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FOREWORD.

The work which is diseussed in this Bulletin forms a part of a
programme of investigation which was originally put in hand as a
co-operative enterprise of the former Empire Marketing Board, the
Queensland Department of Agriculture and Stock, the Queensland
Council of Agriculture, the cattle-owners of Queensland, and the
Couneil for Secientific and Industrial Research, ;

A full aceount of this co-operative scheme and of the programme of
investigations appeared on page 131 of the May, 1932, issue of the
Journal of the Couneil for Seientific and Industrial Research.

Briefly, the Queensland interests mentioned are already finding
npwards of £3,000 per annum to match a similar offer formerly made
by the Empire Marketing Board through the Counecil, and sinee the
1st July, 1934, provided by the Commonwealth of Australia through
the Couneil. The Board offered up to £5,000 per annum on a £1 for
£1 basis, over a period of five years from September, 1931, but by
arrangement this commitment was taken over by the Commonwealth in
July, 1934,

The investigations are centred at the Animal Health Research
Station, Qonoonba, near Townsville, Queensland, which was made avail-
able by the Queensland Department of Agriculture and Stock, and
which has recently been modified to suit the research work under the
new ¢o-operative scheme.

A small Advisory Committee has been set up to advise generally
in regard to the eonduct of the researches. This Committee is now eon-
stituted as follows:—

Hcp?'esﬂm.af--f.ves of the State Government.—E, Graham, Esq.,
Under-Secretary, Queensland Department of Agrieulture and
Stock; A. H. Cory, Esq., M.R.C.V.S., Chief Inspector of Stock.

Representatives of the United Graziers’ Association of Queens-
land.—E. 'W. Archer, Esq., F. M. Bell, Esq., Norman Bourke,
Esq. (Deputy Chairman), P. A. Brown, Esq., R. C. Philp, Esq.,
E. E. D. White, Esq. (Chairman}), J. L. Wilson, Esq.

Representative of the (‘ouncil of Agriculture.—~J, L. Wilson,
Esq. '

Representative of the Council for Seientific and Industrial
Research.—Professor H. €. Richards, Chairman of its Queens-
land State Committee (ex officio member).

Dr. H. R. Seddon, Director of the Glenfield Research Station of the
New South Wales Department of Agrienlture, and Dr. H. E. Albiston,
Director of the Veterinary Research Institute of the University of

Melbourne, both of whom have experimented with the test disenssed in
the Bulletin, have been good enough to furnish brief accounts of their
experiences and to allow them to be published.

To all who have afforded the helpful co-operation mentioned, the
thanks of the Council are gratefully tendered.




PREFACE.

In this Bulletin are published the second and third papers in the
serial record of the work on contagious pleuro-pneumonia of cattle,
which subject forms part of a programme of investigation at the Animal
Health Research Station, Ooonoonba, Townsville, Queensland. The
first paper was published as Bulletin No. 93, and dealt with the study
of the morphology and life cycles of the causal organism.

The present paper by Mr. A. D. Campbell and Dr, A, W. Turner
deals with the development of a diagnostic test based upon the well-known
phenomenon of complement fixation, Dr. H. R. Seddon, Director
of the Glenfield Research Station of the New South Wales Depart-
ment of Agriculture, and Dr. H. E. Albiston, Director of the Veterinary
Research Institute of the University of Melbourne, both of whom have
experimented with the test, have been good enough to furnish brief
accounts of their experiences, which are ineluded under ITa. and 1Is. of
this series of papers respectively.

The Complement-fization Test—For the special purpose of diag-
nosis of this specific disease in cattle, Mr. A, D, Campbell and Dr. A.
W. Turner have succeeded in adapting the technique of complement-
fixation, the best known application of which is the Wasserman blood
test for syphilis. The complement-fixation test is a valuable aid to
diagnosis, and sometimes offers the only means of diagnosing a bacterial
disease.

Contagious pleuro-pneumonia of cattle is a characteristic disease
which can be diagnosed with comparative ease when it produces
symptoms, but in some cases few or no symptoms are produced, and
diagnosis is quite impossible by ordinary inspection and even closer
examination. Some cattle appear to recover, but may still have affected
areas in their lungs, and may spread the disease among susceptible
cattle. The slaughter of all apparently affected cattle usually fails to
eliminate infection from the herd because the apparently recovered cases
and those in the early stages of the disease are left to spread it. The
eradication of contagious pleuro-pneumonia from the herd, therefore,
depends upon the accurate diagnosis of all animals harbouring the
infection. The complement-fixation test as elaborated by Campbell and
Turner is capable of detecting these animals, and so makes possible,
withont slaughter of every animal, eradication of the disease from those
of our herds which are small enough for complete mustering and
individual identification of animals. It ean have little application in the
larger herds in the unfenced country, except for the purpose of deteeting
infection in individual animals mustered and held preliminary to
travelling. If infected animals are eliminated from such “mobs,” they
can be travelled in the security that pleuro-pneumonia will not oceur
and cause serious losses on the road, or the spread of the disease in
“clean ™ areas.
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The use of the test in the field and under experimental conditiong
has increased our knowledge of the disease considerably, With its aid,
animals in the early stage of infection have been detected, whereas
several weeks have elapsed before such animals have shown definite
clinical symptoms, all the while being a potential danger to healthy
in-contact animals. The test has enabled us to determine that the
development of definite symptoms may, on occasions, be slow or even
absent, and with this added knowledge control measures can be made
more effective.

The test is extremely specifie, possibly more specific and more
efficient than any similar test nsed as an aid to diagnosis of disease in
man or animals. TIn spite of this, it cannot be undertaken lightly. Its
conduct involves great concentration by a skilled and experienced
worker. It cannot be undertaken in a field laboratory, but this offers
little or no difficulty to its practical application, as speeimens of blood or
serum to be tested ean be preserved and transported over long distances
without deterioration. The test has already had extended trial, and
the papers by Dr. Seddon and Dr. Albiston bear witness to the fact that
it has proved highly reliable in hands other than those of Campbell
and Turner. TIn order that it may be applied in all parts of the Com-
monwealth at any time, some modification in the preparation of the
antigen is necessary. Progress is already being made in this direction.

The Distribution of the Organism in the Animal Body.—The third
study of this series has been made in order that we should be better
informed on the capacity of the organism to invade the tissnes of the
animal body, and on the extent of the invasion. As the main lesion
produced in infected cattle is a pneumonia, it is natural that attention
has been focussed on this lesion, and that many workers have assnumed
the localization of the causal organism in the lung lesions only. The
results of the present study add to our knowledge of the disease, and
confirm and extend the observations made more recently by workers
in other parts of the world.

With this added knowledge, the experimental reproduction of the
disease has been made possible, which enables an accurate study of
resistance to infection following vaccination to be undertaken. The
results of these further studies will be published in future papers.

L. B. BULL,
Chief, Divisions of Animal Health
and Animal Nutrition.
314 Albert-street, East Melbourne.
November, 1935.




SUMMARY.

I1.—A Complement-fixation Reaction for the Diagnosis of Contagious
Bovine Pleuro-pneumonia.

1. A complement-fixation test for the diagnosis of contagious bovine
plenro-pneumonia, in which Ebert and Peretz’s antigen is used, is
deseribed.  The technique is based upon orthodox Wassermann pro-
cedures suitably modified, and permits the performance of the test with
aceuracy and reasonable speed.  There is a complete absence of
“ fleeting reactions.”

2. The test is extremely specific.  Sera from 2,059 Tasmanian cattle
known to be free from pleuro-pneumonia gave completely negative
reactions, and another three gave only a faint trace of fixation (“one
plus ™) in a one-in-ten dilution; a large variety of pathologieal con-
ditions was represented among 422 of them.

3. The complement-fixation responses to various methods of inocula-
tion with pleuritic exudate and cultures are discussed, and the value of
the reaction in experimental investigations is indicated.

Cattle vaccinated at the tip of the tail by the Willemsian method
rapidly develop complement-fixing antibody in the blood stream from
two to eleven days later. The titre may reach 1 in 200 (or even
higher). The maximum occurs from the 5th to the 22nd day, and the
titre then begins to fall rapidly.  The longest period during which
an animal showed complement-fixing antibody in the blood stream
following uncomplicated tail-vaceination was 37 days. It is recom-
mended that an interval of eight weeks should be allowed after un-
complicated tail-vaccination, before cattle are submitted to the test for
diagnostic purposes.

4. The complement-fixation response to natural infeetion is disenssed.
In the elaboration of this pleuro-pneumonia test as applied to the
diagnosis of the disease, an entirely novel procedure was adopted, viz.,
the establishment of a naturally-infected herd containing suseeptible
and insusceptible cattle, and the regular testing of their sera at weekly
intervals over a period of two years, combined with clinical and post-
mortem examinations, By this means, complete serological and clinical
histories of most of the cattle concerned were obtained, embracing the
pre-infectional, infectional, and post-infeetional phases, and it is con-
sequently believed that the results obtained and the conclusions reached
have a special significance. Additional information was gathered at
abattoirs.

A positive reaction may often be obtained before the manifestation
of clinical symptoms. As with tail- and subentaneously-vaccinated
animals, complement-fixing antibody usually inereases very rapidly in
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the circulating blood once infeetion oecurs: the titre may reach 1 in
640 in acute cases. Cases in which the causal organism was confined
to the mediastinal lymphatic glands have been detected.  Cattle,
apparently recovered but remaining carriers of viable organisms in
encapsulated pulmonary lesions, usually give persistent positive re-
actions. The sera of recovered animals showing, post mortem, only

old fibrous pleural adhesions do not usually contain detectable com-
plement-fixing antibody,

Twenty-five out of 25 cases of aeute pleuro-pneumonia (ie., 100
rl per cent.) were detected by means of this test.  Forty-two out of 45
- chronic ecases with sequestrum formation (ie., 93.3 per cent - 3.65
per cent.) gave positive results, and the correlation might be higher,
for, owing to the impraeticability of bacteriological confirmation in all
cases, the possibility that the remaining three were “sterile” cases in

which the infection had died out cannot be excluded.

It was definitely shown that cattle can recover almost completely
from pleuro-pneumonia to an extent that makes the recognition of
iheir earlier infection very difficult. Another important finding was
that a certain number of animals may contract acute pleuro-pnenmonia

of such a mild degree as to be sub-clinical and deteetable only by
. serologieal means.

5. Measures for the use of the complement-fixation test in the
control of contagious bovine pleuro-pnenmonia under various conditions
in Australia are diseussed. These include dairy herds in the closely-
settled distriets, eattle-breeding or fattening properties of moderate
size, and large mobs travelling by road from the enormous pastoral
properties to the markets and abattoirs.

-. 6. It is expected that the test will greatly facilitate the control of
|2 outbreaks of the disease, and will permit the safe transfer of cattle from
wifected to uninfected areas.

I1 (4).—Obseivations on the Diagnosis of Bovine Contagious Pleuro-
pneumonia by Means of the Complement-fixation Test of

Campbell and Turner.

This paper records the results obtained at the Glenfield Veterinary
Research Station in the application of the test. The latter was found
16 possess a very high degree of reliability, animals known to be free
from contagious pleuro-pueumonia giving negative reactions, whereas
ull known affected animals reacted. Moreover, by its use a number of
non-clinieal cases were deteeted, and the value of its application in the
control of this disease under field conditions has been demonstrated in

the case of one large herd.
c.o311.—2

N, . SR S G i TS
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11 (b).—The Complement-fixation Test for Pleuro-pneumonia.

In this paper, the results of the application of the Camplell and
Turner test to some 800 bullocks brought into Vietoria from a property
where pleuro-pnenmonia had oceurred are discussed. All the positive
reactors were confirmed at autopsy, and the continued freedom from
pleuro-pneumonia of the survivors for the subsequent 27 months is
taken as evidence that all infected animals were detected.

III.—A Cultural Study of the Distribution of the Specific Organism
Borrelomyces peripneumoniae, throughout the Body of Animals
Naturally and Artificially Infected.

The causal organism of contagious pleuro-pneumonia was usually
found in the blood stream in acute cases; but in chronic cases with
“encapsulated ” or “sequestrated ” Iung lesions it was nsually recovered
only from the lung lesion, though occasionally, also from the mediastinal
and bronehial lymph glands, ;

It was found in the blood stream early in the infection, but its
presence there snbsequently was intermittent.  Blood culture tests are
therefore of little practical diagnostic value.

It was found to be constantly present in the pleuritic exudate, the
specifie lung lesion, and the mediastinal and bronehial lymph glands
of aetive cases. It was also found to exist in many other parts of
the body without eausing obvious lesions,

The specific organism could never be cultivated from completely
recovered cases where the only remaining lesions were local pulmonary
fibrosis or chronie pleural adhesions.

Tt was enltivated from organs of some foetuses following artificial
infection of the mother.

Smaller laboratory animals (sheep, goats, and rabbits) were
artifieially infected, and the organism was recovered from various
parts of the body.




Studies in Contagious Pleuro-Pneumonia
of Cattle.

II. A Complement-fixation Reaction for the

Diagnosis of Contagious Bovine Pleuro-
pneumonia.

Its Use in Experimental Investigations and in the Control
of the Disease.

By A. D. Campbell, B.V .Sec..* and A. W. Turner, D.Se., DV .Sc.§

I. INTRODUCTION.

Pleuro-pneumonia of eattle, since its introduction into Vietoria in
1858, has spread to every State on the Australian mainland, and has
cansed enormous losses, both direetly and indireetly.

The Chief Tuspector of Stock for New Sonth Wales, Colonel Max
Henry, in his Presidental Address to Section L (Veterinary Science)
of the Australasian Assoeiation for the Advancement of Secience in
1928, gave the following statement of its extension af that time:—

“TIn Queensland it is reported occasionally from the coastal areas,
but the parts most seriously affected are the west and north-west, areas
of large runs on which control is very difficult. New South Wales
is constantly being reinfested from Queensland, and in its turn reinfests
Vietoria.  The coastal areas of New South Wales, in which are the
great dairying districts, are remarkably free.  Vietoria presents a
different picture to any of the other States, and appears to be the
State in which the disease has the most consistent grip.{  Here it is
not a disease of the big runs but of closely settled dairying and agri-
cultural ecountry. South Australia and the south-western portion of
Western Australia appear to be very free, the disease being praectically
only seen in eattle brought down from the north. 1In the north-west
of Western Australia and in Northern and Central Australia the

situation is obseure, but the disease is certainly present in the two first-
mentioned areas.”

In the early decades that followed its introduction, when it apparently
ran a hyper-acute, fulminating course through a highly susceptible
bovine population, it caused enormous mortalities. Although such
catastrophic direct losses are rarely seen now, yet it has other serious
aspects, including interference with overseas export, interstate trade,
and transfer of cattle within the State. In Queensland, its importance
becomes aggravated during the travelling of stock to markets, when,

* An officer of the Comncil's Animal Henlth Research Station, Oonoconba, mear Townaville,
Q“ltu:;};:-.‘:r-in charge of the Council’s Animal Health Research Station, Oonoonba, near Towns-
ville, Queenslnnd :

t This statement is no longer correct: the Department of Agrieulture, with the aid of the
test described herein, speedily controls the oconsional outbreaks and st the present time the
Btate is free of the disense
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owing to the outbreak of pleuro-pneumonia, mobs may be detained in
quarantine for long periods. It costs approximately £10 per day to
detain a mob of 1,000 cattle on the road, and, as the usual quarantine
period is 60 days after the appearance of the last case, the monetary [
{)os.«; 1~1, very great; furthermore, the opportunity for sale has then oftsn !
een lost.

The important problem of pleuro-pueumonia is the detection of
the “carriers,” i.e., the apparently healthy animals with specifically
infected pulmonary sequestra. It is these animals that introduce the
infection into susceptible herds. There is no known clinical method of
detecting these sources of contagion, but research work has indicated
the possibility of revealing them by serologieal reactions.

Henry (lc.) has declared that “the two main lines along which
research may be expected to come to the aid of the authorities con-
cerned in the control of the disease are the elucidation of a method
of diagnosis apart from clinical observation or post-mortem demon-
stration, and improvement in methods of protective inoculation which
will do away with the fear of untoward sequelae.”

It has been the object of the investigation deseribed herein to devise
a reliable practicable complement-fixation reaction and so to place
in the hands of Government Stock Departments an essential weapon
in the campaign against pleuro-pneumonia, to wit, the ability to detect
the “earriers” of the disease.

II. HISTORICAL.

The first attempt to use the complement-fixation reaction in the .
diagnosis of pleuro-pnenmonia was made in Russia by Schochowsky
(1912) who, using as antigens extracts from affected lungs, inflam-
matory exudate, and cultures, tested sera from natural causes of pleuro-
pneumonia as well as experimentally infected and immunized calves.
He decided that the results were not sufficiently accurate. In Germany,
Poppe (1913) used as antigens the subentaneous inflammatory swellings
of artificially infected calves, similar material dried and powdered,
lung tissue, pleuritic exudate, and cultures; but both he and Meyer
(1914) substantially agreed with Schochowsky.

Following its introduetion from Poland into Germany during the
War, research on its serological diagnosis received a great impetus.
Titze and Giese (1919) found saline extracts ftoo weak, but boiled ;
exiracts and alecoholie extracts of infected lung tissue or bronchial
glands gave good results; they were troubled, however, with the so-
called “fleeting reactions,” i.e., the previously intact erythroeytes in
certain tubes, indicating fixation of complement, would suddenly
become lysed, the sera thereby behaving as pleuro-pneumonia negatives.

Miessner and Albrecht (1920) and Lensch (1921) also complained of
“fleeting reactions” and the consequent difficulty of reading the test.
In 1921, Giese claimed good results with antigens made from old
cultures in horse-serum Martin'’s broth or horse-sernm ox-meat infusion. ‘

In 1923, Titze, Giese, and Wedemann published a monograph on
plenro-pneumonia in which further work ou their complement-fixation
iest was reported; Giese’s antigen was used, and the complement was |
titrated in two series in the presence of positive and negative sera

!. g J
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respectively, that dose being selected which gave the sharpest differen-
tiation between positive and negative sera. The time for reading
results varied with the complement and had to be very carefully deter-
mined, and the reactions read at the moment the negative-control tubes
become completely haemolysed; beyond this time, there was danger
of “fleeting reactions.” They claimed excellent results with their
test, and a further report was published by Giese and Wedemann in
1924. However, Dahmen (1923-24), not being satisfied with resulis
obtained with Titze and Giese’s antigen, modified it by using as antigens
aleoholic and carbol-saline extracts of the centrifugates of young
glucose serum broth cultures. Even so, his results do not appear to
be strikingly good. XKarmann and Witte (1926) applied Titze and
Giese’s antigen and general procedure to a test using active serum, and
claimed to detect a larger number of positives than by using inactivated
sera. Ziegler (1927) carried out exhaustive researches with a modifica-
tion of Titze and Giese's method, and correlated the reactions with the
age and extent of the lesions; he reported not having encountered
“ fleeting reactions,” and elaimed very good results, i.e., 93 per cent. of
acute cases and 83 per cent, of cases with more or less large sequestra;
but his test differed slightly from that of Titze and Giese’s in the use
of an excess of complement over that specified by their method.

Dzius (1925), working in Poland, claimed good results from the
complement-fixation test; but no information on the antigen or technique
is available,

Walker (1923), in Kenya Colony, claimed to have obtained “ prac-
tical resulte ” (sic), and that the fleeting reactions which obscured the
results in the ecomplement-fixation test were eliminated by using the
conglutination method as indicator.

Japanese workers have also interested themselves in complement-
fixation. Nakamura, Futamura, and Watanuki (1926) investigated the
complement-fixation test, among other serological reactions, using as
antigen saline emulsions of colonies from the surface of horse-serum agar
slopes incubated for ten days; the emulsions were heated at 60° C.
for three hours and 0.5 per cent. of phenol was added. They claimed
it was superior to all other antigens tested. The performance of the
test apparently followed orthodox methods of titrating complement, &e.,
and gave more satisfactory results.  “ Fleeting reactions”™ are mnot
mentioned. In a subsequent publieation, Futamura and Watanuki
(1927), after examining antigens prepared in 13 different ways, con-
cluded that the most potent was a saline emulsion of colonies (heated
to 60° for one hour); Giese’s culture antigen was also found to be of
va'ue. Kabashi, Yamagiwa, and Ito (1930) investigated the correlation
between degree of fixation and age of lesions; they claimed good results,
but did not deseribe the technique or antigen.

In Australia, the first work on complement fixation in pleuro-
pneumonia was performed by Heslop (1921, 1922), who finally selected
as antigen aleoholic extracts of dried subentaneous oedematous tissue,
with which he obtained fairly good results. However, the reading of the
test required constant supervision on account of “fleeting reactions”,
and he abandoned it in favour of agglutination, considering that its
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technique was “ too intricate and laborious to allow of its adoption as a
routine diagnostie method.” In 1925, one of vs (A.W.T.) took up the
study of Titze and Giese’s technique; the usual trouble with © fleeting
reactions ™ was encountered, and frequently great difficulty was
experienced in reading the reactions. For unavoidable reasons, the work
was not carried very far, though the conclusion was reached that the
test had a certain value, but that it should be limited to sera taken from
animals before prophylactic vaceination had been ecarried out. Unfor-
tunately, the work had to be abandoned at this stage, but it was carried
on and extended by Gregory (1927), who reported that the test was
“worthy of use under field conditions”. He also complained of the
“fleeting reactions ”, and reported that prophylactic tail-inoculation was
followed by a positive complemeni-fixation reaction. In New South
Wales, the same method was applied by Hindmarsh (1933), who claimed
that cultures 14-21 days old yield antigens as satisfactory as the 6-8
week enltures; he did not find the time factor of such importance, and
was apparently not troubled with * fleeting reactions . He reported
very good results. Ebert and Peretz (1928), who introduced the hoiled
antigen used by us, reported good results from its use in a complement-
fixation test, but their communication is apparently only of a pre-
liminary nature.

A eritical reading of the published work and ounr own earlier
experience convineed ns that the only techniqnes of which full details
were available were too cumbersome and too subject to “fleeting
veactions V' (and consequently to false-negative reactions), that many
reports were conflicting, and that, therefore, independent investigations
were necessary rather than the adoption of any of the suggested methods.

* Expressions such as “good results™, * practical results™, and
“ exeellent results ¥ abound in the literature, but very rarely is statistical
support offered for the claims made. No systematic investigations
appear to have heen made into the serologieal response of animals to the
Willemsian prophylactic vaceination, which is widely practised in Aus-
tralia, nor to its influence upon the interpretation of the reaction; nor
has any attempt been made to trace the rise and fall of specific cirenlat-
ing antibody in cattle from before their infection with pleuro-pneumonia
until their eventual death or recovery. In previous investigations it
has been usual to base the reports upon tests conducted upon eattle
concerned in natural, forinitous onthreaks of the disease. Nothing was
known of their earlier serological history, and, as a matter of disease
control, they were usually killed out, both elinically affected and
apparently healthy, and the observations thereby concluded. In the
present investigation a new procedure was adopted, namely, the con-
tinued serological examination of cattle deliberately exposed to infeetion
and kept under observation for as long as two years. Consequently, wo
believe that the results obtained and the conclusions veached have a
special significance, and that the reaction, when earried out by the
technique deseribed, has a relinbility, both in experimental investigations
and in the control of the disease, that makes it of very great value.

For the sake of clarity, the technique of the test will first be deseribed
and then the experimental work on which its interpretation was based.
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III. TECHNIQUE OF THE REACTION.

The essentials for a complement-fixation test as a diagnostic pro-
cedure, especially with bovine sera, are as follows:—

(@) The antigen must be stable, easily prepared, and not unduly
expensive.

(b) The technique must be as simple as possible, and readily
capable of standardization,

(¢) The test must be sensitive, i.e,, capable of demonstrating the
presence of very small amounts of antibody, and it must
be highly specifie,

(d) The reaction must be easy to read, and there must be a
complete absence of * flesting reactions ”,

(e) It must be capable of being carried out with reasonable
speed.

