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I
INTRODUCTION

The problem of immunity to the group of disesases which
has not yielded readily to man's prophylaxis is s teasing
one. It had been thought by many that sueh diseases as tu-
berculoasis and brucellosis were entirely dependent upon =
favorable balance of the infectlous agent within the host.

It is not denlied that such states exist but from recent de-
velopments in techniques of separation of biologically aetive
materials there have already arisen nev agents which may be
used for immunization. Purified immunizing agents may result
in reduction of side effects 2nd avoidance of sensitizing
doses; such agents contribute to the satisfaction of one's
curiosity (or perhaps add to it) as to the nature of an agent
{or agents) which so powerfully lays its imyrint on the tissucs
of higher animsls that for long periods after the imprint one
resigts the advances of the particulsr disease;

This work hae not pretended to delve deeply into the ahem-
1cal nature of the fractlons which were separated. It has at-
tempted to relate the solubllity of protelns to the extraction
of an effective immunizing agent in the native state from

Brucells abortus.




II
HISTORICAL

The desirstility of obtaining relatively pure and bio-
logieslly active substences from the bacterial cell hag been
emphasized by the recent papere of several vworkers. Pilllemer,
Toll, and Badger (1947), Pillemer and Koore (1948) and Pillem-
er, Wittler, burreil, and Groesberg (124&) have described
the isolation and immunochemistry of homogeneous diptheria tox-
01d and erystalline tetanal toxin; Lammana and Glassman (1047)

have deseribed the isolation of type B Clostridium hotulinum

toxin; Basker, Sommer, L.E. Foster, E. lieyer and K.F. Meyer
{i947) reported the isolation of a crystalline antigen from

Pasteurella pestis; and Bevilagua and ¥oCarter (104&) fraotion-

ated and characterized the components from tubercle culture
filtrates. All of these workers have isolsted substances which
appear to be homogenecus and are biologically active in produc-
ing antibodies and/or immunity, in experimental animsla. The
methods emnployed for the isolation of various compounds are
based on the nultivariable system developed by Cohn, Btrong,
Hughes, ¥ulford, Ashworth, kelin, and Taylor (1946) and their
co-workere for the fractlionation of protein components of
bilond plasma in highly purified state,

A4 study of the literature on immunization agsinst brucel-
iosis shows thsat the methods of treating the cells or products
uged for immunization may roughly be grouped as follows:

treztment of whole celis primsrily by physical agents, treat-



ment of whole cells orimari ly by ehemical agents, extraction

of the cells, use of adjuvante snd attenuation.

Killing ecelle by physical agents

il. Heat. Heat~kilied bacterin was first employed by

Birt and Lamb (1899} who injected heat-killed Er. melitensis

in an attempt to immunize a man agalnst live cultures of the
same orgenism subsequently injected. The man became infected.
Shaw (1907) and Eyre (1908) injected hest-killed Br. meliten-
8ig into the monkey and men respectively without obtalning
gignificant protection. Nicolle, Burnett, and Conseil, vork-
ing on man, (1907, ascoli and Sanfiligo (1 °°9), Zammitt =nd
Debono {(1930), on goats, and Dubois sand Sollier (1938) on man,
all eclaimed evidence of protection following the injection of

heat~killed gg. melitensis. This work hag not been substan-

tisted and Huddleson (1942a) statec thnt immunization of human
telngs has not been successful. A further fzilure of vaccins-
tion of man against brucel losis is reported by Howe, ¥iller,
Kelly, Brookwalter, and Ellington (1947) in a report of 17 cases
of brucellosis among & group of laboratory workers injected with
a killed vaccine. No detsils as to how the vaccine was made
were given,

Heat-killied Br. zbortue bacterins have been used with e-
qual lack of success by Bang (1906) in heifers, ¥ecfadyesn and
8 tockman (13035) in cows, Ascoli (191%5) in gulnea pigs, Zwick,
zeller, Krage, and Gminder (1320) and 3Smith and Little (1827%)

in pregnant snd non-oregnant cows. Smith and Little felt some



protection was evidenced. Failures fto immunize guinea pigs

by injection of heat-killed EBr. abortus cells sre recorded by
sscoli {1915), Stafaeth (1920), Hagan {192°b), Schroeder and
Cotton (1924), Gwatkin (1931), Holth (19733), McEwen =and Roberts
{1336}, and Huddleson (1947). Gwatkin slso us=d phenolized
heate-killed cells.

The only apparent success with hest-killed Br. abortus as
far as is known, was lmmunization of rats reported by Holth
{1911i;. However, the same worker found no protection for mice
tested at the same time.

2. Ultraviolet light. Huddleson {1947) reported some

nroteetion to be evident in guines pigs injected with irradi-
ated cells and subsequently echellenged with 1000 to 100,070
organismg of homologous end heterologous gpecles.

3. S8Sonic itrested orgenisms. Live, Sparling, snd Stubbs

{1945) disintegrated vhole cultures of Br. abortus witbh high
frecuency scund waves. The cell free extrach, precivitated
and preserved with ethyl sther, was given in a serieg of 3 in-
Jectione at % day intervals and immunized 16 of 18 guinea pigs
vhile all but one of the control animnls was infected by chal-
ienge doses ranging from 230 to 1800 Er. abortus organisms.

4, Mechanical disintegration. Huddleson (1940){(1543b)

has used an ether extract of Br. sulis anl Er. abortus crushed
in a wet orushing oill at 1w tewperaturs. This produced a
product which engendered some probection vwhen used as a vaccine
in gulnea pigs chalienged with 152 to 3,840 organisms and was

important in bringing out the need for using low temperatures



when separating protoplasmic compouents.

iilling by ckemical agents

1. Toluol. Immunization of cows by cells of Br. abortus

killed with toluene was unsuccessfully attempted by Beng (1906).
Ho other attempts »ith toluol-killed organisms were aoted in
the litersture surveyed.

2. Fhenol. Gwatkin (1931) used culturss of Zr. sbortus

killed with 0.5 per cent phenol in attempting to immunize
gulnea nizs agalnst challenge doses which must have been quite
large asg they consisted of 1.0 wml of a suspsnsion of sn entire
48 bour agar slant of Br. abortus removed in a few ml of sa-
line. Fuddleson (19247) got no protsction Tfrom phenolized
cultures of Br. abortus using considerably lower challenge
doses.

Se TEther. EZther-killed cells were used in zuines pigs
by Aseolil (1915) who found no proteetion. Live, Sperlins and
Stubbe {19645}, Live (1949), and Larsen (1949 have found sig-
nificant protectlion using oultures of Zr. abortus killed with
ethyl ether. Larsen has, in additicn, found certain adjuvants
enhance the effect. The earlier failure reported by 4scoll
may have been due to tha‘sizs of the challenge dose. ‘The lat-
er, more successful, results employed challenge doses ranging
from 230 to 1800 orgaunisms. 3Sonisc ruptured cell extract pre-
served with ethyl ether by Live et al in the work cited avove
seemed to be of sbout equal efficacy.

4. Formalin. Formalin-killed gells of Br., gbortus have



c

been used, without sucecess, by Owatkin (1931), and licFwen and
Hoberts (1936) in attempts to immunize guinea pilzs. On the
other hand, using challenge doses of considerably less maani-
tude Mmddlessn (1947} found some proteciive effect existed
when cells killed with not over .25 ner cent formalin were
used. irsher conceatrations 2estroyed the immunogzenic compo-~
nect. Toster (1948) found no orzanisms on post-mortem exam-
ination on one of two iuinea rigs injected with 3r. abortus
soolls killed by suspension in o0ld 1,0 per cent formalin at

4~3 C challenzad with 10,00C,00C 2r. avcortus. The sscond an=~

imal was Infecoted but the spleen was smullsr than tlat in con-
trol znimals. Animals glven formelin-killed cellis und no
challenge dose showed no evidence of inrfection or toxic re-~
action.

F

o Fhenyl mercguric nitrste-killed cells. rhenyl mercuric

plitrate-killed cells were shown by lluddleson (1247} to be inef=-
Tfeetive lmmunizing ugents.

6. Aloohol. Br. zsbortus killed by cold 30 per cent sl-

aoheol failed to rrotect two gulnes plgzs from challenge doses
of 10,000,000 orzenisms (Foster 1948).
7. OChloroform. Owatkir (1981} found no immunizing effect

from Br. abortus killed with 2.0 per cent chlorolorm.

g, Other m@thﬁgg. Scales apd Huddlesor (1938) ussd ground

up spleens thet were infected with Brugella and treated wlth
elther 2.C »er cent formelln of 2.0 per cent chloroform to klll
the orzanisms. These preperations did not protect guinea pigs

from infection following sdministrastlon of challensgs dosas of



interplacental exudate treated with 2.0 per eent chloroform.

Fractionation

The use of extracts or froctlionsg of baeterial cells wes
early shovn to te of value in the case of the exotoxin of

Corynebacterium diptheriae by von Zehring and Kitseato, as cited

by Zinssger, Fnders and Fothersgill (1945) who successfully im-
munlzed animales esrsinst that organiem by injection of culture
filtrates.

Treatment of culture flltrates of Brucella ecelles was firat
employed by Holth in his previously citer (1911) work on heat-
killed antigen. Eoth alcohol and ammonium gulfate wvere used to
preecipitate an sntigenic msterlal from Br. abortus culture fil-
trate. As with the heat treated cells, rsats showed some evi-
dence of immunizstion while mice showed none. Gwatkin (1931)
(1935) utilized both heated and unhested culture flltrstes pre-
served with 0.5 per cent phenol. In a later publication Gwat-
kin (19%) in unsuccessful immunization attempts in guinea pigs
reported further fallures to immunize using alcohol precipi-
tated Br. abortus filtrate. This material wes csrbohydrate in
nature, highly toxie, seroclogicelly active, but fsiled to pro-
teet guines pigs from infection against rather heavy cheal lenge
doses. The filtrate residue left after preciplitstion was
dried, toxicity and immunologic tests gshowing it to be less
toxie but of no protective effect. Ammoniuvm sulfate precipi-
tation spparently produced components simlilar to thnse obtained
by ethanol precipitation from preecipitate and supernnte. A

toluol-ether and saline extraet of dried and ground Er. abortus



and an aleoholins precivitate of culture flltrate from a rough
strain of Er. zbortus likewise gave no evidence of protective
ability.

Pennell ard Huwldleson (1937)(1938) and Huddleson (1940)
studied the effect of endo-antigen ss an immunizing sgent.
Thig gsutstance was zn albuminoid fraction which produces anti-
Podisg snd wss toxic on intreperitonenl imoculation in guinea
piga. An 8 fraotion linked to the albuminold fraction snd of
carbohydrate nsature did not produce antiboiies. The nitrogen
content of the endo-sntigens of the varlous species of Hrucellas
d1d not always seem to be intimstely conneected with the abili-
ty to preeinitzte gpecific antibodies., In lmmunization exreri-
ments endo-antiren fziled to protect gulnes plgs.,

3tahl, Tennell, =nd Huddleson (1975} sand Fuidleson {1940)
reported = protein nucleste fractlon extrscted by % and 5 per
cent MsOH, eplit vith sodium carbonats, =nd separated with
chloroform, to e sntigenile in 19 of 20 gulnea pigs when gilven
in 10 mg doses. The toxiclty of thig Traction wss low but it
too falled %o protect sulnea pigs from infection. The nuclelc
acid portion of protein nucleate was only feebly antigeniec Ly
itself, Precinitin studies of the fraction with smooth shirain

. abortus, Er. suls, and 2-. melitensia were all

antisera of T

+

l

positive in 4llutions of from 1:1000 to 1:732,000, gilving non-
sapecific crosg resctions within the ~roup. Intermediaste rough
and rough strainsg gove ne precinitin renctions. Allergic re-
actiong oceurred Tollowing inoeculation i4in d4ilutions of 1:200

to 118000 with cronss-sensitization in dAilutions of 1:1000 with



rough strains,

Pop, Dsmboviceanu, Barber snd Marinou (1938) and Dambo-
viceanu, Barber, Pop, Marinou {(1938) reported that an antigen
from cells extracted in the cold with 15 per cent trichloracetice
acid, =fter the technigue of Boivin and Yesrobeanu {1934}, pro-
duced antibodies in the rabbit, ani weas quite toxic Por the
mouge thourh less so for the gulnee nigr., The antigen wasg onre
bohydrate in nature. Davoll (1938) prepared a simllar fraction
with essentially the same technique which was nitrogen free,
also toxlic for mice, and produced antiboudies in rabbits. This
fraction precinltated homologous antisesrunm,

The ethyl ether extracts prepared by Llive, ZSperling and
Stubbe (1042), Live (1949), and Larsen {1945) were briefly
discvssed earlier and «111 not be discussed further.

