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INTRODUCTION

Porcine brucellosis not only causes great losses to the

swine industry, but its causal agent, Brucells suls, is of

considerable importance to humen health because 1t is patho-

genic for man, apparently much more so than Brugells abortus

and possibly approsching Brucells melitensis in this respect,
Several investigations have demonstrated that it can and does
cause many abortions in swine and also frequently produces
sterility in these animals, VWhile in general it seems to be
& much less widespread disease than elther Brucells sbortus

or Brucells melitensis and i1s confined largely to the hog

raising districts of North America and certain sections of
Europe and South America the disease hasg rather high incidence
in those places where it ocours,

In 1922, Hadley and Beach found through a questiocnaire
that 24% of 188 pure~bred herds had abortion, while Connaway,
Durant and Newman, 1921, noted infection in 28 out of 30
herds examined, There have been numerous and somewhat vari-
able reports from segtions of the Middle West, but all indi-
cate that brucellosis of swine is a major diseasse affecting
reproduction and, from an economie and public health stand=-
point, it may possibly be almost as important as the disease
in cattle, The discovery of the esusative organisms resulted
in considerable work in the field for a period of about ten
years, but since 1925 much less attention has been given the

problem,



Persons in the public health field were much interested

in the discovery that Erﬁgﬁlla suis was more pathogenic for

man than Brucella abortus, However, this did not sbtimulate

the study of porcine brucellosis to any great extent because

it had been demonstrated thatlﬁrnaeiza suis rarely affected
cattle, and the public health problem of the moment was the
possible Infection of man through the use of raw milk, Be-
cause of enormous 1933 to cattle pr@@m@sva all over the world,
rasear&h work in kav!na ﬁrueailaais has taken precedence over
the iﬁ?@&%!gﬂti@ns of vir&naiiy a!i other animal diseases for
hh@ ﬁﬁﬁt two éacaﬁag, - , S

@hm diagﬂaaﬁia &asta fwr p@f@in@ brmggiiaﬁfsfhave never
‘been entir&ly $at§$faat@rya ?h@y'have been adapted from
those used 1& b@?ina hfuaa2§a$ia iésnﬁifﬁgaﬁign, and while
they are fairiy satisfactory for the disease in cattle, the
results obtained in swine brucellesis diagnosis have been too
variable to be adequate, With this in mind it seemed desir-
able to make a study of the methods of dlagnosis now In vogue
and %o try, if pasa!bﬁe, to introduce some new method which
would be helpful in the identification of the disease,

It seemed advisable to make a study of the capsules of
the Brucella group with the idea that this might throw some
light on the production of antigens for the diagnostic tests
to be undertaken, Hence, a study of the capsnles of the en-
tire Brucella group under varying conditions was made.

Since the blood picture has been found to be useful in

the identification of swme~ath¢?‘aiwaasaa of hegs, a study of



the blood picture in aﬁayﬁ% aaﬁjin£§§ta¢§hags was carried on,
to determine whether there was enough difference in the blood
éimﬁuragﬁgf;thﬁ?uwp?gtaﬁpg te\ﬁ£ﬁ%%£$iggafal}iai@%g{iﬁga&@{;“
catlion of the disease,

The work on diagnostic tests Included the study of a
group of those previously used and the introduction of a test
ﬁg@yta swine hraegii@siag In adﬁitién, the Neufeld reaction
used in pneumococcus identification was tried to determine

whether it migﬁtfhé‘us&fal in i{dentifying positive sera,



II,
HISTORICAL REVIEW

Discovery of Brugella: Brucells mellitensis was the first

apecies of the genus Brucella to be ldentified, It appears to
have been first isolated from the spleen of pabients who died
of Mediterransan fever by Bruce in 1887, The causative organw

ism was named Staphylococcus melitensis by Hughes in 18928, and

Bruce, 1893, used the term Micrococous mellitensis, Alter

Evans, 1918, studied asbortus and mellitensis together, she sug~
gested that they were similar and that they be given the gener=~
ic name Bacterium, Meyer and Shaw, 1920, econfirming her re-
sults, suggested s more fitting name Brucella, thus honoring
the discoverer of frucells melitensis who also investigated

many tropicsl diseases, This seems a much better designation
than the overworked term Bacterium and 1s now in gensral use,

The fact that the chief host of Brucella melitensis is

the milk goat was discovered by Zemmit, a member of the Hediw
terransan Fever Commission in 1808, The organism appsars to
localize in the udder, the spleen, and the lymph glends in
the goat and frequently in the sheep, It may, slso, affect
other animals and gives rise to undulant fever in man, It is
widely distributed throughout the world, and reports of cattle
and sheep, as well as goats, being Infected with the dlsease
have appeared from this country, BEurope, and South Americsa,
The second species of the genus, Brucella sbortus (Bang),
was first isolated and described by Bang of Copenbagen in
1807, Assisted by Stribelt, he isclated the organism from




the fetuses and feta]l membranes of catile that had aborted,
and they later demonstrated by a series of experiments that
this was one of the cmruses of abortion in catile. By examin-
ing the milk of infected cattle, Schroeder and Cotton, 1911,
as well as Smith and Fabyan, 1912, found that the udders of
animals could be infected., The organism gives rise to acute
inflammation of the maternal and fetal placentae, produces
inflammatory conditions of the uterus and oviducts, and is
“often present in the testis, It has been found to infect
other animals to & much less extent, and in man the organism
gives rise to undulant fever, It Is more widespread than
Brucella melitensis and has been reported from practicelly
every\ﬁauﬂt%y in the worild,

The discovery of the American porcine species of the
Brucella organism from f#%ﬁ&&% expelled prematurely from sows
was made by Traum in 1914, and thus the third member of the
genus was iﬁ%rsdamad¢‘figiﬁéhaﬁrﬁésrggggza suis stralns have
been isala%ed ky Tﬁamsan, I@&i and 1934, which ﬁiffer in cere
tain raﬁpaé%& fram tha&e f@uﬁd in th& ﬁa;%eé &t&%ﬁ@ ia %ha%
they @tﬂéuﬂ@ iittie if aﬁy hydrogen anifida when grown on
sujtable cuztura %Cﬁi&ﬁ %ha p@&@iﬁe &ﬁg&ﬁiﬂm infects other
‘animaza, such as the hﬁrsﬁ, the @aw, the dog, and the fowl,
and produces undulant fever in man,

Brucellas

cluded by some workers in &ﬁzé'graup‘au% are not wsually so

bronchiseptica and Brugella tularensis are in-

considered, The other three orgarisms are closely allied and

their differentlation is difficult., While there is still some



controversy, the consensus of opinion is that they should be
classified as separate species, although there are some advo-
cates of a single species for all three groups, The terms
paramelitensis, paradbortus, and parasuls, while frequently
used in the literature to refer to inagglutinable strains of
Brucella, probably refer to rouah variants af'ariginai smooth
cultures and consequently these terms merely serve to confuse
the issue,

Brucella suis is a strict parasite. Its growth is never

improved by the addition of carbon dioxide and it does not
develop under strictly anaerobic conditions. The sAmerican
type grows more freely than thé ﬁanisﬁ type. 1t grows in the
presence of thionin, but is inhibited by basic fuchsin, methyl
violet, and pyronin, The Danish type has the same differen-
tial susceptibility as the American type, but is rather more
susceptible to all dyes; consequently, when {dentification is
made with such dyes, they should be reduced in concentration.
The American type produceés hydrogen sulfide on liver during
the first four days of incubation, The Danish type produces
no hydrogen sulfide,

Brucella suls appears to produce the same antigens as
Brucells melitensis, but they are distributed in qualitative

proportion nearer those of Brucella abortus., Provided abso-

lutely smooth strains are used, they may be differentiated

from Brucells melitensis, but not from Brucella abortus, by

qualitative absorption of agglutinins, Brucella suis gives

rise In guinea pigs to a disease closely resembling that of



Brucella melitensis., The organism is usuadly extremely viru-
lent and produces large lesions in spleen, liver, lymph glands
and testicles,

Agglutination and complement fixation bodies are very
%reval&nﬁ in breeding boars and the disease apparently is fre-
quently transmitted by them, They often show necrotic inflam-
matory areas in the genitals, especially the epididymis, but
also in the testicles and seminal vessels in varying degrees.
In later stages of the disease the organs atrephy., The causa-
tive organism can readily be isolated from the tissues of
these organs., In the sow organisms are present in the uterus
as numerous, well-defined yellow nodules located in the deeper
layers of the mucous membrane but protruding above the sur-
face, 1t may be possible that sows ebort more frequently than
is supposed, as they are capable of eating the fetuses, The
organisms may be present in the milk, but they de nol seem to
give the disease to suckling pigs.

Diagnostic Tests: It is quite possible in some cases of

brucellosis of swine to make the diagnosis by cultivation of

Brucella suis directly from the animal material or after

guinea plg inoculation; and, of course, this is the easiest
method and furnishes positive proof that the disegse is pres-
ent. The organisms are often found in the stomach contents,
the lungs, and other organs of aborted fetuses, It may also
be obtained from fetal membranes and from the genitals of
boars., |

Four tagtsfhave been utilized for the disgnosis of



porcine brucellosis: +the complement fixation test, the agglu-
tination test, the precipitin test, and a group of allerglc
reactions,

Good and Smith, 1216, Hayes, 1922, Cotton, 1922, Hadley
and Beach, 1922, Schroeder and Cotton, 1925, Thomsen, 1931
and 1934, have made studles of the agglutination test and
have found that with swine blood the presence of infection
is indicated by a slow reaction and a somewhalt lower titer
than in cattile,

Cotton and Buck, 1932, report that they were sometimes
la suis in the blood of sows that

able to demonstrate Bruce!
only showed titers of 1:50, Bilanchini, 1930, found brucel=~

losis in swine relatively freguent without y@aiti?w serologl~
cal reactions, Connoway, Durant and Newman, 1921, have found
negative reactlons in sows which had aborted ten days before,
or within a few days after the serological tests, Thomsen,
1934, found aggiu%i#§§a a§gegrﬁéwagrlier than complement fixa-
tion bodies, and he has frequently found that animals abort
wﬁéﬁ'ﬁéithar awmpiéégnt fﬁgﬁﬁian'ar aégémgtnaﬁiwﬁtﬁiﬁarﬁ are
grésent. These f#aq&éntiy appé&r much later, He hﬁs occas ion-
ally found an-infected animal showing only the presence of
agglutinins @f* $@%®tiﬁ@$, aémpiﬁmant‘fixatiaﬂ bodies alone.
Hayes, 1922, reperts some observations on the production
of agglutinins, He found them to appear seven days after
intravenous injections and three to four weeks after adminis-
tration by mouth, However, within a month he discovered con-

siderable shifting in the positive plcture, and some of the



animals which had been positive became negative and some of
those which had been negatlive became positive,

Johnson and Huddleson, 1931, say the disappearance of
agglutinins altogether, or thelir tendency to disappear in 45
out of 62 hags‘tﬁat reacted to the agglutination test would
strongly suggest that the organisms In most instances do not
rgma!n in the body of the hog longer than from three to five
months,

Hayes, 1922, however, followed the course of the disease
in a2 naturally infected herd of 60 hogs by means of agglutina-
tion tests, In the herd which he studied, it appeared that
there was a tendency for more animals to react over a longer
period of time, However, he noted that there was a general
tendency for the agglutination titers to fall off after one
year.,

Howarth and Hayes, 1931, in a series of systematic exam-
inatlions of reacting animals over a considerable period of
time, found a decrease in the antibodies at the Lime of par-
turition, after which there often came a new rise in titer up
to about the original level, They found, however, in repeated
tests that the reactlions were subjlect to great !ﬁéivlﬁuﬁl
variation from time to time,

Thomsen, 1934, believes that the reaction power of an
infected animal gradually subsides more or less completely in
spite of perszistent infection,

Gwatkin, 1931, suggests the adoptlon of the positive agglu-

tination reaction in swine which the official American Committee
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has laid down for catile:r 11100 and higher is positive;y 1:50,
suspicious; 1325, of no significance. Thomsen, 1934, suggests
that a positive complement fixation test with 111000 of serum
or a a&aliar amount should &a ﬁanﬁié&re& a positive rea@%&@ﬁ.
He bsiigw&a that such an aaim&% is xiﬁhar infected at th&
present time or has ﬁQﬁ?l@%#iy been Infected and feels that
this rule holds good even though the complement fixation test
iz only partial, ﬁgg:ﬁt!natian'titsyﬁkaf 13120 {n an infected
animal, er one of those suspected of infection, should be con-
sldered a suspect and e thorough examination sho:ld be under-
taken, Thomsen feels bthat animals showing agglutination in
dilutions of 1:50 should be designated as reascting, and infect-
ed if such animals are found in an infected herd. If agglu-
tination eccurs in dilutions of 1:100 or higher, It should he
iooked upon as decidedly positive, Thomsen has found, however,
that unspecific reactions may go even higher than this, and
consequently 2 combination of positive complement fixation and
agglutination titers are not a perfect selution to the problem,