We believe that the test deseribed in this Bulletin fulfils the above
eonditions to a very high degree: the antigen used is one deseribed by
Ebert and Peretz (1928) ; the teehnique is based npon orthodox Wasser~
mann procedures, but is modified for the above purposes; the fest is
extremely sensitive and specific; and there is a complete absence of
“fleeting reactions "', whieh are usually so troublesome with bovine sera,
All reagents are adjusted so that the required amounts are contained
in the one unit volume of 0.5 ml.®, and all additions of reagents are
performed by means of rubber-teated pipettes or Vernes' rhéométres;
by this means the technigue is enormously simplified, and much greater
speed combined with aceuracy is possible,

1. Special Apparatus.

(¢) A hemicylindrieal water-bath of 8 galloys eapaeity, holding ten
removable wire racks each capable of holding four rows of twelve tubes,
and fitted with a sleeve to hold a Roux bimetallic gas thermo-regulator
1 metre Jong, adjusted to maintain a constant temperature of 37.56° C.

(b) A water-bath regulated at 56° C. for the inactivation of test
sera.

(¢) Test tubes of clear glags with walls 1 mm. thick, 7.5 em. long,
and with an internal diameter of 9mm,

(d) Acenrately graduated, pipettes of 10, 5, and 1 ml capacity,
respectively.

(e) Oune shortened 1 ml. pipette gradunated to read 0.25, 0.5, and
0.75, and 1.0 ml., and furnished with a rubber teat.

(f) One 100 ml. graduated measuring cylinder, several beakers, and
250 ml. Erlenmeyer flasks,

(g) Suitable ampoules, bottles, or test tubes for the collection of
blood.

2. Glass Cleaning.

Reagents shon!d not be allowed to dry on the glassware, as efficient
cleaning is thereby made difficult. After a wash with tap water, the
pipettes, test tubes, and Wassermann tubes arve placed for twelve hours
in a solution made by dissolving in one gallon of rain water,] 1 oz of a

* The use of ** ml'' instend of *co.” is followed thronghout the report,
1 Where tap water is suitable it may be used; at this leboratory it is toe * hard.”
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mixture consisting of 40 per cent. commereial trisodinm phosphate, and
60 per cent. commercial sodinm carbonate. They are then removed,
rinsed several times in rain water, dried in a hot-air oven, and kept
protected from dust and other extraneons matter.{

3. Reagents.

(@) Serum to be tested.

(b) Complement (guinea-pig serum).

{¢) Antigen.

(d) Sheep’s red blood corpuscles.

(e) Anti-sheep haemolytic amboceptor (rabbit).

(f) Normal saline (0.85 per cent. of sodium chloride (B.D.IL.,
A.R.) in distilled water). For the performance of the test, we have

not found it necessary to use saline prepared from glass-distilled water,
but we prefer it in the preparation of antigen.

4. Serum.
(i) Collection.

(@) Jugular or Caudal Blood—3-5ml. of blood are taken from
one of the jugular or caudal veins into sterile test tubes, &e., by means
of stout hypodermic needles or narrow canulas, but in case of necessity
it may be collected from the tail merely by cutting a vein. The recep-
tacles are then laid at an angle of approximately 16° with the horizontal
to give a long sloped surface, by which means a good exudation of
sernm is generally produced. This is usnally removed on the day of
collection, although it is apparently of no disadvantage, in the absence
of bacterial contamination, to leave it on the elot for several days.
Sera should be stored at low temperature in a refrigerator. After
standing thus overnight, they become quite clear by sedimentation;
if they are to be tested on the day of the bleeding, it is néarly always
necessary to centrifuge them. Althongh the stroma of lysed red blood
corpuseles is commonly regarded as highly anti-complementary, we
find that a slight degree of haemolysis in the sera has no ill effect,

(b) Heart Blood Collecled Post Mortem.—When it is not possible
to collees jugnlar or caudal blood as described above, as during post-
mortem exawination at abattoirs, it may be obtained immediately
after removal of the thoracie organs by ineising the right ventricle
of the heart and allowing the blood to run into a test tube. The
subsequent operations are as above. With this method of colleetion,
it has been noticed that a secondary clotting of the removed serum
ocenrs much more frequently than when blood is collected ante mortem,
and it is then necessary to cut up the delicate gelatinons mass and
centrifuge the serum from it.

(ii) Preservation of Sera for Transport.

It is often not practicable, under field conditions, to collect sera
aseptically; hence, in order to suppress baeterial growth, we have
examined the possibility of adding antiseptics to them before transport
to the laboratory. The following procedure has been found satisfactory.
Blood is collected by any of the above methods, allowed to clot, the
sernm decanted, and, if necessary, blood cells are separated by sedi-

t As particles of tobacco nsh n-rr. eaid to cxert o morked anticomplementary effact
(Wyler, 1929), smoking during the progress of the test is to be avoided.
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mentation; two drops of chloroform are added to the clear serum,
and then the bottle is well stoppered, preferably with cork. Using this
technique, sera have been sent in the post from Perth to Townsville,
a distance of 3,000 miles occupying ten days in transit, with a complete
absence of contamination, no appearance of anti-complementary
properties, and apparently no destruction of antibody. On receipt,
such sera may present a milky, unattractive appearance due to partly
emulsified chloroform, but, on standing in the refrigerator overnight,
v complete separation oceurs, and the clear serum may be pipetted from
the ehloroform, which will have sunk to the bottom.

In a few cases, toluol has been used to preserve sera sent from
Melbourne to Townsville, a distance of 1,800 miles oceupying five days
in transit, with no apparent ill effects. The addition of 0.25 per cent.
of carbolic acid likewise has caused no loss of titre or the development
of anti-complementary properties in high-titre positive sera at room
temperature over a period of three months.

(ii1) Inactivation.
On the day of the test, sufficient of the clear sernm for the test is
diluted 1 in 10 with normal saline and inaectivated in the diluted state

at 56° (. for 80 minutes, During this operation, slight traces of
chloroform in preserved samples are apparently removed.

5. Complement.

The fresh sera of a sufficient number of healthy male guinea pigs
weighing over 500 grams are used. The blood, obtained by cutting the
throat after stunning, is allowed to clot in sterile petri dishes, the
clot eut up with a sealpel, and placed in the incubator at 37° C. for
one half honr and in a refrigerator for a further hour. The serum
is then pipetted off into centrifuge tubes and eclarified by centrifuging
at 3,500 revolutions for five minutes. When not actually in use, it is
kept in the refrigerator. Ixcess complement is stored by freezing
and is suitable for use for four days after collection.

6. Antigen.

This is prepared according to the technique deseribed by Ebert
and Peretz (1928) by extracting, in distilled water at boiling point,
either fresh pleuritic exudate coming from natural cases of pleuro-
puneumonia or the subcutaneous inflammatory exudate that results
from the subeutaneous inoeulation of infective material. Tt has been
our experience that antigens prepared from the former have a higher
antigenic value than those prepared from the latter, and we therefore
prefer to use pleuritic exudate. Boiled antigens or “ Kochextrakte ” have
been used by earlier workers; thus Titze and Giese (1919) used among
other antigens  Kochextrakte” prepared by boiling fresh, mineed,
infeeted lung or bronchial glands in distilled water for 30 minutes,
clarifying by centrifugation, and making isotonic with sodium chloride;
very good results were reported but “fleeting reactions ” were encoun-
tered. Walker (1923) used similarly prepared extracts made from
subeutancous oedematons tissue for the conglutinin reaction, but found
them too anti-complementary for use. Futamura and Watanuki (1927)

C.0811.—3
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used both Titze and Giese’s “ Kochextrakte,” which were too anti-com-
plementary in the doses used, and boiled extraets of colonies on serum
agar, which were inferior to similar antigens heated to 60° C. for
one honr instead of to boiling point. There has been a general tendeney,
within recent years, for the use of culture antigens rather than tissue
antigens,

Preparation.—A measured volume of pleuritic exudate diluted by
the addition of four volumes of glass-distilled water is placed in an
Erlenmeyer flask; the contents are raised to boiling point by placing
the flask in a boiling brine-bath and are kept gently boiling for ten
minntes, during which coagulation occurs. Excessive frothing is con-
trolled by blowing air over the boiling mixture through a bent glass
tnbe. The mixture is then filtered through Whatman No. 1 paper
to remove coagulum, and the volume of filtrate measured. To make
the extract isotonie, chemically pure sodium chloride (B.D.H., A.R.)
is added at the rate of 0.85 gms. per 100 ml, of filirate after subtracting
the original volume of exudate used. Phenol is then added at the rate
of 0.26 gm. per 100 ml of filtrate and dissolved by shaking. The
mixture is then re-filtered to remove a slight precipitate that results.
This fluid, known as antigen, is stored in glass-stoppered bottles in a
refrigerator. It is now ready to be tested for sensitivity in parallel
with the antigen already in use. Antigens prepared as above have
proved almost uniformly satisfactory and are very stable, no loss of titre
being apparent during at least twelve months,

7. Haemolytic System.

(1) Sheep Red Cells—Blood is collected aseptically by jugular punc-
ture from a suitable and satisfactory sheep into an equal volume of
2 per cent. sodium citrate solution in normal saline. The mixture is
centrifuged, and the cells washed three or four times with normal
galine. If they show signs of fragility (haemolysis) on washing, they
are discarded and another sheep selected. The citrated, unwashed blood
may be kept at a temperature of from 3° to 4° C. for a week.

(ii) Haemolytic Ambeceptor—This is prepared in rabbits by means
of sheep red cells, and is either purchased from the Commonwealth
Serum Laboratories or made by any of the well-known methods; it is
preserved by the addition of 50 per cent, by volume of glycerine and
stored in the cold. Amboeeptor preserved by the addition of 1:20,000
of mercurie chloride has also proved satisfactory.

(iii) Sensitization.—For use, the washed sheep red cells arve packed
by centrifuging at 3,500 revolutions per minute for 20 minutes. The
supernatant saline is removed and the packed cells drawn into a pipette.
A suspension of 6 per cent. by volume is made in normal saline. To the
required volume of this suspension is added an equal volume of normal
saline containing amboceptor at the rate of 6 minimum haemolytic
doses (M.ILD.) per volume (0.5 ml.); by this means a 3 per cent:
suspension of red cells in normal saline containing 3 M.H.D. per unit
volume is obtained.  Sensitization at room temperature for 1 hour
is allowed. No further washing or removal of excess amboceptor is
carried out.
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8. Titration of Haemolytic Amboceptor.

Certain precautions are necessary in titrating an amboceptor.

(1) Complement should fulfil the requirements as set out under *
“Titration of Complement” (Le., suflicient titre and
absence of natural anti-sheep haemolysins).

(2) Red cells should be unpreserved and otherwise suitable.

(3) As a check on reagents employed, an amboceptor should be
titrated in parallel with a tested amboceptor of known

| titre,

A rack is taken containing three rows of test tubes. In the first
row, an aceurate servies of saline dilutions of amboceptor is prepared
' thus: 1 in 10, 50, 100, 500, 1,000, 2,000, 3,000, 4,000, 5,000 or even
further if necessary. To the second row is added one unit volume
(ie., 0.5 ml) of the double strength (i.e, 6 per cent.) suspension of
unsensitized red blood cells, using the rubber-teated pipette, and taking
care to deliver cells to the bottom of the tubes. Commencing with the
tube containing the highest dilution, ome volume is taken from the
first row, which contains the amboceptor dilutions, and is added to the
corresponding tube immediately behind it, each tube being individually
shaken from side to side. Each tube in the second row now holds two
volumes (i.e,, 1.0 ml) containing 3 per cent. of sheep red cells and a
dilution of amboceptor twice that added, ie., the series now runs 1
in 20, 100, 200, 1,000, 2,000, 4,000, 6,000 8,000, 10,000, &. The rack
is covered with a clean, smooth towel, and left at room temperature
for one hour to allow sensitization, the whole rack being shaken vigor-
{ ously from side to side every fifteen minutes. The ﬁg}st three tubes
' containing the dilutions 1:20, 1:100, and 1:200, respectively, are
removed and left for a further hour and a half at room temperature.
They are then gently shaken and examined with a hand lens for signs
of haemagglutination: if this occurs in a dilution as far as 1:100,
| it will be necessary during the use of that amboceptor to shake sen-
sitized cells very thoronghly before use; if it extends beyond that
dilution, haemagglutinins should either be removed by absorption and

the amboceptor re-titrated, or the sample should be rejected.

Now, starting from the highest dilution at the right, one volume

: of the sensitized cells from each tube of the second row is pipetted to
the bottom of the empty tube immediately behind it, after which two

. volumes of normal saline and one volume of complement dilution con-

| cgp VY tain.ingl&i‘}rt[_.;b. (see “ Titration of Complement ™) are added, making
e a total of four volumes in each tube, as is used in the test proper.
M A tube containing one volume of 3 per cent. R.B.C. and three volumes

(;;n of normal saline should be ineluded to control the fragility of the eells
+ used; if any trace of haemolysis occurs they must be rejected.

! Each tube 1s shaken to mix the contents, and the rack placed in
the water-bath at 37.5%, removed every 10 minutes and well shaken,
and after a total of 30 minutes removed for reading. The highest

'I dilution of amboceptor from the second row producing com%Ete
Laemolysis contains one minimum haemolytic d08¢ per volume. If this

. “dilution 1s Tess than I : 1,000, the amboceptor 18 not satisfactory, being

apt to give obscure results in the test proper.

Amboceptor, being very stable, need only be titrated once every three
I months,
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9. Titration of Complement.

On the day of the test, this is the first operation carried out, in order
that the least possible delay between it and the test proper may oceur.
Make a 1 in 10 normal-saline dilution of guinea-pig serum by adding one
volume (0.5 ml.) to nine volumes (4.5 ml.) of saline, and using the
same teated 1.0 ml. pipette* as is used in the test proper. Arrange nine
tubes in a row; to these add, from left to right, 1, 2, 3, . ... .. up to
nine volumes of saline; and then add to each tube one volume of the 1:10
complement dilution, giving a series of complement dilutions from 1 : 20
to 1 :100. Two rows each of nine tubes are now taken. The tubes in the
first row will eventually contain two volumes of saline, one volume of the
appropriate complement dilution, and one volume of sensitized red cells;
those in the second row, one volume of appropriate complement dilution,
one volume of antigen, and one volume of sensitized red cells, Two
additional control tubes are placed in the rack ; control number 1 contains
three volumes of saline and one volume of sensitized red cells, and is a
cell-fragility and/or normal-saline control; control number 2 contains
two volumes of saline, one volume of a 1:10 dilution of complement,
and one volume of unsensitized 3 per cent. red cell suspension, and is a
control for the absence of anti-sheep haemolysins in the ecomplement,

In setting up the aboye rows, the saline is first delivered to all tubes;
then, working from the highest to the lowest dilution, the respective
complement dilutions are added.t As a precautionary measure, it is
desirable at this stage to place the original series of complement dilutions
in an ice-chest; they are then available without having undergone
deterioration should it be necessary to repeat the titration. l'o each
tube in the first row, add one volume of the well-shaken sensitized red-
cell suspension; to the control tube No. 1, add one volume of sensitized
ved cell suspension, and to No. 2 one volume of 1:10 complement
dilution and one volume of 3 per cent. suspension of unsensitized red
cells. Shake the racks well every ten minutes.  After 30 minutes,
remove them from the bath and read the titre of the complement. The
two control tubes must show no trace of haemolysis.

The titre is read from the tube in which lysis is almost, but not quite,
complete (the tube i which there is still a slight opaeity); this will
be found at the right of the highest dilution of complement showing
complete, sparkling haemolysis.

Remove row 2 (i.e., containing antigen) to another rack and add
to each tube one volume of sensitized red cells; replace in bath, shake
as before, remove after 30 minutes, and read and aseertain the titre of
complement as for row 1. If the titre in row 2 does not lag more than
one tube behind that in row 1], the titre in row 1 is accepted. Very
oceasionally it may happen that the titre in row 2 lags considerably
more than one tube behind that in row 1; this means that the par-
ticular complement is unduly sensitive to absorption by the antigen

. * When prooceeding from one reagent to another, the pipette ia oleaned as follows:—
A series of three beakers of saline is set up, the second one being kept near the boiling
imt. The pipette is first washed in beaker 1 by sucking cold snline in and out several
imee; the same operation iz repeated them in the hot saline in beaker 2, and finally in
‘beaker 3.
+ When delivering dilutions (similarly in prepuring serum dilutions in the test proper),
:El; fluid must be pipetted to the bottom of the tubes, and drawn up and expelled several
8.
1t ie. The antigen may absorb a small amount of complement (see next page).
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and therefore must be replaced by another. If the tube containing
the 1:50 dilution of complement shows complete lysis, then the tube
containing 1:60 dilution will show almost, but not quite, complete
lysis; therefore the titre of this hypothetical complement would be taken
as 1:60. It is desirable that the titre fall between 1:40 and 1:80;
we have found it desirable to diseard those below 1:40.

In this test the dose of complement isQ}j M.H.D.; therefore, in the
hypothetical ease, a dilution of 1:24 with normal saline is made.
The making of this dilution may be deferred until needed, or, if
diluted, the complement must be stored in the ice-chest.

10. Standardization and Titration of Antigen.

Before a mew antigen is accepted, it is subjected to the following
tests —

(1) Parallel titration of a known satisfactory antigen and the
new one against 23 M.H.D. of complement to test it for
anti-complementary properties,

(ii) Testing of the antigen for absence of haemolytic properties.

(iii) Parallel titration of a known satisfactory antigen and the
new one in graded dilutions against several known posi-
tive and negative sera.

(iv) Parallel titrations of a number of positive sera varying from
very strong to very weak, and an equal number of negative
sera against a known satisfactory antigen and the new
one in a dose of from 5 to 10 antigen units* (A.U.).

(v) Specificity tests where possible.

(vi) Repetition of an ordinary day’s test with the new antigen.

The above points are now discussed in more detail.

(i) A rack containing four rows each of twelve tubes is taken. To
the tubes of rows 1 and 2, dilutions of the old and new antigens are
added as follows: undiluted, 1 in 2,1 in 3, 1 in 4, 1in 5, 1 in 10, 1
in 15, 1 in 20, 1 in 25, 1 in 30, 1 in 35, and 1 in 40,

One unit volume, beginning at the highest dilution, is added from
row 1 to the corresponding tubes in row 3, and similarly from row 2
to row 4. Rows 1 and 2 are now temporarily put aside. To the
tubes in rows 3 and 4 one volume of saline is added; then one volume
of saline containing 23 M.ILD. of complement.  After shaking, the
rack is placed in the water bath held at 37.5°C., removed for shaking
every 10 minutes, and after 30 minutes removed. One volume of sen-
gitized red cells is then added to each tube and the tubes shaken. They
are replaced in the water bath, shaken every 10 minutes, removed and
read after 80 minutes. The readings of both rows shounld agree, i.e.,
the antigen must not be unduly anti-complementary. Ocecasionally,
there may be partial absorption of complement in the tube to which
undiluted antigen has been added.

(i1) During the setting-up of the previous test, an extra tube is
added containing two volumes of saline, one volume of undiluted new
antigen, and one volume of 8 per cent. unsensitized red cells. After

* In practice, it i= found that 5 AU, are mafficient




22

the results of the antigen-complement titration are obtained (i.e., one
hour), this tube is removed and centrifuged; if the supernatant shows
traces of haemolysis, the antigen should be discarded. In our ex-
perience this has never oceurred.

(iii) A rack is taken containing 4 rows of 12 tubes. To the tubes
in rows 1 and 3, one volume of a 1 in 10 dilution of an inactivated
negative serum is added; to the tubes in rows 2 and 4, the same pro-
cedure is carried ont with a positive serum. To each tube one volume
of saline containing 24 M.H.D. of complement is added. Using the
dilutions already prepared in test 1, and commencing with the highest,
one volume of the known satisfactory antigen is added to the corre-
sponding tubes in rows 1 and 2, and one volume of the new autigen
similarly to the tubes in rows 3 and 4. In practice, it is simpler in
the case of the known-negative serum to limit the tubes to 6 for the
lesser dilutions.  The test is now carried on as for the test proper and
the tubes read. In addition, a serum anti-complementary econtrol
tube for each serum must be put up. If the new antigen is to be
usable, it must firstly give with the known negative sernm similar
results to those obtained when the known satisfactory antigen was used,
i.e.,, no fixation or at most only a trace of fixation in the tube to which
undiluted antigen was added; and, secondly, with the known-positive
serum there must be complete fixation at least in the tube containing
the 1 in 10 dilution of antigen.

The antigen unit (A.U.) is contained in unit volume of the highest
dilution giving complete fixation with 24 M.IH.D. of complement in the
presence of a strongly positive serum.

(iv) Saline dilutions of both antigens are prepared containing
5-10 A.U. per volume. A number of sera varying from very weak
to very strong positives are set up in two duplicate rows in dilutions
1in 10, 1 in 20, 1 in 40, up to 1 in 200, The test is then carried out
as for the test proper, excepting that the known satisfactory antigen is
added to one row and the new antigen to the duplicate row. At the
same time a number of knownwmegative sera are similarly tested
in duplicate excepting that the dilutions are only 1 in 10, 1 in 20, and
1 in 30. Ocecasionally, it may be found that an otherwise satisfactory
antigen lacks the power of detecting very weak positive sera, so that
its lack of sensitivity warrants its rejection.

(v) The speeificity of the antigen is examined by testing it against
sera from ecattle neither infected with plenro-pnenmonia nor reecently
vaceinated against it but suffering from as large a variety of other
diseases as possible.®

(vi) As a final testing of the antigen, the whole of a day’s test is
repeated using the new antigen, when the results must coincide with
those obtained with the known satisfactory antigen.

* As will be discussed Inter, onrs must be taken that animale considered free from pleuro-
poeumonis are renlly so; they should not have been inoomlated aguinst the disease more
recently than 2 months hefore volleetion of blood.
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11. The Test Proper.
(i) The Diagnostic or * Four-tube " Test.

The contents of each tube during the period of fixation are as
follows :—

Tube 1 (nearest the observer).—One volume of a 1 in 10 saline
dilution of inactivated suspect serum, one volume of
saline containing 24 M.ILD. complement, and one volume
of antigen dilution containing 5-10 A.U.

Tube 2—One volume of a 1 in 20 dilution of inactivated sus-
peet serum, one ‘volume of saline containing 23 M.H.D.
of complement, and one volume of antigen.

Tube 3—One volume of a 1 in 30 dilution of inactivated sus-
peet sernm, one volume of saline containing 24 M.H.D.
of complement, and one volume of antigen.

Tube 4 (sernm control).—One volume of saline, one volume of
a 1 in 10 dilution of inactivated suspeet serum, and one
volume of saline containing 24 M.IL.D. complement.

The order of adding reagents is:—

(1) To tubes 2 and 4, add one volume of saline.
(2) To tube 3, add two volumes of saline.

(3) To tubes 1, 2, 3, and 4, add one volume of the 1 in 10
dilution of inactivated suspect serum and mix.

(4) From tubes 3 and 2, remove and discard two and one
volumes of fluid respectively, leaving the sernm dilutions
described above.

(5) To each of the four tubes, add one volume of ecomplement
(24 M.H.D.).

(6) To tubes 1, 2, and 3, add one volume of antigen dilution
containing 5-10 A1,

The racks are well shaken after each fresh reagent is added, and
are finally placed in the water-bath at 37.5°C., shaking well every 10
minutes, and after 30 minutes one volume of sensitized sheep red-cell
suspension is added to each tube. Each rack is well shaken immedi-
ately after addition of cells and placed on the bench wuntil all racks
are completed. A slow worker may find it advantageous to place each
vack in the bath as completed, making a note of the time, instead of
accumulating them all on the bench. They are then re-shaken and
replaced in the water bath, shaken every 10 minutes and removed and
read after 30 minntes. The series of tests should commence with fwo
known-negative sera and a known-positive sernm as controls.