¥llee (1973G), kiles and Pirie (1972 sbede), and Patterson,
Tirie and Stableforth (1947) have isolsted = highly sntisenic com-
ponent by = combination of differentisal centrifugation and ex-

traction of Ir. melitenslis and Br. abortus with 2.0 per cent

phenol in the cold. This materisl vproduced antibodies upon in-
Jection into pulnes pige 2and wse composed of volysaccharide,
amino, =and vhospholipin residues, The lstesgt publication cited
found protection equivalent to that produced by Er. sbortus
strain 19 vaccine, to be produced upon incculation into guines
pigs. Wiles end Pirie (1939c) msde the i@#ortanﬁ observation
that their compound was probsbly similar to some iszolated by
other workere snd the superlior efficacy of the antigen prob-

ably was due to the gentler treatment esployed in preparing



1o

the antigen., Indeed they were able to show a progressive losgs
in titer correlsted with degree of hydrolysis of the antigen.

In 2 recent work lsrsen (1949) has used ether extraction
of cells previously trested wvith nhenolized saline and sepsa-
rated from the liquid after U weeks' storage a2t L ¢, The cells
vere resuspended in N.85 per cent ss line and, with two volumes
of ethyl ether =2dded, vigorougly shaken and =llowed to sgitand
¢ days at room temzerature. The acueous phasge, centrifuged
free of cells, was used for injlection.

Serolozical studlies on Brucel la fractlons have emphasized
the vorks of Fvans (1918)(1%2%}, Feusier snd leyer (1920), and
Francis (1931) showing the close relationship of the Erucella
gpecieg and separating them into sarolmg&cal‘grougs Br. aboritus-

suls and Br. melitensis. Ne slmple separation beyond this hase

been mode, In fact, the antigenic et ructure accordine to the
vork of Wilson and iiles as cited by Kiles (1929) and ¥Viles and
Firie (1939 sbcede) of the two groupe is probably dependent upon

£ prepcnderance of either A {(abortus-guis) substance or M (mel-

itensle) subetsnce. Absorption technicuesg can abeorb the snti-
todies for one or the other from entliserum to produce zn sntissrum
specifie Tor either the A or the ¥ antigen. ilks and Pirie
(1975b) were not artle to separate the rnnticens by fractionstion.
Studies on hyperesensitivity and precipitin tecte by 3tabl, Pern-
nell and Huddleson (1929), Huddleson (iGL40), Pop et al {1938} and
Dambovieceanu e &1 (153%8) uesing previcusgly mentioned fractions
have furthey enphagized the diffliculty of sevsrating these spe-

clee gerclogically. [azzl in 1922 and Winni in 1930 as cited by
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Gwatkin (1932) found immune serum to zive nrotection zgninst

hoth homoloszous and heteroloszous specias.

Use of livins vaccine

#ith the work by Uwvans (1918)(1923) astablishing the ra=-

lationshin of 3r. abortus of bovine and poreine orizin with

3r. molitenals and demonstration that 3r., abortus sonld de

isolated from milk it was recognized that the earliosr nractice
of "immunizing™ oattle with living vaecine against abortion
was a health hazard. The work by 3iltner, Huddlegson, (lark,
and Jehlinzman {(1929) on the vacecinnstion of casttle with a
strain of live Br. abortus non-infectious for sulnea plzs and
praznant and nonepregnant cattle (Huddleson 1928) showed suoh
organisme could ha injected without apparent harm to cattle.
Buek {1230) sereoned saveral sirains of 3r. sbortusg snd found
one of moderate virulance, strsin 19, whioch did nrotezet onlves
arainst subsoguaent infectious dosss. This vaceline hag zince
been widaly used ir osttle by many workers in this country and
Auddleson {(1%4f%a) has adaguately raviewed the usanes. Yenthel
{1948} found strain 19 to prednce immunity of short duration
upon insculatiorn into 4 te 6 menth silts. MeIwen (1937) hes
reportad on gnother avirulent strain ond the use of asvirulent
strains of 3r. suis in emulsione of lanolin are mentioned in
the followin: ssetion, ¥uddleson (1947) found mucold dissocie-

ants of 3r. suls and Br. melitensis to be effective in protect-

ingz ruinea pigs szeinst challenge dos2s of 1 x 10° Br. suis

and 5 x 10% or 1 x 10° Br. melitensis or H#r. abortus. Following




injectlon of 6 x 109 to 1 x lOlQ viable orsanisms wars domone
strable & but not ¢ weeks followiang vacocinatlion. Challeage
was made 4 wesks following vacoclinution.

Tnfortunatoly the use of the live vaccines descrivsd is
not without hazard. Crawford (10%48) and 3ilman {1944) ecite
definite cases in whish human belnzs have baen 1Infegted with
strain 19 vaocine. levine and 7ilson {1949) have rennrtasd *he
izolation of atraln 19 from the milk of 3 vacelnuted cows and
a hog. Iarzistent siters found wilth some frequency in vaccin-
ated cattle Turther suzgest poasible latant infactionn. Heom
and Cross {(1945) have suggested tha etiolozle relstionchin of

atrain 19 to cases of adbortion in cattls,

Use of adjuvants

Duvols (19382){1939b) found an avirulent strain of Jr.
suls suspended in smulsions of lanolin znd pstroletus narked-
ly rodueed abortions in ovine, orprine, and hovins spescies and
no untoward resulis upon vaccination of nregaant cows. Velu
and Zottner (1938), Cordler (1078}, and Zichorn, Vinglo, end
urdoek (1940} found that such smulsions were storilized upon
standins ip vitro but still possessed considerable antizen-
icity. Fowever %ichorn and his co-workers (124C) wore sble
to 1solate vieble Brugella from the orizinal site of iroculu~
tion in the cow up to 85 days after inoculation. Zolmer,
Bondl, and Mile {1939] found that nixtures of heat-killed cells

of Iberthella typhosa esnd 3r. abortus were more efficacious in

produoinz protective antibodies for mice upon inoculation into
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rabbits than heat-killed Br. abortus cells used alonc. A
further interesting finding was a higher degree of protection
against challense by Br. melitensis than by 3r. sbortus. The
phenol~killed cells and ether extraoits prepared from them
have been shown by Larsen (1949) to have an enhanced immuno-
genic effeot when used with Freund's adJuvant, containing
dried, heat-killed M. tuberculosis but not without them.
Freund's adjuvant is a water andéd mineral oll emulsion. Live
(194%9), on the other hand, found ether-killed Br. abortus
vaceine to ve definitely enhaneed by emulsions 15 lanolin and

mineral ol1l. Alum precipitated ether-killed cells were less

effective.
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EXPERIMENTAL

The antigenic materials to be separated wers oconsidered
to be labile complex proteins possidvly linked to carbohydrate
and lipid constituents. Henece, the teahniqnsa wors those ape
plicadble to proteins and they were bdased on regent techniques
whiok have shown considerable success in isolating biological-~
ly astive material. |

As pointed out by the physical chemists, Cohn ot al
{1946), Mulford (1947), Brand and Edsall (1947), solubllity
of a protelin may be carefully regulated by varying eenditiuna
of gﬁ; ionic strength, temperature, and conesntration of or~
ganic solvents and protein. These factors may be so chosen
that the desired component has, for example, & high degree,
and the undealred componsnts have a low degree of solublility,
or vice verssa.

The simplest proaedure and one which had not been pre-
viously attempted insofar as & search of the literature could
reveal, was to use the untreated osulture filirats; that is,
agueous extragt. Huddleson {(1943) had found the capsular
substance of Brucella to be solubls in hot water and antigen-
io. During the course of this work it was discoversd that
cottan (1948) also had demonstratad loss of cepsular naterial
during treatment of the oell and demonstrated (1949) 1ts antie
genleity in @uinsgupisa._
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Concentrated zcetone was selected in 1licht of the succeas
of Taker et =1. (1947} in isolating an immunogenic acetone
solutle mnaterial from P. pestis. Also Horrecker (194g) had
mentioned 1ts occasional usefulness in extrascting enzymes.

In the first extractions it was noted that water soluble
extrzcts contained the enzyme ureage. Hypothesizing s possible
relationship in nature of the Erveells urease to that of the
urease of Jjsek bean meal, similar conditions were chosen to
thoge appllied by Sumner (1926) who used 3G per cent acetone,
refrigerator temperatures, and a pH of 5.2 in crystallizing
vrease.

It was the intent of this work to extract antigenic ma-
terial by solution in the extractant, taking advantage of
geveral theoretical factors brought out by physical chemical
gtudies on proteins:

1. Iscelectric point. That isoelectric point sffects

the solublliity of large molecules is well k¥nown. In fraction-
ation, extracts of water soluble material wers msde nesr the
neutral rone (flow sheet fraction I), the pH of a plein sque-~
ous extract beins sbout 6.9. Extraction was also approached
Prom the scid {fracticn VII) snd slkaline {(fraction VI) sides
of that zone. Cther lmportant considerations wers the effect
pH hasg on etsabilility of certain compounds and on enzymes. It
was conaidered thet o much higher or lover pH might inhibit
the activity of sutoclytic enzymes should such be present.

The possiblility that a gilven component micht, in iteelf, be

moye gtable in & different pH vas also considered. pH was a
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factor recorded in sll caseg but further adjustment wes not
conegidered necessary in the case of fyactions I, I, and IV,
the pH of about 6.9 of the medium itself being used. Frac-
tions V-1 and V-2 were produced from a cell suspension buf-
fered to pH 5.2.

2. Jonic strength. Low concentratiocong of ions have been

demongtrated to have greater specificity of setion for given
groteins. Combined with the proper pH, srarper separation of
various proteins can be obtained. The lonic sitrength was not
varied in most of these sepserstions but %ept at that of the
original extract of medium. It may he reealled that tryptose
agar had 0.5 gm of sodium chloride per likr. The ionile

strength based on molar solutions would be:
= s Cizi*
vhere (7 is the concentration and Z/ the valence of
the i'th specleg of ion in molee per liter or the
ionic concentration. This is about twice the mo-
lal ionic strength (M) as caleulated by Lewls snd
Randnll {(cited by Daniels 1948). &ind since the
salt would te .0086 molar:
= (.0086 x 12) - (.0086 x 12) = ,0172
or = L0172 = 0086 & M

Ti:is vould be the ionic atrength in the medium. However, the

concentration in an sgueous extract of Zrovith from ager medium
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would be considerably lsss. It was not measured, osut should
ne reproducails for Ws zives medium. Other salts were as-
suned to be pyssent ia nesgdiziols amounts. In the oanse of

P

sepalraiion o6 a ¢6ll Lesldue with subseyuent reconstitution

"

in waother polventd 1V was assamed that the residual ionie
gircagth Jrom eslluldar Georis was nesllglivle and ionic stresagth
was sassd on bhat obf the fluic used ior recoostituition.

Se__ sumptrTature. Temperature eontreol, in this work, was

dgslopad Lo ninimize densiuraiion aud was practiced with all

{raotions. 7“here ia, Zenerally, mla@ an enhancemnent ol pre-

temperature is lowered and this, combined with the specifie

Balt eifect, no voubi Lad some effoct on solubility.

4s Concentration of orssnic solventg. 3Solventis such as

acatone and methancol dsoreass the dlelectrisc oconstant of a
medlar and thus iead to san sphencement of interactivity be-
twean ;roteins and ioans. A further consideration 1s the
solvont eifect. Coxbined wiilh the faclors mentionsd above

ars differenves in solubillity in ciffering percentages of

bhe solvent used. acolone was used 1o Liigh councsntration for
Creatmant oL fraevions Ii and IV and in 30 per cent concentra-
Piom for trsatasut of fragtioas Vel and V=-2. #etihanol was
wged io preclipitating sotvigenic muteriul from fractions I and

-
-

Oe Counceniration of pirovein. The concentration of a

given protelin alffects its interaction with ions and solvent

moleculss. ;anaaratura arffec¢ts the luteraction too. ‘inus
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the five rﬁotais listed &ié mutnally depan&@ni. Furthermore,
& given protein agy:bb;affectad_byffhe presenge of other pro-
teins, carbohydrates or fhas. o m&th@d of eontrol of protein
congentretion, beyond the quantities of the various amounts of
1iquids used for extraction, was precticaed.

That other faotors may influenee soludility of proteirs .
is recognized. 'The five factors listed were the only ones

which were varied in a controlled manner in this investisation.
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ilethods

Cultivation and characteristics of Prucella species used.