Higginbothem and Heathman, 1936, alseo feel that the com-
plement fixation tests are not as clear-cut as the precipitin
test and for thal reason are not satisfactory., Hayes, 1922,
also fecls that the complement fixation test has ne advantage
over the agglutinatlion test,

investigators have made almost no use of the precipltin
test for the diagnosis of brucellosis, Higginbothem and
Heathman, 1936, while using these tests experimentally in
studying the disease, think that they have no advantage over
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the agglutination test as a routine procedure, The time and
cost of preparing extracts make it disadvantageous for gen-

her&z diagnostic procedures, However, they think {t is satis-
factory to use in research., Stubbs and Live, 1@%2, in study-

ing the sonic filtrate of Brucella abortus, used the precipi-

tin tests almost eaclusively and found them quite satisfactory,

Very little work has thus far been published on the use
of allergic tests in the diagnosis of porcine brucelliosis,
but various extracts have been trled on other experimental
animals., McFadyen and stockman, 1913, used an allergic agent
prepared in a way similar to tuberculin and injected it both
subcutaneously and intravenously in cattle, Relchel and
Harkins, 1917, also used heat-killed suspension of organisms
which they injected iutraven@aaly into the caudal fold in
cattle, Fleischner and Meyer, 1918, and Stafseth, 1920, used
heat-killed suspensions in salt solution injected interder-
mally into infected guinea pigs and found the test was a reli=~
able index of infection,

Gordiano, 1929, used a heat-killed suspension and found
favorable reactions iﬂfmﬁﬁ. Thomsen, 1934, used the intra=
cutaneous test with a preﬁavatian of k&iied arganiama made
in th$‘$ame general manner as tuharcax!& anﬁ ?ael$ th&t this
method of diagnosis may be serviceasble as an experimental test,
He found that lﬁgg! gw@ii&ﬁg was produced, often to a very
considerable extent, within 24 to 48 hours, whereas animals

from the healthy herd were not affected by the injection.

Burnett, 1922, using filtrates of broth culiures, also



@hﬁainad‘ﬁagiﬁfa@t@ry allergic results in man., Aainsford,
1235, and Feshay, 1936, used specific bacterial antiserum
intradermally for detecting residual antigen present in the
skin, Pennell and Huddleson, 1837, prepared "endo-antigen”
by digesting ground Brucella with trypsin, This gave specif-
Aig skin reactions in sensitized animais, Another preparation
produced by Stahl, Fennell and Huddleson, 1839, used protein
nucleate of Brucelle to determine its allergic senzitivity
on sensitiged rabbits, Worales, Otero and Conegales, 1936,
prepared a purified proteln derivative which ellicited skin
reactions in Infected guinea pigs, They found, nowever, that
the nucleic acid portion plays no part in the production of
the allergic reaction, Huddleson's Brucellergin, which 1is
an extract of ground, dried organisms from which the scluble
liplods are extracted, proved fairly effective in animals
testeds Stubbs and Live, 1942, in studying the sonic method
of disintegrating Bruecella, used their product te produce
allerglc response when sensitized rabbits and guinea plgs
were injected intracutaneously with the protein concentration
of the filtrate, Thelr results seem promising.

The concensus of opinion seems to be that the agolutina-
tion test is probably the best single test for the diagnosis
of porcine brucellosis, but it is far from satisfaclory since
the agglutinins develop somewhat late in the disease and dis-
appear rather early. The chief difficuliy in the use of any
of the allergic products in the dlagnosis of the disease 13

that those animals which have recovered from the infection

12
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will give a reaction similar in nature to that of animals
actively infected, The results of this test are, so far,
W@ry’ﬁ@ﬁ%t&ﬁi@ﬁér? &ﬂﬁkﬁﬁ{ﬂﬁ%ﬁ ne. @u%iﬁfwﬁgawyyaggm%‘far
tests of this na%ﬁr& has ka«a ﬁﬂ#@i@y%ﬁw

,_‘.,ﬁv ‘:’_‘;;fﬁﬁ‘ %@&ip&a&, ?2&&%&16@% and %ia@haw,
1929, and ?iaa%riﬁga and %ﬁﬁiginag £$3$,~wwr¢ %h@ ftr%k to

report on @ mucold type of aagaaiamn.xa %hm g#nna Brucells
and E%g@@ﬁ%@ﬁ'%&&k tﬁagﬁfﬁrgtﬁiamt*wﬁrﬁ aa@ﬁymﬁia%ﬁd;
Huddleson, 1940, found capsules on aii smooth ﬁ%raigs of
%ﬁm~%&r$$Aﬁpﬁﬁiﬁx of ﬁgﬂ&&ii;w The r&%gﬁ s%?&ima, ag)wmii
as the smooth, also show a capsule, He found that a large
prégarxgan of the gells of fgﬁ@ﬁ aﬁﬁaia@ amtﬁgg from the
capsule when suspended &ﬁé‘ﬁliﬁﬁiﬁ i@»§@$a$~;ﬁ &Sﬁ%i;lsﬁ_
water at $7° C, Capsules may also be removed by bolling in
& hot chloroform-ether mixture a¢idified with hydrochlorie
acid, This treatment also destroys that part of the argan-
fsm which i3 made visible by %ﬁa ﬁ%u&i &%&iﬁiﬁg methods, ﬁa
believes the capsules @@n&f&% ¢f iigafﬁa in &1@&@ agm%ﬁﬁatiﬁa
with gazyaaaahari@s*

ﬁaa of the outstanding ﬁﬁﬂﬁﬁﬁ@@?%ﬁ%i¢$*$f §§w mm@@£ﬁ
forms, according to Plastridge &aQ\ﬁaﬁigiﬁgg iﬁ%@; 1830, ia
thelr marked iﬁagﬁimtinakilﬁ$y in the grﬂaaaﬁﬁ of aﬁ%i%&fﬁm
gr@yayﬁﬁ-by~iajgwﬁing;#abbi%@,wi&h @vdim&ry<a@%£§@@a' %!ﬁk&#,
1940, confirmed these ?@ﬁmlﬁa:anﬁjfamaé %h@‘gﬂﬁaiﬁ’ﬁaﬁgiﬁﬁf
‘highly eagglutinable in serums prepared ng&im@% %a&@iﬁ@auw
érgaﬁi@wﬁ, and vice ?ﬁ#ﬁﬁi,‘yfﬁﬁﬁﬂﬁégﬁ and %ﬁﬁlpxa@g 1929
and %ﬁa@g‘&mﬁ 2lso Mickle, 1920, found §k ¢i££§¢%£% to
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produce agglutinin with mucoid forms as compared with the
ease with which high titer serums were obtained from ordin-
ary antigens, Mickle, In studying 27 strains of Brucella
which were obtalned from cases of Hodgkin's disease and from
cases of brucellosis, together with three standard strains
from Huddleson's laboratory, found that five of these strains
would produce demonstrable capsules; and five others showed
serological and cultural characteristics similar to the en-
capsulated strains, but did not produce demonstrable capsules,
He observed that in general the organisms producing capsules
were isolated from Hodgkin's disease, and the unencapsulated
organisms came from cases of brucellosis, He found that the
encapsulated organisms served as poor antigens, but he was
able to denude the organisms of their capsules by eultivation
in beef extract broth after they had been grown on liver in-
fusion agar, and he found them indistinguishable from the
encapsulated and non-encapsulated forms, They acted as bet-
ter antigens than the engapsulated organisms and produced
agglutinins for the encapsulated forms to high titer, The
opsonocytophagic studies made bv Mickle showed that there was
but a slight increase when encapsulated organisms were intro-
duced and a large increase {n the Index when non-encapsulated
organisms were injected.

Plastridge and VeAlpine, 197 and 1930, recommend India
ink staining technique to show encapsulated organisms, This
method is described by Hagan, 1927, Huddleson, 1940, recom-

mends a similar technique which he found to be satisfactory
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:_f@f demonstreting ﬁagxﬁzaa in ﬁr&&m!ia; Ha also ﬁ%&ﬁ the
¥-$hﬂrﬁﬁmﬁr and Fmelianoff, i@@ﬁ, ﬁﬁﬁhﬂi@%@ Wiﬁh BOMmE ﬁ?&@p@@%
Miaf success, Mignle, 1%&&; %aa used Hiss's m&y&&&ar s%ain
fwitﬁ g&%ﬁ ?ﬁ%%&%&w h '

 §3$&& @$@%@?% of bracellosis in sw&nm, %ﬁ&% af mavwaz heg

e %kki@ %ﬁ&t@ has. ‘been no work ﬁ@ng on %h@

‘ﬁi@@@ has haaa wariammiy &&&ﬁrib&é ia,%ax%k@@kﬁ and ﬁ&y&#@*
?3& connectlon withihls whrit on hey- ﬁ%@iﬁ#ﬁ, Kernkamp, 1939,
;!giVQS %ha f@liﬁwiag anaiyaia wf aaymai heg ki@aéz %&@ hemoe
&ﬁﬁ%ﬁ@ @gﬁ»ﬁﬁi §$9 Jﬁﬂ wﬁﬂ ;a gﬁ ivgﬁagw%witﬁ a&ayi&ar&&la

E

va§i&ﬁiﬁ%} a%?%hrw&y@w%, avayagw &,%Iﬁ‘ﬁﬁﬁ, r&ngia@ from t
‘xaw of 4, x?ﬁgﬁﬁﬁ to a hilgh: &f’?,%§:

00O per oma; and range frem 8,660 %&<k$¢ﬁﬁas

fp@r @mwg; 1@@@@*

tf&y@ga, a?&yag¢ 14,
_ikﬁﬁkﬁay%@a, 5@;@%3 newtrophiis, ﬁ?wz@g eosinophils, z¢§%;
~B@aa§hizag ﬁ*éﬁg waaaﬁy%&a, &%*A In a%aéyiag the aﬁéi&&axau
fi%iﬁﬁ raﬁgx ‘he ﬁﬁﬁ& one ﬁ«ﬁt&aatmr af citrated ﬁ!@aé in a
:xiﬁ%h?ﬁba h@ma%rﬁayiﬁ %uhe and m@ﬁ@@?ﬁﬁ the @aéh@@n&atiaa at

f@ﬁﬁiﬁ? intervals of aﬁ#‘%ﬁﬁromv,ﬁﬁ”{éawﬁ the rate t» be 0.04

fﬁﬂﬁﬁﬁmﬁﬁaf gar h@arg

o &ﬁwiﬁ and Shepe, i@aﬁy &%ﬁgyﬁﬁﬁ the bia@ﬁ $aa@w%a% éif*; 
k§mr@@%2y, listing zvy@&r&ay%w& aa 6,360, 000; i%ﬁ&@ﬁyﬁﬁxg %3;?’#;

f 2ymph@¢y%w5* 3%;$ng ﬁ&ﬁ%?&§&§i%, %,@??; ﬁﬁ%iﬁ#ghilﬁ; *ﬁﬁﬁs
}aﬁ% b&ﬁﬁﬂhﬂi%, %&ﬁ@, ﬁa&wa in ?;gﬁt_;jﬁf, £ Do ; {ima

2%3&, &ia%ﬁ the &?y%ﬁﬁﬁﬁyﬁﬁﬁ an ?;&&@;

%%ﬁ iymyh@ayimgy 4773 maa&@y@@gg_ﬁV; ﬁga§@¢$ﬁ£1$@‘@£%3 oS ino=

w@@;;i@uﬁﬁay%ﬁa,'z?,ilﬁg

gﬁizg,;ggﬁgg,gﬁg the ﬁ&ﬁ@@ﬁiiﬁg,lw%ﬁ than 1.0%,
Bell and irwin,fz%ﬁﬁﬁ ﬁa'aﬁﬁﬁying the bleood pleturs In
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cattle, designated artificially iInfected animals which carried
calves to term as "resistant® and those which aborted as "sus-
ceptible,” They found a significant drop in the average num-
ber of leucocytes per cubic centimeter following the infection
and also a reduction in the mean number of red blood cells in
each group, Both groups showed an increase in the average per
cent. . of polymerphonuciear leucocytes, In the "resistant”
group there was a slight but not wvery significant rise In the
average per cent of monocyites and a very marked one in "suscep=-
tible® animals, The average per cent of lymphocytes was in
inverse proportion to the number of polymorpheonuclear leuco~-
cytes, There appeared no significant change in the basophils
or eosinophils,