There shonld also be:—

(i) A red-cell control tube containing three volumes of saline and
one volume of sensitized red-cell suspension, the cells being added during
the general addition. In this there should be no haemolysis, thus
indicating that no deterioration has occurred since the complement
titration, when a red-cell control tube was also employed in the test.
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(ii) Antigen-control tube containing one volume of saline, one
volume of complement dilution (23 M.H.%).), and one volume of antigen,
to which is added one volume of sensitized red cells during the general
addition, Complete haemolysis must occur. The requirements of
all control sera and tubes being fulfilled, the results with the suspect
gera may be recorded.

(ii) Comgplete Tilration of Posilive Sera.

For many purposes, e.g., experimental work, it is necessary to
determine the full titre of antibody in the sera. The technique is
similar to that already deseribed, but the sernm dilutions are carried
out to the required limit, which may be 1 in 200, 1 in 500 or even
more, the tube series of course running from left to right and not away
from the observer as in the diagnostic test, The dilutions, made by
the teated-pipette method as unsual, run 1 in 10, 1 in 20, 1 in 40,
1 in 60, &e.*. At the end of the series, a serum-control tube, to which
a 1 in 10 dilution of serum is added, is included.

12. Method of Recording Results.
-+ = complete fixation of complement, i.e., no haemolysis,
- = practically complete fixation of complement, ie., a slight
trace of haemolysis.
-+ = partial fixation of complement, i.e., partial haemolysis.
- = very slight fixation, ie., practically complete haemolysis.
= = extremely slight fixation, i.e., almost undistinguishable
from negative, but with a slight opacity.
— =no fixation, i.e., complete haemolysis.

In order to save space, reactions will be referred to throughout the
text in the form of a fraectional number of which the numerator,
ranging from o to iv, represents the number of positive signs and the
denominator the dilution of serum with which the reaction indicated
by the nominator was obtained; thus iv/200 means a -+
reaction in a serum dilution of 1 in 200; i/10 means a -+ reaction
in a dilution of 1 in 10; 0/10 means a — reaction in a dilution of
1 in 10. An uncompleted test, in which the sermmn dilutions employed
were not sufficient to determine the full titre of detectable antibody,
is indicated by a line drawn over the dilution; thus, iv/200 means that
a -}~ reaction was obtained in a serum dilution of 1 in 200,
but that the series of dilutions was not earried out further; the titre
would probably have gome considerably higher.

IV. EXPERIMENTAL INVESTIGATIONS.
1. General.

(1) Specificity and Normmal Antibody.

It is, of course, extremely important on the one hand that animals
infected with the pleuro-pnenmonia organism should always give posi-
tive complement-fixation reactions, and that. on the other hand. both
healthy normal animals and those suffering from all other pathological
conditions likely to be encountered in practice should give negative
reactions.

* We have subsequently adopted a metrical series of dilutions, each twice that of the
preceding tube, ne being more informative and less troublesome (ie., 1 in 10, 1 in 20, 1 in 40,
1 in 180, 1 in 160, &eo.).
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During the course of the investigation at Townsville, no non-specific
positive reactions have been obtained from the sera of pleuro-pneumonia-
free animals suffering from the following varied econditions—tuber-
culosis, piroplasmosis, babesiellosis, anaplasmosis, theilerasis (7.
mutans), lantana poisoning (L. sanguinea), echinococcosis, eysticercosis
(C. tenwicollis), severe intestinal parasitism (Haemonchus, Ostertagia,
Cooperia, Monodontus, and Oesophagostomum), septic pnenmonia,
pleurisy of undetermined origin (but not pleuro-pnenmonia);, aphos-
phorosis, infections rhinitis, contagious ophthalmia, vacecinia, and
varions neoplastic diseases. In addition, females in various stages of
preguancy up to full term have been ineluded.

In order to investigate further the specificity of this reaction, it was
decided to test at Townsville the sera of animals slaughtered at the
Launceston Municipal Abattoirs, Tasmania, in which State, as is
kuown, plenro-pnenmonia does not exist. It may be stated that, out of
2,062 sera tested, 2,059 have given no detectable fixation in a 1 in 10
dilution, while only 8 have given a i/10 reaction, and none a ii/10 or
greater. Of these animals, 1,640 were reported by the Veterinary
Inspector as showing no abnormalities post mortem. and among the
remaining 422 the following conditions were noted:—tuberculosis,
brucelliasis, forage poisoning (parabotulism), eysticercosis (. tenwi-
eollis), -and echinococcosis 0% tLe lungs, various neoplastic diseases,
traumatic pericarditis, abscess in the %ivar, abscess in the head and
tongue, actinobacillosis, actinomyecosis, “plant poisoning,” septic peri-
tonitis, septic wounds, chronic mastitis, pleurisy, and nephritis,

Whether any diseases or conditions exist that may produce false-
positive reactions to this complement-fixation test, we do not know; if
8o, they are entirely outside our experience,

From the above, it appears that, in the absence of prophylactic
vaceination or infection (see later), the great majority of cattle, whether
healthy or suffering from a large variety of other diseases, have no
detectable natural antibody in their sera in a dilution of 1 in 10; only
3 out of 2,062 (= 0.145 per cent.) gave even a i/10 reaction, which,
as we shall see later, has some diagnostic significance in animals
previously negative. There were no 11/10, 111/10, or iv/10 reactions. The
test, therefore, appears to be highly specifie.

(i) Anti-complementary Sera.

During the weekly testing of the sera of animals under prolonged
observation, we have encountered anti-complementary sera on rare
occasions. The fixation of complement in the serum-control tube was
deeasionally complete, but was usnally only partial or slight. With one
exception, blood serum collected a few days later for a re-test always
gave complete haemolysis in the serum-control tube, ie, the anti-
complementary property of the blood serum was usnally only temporary.

Three sera out of the 2,065 sera from Tasmania showed slight anti-
complementary properties, two giving - reactions, the third a
-t With anti-complementary sera, the first tube, containing a 1/10
dilution of serum plus antigen, may, because of the antigen®, give
a stronger fixation than the serum-control tube. A 1i/10 reaction in the

* The nntigen may itself absorb a small amount of vomplement (see footnote p. 20)
C.0811.—4%
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test with a = serum control should be regarded as negative pend-
ing a ve-test, but when the veaetion is iv/10, iv/20, or iv/30 in the
test with -+ in the serum control, then the animal should be regarded
as positive pending a re-test.

Sera with higher anti-complementary properties than - shonld
always be subjected 1o a re-test before a report is furnished.

2. Complement-fixation Response to Prophylactic (Tail) Vaccination.

Our earlier experiences and Gregory’s (1927) had indicated that the
artificial infeetion of cattle in the subcutaneous tissue at the tip of the
tail, i.e., the commonly practised vaccination of Willems, gave rise to
complement-fixing antibody in the serum at a titre commonly associated
with natural pulmonary infection; Hindmarsh (1934) has confirmed
this. In other words, a positive complement-fixation reaction in an
animal recently vaccinated had no significance for the diagnosis of
pleuro-pneumonia. The observations, however, were fragmentary, and
nothing was kuown of the extent of the post-vaccination complement-
fixation reaction, nor its persistence,

It was therefore decided to investigate these important and funda-
mental questions by testing the sera of cattle at regular close intervals
from before vaccination until the disappearance of circulating antibody.
Accordingly, 33 cattle were inoculated subeutaneously at the tip of the
tail with culture vaceine grown in V.F.-O.8, broth® (Twrner, Campbell,
and Dick, 1935), and 12 with “natural virus,” ie., pleuritic exudate
from natural eases of pleuro-pneumonia, the dose in all cases being 0.2
ml. Before inoculation, all animals were completely negative to the
complement-fixation test. Blood samples for testing were withdrawn
thereafter every two days (three days when week-ends intervened) until
the sera became negative again.

The results are set out in Table 1. It will be observed that, whilst
there was a certain degree of individual variation of response as regards
onset, maximal titre, and disappearance of circulating antibody, there
nevertheless, wus a general similarity. A typical complement-fixation
chart of one of the wore persistent reactors is shown in Fig. 1.t

By determining the range of titre in tail-inoculated cattle and the
period during which serological response was detectable, it was hoped
that information would be obtained which would permit the reaction to
be interpreted with confidence even in animals that had been previously
submitted to the widely-used Willemsian vaccination,

From Table I., it will be observed that vaceination with culture
vaceine led to the appearance of detectable antibody (i.e. 1/10) as
early as the second day in some cases, although the majority were
between 3 and 8 days, and one was delayed until the eleventh day.
Frankly positive reactions (i.e., iv/10 or more) were reached generally
between the sixth and tenth days, with a range between 4 and 12 days.
The iv/10 reaction persisted until between the tenth and twenty-eighth
days, and all trace of reaction had disappeared by the thirty-seventh day.
the majority terminating about the twenty-fifth day, and one as early
as the twelfth day. The maximal titres ranged from iii/10 to iv/200.

‘R * Bee page T4, t Bee page 76.
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BeTWEEN Vaccing, Tain

PLEURO-PNEUMONIA BY THE WILLEMSIAN METHOD.

REAcTION,
1IN CATTLE VACOINATED AGAINST

AND

Day on

|

which Diyon | Payon
No. antibody which i lu‘;]::}{li’lxl Maximal titre [&1“ 1 Fdl;n Tall
P firstappeared  iv/10 | ML g ¢ or= of1h. | reaction.
(1}%3‘;’?" reached. reached. | | £ ‘ b
(a) Oultwre Vaccine.
365 6 8§ | 10 | iv/303/70 16 | 26 A
370 6 6 | 8 |iv/70;i/100 ( 26 | 35 Focd
383 6 10 10 | iv/10: i/40 10 % | A
378 | 4 6 | § | iv/70; i/100 20 ag- |- &
369 | 8 10 10 | iv/10; i/40 13 22 | A
356 8 ‘ v |7 18 /10 9/30 g 17 A
349 8 10 10 | iv/10;: i/40 | 10 17 A
23 |4 6 | 6 | iv/30:i/60 27 | ‘36 A
362 6 i 9 9 | iv/10: /30 | H 13 A
O A e HECOR ‘ 10 | /10 1/30 o | 20 A
367 7 | 12§ 12 | iv/105i/M40 12 16 | A
384 | 5 1710 10 iv/10; i/40 10 14 A
380 | - 4 6 ‘ ) ‘ iv/60: /00 | 15 23 A
366 | g | 8 8 v /10: 1/40 15 26 ‘ A
252 s 7 7 /305 i/60 | 11 4 | B
341 $ vt ‘ 0 | iv/60; i/90 16 23 | B
339 5 5 5 iv/20: 1/60 | 10 12 I B
344 5 5 5 iv /20 i/60 10 14 B
354 5 5 10 iv /50 3 i/90 19 3. | B
376 11 11 11 /101 /30 11 16 B
372 5 7 9 iv/40 ; /70 9] 30 B
374 5 ‘ 7 7 iv/80 5 i/100 20 23 B
268 4 6 6 iv /60 : i/90 28 2 B
377 6 6 10 iv/40; i/70 15 27 B
373 6 6 17 | iv/30; i/70 29 29 B
268 6 6 10 iv /602 /00 20 27 B
288 3 10 15 | iv/60: i/90 28 32 B
230 3 7 15 iv/70'5 i/100 22 34 B
244 3 7 13 | iv/90; iii/100 | 22 2 | B
230 3 7 13 iv/80: ii/100 | 26 | 82 B
337 T A 9 | iv/160; ii/200 | 16 [ 23 ( o
364 6 | 6 ‘ 10 iv /200 {81 37 c
386 g ind 0 13 iv /200 AR ) ‘ c
(b) Pleuritic-exudate Vaccine ( Natural virus.")

15 8 10 10 iv/20 5 /50 10 20 A
311 8 8 8 iv/40 ; i/70 13 20 A
312 8 8 10 iv /405 i/60 20 27 A
316 8 10 8 iv/40 ; /60 17 28 A
310 | 6 10 10 iv/10; i/40 10 23 A
321 8 10 10 iv/10; 1/40 10 22 A

30 8 22 22 iv/10 ; i/40 22 36 A
322 8 i 10 iii/10; i/30 oy 22 A

2 6 8 8 iv/30; i/60 15 30 B

12 6 8 10 iv/40; i/70 13 20 B

14 6 8 10 iv/40; /70 13 29 B

37 8 8 15 iv/30; i/70 24 26 B

NorTes.

A = Maximal swelling extending

B = Maximal swelling

Key to Tail Reactions.
about 2 inches from the tip of the tail..

extending about, 3 inches from the tip of the tail.

C = Maximal swelling extending about 4 inches from the tip of the tail.
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There appeared to be a general correlation between the degree of
local reaction at the site of inoculation in the tail and the maximal
complement-fixation titre, but there were some anomalies; thus, one
animal (No, 380), that gave a local reaction very difficult to detect gave
a maximal complement-fixation reaction of iv/60 and 1/90, whereas one
that gave a good tail reaction (No. 376) gave only iv/10 and i/30.
Another animal with an A-type tail reaction (No. 370) gave only iii/10
and 1/30.

With “mnatural virus,” detectable antibody (i/10) first oceurred
from the sixth to the eighth day, the first iv/10 reaction from the eighth
to the twenty-second day; the maximal titres varied from iii/10 to
iv/40, and occurred from the eighth to the twenty-second day. The
iv/10 reaction persisted until between the thirteenth and the twenty-
fourth day, and the animals beeame completely negative between the
twentieth and the thirty-sixth day.

A surprising faet is the rapidity with which maximal ftitre is
attained after the first appearance of antibody in the blood, the equally
rapid fall that sometimes oceurs, and the ecomparatively short period
during whieh antibody is detectable. Oceasionally, an animal has given
an 0/10 reaetion on the sixth day and a iv/20, 1/50 on the eighth day;
one animal (No. 37) gave a iv/20, 1/60 reaction on the twenty-fonrth
day, and two days later was completely negative.

Of great importance, as well as interest, is the fact that the maximal
duration of a full-positive reaction (iv/10) was 31 days after inocula-
tion, and that all of the 45 cattle examined were completely negative after
37 days.

It is therefore probable that all complement-fixation reactions due to
prophylactic tail-inoenlation may be regarded as having passed after
about 53 weeks. As a further safegnard, we recommend a total delay
of 8 weeks after prophylatic vaccination before testing. In making
this recommendation, it is assumed that tail reactions have been normal
in onset and degree of reaction, these being the type of response to which
we are accustomed. We have had no experience with the delayed and
often serious tail reactions that have been reported by some other
workers (Robin, 1925); complement-fixation reaction might possibly
persist longer than 8 weeks in such cases.t

Summary—Cattle prophylactically vaeccinated at the tip of the tail
with either cultures in V.EF.-O.S. broth or pleuritic exudate (*natural
virus ?) subsequently gave iv/10 complement-fixation reactions, and
often much stronger, within 4 fo 22 days. No traces of antibody were
found in the eireulating blood after the thirty-seventh day. Tt is
considered that this complement-fixation reaction may be confidently
applied fo caftle for diagnostic purposes, provided they have not been
prophylactically inoculated less than 8 weeks previously, and that the
loeal reaction has not been of the invasive type.

3. Complement-fixation Response to Inoculation by Various Routes.

For experimental purposes, it has been necessary to inoenlate cattle
by various routes. As most were killed at the height of their reactions,
the records are necessarily incomplete.  The following observations
have been accumulated.

t We hnve since examined catfle suffering from exceasive reactions mocompruied by slonghing
of considerable portions of tho tail, but only when the glutenl muscles were inva:fed did the
renction persist longer than 6 weeks.
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(a) Subeutaneons Inoculation—The majority were inoeulated in
the preseapular region, but a few behind the seapulo-huineral articula-
tion. Generally “natural virus” was used, but oceasionally culture.
The reactions, with the exception of No. 212, were of the usual type,
i.e., large, painful, oedematons swellings up to 20 em. by 15 em. Their
serologieal responses are shown in: condensed form in Table 2.

TABLE 2.—SEROLOGIOAT. ANALYSIS oF CATTLE SUBCUTANEOUSLY INOCULATED

witah erraeEr Preurrric Exupare or Cunrure or THE ORGANISM
(Dose 5-10 ML.).

Day on b |
which Day on ‘ ”i; ';‘"
oo [osmmery | T maximal Maximal titre. Gay Fc{:’i
: s titre | iv/10. /1
“}f,'q'f,';f" reached, ronehed; |
i |
50 b 7 23 iv/90, iii/100 e n.d. n.d.
51 7 10 14 iv/80, ii/100 (killed) .. i .
54 e 10 16 iv/70, ii/100 s n.d. n.d.
55 3 | b | 16 iv/100 (killed) .o .n e
57 7 ol L | iv/200 be ey
o8 b | 7 | 14 iv{l_(_)? e n.d. n.d.
62 7 g 10 | 21 iv/100 ois n.d. nude
31 2 | 4 | 7 | iv/40, i/80 38 24 26
63 2 | 9 | nmd | nde o B n.d. n.d.
215 24 24 37 i"/EQ' i/160 .. .s 51 58
318% 31 31 37 ! W/?O_O (killed) Ve Ew
3190% 24 24 25 | iv/:!_?_() (killed) e o o
88 6 6 | 9 | iv /200 (killed) KIS ais e
b6 5 ki | 12 | iv/70, 1/100 (killed) ad e

i n.d. = not determined. =
" Iﬂ'm.h !-h;h;:;‘umals were inoculated with 10 ml of a V.F¥.-0.8, culture that had béen ;e;éﬁ!edl)'
sub-oultured in V.F.-0.8. for two and a half years.

(b) Peritracheal Inoculation—During experiments on the
attempted artificial reproduction of the pulmonary disease, certain
cattle were inoculated by Cameron’s method (1906), i.e., deeply into
the peritracheal faseia at the entrance of the trachea into the thoraz.
With the exception of No. 52 (inoculated with pleuritic exudate), all
were inoculated with culture. There was generally a very marked local
oedematous reaction, and, post mortem, some of the animals showed
large quantities of exudate in the pleural cavities, but no characteristic
pneumonic lesions. Their serological responses are shown in Table 3.

TABLE 3—SEROLOGICAL ANALYSIS oF CarrLe INocuLaTED IN THE LOWER
CErvicaL PERITRACHEAL Fascra,

iy D
wihio| Dﬂf on ay on
tibod which = | First
No. mnm; ‘l';h}fg m:;g%nl Maximal titre, Lnst day iv/10. Say
.(Ift??::.!t | reached. | popided. | | 3
i/10). | [
I F
oz¢| 1 60 60 | iv/40,i/100 Still iv/20 when | ..
‘ = ‘ Killed on 120th day
281 11 18 18 | iv/100,1/160 (killed) a o
303 | 7 14 14-18 | iv/200 (killed) .. %
2 L ¢ 10 19 | iv/100 (killed)
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No. 224 remained a persistent reactor for two months, after which
it was killed, and showed no lesions post mortem. The organism was
not recovered from any organ examined. It is probable that an unde-
termined foeus of infection existed.

(¢) Intrapulmonary Inoculation.—Three cattle were inoculated into
the lungs with “ virus ” either mixed with caleium chloride or followed
by artificial pneumo-thorax (Nos. 3, 97, 96); another animal (345)
1eceived a coarse suspension of an acute lung-lesion. Their serologizal
responses are set out in Table 4.

TapLe 4. —SeronoGIoan Awanysis oF Carrie INOCULATED

INTRAPULMONARILY.
Day on I !
ok | Day on | Da3,on
No. | st z Y;‘};’g l mi::ﬁml ‘“‘I‘f,‘}“?’l Last day iv/10. First day 0/10.
titre .
.(BEE%F‘ reached. reachoid.
3 7 1 9 | iv/200 .. 145 Killed on 250th
day when iii/10,
i/80
97 2 7 15 iv/40, i/70 41 105
96 4 ! 9 iv/io_. i/70 104 128
345 6 6 20 iv/200 .. | Killed on 35th L5
| day when iv/80,
i i/140
I |

(d) Intratracheal Imoculation—With the exception of numbers
214 and 219, which received eunlture, the animals deseribed in Table 5
were inocenlated with pleuritic exndate by means of a catheter passed
down the trachea,

TasLE 5.—SEROLOGICAL ANaLYsis oF Catrie INOCULATED

INTRATRACHRALLY.
Day on II
ul:‘t’,lllt':ﬂy | J‘::ﬁl 0"]'1" r::l:lc;ll:l First
Ko, firsy, iv,/10 ma'fti::al Maximal titre. Last day iv/10, n?fli
(at least, | Tedched. | o lohed .
i/10), |
|
69 5 ‘| 30 30 | iv/20, iii/30 o 30 41
71 7 h} 12 iv/200 .. = 56 90
79 7 7 12 iv/200 .. .. | Killed on 19th day; | ..
iv /80, iii/200
82 9 16 84 | iv/200 .. = 98 121
84 8 8 15 iv/200 .. .+ | Killed on 212th day, | ..
when iv/20, ii/30
90 | 12 12 14 | iv/80,i/160 48 68
05 7 7 11 iv/200 .. .. | Killed on 18th day,
: when still iv/200
214 5 5 17 iv/200 .. v 7 85
220 | 40 40 47 iv/200 .. s 82 89
2190 | 12 12 | 15 | iv/200 {klll;g& ot o Y
218 | 19 i 19 1 26 | iv/180, iii/200 (killed) 2 i

=
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(e) Intravenous Inoculation—Ior experimental purposes, a small
number of eattle have been inoculated inte the jugnlar vein with various
specifically infected materials, as set out in Table 6. Their blood sera
were tested weekly.

TaBLE 6,—SEROLOGICAL ANALYSIS OF CATTLE INOCULATED

INTRAVENOUSLY.
| | '
|2l T,
whie ay on
. | antibody | DY 90 | “which | Srabinal
No.  Inoculum. !ir:tmd fv/10 mmm;al | tire Last, day iv/10. | First day o/10.
s Te
! {:?tl“iumt- reachad. 1. |
[ “i/10).
342 | Blood culture | 7 14 21 I iv/80,1/140 Killed 31st day,
| plus agar ;:'{I:gn v/10,
271 | Hl?od culture 14 ‘ 14 11 Iv/80,3/140 21 Kl]l-:nd ??E.ld!r.
' _plus agar when
298¢ Biim clture | 7| 38 ’ 28 | s/, 1/00 N i
| e |
858 | Bload enlture | | & l o r we
alone , |
840 F}mu‘fgoln - 7 7 4| iv/40, 1/100 & |
| fec nng
861 | Emulsion in- ' 7 7 { 14 | 1v/140,1/200 | Killed 219&6&3'. {
| feeted lung I| rﬂ;gla iv/20,
274 | Emulsion In- | 14 { 21 l 21 l iv/180,ii,/200 Ki{led 3oth day, .
| ;":i?‘.fq Jing | when Iv/100 l

| |

* Developed a local infection in the subeutis at site of Inooulation.

(f) Miscellaneows—One animal was inoculated intraperitoneally,
another intratestieularly., Their reactions are shown in Table 7.

TagLe 7.—MISCELLANEOUS.

| | | | |
{ Day on ‘ |
| atbody | Wilohr | wiioh | it
ant ¥ | which whic!
No. Inoculum, fret - | Fv/10 | maximal Hb’lg;""l Last day 1v/10. dn‘y
J appeared | reached. | titre * 0/10.
(it least reschod, {
i i/10y, | | |
| ol f
a1 J Sabeutaneous exudate &l 11 I 20 v/100 .. [ Disel ed $6th day,
intraperitoneally when iv/00,1/100 ;
‘ was 0/10 on 66th
I day
70 | Pleuritic exudate 7 o 14 i/10,1/40 21
| intatestioularly [ ]

(¢) In addition, a number of sheep and goats have been inoenlated
subeutancously. They all reacted locallly, the sheep more strongly than
the goats, In all cases, high-titre complement-fixation reactions were
obtained. Details are to be published elsewhere in due course.