All eultures used in this study were tested for specles iden-
tity and conform with the current classification in Eergey's
manual (Breed et al 19%8). The cultures used and a partial

history are included in table 1,

Table 1

Brucellsa Species Studlied asnd Source

@rganism Strain no. Jource Year Institution
Br. abortus 19 vaceine bottle 19Hg BAIZ

Br. abortus 128« 4 field strain 1549 BAI

Er. abortus® 2132 bull 1949 BAI

Er. abortus 2308&a aborted fetus 1948 BAI

Br. abortus £308b cow's milk 1948 Lss3’
Br. melitensis 1K goat 1949 BAT

Br. melitensis 16 ¥ kid 1549 BAI

Br. suis 4i-8 exposure cul- 1949 BAI

ture kept viru-
lent by animail
passage

Br. suls 298 lyophilized 104g LSss
stoeck culture

BEr. suis 167303 field strain 1945 BAI

1
Only COs requiring straln used.

gBureau of Animasl Industry, Belteville, Md. through the
courtesy of Dr. A. E. Crawford, on potato infusion serum
agar.

SLivestook Sanitsry Service Lsboratories, College Park,
#¥d. thrmugh the courteay of Dr. Cornelia ¥. Cotton.
Grown on tryptose agar.



Br. gbortus. The variable results found bhers mlght be due to

differences in the test mediz used.,

Table 2

Humber of Minutes Regquired by 3Brucells Species
to Hydrolyze Urea

Strain Species Time

128-4A Br. abortus 180

2132 Br. abortus 18¢C
2308 Br. abortus 240 (very
week )

1 Br. melitensis 210

1¢ ¥ Br., melitensis 210

41l~S Br. sule 15

163203 Br. suis 18

All cells stﬁndarﬁizad on basis of BAY antigen at 61.3
t 0.2 per cent transmittence using filter, wave length
of 650 millimicrons on Fischer Spectrometer.

Teogts for sntigenic variation were carried ocut esccording
to the techniyues of Alessandrinil and Sadatucei {1331}, Ardrey
and DY Alchelburz as eited by Huddleson (194%. Accordinz to
Alessandrini end Sabatuecel rouzh strains of Bruealle specles
w11l agglutinates when suspensions ol orgunisms are mixed in
equal volume with 1:1C,000 trypaflavine and incudbated at 37 C
for 8 hours. Draun and Hauge (1948) place considerable reli-
ance on this test. MXo viwible agglutinatler oceurred in any
of the € cultures usad. D31 Alchelburs's tschnique saploys

suspensions of orgzanisms mixed with 1:200C baasic fuehsin in



o
L

sgual volume and ircubeated st 37 ¢ for 2 hours. sgglutinetion
nere also indlosfes & rough strsin and none of ﬁha’strains em=-
rioyed were sgglutinated., Ardrey showed thati intermedisce
strains could Ve detectad by failure to aggluiloste uvon heate
ing when weter was substlituted for 5aiine in dilutions of
acrifiavine whereas smooth cultures agulutinated. Un uvhis
basig &ll of the cultures employed are intermediate strains.
A1) of these strains were used Tor comparative serologi-

cal studies. Only 3r. abortus 2308 was used for production

of immunizing antizens and challenge doses. ALl culturaes
were incculated on tryptosse azar slants (appendix I upon re-
ceipt and kept in the refrigerator after 48 hours' xzrowth at
37 €. Transfars were zade at approximately monthly intervals.

Ireparation of antizens. Cells were washed from tryptose

agar slants wlth 48 hours growith for the various teats by 0.9
per gent sallins or, 1a ths case of intermedliste stralu tests,
by water and the resultant suspensions standardizea to £1.3
to.e per eenlt 1i:ht transmittance. Uhls ligure was scloeotsd
for uss oL the gells 1n agrlutination and othier tesis and was
based on lie average ol several sceparate readings Lews v
Bureau of animel Industry (Bal) phenollized antigsn.

Antigen for sxtractlon was grown lo Jlake Lottles on
Difco trypilose agar reinforeed with 1.0 per cent additional
agar. Suriched tryptose zgar (eppeudlx I) was used i grow-
ing antigens for prepsration of fractlons Vel and V-2. 3&ad
culturses were firet grown for 48 hours at 7 ¢ allowing 1

tryptose agar slant pexr ¢ Blake bottles. he slanils wers



washed oY with & - 2 ml salins suspsndlng the eslls from sach
glanl in 10 - EZC al o sailse. Tures ml of sgusgpension was
spread over the agar aurface in Z2leke bottles which were then
iricubated Yor 48 to 72 lLours at 47 ¢, the srowih belng used
for the various extracilions. .antlgens of live oreapisms used
for anlmal Ilncculation and serclojical tests were prepared
from 4€ hour growth on sgar slants, the cells bein: washed
free by 0.9 per ocent seline. ‘These suspensions were dlliuted
to &1 per gent light transmittence and used without Iurther
treastment. Collectlion of fractions wae by means ol suctiion

flaugk &s iilustratsed io flgure 1.

Simare L

Suetion Anparatus for Cnllection of Calls
Tfrom Zlaxe Jottles

-

A
p TO SUCTION PuMP

A4 Mass tube Tor collecting cells ¢ 7ne liter pyrex suction
B rressure tubing flagk (trap for baock-
¢ “lamp holding tubinz (2) and o flow)

inserted glass tube (4) X Glass tube (outlst)
o Ring 9tend I, Crne hole Tubber stomnar
% Glass tubing inlet to flesk (i) & FPressure tubing coupling
F Ope hole rubber stopper Y Slass tube
& Two layered gauze filter O One hols rubber stopper
F oTwo litaer cyrex suction flask P ¥lve per cent thsnol

{for ecell collection) w Iwo 1itar$§yrex ilask
I rregsure tubing coupling R Pressure tuvin: o

suction pump
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Two traps, one (J) to avoid backf{low, and the second (2) con-
tairing §.0 per cent phenol to trap orzanisms that might be
pulled over wers used. Five ver cent phsanol had the advantaze
of not foaminz. The intake tube on the collection flask (H)
was covered with a double laysred :puze bag to catcoh large
particulate matter. The outlet went throuzh the traps to a
water pump. In use all flasks were clamped to a single ring
stand so that after use it was a simple matter to autoclave
the entire set up.

Tenpsrature control. Temperature control during I'rac-

tionation was varled. ¥or most work bvetween 4 - ¢ C a large
"walk-in" refrligerstor was used. For lower temperatures a
bath of aloohol or acetone and dry lee wes convenient. By
keepln: one thermometer in the ice bath and one in the speeci-
men large differences in temperature were avoided. Addition
of small, 1.0 to 2.0 om, pleces of dry ice maintained temper-
ature within s degree of that which was desired. Tempsratures
of about =60 £ 10 C were obtained in a dry ice box. The
freezing compartment of a small laboratory refrigerator hap-
paned to be mainteined at -l11 C, For centrifusation a box
about 38 ¢m high by 60 em lonz by 38 cem wide and having a hinged
114 closing tishtly over a rubber gasket was used. DNo labor-
atory infeetions occurred by this method az far as is known,

A thermometer was placed 80 the bulb was at the height of the
centrifuge head and only a' few om Ifrom it. About 2 killogrums
of dry ice placed in the box was suffloient when broken in

small pleces 1f the centrifuje was run at 4200 HeM to reduce



the temperature to betwsen O to § C. Running the centrifuze
20 to 30 minutes cooled the head off end centrifupe tubes,
already at the desired temperature, were then placed in the
head., Addaitlon of dry ice usually was not necessary at this
time but, after another 30 minutes' run, about 500 gm more of
ice was added. A 50 pound eake of dry ice usually lasted the
better part of two days under these conditions. For tempers-
tures about =10 C around 6 kg of dry ilce were recguire:’ at the
gstart of centrifuvation and a cake of dry ice lasted only one

day.
Freparation of fractlons. Explanation: The over-all

plan of fractionation 1s expressed schematically in figsure 2.
Starting with 48 hours growth of Br. abortus 2308 at 37 C on
agar in Blake bottles cooled to 4 - 8 C the varistions in
treatment of the cells are ziven. The conditions controlled
in extraction, lonic strength (r/2), pH, temperature, solvent
coneentration and nitrogen content are presented. Liltrozen
content being readily measured was used instead of protein
concentration. The term C° in reference to lonic strength ree-
fars to that already present in the medium,

Designation of fractions: Roman numerels were used to
indicate different fractions; arabic numerals minor variations
from the main nrocedurs. Capital letters were used to indi-
cate different batches of a given fraction. As an exampls,
the designation II-D-3 refers to the U bateh of fraction II in
which the cells of Br. suils weres extracted. That is, the

third variation in the major fraction. For conveniencs, the
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designation ziven the fraction was aléo ziven to groups of
animals inoculated with a fraction so that group I-B gulnea
pigs, for example, had received the B bateh of fraotion 1.

Fraction I. Blake bottles seeded and 1lncubated as da-

soribed in the forssoing section wers placed in the refriger-
ator alongz with pipettes, flasks of sterile distilled water,
and c¢ollecting flasks and cocled to 4 -~ & C. After coollng

% to 4 hours, 1C - 15 ml of cold sterile water was added to
each bottle and allowed to soak for 10 to 20 minutes. sollow-
ing aseptle precautions, growth was gently loosened from the
agar surface with a nolstened swab, the suspension washed

down with 10 ml more of c¢old water, and aspiratad off into

the eolleciing flesk. Several uninoculated bottles previous-
1y inoculated with 2.0 ml sterile saline were tresated in the
same manner to meke a control extract. The susgpenslons Irom
25 « 30 bottlesz were collseted Iin this menner and yields
varied from 500 - 600 ml. Suspensions were extracted for 24
to 48 hours as shown 1n fisure 2, after which time the cells
were saparated from the ligquid thase by centrifugstion at

4 - 6 C in an angle read centrifuze st about 4200 PM. The
cells weres resuspended in cold weter, pooled in about 100 ml
of water gnd recsntrifuged, thils supernate balng added to the
first separated. The cells were retained for further treatment
(fisure 2). The supernate, desiznated fraction I, was recen~
trifuged until it appeared clear to the eye, filtsred in eithar
selas or sintered glass Cilters at 4 - 6 ¢, and two 1.0 ml

aliguots of filtrute cultured in respective tubes of tryptose
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bBroth. If, aftar 7 dars no growth wis 2ooyarent in tha oulture
tuboen, infentiong of axtract ware carried out.

Yariatiosna in batchas of Iraction T consisted »f centri-
fugzation 1 tims of fraction I-% at 15 € instead of 4 - 8 O,
and usa of a Tirst application of 10 ml of cold water instend
of 10 21 in reamoving cells from Blexs boittles in v o

A seriss of 4 batches of fractlon I desimated I-5, I-3,
I-C, and I-) are reported on herein. Br. abortus 2308 wus
used in produocing I~A, I-B and I-D. 3r. abortus 23080 was
used 1in preparation of I«C. Three of these, I-i, I-3, aud
I-C, were studlsd for antibody production and lmmunizing oa-

pacity in zulnea nigs and as prescipitins and I-C was also

studied for antlbody response in rabbits. The fourth, I-0,

was studied ip vitro only. Extreots of cells of Br. abortus
19 and Br. sulis 298 desiagnated I-D-2 and I~D-3 respectively
wars 21so made as for I-D. Cold 0.9 ner cent salins was sub-
stituted for water in parallel dbatches; all © of these batches
were studied for possible strain differences.

Practions IT and III. The call residue left after sepa-

ration of fraction I was cooled to 1.0 ¢ in an acetone and
dry 1cs bath and gradual addition of precocnled acetone (0 C)
made durine countinual stirringz. Overly vizorous stirring

wag avoided as it 1is known thst gsome proteins are susceptinle
to denaturation by too vigorous stirring. Tenperature fall
wag at a rate of about 1.0 € per ml of solvent added, a total
of about 60 ml acetons to the yleld from 30 Blake bottles or

abpout 2.0 =l for the yield from a8 sinzle {lask bein;; added.