Munger and Huddleson, 1939, in studyving the blood picture

of man in Brucella melitensis infection, found leucopenia with

relative lymphocvtosis and ménﬂ@ytwsis. They found that the
red cells tend to be slightly smaller than normal and there
were pathogenic lymphocytes present in 40% of brucellosis cases,
Liver damage cells were frequently found in the blood. Baso-
philic granules of the neutrophils seemed to differentiate

Brucella melitensis from suls and abortus, Calder, Steen and

Baker, 1939, in the study of blood from 300 patients infected
with brucellosis, found the normal leucocyte count %o be about
one-half the usual number, leucopenia in one-third of the
cases, and one-sixth showed leucocytosis, Active lymphocytosis
was the most striking feature encountered with unusvally high

numbers of lymphoeytes, The itotal number of neutrophils was
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reduced and mild anemia was noted, due to maturation defects
probably the result of damage to the liver. Coagulation
time was slow and often incomplete, and the clot reaction

was ;mﬁw%“ *xm ‘sedimentation rate was not high, This
@mﬂa@ of ahamchwiﬂ.m &ws m& occur In its mmmw in any
other MM&%, w wigm be Wed fw @Mi’imww widmm in

man,
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A STUDY OF THE CAPSULES OF BRUCELLA

No extensive study has been made on the capsules in the
entire group of Brucella, and no literature has appeared on
the subject exeept that by Huddleson and Mickle when they
reported the discovery of the capsules in 1940,

It has long been known that individuval smooth strains of
Brucella vary in thelr pathogenicity for experimental animals,
even shortly after primary isolation; and it was h@ped that
through a study of the presence, size, density, and composi-
tion of the capsules, some questions pertaining to bielogical
differences in cultures would be answered,

The following study was undertaken in order to see
whether it would be possible to distinguish between smooth,
intermediate, and rough strains of organisms by their micro-
scoplc appearance and to determine any differences which might
occur in capsule formation under varying cultural conditioens,
Agglutination and opsono¢ytophagic tests were used in conjunc-
tion with guilnea pig inoculations to test the virulence of the
organisms, It was hoped that this study might contribute
toward the improvement of vaccines and antigens, as well as
toward the diagnosis of the disease,

Experimental Procedures

Materials: Thirty-eight strains of Brucella were used

in this study, of which eighteen were abortus, ten were suis,

and ten were melitensis, Seven of the abortus strains were
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‘isolated from the stomach contents of aborted fetuses at this
laboratory., One of the melitensis strains was (sslated from
the blood of a hog, The other organisms had been growing on
artificial culture media for varying lengths of time and con-
sisted of virulent, avirulent, and intermediate forms, A list
of the erganisws used, with a brief description of each, fol-
lows: - it
ag;ia ggggwa ggg
i, 2308, iaaigﬁeé f?ﬁﬁ'ﬁ cow at Am%ma& @&aéaaa 3%&%%@%; :
Beltsville, and grown on artificial culture mgéia
for more than two vears, A smooth, viruleni organ-
iaw iﬁyg&?ﬁﬁ&iy one, u£ tﬂa m&at s%&hii La the col-
2. Huddleson, an atypical ﬁ#ﬁﬁh strain, not virulent., Pro-
duces some aniibody formation, but has not been re-
govered when injec ed into tnimaiag

3. 19, & smooth strain er low virulence, used i{n vagecine
9?@&a¢%iaﬁg

é»  @£*£®, Mebwen English strain, used axg&vim&n%aiiy for
vaccine production for a tim@, but later became
ﬂyp feal,

s ‘?@?xa isolated from a fetus, smooth and ax&#eﬁ&!& virae
ient organism,

B, 801, rough strain grown on artificial culture media Tor
' many years; has been transferred 382 times,

7e 1118, smooth strtin used for antigen production at Anj-
 mwal Disease 5%tation, Beltsville.

8, 2473, recent isclatlon from cow, smooth and virulend,

‘9, 3160, smooth strain, Alabame isolation and typing, frem
' W&

10, 3121, smooth strain, Alabama {solation and Lyping, from
. QoW s

11, 456, Huddleson standard, smooth strain

12, Intermedlate strain, University of Marylend eollection,
isolated from cow,
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5ix smooth strains isolated at College Park from aborted

fetuses, N
o Brucella Suis Strains
2672, smooth, virulent, has been on artifi@ial eculture

" ma@za r@r m%v@ %hmn %w@ @ﬂﬁyﬁak'j o

m@é@ mmn, mmmt, mmfm wm wmmz@ of a
- §

19422, x&gatﬁ;'wzww%gn%, fwam a swine infected with
erysipelas, : .

7800, smooth, very wi&ni&m%, from the testicle of a boar
ané from blood of the same animal,

King 8, an intermediate strain of low virulence from
Australia, being used axywrﬁm&nkaiiy'far vagcine,

Indiana, atypical strain of iwy;wimxmﬁm

3164, smooth, virulent, lselated from epldidymis of bear,
Alahams .,

3168, smooth, ?f?ﬁiﬁn%g isolated from ﬁpiﬂ&ﬂ&ﬁia of boar,
labama, '

504, smooth, virulent, isolated from case of brucellosis
tn man in North Carolinma.

47, Huddleson's standard smooth strain,
tensls Strains

Hemry, isolated from human case at Animal Disedase statien,
eltsville, smooth, wirulent.,

527, Utah strain, smooth, virulent,
2330 F11, recently iselated from & cow, intermediate.
G1766, isolated from a gost at Beltsville, smooth, virulent,

P60, P61, iselated from humen cases of brucellosis in
Horth Carolina, smooth, virulent,

P13, Pla, isolated from a cese of ﬁaégkinfa disease, North
Carolina, smooth, virulent,

G131, isolated from blood of patient with brucellosis,
éaa?gza, smooth, virulant,
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8., 428, Huddleson's standard smooth strain,

All of these organisms had been typed either at the Ani-
mal Disease utatlion at Beltsville, Maryland, or at other
reputable instituiions. | |

Stainty The most satisfactory staining tech-

nique for mﬁ&#igg capsules of Brucella seems to be a modifi-
fication of Huddleson's India ink eapsular stain, This is
deseribed in detall in Huddlesen's report, 1940
ence of capsules In Brucella, After some slight modifications
of Huddlieson's m&t@@¢* £ﬁ¢'%e$hmiaa¢ used in this laboratory

s 0N the pres-

was as followss

It is absolutely essential for the success of the tech-
nique that yarfe&ksy Q!%ﬁﬁ slides bﬁ'&t#&, New sllides, dipped
in aleochel and b%?ﬁ#ég giv& ix§§13§ﬂ$ raavi%a,,&$ do new
$$iﬁﬁﬁ whiah have r&mﬁinaé fav some time iIn x&&svﬁﬁiwahai and
are %h@ﬁ p@i&ﬁh@ﬁ éryﬁ &.3a#gﬁ &ﬂ»g of a ﬁii&t& &uapﬁntian
of @?g%ﬁi%ﬁ% in p%y&i@i@gi@az salt aazgﬁi@ﬁ, ﬁiﬁ%i?i@é w@%av,
or broth is ?l%ﬁﬁﬁfﬁﬁ @ﬁﬁ &ﬁ& @f the @iié¢* The dror Is bl
aa@%@ﬁ with ga&%&@r ai&éa aaa t&a ﬁﬁ&@ﬁﬁ%i@ﬁ is drswn agross
the original slide in n;aanﬁﬁv similar to that used in m@kiﬁg
s blood film, 1t is frequently found that drawing the film
back and forth several times across the slide will produce a
BOTE EVen Smear, ?hafsiiégiﬁaaazd be dried rapldly In a cur-
vent of alr. A large leopful of India ink (aimost any Indla
ink will do If the particles are small and it is bacteria
free) diluted one-third with water {s drawn over the smear of

organisms in the same manner as before and allowed %o dry,



22

The size of the drop should be such that the Indies ink Tilm
thins rapidly as the slide is drawn across, se that no part of
the drop remains at the end of the slide. 1% is then placed
in methyl alcohel (pH 6,8) for two or three minutes and transe
ferred to & 25% solution of erystal vielet, This is an impore
tant part of the procedure because, If the slides are not
allowed %o remain long enough in methyl alcohol, 1iving ergane
fsms will be present on the finished slide, Clearing the
slides in xzylol helps produce a more clear-cgul capsule after
staining.

it has been found that by placing slides on damp paper
toweling, they can be handled more readily without contaminate

ing the hands, as the slides do net slip when the bleocd eor

K India ink smears are drawn across them, If it is desired to
examine the organism without staining for capsvies, the India
ink need not be drawn %o the entire end of the slide, and these
organisms will appesr stained simply with erystel vielet and
can readily be compared with those stalned for capsules,

Cultivation of Organisms: All organisms were grown om
liver infusion agar, potate agar, tryplese agar, llver infu-
sion broth, tryptose broth, liguid potato media, and beef

extract brobth, under varving conditions, All wedia used were
adjusted to & final pH of 6,8, Serum from rabbits fmmunized
against Brucellas ah@r%ﬂt, s%raia as@a, was added to all types
of aul%arﬁ &ﬁdi& in ﬁiiﬁ%iﬁﬁ% ar 1310, aaé srain 2308 was
graww an %hiﬂ m@dia to %@Qt %k% eraeﬁ ﬁf %ae serum on capsule

production, A study was made of argaﬁaamz growing on all types
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of medis 8%t the end of 1, 2, 3, 4, 5, o, 12, 15, 20, 25, and 30
days at room temperature and also &% 37° C., Organisms have
been kept on liguid media at room temperature without tranafer
for a year and stalned and tested for viability, In additien,
organisms have been kept at 8° C, on solid medis for periods of
30y 60, 20, 120 days, and up to perioeds of 18 months withoub
transfer and tested for viabllity, appearance, and antigenie
characteristics, All organiswms have been plated oubt at varye
ing Intervals and examined for appearance of rough and smooth
colonies, and these have been ploked of f and Inoculated inte
media and examinad,

Serologlical Tests: Agglubtination tests were carried out

on all strains at various periods of growth, using rabbit sera
prepared with 2308 aborius; 428 melitensis, and 47 suis, as
well as other animal sera which ¢ame Inte the laboratory from
tine to time, Opsonoecviophagie¢ tests were made in conjunction
with the agglutination tests,

The technigue used for the opsonecytephagic test was a
modification of that followed by Huddlieson and described in
his book, Brucellosis fn Men end Animals, 1939, and in more
detail by Huddleson and Meyer, 1936, This method, in turn, was
a modif ication of the Lelshmen~Veltch (1905, 1908) technique of
@ much earlier period. The melhod, as adopted and vsed in this
study, is described briefly as follows:

¥hole citrated blood is essential for the technique,

A R0% sodium citrate solution has been found satisfactory and

is a@@ﬁbin Os2 ccs amounts to every 5 ec, of bleod drawn and



this gives & final dllution of sodiwm citrate in the blood
of 0,8%, The antigen is prepared for the blood of catile by
using & selution of 0,5% barium ¢hloride and 0,67 sodium ﬁhlﬁ*
ride, The antigen for all other types of bleod is prepared
in physiological salt selution, All antigens are adjusied
by means of an electrophotometer to correspond with tube 8
MacFarland standard, This differs materially from Huddleson's
technigue in thet he suggests using tube 16 MecFarland nephel=
ometer, |

Samil tubes are &u&&ayaég similar to those used in other
serological tests, &aﬁ,agi ec, of glitrated blood 13 mixed
with Ol ce. of sntigen, The tubes are gently shaken and ine
eubated for 30 minutes in a 37° C, water bath, Upon removal
they are shaken and %ww zavgn 1os

;%5mia of th@‘aix%nr@ are
placed on 2 clean aiiﬁg ané &&twa Qazeﬁs with another siide
in the same mmaaaf as taat used in aakxag &1&@& Si;a@, 1£ a
heavier £ihm fs ﬁﬁﬁivaﬁ& ‘the a&@ariﬁg s1ide %%y*&@&iﬂ ‘be drawa
baghk to ﬁh@ starting p@iﬁ%, r&igin@ it very. slightly from the
slide which is belng aﬁuat@é, 1t ia essential that the slides
be dried very rapidly in akﬁﬁtr@at of alr in order thal there
be no distortion of the blood ¢ells, They are then steined
with toluldine blue, using chlereform for fixation., This preo-
duces ‘& deep blue eolor in the organisms and leaves the grane
ules in the leucocytes colorless,

The stain originally prepared by Calmette, Negri, and
Boguet, 1926, iz made uwp as follows!

24
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Toluidine blue , . . + « » v » 0.5 gram

s & ¢ @
&W& ajcohel 95 per cemt . . . . ¢ « 10,0 oo,
F‘h%ﬂi%m%g&ia*&»&ke#s; 340 eo,
Distilled water ge 8. & o « « » » » +100,0 ee,

The smears are {ixed in chieroform from 5 te 15 seconds and
completely dried before being placed In the stain, They are
stained from one to three minutes and then washed in distilled
water and rapidly dried in alr without blotting.

