamine B 200 (RB 200) was synthesized to overcome these
shortcomings. This dye had a brilliant red fluorescence in
agueous solution. In its sulphonyl chloride form it easily
combined with serum proteins without protein denaturation,
and yielded stable conjugates with a brilliant orange
fluorescence in ultraviolet light. The dye stained organisms
specifically as well as giving a reddish-orange background
to the tissue.

The difficulties in preparation, the danger of using
phosgene and the instability of isocyanates led Riggs et al
(1958) to synthesize two new fluorescent isothiocyanate
(FITC) dyes by using less toxic thiophosgene., FITC was

obtained as an amorphous yellow-orange powder; Rhodamine B
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isothiocvyanate was a reddish-purple solid. Both compounds
were stable for about six months. The dyes were success-
fully conjugated with antiserums against four different

antigens--Bacillus anthracis, Pasteurella tularensis,

Rickettsia typhi and Adenovirus RI-67, using the direct

(Coons and XKaplan 1950) and indirect (Weller and Coons,
1954) techniques. Marshall et al (1958) compared the rela-
tive merits of FIC and FITC by labelling different globulin
fractions of antiserums of bacterial, viral and mycotic
agents as well as antiglobulin fractions from man and
rabbit. Their results indicated that FITC was qualita-
tively superior to FIC with regards to stability, ease of
conjugation and the degree of fluorescence at high dilutions.
Singer (1959) extended the use of IFT to the subcellular
level by taking advantage of the resolution attainable with
electron microscopy. Electron dense antibody conjugate was
prepared by covalently coupling ferritin to antibody.
Because of their electron density, individual ferritin
molecules were demonstrated with the electron microscope,
each exhibiting a characteristic micellar arrangement at
the corners of a roughly square lattice.
Smith et al (1960) also used a slightly modified method

to study formalin-fixed cultures of Staphylococcus aureus

at the subcellular level.
Leduc et al (1969) noted that, in earlier studies

using IFT at the subcellular level, penetration of cells



11

with ferritin-labelled conjugates was difficult because of
the large size of the ferritin molecule (650,000 M.W.).
Antibody conjugate was labelled with an enzyme marker of
smaller molecular size (peroxidase, M.W. 40,000); this
resulted in an osmiophilic, electron dense reaction product
that could be visualized by electron microscopy. The T
antigen of SV40 appeared in a reticular network throughout
the nucleus. The problem of penetration diminished but
there was a compromise between the degree of preservation
of cell ultrastructure and the extent of penetration of
labelled immunoglobulins. McLean and Singer (1970) solved
the problem of embedding for ultrathin sectioning by using
cross-linked albumin--a procedure that did not destroy
antigenic activity, as methacrylate and epoxy embedding
materials did.

Rinderknecht (1962) reported new methods aimed at
obviating time-consuming dialysis while permitting the
fluorescent labelling of protein solutions by using a
sephadex column. The process of removing hydrolysed or
unreacted dye and change of buffer as well as pH, occurred
in less than 30 minutes.

Pital and Janowitz (1963) studied the effect of
alkalinity (pH 9.0) on staining brightness in the fluores-
cent-antibody reaction. They concluded that, in all dilu-
tions producing a staining reaction, the fluorescence was

distinctly brighter at pH 9.0 than at pH 7.2. In addition,
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end-point dilutions exhibiting detectable staining were
higher at pH 2.0.

Cook et al (1971} enumerated certain disadvantages
associated with using formalin-fixed cryostat sections of

tissues in IF studies of Leptospira:

1, The antigen could be detected readily in formalin-
fixed tissues but it was difficult to recognize individual
leptospires.

2. Both cryostat and a skilled technician must be
available.

3. Cryostat-~sectioned tissues may become separated from
the microscope slides during the prolonged washing and
staining required to detect leptospires in formalin-fixed
tissues. A new technique, not involving a cryostat, was
developed., Scrapings of formalin-fixed tissues were smeared
onto glass slides (previously dipped in 1% agueous gelatine
and air-dried) and then stained by direct and indirect tech-
nigues to detect fluorescein-labelled antigens. It was
found that nonspecific staining was of little significance
since specific staining clearly demonstrated leptospires

as individual organisms free from debris.

2. Basic Considerations

a. Preparation of Antisera

There are probably more methods for producing antiserum

than there are immunologists. Basically one would like to
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produce a high titer precipitating antibody that could be
diluted sufficiently to reduce or eliminate nonspecific
and background flucrescence. Serum from a natural host
that had survived infection and possibly subsequent chal-
lenge to minimize an anamnestic response would be ideal
{Stone 19786).

Methods for producing antiserum are largely empirical.
Three factors should be considered: the animal must be
stimulated repeatedly:; the dose of antigen must be adeguate
but not overwhelming; and, for nonliving antigens, the use
of adjuvants, particularly those of water-in-oil emulsion
type, for increasing titer {(Coons 1956} .

Antibody response is more or less equal to the square
root of the change in the antigenic dose administered. This
means that the antibody level obtained is not directly pro-
portional to the amount of antigen given. For example, to
increase the antibody level three times, it is necessary to
increase the antigen dose nine times; conversely, reducing
the antigen dose nine-fold only reduced the antibody response
about three-fold (Edsal 1957).

Freund (1947) reviewed promoting antibody formation by
the addition of unrelated substances such as paraffin oil,
kaolin, charcoal, living and killed tubercle bacilli to
antigens and reported that antikbody response was potentiated
and prolonged when the antigen was mixed with killed tubercle

bacilli or saprophytic mycobacteria suspended in water-oil
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emulsion {adjuvant). It was essential to administer the
antigen in water-in-oil emulsion; oil-in-~water emulsion was
ineffective (Freund 1951).

Dixon and Pittsburgh (1354) reported that the rates of
synthesis and degradation of antibody to serum protein
antigens were intimately related to the fate of antigen.
Pricr to appearance of antibody, antigens were catabolized
much the same as the host's own serum proteins. With the
appearance of antibody, antigen catabolism became extremely
rapid. Antibody synthesis was rapid only during the time
antigen was readily demonstrable in the host. Antibody to
serum protein antigens was catabolized slowly, as was non-
antibody globulin, in the absence of antigen and rapidly, as
was the antigen itself, in the presence of antigen.

Most antigens of diagnostic significance are complex
and incompletely defined. Even a relatively simple antigen
might elicit an extremely heterogenous host response that
involved both cellular and humoral immunity with the simul-
taneous production of different classes and subclasses cof
antibody, the relative concentrations of each changing with
time and each representing heterogenous molecular popula-
tions with respect to specificity, avidity and physico-
chemical characteristics. Patients might have different
patterns of response within a "normal" range of bioclogical
variability (usually undefined). Diagnostic antiserums

were made in mature animals that had antibody populations




































































































































































































































































































































































































