{8 far as 18 kpown frsezing during extraction did rot oceur
except in the ;L?parﬁﬁicﬂ of tre first frection (II-a) in
which only 8C nl pexr 0 llake botilen wae used. Txtractlon
in the c¢old Yox was esrried ocut for 48 hours as shown in fige
ure 2. After extraction the bateh was shell frozer in 100 mi
gcentrilure bottles. These were atteschel by pressura tubin.
to a Stokes lyopkilizer. During drying the ceontrifuge bottles
were inrerzed in a bath of dry ice and aleohol or secetone in
which they wers kept for about 12 to 15 hours or until the
acetone vapor clesred the vaouum pump, at & temperature of
«75 to =78 0., It wae obrmerved that the nressure of ths lyo-
phile apraratus Tirst dropped under 500 microns but then rose
to 1 mn or above a8 the acetone, raising the vapor pressure,
entered the vacuum pump. As the vapor was pushed out ol the
vump the pressure fell and once 1t was again below 5C0 micrans
and remainaed below the aloohol and dry lce bath was conside
ared no longer necossary.

Alter drying, the cell residue Crom 10 Blake bottles was
a yellowlsh ©o brown powder weighing about 0.9 grams. To this
powder 5C nl of 0.9 per cent saline at 4 - 6 ¢ was added and
the cells extructed overni ht et 4 - 8 C. In the followina
day, o211 residues were separated by centrifugation Irom the
1imuid »bass and washed by a second centrifuzmtion with sbout
30 ml cold saline. The cell residue was designated fraction
I1I. The 1liguid chase desiznated fraction II was centrifugced
1 or 2 more timas until 1t appeared clear to the eye and il-

tered through a selas or zintered zlase filter. Two 1.0 ml
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aliguots of the fraction were cultured in tryptose broth and
incubated for sterility controls at 37 C three days before in-
oculation of smuinea pigs was ocarried out. The broths remained
sterile for the 30 day total incubastion perilcd used.

In 811, 4 batehes, II-A, II-B, II-C and II«D were made.
II-A, II~3 and II~-D were prepared with Br. abortus 2%08a and
IT-C with Br. abortus 2308b. II-A, II-8 and II-C were studied
for antibody production and immunizing ablility in suinea plgs
and IXI-C was also studied for antibody production in rabbits.
All 4 were studied as precipitins and II-D ineludes 3 sub-
fractions, II-i-l, lI~0-2, II~-0-3 from Hr. agbortus 2308a, Br.
abortus 19 and Br. guis 208 respectively. These were studied
for serological straln differences by preclpitin and absorp-
tion tasts.

Two batches of fraction III, III-A and I1III-C, are report-
ed on. III-A was reconstituted in saline end standardized to
95 per cent light transmittance, 1.0 ml of the suspension be-
ing injected in each of 10 zuinea pigs. Jateh IIT«C was 41-
luted with sbhout an equal volume of saline and 0.1l ml of this
suspension given intraperitoneally in sach of X0 guinea nigs.
I1I-B was not studied.

Fraotion IV. The cell suspsnsion for fraotion IV was

prepared as that for fraoction I using one half of each sus-
pension for fraction IV, the other half for freections V-l
and V-2, After harvest the cell suspension was shell frozen
in 100 to 500 ml pyrex bottles containing from 20 - 100 ml
of cell suspension per bottle and the bottles attached to
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the lyophile apparatus by pressure tublnz. 4sfter the Stokos
gauge remained velow $00 mierons, the dry ice bath was removed
and desslcation was continued aboutv 20 hours more. Liie pres-
sure was usually 50 - 100 microns during most of ths run.
Following dessicetion, acetone, precooled to -860 to «70 U was
added to the yellowish residue. About 10 ml of acetone was
added per C.1 gm of 4dried cells. TExtraction was carried out
in a dry ice box ut =60 to =50 C for a perioé of 48 hours un-
der the conditions shown 1ln figure 2, after which time the
sxtract wag filtered throush & thoroughly dried selas or sin-
tered glasgg filter in the dry ice box. The filtrate was desg-
ignzted fraction IV and the cells were discarded. The scetone
suspsnasion was shell frozen, the addition of 20 al of cold
saline bein: necessary to perait freazing, and bottles were
left immersed in dry ice and aloohol or acetone at -%5 to

-78 C until the Stokes gauge showed s continuous pressurs of
less then 500 mieropns. TThe largs volume of acetone presented
& problem as the vecuum pump remained at slevated pressures
for guite some time. If removed from the bath before pressure
was continually low the cell suspension melied. A wnitish
powder remained alter drying. This was reconstituted in cold
saline and filtered through a selas or sintered i lass filter
at 4 - & C. Two 1.0 ml aliquots were cultured in tryptose
broth for sterility. Three batches, IV-L, IV-B and IV-C were
made; IV-A and IV-3 using Sr. abortus 20 were used in pre-
eipitin tests, IV-C using Br. abortus 2308b was also used for

guinea nig and rabbit lnoculation.



Fractions V-1 and V-2. The 250 =1 of cell suspsusion

left over from proparstion of fraction IV was cooled further
to 1.0 € in a dry ice and aocetons bath and 10 ml of acetats
puffar added (eppendiz IV). The buffer was mede from 9.0 ml
1 ¥ sodium aceatate =nd 1.0 ml 1 77 ecetic acid. Dilutsd to
250 ml 1n water alone the hHuffer gave a il of .2 on a Deck-
man pH meter. o pH reading was made on the extract itselfl.
#ith constant gentle stirring and gradusl cooliug 11C ul
acetone was added, droppins the tempersature 1.0 O for esch

10 ml acetone added. ‘tThe buffered acetone and water suspen-
sion was extracted as shown in_figure 2, In the 2Zreszing com-~
partmant of an ordinary refrigzerator at a tempsrature of <11 C
for 48 hours. A4t the end of this period the liguid phuse was
centrifused fres of cells at =10 to =12 €C in the c¢old box,
Centrifugzation wae carrled cut 2 times on the liguld, pooling
all cells separatad. YUnsterlllzed plastlic tubes were used Iin
places of zlass ones tn avold breskazse. The plastlc being
somawhat soluble in acetone it was desirabls not to expose
the tube to the acestone any longer than was necessary. The
supernatant material, desinated frectlion V-1, was shell fro-
zen and the ncetone and water in it removed by lvophilization
for 36 hours, the containing bottles beins kept inmersed in a
dry ice bath at legs than =30 C until pressurse ramalusd bslow
500 microns. ™s dried residue wag z yellowliush colhersnt mass
which was readily soluble in co0ld water., Fraction V-I was
prepared by addins 80 ml of water at ¢ - ¢ C to the cell res-

idue, centrifuging at 4 - 6 C, washing & second time with
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60 ml cold water, and combining ths two 60 ml aliquots. Both
fractiona V-1l and V-2 were filtsred through selas or siutered
glass [filters ond two 1.0 ml aliquots of ssob were cultured
1o tryptose wroth. dhen no growth was apparent after & days,
inoeulatlions wers nade.

Three batchsg, Vel-A, Vel-3, T-1=-C, and VeZ-i, V-2-3,
V=2«G, of each f{raction were made. The batches were all stud-~
ied for 2dillity to precipitate antiserum and V-l-3, V-1-0 and
V2=, V=2« were studied for immunlzinz and aantibody produc-
ing abllity 1n suineas pilgs. Vel-C snd V-2-0 wers also used
Tfor antibody production in rabbits.

Fraction VI. Fraction VI was preps.a@d by ths substitu-

tlon of dilute alkalline buffer for water in the removal of
groswth {rom Blake bottles. Tne buffer (appendix V) gave a
final pH of 2.0 in the extraet. The original buffer dlluted

in water had a pH of 9.,2. Ten ml of buffer were addsd to

each Blake Dottle pre-cooled as before, and allowed to soak

10 to 20 minutes bhefore aently swabbing ths suspension loose
and washing down the surface of the ager with an additional

10 ml of buffer. Collection was wmade in a suetlon flusk as
previously desoribed, kesplug ell msaterials codled to 4 - & C.
The buffered cell sugponsion was sllowsd to extract in the re-
frigerator under the conditions shown in figure 2, for 72 hours
and the csll suspension was separated ilnto paste end supernate
by centrifuszetion at 4 - 6 C., The cells were discarded, the
1iquid being centrifused once more and {filtered throush a selas

or sintered slass filter. Some difficulty in filtration of
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this and fraction VII was experienced it beinus necesssary to
filter the alkaline extract & times to achieve sterilisty in
thte second hotsh. Two 1.0 ml slijuots were cultured in Lryp-
tose broth aud vhen, after 3 days incudation ut 37 C no zrowth
wag apparent inoculwtions wers made.

Two batohes, VI-A und TI-B, were made; the former with

Ore. abortus 23508a, the letter with 3r. abortus 2508b. Hoth
were tested for immunizing capacity, abliity (o elicit snti-
bodles in miines pigs, and ablliiy to precipitate lomune serum.
VI-3 was alzo tested for antivody produstion in rabbitas.

Fractlon VII: Ffraetion VII was prepared by addition of

cold acid buffer (appendix V) to 3Blake bottles with 48 Lours

growth at 37 € of Br. sbortus, in placse of the cold water as

used in preparation of fraection I. The pli was 2.8, as dater-
mined orn diluted buffer, not the extract. Following removel
of cell zrowth the susnension was refrigerated at 4 -« 6 ¢ for
72 hours and centrifused to separate the extract from c¢ells.
™a extract was centrifuged once more and filitersd throush a
gelag or sinterad glags fllter. Tn both bateches made it was
necesaary Lo f1lter the aold extrmcti 4 times belore two 1.0 ml
aliquots cultursd in trynptoss itroth showed no growth after 3
days Incubztion at 37 C. ‘When no growth was appsrent after 3
days & seriss of lnoculations wus me e, Two fractions, VII-A
and YiI-8 were made., Ouly fractlon VII-B was used for animsl

inoculations.

Yethanol precipitstion. To 40 ml of ¢old fraction I or
fraction IT was added 1.0 ml 4 M sodium acetate and 1 Wl 10 K



acatlec acld. The resulting gsolution had a pl of 4.7 on the
Beckman pH meter ang an lonic concentrsiion of .004& (appendix
Vie To the vulfferea fllirate was gradually added 7.0 ml of
cold (0OC) methanol while the tempersture wasg lowered to =17 C.
4 precipltale developed, the amuterlisl was centrifuged at

=15 € and 4200 RpPM for 30 minutes znd the superuste, still
cloudy, decanted, A 1light preclipltate left on the sottom of
the tube was readily soluble in 10 ml of ¢o0ld water. This
material was precipitinogenic.

Criteris for sterility of frmnctions. As mentloned, two

1.0 ml aliguoits of saeh Iraoction were incubsted in tryptose
broth st 37 C for &t least 3 days belfore animals wers iiocu-
lated excapt'iéitha case of the rirst fraction, I-A, iu whioch
1t was shown that the fraesction waes not sterlle by coubrol
anlmals? infections. The broths were sll kept for a winimum
of 30 days b@?Qrw being digcarded. Ia no cusge was any «“rowth
noticeable. sAbout balfl of the guinea pilgs looculsted with
the given fractions also served us sterility controls rsceiv-
ing no challenge dose. In all but the ous case mentloued

{group I~ these enimals were stsrile.

Care of animals. Gulnea pigs and rabdlts wers Iad a
diet of Purina psllets supplementled with freguent feedings
of kale or lettuce and adsquate water. abbits were Rept in-
dividually or paired in open cages while guinea plgs weile
placed in cages by groups. Isolation among the gulnea plas
wag imperiect. {ne eplidealo of streptococcal Inlection and

an exitended one of snteritis occurred in the lasoratory pool



of normal animals durine thse expsrimentis. Not many of the
sanimals nsed ware involvad iz tha gstreptosoccal mutbreal mt
nrastically all animels rzeaiving fractiong V-l-d, V-1-3,
V2«4, T=2=8 snd tha infsction controls for thess grouprs and

TI-06, IT=0 snd VI

T

woere involved in the enteristis outbreak.
The outhreak wes controlled by feeding sulfa sianidine nnd of
the enterltls animals glven post mortam examinstion no wmsero~
soopic ratholoy of the spleen wag apnarent. Two of & had
amell patchy sbacsssaes on the liver. Sulfaguanidine was with-
held from the aninmels at loast 1 wesk prior to steriin: an ex-
periment excent In ths {nfection controls for I-C and I7T=C
which by aceldent wero receiving sulfaguanidine up to the dey

they raesived thra challense dose.

ITnoeculatlon of rabblts. Nabbits ussd Tor the production

of antiserun welghed from § to 1C pounds. Hormal titsrs were
taken by bleedine from the marginal eer vein before any materie
al wag irnculated ond inoculations then mads direcilr in the
ear vein. 2t the intervels indiceted on the various nrotoonls
sliven under "Reoults” trial 'l2edings were made. I o titer
of desired strength was obtsined the animal) was blad sut from
the heart aseptically. Serum was sepsrated after the Llood
Yad stood 2 to 4 hours a2t %7 C end had bean refrigesrated over-
night. ¢Cellular ésbris wag rewvsd by ecentrifugetion anéd the
serumn gsniranted off and stored in szell rubber capped ssrum
bottles, Marﬁhi@laaa in Tinal cencentration of 1:10,000 was
added whean préservativa wasg usead.