Swuimmmary~—Cattle inoculated by a large variety of routes gave
complement-fixation reactions, frequently of a very high titre. Sheep
and goats similarly gave positive complement-fixation reactions following
subcutaneous inoculation. The reaction is therefore a very useful
adjunet to experimental work on pleuro-pnemmonia,
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4. Complement-fixation Response to the Naturally-Acquired
Pulmonary Infection.

(1) Laboratory Herd.

The investigation of the sera of cattle artifieially inoenlated by
various routes with the causal organism of pleuro-pneumonia had
enabled us to establish provisionally eertain criteria of what consritutes
a “ positive " veaction in these types of infection, but, as is known, it
15 usnally considered impossible to reproduce, by artifieial means, the
typieal pulmonary disease that oceurs nnder natural conditions®; to
reproduce plenro-pneumonia it is necessary to place susceptible cattle
in contact with those suffering from the rfisense. Accordingly, it was
decided to establish an infected herd of eattle at the laboratory and to
carry out regular testing of their sera. In this way it was hoped to
follow the rise and fall of complement-fixing antibody over the whole
period of infection and recovery.

The routine testing, clinical observation, and subsequent post-mortem
examination were expected to yield information that would enable us
to interpret the complement-fixation reaction as a means of diagnosing
both aeute and chronie pleuro-pneumonia.

(a) Methed—Opportunity to commence the experiment oceurred
on the 1st November, 1932, when the disease broke out in a dairy herd
2 miles from the laboratory. The diagnosis by Dr. J. Lege of this
Station was based on the post-mortem appearances of two dead cows,
and the next day the whole herd of 3, inchuling bulls and ealves, were
tested and 18 reactors found.

Three acute clinieal cases that had given strong positive reactions
were removed to the laboratory and placed in contact with 32 uninfected
animals, comprising 12 “eclean” animals (ie, animals that had never
had the disease, been inoculated against it, nor exposed to it), 6 animals
vaceinated by tail-inoculation about 4 weeks previously, and 14 vacein-
ated by various other methods. The herd was confined in a small
izolated buffered paddock (about 5 aeres in area), being placed in very
close contact in a smaller portion of the paddock (about 1.2 acres) for
eight hours a day. Contact was further encouraged by passing the
animals through a erush for the taking of reetal temperatures twice
daily.  These conditions continued for two months, at the end of
which the animals were allowed to graze over an area of 40 aeres in the
day-time, and brought back into the small compound at night.

The first case of pleuro-pneumenia occurred 48 days after
exposure to infection, in an animal (No. 31) that had been vaccinated
by subentaneous inoculation 52 days before exposuve; it had given
marked local and moderate compleent-fixation reactions but recovered
and had been quite negative for three and a half weeks before introduc-
tion into the infected environment (Figs. 18 and 23).  Thereafter,
further cases oceurred at intervals, and, from time to time, unvaccinated
or vaccinated calves were introduced into the herd to replenish the
numbers. The age of the experimental animals was mostly from 10 to
15 months when introduced into the experiment.

The disease having appavently subsided about 84 months after the
beginning of the experiment, an opportunity of adding a fresh source

* We have recently sncceeded in reproducing the t.v)zlical preumonic infection by exposing
enttle to finely atomized culture. Detuils will published Inter:

R SR M————
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of contagion was availed of in late September, 1933, i.e. abour 10}
months after the beginning of the experiment, when an outbreak
oceurred in another neighbouring dairy herd. Five acute cases were
placed with the animals in the buffered paddock, with another addition
of 15 “clean™ animals.  About T} weeks later, the disease broke out
again, and eases ocenrred until the 11th April, 1984,  Since that date,
the experiment has been gradually concluded by the killing and exami-
nation of the survivors.

_Altogether, 8 clinical cases of pleuro-pneumonia and 89 uninfected
animals were placed into prolonged contact during the experiment.
The uninfected animals were added as follows :—

2/11/32 : 32, eomprising 12 “eclean 7, 6 tail-vaccinated, and

14 variously vaceinated.

“ elean .
“clean .
“elean ”,

19/11/32 : 1
1/1/33 :
26/4/338
26/6/33 : “elean .
3/8/38 tail-vaceinated,
16/8/33  : 12 *“clean”.
22/9/33 : 15 “clean ™.

From the beginning of the experiment, all the animals were placed
on a routine weekly complement-fixation test, the serum dilutions being
1 in 10, 20, and 30. Reactors were then usually tested to higher dilu-
tions. Blood was taken by means of wide-bore needles from the jugular
vein, and subsequently treated as deseribed in section ITIL.

=IO

Furthermore, the rectal temperatures were taken twice daily until
December, 1933, after which they were taken once daily (mornings
only), and reactors were placed under close clinical examination.

Besides the above 97 animals, § more cases from neighbouring out-
breaks dingnosed by means of the complement-fixation test were bronght
to the laboratory, including cattle at a very early pre-clinical stage,
acute clinical cases, resolving cases, and one that gave the type of
reaction we had learned to associate with chronic “ earriers”,

(b) Results.—All the cattle referred to, a total of 105, were
eventually examined post mortem. The result was that 65 out of 82
previously “eclean” animals and 5 out of 23 vaccinated animals (i.e.
70 out of the 105) showed signs of active, chronie, or healed pleuro-
pneumonia®, depending upon the stage of the disease at which the
autopsies happened to be performed. Most had been diagnosed clinically
as cases of pleuro-pnenmonia, some had been further confirmed by blood
eulture or lung punecture, but some had been extremely mild cases (Figs.
19, 20, and 23).

Sometimes, the post-mortem examinations were purposely delayed
for many weeks, or even months after the animals had passed their
acute stage, and consequently healing had often progressed very far.

* As far as the infection experiment at the laboratory was coneerned, ie., excluding cases
hronght to the laberatory from neighbonring farms, 18 out of 23 (78.26 per cent.) vacoinated
cattle were resistant to infection and only 17 out of 66 unvaocinated (26.14 per cent.). The
standard devintion of the difference (5212 per cent.) is 11.87 per cent., the ratio of the
diflerenoe to its 8.D. is 439, and hence the difference i of an extremely high order of
signifiennee.

(L9811.—5
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Especially when the disease had been of a very mild nature, frequently
the only signs of earlier acute pleuro-pneumonia were small patches of
thickened visceral or parietal pleura (pleuritis fibrosa) with a few
delicate fibrous adhesions between lungs and thoracic wall, diaphragm,
or pericardium, indicative of an earlier acute exudative pleuritis; some-
times, in addition, there was slight fibrous thickening of interlobular
septa in certain regions of the lungs, indicating an earlier, interlobular,
sero-fibrinous lymphangitis with resulting fibrosis. It was soon realized
that one needed considerable experience in the post-mortem examination
of animals recovered from pleuro-pnenmonia in order to appreciate
the high degree of recovery and resolution that can take place, and that,
if apparent diserepancies between the results of a positive test and post-
mortem examination were to be avoided, the interval between them must
be as short as possible.

In addition to the acute, resolving, and healed cases, 9 chronie
cases, 1.e.,, “ carriers,” were found in this experimental herd, at post-
mortem examination (Nos. 22, 31, 89, 166, 168, 198, 282, 303, 308).
Three other cattle (Nos, 23, 35, 270) that had given positive complement-
fixation reactions at the time of their illness but negative reactions when
killed, had small sequestra about 1 em. in diameter in the lungs; but
cultural tests and inoculation into suseeptible calves (in the ease of
Nos. 23 and 85) showed them to be sterile. As the ability of the test
to detect chronic carriers is of great practical importance, the above
cases are grouped together for ease of study in Table 8.

It was found that complement-fixing antibody appears in the blood
stream of naturally infected animals often before the onset of clinical
symptoms and, as was the ease with artificially inoculated animals, may
reach a high titre* very rapidly (Figs. 2, 3, 5, 7, 8, 10, 13, 14, 16,
and 18).  An animal giving a iv/10, 1ii/20, i1/30 reaction often
gave complete fixation in a dilntion of 1 in 200 (i.e. iv/200) two davs
later. In severe but non-fatal cases, the iv/200 reaction persisted from
four to eight weeks (Figs. 13, 15, and 18).

After the cessation of the elinical symptoms, two types of complement-
fixation charts were obtained.

The first type showed a gradual diminution of cireulating antibody,
ie., the titre gradually dropped uniil a fairly persistent reaction was
obtained usually of the “iv/10” “iv/20,” or “iv/30” type but
oceasionally stronger (up to iv/100) or weaker (iii/10, ii/20, i/30).
These reactions wusnally persisted until the animals were finally
destroyed many months later, when they were found to have one or
more encapsulated specifically infected sequestra in their lungs (Figs.
4, 19, 13, 14).

The second type of ehart showed a more rapid diminution of antibody.
The reaction soon dropped to a 1ii/10, ii/20, /30, and then, after a
few weeks, became negative with perhaps an intermittent ii/10 or 1/10
reaction (Figs. 5, 6, 7, and 8). The post-mortem findings in animals
giving-this second type of chart were entirely different from the former.
Pleural adhesions and possibly fibrosis of a portion of one of the lobes

* Soveral iv/#0 and oven iv/0I0 renctions have been obtained from sera collocted Immediately
before death,

e |

=S R ¢
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TapLe 8.—Pawrrmicurars or Carrmers (Cases wire Inrecrep Pur-
MoNaARY SpquestRa) AND Pspupo-Carriers (Cases witE Sterrmie
SequesTRA) AMONG THE ExperrvMrxTtan Herp.

Complement-
No. fixatlon ‘Nature of Lesions, Cultures, Remarks.
Reaction at Death.
22 | iv/20,1ii/30 | Two thin-walled sequestra -
5 em, and 6 em, in
diameter, contents fluid
31 | iii/10, ii/20, | Sequestrum 10 cm, x 8 cm. -+ Complement-fixation  re-
i/30 action the previous week
was iv/10, iii /20, ii /30
89 | iv/40, iii/60, | Two large well-encapsul- -+
ii /80, i/100 ated sequestra almost
comprising whole right
lung
166 | iv/40, iii/60, | Sequestrum 5 cm, x 5 em, ; +
ii/80, i/100 well encapsulated
168 | iv/100, iii /120, | Sequestrum 10 em. x 8 =
il /140, 1 /180 em, ; well encapsulated
1 iv/10,  ii/20, | Sequestrum 1 cm, x 1 cm, -
i/30
282 | iv/60, iii/80, | Two sequestra, one | -+
ii/100 “large” and one “small”
303 | iv/30, iii/40, | Large sequestrum com- 4
i /60, 1/80 prising  whole  left.
. diaphragmatic lobe
308 | 0/10 Encapsulated sequestrum + | Strong positive reactor for
4 cm. x 3 em. nine months ; then in-
oculated  intradermally
with culture ; thereafter
declined to negative ;
killed two months after
! inoculation (see Fig. 17)
23 | o/10 Small sequestrum 0°5 — ‘ Animal inoculation negative
em, x | om.
35 | o/10 Small sequestrum  1°5 — | Animal inoculation negative
em, x 1 em, |
270 | o/10 Small sequestrum (7D — | Animal  inoculation not
em. in diameter performed

of the lungs were all the pathological changes found. The lung tissue,
mediastinal and bronchial lymph glands, and other organs of such
animals were sterile.

(¢) Transient reactions.—The routine weekly testing led to the
recognition of a curious phenomenon that would otherwise probably
have been missed, namely, the occurrence of one or more transient
complement-fixation reactions of a weak or moderately strong titre in
certain animals both in the resistant and susceptible groups.
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For the purpose of this diseussion, the experimental herd may be
regarded as consisting of six groups, viz.:—
1. Unvaccinated susceptible (40), i.e., subsequently developed
pleuro-pneumonia.
2. Unvaceinated resistant (14), i.e., did not develop it.
3. Vaccinated susceptible (5).
4. Vaccinated resistant (20).7
5. “Intradermal ¥ susceptible® (9).
6. “Intradermal ” resistant® (2).

Transient reactions oceurred in all groups except 6, which, however,
contained only two animals. They were of four types:—(i) weak (i.e.,
11/10 or iii/10); (ii) intermittent weak, in which this weak type was
repeated onee or twice; (iii) strong (Le., iv/10 or greater); and
(iv) intermittent strong, in which the reactions were repeated once or
twice, one at least being iv/10 or greater. It will be noticed that the
reactions were of sufficient titre (1i/10) or greater) to warrant a
positive diagnosis, and therefore might be a source of apparently false
positives; their significance will be i’scussed later.

An analysis of the transient reactions, showing their distribution
in the above groups, is given in Table 9, and the salient particulars of
the animals concerned in Table 10.

Tasre 9—Axarvss or TransienT REACTIONS.

Number with Translent Reactions, |

Group. Amﬂ,' Inter- Inter- i Total. 1:}:%:1{:&

Weak. | QUS| Buong. | guent | | /0.
S A o g IR e e e e e e S O
2 = < Ak TR [T g R SRR St SR T A i
3a (Tail) P S o (L ) e ! e 1 0
38 (SBubcut.) . 1 : 2 4 0 0 0 1 0
3¢ (Intratest.) .. 1 | 0 A 1 0 1 1
3p (Intraperitoneal) 1 | 0 ! (! | 1 |I 0 1 1
4a (Tail) 7 3 0 0 | 1 4 1

4B (Subecut. and ! l

peritrach.) .. ] 0 2 o - 2 + 2
4c (Intratrach.) .. 4 0 1 0 E 3 4 3
4n (Intrapulm.) 3 0 0 0 1 = 1
5 & 9 1 o [ e | AT FY s | 2
6 g 2 0 0 ‘ o | o E 0 : 0

* These are animals that hnd been subjected to allergic intradermal tests at various periods
before the " transient riees " cceurred; they might possibly be included in the vaccinated
groups,

t Nos, 69 and 83, which were inoculated intratracheally and became persistent reactors, are
pot included in this section; they are cases of experimental lnfection.
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TasLEe 10.—PARTICULARS oF CATTLE THAT GAVE TraNsiENT REsoTIONS.

Date of Date of
Date of Titre of
No o |MPMS e | GRS | wwet | e |l
environment.| resctions. reactlon, of O.P.P.
Group 1 (Unvaccinated susce plible),
1 10.11.32 8.2.83 | Less than | iv/10,Hi/20, | Strong .. |  14.8.88
one week ii /30 {
59 2.11.32 14.8.33 One week . . iVI20. H/GO. Strong - £.5.33
85 2.11.32 8.2.33 | Oneweek ., Intermitfent |  15.5.38
1.3.33 Four weeks., . lV/}OkO iIfBO, strong
264 16.8.38 26.9.33 Two weeks Iv/10, iv/20, | Intermittent 5.2.34
/80 strong
30.10.38 |<One week .. il/l}). i/20,
11,12,83 |[<One week .. 19,;‘}0. iii/20,
/30
a1 2.11.32 2.1.83 [<One week .. ﬂl{m. 11720, | Wonk o 1.2.88
30
2 2.11.32 24.1.33 | <One week .. il/lG. i/20 z Weak o 7.3.33
265 10.8.33 30.10.33 [ <One week .. | 11710, 1720 | Weak . 22.1.54
202 26.0.33 l 12.2.33 | Two weeks lf/ll/%o 1720, l Weak $.4.94
Group 2 (Unvaccinoled resistant).
i 2.11.82 | 17.1.33 | <One week .. | /10, i/20 Intermittent | No
15.8.38 |(<One week .. 10, § wonk
78 2.11.82 | 21,11.32 (<Oneweek .. | fi/10,{/20 Intermittent Ko
20.8.33 | <One week ., | 11/10 weak
180 26.4.53 20.5.33 Two weeks /10, 1[*’20 Weak & No
108 20.4.33 6.6.33 | <One week .. | 11710, /20, | Weak e No
200 26.4.33 12.4.33 ldOne week ., m’;}gf) /20, | Weak i No
e Group 3 (Vacvinated suseeplilie).
a) - [ 4 |
¢ 3.8.34 4.9.38 | <One week .. | 1i/10, /20 [ Weak .. | 18.11.38
(&) Subcutaneons— : |
| 2.11.32 21.11.32 |<Oneweek .. | #/10, /20, | Weak o 21.12.32
(¢) Tntratesticular— i/80
70 2.11/82 14.3.33 Two wetks I.v_itlfl':l’:oilﬂ’ﬂﬂ, Strong .. 4.4.33
(d) Intraperitoneal— v ebiy
61 2.11.32 21.12,32 | Three woeks "'ﬂ&a /20, | Strong ., 10.7.38
| :
24 rovp 4 (Vaccinated resistant).
a) Tail— |
(®) 14 |  2.11.82 24.1.88 , <Oneo week .. ﬂftl(la.u 1i/20, | Weak . No
15 2.11.32 4.4.33 | <One week ., | Iv/10, ii/20, | Intermittént | No
| 1/30 strong |
8.5.33 f <0ne week .. mﬁgb it/20,
6.6.83 | <One week ,. lﬂf}aﬂb ii/20,
30 2.11.82 7.4.33 | <One week .. | ii/10, ii/20, | Weak Sk Xo
239 3,8.33 11.12.33 | <Oneweek .. ml!(&:‘{.J ii/20, | Weak No
/
0] Euhml.wel;uma.nd i
peritracheal —
43 2.11.32 21.11.32 | <One week .. | 1710, 1720 Intermittent No
28.3.33 | <One woek .. iv/xd 1i/20, |~ strong
45 2.11,82 21,11.32 | <Oneweek .. | I/ o i/20
28.12.82 | <Omne week ., , ii.-'lo. i/20 Intermittont
14.3.33 | <One week | . 0, 1/20
11.4.33 | <One week . . 10, ii/20
18.4.83 | <One weok | . 1! 10 120 Weak i No
8.56.33 |<One wonk ..
6,6.38 | <One week .. u{m, 1/20
50 |2, 92 21.11.32 | <One week .,
| 6:12.82 | <Ono weekiss| /40 .. | Intermittent Xo
| 2.1.33 [ <One week ., | fi/10 o weak |
] | B.6.33 | <Oneweek .. | /10, i/20
a6 |  2.31.82 | 14.3.33 Three weeks | h’/ll’l. iw 20, | Intermittent | No
| Atrong
18.4.33 Ve | ﬁj_flo. I.i/"ﬂ |
( 4.5.33 Two weeks ijj;lf}ob ii/20, |
|
i 0.0.33 |<Onewoek .. | iv/10, /20,
L
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TasLe 10-—continued.

Date of Date of
%o latroduction | (pingigyy | Dumtionof | GUNGL | gy, | clioioal
i nto infes reaction, 2 manifesta
onvironment,| Feactions. Feastion, of C.P.P,
Group 4—continued,
(¢) Intrapulmonnry— ]
3 6.12.32 21.2.33 Two weeks iv/10, iv/20, | Intermittent I No
il /30 strong |
b.4.33 |<Omne week .. | 1i/10,1/30 |
2.5.33 |[<One week .. | 11/10, i/20 l
6.6.33 |<One week .. | §il/10, i/20
Group & (" Intradermal ** susceptibie).
227 26.6.33 11,12.33  <One week .. | H/10, /30 Weak s 20.1.34
233 16.8.33 4.0.38 Flve weeks® | Iv/20, 1ii/30 | Strong 11,12.38
234 20.8.33 20.0.38 | Two weeks lv{lllna. uulfm, Strong .. 13.3.34

” —

* This animal became strongly positive (Iv/30) on 11.12.33 and remained positive until 30.4.34.
Ita elinicol symptoms thon ware consldered mild, Tt is ible that the particularly long ** transient
reactlon '’ (five weeks), althougn not of a very high titre (Iv/20), may have been due to an extremely mild
attack of pleuro-pneumonis that escaped clinical deteckion.

Among 8 out of 40 unvaccinated cattle that subsequently developed
pleuro-pneumonia (i.e., group 1), there were 4 weak, 2 strong, and 2
intermittent-strong reactions, from 41 to 139 days after introduetion
into the infected herd and from 84 to 168 days before the disease
ultimately declared itself. Tn the case of one animal (No. 264) that
underwent three transient reaetions, the disease hecame apparent 42 days
after the last (Fig. 10). In four of these cases (Nos. 11, 85, 89, and
264) it was of the order (ie., iv/10 or greater) that we have learned
to associate with a frankly positive diagnosis, but whether the causal
organism was actnally present in these animals at the time of their
reactions. we do not know, for, unfortunately, no opportunities for
determining this have yet occurred. Some evidence bearing on the
subject is discussed under * Oceult cages. ™™

“Transient reactions” may indicate the ineffectual efforts of the
cansal organism to take root in the host, i.e., they may owe their origin
to abortive infections, but, if so, the hypothetical mild infections
(eompare inapparent infections in virus diseases) must, in the case of
cattle that nevertheless develop the disease later, frequently be of a non-
immunizing or even sensitizing nature. On the other hand, this cannot
always be so, for out of 14 unvaccinated animals that did not develop
pleuro-pneumonia (group 2), 5 had given transient “weak” com-
plement-fixation reactions (i.e., iii/10 or ii/10), from 35 to 69 days
after introduction into the infected environment, and, of these, two gave
a second transient action 64 and 119 days later respectively. It should be
noted that none of the “unvaccinated resistant™ animals gave a transient
reaction of iv/10, ie., a frankly diagnostic reaction, although some
approximated to it. If the transient reactions in naturally resistant
and suseeptible animals ave partly due to abortive infections that are
able sometimes to immunize them against the “natural™ disease, the
resistance induced is not always proof against artificial inoenlation;
for, on being injected subcutaneonsly with 10 ml, of a culture, two such
cattle (Nos. 76 and 206) reacted very severely; No. 206 died, but
No. 75 eventually recovered.

* Some further support for the suggestion that the organism may have heon present in
lung tissue and nssocinted glands at the time of these reactions is given by the work of
Yamagiwn, Ito, and Inone (1932), whu‘rouovorud it from the apparently healthy lung tissue

of an  animal giving it I t-fixntion remctions, and in addition from the
bronehinl glands of another,
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It is very significant that transient reactions were most frequent
when many active cases of pleuro-pneumonia were occurring in the
herd. It is possible, therefore, that under these conditions certain
animals responded serologically to inhalation of large amounts of the
infective agent, without necessarily contracting the clinical disease (at
that time) or even becoming infected in the striet sense, just as, for
instance, they might respond to the absorption of finely pulverized
albumen introduced to the pulmonary epithelium by inhalation.
According to this view, the inhaled ecasnal organisms need merely be
ingested by the pulmonary phagoeytes and need not proliferate and
invade the body; but the phenomenon was irregular and did not oeeur
in 32 out of 40 unvaceinated animals that subsequently did develop
pleuro-pneumonia, nor in 9 out of 14 naturally resistant animals.
Further sapport for this view is the faet that 4 out of 5 vaceinated
animals that nevertheless developed the disease (group 3) after
introduetion into the infected herd gave transient reactions (2 of them
being iv/10 reactions) as did 13 out of 20 vaccinated resistant
caftle (group 4), these being generally of a mueh stronger nature,
e.g., T gave at least one iv/10 transient reaction. Certain of them,
especially Nos. 8, 15, 45, 50, 65, and 264, appeared to be extremely
sensitive and apt to give repeated reactions of considerable strength.
One is reminded here of the phenomenon of secondary response so well
known in immunity, as a rvesult of which a small injection of antigen
into a previously immunized animal calls forth a rapid and dispropor-
tionately large rise in the titre of the eirenlating antibody. The same
phenomenon may have been operating in group 5, in which 3 out of
the 9 animals (Nos, 227, 233, and 234) that had previously been
inoculated intradermally with killed eulture gave transient reactions
(two strong and one weak) at intervals of 92, 19, and 48 days,
respectively, after introduction into the infected herd; in these cases
the intradermal injection possibly sensitized the animals.

(d) Correlation of post-mortem findings with complement-fivation
reaction.—~Each of the 70 experimental-herd animals that gave
positive post-mortem findings had given a complement-fixation
reaction of at least iv/10 and frequently iv/200 or even iv/440 at some
period after exposure to infection, associated in most eases with clinical
signs (rise of body temperature, &c.). Some of the very mild cases,
in which not even a definite thermal response was given, would certainly
not have been detected without the aid of the complement-fixation test.