The size of the Brucella organism and the very marked
phagocytesis which often ogcurs make 1t necessary to record the

such studies., A total of 28 neuvtrophils sre examined in dif-

t differently from that whieh fe usually used iIn

ferent parts of the slide and each cell Is recorded as follows:
1. Marked, when more than 40 kswﬁgria are present,
2 %a&erakﬁg wien from 21 to 40 dacteria eare present,
34 Slight, when less than 20 bacteria are found,
4. Negative, when no bacteria are present.
The different degrees of ﬁhﬂg&@ytﬁﬁia of Brugells suls are
shown in Flgs. 1, 2, 3, 4.

Huddleson emphasizes that 8 known smooth sirain of organ-
fems should ha‘aﬁeéliﬁ‘ﬁéﬁiﬁgi%ﬁaibkat@riai suspension and that
this should be of the ﬁ#ﬁﬁ&n&#a%%&ﬁ af lacFarlend’s tube 16 for
%aﬁ& 9¢$ﬁx$s* ﬁa aava faaﬂﬁ an@h a §6§€€ﬁﬁratﬁd aaap@ﬁsian to
be ¢onfusing iﬁ,mmkim@ counts, inssmuch as 1t Is impmm%ibi@ to
tell whether the Q#@&ﬁiwm% &ra aﬁﬁﬁazky inside the blood cofe
puscles or lying on tep of %hamg Woreover, the blood corpuscles
of gattie, hogs, guinea pigs, and rabbits will engulf mere than
forty organisms even when the suspension is wery slightly turbid
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If opsonins are present, although this may not be true of human
kleod, One of the most iﬁﬁ@?ﬁﬁn% points %o be siressed, we
feel, is to have blood which i{s freshly drawn and not exposed
to extremes of heat or cold, Blood w%i@h is 5 or 6 hours old
does not appear %o gavaaﬁaga baside fmwahiy'ﬁraw@ blood, It

is also a%a&i§t§iy°wt&$ﬁ%iai to have a 48«hour cuiture of a
smooth mﬁraiﬁ ﬂ? a@ﬁmﬁiwm~wﬁi¢§7kas not widergons the slightest
dissociation or loss of eapsules by too rapid trensfer. The
uaita&g'@ﬁy be kept a‘%&gké§r7$&¥§‘im the refrigerator and
still be pﬁff%@%&y satisfactory, but aﬁzﬁﬁvaa which are ﬁwnmﬁw
@u&$ﬁ‘ﬁaﬁuiiﬁhimﬁ '

ﬁ@?raﬁ @V¢rg*@@ h&ﬁém s&@a &ﬂ%’aﬁ

ﬁminam yiﬁa\wwre awad ex@i&é%v&iy far animal iﬂ@@%iﬂ%lﬁaﬁa
/%h$y were hiaé ?aga}aaly at a&&w%@@& ﬁatgrvaxa and killed at
four weeks f@??ﬁg@$%¥ﬁﬁaﬁ of 1¢®£@as‘

several methods wera“ﬁrita for stripping organisas of

their capsules, sugh as allewing them to remain in distilled
water fﬂ? 12 to 24 hoursy very ?&ﬁgﬁ‘%ramﬁtﬁr; using G-hour to
one~day intervels} and the method ég@g kyf%i#&ig‘w:%ﬁ sugeess
in which organisms were grown on liver infusion agar and trans-
ferred to bheef broth.
Results

Kieresgonic Appesrance of Organisms:

‘3rﬁ¢e§§a seems to grow equally well on itryptose, potato, eor

A single strain of

liver infusion agar; but different steains vary consliderably
in the amount and rete of growth and in the size and shape of
&hﬁ,ﬁ@%ﬁﬁiﬁmg &12 ﬁ&ﬁ &rﬁmniama studied, whether growing on
artificial culture media or in the animal body show capsules
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under most cultural conditions. The usual size of a capsule
variaz from 1.5 to 8 m!cr@na} depending on'the‘ﬁtraiﬁ of the
organism and the conditions of growth., In almost every in-
stance the capsules and thelr bacterial cells retain their
relative proportions. If the capsule becomes larger, the cell
does also., In general, it was observed that the moisture con-
tent of the media determines, to a large extent, the size of
the organism and its capsule, The addition of 10% immune rab-
bit serum did not affect capsule production, The capsules of

smooth strains of Brucella suils and Brucella abortus, growing

on solid media, are similar in appearance, They are generally
ellipsoidal with a smooth and rather distinct margin, a pale
pinkish purple c¢ast, and contain a deeply staining purple bac-
terial cell which is centrally located (Figure 5). Consider-
able difference is noted in the shape and size of the capsules,
even when all come from a single c¢olony. Some tend to be
almost round, and others appear to be quite elongate, These
latter are probably in the process of cell division and have
not as yet separated.

Melitensis capsules in the smooth strains tend to be round
with the same characteristics as those observed in abortus and
suis, except that the bacterial cell in general is also coc-
coidal (Figure 6), Here, also, are meny different shapes and
sizes., Melitensis in some cultures appears almost like Bru-
cella abortus and Brucella suis with most of the organisms
elongate, and is almost indistinguishable from them in micro-

scopic examination,



Unencapsulated organisms are frequently noted in smooth
cultures of the three species as small groups of navy blue
organisms without capsules, They may be distingulshed from
encapsulated organisms even when the capsular stain is not
used since they appear navy blue, while the encapsulated or-
ganisms are a deep purple when stained with erystal vielet,
These unencapsulated organisms are much more numerous in
.vapiﬁiy transferred cultures than In those whic¢h are incu-
bated 48 hours or more,

The capsules of the rough or intermediate sirains vary
considerably in appearance, particularly under different
types of cultivation (Figure 7). At 48 hours of incubation
the capsular margin is less definite than in the smooth
strains, and in some forms it is slightly irregular. The
intensity of color of the bacterial gell decreases with the
virulence of the organism in most forms, though there are
some notable exceptions as, for example, Strain 19 Brucella
abortus, which is nearly as perfect in color inieﬁsiiy as
the most virulent strains. Huddleson's avirulent strain
shows only a faint suggestion of bacterial cell body. The
pale pinkish purple color of the capsule is present, however,
When these organisms are grown for six days at 37° C, on
solid media, large and fairly distinet cell bodies appear.
They are never quite as perfect In contour and staining
capacity as the smooth strains, however,.

Intermediate strains will produce well-stained, clear-

cut capsules more quickly than rough strains, but three to
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several days' Incubation {s necessary, In general, six days!
incubation at 379 C, on solid media produces the largest and
most distinctly staining organisms in all strains,

The smooth strains produce a fairly well-staining bac-
terial cell body within six hours, and 24-~hour cultures show
almost as large and clear-cut capsules as those incubated
for six daysi and by the end of 48 hours the capsule is as
large and as ¢lear-cut as it ever will become,

Organisms stained directly from tissue or the stomach
contents of aborted fetuses show, for the most part, two
types of organisms. Some of them are large, clear-cut,
encapsulated forms, while others appear to be of the inter-
medjate type., In the samples studied at the laboratory,
there have always been a larger proportion of well~encapsu~
lated, ¢lear-cut organisms than of the apparent intermediate
forms,

Life History Studies: 1In studies made at regular inter-

vals of newly transferred organisms, capsules showed no
change during the first two hours and then began to become
roughened at thelr margin and the bacterial cell inside be-
came violet in color, In the smooth strains the bacterial
cell never wholly disappeared, but in the intermediate forms
it was no longer visible, During the entire 24~hour period
observed, the capsule was not lost but gradually changed from
the rough-edged form with a very pale bacterial cell body to
a clear-cut, smooth form. The time consumed in the process
varied from six hours to six days, depending on the strain

under examination.



incubation of organisms on solid culture media for vary-

ing periods: Smooth, rough, and intermediate strains of Bru-
cella were kept at 37%° C, on tryptose, potato, and liver in-
fusion agar for 30 days. When transferred to tryptose agar
plates and examined for colony formation, there seemed to be
only slight it?@gﬁi&fity'ana few actual rough ¢olonies in the
usual smooth a%éasng, The original culture does not seem to
have changed greatly in appearance when examined microscop~
ieally; but on being transferred, all cultures examined show
the characteristics of rough or intermediate strains, The
bacterial cell body is Indistinct and the margins of the pale
pink capsules are slightly irregular, There is a tendency
toward ﬁhain‘ferﬁmtiva and giﬁmﬁiﬁg (Figure 8), Rapid trans-
fers caused the aéganisma‘%a regain some of their former
characteristics, but they had not completely regovered thelr
Aﬁsﬁa;'aﬁpearanca after 22 tﬁansférs, One gulnea plg passage,
however, rggtgraé the organisms to their former appearance,
Both maﬁiﬁf and rﬁaéh strains began to show this capsular
variation about the twelfth day of incubation at 37% C, on
solid culture media, |

Organisms kept at room temperature for 30 days show very
1ittle change, and two or three transfers bring them back to
their @riginal characteristics,

1n an experiment using refrigerator temperature at 5° C.
for storage, it was found that organisms maintain their via-
bility and usual appearance 150 days without transfer, bub

on being transferred, they had many characteristics of the

30
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organisms ma intained at 379 C, for 36 days. However, they do
regain their former appearance after three or four rapid
transfers, Organisms retain their characteristics on trans-
fer after 60 days at refrigerator temperature, Brucells which
are held at 5° C, for one year and for 18 months became smaller
but retained their staining characteristics, On first transfer
they frequently appeared to be well encapsulated, though their
serological characteristics and virulence were quite differ~
ent from the original strain, there being a tendency for con-
siderable reductlion in virulence, particularly with the former
virulent organisms, Strain 2308, for example, after 18 months
at refrigerator temperature showed less virulence than did the
same strain which had been frequently transferred, Table 1
indicates the results of guinea plg inoculations made for
virulence of the three species of organisms, After being held
at 52 C, for 18 months, none of the former virulent strains
agglutinated in as high titer as they had at the beginning or
during the experiment, Table 2 shows the results of the agglu-
tination tests in detalil.

Lyophilized organisms examined microscopically at the
end of 12 months and 18 months showed a slight decrease in
the size of the capsule and bacterial cell before incubation,
but otherwise they appeared as they did before freezing and

drying, the smooth and rough forms each with their own charac-

teristics, After culturing on solid culture media for 48
hours, it was found that the organisms appeared about twice
as long as before lyophilizing., Melitensis appeared very
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similar {n appearance to the usual abortus and suis strains,
Two further transfers produced strains having the usual
characteristics.

Incubation of Organisms on Llquid Media for Varying

Periods: When examined under the microscope, Brucella grown
on liquid media at 37° C,, whether it be potato, 2% tryptose
broth, liver infusion broth, or beef infusion broth, exhi-
bited unusual characteristics within 24 hours. These changes
were seen first in the rough and intermediate strains and
occur most rapidly in liver irf usion broth, but appear within
three days in the other kinds of media mentioned, The organ-
isms at first tended to form chains with each organism and
capsule a separate entity; but soon the individual cell and
its capsule was lost and several organisms appeared as & huge,
long capsule surrounding a deep red bacterial cell which lies
along one side of the capsule (Figures 9 and 10). If these
organisms are examined under & dark fleld, it is sometimes
possible to see the divisions between the separate organisms;
but more often n@”sgparﬁtibna‘ara e%iﬁeﬁ%. It has been re-
pafted by several investigators that @fgaﬁismx grown in liver
infus ion broth passed from smooth to varianit forms rather
rapidly and became larger and longer in the variant form., In
from three %o six days there were numerous unencapsulated
organisms to be found on all strains examined. They appear
earlier and are greater in number in rough and intermediate
forms, but they can @also be seen in slides of smooth organ-

isms if growing on liquid media for several days. After
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some ten or twelve days, all Brucella growing on liquid media
appear encapsulated, but most of them assume 2 rough~edged
form ér capsule with an indistinct bacterial cell, Some few
strains show very large multiple cells even after long periods
of growth on liquid culture media (three months with several
transfers). After growth on liquid culture media without
transfer for twelve months, those organisms which lived appear
once again to have assumed smooth farma, even though they were
of the rough or intermediate type prior to transfer to liquid
media, These smooth organisms, however, do not produce recog-
nigable characteristics of brucellosis in guinea pigs, However,
a titer of 1:200 developed in some instances with high epsono-
cytophagic activity in guinea pigs. None of these organisms
praéed'to make & satisfactory antigen for normal sera.

Since many of the results obtained in the capsule study
had differed from those obtained by Mickle, it was thought
that it would be interesting to compare the culture character-
istics of Brucella in three other kinds of liquid media besides
ijver infusion broth which he had used. Ten cultures of Bru-
cella were inoculated into liver infusion broth, potate Infu-
sion broth, beef broth, and tryptose broth and observed for 35
days. One group of samples was incubated at 37° C, and an-
other group, at room temperature., A list of the cultures
used and the results of the experiments are tabulated in
detail in Table 3.