Inpculatlon snd post mortenm ezanination of ~ulnea ~igs.




Plate S

.drucalla infected apleena



Tuinea plgs wsizhed from 200 to 700 sm when inooulatad, Tha
waleht varlation within a graup usually was <100 gm. Titers
were odtained on all zuinsa nlzs before Inoculating and ut
intarvals Indicatzd under "results® [ollosing the inoculsation
of the various frastions. 4ll Incculations wers mads Ly the
intraperitonzal route. It was found convaanlent to nisce one
aninsl fin an ather anoesthesla jar wiile s nreviously anasthe-
tized animal was bsing wrked on., Titers ware takan just
nriosr to sach inoculation of a given fractlion or challeuge
jose. “rotoeols I and II includs inoculation schaduliss.
Surviving ulsea plys were Uitored and killsd by cohloroiorm
or ether 4 to 0 weeks followiang the chullengs doss. wUns
vlood gpacimen wss Raken, in groups I-0, II-C, IV-3, V-1«C,
e, VYI-3 and VII-3, two woeks after challenging in oxvder
to follow ths titers more c¢logely. Those dying by nazural
gause ars =0 notad in the tables.

vost mortem szaminationeg wer2 done on nearly all aniznals
recorded 1n these exparliments with exesptions as noted in whieh
decomposition was too advanced to make such examination fsagi-
ble. Organs examined Included spleen, liver, nheart, luang,
zidney and reproductive organs. Jccasionally referencs was
made 1o absessges in other parts of the Lody as swollen lymph
glands, inflamed adrenals, and arthritic swelllnzs. sccording
“to the classicul deseription of Fabyan (1912) the splesn char-
acteristioally is enlarzed and roughsped snd may haves nuusrous
tiny abscesses over the surface (plate I}. The liver is leoss

ey

frequently involved bubl also may e abscessed. The heart oo~
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casionally may have abscesses, and the lung shows congestion

and consolidation is not iInfrequent in about 60U per cent of

the oases, The kidney often hsas minute abscesses bensath the
capsule and oecasionally the adrenals are involved. The re-
productive organs of the female do not often show maceroscopic
pathology thoush occasionally the uterus may show an sbscess.
Neverthelesss organisms are often recovered. In the male
superficial blood vesssls on the testes are frequently con-
gested, the epididymis often has a coream cclored pus. OJccaslone
2lly the seminal vessicles are involved. The later descriptions
of Hagan (1922) and lHuddleson (1943a) agree well with those of
Fabyan and are in part based on lower challenge doses.

Cultures were routinely made of the spleen, liver, heart's
blood, lung, kidney, and reproductive organs. Tissues were
sterilized in most cases by searing the surface., The spleen
was usually scraped with & sterlle spstula, the pulp recovered
beinsy smeared on a tryptose agar slant and portions suspended
in tryptose dbroth. #hole spleens removed asceptically were
somstimes cultured. Small bits of tissue and blood were re-
covered by use of a stiff wire loop from the llver, kldney
and testiocles, and the lung was most convenlently cultured
using & sharp sterile scalpel blade to excise amall pieces of
tissue. An offort was made to recover tissues from ureas
showingz pathology though as Fabyan (1912) points out it is
frequently impossible to ses ths lasions of brucellosis until
microscople sections are made. No histologlcal studies were

made in this work. It was Tound most convenient to culture



blood at the time the linsl bleeding wa. tsken, pleocing a few
drope of bleod over the surfece of an agar slant and s few
drope into broth. A tryptose amar slsnt 2nd tryptoss broth
was inogulated Crom each of the above mentionsd tissues. J¢-
casionslly oultures were made from othar gltes as indiezted

in tre protocole. Cultures were exanmined after 2 or % dzys
and thereaftesr weskly for 1 zonth. No culture was dilscarded
&8 negative under 20 days. Susplicious colonies wers isolated
where nacegsary and grown on tryptose apar slante. The Lomoe
geneous osll suspensions were sxamined microsgeoplically with
Gram's staln to insure presence of typlcal gram negative rods
end absence of easlly recognizable contaminants. 3Susplcious
organisms were screened by slide agglutinution using a drop

of 0.9 per cent saline with & drop of 1:100 dilutioun of a ;
homologous rabbit antissrum titering 1:20, 240 vefore ¢ilution.
They were finully tested for urease activity. I a culture
from one organ, usually the splesn, nroved positive from this
evidence all suspleious cultures from other organs were con-
sidered positive. Very rarely was a suspleious colony encoun-
tered whioh was nesative on these tests. ¥Yhen an orgenism was
found to ¢ive & poslitive reaction wlith one of the tests, the
other reasctions were always positive. GCram stains were quite
typiecal.

Infection controls. Five different groups of control

enimals were used. %here possible these animals wers of the
same lot ordered for tests. They were kept in separate cages

under similsr conditions and heart bleedings were obtalned
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prior to the time the challengs dose was made to insure ab-
sance of HBrugella agglutinins, two weeks thereafter, and at
the time oI post mortem exsminations 4 to b weeks altser the

challenge dose was glven.

Protocol 1I

Infectlon Controls

Controlied groups inoculiated

Series Ho, asnjmels challenged simultaneously
1 3 I-h, 1I-A, TII-A
no controls I-B, II-B
8 10 I-C, II-C, III-C
3 5 V=1-B, V=2=8, VI-i
4 5 V-1=C, V=2C
5 5 IV-B, VI-3, VII-3

Estimate of Challenge Dose, HNumbers of organisms in-

jJeocted were estimated on the basis of plate counts on tryptoss
agar plates, Praliminary studies were made on 48 hour srowth
of Br., abortus 2308a cultured at 37 C. 3Suspensions washed
from asar slants in 0.9 per cent saline were standardized to
90 per cent z 1.0 1ight transmittance using & €50 millimicron
filter. iuplicate dilutions of 106, 10~7, 10°8, 109 anda
10“16 were plated and agar cooled to 43 C poured in the plutes,
The agar and dilution wers mixed by rotating the plates 10
times clockwise and 10 times countsr-clockwlise. These were
inecubsted 5 days at 37 C and showed the followling counts:

(table o).
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Table 3
Tlate Counts of Duspensions of 2r. gbortus 3508
Grown 6 Days at 37 € and
Standardlzed to 9C per cent Light Transmittance

Dilution Plate 1 Flate 2 Average Flate count
10710 6 7 8.5 6.5 x 10°
1079 75 79 77 7.7 x 10°
10~8 THRTC™ TNTC - -

*moo numsrous to count.

On this basis a 10™7 dilution should vield approximately
7500 orgenisms and such dilutions were used until the plate
count on one series of experiments gave a much lower count of
700 organisms. Tasn the dilution waes dropped to 106, ilate
counts obtained are ineluded in protoeol I.

Agglutinatlion tests. Agglutinstion tests for couparstive

gBarology were carrisd out by making tworfold serial dilutions
of serumn rancing from 1:20 through 1:1€3,840 in C.9 »ner ceut
saline. To 0.5 ml of diluted serum in each tube was added
0.5 ml of the desired antizgen. Titers were expressed as
final d44lutions. Afzlutinations on suinea plg sera were car-
ried out using 0.01, 0,02, 0.04 and C¢.08 nl of ssrum in re-
speetive tuhes to which were added 2.0 ml of BAY tube antigen
givine final 4flutions of 1:200, 1:100, 1:50 and 1:2% rsspsc-
tively. ®bilutions of 1:2000, 1:1000, 1:500 and 1:250 were
made followling pipetting 0.1 ml of serum into C.? ml saline.
From thie 1:10 dilution were delivered 0,01, 0.02, 0.04 and



0.08 ml to rsspactive tubes. Azain 2.0 21 of antiazgen was
added, Dllutions uigher than 1:20C0 wsre rarsly carrisd out
for smuinea ply serum, 1t bYeinj assumed that a titer of 1:32000
was gulte sl nrificent. The phanolized antigen and serum mix-
turs was lIncubuted for 48 hours. ohers living antigen was
employed, 2 to 4 hours incubation at 57 C was followed DYy re-
Trigeration for 48 hours. Headings on asgglutinations wers
made considerin; a four-plus reaction «s one in which azgliu-
tination and clearing was complete, & three-plus one in which
agzlutination snd ¢learing was veltween 75 and 160 psr caﬁt
complete, @ two-plus one in whieh agzlutination and clearing
wag between 50 and 75 per cent complete, & uane-plus one in
whiech agelutination and slearing was between 28 and 50 per
cent complete, and a plus-minus one which showad less than

25 per ceant agglutination and cleariag. Control tubes cou-
talning the sntisen under study were included when the teats
WETs IUlle

Frecipitin testss Two different technigues were used;

in the Lirst, precipitin tests were carried out on twoiold
gerial dilutions of fractions involved. OSerum was added un-
diluted, or diluted 1:10 {imes. Vroportions of serum and
anbigen veried. Coutrols coosisting of solulions ol extract
alone aud serum alone were run with each test. Titers were
gXproesscd &s the last tube showing clouding or distiunet pre-
cipitates. Soth types of precipltin tsots were ifuouvated 8
to 4 hours at 57 U and 48 hours at 4 - & U,

™e second technigue involved gquuntitative precipitin
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tests. GSerum used for thoeze tests was centrifused a2l 4 -~ & O

¢

Just prior teo use. Totsl nitrogen was deternined separetely

P

on fractions and sera and after incubstion of the pixntures on

s

o

the surpernaetent licguid following centrifugation at 4 - & C,
In determining pltrogen 1.0 to 2.0 wml sliquots were used.
Some attenpt to demsnstrate differences bstween species and
streins vag mnde bat it must Le porne in mind that zones of
ontimim renction were pot detsrminsd., Comparison of the rrae-
cipitatine effiescy of trhe various {fractlons wag 2lso used.
Metalle of the msthod of detsrminisn: nitrogen are in appendix
IV. Onee nitrozen values were obtained the followlng formula

was usad to calculzte total nitrosen in serum-antigen mixtures:
mg N per ml of mixture =

total mg N in serum used - total mg N in antlzen used
total voliume of Serum-anclpen mixture

From this value was subtracted the actual amount of nitrogen

found in the supernate of reacted mixtures of antigen wnd
antiserum following centrifuzstion in the c¢old. The remainder
wag g measure of asntibody nitrozen and antissn removed {rom
tre mixture., 3Sinee the entigens were not Lihly purified, pre-
cise measure of antibody nitrosen could not be made by thlsg
method. In ceseas in which precipitmtes were measured, preci-
pitate nitrogen should closely egqual the difference between .
calouls ted totsl antisen-antibody rnitrosen and measured super-
nate nitrozen after nrecipitin reaction. The techniqgues were

based on those presented by Kabat and Mayer (1948).
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Chemical studies. 3tudles on the chemical spature o7 the

various fractions were not done 1n great deteil. ZEvidence of
protein nature rested on the biuret test for peptide linkages,
the ninhydrin test for alphs amino radicals (appendlx IV) and
antizenicity upon inoculation in experimental enimsls. Carbo-
hydrate was tested for by tre !'olisch test and the presence of
reducing sugzars before and after hydrolysis were tested for by
use of Benedlect's and Barfoed's reagents (appendix IV). It was
Telt that the present problem in itselfl was sufficlently exten-
g8ive that the quantitative aspects would ve better reserved for
a special inquiry. Tests for fat were not carried out. Chroe
matographic technigues based on those of Hartin {1947) were
used to point up some differsnoes in extracts. un-Butanol wes
saturated with water by sheking in a separatory fumnel retaine-
ing the butanol layer. The tank for the test, a large air
tight wooden box with paraeffin coating, was allowsd to becone
thorouzhly saturated by placing a tray of water saturated n-
butanol on the bottom. A tall glass cylinder 30 em wide by

56 om tall was also used in which case water saturated butanol
was poured directly on the bottom. In either case vaselline or
plasticene was used about the rim to seal the lids. The tank
was then kept closed for at least 24 hours prior to use. 0,01
ml of extract, unhydrolyzed, was placed about an inch and s
half from the bottom edge of a large dry shset of Whatman #28
filter paper cut to the size desired. JSeveral extracts could
be ruzn s imultaneously by placing respective drops 4 to & om

apart on & line drawn parallel to the bottom edge of the paper.
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The paper was hung so that the vertioal edze was perpendicular
to the surface of the butanol in the bottom of the tank and so
that the bottom edge was evenly immersed to a depth of 1.0 o
in the solvent. A drop of ammonium hydroxide was allowed to
run down the side of the tank, the chamber was sealed., The
splvent was allowed to advance upward on the pauper for 48 hours.
At the end of this poriod the paper was removed, dried rspidly
with & fan and C.l per cent ninhydrin in nebutanol sprayed as
ovenly a8 possible over the paper. This also was dried gquickly
in Iront of a fan and color of components in fractions was well
developed within 24 hours without heating. A convenieut device
for spraying was found in the sprayer used with the comnercial
product ¥index. A sprayine device made of plastie iz of ocourse
not sultable. WNo hydrolysates of fractions were run; hence no
attempt was muade to establish amino aclid compositions.