The eorrelation of the post-mortem diagnosis with the complement-
fixation reaction during the sojourn in the infected herd and at the
time of death is indicated in the Appendix. Tt is remarkably good, with
only two apparent diserepancies, Nos. 72 and 308 (see Fig. 17). The
latter animal has been discussed in Table 8; its post-mortem findings
agree well with its earlier reaction (e.g., iv/200 on 3rd October, 1933),
and the failure of its sernm to fix complement during the last few
weeks of its life dated from its intradermal inoculation with a concen-
trated extract of killed eulture, which possibly depleted the blood of
circulating antibody.

No. 72, a heifer 12 months old, was exposed to infeetion on 2nd
November, 1932, and gave a complement-fixation reaction of iv/30 on
Tth March, 1933. Two days later, it was iv/80 and i/160; thereafter,
the reastion deelined, the last iv/10 being given on 21st Mareh, 1953.



40

Blood cultures on the 9th, 10th, 11th, and 13th Mareh, 1933, were
negative, but there was a slight febrile reaction near the date of its
first iv/10 rise (104° F. on 1st March, 1933, and 105° F. on 4th March,
1934). It was killed on 26th July, 1933, i.e., four months later, but no
lesions of pleuro-pneumonia were detected. It is only fair to state,
however, that at that time we had not realized how completely pleuro-
pneumonia may resolve and how few may be the signs of an earlier
acute infection, especially after a lapse of four months. It is possible
that a closer search might have revealed scars and very slight adhesions:
but, on the other hand, the disease may have been of such a mild nature
that complete restitutio ad integrum oceurred.

(ii) Cattle Examined af Abattoirs.

(@) Chronic “ carriers " —Additional comparison of post-mortem
findings and the degree of complement-fixing properties of sera from
“earrier 7 cases (i.e., those containing infected pulmonary sequestra)
was obtained during the slaughtering operations of the local meat
works. The sera from the heart bloods of 31 such animals were
obtained, and submitted to the test. Strong positive reactions were
given by 30 of the sera, but a negative reaction was obtained from one
serum accompanied by the inspector’s report, “small encapsulated
lesion 7.

Four out of five samples of sera forwarded to us from Western
Australia, from ecattle in which chronie lesions were found, gave positive
reactions. The negative sample was from an animal reported to be
affected with a “ large, old encapsulated lesion ™.

Unfortunately, no eultural examinations were made of the lesions
in the lungs of the animals from which all the above sera were obtained,
and consequently we are unable to state whether viable organisms were
present in the lesions of the two animals that gave negative reactions.

The strength of complement-fixation reaction and the post-mortem
reports furnished by the Veterinary Inspectors are set ont in Table 11.

(b) Occult Cases—~Specific mediastinal lympho-glandulitis—Three
peculiar cases were discovered at the abattoirs during the slaughter of
a herd of bulloecks in whick active eases of pleuro-pneumonia were
occurring. ~ The only detectable lesion in two of them was a sero-
oedematons enlargement of the mediastinal lymph glands, which reached
a size of 5 em. by 11 em.; on being eut, they resembled the enlarged
mediastinal lymphatic glands found in natural cases of pleuro-pnen-
monia. The other showed, in addition, several small necrotic or semi-
caseous areas seattered throughout the oedematous gland. In all eases
the lungs appeared alsolutely normal.

Blood collected from the heart after slanghter gave strong positive
complement-fixation reactions (four-tube “diagnostie” test), i.e., in
one case iv/20, 1i/30, and in the other two, iv/30.

The enlarged glands were examined at the laboratory, and the first
two revealed pure infeetions with the plenro-pneumonia oreanism:
the third contained Mycobacterium tuberculosis in addition.

These three cases illustrate the sensitivity of this complement-
fixation fest, and_emnhaﬁize once more the necessity for very eareful
post-mortem examination and enltural confirmation of animals diagnosed,

hy its means, as infected. They also may offer an explanation of certain
cases of “transient reactions” :
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Resvurs OBTAINED ON SERA FROM
SLAUGHTERED AT ABATTOIRS.

Saram Pilutions.

Ko.| ™ | ™ g:'::‘ll;?! Veterinary Officer’s Heport.
| oo 1 1/20. 1/80.
Ll #++++ | ++++ +++ = “0ld pleuro-pneumonie lesion in
. right, diaphragmatic lobe "

2| ++++ | ++++ | ++++ - * Encapsulated  lesion in  left
disphragmatic lobe ™

3| ++++ | +4+++ | +++4+| — | “Recent encapsulated lesion ”

4| bt | dtt | — “ Large sequestrum in left
diaphragmatic lobe ™

6| ++++ | ++++ | ++++ | — Sl:%:lgftmm in left diaphragmatio

8 | -4 4 b - *“ Encapsulated iealnn in right
digphragmatic lobe " Fe

7| 444 | +9-F 44+ — “0ld encapsulated lesion, Medi-
astinal lymph glands enlarged

8 | bt | Aot | it - ** Pleuro-pneumonia earrier "

0 +4++ | +++ - e — “ Old encapsulated lesion

10| +4+++ | “+++ + -+ - * Bxtensive lesion well encapsulated

1 s dede i of 4 — ** Small encapsulated lesion ™

12| 44+ 4+ +++ — ** Pleuro-pneumonia ca,rrier £

13 | 444 b ++ - ** Pleuro-pnemmonia carrier *

M| ++++ | +4+++ | ++++ | — | *Encapsulated o uestrum in - right
digphragmatic 1

16 | +4++ — ++ — * Encapsulated lesion in  right
dianphragmatic lobe ™

6| ++++ | ++++ | ++++ - * Large lesion becoming encapsulated
in right diaphragmatic lobe ™

17t | et |+ — ** Encapsulated lesion

18 | dfiefe | oot 4+ - “Old lesion in left diaphragmatic
lobe

il by [Tkl " Large sequestrum ™

L B i e R s i ++ | “Small  sequestrum  with  old

‘ ndhesions "

) o [ =EEER +++ +4+ 1 — ** Pleuro-pneumonia carrier ™

LY [ o R ey T RO S +++ ‘ 5 * Large sequestrum.  Old earrier ™

oh ' A s e — * Small ancagsu]at.ed lesion ™'

24 | +4+++ | ++4+4+ | +4+4++ 1| — | *Carrier with large sequestrum "

e Rl o o o ol B e o M R s i S = 3 143150 lesion becoming encapsul-

26 | ++++ ‘ ) sy 2 + -+ - “Small lesions with extensive pleural

‘ adhesions ™'

by | [ T 4+ + - ** Small encapsulated lesion ™

28 | ++++ | F++ o — * Pleuro-pneumonia carrier

N T S T FH=F+ = " Large seq uestrated lesion ™

o T U Sy BREE S=br = lemn. enua ulated "

31 - | = - - | e 1 old enmpml ted lesion ™

Sera of Chronie Cases recewed from Western Australia.

Lttt | 4| ++++ — * Large encapsulated lesion right
lung. Lesion filled with semi-fluid
material

2Pttt | 4+ | — | " Encapsulated lesion 13 ems. in
diameter in left lung

3| +4+++ | ++++ | ++++ — * Encapsulated lesion 6 ocms. in
diameter in right lung *’

4| ++++ | ++++ | ++++ | — | “Half right lung affected, showing
eommencmg break-down and en-
capsulation

5 i — - - “ Large old well-encapsulated lesion ™

0.9811.—6
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(iii) The Interpretation of the Complement-fivalion Reacl vi,
As a rvesult of the above work, we are able to lay down the following
eriteria for interpreting the four-tube test,

Dilution.
. —— — Interpretation.
1/10. 1/20. ‘ 1/30.
| f
o #4444 | F+++ | ++++ | Very strong positive
| ve |44+t | G | 444 | Strong positive
3 <. A F+++ |+ o |}posmﬂ,
T e ] - + =
() . o et + 4 + Weak positive
. 0 F ot + - | Very weak positive
z s y f i ja E}Nagative
ad :|

The very strong positive reaction is obtained almost invariably from
acute cases, although, occasionally, cattle with large (especially recent)
sequestra may give it. Reactions 2, 3, 4, and 5 are obtained either
with early cases of pleuro-pneumonia or with chronic cases in
which small or old sequestra are present. Reactions 6 or 7 may be
given by very early cases, by animals in which sequestra have almost
healed, or by almost completely recovered cases in which only adhesions
are found, and from which the causal organism has prolably disappeared
but recently.

The action with regard to the sixth and seventh® types of reactions
must depend upon circumstances, If only a single test can be carried
out, and the utmost safety is desired, the animals giving such reactions
must be dealt with as positives; but this is a contingency that should
be accepted only when unavoidable. Every effort should be made to
arrange for a re-test, a week later, of the blood serum of animals giving
suspicious reactions. 1f the cantle concerned were merely going through
“transient reactions”, they might possibly have returned to negative;
if they were of the very early type, they would almost certainly have
progressed to a much higher titre, for our routine weekly testing brought
out the fact that the titre rises with extraordinary rapidity; on the other
hand, chronic “carriers” with sequestra would probably remain at
much the same titre. Recovering cases with fibrous adhesions some-
times give a persistent suspicious reaction of the fifth or sixth type
for some weeks; it is possible that the causal organism is persisting
in some unsuspected focus in such cnses, e.g., inside the fibrous adhesions,
but we have not tested this hypothesis to date. We are strongly of
the opinion that any reaction greater than i/10 indicates that the
animal possesses specific plenro-pneumonia complement-fixing antibody
in its blood serum, and that it is therefore infected in some degree, has
recently Leen infected, or is passing through a transient reaction,

(iv) Summary.

It is obvious from the foregoing that the complement-fixation test
deseribed herein is an extremely valnable aid to the diagnosis of plenro-
pneumonia. -

* Note that in only 3 out of 2,062 sers from entirely negntive animals were reaotions of type

7 obtalned: in all our experimentsl animals, which were oviginally 0/10, the type 7 reaction
wis significant.
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Our results indicate that the reaetion is absolutely specific and oecurs
with no other pathological ar physiological eondition or infection that we
have studied, that it is very sensitive and can detect cases even before
pulmonary involvement has oceurred, and that it possesses an unusual
degree of reliability. In the acute stage, even when the disease is so mild
that a elinical diagnosis is impossible, it is probably entirely aceurate.
At least in our hauds, 100 per cent. of cases killed in the acute stage
(25 out of 25) gave strong complement-fixation reactions; three other
cases that showed resolving lesions of pleuro-pnenmonia, from which
the organism was enltivated, gave strong reactions on the day of
slaughter; 32 out of 33 which had given a positive reaction for a period,
but which had recovered and subsequently given a negative reaction,
showed signs of earlier aeute plenro-pneumonia when examined post
mortem some weeks or months later, while the remaining animal, No. 72,
which was not examined until four months affer its last positive reaction,
may reasonably bé assumed to have recovered completely, although signs
of earlier infection may have been overlooked.

In chronic cases econtaining one or more infeetive sequestra, it is
also extremely reliable, A total of 48 cases diagnosed on pathological
grounds as chronie plenro-pneumonia with sequestrum formation were
examined. The sequestra of three of these that gave negative reactions
were shown to be bacteriologieally sterile.  The remaining 45 may
therefore have included some sterile cases, but bacteriological investiga-
tion was not often possible.  However, 42 of these gave positive
reactions, and another, after giving a persistent positive reaction for
nine months, became negative only after being used for another
experiment entailing intradermal inoculation.  Therefore, even if we
assume that the sequestra in the remaining three that were negative
reactors contained viable organisms, there was still the very high
correlation of 42 out of 45, ie, 939 per cent. + 3.65 per cent.;
hut, if we allow that one or more of the three might not have eontained
viable pleuro-pnenmonia organisms, then the correlation is still higher.

V. DISCUSSION ON THE USE OF THE COMPLEMENT-FIXATION
REACTION IN THE CONTROL OF PLEURO-PNEUMONIA.

1. General.

Firstly, consider a previously unvaceinated herd in which acute
plenro-pneumonia exists.  As a result of our experience, we can expect
the test to detect unerringly all animals with the pulmonary lesions,
and even many cases in which these have not developed but in which
infeetion is revealed only by enlarged oedematous mediastinal Iymph
glands.  Tn addition, we might expect a small proportion of transient
reactions.  In our experience, out of 65 cattle exposed to continuons
mfection there were 4 such reactions of “positive ” titre (iv/10), five
of “weak positive™ titre (iii/10), and four of “very weak positive ”
titre (i1/10); but it must be remembered that these instances were
acenmulated over two years of rontine weekly testing. Tt is probable
that, at any given moment during the progress of an outbreak in the
field, transient reactions would he only rarely encountered. Unfor-
tunately, we eannot yet say definitely whether post-mortem examination
of such animals would reveal early lesions or at least yield cultures of
the organism.  However, our experience indicated that the majority
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of such “transient reactors™ are susceptible and would develop the
disease in due course if allowed to continue in the infected environment.
In other words, in an uninoeulated herd in which acute pleuro-
pennmonia is oceurring, usually only those animals that subsequently
develop pleuro-pnenmonia give transient reactions of full “ positive "
significance (iv/10).

Secondly, consider a herd that has been inoculated in the tail in the
usual manner not later than eight weeks previously, and let ns imagine
them brought into eontact with active eases of pleuro-pneumonia. Most
of the vaccinated animals should be immune, but, as ghown in Table 9,
a proportion (in our experience, two out of nine) may prove susceptible
and develop the disease in a mild form. Some may exhibit
transient “ positive ” veactions (iv/10); but, in the limited number
examined by us, this did not oeenr, whereas among seven resistant tail-
vaceinated animals one gave a “ positive” transient reaction. The
probability is that there would be no essential difference in the propor-
tion of “ positive” transient reactions in either susceptible or resistant
tail-vaceinated animals,

It follows, therefore, that there may be a certain proportion of decep-
tive transient reactions of * positive™ titre amongst tail-vaccinated,
as well as amongst unvaceinated animals exposed to infection. There
appear to be two ways of avoiding thes¢ “false reactions” under such
conditiong; (a) by titrating the sera to their limits, when in general the
transient reactions will not extend past iv/10, whereas sub-clinical
cases of acute pleuro-pneumonia may go to iv/100, iv/200, or even

iv/640; (b) where a re-test can be carried out on sera taken after an
iferval of a week, the differentiation should be sharper, for the transient
reaction will probably have disappeared or wil] at most be stationary,
but with the serum of an animal developing the disease the titre will
have greatly inereased. In the case of carriers, the reaction will be
essentially the same as that obtained previously. When it is impossible
to isolate “suspect™ eattle for observation or very difficult to arrange
re-tests, and when administrative action must be based upon a minimum
of tests, the reactions must be interpreted very severely and all those
greater than 1/10 elassed as positive.

There are two methods of controlling pleuro-pneumonia by the aid
of the complement-fisation test, the first without the help of prophy-
lactic vaceination, the second with it.  The disadvantages of the first
method are the serious infections and even deaths that occasionally
follow tail vaceination, especially of dairy cattle, with virnlent “ natural
virus” or culfure, and the unavoidable vitiation of the complement-
fixation test for about eight weeks after inoculation; the advantage
is the relative protection conferred,

The choice of method must be determined by eireumstances, depend-
ing upon whether we are dealing with dairy herds or pastoral properties,
In Australia, particularly in Queensland, the Northern Territory, and
the northern portion of Western Australia, pastoral properties are rela-
tively enormouns. Many have an area of 1,000 square miles, some even
10,000 square miles. Even though the earrying capacity may be low
(from 5 to 15 per square mile), nevertheless the herds are large and
may reach 100,000 head.  These very large properfies are always
devoid of boundary fences and are not subdivided into paddocks. The
staff is always small and the eattle half-wild, being rarely handled more

(-
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than once or twice in a year; a complete muster is practically impos-
sible.  During the annual mustering,-counts are made and the natural
increase deduced, calves are castrated and branded, and the cattle for
sale are segregated. Then begins a long walk by road for perhaps
many hundreds of miles, entailing possibly two or three months, the
unfenced stock route passing through intermediate properties, until
eventually the markets or a%)atloirs are reached. It will be readily
realized that disease control nnder such conditions may have to be
greatly modified, if it is to be practicable, and will be different from
that adopted for small dairy herds in closely settled areas.  The four

main sets of circumstances may now be disenssed. ¢

2. Dairy Herds.

These are usually small and fairly easily protected from re-infection.
Suspected reactors may usually be isolated, and adequate daily inspec-
tion both by the owner and Government officers is possible. Under such
conditions, prophylactic vaccination may be dispensed with and the
possibility of excessive tail reactions thereby obviated. The following
procedure should be adopted (Method A):—

(@) Quarantine of the infected property and those in contact.
(b) Slaughter of clinieal cases.

(¢) Complement-fixation test of the remainder with immediate
slanghter of reactors of types 1 to 5; reactors of types 6
and 7 to be isolated and re-tested one or two weeks later,
or if isolation is not possible, to be treated as infected.

(d) Regular inspection and clinical examination (body tempera-
ture), to aid in the detection of cases while awaiting the
result of blood tests.

(¢) Repetition of test at weekly intervals until two consecutive
completely negative tests are obtained.

(f) Maintenance of quarantine for the desired period* after the
last active case.

(g) Obtaining of a completely negative herd reaction at the end
of the quarantine period.

It will be realized that the above plan, by removing active sources of
contagion early, will considerably shorten the quarantine period and,
at the same time, by removing the potentially dangerous “chronie
carriers ”’, make the herd safe for the introduection of new members.
If the difficulties of efficient quarantine and lack of veterinary
supervision make it desirable to utilize the known protective value of
vaceination, the procedure should be modified as follows (Method B) =—
(a) As for A,
(b) As for A.
(¢) Collection of sera for testing, and simultaneous vaeeination.
(d) On receipt of the results of the test, positives to be
slaughtered (becanse vaceination is not known fto have
any curative offeet upon already-existing  pleuro-
pneumonia either acute or ehronic) and suspicious reactors
either isolated for observation and re-test or treated as
positive.

* The quarantine period vuries: in Queenslannd it is uwsually 60 days, in Vietoria 10 to 12
woeeks., nnc\ in Sonth Australin at lenst threo months, after the last potive onse,
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() As vaccination vitiates the interpretation of the reaction
for a period of eight weeks, the animals shonld merely be
placed under general supervision. Not earlier than eight
weeks after vaccination (unless the tail reactions have
been excessive, with invasion of the gluteal museles, in
which case the period should be extended for those
animals) the herd should be re-tested and any © positives ”
removed for slaughter; weaker reactors should be either
isolated for ve-testing a week later or treated as positive.

(f) If no reactors are found at this test and another carried ont
a week or more later, the herd may be released from
quarantine, providing the approved period from the last
active case has elapsed. If reactors are found, they must
be removed and re-tests carried ont nntil two completely
negative tests are obtained.

3. Comparatively Large Pastoral Properties.

A little more diffienlt to control are herds on the larger cattle-
fattening or breeding properties that are nevertheless fairly well
subdivided. Under these conditions, the number of fests must be
reduced to a minimum; daily clinical examination may not be easily
practicable; generally speaking, it will be preferable to vaceinate the
herd, and thus, by the resulting immunization, ecompensate for any
departure from the ideal serological control.  The most sunitable pro-
cedure would be as follows (Method () :

(a) As for A,

(b) As for A.

(¢) As for B,

(d) As for B, but weaker reactors will be treated as positive.
(e) As for B, but weaker reactors will be treated as positive.
(f) Await the termination of the quarantine period.

In this ease, the complement-fixation test, by enabling early detection
of infected animals, will have reduced the losses within the herd, and
by the detection of the chronic carriers will remove the danger of the
herd’s subsequently spreading infection. Even if reactors are oceasion-
aily missed, through reduetion in the number of tests, we shall still be
in ‘a much better position than without it, under which circumstance no
attempt can be made to eliminate them.

4, Very Large Unfenced Pastoral Properties.

When we are faced with the problem of the enormous unfenced
properties typical of the great pastoral areas, it does not appear that
the test can be practicably or very usefully applied, beeause the numbers
of animals are too large. Tt is impossible to muster all of them, and
impossible to guard them from contact with cattle on neighbouring
properties or with travelling stock. All that can be done is to destroy
any observed clinical cases and vaceinate the remainder,
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I5. Cattle to be Travelled.

The test could be of value under such circumstances. The present
practice, at least in Queensland and the Northern Territory, is
to vaceinate the mobs, which usnally number about 1,000, before depar-
ture, but, of course, this has no effect on possible chronie carriers, which
may spread the active disease later to inefficiently immunized members
of the herd or to ecattle in other herds. The slaughter of chronie
carriers before departure of the mob would remove this danger. A
reasonably satisfactory plan, considering the great practical difficulties,
would be the following (Method D) —

(@) Cattle intended for travelling to Le segregated in an isdlated
part of the property.

(b) Any obvious clinical cases to be destroyed.

(d) Collection of sera and vaceination to be carried out simmul-
taneously.

(e) On receipt of the result of the test, reactors to be destroyed
and the remainder to begin travefliug.