1t was found that a pellicle developed on liver infusion

broth in every case within the 35 day period, except for



Strain 19 Brucella abortus, which developed no pellicle on
any media, The pellicle developed in liver infusion broth
in from four to eight days in rough strains, in eight to
twelve days In intermediate strains, and the smooth strains
required 30 days or longer for a pellicle to develop. Pel-
licles developed somewhat irregularly, if at all, in the
other three media used, Table 3 shows the development of
surface film, mucous sediment, and pellicle formation in the
four types of media,

Within one week a larger mumber of strains produced a
mucoid sediment at the bottom of the tube of liver infusion
broth than in any of the other media used, After the second
week, however, six strains had produced such a sediment in
both liver infusion broth and potato media; five strains, in
beef infusion broth; eight strains, in tryptose broth. Most
of the strains showed mucoid sediment by the eleventh day in
all media, This seemed to be quite irrespective of whether
the strain had been smooth, intermediate, or rough at the
beginning of the experiments, The mucold phase described by
Plastridge and McAlpine, 1930 and 1937, and Mickle, 1940,
seems to be unrelated to the production of a pellicle, since
in many of the tests when no pellicle was present, mucold
sediment developed.

Brucella were denuded of their capsules by growing the
organisms first on liver iInfusion agar for 48 hours and then
transferring them to a beef infusion broth, as was described

by Nickle, 1940. Within 24 te 48 hours all the organisms were
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unencapsulated. However, within another 43 hours all organ-
isms were again encapsulated, whether or not they had been
transferred to other media, These capsules were slightly
roughened and the ha@ﬁariéi cell body had the appearance of
dissociated strains., Suspensions of these stripped organisms
were‘agg}akina%aﬁ in positive serum in nearly as high titers
as the saeme encapsulated strains, Guinea pigs were inocu-
lated with 1) stripped arganiaas, 2) organisms which had been
stripped but whose capsules had reappeared, and 3) a smooth
strain of the organism, They were then compared, using
weekly agglutination and epsonocytophagic tests, There was
no marked difference in %hé:thrseigéaﬁﬁa tested, as shown

on ?&ﬁie 4, About 75% of the organisms, particularly the
reugh;aﬁéjih&@rﬁa&;apé aﬁr@iﬁa; lost ﬁﬁ@ir‘§ﬁgan§¢§fwhen sus-
p@éﬁ@é in‘éisﬁilieé water for 24 hoursj bai‘aﬁ being trans-
ferred to culture mediay regained them within 48 hours.

There is a tendency for unencapsulated organisms to be
found in cultures growing on solid media which have been
transferred rapidly. It has been noted that about 50% of
the organisms are unencapsulated in cultures which have been
transferred every 24 hours for a week, ¥When the transfers
have been made even more rapidly, e.g. every 12 hours, unen-
capsulated organisms in large numbers appear at the end of
the second dey.

It was never possible by ei%har:@f these last described
methods to remove all of the capsules, and at no time was a
strain of unencapsulated orgenisms cultivated for more than 48

hours.
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Discussion

The 38 strains of Brucella examined, whether smooth,
intermediate, or rough, normally showed capsules, This is
not in agreement with the results of Mickle, 1940, who found
most of the organisms which he examined from cases of brucele-
losis to be unencapsulated; but it is in sccord with Huddleson,
1940, whe found capsules on rough, smooth; and intermediate
strains,

The rapidity and luxuriance of growth and appearance of
the organisms did not differ on the three kinds of solid cul-
ture media ﬁsa&. Tha‘ﬁifferanaﬁs between rough, smooth, and
intermediate strains could be readily deteected by microscopic
examination of siides stained %o show @éﬁauia$* Smooth
strains have capsules of a pinkish purple color with smooth,
distinct margins, The bacterial cell body is centrally
located and is @ deep purple with a distinct, clear-cut mar-
gin. The rough strains have a pale pinkish capsule with a
roughened margin, and the bacterial cell body @ppears as a
heavily veiled, purplish mass in the center, guite indistinct
as to margin, The intermediate types 1ie between the smooth
and rough forms in appearance, in that the purple bacterial
cell is less vague than in the rough forms but are not as
clear-cut as the smooth forms, There is also a itendency
toward a s!ight irregularity in the capsular margin.

The exact cause of these unusual appearances in Brucella
stained with capsular stain 1s not known, All the forms

stained equally well in ordinery stains, but it mey be that



37

the charge of the India ink particles allows the peneiration
of the crystal violet dye in the smooth strains, bult does not
allow much penetration in the rough and intermediate forms,

Unencapsulated organisms stain navy blue with crystal
viclet and then can be distinguished readily in either capsule
staining er with erystal violet alone,

Definite dissociation begins to appear In smooth strains
held at 37° C, for 12 days on solid culture media, and they
have so completely dissociated at the end of 30 days that
only guinea pig inoculation will cause them to return to their
former smooth form., Brucella may be held 30 days at room
temperature without any visible signs of change except a
decrease in size, probably due to the loss of water, The
organisms may be held at 8° C, on solid culture media for 60
days without dissociation, At 150 days there was appearance
of some dissociatien, but there was rapid recovery after four
transfers, After 18 months at 5° C, these organisms lacked
virulence and did not serve 2s good antigens., This scems to
throw some light on the preblem of maintenance of culbures
and the frequency with which they should be transferred.

1% required two transfers for lyophilized organisms to
return to their original appearance after culturing, though
they showed no evidence of dissociation,

Qrgaai&ms,,&paawbging tr&gaf@rraé to liquid media, began
at once to mh&ﬁ@e tn a§§earah¢t. 'ﬁﬁﬁy.héaame gra@tly @ﬁi%ﬁgeﬁ;
formed chains, and fused Iinto huge orgénisms, The rm&ghwé&geé,

pale bacterial cell body form af»&he‘rangh strains appeared



about the eleventh day. However, if these organisms are
allowed to rem2in in the liguid media for 12 months, only
smooth sirains are recovered., These had lost their viru-
lence to a very marked degree, This may prove to be a good
method for the attenuation of organisms,

The development of mucoid sediment in liquid culture
media seems to be unrelated to the produstion of a pellicle,
The pellicie is apparently produced rapidly when rough eor
intermediate organisms are grown on liver infusion broth and
other liguid media, whereas the pellicle does not develop in
smooth forms for 30 days or mere., The mucoid &aaémgat prob-
ably 1s produced because of the unusual chain formations and
coalescence of cépsules.

Brucella have been denuded of their @apﬁm1e$‘f@r'as'iéng
as 48 hours if grown on liver infusion agar and then trans-
ferred to beef broth., However, after 48 ﬁaurs organisms be-
come encapsulated and assume a form similar to that found on
rough strains, Rapid transfer will cause & portion of the
organisms to lose thelr capsules, and suspension in distilled
water for 24 hours will produce some unencapsulated organisms,
especially in rough and intermediate strains; but neither of
these methods produces permanently unencapsulated forms, The
unencapsulated strains dld not show much variation from the
ordinary encapsulated strains when used as antigens, Hence,
it was impossible to reproduce the results obtained by Mickle,
who found many unencapsulated strains,

1t would appear that rough, smooth, and intermediate
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strains could be more readily and sccurately determined by
microscopic examination of the organisms stained to show cap-
sules than by examination of the colonies on agar plates, It
is important, particularly in such tests as the opsonocyto-
‘phagic test, to have a perfectly smooth a%ﬁﬁin of organisms
with no unencapsulated forms present; and microscopic examina-
tion is the only methed for distinguishing such a culture.
These studles also Indicate that 3?3@&12a,ﬁﬁnn@@ be kept
on liquid culture media without undergoing rapid dissociatlon,
However, if they are kept for a long period of time on this
media, they produce a smooth organism of 1ittle or no viru-
| @%$7argaaism

lence; and this form might prove to be an adequ

for use in vaccination procedures,



FIGURE 1

Phagocytosis of Brucella

Negative Leucocyte Showing no Phagocytosis
x 2000



FIOURE Z

Phagocytosis of Brucella

Leucocyte Showing Slight Phagocytosis
i~£0 bacteria in cell



FIGURE 3

Phagocytosis of Brucella

Leucocyte Showing Moderate Phagocytosi
21-40 bacteria in cell
x 2000



FIGURE 4

Phagocytosis of Brucella

Leucocyte Showing Marked Phagocytosis
More than 40 bacteria In cell
x 2000



FIGURE 5

Photomicrograph of 46~hour Culture of Brucella abortus
Strain 2306, Growing on Tryptose Agar at 3715 C.

India Ink * Crystal Violet Capsular Stain
x 2000
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FIGURE 6

Photomicrograph of 40-hour Culture of Brucella Melitensis
Strain 1766, Growing on Potato Infusion Agar at 37° C.~

India Ink - Crvstal Violet Capsular stain
x 2000
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FIGURE 7

Photomicrograph of 48-hour Culture of Brucella Abortus
Atypical Strain 801, Growing on Potato Infusion Agar at 37° C.

India Ink - Crystal Violet Capsular Stain
x 2000



FIGURE 8

Photomicrograph of 3CVday Ctiitwa of Brecon* Mo& m
strain £308 Grown on Trypto&e Agar at 37° C*

India Ink - Crystal Violet Capsular Stain
x £000
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FIGURE 9

Photomicrograph of 46-hour Culture of Brucella Suls
Strain 2872 Growing on Tryptose Broth

India Ink - Crystal Violet Capsular Stain
x 2000



FIGURE ID

Photomicrograph of 96*-hotir Culture of Brucella Sujs
Strain ZB7Z Growing on Tryptose ferolfT™

India Ink * Crystal Violet Capsular Stain
x 4000
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A STUDY OF mat BLOOD ?EM§ IN PORCINE BRUCELLOSIS

A study of %im blood gamwm of Maithyg iﬂmﬁw* am! ;
' «wmxmma hogs was mﬁm&mam as an aid in mﬁﬁi“@%&ﬂﬁifm the
differences in the gmiﬁmggu! responses of hogs infected

f@i&@a Ermz iz, The gm; number of iwﬁmm aw& @ymw
aytes per unit volume of blood was @mmm, as mii as the
~ f;ﬁﬁ%ﬁaﬁians iﬁ,tas tyvpes of ukite blood cells, z%‘uus hoped
that there would be suffictent difference between infocted
and noninfected animals to meke this & useful aid in atage

nostic tests,

o

mmmw &Wtﬁm‘mf vb;f‘ wﬁm MM} on Wﬁ%% &zxﬁ &méiea
of bleod pletures were magg, These mw&u included several
groups of hogs which mm m%ﬁg muf& in other experiments in
brucellosis a4 the Animal &igmm &m&uim; National Agrieule
tural Research Center at Belteville, Maryland, For eonven-
Wmnm in mmmmm.g the mmm were amma ::m five groups:
~ Grouwp A consisted of 176 adult enimais which were nega-
tive to the agglntination test at the time they were tested,
From one ﬁ#%ﬁmﬁ studies of the blood were made on each of
the animals, | :

iroup B iIncluded 89 amm animels which had been isﬁtw‘mﬁ;

am‘rﬁmg to the agglutination Mw&* from one month %o one
year or more., These animals all hed a titer of 1:100 or over
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at the time the tests were made, Two to five blood studies
were made of each animal,

Group C was made up of 53 animals which had shown titers
of 1:100 or more in the first test, but whose titers were 1:50
or less on subsequent tests, Two or more studies were made on
each animal. |

Group D was comprised of 58 gilts which showed low titers
(1325 or less) or none, in the agglutination tests, but whi@h
had been in an infected herd. They ﬁaﬁg however, been segre~
gated from ths rgat @f %hﬁ u$r¢‘ ;?&g studies were made of
each anim&ia |
| ﬁr@u@ E waﬁtainaé 47 aximala vaccinated su&aaﬁ&nﬁaawiy

‘with 5 ce., of King 8 strain of ?agagza ﬁg;_,(a strain of

reduced virﬁianag} and studies were made of this group at
weekly intervals, e o
ds of §£$Lﬁgk$§g ﬁﬁ@é@g&z The problem of drawing
blood from swine is a diffiaﬁzt one, since the usual method

Metho

of prbeﬁriag it from the jugular vein is practically impos-
sible, The blood will be more nearly sterile if drawn from
the superficial ear veins, ﬁut this is a difficult procedure
for one not experienced in handling hogs. It ean be drawn
more conveniently by nicking the tail which must iater be
ligated to prevent continued bleeding. Both melthods were
used in obtaining the blood samples for these tests, though
an attempl was made in every case to draw the bieéd from the
ear.