Changes in morphology. Examination for capsules was made

using the technigue of Cotton (1948). A loop of a small sus-
pension of eells in 0.9 per cent saline was placed on one end
of a clean slide and & thin film made as for a blood film.
This was rapidly drisd under a halr drier and & loop of india
ink, rlaced where the previous loopful of cells had besen, was
spread over the thin 'ilm of organisms. This slsc was rapldly
driedé and the slide fixed in absolute methanol for a minute.
Cotton's technique calls for counter staining wilth saturated
erystal violet © minutes but it wag found equally convenient
to counterstain in carbol fuchsin % minutes, Under the opti-

cal mioroscope the capsule was shown as a dlstinet clear or
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slightly tinted area avenly outlinsd by the ink background
while the cell proper was generally centrally loecated and
atained a dsep blue or red. Smears were made from cells be-~
Tfore any extraction snd following extrastion of I-C, I1I-C,
IV-C, Cwl=C and V-2«C, VI-B and VII-B respectively.

Electron micrographs were made throusgh the courtesy of
Maj. He E. Reagan of the Live Ztock Laboratories. Specimens
susnended in saline were heat-killed at 80 ¢ for 10 minutes
and observations made on cell residues left after extraction
of fractions J.B, II-B, V-1l-A and V-2-4 and VI-A. Fhotographs

were taken at magnifications indicated in "results" .
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RESULTS

Tomunization of Sulnes »igs

OrF the fractlons studled, musbvsrs I, I1 and VI savs most
promise of proteetion uwgainst ianfeotion. Fragtions V-1 and
V-2 appsared o sive gsome protection. sractions VII and IV
Talled to give any svidenee of wroteection. The ¢sll residue
left aftar extraction of fractions I and II coabsinead kiving
cslls. The fractions are considered indivicusily bslov,

iraction l. ‘The looculstion of a single 5.0 ml dose of

Tfraction I=3 in 20 :ulnea pizgs falled to confer protectlon in
10 zuinea »lgs challenzed 4 weeks later with 100,000 orgunisms
{table 4). Agglutinin titors were showr in &ll of tie infecte
ed animals. Recovery of Houcelle corrslated with g mean spleen
welght of 2.0 oms In the infeetsd snimala. 20 the 10 unzshiale
lenged animsls raecaivine the fraetion, nearly all had zone
thickeninzs or zodulation of the solesn, und the splesns had a
mean walrht 27 1.24 zm though Tinsl titers were nemgutive in
1:25% d1ilution gnd no sultures wors ragoverad in any ¢ass,
Thege animals wel hing 400 to 600 —ma at post mortem wera not
larze 2npou i Lo have norsmal splezeas welshing over 0.6 to 0.9
zm. A aplesn of 1.0 am 4is unuaual in a complatsly aormal
gulnea vig even in welshts over 1000 sms.

- Infeation controls wers omltted, oul comparison of the
c¢halloazed sninsls of this sxperiment with infeotion controls

used in othar exporiments and with results of Hagan (1922a)



Table 4

Haoroscopic Pathology end Cultural Hesults
in Group I-B Guinea irigs

guinea Maorogsecople Patholozy week
pig sex chal- spleen liver heart lung kidney reproductive of
number lenged wt.2ms. patholoay OLFALS death
101 ¥ no 1.1 81 th nod foew abs n sl cong =n L F¥
102 ¥ uwo 1.1 sl th nod n n sl cong n n i
103 ¥ no 1.7 81 th nod n n 8l cong o 9 wks preg P
104 ¥ no 1.¢ sl nod n n n n n ¥
105 F no 2.0 8l nod n n n n 3 wks preg M
106 ¥ no l.2 n n n 8l cong mn n i
107 ¥ no C.? 81 th nrod few sbs n cong 1 coug testes 3
108 ¥ no l.1 8l th few abs n mkd cong n n $it
109 P no 1.4 8l th nod n n n n ¢ wks preg #i
110 F no 0.9 n n n mkd cong n & wks preg ¥¥
121 ¥ yes 2,4 nod th abs* n n cong atro-n n %4
phy

122 M yes 1.5 8l nod th? 8l enl sbs n mod cong n 8l ocong testes ¥i
123 F yes 1.7 nod th* n* n eong o} 3 wks preg® FH
124 F yes 1.4 sl th nod* fow abs n 81 cong n live virth (2) »#u
125 ¥ yes 2.0 mod th 8l nod*n n* o n a PM
126 F  yes 1.5 8l th nod* few ubs n 8l cong* n* early preg* P
127 F  yes 0.8 n* n n cong* n early preg b
128 ¥ yes 3.8 mkd th nod* abs® n 81 cong* n* n PM
129 F  yes 2.3 nod th* abg* n sl conz* n early preg* PH
130 ¥ yss 2.6 nod th* gl enl abs*n mod cong 1 n ¥

*Brugella recovered on culture. All other orsans culturad and nesative for Brucella.

Key:
gl - slizht th -« thickened nod - nodular
n = normal abg - absocoss eong -~ congesgted

prez - preznant mod - moderatls mkd - marked

8y
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(1982b) with similer strength challenge doses suggested little
if any modifiestion of the infeation by the Craction. ‘ihe
fraction {tselfl seemed to have eon;aiuaﬁ some toxic material,
as shown by the siightly enlarged apleens in unchallenged ani-
mals.

three inoculations of fraction I-C at 10 day intervals
followed by & challenge dose of 700 orzmnisms following the
last injection of fraction by 10 days resulted in prevention
or modification of the infection in % of 10 gulnea pizs as
shown in table ©. Brucella were recovered from the spleen of
guines pig nunber 436, The mean spleen welght of the chal-
lsnged group was 1.37 gm as opposed to 1.20 sm for the infection
controls {(tabls &) and 1.07 ga for the uﬁehallanged animals of
the sams group. The msan splesean weliht of infected challenged
animals was 1.8 gm. Inasmach a8s the infeotion controls had
been receiving sulfazuanidine up to the day of recelvin: the
shallenze dose, the lower spleen welght was probably not sig-
nificant. [he titers among the group revelving the fraction
and challenge supported the negutive cultures very well except
in the case of gulnes pig numbaer 434 whioh showed a daflinlte
incressae in titer zfter having no detsctable agglutinins 10
and 20 days prior to the final titering.

The marked differsnce in the protective powsr of the two
fractions may be axplained in paurt by the absence of precipita-
ting power on the part of frection I-3, and posgibly a lack of
antibody response in suinee plgs. OFf further interest is the

accompanying loss of urease activity.



Table 5

¥acroscopie irathology und Cultural Hesults
in Croup I-C Guinea :ige

guinea . wacroseopic satioloxy wesk
nig sex chal- spleen liver heart  lung xilaney reproductive of

nunoer _lenged wt.oms. patboloyy Qrauns asath
431 ¥  yas 1.2 1n n n i a pres N0 avor- P

tions obavd.

432 F yes 2.6 81 nod +1 n n n live birth -1
433 ¥ yes 1.0 =n n n n n live birth in
434 #  yes 1.4 sl th n n 1] n n P
435 ¥ yes 1.4 n i n n n full term preg i
436 M yes 1.6 81 th nod®* abs n 8l cong n 8l cong testes +K
437 ¥ yas 0.8 n n n n n 8l oong testes i
438 T 7yes 1.2 sl th 1l 8m abs n n n full term preg ¥
439 P yes 1.5 8l th n n n n live births I
440 ¥ yes 1.0 =2 n n n n n p
441 F no 0.9 8l th nod n n n n pres 6«7 wks Py
42 F no 1.0 8l nod n n n n prez 4-5 wks ¥M
443 M o 1.0 81 nod 1 n 8l econg n n P
444 #  no 1.2 n n n 8l cong n nreg -6 wks  FH
445 F no Ce9 al nod n n n n preg S-6 wks
4486 F no 1.1 8l th nod n n n n prag 5«6 wks M
447 ¥ no 1.2 8l th nod n n n n n PR
448 ¥ no 0.9 s8] th nod n n n n n PE
449 #  no 1.4 81 th n n n n preg -8 wks  rM
450 #  no 0.3 n ] n 8l nod =n n Py

*Brucella recovered on culturs. All other orgens cultured and negative for jruceila.
Key:
8l - slight th - thickened nod - nodular

abs - abscess pre: - pregnant n - normal
gong - eongested sm ~ susll

08
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Traction I¥. ©n the basis of cultures, no infection ex-
isted in the £ challenged group IT-A arinals at the time of
po2t morten oxemivetion. Table 7 summarizes the pathelozical
and culitural ragults o2 control and chsllensed aniaals rscelv-
inz fraction IX-fA. As in animels receliving frasction I, some
thickening and nodulation of th»2 solsan existed but the msan
wolzht of ths splesns of challenged animels recelvin: fraction
ITI-5 was only O.74 zm, This compared with mean weishts of 1.08
of the zpnlesas of the H unchallenged animals receiving Ifraction
IT-4 and 0.8 in infootion control animals (table 8). The un-
challenzad anizels roceiving II-4 {(starility coantrols) werve
sacrificed 3 weeks followin: inoculation while the infectlion
anntrols were sacrifioced 4 waeks folléwing inooulation of the
challenae dose or 7 weaks alfter 1noeulatiﬁn of the fraction.
These controls had a nmean tlter of over 11800 end were infsoted.
(tables 7 =nd 8).

AlY 10 =uinz2a plize inoculated with 2.0 ml of fractlion TI-B
and subssquently chellenged with 100,000 Br. abortus 2308 were
infected. Ten animnls recsivin: the fraction orly showed no
evidencs of Brucells as shown in tsble ¢. However, some thick-
ening and nodulstion of the snleens was svident. The mesu
wailcht of the snleen was 1.0) gm in sterility controls and
.85 gm in animsle inoculated »ith ths fraction and gubseguent-
ly ehallenred, This size was not attained in most of the in-
faetion controls used in these experiments.

Agelutinin titers teken 4 wasks following challenging

were nemetive in sterility controls. As in fraction I« re-



Table 7

Macroscopic rathology and Cultural desultis
in Group Ii<4 Guinea rius

suinca ¥agroscopic ratholoxy wesk
pig  sex chal- spleen liver heart  lung kidney reproductive of
nunher lenged wt.ono. pathology _OTIEas usath
2 H  no 0.5 81 th nod®* n n n n cong Lestes Py
22 M yes 1.9 81 th nod 1 abs fatty  mar cong u coug tesilss Pl
} deposit pus
22 ¥ no 0.7 n n n n n n Pt
24 #® yes .8 81 th n n sl conz =n cong testss ¥
25 ¥ »no 0.7 81 nod n n n n el Vi
26 M no Ded n n n ¢} n n :
27 ¥ yes Ge7  8) th nod n n mar eong n sl cong Pu®
28 ¥ yes 1.0 n 0 n n 1 n Y
2 ¥ no 1.0 81 nod n n n N 8l cong Vg
¢ ¥  yas 1.2 8l th nod 1 n 8l cong n n P

zﬁrucella recoversd on oculture. 4111 other orgars cultured and nezatlive for Brucella.
fiot cultured, dscomposed. Yo chunzes other then post mortem seen.
arked inflamation on back.

Fey:
g8l -~ slight mod - mpderate uod - nodular
abs - abscess preg - pregnant th - thickened
ner - zarked n - rnormal gonz - conzested

1544



Tavle 8

Cultural and rathological ssulte in Culnea Plzs Inoculated with
Challenze Used for Groups II-A and III-A

Macroscopic Pathology

guinea ,
pig sex Bpleen 1iver  heart lung kidney  reproductive Wweek of
numbe r wt. gms. pathologzy Organs Gaath
31 14 1.0 th abs*  abg* n cong o tastss cong i
32 M 0.8 sl th nod* aba* n cong ¥ cong PY
33 M C.6 th nod* aba* i coug n cong pus filled®™ iy
&

*Brucella recovercd on culture. £11 other ovgans cultured and negative for Srucella.