The chances of missing a sub-elinical or chronie case will be very
low, provided the system of identification of animals and samples is
efficient, and vaccination should reduce to megligible proportions the
possibility of an outbreak through the accidental inclusion of an infeeted
animal.  Such a procedure, remforced by a second test when the cattle
reach their destination some months later, should remove the possibility
of the introduction of reactors into the new environment, and, with
adequate departmental veterinary control and supervision, should make
possible the comparatively safe introduction of cattle from the infeeted
northern properties to the uninfected fattening properties in the south,
and thus remove a very great disability under which many northern
pastoralists suffer, viz., the total prohibition of the sending of their
cattle into non-infected arcas, where the main markets lie. Even if by
some mischance of technique a very occasional outbreak of pleuro-
poeumonia should result in the previously non-infected herds, the use
of the complement-fixation test with adequate veterinary staff would
make its speedy control possible.
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Appendix.
SYNOPSIS OF CATTLE IN THE NATURAL-INFECTION HERD THAT CONTRACTED
PLEURO-PNEUMONIA.
Interval
Tneabation | onngeal m;lnw %%1;1 Mm ‘
gt 7. Report. v,l’ hiibody | Maximsl Tie. | 4gifody | Disguosis | Titre at Death. ;
and Clinfea | Detectabl (D) or )
Symptoms, - in Bload. Slaughter (). {
4 ; t W 1 | !
(A) AUTOPSIED AT THE ACUTE STAGE. '
(1) Uneaccinated. '
18 4 Very acute 0 iv/200 | Until death ms iv/200 :
21 124 et 0 tv/880, /oo |, (D) 18 v /880, Hi/200 {
74 08 Hyperacute ‘ 1 /160, /200, ., . (MY 10 | iv/160, §i/200 |
80 148 % 2 v/ 440 iz l S (D) 20 iv/H0
s | s B WA | o om )6 | vvza
o1 06 - : 12 Iv/200 s (O (D) 15 | iv/200
140 | Not known | Not known | iv/200 iy T Aty (D) > 17 | Iv/200
50 | ,, .. H:.rpmwu;o 3 v/100 Is >5 My >5 |iv/i00
164 - % p- 3 w | 1v/200 >3 (D) >3 | iv/200 !
B/ e . " oo e | A/EO0, ok >3 (8> 8 | Iv/200
234 | 261(174) | Very mild 1 iv/200 .. | Until death 81 iv/200
177 | Not known | Hyperacute = iv/200 s S e s iv/200 i
241 | 2HS(164) | Mid .. 0 Iv/200 rdly ol S 5y a iv/200 |
264 | 180 (148) | Hyperacute 14 iv/200 ! i s 1 Iv/200
206 | 150(122) | Subseute. . 0 | brath 1300 b OF 1v/40, 17100 ;
260 | 141(104) | Very mild -1 iv/40, 17100.. | . 1, (8) 4 iv/40, 17100 !
o 141 (1043 g LAy it ‘ v /60, i/100.. e 4 (8) 4 iv/60, i/100
277 | Not known | Hyperacuto | Not known ! /200 o >8 M >3 |iv/200 *
281 60 Masked . | 5 Iy /40, 1/100., | Until death (0o iv/40, 1/100
288 149 Acute ., 3 /160, 1/200 S | a (8) 64 iv/100, 1/200
280 131 e it 0 W00, 1180 | . . (Mo | w100, 17180 !
201 119 Submoute, . 4 iv/100, ii/s0 TR ()5 tv/10, ii/30 I-
204 | Not known ; Hyperacute | Not known | v/200 G RSP Dy s iv /200
307 " w IS o eSS » | ivR0; 1180 W (s Not known | Iv/20, 1/60
g (1) Vaceinated,
None,
(B) AUTOPSIED IN STAGE OF RESOLUTION.
() Uneacoinated.
25 | [ Subacute. . 9 v /200 o 121 %) 12 ] iv/10, 1i/30
405 | Not known | Hyperacute | Not known | 1v/200 - .. | Until death | (8) > 20 | tv/200
170 l PR ¢ TR [ S R l B ($) > 27 'w/éﬂﬁ :
(i) Vaecinated,
None.
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APPENDIX—continued.
"
Inenbation ﬁﬁg l Iﬂ:"t;ir;;] {{%EEE.:]? [
-
No. ‘ (1;;;;1;:3' %2;1;1:.!.‘, %ﬂm“% Maximal Titre, f)‘;;';,li;:% 3 nl;;l.{:él?t:n:gl Titre at Death.
| Symptoms, In Blood. |gohter (),
5 K s i ' .
(C) AUTOPSIED AT CHRONIO STAGE (SHQUESTRA CONTAINING VIABLE ORGANISMS)
J (1) Unvaccinated.
22 ‘ 162 Acute ., | 2 1v/200 .. | Until death | (8) 160 | fv/20, 111/30
80 200 Subacute. . 10 1v/200 ol [T B2 (8) 148 | Iv/40, 17100
: 168 ! Not known | Acuta .. 2 Iv/200 |l L (8) 78 | 1v/100, 17180
108 | ser(47) | Mid L. 4 Iv/200 L [ (8) 117 | Iv/10, 1i/80
282 134 £ e -2 Tv/100, 17160 w5 (8) 36 Iv /60, /120
308 | Not known | Aeute .. | Not known | iv/200 v —— (8) >34 | iv/20, i/80
308 ‘ q » | Not known | w | iv/200 e > 458 (8) > 810 | 0/10
1060 W 1 Mild v 1] Iv/40, 1/100.. | 12 (S) 12 iv/40, 17100
! (i) Vaceinated.
i s | 48 | Subaente.. | T | ix/200 .. | Until death | (8) 210 | iil/11, 1/80
| (D) AvropstEn I¥ vHg HEALED STAGE (INOLUDING STERILE SEQUESTRA MARKED * "),
(1) Unvaccinated,
1 20 | Very mild | 1 iv/80 3 28 (8) 108 | o/10
1 ur amid P e iv/Z00 .. 60 (%) 196 | 0/10
! 23 115 " oy 0 iv/200 i 104 (%202 | o/10
| ‘25 105 Subaoite, , | -2 v/ 200 e | 140 (8) 212 0/10
B35 o Mild i a0 Iv /200 o 202 (5 240 o/ 10
} 30 79 Aoute . 16 v /200 -+ 148 (8) 108 | n/10
72 125 Very mild 0 Iv/80, 1/160., 21 (D) 151 | 0/10
l 73 153 st 0 /80, 17100, ) (8 195 | o/10
| 76 185 Aoute . 16 wEe .. 125 (Sy182 | o/10
T 85{a) 127 Mild ., =4 fv /40, 17100, , 26 &
t 85 (B 3 Adute . ; 3 Iv /60, /120, : 87 (8143 | o/10
_L 04 06 Mild | 'se fv/200 o il my 77 | o
295 154 (07) Vary mihl ] 0 fe/10, /80 ., ! 21 (8) 258 | o/10
! aag 217(180) | Mild . 7 Iv/200 { 17 (91171 | o/10
L 294 122 (86) | ., 2 ! tv/180, 1/200 | 168 (9228 | o/10
238 161 (74) | Acute .. 0 ! v /180, 117200 152 (5)288 | o/10
l 265 248 (207) | Very mild 13 Iy /200 . 89 @ ez | o/10
267 201 (105) B s 14 fv/120, 17160 57 (8) 186 | 0/10
t av0* 117 (81) i ot T iv/en, i/120,, 176 | (8).227 o/10
: 975 | Not known | Mild .. | Not known | iv/Z00 o > 40 (81245 | o/10
' 280 160 (124) | Very mild 14 iv/100, 1/160 98 (8) 148 | o/10
. 283 138 L 8 Iv/140, 17180 114 (8162 | o/10
| 284 116 0 -~ -2 Iv/140, /200 126 (8) 1902 | o/10
| 285 139 Very mild | Not known | iv/10, 1/80 .. 12 (8) 139 | o/10
|} 246 154 Mila .. 8 Iv/160, 1/200 03 (8) 149 | 0/10
; 200 124 > % =1 /300 .. 147 (8)172 | 0/10
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APPENDIX-—continued.

| | | Interval
Interval | Interval Betw
Between | Dyring
Inenbation | Clinical
No. | "Petiod " | Glinjeal | A h fagnosis | Titre at Death.

Ppearance 3 | whie!
Report. | of Antibody | Maximal Titre. | yppipogy | D

(Days). ind Clinteal | Deteotable | o, Death
Symptams. in Blood. Isluu,ghter (8).

|
| Wty =
| ] | |

(D) AvTOPSIED IX THE HEALED STAGE (INCLUDING STERILY SEQUESTRA)}—contined,

(1) Unvaceinated.

202 | 165 ; Very mild | Not known | iv/20, Hi/30.. | 17 (8) 115 | o/100

208 | 139 . - w | iv/20, 1730 .. \ 35 (3 171 o/t

305 | Not known | Mild .. | . | Ie/10, §i/30.. > 28 > (8231 | o/10r

102 l 215 (66) | Very mild i w | 1v/20, if60 ., a6 : (Sy241 | o/10

286 128 (87) « Mid s l 21 iv/40,1/120.. 100 \ (8) 205 o/ 11
(1) Vaerinated,

& 127 . — 4 iw/300 o 62 (8) 88 0/10
a1 251 . e & iv /200 v 80 (1118 | o/10
70 ] [ Very mild 7 ] v/ et 21 (D) 52 o/10

244 | 103 Mild Ry 1 iv/10, 1i/s0 ., 49 (8) 2056 0/10
Nores.—{a) No, 85 underwent two attacks of pleuro-pn ia, the d more severe than the

rst.

(%) The incnbation period 1s ca’eulated from the day of entry into the infected environment until the
day on which clinical symptoms developed; when theése were absent the day on which the first iv/10
complement-fixation reaction oceurred is taken.

4 the animals were ln continued contact, the incubation period s In each instance the maximum ;
actually It might have been less, for under those conditions it is not possible to determine when the infection
o . The Incubation period within brackets s caloulated from the introduction of the second bateh of
acute cases and is given for those animals that resisted the first outbreak, but became infected during the
'secm:ul.xm In t.léme ;:nfe of animals that were brought to the laboratory lln'miy infected, the incubation period

& not koown (n.k.).

(e} Somaetimes the disease was 80 mild that no clinfeal slgns were aj nt at any period ; for these
?nlmﬁs s certain othors that were recovering whon acquired by us the reviation ** nuk.” (not known)y
LI

@) As olinical examinations were carried out daily, whereas serological testing was performed only
weekly, the figures in column four are approximate and apparent only ; they might In some cases have tiy
be increased by as much as six days, thus converting apparent nmh'c figures into positives,

(¢) Tn the cage of animals already clinically affected when acq by us, only minlmum values can be
assigned to the periods in columns six and seven,

(f) In addition to the 70 susceptible animals described In the above synopsis there were sixteen
unvageinated (Including five ** transient reactors ™) and fourteen vaccinated auimals incho six * transient
reactors ') that completely resisted the [ nfection over perlods as long as 446 days. ey showed no
clinfeal signs, no complement-fixation reactions ing the t ient i those mentioned),
and st avtopsy were completely normal, with no (ndications of recovery from earlier infection.




I1(a). Observations on the Diagnosis of Bovine
Contagious Pleuro-pneumonia by Means of
the Complement-fixation Test of Campbell
and Turner.

By H. R, Seddon, D.V.S¢.*

1. General.

On account of the difficulty of clinically detecting animals affected
with chronic lesions of contagious pleuro-pnenmonia, i.e.,, animals with
lung sequestra, often containing the virus, and hence “carriers”, the
applicability of a biological test for diagnosis has constantly exercised
our minds, and methods which have been elaborated by others have
been tested with a view to their utilization. Both complement-fixatiou
and agglutination tests were described by Heslop (1 and 2). The
technique of the former was such that it did mot seem generally
applicable in routine testing, and in our hands the latter was unreliable
and therefore was disearded.

Later, following Gregory’s (3) application of the eomplement-
fixation test according to the technique of Tietze and Giese, Hindmarsh
(4), of this Station, employed it with remarkable success in dealing
with two outbreaks of the disease in New South Wales.

Stamping-out by slaughter was practised, and all animals showing
any degree of fixation (though with no elinieal sign of contagious plenro-
preumonia) were killed, with the following resalts:—

i
Reaction. Number, , FO‘;"“;g é\ﬂ};u(‘;ed
Positive .. s o 2k v 8 ‘ 8
Highly suspicious .. | % _ 2
Suspicious S i 2 |

Thereafter, the herd was kept nnder surveillance, and, as four yvears
have now elapsed and no reerudescence of the disease has oceurred, it
is believed that, through the detection of affected animals by the
complement-fixation test, a feat not possible clinically, the disease was
effectually stamped out.

Whilst these results were good indeed, the technieal difficulties
attendant on the test were such that it was not considered to be a
practicable procedure for utilization in a routine fashion, or for dealing
expeditiously with a large nnmber of animals. :

* Director of Veterinary Ressarch, Glenfleld Researoh Station of the New South Wales
Department of Agrienlture.
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In 1933, the writer had the opportunity of gathering, at first hand,
a knowledge of the (then) newly elaborated technique of Campbell and
Turner (5), and, thanks to their courtesy, a knowledge of the results
they had then attained. It was decided, therefore, to test it out at
Glenfield.

Unfortunately, we were not able to secure any large quantity of
“virus” from which to prepare antigen, and that obtained has never,
in our hands, furnished an antigen of high titre. Thanks to the
kindness of Dr. Turner, however, we have been supplied by him with
ample antigen, and this has been used in all our tests.

In the test, we depart slightly from the technique of Campbell and
Turner, but such is only in manipulative procedure—whereas they leave
0.5 ml, of serum dilutions of 1 in 10, 1 in 20, and 1 in 30, respectively,
in their tubes, we add 0.5 ml, 0.33 ml, and 0.16 ml. of a 1 in 10
dilution. The total saline content is made up to 2 ml, in each tube,
so that, in our tubes, the serum is diluted to the same extent as by them.

Our tubes therefore contain:—

e o J

Ingredient, ) Actual Test, ‘ Control,
Serum .. ia T g ‘ 0-05 ml. 0033 0-016 005 ml.
Antigen .. i s 'e 5 units 5 units 5 units 0
Complement 1 . 24 units 2} units 24 units 2} units
Red cells 3 per cent, suspensions ‘ 0-5ml. 0'5ml 0'5ml 05 ml.,
Haemolytic serum, , " .« | 3MHD 3MHD 3MHD | 3MHD

We have recorded our results in the same fashion as Campbell and
Turner, the degree of fixation being estimated 1, 2, 3, or 4, the figure 1
representing slight, and 4 complete, fixation. Af times, just a trace
of fixation, manifested by a mere smokiness, is seen in the first tube.
This we designate a “trace™ (tr.), and do not consider as “ definite
recognizable evidence of fixation ”,

In our records, complete fixation in all three tubes of the actual
test is represented as a 4.4.4. reaction, and the absence of fixation in
any as 0.0.0., the first figure referring to the tube containing 0.05 ml.
serum, and the last to that having 0.016 ml.

2. Tests on Animals which we had every reason to believe were free
from the Disease.

(i) Ouwr Bwxperimental Herd al Glenfield.

This herd has now been maintained for fourteen years, and has
been built up chiefly by natural increase. Though cattle have been
introduced from ontside, they have almost invariably been animals
which were under one year of age at time of purchase, and have been
from herds known personally to us, and which we have every reason
to believe have not suffered from contagious plenro-pnenmonia.

These animals, 64 in number, have been subjected to the complement-
fixation fest, many being re-tested, and all have given completely
negative reactions (0.0.0.).




D

(11) Catile from Pleuro-free Districls.

We have, at times, included in our tests certain sera sent in for
agglutination test for contagious abortion, particularly in trying out a
new bateh of antigen, such sera being selected from herds in “ pleuro-
free districts”. (These are parts of the State maintained free from
contagious pleuro-pneumonia by restriction of import therein to cattle
which have not had contact with cases of the disease, and then only
after inspection), These sera have likewise given completely negative
(0.0.0.) tests. Such sera would numler about twenty. ;

(iii) Cattle Intended for Bxport.

These were animals from herds not affected with contagions pleuro-
pneumonia, and were all pedigreed bulls, The test was apnlied under
requirements of the importing country.

To date some nineteen such animals have beer: tested, and all gave
| completely negative reactions (0.0.0.), exeept that two gave a trace
i of fixation (less than 1) with 0.05 ml. serum, none with 0.03 or less
‘ (i.e., tr. 0.0 reactions).

Summary of animals from herds unaffected with contagious pleuro-
I pneumaonia,

i

| Tested, | Reaction 0.0.0. Reaction tr. 0.0,

103 101 ' 2

[ AR L e ! L '

; 3. Tests on Animals Affected with Contagious Pleuro~-pneumonia.
These animals fall into two groups, viz.:—
(a) Clinical cases,
(b) Detected by complement-fixation test,
(i) Clinical Cases.

In response to our request, Stock Inspectors furnished sera from
three cases of contagious pleuro-pneumonia killed when in the acute
stage of the disease, whilst three clinical cases (detected by test some
days before symptoms developed and brought to the Station) are also
included here. All of these six animals gave complete fixation in the

three tubes of the test, and the reactions are therefore recorded as 4.4.4.
reactions.

¥

(ii) Detected by Complement-fixation Test.

Some 28 animals not showing symptoms of contagious pleuro-
pueumonia, and hence cases which could not be diagnosed elinically,
have been the subject of post-mortem examination, and correlation of
the pathological findings with the test is therefore possible (see
appendix). The value of this comparison is discounted to some extent,

however, by the delay which has often oecurred between testing and
destruetion,

e

These animals came from two herds—In the first herd the test was

utilized as a means of picking out all possible infected animals, and
all that gave a reaction in excess of a 1.0.0. reaction were destroyed. The

I 2 g ot 8 P i
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three animals in this herd which gave 1.0.0. reactions were not destroyed,
as they ecame from portions of the herd in paddocks distant from the
infected mob, and, no definite reactors being detected in their mob, it
was considered that the marked difference in intensity of reaction as
given by them, and by animals found to be chronic eases of contagious
g}}e_um-pum}moni was sufficient to regard the three in question as

ing non-infected. 1In the second herd, from which these reactors were
obtained, destructions, apart from some twelve destroyed by us, were
at the diseretion of the owner, and some animals in this herd showed
2.1.0. reactions, Unfortunately, post-mortem examination of these was
not possible. .

As we koow that the reactions given by an animal may vary in
the course of a few days, in considering the table, prime importance
is attachable to those animals killed on the day of rtest, or within a
day or two. Fortunately, animals showing reactions of 3.1.1. to 4.4.4.
were destroyed on the day of test, and it is important to note that
we have an mstance of lesions no greater than a sequestrum 2” x 1" x 17
(size of large walnut or small egg) given by animals exhibiting
respectively, 4.4.4.; 4.4.3.; and 3.1.1. reactions on day of test. Whilst
nearly all of the 4.4.4. animals in the table showed only sequestra on
post-mortem examination, the faet that in many cases eonsiderable
itervals (24 to b1 days) had often clapsed suggests that, when tested,
they may have had more extensive lesions, and the fact that non-clinical
cases may actually have aeute lesions (wide, Nos. 5, 131, and T4)
supports this. Nevertheless, the results of 2, TOW, 48, 49, and 138
show that the lesions may, even then, have been chromic in nature.
Some information bearing on the question of resolution is given later.

Consideralion of the Significance of the Reactions Obtained—
Whilst we have not had the opportunity of undertaking a post-mortem
examination on an animal then testing 1.0.0., we are of opinion that
such is 80 close to a tr.0.0. reaction, even to a 0.0.0. reaction, that it
does not necessarily indicate infection with contagious plenro-pnenmonia
and is compatible with absence of infection. Greater reactions, such
as 2.1.0. and 2.1.1,, have been met with only in a herd where the disease
oceurred, and we think should be regarded as specifie reactions. They
are possibly too weak to warrant destruetion, but should ecertainly be
regarded as “suspicions” and re-tested. If they then give a greater
reaction, the proper course of action is clearly indicated. If the
reaction falls, then they would appear to be recovering cases, similar
to those to be deseribed later. We consider, therefore, that evidence
of pleuro-pneumonia is furnished only when there is some degree of
fixation in the second tube of the test,

In summary we find, therefore, that animals may give reactions as
follows —

1. Acute lesions only . oo 444,

2. Acute with sequestra .. o A4,

3. Sequestra only
(i) Large .. L 18 oo ddds 448, or 8.2.1.
(i1) Small .. e vo 444, 443, or 8.1.1.

4. Probably infeeted " oo idedskivind . .30

5. Probably non-infected .. ors 1 404050,

6. No lesions 3 g <o 0.0.0, and tr.0.0.
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4. Progressive Reactions in Contagious Pleuro-pneumonia.

Though our opportunities of making observations in this regurd
haye been limited, information is forthcoming concerning three negative
: animals which later reacted, and two reactors in whieh all trace of
reaction subsequently disappeared. Interest attaches to these cases,
as they furnish some evidence as to the time taken for lesions to develop
and to retrogress. Details of these eases are as follows :—

No. 40.—A cow brought to this Station in a motor lorry _alo'ni.{ with

r two clinical cases of contagions pleuro-pnenmonia. These clinical cases
| were killed the same day, lesions of acute contagions pleuro-puenmonia
being found present in the lung.

Cow No. 40 was then isolated, and, as it later developed eontagions
pleuro-pnenmonia, it evidently contracted the infection either when
running in the herd or during transit. As its last known contaet with
| an active case was the day of receipt, that date will be taken in discus-
: sing the period of incubation and recording the course of the disease.
i

| Complement-fixation tests on date of receipt, and on the thirteenth snd
| twenty-fourth days afterwards were all completely negative. On the

twenty-fifth day, the animal showed a rise of temperature, the febrile
' reaction subsiding after three days.

Complement-fixation tests on the twenty-seventh and thirty-fourth
days were still completely negative. On the thirty-sixth day, the
animal’s temperature again rose, and remained high till the forty-fifth
day, a temperature of 106° being recorded that day. Complement-
fixation tests during this febrile period were suspicions (2.1.0.) on the
, thirty-seventh, and positive on the forty-first and forty-fourth days
| (4.3.3. and 4.4.3 respectively). At the time of these last two tests, the
| animal exhibited a cough. It aborted on the forty-seventh day, a strong
! positive (4.4.4.) being given that day. T hereafter, there was inter-
\ mittent fever, coughing was persistent, and the animal lost considerably
! in condition. A complement-fixation test on the fifty-first day was

strongly positive (4.4.4.). On the fifty-eighth day, there was a putrid
nasal discharge, and the animal's appetite beeame depressed, food later
! being refused entirely. By the sixty-second day, the animal was very

* weak, and it was therefore destroyed. (Complement-fixation reaction
4.4.4.).

' Post-mortem’ examination showed a large encapsuled lesion of con-

# tagious pleuro-pneumonia in the left lung. The cavity containing the

sequestrum was septic, and the putrid nasal discharge, noted during the
previous week, had evidently come from it, the cavity commmicating
with a bronchus. The fibrous tissue around the lesion and between the
overlying pleural surfaces was evidently recent. There is thus every
: reason for believing that the lesions seen were from infeetion contracted
! on the day of receipt of the animal here, or slightly before,

Summarized, this animal showed—

(a) A ftransient rise of temperature from the twenty-fifth to
twenty-eighth days.

(b) Completely negative reaction up till thirty-four days after
infection.

(¢) A suspicion reaction on the thirty-seventh day.

oren - S ———
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(d) Continued febrile attack from the thirty-sixth day, rising to
maximum on the forty-fifth day.

(e) First definite positive reaction on the forty-first day.
(f) Cough from the forty-fifth day.

(y) Sequestrum found on post-mortem examination on the sixty-
_ second day.

If it is concluded, as seems reasonable, that acute lesions were first
present not earlier than the fortieth day, then it will be seen that
sequestrum of an acute lesion may develop in about 22 days.  The
incubation period, as deduced by complement-fixation reaction, would
be about 40 days.

No. 72.—Information regarding this animal is very scanty. A eow
testing tr.0.0. was killed 23 days later, being sent to the boiling-down
works by the owner, along with a number of animals which we had
previously classed as reactors. Whether it was showing symptoms or
not we do not know, but interesy lies in the fact that the Inspector
who made a post-mortem examination found the whole of the right

lung affected with lesions of contagious plenro-pneumonia in an acute
form.

It is evident that an animal which on test would be classed as
negative may show acute lesions in 23 days.

No. T0W.—This animal was tested on only three occasions. The first
test was completely negative (0.0.0). Tested 35 days later, it was
strongly positive (4.4.4), subsiding slightly (to 4.4.3) by the 47th day,

by which time the only lesion present was a neerotic sequestrnm the
size of a walnut.

It is evident, therefore, that within a period of 47 days an animal
giving a negative reaction may suffer acute econtagious pleuro-pneumonia,

and the lesions (probably not extensive) retrogress to small encapsuled
areas.

No. 10.—At its original test, this animal gave a 4.4.4 reaction. It
was showing no elinical signs of the disease, but was brought to the
Station, along with a number of other reactors, for slaughter. At the
time of its receipt, 24 days after initial test, it gave a 3.3.2 reaction,
and in view of the diminished reaction it was held for observation.
Re-tested on the 58th day, it gave a completely negative (0.0.0) reaction,
and the same on the 85th day.

It was destroyed 120 days after the first test, this being over two
months since the first negative test recorded.

Post-mortem examination showed adhesion of the posterior lobe of
the left lung to the chest wall, both pleurae, especially the costal, being
thickened, the adhesions: being tough and covering an area approximately
5 inches by 4 inches.

On breaking down the adhesions, a definite depression was found
near the edge of the lobe and palpation showed Inmpiness or cording at
the base of this pit. Incision of the “ corded ” mass showed it to consist
of greyish fibrous tissue with no sign of neerosis.

Evidently, therefore, this animal had completely recovered, and the
pit, or depression, marked the site of a lesion, probably originally of
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acute pneumonia that later became neerotic, and which was finally
absorbed, with consequent atrophy of lung substance, its part being to
some extent replaced by the fibrous (scar) tissue felt on palpation.

No. 135.—This animal was from the same herd as No. 10 and was

a reactor brought to the Station for slaughter. At its initial test it
ave a reaction recorded as 8.3.3. On arrival at the Station, 17 days

ater, its reaction had declined to 2.1.1. Re-tested on the 57th day, it

gave a complete negative (0.0.0), and the same on the 84th day. It

' was killed on the 109th day after first test, its first negative having
been recorded 42 days previously.,,
i Post-mortem examination showed the inner aspeet of the left posterior

lobe to be adherent to the diaphragm for an area of about 13 inches
in diameter. On severing the adhesion, a definite pit, about 1 inch
in diameter and % inch in depth, was found in the centre of the
adherent area. At the base of the pit was dense fibrous tissue with
some small necrotic masses embedded in it. The middle third of the
middle lobe on the left side was much fibrosed and adherent to the
ribs, but no necrotic areas were detected.