Since it is difficult to obtain the same amount of blood



from %ﬁ@ ear of each animal, the dilution in a 20% solution
of sodium clirate veried somewhatjy but the blood was meas-
ured and the variations taken into account, It was found
that Oul cee of 20% sodium citrate would keep 10 ec. of pore
¢ine blood from azatkiaﬁ if the blood was %%aﬁﬁaghig?mixﬁﬁ
with the gitrate ﬁM@aﬁia%miy upon being collected; bud In
Qéﬁ@?@i it proved to be more satisfactory e use 1 ee, of 20%
eltrate for this amount of bleod singe the bleeder wes not
always able te shake the tube at once. Even with this pre-
cautlon Shere was considerable difficulty with clotted blood,
particularly when i% had Qé be held several hours k@fﬁ?ﬁ the
blood ¢ells were counted.

cechnigues of gounts tests: The studies ineluded
an erythrogyte Gﬁﬂ%i* %&%a! zxﬁﬁnwy%a count, differential

leucocyte eount, grams of hemeglobin per 100 ge., of blood

and the sedimentaltion rate, |
In the eryvbhrocyte studies red cell gounts were made

from the same plpebte on the two zides of a double hHemoey-

tometer siide, the two emumerations checking within 100,000
cells, Counts of the white blood cells were compared on beth
sides of & hemocytometer slide and either cheeked within 500
ecells or were repeated, S5lides for differential &ﬁ%ﬁ%ﬁ were

sthalined with‘ﬁwigéﬁ’a, ﬁiw@ﬁaﬁ or Hasting's stains and in
every case 100 a@é:a were axﬁxstriaa@

%ha %%&#ﬁl@k%ﬂ‘@ﬂ% mmmmutﬁé*w;%h s Dare %ﬁm§$§@%3%$M%ﬁﬁ?
‘&aﬁ %h@ gwawﬁ par cubie %@a&imﬁtaf iﬂ math &nﬁaml was cheghked
with %&a ?ﬁiﬁq&i&t tm@naigw@* A few were alte eheeked wi th an
electrophotometer,



Y g?&i wx& studies m

%&Mﬁﬁm m*&w mg maawx*ﬂt m a ﬁa&;iw mm w%im
mentation pipette in mg sampies whieh mm received M%&s n
| a mw time ' “ er miiwﬁimﬁ ﬁgxam a &wﬁw in w%mg W
 the m@% ﬁmwmw the w% mm msmy w t.m %my%m wm ma
7,',-‘%3;@ %o W§%§ﬁ wmi‘a% mm%m R
L Agi ;ﬂ*‘ﬁ%m%mﬁ %m%m were |

&@? i w* ‘@f hﬁ%ﬁw %% Mﬁ@& mﬁ fm %&M % iﬁx&i@ &&

- ;"mfem mmm In m ‘%&Wﬁ ma kmm iwmw mf a mgﬁ |
: : Mﬁf 1@*33 | gw 311%% W him; %i& was

e wammg m mgﬁ a@‘ mm %,, g
” "75"~(m 100 ﬁm of &3%@ on %&m m%im test mﬁi 11440,
§f§?’ﬁ@; 10,82, und ih@% m per %M w;g of kiamﬁ on fmr @M%
Mffﬁwwimmm %&%@ at mkiy imamiﬁ {%umg 5%; A M;gt; |

f;%ﬁ’ 1%%:5%% ﬁ@@ %M‘ w W& m@ - iw W Ma mm Mw:i m m

o jﬁm :@@% ww ﬂmimmﬁw m the &%M#mﬁ mwm %ﬁfﬁ
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was wide variation even In the same animal from time to time,
but this has been found to be true in normal hog blood, as
described by Kernkamp, 1939, and others. The averagé number
of erythrocytes for the 176 uninfected animals in Group A was
6,418,000 with deviations from 4,372,000 teo 8,650,000,

The infected Group B averaged 5,770,000 with animals

?ﬁﬂ@iﬁg from 3,537,500 to 6,860,000, Sixteen animals had less
than 4,000,000 cells per cmm,

Animals in Groups C, D, and E varied little from those
in ﬁrgup“%$ with averages of 6,400,000 in C; 6,080,000 in Dj
and 6,254,000 in E, |

In animals where several tests were made, i% was usual

to find that the results did not remain uniform when several
weeks or months elapsed belween tests, Hawﬁvgrgfﬁhef% they
were carried on weekly, as in Group E, there was considerable
uaif&rmiﬁyg anﬁ thaae aﬁimaxw whichswura relatively low ai
first remained Iﬁw ray the month éuriag wﬁiﬁh the animals
gfr%mainﬁa under ﬂ%p@fiﬁ@ﬁtﬁ@i@hg Cey

o gﬁﬁgagxﬁm i The g%saﬁeat v&ri&%iﬂn ﬁthwaen %ﬁe iﬂfwntwé
and noninfected swine ocecurred iIn the total 3ea¢aﬁy%¢ ecount,

The negmtiv@'%raﬁﬁ éf‘ﬁ?é‘gﬁﬁmaiskah@w@é]am averdage o
of 14,887, ?ﬁe4¢aun%s‘d$§ n@%fﬁary as extensively as has
been reported in other papers, being f?ﬁmula,zﬁﬁ to 21,200,

The positive group of 89 animals shows a samawhat‘hlghar‘
average of &ﬁ;@zﬁ§‘th¢'mwrw recently infected group of eight
animals (zﬁfaa%a& less than 1 week) showed the somewhat high |

average of 19,400, sSeven animals infected more than a year
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with titwrw of 1:50 to 1:200 have an average of 2?§3@0 per
cmm, (Table 5 and Graph 1) Vaccinated animals of Group E
that had 14, 200 leucocytes In the pre-vaccination test, had
a8 high average at the end of one week of 27,140, but this
decreased to 17,300 at the end of the second week, and by
the third week the average was 14,400 where it raﬁain@d for
the fourth week. (See Table 6)

Group C @animals showed 1ittle variation In the leucocyte
counts made while the titer dropped. The average number of
leucocytes present per cubic millimeter, when the animals
had high titers, was 18,200, Three months later, when the
titers had dropped, the count was 17,200.

Gilts in ﬁréag D ahaQQd aytamawha% lower average number
of 1@?@&@3&&3 than the adult animals, with an average
of x:éﬁ&é pa? cmm, This rﬁﬁazhad}thé same on the aaaéﬁa
test three months later,

iphoeytes: ?hejinérésﬁe in the total number of leu-

cocytes appears 1o be due, at least largely, to the increase
of zyMphwﬁy%ea'haﬁﬁ in per cent and in actual numbers,.

In Group A the uninfected animals showed an average per-~
centage of 52.8 lymphoeytes, or 7,863,383 per cmm, The in-
fected enimals in Group B, with the exception of seven which
hﬁd been infected a year or more, showed an average percent-
age of 65,2 lymphocytes and an average number of 10,823,2
per cmm, The seven hogs which had been infected a year or
more showed an average percentage of 52 per cmm, and an

average actual number of 8892 (Table 5 and Graph 11).



Group C animals, whose titers had been lost during a
period of three months, showed 64% i?&@haﬁytés ér 11,520
per com,, and at the end of the ﬁhr$$~mmu£h period there
was a drop to 59,3% or 10,404, - |

The group of gilts showed 69.9% lymphocytes per cmm,
or 8108,4, It should be remembered that this group of ani-
mals had been in an infected herd and although they were #eg»
regated at an early age, some of them did at one time show &
titer of 1:28,

Grgﬁg E vaccinated animais showed an average lymphocyte
count of 50,3% or ?,23% actual lymphocytes per emm, prior to
vaca£n&t£@n. This increased 64% or 15,269 actual ilymphoeytes
per cmm, within a week and remained at that level for four
weeks, ?he total white cell count decreased, however, to
17,200 at the end of the second week, so that the actual
number of lymphoeytes per emm, is 11,008 (Table 6),

Numbers of what probably were immature cells because of
the basophilic granules in the cytoplasm were noted iﬂ‘s@a@
of the blood with high lymphoeyte counts, probably indicet-
ing the stimulation éf ingh@pwiﬁzia centers,

Monocytes: In general there seemed to be no definite
- change in the number qf monocytes. The average per cent for
uninfected animals was 4.6 or 655, The infected group xh&wa&
4,9% ar‘5£%,5w Group C showed é‘%% and Group D, tha\gi%ts,
showed é;?%.’ o - |

Neutrophils: The ﬁatai‘éa&har of n@ﬁtrﬁghiis was only
slightly reduced in most cases of animals infected with the

60
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disease, The average per cent of meutrophils for the 176
‘uninfected animals was 39.1% or 5820,8, The av@#ags per

cent of neutrophils in Group B infected animals was 20.4%

or 3390,4, Group C animals showed 32% or 5670, and 31,5%

or 5418 three months i&%gr when the titers had dropped. (3ee
Table 5)

Gilts of Group D had 30,5% neutrophils or 4582 with
little change on the second test, The vaccinated animals of
Group E showed 42% or 5964 on the pre-vaccination test, and
19,1% or 5184 average neutrophils at the end of one week. At
the end of two wsgks the ﬁénn@faéﬁragta 41,1% or 7069. A%
the end of the f@ﬁtﬁh?w@ak the ta#aﬁ had become 44,97 or &64&,
so that ﬁﬁil$’§h£?¢’W$ﬁ $i?@éﬁﬁﬁ}ﬁﬁ in the total number of
'ééu%aéyﬁﬁ;, the actual sumber éi'aéu%r&yhfﬁﬁwﬁia not change
to any appreciable extent (Table 6), |

Eosinophils: The #asin@ﬁhii#~fﬁ?f@réap A infected ani-
mals averaged 3,075% or 458, The infected group of 89
was 9,6% or 1598, Group C animals showed 8.1% or 1458 eosin-
ophils on the first test and three months later 127 or 20864,
In Group D the gilts had an eosinophilic percentage of 7,2%
or 835, The vadcinated &niﬁalk of Group E showed a percent-
age of 1,8 or 488 at the end of one week and 8.,2% or 1400 at
the end of two weeks, By the end of four weeks the percent-
age had risen to 11% or 1528 (Pables 5 and 6).

§a$ggniXs: There was no appreciable variation in the
basophll count in any of the groups, It averaged less than

one at all times, usually in the neighborhood of 0.1% and
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30 £$ not listed iaéf¥i&gaily (Tables 5 and 6),

V$¢ﬁ $ﬁﬁ§&ti§ak§§§gz The rate of speed of the %&%tiiﬁg(
of blood cells in anti-coagulated blood was determined in
some of the animals in each group. The intervals of measure-
‘m%ﬁt @g?@naﬁﬁ hour, There was no agﬁr@@iaﬁla éﬁffevwn&aviﬁ

~ the sedimentation gﬁ%@# in the five groups, the average being

002 to 0,12 em. These varia-

0408 em. and the range frﬁw Ou
tions occurred in all groups and the average was about the

;5&3&& s

@s&rmiﬁwwiéﬁhz;ge;k,m;é@{ a;;m;;mtiya@ oceur in the
1<hzaaé mf h@@g iﬁfﬁﬁ%&é wj@h aqina &ynﬁdli@&@s* &ﬁ shown by
) %he r@amrﬁa %ﬁ ih%ﬁ Qtwéy$ ﬁﬁ@ﬁg& ﬁh&thar thﬁy wii! be par-
tiaa;ar:y useful in %Ee di&gn@&ia of the 4&&@35& iﬁ ﬁ@%&Whﬁt
, que@ﬁia@&hia h@aaaﬁa af tha VQty ‘wide %aria%iana marmaziy
occurring in the blood of nealthy hogs. f |
sﬁhs,rﬁﬁuéﬁx of the study made of ;ha hemoglobin af the
five g%@npw of animals would iaﬁié&ta vary.&ﬁfimz%azy*§ha% a
qualitative mxasﬁrﬂwaa% of the héaagiaﬁiﬁ ﬁf Brucel la- infected
hogs i1s of no particular value as an uié in the ciin&&ai ﬁiayw
nosis of bru&@ii@ﬁia 1in swine,

The erythrocytes, 1iﬁewiaa, did not vary 3%??2@3%%%13 tn
the five groups to b@ 8 r@iinkia index for any type of diag- |
nostic work, There is %?p&?&ﬁ%iy a slight anemia whieh is
evident in %h@ &ﬁﬁii@? number of red cells and in the reduced
, ﬁm@uﬁ% of h@mwgi@bim,in the infected group of animals, bub

'th@‘ﬁiff&?ﬁﬁ@# is not sufficient to make it possible to
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distinguish infectlion in a herd where there is so much normal
variation in hemoglobin and erythrocytes,