Hey:
sl - slight th - thickaned nod - nodular
ab3 - abscess n - normal cong - congested

1 4°



Table 9

Kaeroscopie ratholousy and Cultural aesults
in Group li-B Guinea rigs

guinee macroscopic juiholoxy week
pieg  sex chal~ splesn iiver heart lung kidney reproductive of
nunber lengad wt.mas. pathology QT a8 Geath
111 ¥ no 1.¢ th nod abg 13 n n 41 PH
112 ¥ no Ced¢ n n 41 al n n ¥E
113 ¥ no G5 n n n n n B P
114 F yes 4,5 mar &h snl  abs*® n n n 8aTrly preg P
nod¥
115 F no £.6 sl nod few ab8 n n n live birth b
116 F  yes £.,7 mar th nod abs* n n n eerly oreg e
absg™
117 ¥ no 1.5 81 th nod n n n n sl cong testes W
1i8 H no 1.5 8l th nod n n 8l cong n n ™
119 ¥ ono 1.2 81 th nod few abs n mod cong n mod cong testas i
120 ¥ no 0.7 8l th n n 8]l cong n sl cong testaes i
131 F  no - n n n preuno n cong uterus 18
132 ¥ yes 3.9  th nod abs¥® abs n conz n 2 wks preg M
yellow
133 H  yes 2.5 th nod abg® 2sbs* n cong n 8l cong testes  Pi
154 F o oyes 5.0 th nod abs* rpumebs* =n n n early preg™ P
135 W yes 2.8 th nod* 3bs n conz n cong testes P
136 ¥ yes 5.0 th pnod” ebs enl* n n n n P
137 ¥ yes 2.2 81 nod¥ abs n n n n I3t
138 ¥ oyes P.5 th nod* fow abs n n I early prez P
139 ¥ yes 1.5 sl th nod* = a n* n 3-d WKS pregy Pi
140 ¥ no - 1 5 L pheumo i cong testes 18
FRrucella recovereqd on culture. ALl other organs cultured ana Negative 10r SIUCGLLGs
80eath caused by pneumonia.
Key:

Ge

nod - nodular
th - thickened
eong = congested

mod - modersts
pre: -~ nregnait
n - noroal

gl - slight
a8 = abscaess
mar - marked
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dused serolozical activity vas evident thoush antibodies were
produced in gzuinsa plgs. Ursage activiity was absent.

Thras inoculations at 10 day intervals ol Ifrasgtlon IX-C
in 20 guives pigs, 10 of wihich were subseguently ciLallienged

with 700 Br. abortus 2300 produced varisble resulis botu in

production orva@giutinin titers and in lmsunlaliag capaszity.
Four weeks following the schellengs doss the sterility control
animals still meintained 2 mesn titer of 1.5 while chullenged
test enimals snd infection controls showed lnoreased mesn tie-
ters of 1:70 and 1:5%0 respectively. One of the infectlion
controls (table &) was not infascted {(snimal &) and it is con-
sldered likely thzt hoth titers aud infection of the controls
would have been more savere in ths absenee of the sulfasuani-
dines thsse snimale had been receiving. Two of the iulsotion
controls (animals 2 and ¥) Lfrom whiech orgsunisas werse rscovered
showed no evidence or tilter in 1:25 d4ilutions of sesrum. Howe
aver, ip splte of the very low challenge dose 3 of ths animels
given II-C and challenged showed distincei risss in titsrs and
Brucelle were recovered from the sploens, whioh Lad a mean
weilght of 5.2 ¢m, end some of the other organs &s shown in
table 10, Guinea pig number 429 showed Irucella Lp culturss
from the splesn and liver thouh no titer was evident. The
absonee of orgsalsme on culture combiued with negs tive titers
indiceted fresdom Irom infection in the reamsiving 4 chellenuzed
animals. These had a mesn spleen welsht of 1.03 compured wlth
1.22 mm for the infeetion coatrols {(tables &) and C.9 in the

unehallengsd stsrility controls. Ths splesns in both challenged



Table 10

¥aocroscople Pathology and CGultural Kesults

in Group II-U atlnea ilgs
guinea Mecroscopic Pathology week
nig sex chale gnlsen liver lheart lung xidney reproductive of
number lenged wt., s, patholooy Rraans death
41) B yes 1.0 81 th nod®™ num sm abs n mod cong n mar cong testes ?ﬁl
412 F  yes 10.0 mar th nod® abs enl® 1p* mod cong n*  6-7 wks preg* PU
413 ¥  yas 0.7 81 th nod™ few abs n 8l cong n mod cony testes K
414 F no 0.6 n abs n mod cong n n 2
415 ¥ yes G.9  mar Eh nod few abs n z0d cong K mar cong teates P
abs
416 ¥ yos 1.5 81 th nod few abs n mod ¢ong n 2«3 wks preg F¥
417 ¥  yes 1.0 81 nod n I n n 8l cong F¥
418 ¥ no .8 8l th nod i} n 8l cong n mod cong testes U
419 M no .9 8l th nod 1 abs n 81 cong n mod cong testes ¥
420 ¥ no 0.8 n n n o n n ¥iz
421 ¥ no 0.8 8l nod n n sl cong n 81 cong testes Ik
422 # no 1.3 sl th ol n sl nod n 2-3 wks preg 2
423 F no 1.1 sl th nod n n 8l nod n live birth 574
424 ?  no 1.7 8l th n n atrophy n 2«3 wKa preg ¥l
4825 F  no 1.2 81 th i n  atrophy a early preg PG
426 ¥ yes 1.0 8l th nod a n mod cony n n ¥R
427 ¥ ho 0.5 n n n mod cong 1] 3=4 wks preg g
428 ¥ yes .2 n n* n mod cong n testes sl cong ¥
429 M yes 1.0 sl th nog* n* n 8l cong n n Pi
430 M eg 1.5 sl th n non 1! mod cong testes il
FEiTucella recovVered on culturd. All OLL8r OrLans cultureq &and N8Lative 107 OPUCEelibe

8l - sliabt

abs -~ abscess
mar - marked
nug -

YifaTked allerslc resction on hip.

b8y

mod - modersate
preg - pregnuant
i I‘@I‘L Z&il

nuserous s; - smalil

nod - anodular
th « thickened

cong -~ congested

A
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and unchallenged animals showed some nodulation.

Fraoctlon ITI. All animals inoculated with frections IIi-A

and III-C showed hish titers and cultural and patholo:ical evi-
dence of infection, showlng that Br. abortus 2308 survives pro-
longed treatment with acetone at low temperatures. Tables 11
and 12 show the results obtained in the 2 groups of szimsls.
It had been wrongzgly assumed that Brucella would not survive
acetone treatment and therefore there were no cultures made of
the oell residus after such treatment. Three weeks following
injection of fraection III-4, half of the 10 wuinea plags receiv-
ing it were siven 1.0 ml amounts of the same challenus dose
that was ziven group II-A, or 8,200 Br. abortus 2308. <The other
S animels winich had received the fraction were sacrificed and
cultural examination showed Brucslla to be present. Tho splesns
of these had a nmean welizht of 3.14 gm and patholoxy as shown in
table 11 was typical of Brugella infection. Hean agglutinino
titers for the zroup were about 1370 at this time. Four weeks
later, followins challenging, the titers in the § remaining
animels averaged 1:2500 and the spleens averased 5.1 gm. The
challensze dose was omitted in the 10 guines piss inoculated
with IIT-C and only the titer 8 weeks following inoculation
was taken. All 10 animaels had a titer of more than 132000,
the mean spleen welsht was 5.95 gm and cultures demonstrated
Brucella in all of the animals.

Fraction IVe A challenge dose of sbout 10,000 orgsnisas

was piven 1C days after the 3 Injsctions of fractiom IV-B at

@ and 7 day intervals to half of the 20 jmuinea plgs lnoculated



Teble 11

¥acroscople Pathology and Cultural Results
ic Sroup 41T~ Gulnea Pigs

fuinea Laeroscoplic Fathinlon
nlg  8ex chule- spleen Livar nasrt lung k?gney Teproaduciive wWeex ol
nuzber ivneed wtepms. patholozy Or;ans death
11 ¥ no 1o mod th nod* abs* n cong* n* al cong testes M
iz ¥ ovas 8.5 mar th mod  pum abs® 203 mod oony abs™ swollen pus- P
, absg* : filled testes*
15 M no 3.7 mar th nod* shg¥ a* mar cong* n conz testes” oy
14 7 yes 2.8 mar th mod  mun abs* n mod conz n  early preg ik
abs
15 A ) 5.0 mar En nod num sbs® n cony obs® 51 eong testes™ p¥
absg
16 d uo 1.1 mod th nod*® num abs o cong n cong testes P
17 M yeg 4.8 mar enl abs nua abs* n eong n cong testes® PE
th nod®
ige Mo oyes 9.9 nar th abg  abs* surf mar cong® abs* abs enl testes® Pk
nod* abs
19 ¥ yss 1.7 mod th* abs* 1 cong n sl cong testes »i
20 M=o 4.3 mar ﬁh nod num abs* n song n conz testes M
abg

¥prucella recovered on culture. All other orians cultured and zere negotive for
drucella

%L@ft Torepaw swollan.

“Tarze supursting subdermal shscessss ip axillary folds.

Key:

31 - 31lisht
mod « mnderate
a0d - nodular
ahs - abscess
preg ~ pragnant

th - thickenod

mkd - markasd

% ow n3rmal
gong - congeated
gurf - surlace



Teble 12

facrogeople Patholosy and Cultural liesults
in Croup III-C Julnea Figs

falnea Macroscopie Fatholosy | week
pig sex spleen 1iver heart lung kidnsy reproductive of
number whtegmg, pathology Orzans death
401 M 1.1 sl th nog* n¥ n gong consol . mod wong tgste5$§§l
408 F 6.4 mar th nod abs* enl gum n eonsonl® n* early preg® P
abs
403 F 1l8.4  mar th nod abs*¥ enl num n eong L® 2«3 wks preg® P
abs®
404 N 6.7  mar th nod abs™ enl num n n n  =mod cong testes iM
: abs
408 F 2.3 mar th nod ebs® num abs® n gl cong n sborted once
, early preg at  PM
406 i £.5 mar nod th abs®™ num abs® n mod cong sl.snl n F474
407 F 10,2 mar th nod abs® nun abs n cong n aborted ouce
enl* early preg at FM
408 F 6.0 mar th nod abs® num abs® n* cong n ¢ wks prex* Vil
409 M 5.2 mar th nod abs™ num abs®™ enl®™ cong* n 8l cong testes M
410 M 2.0 th enl nod*

num abs® n cong, n* 8l cong testes FM

*Brucella recovered on culture.
1Teft forepaw arthritie.

#1ll other organs cultured snd negative for drucella.

Abscess at site of inooulation Key:
¥o animels in this zroup chmllensed. 5l - slizht th - thickened
mod - ppderats mkd - mmrked
nod - nodular n = normal
abs - abscess cong = cougested

npreg « pregnant

09
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andlé infeotion controls. Four weaks following ehallenge all
of the challenged animals had titers in excass of 1:200 and 3
of the 4 infection controls showed titerz of at least 1:2000,
The mean wei ht of the spleens of the challenzed sninals
(table 13) was 2.35 gm compared vo a mean welsht of 4.03 om
in the 1lnfection controls used for this group and .roups VI-B
ané VII-B. Among the unchallenged animals the msan welzht of
the spleens was 1.1 sm. Some nodulation wes epparsnt in & of
the spleens of the unchallsnged sroup but 4 appeared quite
normal.

Results on infection controls are in table £2.
Fraction V-l1. Fraction V-1-5 apparently protected 2 »of

7 suinea pigzs from infection while fraction V-1-C may have
protected 7 of 10 enimasls. In the former cass, all of & in-
feoticn controls were infeeted while in the latter case one
of & infectlon controls was not infeeted. Wome of 20 unchale-
longed animals, half glven emeh fraction but not criallenged,
wers infeoted,

A zincsle inoculation of fraction Vel-B was given intrae
peritoneslly snd 4 weeks later 7,600 organisms were ziven by
thie game route as 8 challenge dose. From 3 anlmsls, numbers
352, 3b4, and 357 as shown in table 14, no organisms were re-
govered. Absence of agglutinating antibodies in their sera
aupported the result.