It seems evident that the very small areas of necrotic tissue under
the adhesion in the posterior lobe represented the sequestrum almost
completely resolved, and the depression, atrophy of pulmonary tissue
in that area.

Comment on Cases Nos. 10 and 135.
Two features of these cases may be discussed—

flirst, they arc cases in which there were present reparative
processes compatible with the previous existence of lesions
of contagious pleuro-pnenmonia.

Second, they show that, whilst a positive reaction is given by
animals showing necrotic sequestra of the size of a walnut,
the animal may recede to a completely negative test whilst

' there is some, albeit small, neerotic tissue still left in the

lung. The observations on these cases suggest that, when

. the virus in a sequestrum is destroyed, the absence of the

3 antigen responsible leads to very rapid elimination of
' complement-fixing antibodies from the blood.

5. Application of Complement-fixation Test in Eradication of
Contagious Pleurc-pneumonia from a Herd.

On a large property in the Northern Tablelands, three animals were
reported to the District Veterinary Officer as having recently died, and
another animal of the same mob killed by him on Tth August, 1934,
was found to show lesions of contagious pleuro-pnenmonia in the
acute form.

e ———————— g,

The herd, together with contacts on the property, totalled 633, all
cows, whilst 68 animals on adjoining holdings and 3 suspected animals,
earlier contacts with part of the above but then in another distriet,
were also tested.

The animals on this property were divided into several “mobs™
according to their paddocking and their origin. A complete test of all
animals was made and, depending on the resnlt of this, an additional

RN T R S R
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test as thought necessary. All animals giving a reaction greater than

1.0.0 were regarded as reactors. The results of these tests were as
follows: —

Mob (a), 57 animals. (This was the mob in which four clinical
cases had been found.)
First Test.—Three reactors found. Killed 16 days after test.
All showed necrotic lesions of contagious pleuro-pnenmonia
on post-morfem examination.
Second Tesl.—Applied 39 days after first test. No reactors
found.
Mob (b), 93 animals. Contacts with the above.

First Test—Tworeactors. Killed 16 days after test. One showed
a chronic and an acute lesion of ¢ontagious pleuro-pnemmonia
(apparently a case of anto-supra-infection), and the other a
chronic lesion.

Second Test.—Applied 35 days after first test. One reactor found.
Killed 13 days after second test. Showed a necrotic lesion
of contagious pleuro-pneumonia.

Third Test—Applied 34 days after second test. No reactors
found.
Mob (f), 94 animals. (The only other mob to show a reactor).

First Test.—One reactor found. This animal was killed by the
owner at time of bleeding as it was poor in condition and
weak. No post-mortem examination was made.

Second Test—Applied 37 days after first test. No reactors
found.
Mobs (¢, d, e, g. h, 4, j, b, I, and m), 389 animals.
First Test.—All negative.
Second Test—Undertaken of three only and not for any parti-
enlar reason, No reactors found.
Mob (n), 3 animals. (Originally contaets with part of the above,
but now in another distriet).
First Test—No reactors.
Second Test.—Not undertaken.

Mobs (o) and (p), 68 animals on property adjoining.
First Test—No reactors.
Second Test—Not undertaken.

Comment.

The reactors mentioned above as killed are all ineluded in the
Appendix. They are animals Nos. 598, 70w, 74, 105, 126, and 137.
No. 594, a non-reactor, was killed also, and on post-mortem examination
showed no lesions of contagious pleuro-pneumonia.

Following destruction of reactors, no subsequent evidence of the
disease was manifested, and, as some twelve months have now elapsed
since the last reactor was destroyed, it is believed that the disease has
been eradicated by the application of the measures adopted.
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6. Discussion.

The results given in this paper, we feel, afford us every reason for
believing that in the complement-fixation test, applied according to the
technique of Campbell and Turner, we have a test of high reliability
indeed.  Moreover, it is one which, provided proper identification of
, animals is undertaken, can be performed on large numbers without

technical difficulty, and for that reason should be of considerable value
J in dealing with contagious pleuro-pneumonia whether oecurring
I cpizootically or enzootically.
H
|

As animals which have been subjected to Willemsian vaccination
may react to the complement-fixation test for some weeks after vaccina-
tion, such a practice cannot well be adopted in herds in which it is

intended to obtain, by repeated testing, the full benefits to be gained
from the test.

Whilst the chronieally affected animal may be a earrier, it is evident
that a percentage of these may, soonmer or later, throw off ithe
infection and recover.  Before this, however, such an animal may
possibly disseminate the disease. Stamping out by destruetion of
reactors may therefore entail the death of animals which might later
have recovered; but, as we have frequently observed before, these
chronically affected animals (carriers with a sequestrum) often light up,
evidently from supra-infection as shown by the presence of acute lesions
around a necrotic area, and at the fime when the animal reaets it is
| quite impossible to foretell the course the infeetion will take.

Failure to deteet and remove all infected animals, i.e., all reactors,
would thus assist the disease to become enzootic in the herd. To
climinate it and keep it out, therefore, testing and re-testing, with
testing of introduced animals, appears to be the rational method of
controlling the disease. As in all such matters, however, economic
considerations have considerable bearing, and for that reason the
applicability may be chiefly in cases where the disease is epizootie, or
where it is desired to introduce only clean cattle into an enyironment
that is free from contagious plenro-pnenmonia.  Its value where the
disease is enzootic is nundoubted, as it offers the only possible means of
' detecting earriers.
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Appendix.

Non-Orixiwarn Cases DerecTED oN CoMPLEMENT-FIXATION TEST.

l

‘ Ds'p between
Animal. | Reaction. | Testand Resalt of Post-mortem Examination.
Examination.
2 4.4.4 0 Chronic C.P.P. Sequestrum 3" x 2" x 2”
b 4.4.4 0 Acute O.P.P.
45 4.4.4 1 Chronie C.P.P, Sequestra 3" x 3" x 3" and 2” x
2" x 2", Pleuritic adhesions
40 4.4.4 1 Chronic ' C.P.P. Sequestrum 2* x 2" x 27,
Pleuritic adhesions
38 4.4.4 2 Chronic C.P.P.  Sequestrum 2* x 1” x 1
50 4.4.4 5 Chronic C.P.P. Sequestrum 1} x 13" x 1}*
141 4.4.4 5 Acute C,P.P. Chronic and sub-acute lesion, half
posterior lobe
26 4.4.4 6 Chronie C.P.P. Sequestrum 2* x 1* x 1”
34 4.4.4 G Chronie C.P.P. Sequestrum 4" x 3" x 2°
126 4.4.4 16 Chronie C.P.P. Sequestrum 4” x 2" x 1}"; also.
sub-acute lesion. Pleuritic adhesions
74 4.4.4 16 Acute C.P.P. Sequestrum 5" x 3° x 3"
01 4.4.4 24 Chronic C.P.P, Sequestrum 2° x 17 x 1”
07 4.4.4 27 Chronic C.P.P. Sequestrum 6" x 4" x 3"
70 4.4.4 7 Chronie C.P.P. Sequestrum 3" x 2" x Ié'
19 4.4.4 4t Chronic C.P.P, Sequestrum 4" x 3* x 2
28 4.4.4 44 Chronic C.P.P. Sequestrum 2* x 1* x 1"
73 4.4.4 44 Chronic C.P.P. Sequestrum 4" x 3" x 2"
05 4.4.4 44 Chronie C.P.P.  Sequestrum 2” x 1”7 x 17
56 4.4.4 48 Chronic C.P.P. Sequestrum 4* x 3° x 2"
58 4.4.4 51 Chronie C.P.P. Sequestrum 2* x 2* x 2~
TOW 4.3.3 0 Chronie C.P.P. Sequestrum 2" x 1* x 17
47 4.4.3 48 Chronie C.P.P. Sequestrum 4" x 3" x 2"
137 4.3.3 16 Chronic C.P.P. Sequestrum 2” x 17 x 17
1 4.2.0 27 Acute C.P.P,
105 3.2.1 16 Chroniec C.P.P. Sequestra 4 x 2° x 2* and
Fxlx1y
08 3.2,1 44 Chronic C.P.P. Sequestrum 2% x 1”7 x 1
80 B.2.1 70 No lesions C.P.P. (Meat Inspector)
508 3.1.1 0 Chronie C.P.P.  Sequestrnm 2" x 1¥ x 1*

pleuritic adhesions may have been present hut, not noted.

Nore.—In many cases, only the affected portion of lung was submitted and



[1(b). The Complement-fixation Test for
Pleuro-pneumonia.

By H. E. Albiston, D.V.Sc.*

| The value of a sero-diagnostic test in the control of contagious

| bovine pleuro-pnenmonia was clearly demonstrated in Vietoria eight
years ago, during an outbreak which followed the introduetion of
infected eattle from New South Wales. At that time, the complement-
fixation test elaborated by Gregory from the technique of Tietze and
Giese was used at this laboratory, and the discovery by this test of a
number of “carriers” which otherwise would have escaped detection
undoubtedly had a profound influence on the course of the outbreak.
As a result of its employment, together with the effective administrative
aetion adopted by the Veterinary Branch of the State Department of
Agriculture, Vietoria became free and remained free from infeetion for
several years.

In spite of the good results obtained, especially with “ carriers,” this
test was by no means infallible, and it possessed certain disadvantages
which are adequately dealt with in this Bulletin by Campbell and Turner.

In November, 1933, a mob of %00 odd bullocks was introduced from
a property in New South Wales on which an outbreak of pleuro-
vnenmonia had oceurred in June of that year.  After sale at Wan-
garatta, these animals were distributed to 14 properties in Vietoria,
and shortly afterwards pleuro-pnenmonia made its appearance on &
of them. On the occasion of this new outbreak, blood sera from over
800 bullocks were submitted to the complement-fixation test applied
according to the technique of Campbell and Turner.

In December, the owner of one lot of 25 bullocks decided to have
them slaughtered at an abattoir, and a preliminary test was conducted
on the sera from these animals. One sample gave a strong positive
reaction, and the beast from which the sample came was found on
slaughter to show a resolving lesion of plenro-pnenmonia in one lung.

|' All other samples were negative to the test, and no evidence of pleuro-
pneumonia was found on post-mortem examination of the remaining
24 bullocks.

| The sera from 792 bullocks on 12 other properties were then sub-
mitted to the test, and four positive reactions were obtained. At the.
gubsequent post-mortem examinations, two of these reactors showed no.
obvious lesions of pleuro-pneumonia, although, in both cases, patches
of thickened pleurae were found, indieating recovery from a previous
attack of plenrisy, which we considered had been due to original infee-
tion by the pleuro-pnenmonia organism. Blood samples taken at the
time of slaughter gave negative reactions to the test. It should be
noted, however, that these animals were slanghtered six or seven weeks
after the original blood samples were taken.

In the other two cases, one animal showed an encapsulated caseating

lesion of pleuro-pneumonia in the left lung with pleuritic adhesions
between the lung and thoracic wall—a blood sample taken at the time

* Director, Veterinary Rescarch Institute, University of Melbourne.
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of slanghier gave a positive reaction to the test. The other animal
showed a healing lesion of pleuro-pneumonia in the left lung, with
fibrosis, and an adhesion between the lung and chest wall—its blood
sample, while still positive, gave a weaker reaction than that shown in
the original test of this animal.

Although 27 months have elapsed sinece the removal of the reacting
bullocks from the herds, no further cases of pleuro-pnenmonia have
ocenrred, and the State of Vietoria has remained free from this disease.

From our experience with the test of Campbell and Turner, we are
confident that it forms a valuable addition to the armamentarium of
the live-stock sanitary authorities in the eontrol of bovine contagious
pleuro-pneumonia, especially in a country as closely settled as Vietoria,
where reasonable measures can be taken to limit the spread of the
disease,

Two points, however, appear worthy of comment. First, a three-
tube test, as suggested by Campbell and Turner, involves a considerable
amount of labour, both in the preparation of glassware and in the con-
duct of the test itself, and in cases where the great majority of animals
might be expected to give negative reactions, much of this labour is,
we considered, in effect wasted. Tt was therefore suggested that, in a
preliminary test of an infected herd, a two-tube test should be used,
sera giving a negative reaetion o be disearded, while the sera giving
a definite positive reaction should he then run out in a three-tube test.
This procedure was actually adopted during the testing of the S17 sera
referred to in this report, with satisfactory results.

Secondly, the efficacy of a complement-fixation fest is completely
dependent upon the suitability of the antigen used. In countries such
as the State of Victoria where, in recent years at any rate, pleuro-
pnewmonia is praetically non-existent, but where its introduction from
neighbouring States is always a possibility, a supply of suitable natural
exudate for the preparation of antigen is impossible to obtain. More-
aver, even when prepared according to Campbell and Turner’s techniqgue,
different antigens vary considerably in their antigenic power. So that
test results will be uniform, it is essential that a satisfactorily tested
antigen be available to all diagnostic laboratories within the Common-
wealth. - Until some alternative type of antigen is perfected, it is
recomnmended that the manufacture of antigen for the test be undertaken
at a suitable Jaboratory where a supply of the natural “virus™ is
readily obtainable, such as the Animal Health Research Station at
Townsville,

s g,
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[II. A Cultural Study of the Distribution of

the Specific Organism, Borrelomyces peri-
pneumoniae,” throughout the Body of
Animals Naturally and Artificially Infected.

By A. D. Campbell, B.V Sc.t

1. Introduction,

For many years, it had been tacitly assumed that the causal
organism (“virus”) of pleuro-pneumonia was confined to the obvious
pathologwal lesions, ie., lung, Yleurmc exndate, and thoracic lymph
glands in natural cases, and t e local inflammatory lesions and affected
regional lymph glands after subeutaneous inoculation. Dujardin-Beau-
metz (1913) had indeed found that, in young calves with specific
metastatic synovitis following subeutaneous inoculation, it could be
recovered from those lesions also. Reflection might have suggested
that the most likely path from the subcutaneous lesion to the joints of
the limbs was the blood stream, but its presence was not then snspected
in the apparently normal tissues of the body.

However, in 1926, Nakamura, Futamura, and Watanuki demon-
strated it not only in the obvious lesions, but also in the circulatin
§!2 od, liver Qpleen kidney, and lymph glands Daily sowing of bloo

n serum agar Showed that the organism became septicaemic for con-
siderable periods during the height of the disease.”™

Soon afterwards, Beller and Tahssin Bey (1926-27) recovered it
from the mﬂammaton pleural, pericardial, and peritoneal fluids of a
lamb that died twelve days after birth, the mother having been inocu-
lated subcutaneously 107 days before parturztu}u From the foetus of
another ewe that aborted 180 days after inoculation, it was recovered
from the pleural and peritoneal fluids, but not from the heart blood,
spleen, and stomach contents. They were also able to recover it from
Ilymph glands, body fluids, spletm and kidneys of subcutaneously-
inoculated cattle. From the urine of a calf, they cultivated it for seven
months after subeutaneous inoeulation; but not from the liver, heart
blood, or bile, when examined post mortem.

On the other hand, Yamagiwa, Itabashi, and Ito (1930), in Man-
churia, consistently obtained positive blood enltures in four fatal experi-
mental infections for some 10 days before death, but from none of the
naturally-infected cases.

Hall and Beaton (1931), by inoculating susceptible cattle with the
citrated blood of ;nekusly inoculated animals, and by sowing jugular
blood into Martin’s broth, demonstrated the nrgamsm in the circulating

* See Turner, A. W. {UJ.']B)—J Path. and Brzrt -M 28
t+ An Officer of the Conncil’s Animal Heslth Research Station, Oonoonbu, near Townsville,
Queensland,
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blood from the first day of the thermic response, accompanied by well-
marked loeal reaction, until the local reaction commenced to undergo
resolution with a corresponding drop in temperature (4 to 19 days).
They were able to cultivate it from spleen, prescapular lymph glands,
and mnearly every organ of an animal that had died from artificial
infection, and from the spleen and lymph glands of all naturally
infected animals, but only if the pulmonary lesions were not encapsu-
lated. From naturally infeeted animals they obtained blood cultures,
and claimed not only that the blood stream is invaded until the pul-
monary lesion becomes sequestrated, but that the technique of blood
culturing is a simple method for detecting and confirming a doubtful
clinical examination,

1t appeared to us that further and more detailed work was desirable
on the distribution of the specific organism thronghout the body of
infeeted animals, and on the value of blood-emlturing as a diagnostic
procedure,

2. Pr Ocedmn

To facilitate our studies of bovine pleuro-pneumonia, in particular
the complement-fixation test as a means of diagnosis, we had established
a naturally-infected herd of cattle by introducing three naturally-
mfected animals into an uninfected herd maintained in isolation at the
Station. Forty-eight days after the introduction, the first case of pleuro-
pneumonia in the experimental animals oceurred, and was followed by
a large number of others. By the introduction of fresh batches of
animals to replace infected cases, we maintained the disease in the herd
for a period of two years, when the experiment was terminated hy the
destruction of the remaining animals,

In addition, a number of animals were subjected to experimental
inoculation with either plenritic exundate from natural cases or cultures
of the specific organism. We thus had a rich source of material
adjacent to the laboratory.

Throughout the investigation, we have made it a practice to eonduet,
on all autopsied animals, as thorough a bacteriological examination as
cireumstances would permit. The present communication deals with
the enltural examination of the material that became available.

To obtain blood from the living animal for the purpose of inocula-
tion of culture media, an area over a jugular vein was shaved, the
animal brought into a draught-free room, the vein distended by eom-
pression, the overlying skin painted with iodine, and with a sterile
hypodermie syringe 5 ml. of blood were withdrawn. After rejecting
0.5 mL, 1 mL was introduced into each of four tubes of V,F.-O.8. broth,
a special medium deseribed by Turner, Campbell, and Dick (1935).%
The tubes were then placed at 37° C., and subsequently examined every
24 hours. Growth is usually obvious in 48 hours, and first manifests
itself by mumerous pin-point white colonies on the surface of the clot
which has formed and is suspended from the glass at the level of
the meniscus. Later, these colonies begin to diffuse or stream down-
wards, and faint, whitish wisps may extend for 3 or 4 mm. On further
ineubation, the colonies may inerease to 1 mm. in diameter, and by

* As this dew-rlﬁi;u may be inaccessible to some readers, it is reproduced in the appendix.
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extension of the growth into the previously clear medium, a uniform
opalescence eventually results. Dark-ground examination of material
from such eolonies reveals the characteristic myecelial and other elements
seen in early cultures of the organism, as described by Turner (1933,
1935). Blood in buffered V.F.-O.S. broth does not give a clot, and con-
sequently no separate colonies form, but a uniform distribution of the
organism throughout the medium ocenrs.

At the post-mortem examination, material was taken from seaved
organs by means of Pasteur pipettes, and sown into V.F.-0.8., or
B.V.F.-0.S. The organism is usually demonstrable within 24 hours in
the culture media sown with pleuritic exndate or lung lesions, but from
other infected organs and tissues it generally takes several days to
appear. The first noticeable growth is often in the form of the so-called
comet bodies described by Hall and Beaton (1931), and by Tang, Wei,
MceWhirter, and Edgar (1935), Miecroscopic examination of these
bodies by dark-ground illumination shows them to be made up of long,
tangled, mycelial filaments,

3, Blood Culture.
(1) Natural Cases (Cattle).

At the commencement of our studies on the complement-fixation test,
the results of which are recorded in the previous paper in this Bulletin,
the blood serum of each experimental animal was tested weekly, and, as
o check on the results, tubes of media were sown daily with blood from
animals within 24 hours of their giving a positive complement-fixation
test.  As the results did not appear very promising, blood-culturing was
discontinued after a time.

Eighty-three blood cunlture tests were carried out during an investi-
gation on 18 naturally-infected cattle. From 8 animals, 14 positive and
27 negative results were obtained. The analyses of these tests are
shown in Table 1. It is obvious that the organism is present in the
blood stream most frequently in the early stages of the disease, heing
found in 6 of the 8 animals examined within 24 hours of their mani-
festing a positive complement-fixation test. There is, however, little
or no correlation with clinieal manifestations. That the occurrence
of the organism in the blood is intermittent is shown by these results.
The irregularity of the results as compared with the experiences of the
Japanese workers cannot be aseribed to our medinm, which is very

sensitive, and frequently gives growth with 107 or 10-'* ml. of a
cnlture,

Tasre 1.—Dairy Broop Corrure Tesrs,
T Total

L, AR ) 0

| , I No. No,
Identification | 1. | 2 4 i ‘ 5. ‘ 6 1.V \ 8. | & |10 No, T
No. ! | | l Toats, Positive. | Negative.

2 | 4 ~ —_— = — 0 1 8
21 | — = — o 4 1 3
25 + = — — = 10 i
31 + F+ — + 4 3 i
80 - + 4 NS e b w5 4 4 0
83 e i SRR D) T (R N 4 1 ' 3
a1* & A ~  — followed by an interval of o 1 4

18 days when a -+ result

result was obtained
405 i oo |+ only one blopd 1 | 1 0
cultire test carried out !

* Negative eeries token before manifestation of clinical symptoms.
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Four to six blood-culture tests were carried out on consecutive days
on ten other cattle with negative results. These tests were carried out
before and during manifestations of marked elinical symptoms.

(11) Artificially-infected Animals.

(a) Cattle—DBlood cultures were obtained 24 hours after the sub-
cutaneous inoculation of 5 ml. of eulture or pleuritic exudate either in
front of or behind the scapula. The occurrence of the organism in
the blood stream in sufficient numbers to be demonstrated was inter-
mittent, but was more frequent than in natural cases. As an example,
we may cite one animal from which the organism was recovered from
the blood stream on the second, third, fifth, and seventh days after
inoculation, but eould not be demonstrated on the fourth, sixth, and eighth
days. The disappearance of the organism from the blood stream corre-
sponded with the beginning of resolution of the subeutaneous lesion.

The Willemsian method of vaceination at the tip of the tail is widely
practised in North Australia, both during outbreaks of plenro-
pneumonia and prophylactically before cattle are droved over the long
stock routes on their way to markets. It is, therefore, important to
know whether, following tail inoculation, the organism may invade the
circulatory system. As a normal reaction is confined to a well-defined
swelling, extending 2 or 4 inches up from the tip, one would not expect
the organism to invade the blood stream.

Four cattle, each approximately 18 months old, were inoculated
subcutaneously with 0.2 ml. of virulent culture 1 inch from the tip of
the tail. Blood-culture tests, taken daily for 15 days, failed to demon-
strate the causal organism. The tail swellings in these animals were
very marked from the 5th to the 12th day, after which they commenced
to subside. Another animal, inoculated in the tail with pleuritic
exudate from a natural case, showed on the 14th day a very oedematous
swelling extending into the anal folds. Blood-culture tests were carried
out, with negative results, from the 14th to the 20th day. On the 20th
day the posterior third of the tail sloughed off. Resolution then rapidly
oceurred in the upper two-thirds. In the limited number of tail-
inoculated animals on which we have earried out blood-culture tests, we
have therefore failed to demonstrate the presence of the organism in the
blood. Unfortunately, we were only able to carry out cultural tests on
one animal in which the reaction was severe, but even in this case the
organism eould not be demonstrated in the blood stream. Tt is quite con-
ceivable that, when a very severe reaction oceurs, and the gluteal faseia
and museles are invaded, the organism may invade the blood stream.

(b) Sheep and Goats—In sheep, positive blood-culture tests were
obtained 24 hours after subcutaneous inoenlation behind the seapula
with either virulent culture or pleuritic exudate. The appearance of
the organism in the blood stream was intermittent, but more fre-
quent than in ecattle. Tts disappearance from the blood stream
corresponded with the beginning of resolution of the subeutaneous
lesion. The results of the tests are shown in Table 2.