Considerable deviation occurs In the number of leucocytes
in the infected and non-infected groups, but here, &g&in, it
is probably not great enough to be significant because of the
variatian in leucocyte counts In apparently perfectly normal
animals, In early &ﬁag#s of the disease the leutocyte count
frequently rises enormously and, with other tests, might aid
somegwhat In the di&gna&ig‘@f the disease, 1t @ppaéra to re~
turn to normal, however, af%er_ths infection ﬁaa been present
for a time, |

In so far as %he blood plcture Is concerned, the enumer-
ation of 1yﬁph@¢yﬁa& and eosinophils affé?s the best method
for identification of the disecase. There is a distinct rise
in the number of lymphocytes, particularly in recently in-
fected animals, and thisz seems frequently to remain high over
a considerable period of the infection, However, when animals
have remained Infected for &2 long period of %1&@, the lympho-
cytic picture seemed to return to normal,

The $Q3iﬁﬂﬁhili& leucocytes show about a three-fold in-
creagse in infected animals, ‘?hig increase is not ﬁpp&f@n% in
the early stages of the disease but appears to be a part of
the blood pigture which occurs during recovery. It must be
borne in mind, haw@vaf, that little attempt was made to giimm
inate the possibility of other infections in the animals
studied which might have influenced the blood picture, parti-

cularly that of the eosinophils, since this is most frequently



yra&%&aé kyfparagi%iﬁ @@%ﬁi%i@mﬁ which ar@ often present in
hogs. | o | | ‘  |

The mau%rwyhi%s graaag%‘iﬂ the blood stream of both
'~iaf@¢%§ﬁ aﬁd“aﬁginf@mt&ﬂvﬁmimaia ﬁ%@W%ﬁ‘li%%iﬁi?ﬁfﬁﬁﬁﬁﬁﬁ‘iﬁ
aata&i 3&%&&?3, th@ugh %ﬂ@ @&fﬁﬁﬁt&g& @@Q?@aaaﬁ %?%@ﬁﬁ§ﬁﬁaiy
b#&aa&@ af %ha @?@a% increase in th@ nuaber a? ig&@ﬁﬁ@&%@@ ia
iﬁf%ﬁ%%é animals* ?&@#ﬁ wa s ii%ti@ f%%ﬁ%ﬂ%ﬁi%ﬁ of tﬁa ﬂ%@&f@*
phils in %h@ f!v3»§ﬁ@%p$ of animai& s%&ﬁisé,

There was ne agpva@iahie vavia%i@m in %ﬁg %&ﬁ@@%ii&,
mama@y&&%, or ﬁﬁéimﬁ@%&%i@ﬁ fﬂh& of iafa&%&é aﬁé haﬁ%%ﬁy
animals. | | |

'%~%%w$a$i$§a of the %@aaiﬁgf&f“@héfp?a¢§%éh£aa%£§ﬁ and
gﬁs%wwﬁﬁﬁiﬁﬁ%iéﬁfﬁ$$§§’§§ & §?%§§ $f an£%a2#‘waﬁﬁiﬁaﬁﬁﬁ'wi%h
g porcine strain of lew vir&i&aﬁﬁ‘sﬁﬁw%ﬁ ﬁ¢ change of conse-
quence in ﬁﬁé %ﬁyﬁn?G&?ﬁﬁé-ﬁfﬁﬁf vaccination, The awgragﬁi

| lwuﬁaﬁyia e@aaﬁ'éanb;@ﬁ during %h$~fi?s%?wgg%‘&fﬁe§ @a@ei@;« ]
'%iaﬁ ana graéﬁﬁiiy é&ﬁ?ﬁﬂsaﬁ until hy %@a end of the thira
week §%~wn$ back to n@?m&% fa& the @?@mp The iym@hﬁsy%¢$
. more %ﬁaa émahlaé %a ﬁ%&ﬁa? the. fira% w¢&k af%ar v&&wim&tia&;‘
bud fﬁli hmak &ﬁ%@?iﬁiiy &ﬁﬁ&ﬁ@ %h@ ﬁﬁwﬁnﬁ‘waek ﬁﬁﬁ w&%a nor-
mal in ﬁgmhgr ky’%hw aaﬁ @f thg %ﬁ&rﬁ waak, %ﬁwrﬁ waa no )
ﬁigﬁifi&ﬁﬁ& @h&ﬁgﬁ in ﬁh@ aﬁ&ﬁkr &f n%%%&aﬁki%iﬁ i&&%@ﬁﬁ%as,
. The @@3%&%%%&35 iﬁaraaﬂaﬁ im nﬁmb@r@ wa@h wm@k, &mmhiiﬁg

b@twwﬁn khﬁ first and ﬁ&&&ﬁﬁ wwaksa” %axra was a &1;@hk £a~

‘ f,araasa in the %hird and fourth w&&kx s@ a%a% tﬁ& number of

@@xin@phiis was greatest at the ﬁnﬁ @f the fﬁ&?&% W&ﬁk; whaa

 the ﬁggiﬁ%iﬁ&%i&ﬂ titer waa yeﬁaﬁiﬁ@a .
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If vaccination can be considered to produce a mild form
of the disease with a typical blood @i&%ﬁ?m;~a$ %ﬁﬁ‘eviéaaﬁe
here presented would mm to indieate, the mgmxmam aspects
of the blood pleture in p@%ﬁiﬂa hr&&ei%&@&ﬁ would be 2 marked
increase in the total number of leucocytes, an even more
marked in¢rease in the lymphocytie pleture, with €5% or more
lymphocytes, and during recovery & marked increasé¢ in: the
number of eosinephils,

While a high pereentage of lymphoe
to be warg-&anwiuaivg aviagaﬁa t»a% p@?@ﬁﬁ% bra&a;i&@i& wasg

tes would net appear

present in a hﬁ#@ of %ﬁimaZa, 1t w@@id be an aié &ﬁ dﬁ%ﬁ#ﬂi&w
ing the presence of the disease, particularly in its early
stages, The presence of a large number of eosinophils might
ﬁi%@ inﬁima%a rﬁ&uv&yy §£ the y#w&eaa& a? perasitic diseases
wESs gaimina%@@ from %ﬁ@ pi&ﬁﬁVt;‘
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TABLE 6

Comparisen of Average Blood Picture
of Adult Infected and Uninfected Swine

Group A
Ayerage of 176
uém;ﬁ_iw&u

Group B
Average of 89
sduit eninals

&Mh#ﬁm%
Leucoeytes

14,887

16,620

Lymphocytes

i QQ,%% or i&g&zﬁ‘

Neutrophil s

&
-
P
o
L
L ¢
8 3
o TES e Sah s DB AR e AN 6% R

52.8% or 7863.3
39,1% or 5820,8

3@@@% or 3%@#@

3,075% or 458

9.6 or 1595

Basophils

Q%t or 14 .8

0421 or 3&¢§‘,

Mmmmm

4,6 or 655

4,9 or 814

wE em SE RS G WE TR BB s &b w8 B AW e ew ae e W5 G e

Hemoglobin

W FEE R 1R e TR e Ter e 1PF ee SaE e Tow 40 LEF 0% BE %

oY ;
Fam ke JE sa fee 48 #R em e

B R e T T Y S
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v
ﬁi&@%@ﬁ?ic TESTS IN PORCINE BRUCELLOSIS

In investigating the diagnostic tests now in use, the
one most generally relied upon, the agglutination test, was
used extensively in ths&a‘atuﬁiga, However, an attempt was
mede to correlate this test with the complement fixation
test, and the opsonocytophagic test was introduced for the
first time into work on the diagnosis of porcine brucellosis,

| ' Experimental Procedures :

Agglutination Tests: The 1228 samples of hog blood

which came into the ;abar&@ary\ﬁare tested by the agglutina-
tion method commonly used for studying the blood of cattle.

The test was set up {n the following dilutions: 1:12%, 1325,
1150, 1:100, 131200, and those samples which reacted in 1:1200
diiutions were further tested In the higher dilutions of 1:250,
13500, 111000, 1312000, and in one case as high as 134000,

Strain 1119 Brucella abortus antigen prepared by the
Bureau of Animal Industry, United é&a%ax Bep#rtm&at of Agri-
culture was utilized for the tests, In some instances & por-
cine strain was used to make the antigen, but inasmuch as
there seemed to be no difference in the reaction, most of the
animals were tested with the usual bovine strain.

Comp lement §§xat§gg Tests: The complement fixation test

was set up In the meanner similar to that described by Kolmer
and Boerner, 1939, for the complement fixation te#%s for

syphilis,



The amﬁigaﬁ'w@n made up acecording to the method described
by Thomsen, xss@, except that the organisms wers grown for
'fé@? §$?$ an;£yy§%a§§'tgariiagﬁgaé éz ifﬁ@¥ §§£&$i@§ agar, as
he %u@g@ﬁﬁéﬁ The @rg@ni&@& were Q@sh@@ @ff %he 3iémt with a
small amount of g%&ri?§'é§sttzzéﬁ,w&ter and heated for three
hmﬂrm‘at 100° C, and thaﬂkrﬁf?iﬁﬁr&zﬁé for ten days with occa-
sional shakings. The suspension was eentrifuged st low speed
to throw down the greater y@r%iaﬁ of the bacteria and the
&ﬁparﬁaﬁanﬁ fluid, still turbid, was u@@é~&i%§’@¢$%‘9&auﬂi
»aﬁﬁﬁﬁa

The usual Kolmer kilutiens for bacterial antigens were
made up with saline, and antigenic ané anti-complementary |
“titrations were made., A dose of bacteriasl antigen equivalent
%o one-third of the anti-complementary unit was used.

The tests were incubated two hours in a water bath and
the readings made ten minutes after complete hemelysis of the
serum aanhkwl, where aamplat@‘hamszywiz oeccurred, Otherwise,
they were read &t the end of the twe~hour period,

gic Tests: These were carried out on 434

poercine blood magyias, and an‘uggxﬁtiﬁa&%@a test for each
sample was also made., The aﬁ&a&&c&%@gh&gi@ test was carried
on in the same menner a&s that described on pages 24 and 28,
~except that the suspensions @f‘@rgamiam& wWere mﬁéﬁ up ﬁm 
physiological salt solution Instead of 0,5% barium chloride
and 0,68 s@ézmmb@hiarid@*

A gomparison of agglutination and complement fixation

tests was made, using the blood of 42 animals, The technique
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for the agglutination tests was similar to that described
above, with dilutions of 1:124%, 1:25, 1:50, 1:100, 1:200,
Neufeld Reaction: The Neufeld reaction, similar to that

described by Sabin, 1833, Armstrong, 1932, and Cooper and
Walter, 1935, for pa&uméaﬁmai was used to determine whether
specific immune sera produces a "gquelling® reaction. Twe
large loopfuls of rabbit serum from animals which had been
previously immunized againat Brucella was placed on a clean
slide, An equal quantity of a éaspaasfaa of organisms in dis-
tilled water was added to it and the two were mixed by tilting
the slide, as described in capsule staining technique on
page 21, and stained with India ink and crystal violet, Vari-
ations of this technique were used, when the organisms were
suspended in physiological salt selution instead of distilled
water, Very small guantities of organisms and large gquantitles
of sera were used, as suggested by Sabin, 1833, and Armstrong,
1932, for the pneumococci.

 Results

ﬁﬁglutgnatian Tests: In a herd of 149 infected animals

where two tests w@rs made three months apart, | ras@igg suis
had been immlﬁt@d from the blood of s@veral aaima!s; of
these, 60 were mature sows with three of them in advanced
pregnancy, 11 were mature ﬁears, and 55 were gilts which had
been segregated from the rest of the herd for some time. Only
one gilt showed a titer of 1:124 and the rest wére negative,
The number of animals with their agglutination titers is

listed as follows:
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No. of Animals Agglutination Titers

1 1:4000

1 1: 2000

8 131000

13 1: 500

18 1:200
20 1:100
17 1:50

9 13125
10 11124

Some of the high reactors had been sold between the
firx% and second tests. Of the 139 remaining animals tested
three months later, 51 of which were young gilts, two showed
a titer of 1:1200; two, of 1:100; two, of 1:50; one, 23353
and sixteen, 11124, Three of the animals which reacted with
a titer of 1:12% were young gilts; the rest were adult ani-
imaiagvgﬁgny éfithe aaimaig k&gfzgst‘ﬁhéig,ﬁitgrg[w&thia the
three months, : e L :

1t was found, in exﬁ&iaingyﬁi@@& from infected ani&a%s,
that many of tha@ which éhawﬁﬁ i tit&rlaf 1: 1000 or above
were apparently in the height of the éiamﬁse; Animals which
had the disease for some time did not, for the most part,
“show titers of more than 131200, and in meny cases they were
less than 1380, In animals which had Just been {nfected, the

titers were frequently as low as 1125 or 1:50.

glutination and ﬁﬁag;smﬁn& Fixation Tests: A compari-
son of the two tzatﬁ on 42 animals is summarized in Table 7.
There are some discrepancies in the raauita of the two tests,
but in general they agree fairly well, |

*MAg}ha%§3 ?$$%$2 In a group of hogs which was

tested prior to vacecination with King 8 strain of Brucella suls,
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the average stenacytaéhagin reaction was low, There were,
however, three animazs which showed a moderate opsonocyto-
phagic index in this group, Table 8 shows the opsonocyto-
phagic indices for these three $ﬁrains, as well as the aver-
age and lowest indices, After vaccination with King 8 the

- indices began to rise, reaﬁhiag‘thair height at the second
week period and remaining so through the fourth week., The
results of this test are summarized in ?ablé 9.