SRR S T
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Animals 1 and 2 were inoculated behind the seapula with 5 ml. of
pleuritic exudate, and animals 9 and 10 with 5 ml. of culture. Blood-
culture tests were commenced 24 hours after inoculation. Nos. 1 and 2
were destroyed on the 27th and 22nd days respectively after inoeulation,
and No. 10 was discharged from the experiment on the 17th day, after
complete resolution of the lesion.

Six goats were inoculated subcutaneously behind the shoulder with
5 ml. of enlture. Positive blood-culture tests were obtained from each
animal 24 hours after inoculation, and subsequently every day until
the 8th day, after which the traumatic fibrous reaction surrounding
both jugulars prevented further satisfactory tests.

4, Examinations Post Mortem.

(1) Lesions and Organs from Natural Cases.

Acute, chronic, and recovered cases were examined immediately
after slaughter or death,

(a) Acute Cases—In Table 3 are recorded the results of a number
of examinations of tissues from 23 cattle which had either died of acute
contagious pleuro-pneumonia or had been killed in its early stages.

Tasre 3.
. of |  Posity reentage
Organ or Tissue. s % | Cultuzal ‘ e ity PO
Examined. | Findings, Findings. Positives.

Lung lesions 'S 44 23 23 ‘ 100
Pleuritic exudate .. s 18 . 18 | 100
Heart blood ix "o 15 9 | 6 60
Mediastinal and  bronchial

lymph glands s 23 23 { o 100
Amniotic fluid fu i 2 2 s (100)
Gelatinons  oedema  from

epidural space .. i G 4 | 2 66.6
Spleen .. < % 22 e 9 59
Liver it 4 s 22 | 12 | 10 54.5
Kidneys .. 5 b 22 11 [ 11 50
‘Cerebro-spinal fluid. . et 6 3 3 50
Brain .. ol ks 6 3 | 3 50
Bone marrow (long bones) .. 6 1 | 5 16.6
Urine e s Py 7 - 7 0
Bile c 6 6 0
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In addition to the examinations recorded in the table, filtrates of
emulsions of tissue have been used for the inoculation of culture media
where there has been danger of bacterial contamination. The organism
was thus recovered, after filtration through an L2 candle, from a specifie
lung lesion of a case that had died overmight, and from a bronchial
swab from a case showing acute lesions and gangrenous pneumonia.

1t was not recovered from the brain and other organs of a foetus
from one of the animals, although it was found in the ammiotic fluid.

(b) Chronie Cases—Twelve such cattle were killed and examined.
Each of eight had a sequestrated pulmonary lesion from which the
organism was recovered, but the lymph glands, heart blood, and internal v
organs were sterile.  From another case, which had a Iarge sequestrated
lesion, the organism was found in the sequestrum, bronchial, and
mediastinal Jymph glands, but not in the kidneys, liver, spleen, or :
heart blood. The remaining three cases each showed a resolving lesion
without sequestration, from which the organism was cultivated, though
other parts of the body, including the pulmonary lymph glands, were !
evidently free.

(¢) Recovered Cases—Thirty-four animals, which from their !
serological and clinical history had previously suffered from pleuro-
pnenmonia, but had recovered, were examined post mortem. Thirty-
three showed either pleural adhesions with fibrosis of a portion of one
of the lobes of the Iungs, or (in a few cases) only a small area of
adhesion. In only one, apparently a rare case of eomplete resolution, i
were no lesions found.

Culture tests were made of material from hangs, lymph glands, heart
blood, and internal organs, but the organism was not recovered in any
case,

(ii) Artificially-infected Cattle.

(a) Subcutancous and Intradermal Inoculation—Seventeen cattle
were inoculated either subeutaneously or intradermally with culture or !
pleuritie exudate, and were killed at periods varying from one to several ;
weeks after inoculation, Nine of these animals developed subeutaneous
reactions, seven after subeutaneous and two after intradermal inocula-
tion. At autopsy, the organism was recovered in each case from the ’
rubcutaneous oedema and from the prescapular lymph gland. In those
cases in which the internal organs were examined, it was recovered
from the spleen, kidneys, liver, and heart blood, and in one case was ,
also present in the mediastinal and bronchial lymph glands. It was
recovered from the synovial fluid of the right carpal joints in three
cases. The thoracic cavity of another animal contained approximately ;
100 ml. of inflammatory exudate, from which the organism was
recovered.

(b) Peritracheal Inoculation—Two pregnant heifers were mocu-
lated with 10 ml. of pleuritic exudate in the peritracheal fascia of the
posterior third of the trachea, and a calf similarly with 10 ml of
culture of a three-day third-generation subeultnre in B.V,F.-O.S. broth.

_ )
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One of the heifers aborted two foetuses 83 days after inoculation.
The organism was recovered from the heart blood, liver, spleen, and
brain, but not the kidneys, of each foetus. The mother was killed the
- same day.,  Cultures were obtained from the liver and from heart
blood, but not from any other internal organ or from any lymph
gland.

The other heifer was destroyed 21 days after inoculation, Cultures

; were obtained from lymph elands, heart blood, liver, spleen, kidneys,
| plenritic exudate, and amniotie fluid. They were obtained also trom
the heart blood and liver, but not from the kidneys or spleen of the

L foetus.
l
i

The calf, aged approximately six months, was destroyed 50 days
after inoculation., Cultures were obtained from the plenritic exundate,
mediastinal and bronchial lymph glands, but not from the heart blood,
liver, spleen, or kidneys.

pulmonarily with 10 ml. of pleuritic exudate mixed with 10 ml. of a
5 per cent. solution of CaCl, Death resulted from the infection 17
days later. Cultures were obtained from the mediastinal and bronchial
lymph glands, pleuritic exudate, pericardial fluid, and the synovial fluid
from the coxo-femoral joints, but not from the heart blood, liver, spleen,
and kidneys.

1
' (¢) Intrapulmonary Inoculation.—A steer was inoeulated intra-

(d) Intravenous Inoculation—Five cattle were inoculated intra-
venously, either with culture plus agar, blood eulture or emulsified lung
lesion, in an attempt to reproduce the disease with the aid of pulmonary
embolism, as suggested by Daubney (1933).

One was destroyed fourteen days after inoculation, and eunltures
were obtained from the lung lesion, mediastinal and bronchial lymph
glands, pleuritic exudate, heart blood, liver, spleen, and kidneys.

o — e ————————

Another, slaughtered and autopsied 22 days after inoculation,
ghowed a small resolving lung lesion from which a culture was obtained.

. ' : :

The lungs of a third animal, slanghtered and autopsied 36 days after
inoculation, showed two small lung lesions, one encapsulated, the other
resolving, Cultures from hoth these were obtained.

r

The fourth and fifth, killed 32 and 36 days respeetively after inocu-
lation, showed no lesions, nor could the organism he recovered from any
of the internal organs.

(ii1) Artificially-infocted Sheep, Goats, and Rabbils.

Three of the sheep used in the experiment mentioned in Table 2
were killed and material collected for cultural examination. Two had
been inoculated subeutaneously behind the shoulder with 5 ml. of

I plenritic exudate.  One was destroyed 22 and the other 27 days later.
The organism was recovered from the subeutaneous lesions, heart blood,
liver, spleen, and kidneys, but not from the brain, bile, and urine,
althongh between the 2nd and 13th day after inoculation intermittent
positive blood cultures had been obtained.
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The third sheep, No. 9, inoculated subentaneously behind the right
seapula with culture, was destroyed on the 17th day, and all eultural
tests failed to reveal the organism in any part of the body, although
positive blood culture tests had been obtained from the second to the
fifth day, but thereafter had been negative.

A pregnant goat inoculated subcutaneously in the right axillary
fascia with pleuritic exudate was killed four weeks later. A enlture
was obtained from the amniotic fluid, but not from the heart blood,
liver, spleen, and kiduneys of either mother or foetus.

Two rabbits were inoculated subcutaneously with natural pleuritie
exndate. Onme (a pregnant doe) was killed three days later. Cultures
were obtained from the heart blood, liver, spleen, kidneys, brain, peri-
toneal, and amniotic fluids, but not from the mammary glands.

The other was killed ten days after inoculation. The organism
was not recovered from the bloed, liver, spleen, kidney, brain, or
peritoneal fluid.

5. Discussion and Conclusions.

The opinion of Hall and Beaton (1931) that blood culture offers
a “simple method for detecting and confirming a elinical examination ”
could not be confirmed by us. As already noted, we attempted to nse this
method to confirm positive reactions to the complement-fixation test.
Kighteen such reactors in our naturally-infected herd were submitted
to a total of 83 blood culture tests. During some period of the test, all
the animals were showing clinical signs of the specific infection, yet
only in 14 of the 83 tests was the orgunism recovered by means of a
Lighly sensitive medinm,

By cnlture tests on ecattle, sheep, and goats inoculated with either
natural pleuritic exudate or culture, we were able to demonstrate the
organism intermittently in the cireulating blood from 24 hours after
inoculation until death oceurred or resolution of the local lesion com-
menced.

Cultural tests earried out by us on 23 eattle dead of acute contagious
plenro-pneumonia, or killed in the early stages, showed that the cansal
organism was always present in affected lung tissue, pleuritic exudate,
mediastinal and bronchial Iymph glands, frequently in the heart blood,
liver, spleen, and kidneys, and on one oceasion in a long bone. Further-
more, in four cases, we were able to recover it from brain and cerebro-
spinal fluid and inflammatory oedema in the epidural space (Turner
and Campbell, 1935). Contrary to the finding of Beller and Tahssin-
Bey (1926-2T), we were unable to demonstraie it in the urine of
animals affected with acute CLP.P., or those inoculated subeutaneously
with either virnlent culture or plenritic exudate, althongh we found
it in the kidneys in 50 per cent. of the cases.

As was to be expected from the work of Tang, Wei, MeWhirter, and
Edgar (1935), in which they demonstrated the bile-solubility of the
organism, we found the contents of the gall-bladder to be free of
infection, although it was present in the liver of over 50 per cent. of
the cases.

-_—
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Beller and Tahssin-Bey (1926-T) reported two cases of infection
in utero following the inoeulation of pregnant ewes. Two naturally- 1
infected heifers were found by us post mortem to be pregnant; from
both animals we obfained eultures from the amuiotic fluid, but not from
the internal organs of either foetus,

Two pregnant heifers were inoculated in the posterior peritracheal
fascia. One of these aborted twin foetuses, and cultures were obtained
from their braius, mediastinal, and bronchial lymph glands, livers,
and spleens. At post-miortem examination of the other heifer, cultures
were obtained from the ammiotic fluid, the heart blood and liver of
the foetus,

Amongst smaller experimental animals, the organism was recoverad
from the amniotic fluid of a goat and of a rabbit killed three days after
inoculation,

On serological and elinieal history, we diagnosed 12 beasts as
chroniec or “lunger” cases. On post-mortem examination, 9 were
found to have well-encapsulated lung lesions. In 8 of these, the
organism was recovered only from the sequestrum, while in the other
(with a large encapsulated lesion) it was recovered from the bronehial
and mediastinal lymph glands as well as from the sequestrum. The
remaining 3 animals showed resolving lung lesions without sequestra-
tion, and from these lesions the organism was recovered, but not from
the lymph glands or tissne. It is possible that, if slaughter had been
delayed for some time, complete resolution would have oceurred in |
these 8 cases. The 9 cases with sequestrated lesions had shown no ]
outward signs of the disease for a period of about 8 to 10 months,
and constituted potential sources of infection to healthy animals.

Cultural tests failed to reveal the presence of the organism in the
F'[nuds and internal organs of 34 cattle that at one period of their
istory were evidently infected, as determined by eomplement-fixation
tests and clinical evidence.  TPost-mortem examination of these cases
revealed only pleural adhesions or fibrosis of a portion of one of the
pulmonary lobes and the organism could not be recovered. Such cattle
could not be regarded as potential sources of infection.

Cultural examination of eattle experimentally inoeulated by various
methods showed that the specific organism could be recovered from the
resulting lesions, neighbouring lymph glands, internal organs, inflam-
matory exndates, and from the carpal joints of those animals that
developed specific arthritis.

| Following intravenous inoculation of ground-up lung lesions of
p natural eases, we sneceeded in producing specifie lesions in the lungs

of cattle, and the eultural findings were similar to those obtained from
naturally infected cases,

We suceeeded in recovering the organism from subeutaneous lesions,
heart blood, liver, spleen, and kidneys of inoculated sheep, confirming
the findings of Beller and Tahssin-Bey.
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APPENDIX,
METHOD OF PREPARATION OF THE V. F. CULTURE MEDIA.
The media are based upon a pig-stomach acid-digest of ox-muscle and
ox-liver, subsequently enriched with 10 per cent. of ox-serum.
In the following deseription, V.F. stands for viande-foie, B, for buffered,
and 0.8, for ox-serum.
(a) Preparvation of V.F., Acid Digest.

The following constituents ave faken in the following proportions:—
Lean ox-muscle 2 100 grammes

Normal ox-liver id X o i .. 100 grammes
Pig's stomach % oy 3= = 120 grammes
Concentrated hydrochlorie acid C.P. .. 5 oA 10 mlL
‘Tap water ., g i : a5 .o 1,000 ml

The ox-musecle is prepared in the usual way, free from fat and aponeuroses;
normal livers are selected and freed from large blood vessels, bile ducts, and
other removable extraneons matter; and the pig's stomachs are gently washed
under running water and freed from seraps of fat, omentum, &e¢  Tach is finely
minced, mixed in the required amounts, and placed in 6-litre wide-monthed
bottles provided with rubber stoppers. The water is added, then the stron
acid, the whole being stirred meanwhile. The bottles are stoppered and pl
in a large \va.ter-bar?n maintained at a constant temperature of 50°C. by means
of some form of thermoregulator for 24 hours. At the end of this period, a
complete peptic digestion lias occurred, and usually only a little sludge remains
at the bottom of the jars. In order to inactivate the pepsin, the femperature
of the water-bath is thereupon raised to 80°C., and the digest filtered through
moistened Chardin filter papers, placed in bottles, and heated again to 80°C.
The product, which has a clear, light, yellowish-brown colour, is referred to as
V.F. acid digest. Until needed, it is kept in a refrigerated room, where it
remains usable for many months,

(b) Preparation of BV.F.-O.8. Broth.

In broths prepared from certain digests, the pleuro-pneumonia organism
produces an excessive increase in the hydrogen-ion concentration, and, as this
is inimical to the viability of cultures, it was found desirable to keep the pH
up to a safe limit by the ineorporation of buffer salts in the medium,




i)

Cold acid digest is filtered to ensure the removal of fat, and is then
Theated to 80°C.; suflicient of a 10 per cent. solution of sodium hydroxide
(usnally 40 to 50 ml per litre) 18 added to raise the pH to 7.5 or 7.6 when
tested at approximately incubator temperature in a Hellige comparator with
phenol-red indicator. ‘he mixture is held at 80°C. for 15 minutes to facilitate
the aggregation of the * carthy phosphate ™ precipitate, and then 1 per cent, of
a mixture of bulfer salts calculated for pH 7.4 is added and dissolved. It is
then ke]p!. between 18°C, and 19°C. (in the ante:room of a refrigerator chamber)
for at least 4 hours, and is best left there overnight, in order to complete the
aggregation of the precipitate. 1t is then filtered through Chardin paper,
the pH is recorded (it should not be far removed from 7.4), and oneninth of
its volume of ox-serum is added, thus making a final dilution of 10 per cent.
'The resulting broth is sterilized by filtration throngh a Seitz E.K, pad, and is
tubed under an inoculating hood wilh nseptic precautions. It is incubated to
‘test its sterility, and is then known as buffered V.17 -ox sernm broth, or, shortly,
B.V.F.-0.8. broth, :

The buffer salt mixture is prepared by intimately mixing 379.0 grammes of
anhydrous disodium phosphate and 90.8 grommes of potassium dihydrogen
phosphate, both very finely ground.

In this medinum, an excellent growth of the organism iz obtained, and
whatever the acidogenic propensities of the original digest may be, the pIl never
falls beneath 7.0. Other sera may be used instead of ox-serum for special
purposes (e.g., horse, sheep, goat, &ec.), with corresponding alteration in the
name of the media {ie., B.V.F-HS., BY.F.-8.8., BV.F.-G.8, &)

(e) V.F..0.8. Broth.

For certain purposes {(e.g, fermentation tests), it may be undesirable to
have the buffer salts in the medium, and, providing the original digest is not
excessively acidogenie, the ordinary unbuflered V.IF.-0.8, may then le used.

The procedure is as for B.V.F.-0.8, excepting that the buffer salts are
omitted.

In a satisfacfory batcl, the pH will not fall beneath 7.2 or 7.1, whereas if
unsuitable digest is used the pH may fall as far as 5.6. The eanse of variation
‘in acidogenicity is mot yet fully known, but is being investigated.




Serum dilutions

Explanction of Figures: The varying heights of the columns
indicate the limits to which titrations were carried in esch case
depending upon convenience or the expectations of titre. Black
indicates - -, hatching to the right 4+, horizontal 4+,
to the left +, and no hatching —. Those columns without an
unhatched space at the top represent titrations that were not
carried out to completion,

Case No. 364,
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Fie. 1.—[Mustrating a typical complement-fixation response following tail
inoculation, accompanied by normal local reaction,
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Case No. 21.
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Fra. 2.—Unvaccinated. The figure illustrates
the high degree of complement-fixation
in a fatal acute case commencing nine.
teen weeoks after entering the infected
environment.
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Case No. 83.
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Fia, 3.—Unvacoinated, Illustrates the high degree
of fixation in a fatal acute case ccmmencing
cleven weeks after entering the infected
environment,
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Casg No, 163,
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Fia. 4.—Calf aged six months,
Natural ease in outbreak

in dairy herd.
killed n exiremis
weeks after being

When
twolve

placed

umler ohservation, it
showed an  encapsulated

pulmonary  lesion,

con-

taining living organisms.

Case No. 11.
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Fia. b.

Unvaccinated.  Symptomless transient reaction five weeks after

entering infected environment. Developed elinical pleuro-pneumonia

ten weeks after entry, but recovered.

When killed 28 weeks after

commencement of attack, showed only old fibrous pleural adhesions,
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Case No. 85,
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Fre. G.—Unvaccinated, One symptomless trausient reaction during 14th
and 15th, and another from the 18th to 22nd week after entering the
infected environment. Developed pleuro-pneumonia 28 weeks after
entry, but recovered. The intradermal inoculation in this case
upparently caused the temporary appearance of a positive reaction.
Post-mortem examination 20 weeks after the commencement of the
illness revealed only old fibrous pleural adhesions,

Time in weeks

Case No. 61.
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Tra. 7.—Vaccinated (intraperitoneally). ‘Transient reaction during 18th and 19th
weeks after entry. ~ Contracted pleuro-pneumonia 46 weeks after entry, but
recovered.  Post-mortem examination 17 weoks after commencement of
illness revealed only old fibrous pleural adhesions.
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Case No. 2.
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Fie. 8.—Vaccinated (tail), Developed pleuro-pnoumonia nineteen
weeks after entering the infected environment, but recovered.
Examined post mortem 13 weeks after commencement of disease
it showed only old fibrous pleural adhesions.
Case No. 244,
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Fie. 9.—Vaccinated (tail). Sixteen weeks after éntering infected environ-

ment developed very mild pleuro-pneumonia. Showed almost
complete resolution (fibrous pleural adhesions) when killed 21
weeks after cessation of symptoms. Note two slight transient
reactions soon after exposure.
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Case No. 264.
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Fi6. 10.—Unvaccinated. Tt gave three symptomless transient
complement-fixation reactions before finally developing
fatal pleuro-pneumonia 24 weeks after being p in
the infected environment.

Case No. 15.
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Fra. 11.—Vaceinated (tail). Remained resistant to pleuro-pneumonia, but
experienced three symptomless transient e.f. reactions. Post:mortem
examination quite negative for pleuro-pneumonia.

T DR e S T e




83

Case No. 89.
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Fig. 12.—Unvaccinated. Symptomless transient reaction between 18th and
26th weeks after introduction. Developed pleuro-pneumonia 26 weeks
after introduction, and recovered. Killed 24 weeks after commencement
of attack and showed encapsulated pulmonary lesions containing living
organisms.
Case No. 22.
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¥ro. 13.—Unvaceinated.  Developed acute pleuro-pneumonia 15 weeks

after introduction. No transient reactions. When killed 23 weeks
after contracting the disease a sequestrum containing viable organisms
was found in the lungs.
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Case No. 235.
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Fra, 14.—Unvaccinated. Thirteen weeks after introduction into the
infected environment developed sub-acute pleuro-pneumonia
from which it apparently recovered, but when examined
post mortem had a poorly encapsulated lesion containing
viable organisms in the lungs. The temperature chart
covering the clinical period is given in Fig, 20.

Case No, 35.
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Fig, 15.—Unvaccinated..  Acute pleuro-pneumonia 8 weeks after entering
infected environment, with recovery. The very small pulmonary
sequestrum found post mortem was sterile and there were some old
fibrous plearal adhesions, There was a brief depression of the ec.f.
reaction after the intradermal inoculation. Apparently the infection
had ouly recently died out.
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(Case No. 193,
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F1. 16.—Unvaccinated. Forty-five weeks after entering the infected
environment, and without having exhibited any transient reactions,
it developed a mild attack of pleuro-pneumonia from which it
recovered. Ten weeks after the commencement of the disease and
when it was still a positive reactor, it was given an intradermal
inoculation with living culture ; the c.f. reaction gradually declined
to negative and did not reappear until seven weeks after the inocula-
tion, when post-mortem examination revealed a small encapsulated
lesion containing viable organisms in the lungs,

Case No. 308.
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Fi. 17.—Aocute pleuro-pneumonia from natural outbreak in dairy herd. The
previously persistent positive c.f. reaction was abolished apparently as a
result of the intradermal inoculation of living organisms.  Post-mortem
examination revealed a sequestrum containing viable organisms in the
lungs,
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Case No. 31.
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Fio, 18.—Vacecinated subeutancously behind shoulder.  Slight  transient
reaction three weeks after entry.  Contracted acute pleuro-pneumonia
(see Fig. 23) eight weeks after entry, but apparently recovered. Post-
mortem examination 25 weeks after the commencement of the illness
revealed an encapsulated lesion containing viable organisms in the
lungs.

Case No. 2.
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Fro. 19.—Vaccinated with 0.2 ml. pleuritic exudate at tip of tail on 3rd
October, 1932. Placed in infected environment on 2nd November,
1932, Clinieal and complement-fixation reaction March, 1933.

Post-mortem examination revealed old fibrous pleural adhesions. !
Note the mild temperature reaction. See Fig. 8 for serological
history.
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Case No. 235.
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Fig. 20.—Unvaccinated. Placed in infected environment on 16th Aungust,
1933. Developed mild pleuro-pneumonia on 13th November, 1933,
and recovered. Post-mortem examination on 14th March, 1934,
revealed a resolving pulmonary lesion (compare Fig. 14).
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Fie. 21.—Unvaccinated. Entered infected environment on 2nd November, 1032,
Deveioped acute fatal pleuro-pneumonia late in January, 1033, died 20th
February, 1933,
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Case No. 61.
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Fra. 22, —Vaccinated (intraperitoneally) on 26th August, 1932; placed in
infected  environment on 2nd November, 1932; developed pleuro-
pnenmonia July, 1933, and recovered ; killed on 6th November, 1933,
when old fibrous pleural adhesions found. Tllustrates relationship
between clinieal and complement-fixation response to acute pleuro-
pnenmonia (compare Fig, 7).

Case No. 31,
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Fig. 23.—Vaceinated subcutaneously on 12th September, 1932. Placed in
infected environment on 2nd November, 1032. Develo mild pleuro-
pneumonia on the 20th December, 1932, but recovered. Post-mortem
examination on 6th June, 1933, revealed small pulmonary sequestrum
containing living organisms.
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