In a group of 21 animals which showed a titer of 1:200
or more, the opsonocytophagic index was moderate, and in 21
animals which had recentily recovered from porcine brucellosis,
| the index was considerably higher, ia 25 animals which had
high titers, but whose titers had been reduced over a period
of twelve months to 1:25 or 1:124, the opsenocytophagic index
was also high, The indices of these groups are indicated in
Table 10,

Thirty-eight gilts from an infected hérd, which had been
removed to &aparaia quarters soon after birth, showed low
opsonocytophagic indices, In a group of 51 negative animals,
most of which were @?&aamahiy*umaxpaaﬁé‘ the opsenocytophagic
test was low, Six of these animals had relatively high indi-
ces with thirteen or more marked cells, These animals may
have acquired some immunity, since they nursed positive brood
sows for a time, ’ ;

Neufeld Reaction: The N@ai&lé reagtion did not appear
to produce any "quelling" in Brucella when equal or larger

quantities of serum were mixed with the organisms,
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Discussion

The agglutination tests of the 1228 samples appear to
show that infected hogs do not always react in low dilutions,
as the literature would seem to indicate, In the recently
infected animals the titers did not rise much above 1:200,
but those in the height of the disease showed titers of 1:500
and 1:1000, and some were as high as 1:4000, Vhen the animals
had been infected a year or more, the titer was frequently as
low as 1325 or 1350,

These results would seem to indicate that the disease
is a self=-limiting one; that the agglutinins appear rather
slowly, reach their haight‘wgthin a three-month period, and
gradually recede, There wﬁfe,*haﬁnver, some exceptions to
these findings., | -

It would aéam7£§a§ %he‘relativélwaaﬁfrkaﬁiﬁs obtained
on the swmpafiaan of aggzutinaiian and complement fixation
tests of 42 animals, that there was not enough difference in
the readings obtained In the two tests to warrant the use of
the aamplemena fization test in routine laboratory procedures,
since it i{s somewhat difficult to handle,

In uninfected animals the opsonocytophagic index was
usually low, The few showing moderate indices were gilts
which may have picked up some immunity from the infected sows
during the nursing period.
| Those animals which showed a titer of 1:200 or over in
the agglutinalion test had moderate indices which is usual

of the disease in man, according to Huddlesen, 1932, though
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- in cattle Rabstein and Catt@n, 1942, found many high indices
in infected animals, | |

The opsonocytophagic test waéghigh (15 or more marked
cells}) in those animals which had recovered, or were recov~
ering from the disease, Huddleson, 1939, suggests that 15
marked ieucgcytés in the 25 counted is indicative of jmmunity.

A group of éﬁim@iﬁmvacﬁiaahe&7wiﬁh King 8 %ru@gi;a suis
showed a rising opsonocytephagic index during the second week
 &$ﬁ tﬁds»égniihgéé %igﬁmf@r;thﬁfféméjwaéks'af %3§ §$ﬁ§ period,
‘ﬁharahy indicating in all gréb@hiiity that vaami#ati@a with
King & Brucella suis produced some immunity. ‘Whether this
or any other i{mmunity in poreine brucellosis i& tasting, only
future exposure tests will tell.

‘While the opsonocytophagic test is not the answer to the
diagnostic problem in porcine brucellosis, it appears to be
very helpful in conjunction with other tests in determining
the stage of the disease and the manner in which the angmai
is reacting to the infection,

While the Neufeld reaction did not appear to show "quell-
ing” in Brucella, it would be relatively difficult, in any
case, to judge with certainty whether there was any capsular
swelling, inﬁ&mna& as the organisms must be stained before
the capsule can be seen, sinéé there are variations in the
normal sige of the organisms and frequently large organ;ama
a@p@ar in groups @f otherwise small ones, it would be diffi-
cult to distingulsh quelling unless it was very marked, as

in the pneumococci.
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TABLE 7

Comparison of 15 ?yg%gai Agglut ination
and Q@ﬁ@iﬁ@sﬁ% Fixation Tests
iﬁ @ Group of 42 Animals
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TABLE 8

Variations in Opsonocytophagic Indices
in Healthy Swine
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TABLE 9

/werage Opsonocytophagie Indices in 40 Hogs

_Before and After Vacelnation
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TABLE 10

Comparison of the Average Opsonocytophagic Indlces
of Groups of Animals In Varlous stages
of Poreine Brucellosis
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VI
D1SCUSSION

The study of the capsules of Brucella in connection with
the Investigetion of porcine brucellosis would indicate that
microseopie examination of organisms stalned to show capsules
is easier, less costly, and @ara accurate than plating the
organisms and a&a&ining the colenies to determine whether
they are rough, smooth, or intermediate, ?hia should be a
valuable aid in keeping cultures In good condition for the
preparation of vaccines, antigens, and the like, 1%t should
flso be borne in mind that Brucells grown in liquid culture
media are rapidly changed and, hence, are unsuitable for use
in any of the serological tests, Strains of Brucella, when
transferred too frequently, introduce large numbers of unen-
capsulated organisms which produce inaccurate results in tests
like the opscnocytophagic test.

It is gquite possible that & strain of Brucella which is
capable of developing marked antigenic responses in animals
but is incapable of producing more than & very mild attack of
the disease, could be developed for the vaccination of swine,
The results of long incubation on both liquid and solid media
indicate that these methods would produce attenuated strains
similar to the one now used for vaceination of cattle. Hence,
it might be possible to find & smooth strain of Brucella suis
which, when cultivated in a similar way, would produce # gsat-

~ isfactory organism for the vaccination of swine.,
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The diagnosis of porcine brucellosis--always a problem--
can be aided by the study of the blood picture of the animals
In question, since it is one of the few diseases in which
ilymphoecvtosis is a characteristic of the blood picture, The
results obtained in this study indicate that the blood picture
in swine follows rather closely that found in man, but it is
probably not as relisble an index because the normal blood
picture in hogs varies to such a marked extent.

Eosinophils increased during recovery and, while this is
characteristic @fka number of diseases, it does not seem to
have been previously reported for brucellosis in any animal.

The findings with regard to the total number of erythro-
cytes and the quantity of hemoglobin did not reveal that an
evaluation of them would be a benefit or ajid in the diagnosis
of the disease, |

Of the diagnostic tests now in use, the agglutination
‘test sgﬁﬁg to be the most satisfactory If only 2 single test
is uﬁed‘ho daher%in@ the préa@mgé mf~tﬁa diwaaaﬁt‘ The inter-
pretation of low titer reactions which occur frequently in
heg$ is always 2 prebla%} Here the opsonocytephagic test
should be helpful in determining the stage of the disease,
inasmuch as most of the animals in {ts early stages h&d low
indices and those which were recovering from the disease had
high opsonocytophagic reactions, whereas in such cases the
agglutination titers were low, 1I% has been thought by some
workers that all animals with low titers should be looked

upon as potential spreaders of infection, but it appears that



frequently such animals, when plsced by themselves, will
recover from the disease and their titers become negative,
For this reason 8 study of the history of the herd is desir-

able, along with any tests that may be gilven,
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SUBMMARY

Ae Capsular Study
1. ?aiv&yw#ignﬁ strains of &r@ga;ZQ M@grgwa, irucella
'QﬁMétgﬁﬁ;ﬁ w&ga &xawiw&ﬁ miﬁ&ag@@@ieaizyy

suis, and Brugells

ﬁ%i%v?ﬁii&; and ﬁ&ﬁ%!ﬁg&ﬁaily im a&aﬁy!ag @ﬁ@%ﬁi@ formatian,

Zx ﬁxz s&%ﬁ!ﬁ% xamiagé wwra ﬁﬂ@wﬁiig'ﬁﬁﬁagsaia%%éf
wmﬁ%n@# %&ey*warw aﬁ@aﬁk, ﬁﬁﬁ@hg or !atam&@ﬁia% '

5 While 1% was impaﬁaihza gvs éla&iagﬁiﬁh the species
of organisms wiwr&aﬁgpiaSQny in #&gnﬁig study the differ-
ences belween rough, swoodh, and intermediste sirains 6@&&4
meoth

be readlly detected by miﬁraﬁﬂayiw‘gﬁaﬁxaahiaaw
sitraine of organlisms have & disbined ginﬁVﬁagauzﬁ with a
regular mavgin and @ centrally placed, deep purple bacterial
cell, Rough stralns show only & vague suggestion of & bace
terial eell &@@y amﬁ the capsular wmargin is ?@ﬁﬁ%@ﬁﬁé&ﬁ‘iﬁgﬁﬁw
m@é&a%& sbrains lie bebween the %wo in appearance.

4. Disseclation begins %o occur 3t twelve days In smooth
strains held at 37° C, on wolld eviture media, ulthough the
organism mey be kepi 8% reoom temperature for thirby doys end
8% 5% C¢ for esixty days with no signs of change. /fter eight-
teen months at 89 C, formerly virulent organisms made poor
aﬁtégaa@ and had lost thelr virulence ray'@alﬁwm plge,

8. All Brueella examined underwent ggaﬁgw within 24
hours after being transferred %o liguid medla, becoming larger
and foreing ahaiax~wi%h'sam¢ fueion of bacterinl cells and
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capsules, This {is apparently the cause of the mucold sedi-
ment produced in ligquid culture media, In most strains by

the eleventh day the cells have hecome sufficiently dissoci-
ated so that they have the characteristics of rough strains,
When allowed to remein in liguid media for twelve monihs, ¢
only smooth, virulent organisms were recovered, These do not
produce recognizable characteristics of brucellosis in guinea
pigs, although titers of 1:200 developed in some of the ani-
mals with high opsonocytophagic activity present,

&, Unencapsulated organisms are found in sirains of
Brucella that have undergone rapid transfer, These appear as
navy blue when stained with érywtai viclet, while the encap-
sulated forms are a deep purple, 3Smooth strains of organisms
were denuded of their capsules by growing them on liver infu-
sion agar and transferring them to beef broth, but the organ-
isms regained their capsules within 48 hours under all cone-
ditions to which they were subjected., Rough strains of organ-
isms may lose some of the capsules if allowed to remain in
distilled water for twelve hours, No encepsulated strain of
Brucella was cultivated for more than 48 hours.

B, Blood Picture

1. Studies of the blood picture were made of 1228
healthy, infected, and vaccinated animals,

2., Mild anemia appears to be a characteristic of bru-
cellosis as shown by the reduced hemoglobin and erythrocyles,
bubt was not sufficiently great to be a reliable index in the

diagnosis of the disease,
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3, There was & considerable rise In the total leuco-
cyte counti bub here, agaln, because of the veriation in nor-
mal hog blood, it is not dependable &s a2 measure of infection,

4, +#Active lymphocytosis was the most striking feature
encountered and was evidenced by an increase in both the per-
centage values and the actual numbers of lymphoecytes,

5, Little change or, in some céses, & slicht reduction
was found in the actual number of nevtrophils,

G, Thg percentage, a$ w§2£ as the &Q%ﬁ%i number, of
eeaihaph§1i¢ IeucQCyt&s is mﬁfartﬁanztreﬁieﬁ in most animals
during the period of rgsavary*fraa bﬁucelzasis.

7. There is no appreciable variation in basophils,
monocytes, or the sedimentation rate of blood in healthy and
infected swine,

C. Diagnostic Tests

1., Agglutination tests on 1228 healthy, infected, and
immune animals show that, while most of the swine react in
lower dilutions than cattle, there are some which show high
titers., The titers tend to be low In the early and late
stages of the disease and QQita high during its acute stages.

2. A comparison between the results of the complement
fixation test and the agglutination test in 42 animals showed
little variation between the two tests.

3+ The mpgeﬁecyﬁaghagig index was low in uninfected
animals, moderate in animals showing a titer of 1:200 or more,

and high in animals recovering from the disease. Vaccinated

animals showed a rising opsonocytophagic index during the
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second week after vaccination, and this continued high for
the four weeks of the test period,
4, The Neufeld reaction did not appear to show "quelling"

in Brucellsa.
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PABLE &

Average Blood Picture of 47 Animels Vaccinated
with Xing 8 Strain, Brucells Suis
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