Yraction V-1« was ziven 20 guines plgs in three 1 ml
intraperitonesl injeotlions spesced 10 days épart. A challenze
dose of 14,000 orgsnisms wag given halfl of the animsls 10 dsys

after the lest injection of fraoction. Orzenisms wers reoovered



Maecroscopic athology and Cultural Hesults
in Group IV-3 Guicew Pigs

auinea s 4 7y 2 - week
plg sex chal- 8pleen liver he kidney reproductive of
nuaber lenged wt.g:3. patholo ogy e Qrians dsath
501 F yes 1.0 th nod abs® n n 8l cong n 5 wWks preg: PH
502 ¥ yes 6.1 th nod abs® num sz abs®™ n conscl adh™ abs snl* mod csng M
testes
503 ¥ Yes 1.3 81 thnod® opumabs n n n 2-3 wks oreg 374
504 ¥ yes 1.6 mod th nod™ uwum abs 1n  consol anl aod cong testes I
enl areas
505 ¥ yos 4.0 mer th nod® numabs n 8l cong snl mod cong testes iy
508 ¥ yes 1.9 mod th nod® abs n sl cong abs* 5-7 wks preg b3
507 ¥ ves 2.0 mod gh nod abs n n o mod counp testes Py
abs

508 ¥ yes 1.8 th nod abs™ abs* n  mod cong n 2 wks preg ¥
509 ¥  ves 1.5 81 th nod™ abs n mod cong n sl cong testes P¥
510 i yes decomposed rnot done

511 ¥ no l.2 31 nod n n 8l -conz n n Pu
) B i no 1.0 5l th nod n n z°d cong n 31 cong testes i
513 ¥ no 1.3 n n n 8] cong n n e
514 F no 0.8 n n n o n =6 wks preg PH
515 P no 1.0 81 nod n n n n $=-6 wiks preg ¥l
£lé F no 1.0 81 nod n n n n n i
517 ¥ no 1.¢ n n n n n 81 ccng testes U
518 ¥  no .7 =n n n 8l cong n preg fullterm P¥
519 F na 1.1 sl nod n n sl ong n 3 wks preg Pl
520 ¥ 0,9 n n 1 n n 3a

¥Bn eaiia Tecovered on culture. All OLLEr Orgens Culiured aid Negative Lof Jrucelld.

8Death caused LY hemorrhage.
Ley:
8l - slizht mod - moderats nod = podular
abs - abscess pre;s - pregnant th « thickened
mar - aurged n - noraal cong - congested

eonsol - consnlidated sdh - adhssions

%



Vaecroseople Patholosy ~nd Cultural iesults
irn 2roun Vele- Guinea Pigs

aath eangsd

by pnsumouis,

’*rﬁwtwceccv admanstrated in ooesr snd culturs from 8l -
> plaural Fiuldoe A -
088855 U an. 1u dlaseter, Jilcrocuucl regavarued. pred

éﬁ“mv sy parienrdisl fluld, mer

2071 -
£l

izy:
-

. L —
£ ViR bk e

guines , Macroscopie Pathology week
risz  sex chal- spleen iiver heart lung kidnsy reproductlive of
number len-od wWi,ems, PALLOLOTY DT FHE douth
B4 5 ves 2 £ mar th nna* fow Ao8 0 mod cons LY Ty
242 ¥ un 1.1 sl th fow abs ©n degen n infl 2pdiidaiaus 8%
testes cong
Sau &k no Ve i t enl degen nod b} GO Tebbag lﬁ
S44 i yes 1.1 81 th* abs n mod cong® n e8urly nre. Wk
D45 ¥ no 1.2 =n absg n DLRBUMD n cong Lusbes 8
546 ¥ o deconposed - neg. culture L
247 F no 1.2 n nl n COLyE enl fwd wys preg %2
348 ¥ yag 1.6  th pod aba™ absg® n mod coLiy n 6«7 wks preg R
349 ¥ no 0.5 =n n n  mar oong anl conz testes i4
350 ¥ no 0.4 n n n cheesy pl 71 anl sl cong testes 6%
351 ¥ yes 1.0 sl thnod  n n sl conz enl  cong testes 1Y
S5 ¥ o yes 1.& mod thnod n It mod cong enl $1 cong testes i
855 ¥ yes 4.2 par th node nany a2bs n mod eong® n 81 cong testes Y
254 ¥ no - 1,7 th eul mottled 1n mueold pl t1 mod onl cong testes B3
358 ¥ no 1.2 81 nnd faw abs n mod cong n 7-8 wks preg 2t
23BE ¥ Mo 2.5 few sm abs abe n bloody thiek n gong testes 14
axudate
257 ¥ yea 1.2 8l th nod few abs n 8l cong n aborted oroe
early preg at o
388 ¥ y.3 1.2 th nod en)l num abs » n n n £
359 ? yag 1.4 sl th nod® n n , nod oong n early »rec oM
360 0.3 m 2 1s abs enl® cheesy nl ©l n 2-3 wks prog 48
“§BEuEHIL& Tocovered on culture.  Al)l OLher OFions GUItured .4 L6 ALivVe f0r oIuCdlin.

MO = aodagsls
ans - abueess

pregaant th - thickened

aarxed

o= polaal

- gongested pl ~ pleural

fluid

oo



from 3 animals, nunbers 458, 466, and 468 as shown in table 15.
These apimsls hed definite tliars when ssorificed while none of
those challenged and uninfected, or unchallenged, had any titer.
The gpleens of the infected snd challenged animals =ziven
V-l=8 and V-l«C had mean welghts of 2.3% and 1.13 gm ragpesctive-
ly. Uninfected animals given the fraction and ehallaag@é nad
mean weishts of 1.2% and 0.88 gms respectively while those
given fraction only had weights of 1.30'anﬁv0.69 gm. The mean
walghts of spleens from infection controls (tables 19 and 20)
used for the two groups were 2,55 and 1.16 gms respectively.
The patholozic pleture was confused in these animals as saver-
al suffered from enteritis and some from prsumonia. Livers
showed atyplecal yellowsd patehy abscesses in several animals
known to be muffering from enteritis and animals, supposedly
norma), taken Irom the pool and saerificed without any surt of
treatment showed similsr abscesses.

Fragtion V-2, Fraction V-2«8 apparently proteocted 2 of

9 guinea nizs while fraction V-2«C protected 7 of 10. The con-
trols nsed for thege gréuys were the same ag those used for
groups V-1-B and V-l«C 8nd it is noted that 1 of the & infection
controls ussd in the latter zroup was not infected. A4ll of the
10 unchallenced animals used as sterility ceontrols for each
fraction wers uninfected.

A sincle 2.0 ml dose of fraction V-2-«3 was given £0 gulnea
plegs intraperitoneally. Four weeks later a challenge dose of
7,800 organisms was ziven half the animals. O those challenaged,

two, nusbers 373 and 377, showed no evidence of infection from



Tabls 15

Macroscopic Patholory and Cultural Results
in Zroup V-1=C Suinea rigs

milnes faerosconic Tatholeg
piz  =ex chale splean 1iver  heart lung kidney TeproGuctlve Weex of
nwaber  lenrod Wb, mmB. patholony OrHung desath
T . ro 0.7 6L th nod old abs & n 0 2 wk8 rrev A
452 P no 0.9 sl th nod n n n r asrly ;”a* PH
453 ¥ no 0.8 8] tb nod 0old abg =n o 11 early ored P
454 ¥ono Uel 1 i1 i ol 1 Gully prag Y
455 ¥ mno 0.9 51 th n n n 4 al con: tesies
4L ¥ ono 0.8 sl nod n n n n sarly preg 4
&7 P oyas 0.6 81 noid n n n il Ped WKs pres Fa
456 F o oyes G.9 8l th nod”™ n n n n S=4 wka pre: W
459 P  no U9 8l th nod n n 51 cong L 5 e
460 F  ves 0,9 sl th nod n o 8l cong o 4=5 wks pre. P
481 F no 0.2 81 th nod few abs n scar tissue n S=4 whks presg &
abs -
462 ¥ no Jed n n I n n 2«3 vwK& prew £
463 ¥ yes 1.0 8l th nod n n n n ! B
464 ¥ yes 1.0 8l nod n n n n i Fo
460 ¥ yes 1.0 8l nod n n n n 5! P
468 ¥ yes 0.2 81 th® l am abs n n n 81 conz testes i
4¢7 ¥ ono 0.5 8l th nod abs n n I mod cong testes wow
468 F  yes 1.6 8l th* tfew abs® n 8l cong 3 early preg £
469 P yes 1.0 sl th n n 8l cong n eaTly nreg 79
470 ¥ yes 0.5 n n n ¢d_gonz T 9 72
Fhrucells recovered onm culfure. All other orrang cultured and nacative for srucellw.
ANsath caused by hemorrrags, Key:
bheath of undetermined orisin. 8l - alight mod -~ moderate nod¢ - podular
Sheath esused Ly proumsonla. abg - avscess prar - ure onnnt th = Lhilgkenszd
med - parked noe noomal Q0ES = gouested

(28
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culture or patholosy and these showed no agglutinin titar.
Agzlutinin response was definite in the infected ehallenged
animsls. Spleen welghts shown in table 18 correlated with in-
feotion, the mean of the infzoted and challenged animals being
1.7% #m compared with B.55 zm in the infection controls used.
Uninfected challensed animals sveraged GO0D gm and the animals
which hud recelved the fraction only showed slizhtly thickened
spleens which averaged 0.99 gm. These animals had o azgiutinino
titers detectable at the tiwme of sacrificing.

Twenty <ulnea pigs 1lnoculnted with fraction V-E-C rescsived
3 Intraperitoneal inoculations of 1.0 ml each at 10 day inter-
vala. Ten days following the last inoculation of fraction¥-2-C
14,000 orgenisms were ziven 10 of the enimals intraperitoneally
and the animsls sacriflieced 4 weeks later. There were 3 chale-
lenged animals In which organisms were demonstrable, numbers
473, 478, and 483. T™hese animals also demonstrated rising ti-
ters st the time the experiment was terminsted. The measn
spleen welshts of the challenged and unchallenged animels re-
celving the fractlion were 1.04 and 1.05 gm respectively (table
17). Broken down on the bvasis of infeeted and uninfected
chal lenged animals the mean welshts were 1.08 and 0.87 gm Tor
each group. The infeotion controls had mean spleen wei htis
of 1.18 gm (table 20}, Some thickening and nodulation of the
splesns wag apparent in the unchallenged animals.

“he difference in the mean spleen welghts of groupsg Yel-3
and Y=2-3 and those recelving the later bastohes of fraction,

groups V-l-C and V-2«C mischt be sttributed to the increased



Table 16

troroscople Fatholosy znd Cultural sesults

% i x5 -r j= . TEE ew
iIn Svoun Te%=B Sulnse Mg

sminea Maeroscnoie .athnlor
»le sex c¢hal= gnleen iivey heart luny kiuugy repiloducliive
e lsnrad wi,omg, natholosy O G08 aaoth
361 B o 1.1 81 %: nod few sps 1 8l cony anl 81 con; testes M
262 i no 0.7 sl nod Tfow sbs 1 adhegsions” enl mod conyg besiss JW
&85 s fala 1.2 sl th nod 11 n 81 cong enl 0 JH
264 § o yes 1.9 vonod* e =b2 B sl cong enl ZeD wWk8 preg VH
365 disappeared
368 A no 1.¢ 2l nod el n 8l cong L 141 ¥¥
367 Boono 0.5 =n n n mar eong n bl i
266 Yono 5.7 0w 7 1 eorng anl cong testes 28
369 Hoono GeB  m aba n th bloody u mar cong testes 24
axudate exl hem testes b
370 KA+ 0.8 n abs n smod cong  sunl E~3 whks preg 5
37 ¥ oyes 4% nar nod abs® ner abs 1 med esng 2l enl gonyg uterus 7
live bizth
278 Y ves 1.4 8l th pod*® enl ubs n eong n insuinal abs & ¥
em diameter®
33 T yes 0.9 m n n  sleong avortsd ® retus 2i
at 6~7 wWks
37 ¥ yaes 2.0  th nod® n*¥ n mnd cong® 81 enl¥azborted £ fetus
at -7 wks
=5 7 wes 2,%  th nod*¥ num abe® n sl eons™ n® aborted & fatus ik
at 6-7 wks*
278 ¥ yen 1.4 8l th nod* abs n 81 cong n mod cong testes M
37 ¥ yes C.8 281 nod n n 81 cong i L Py
278 Y onn e smooth ahs n tk bloody n cons testas 38
exudn te
379 ¥ yas 0.8 81 tk pod* n n gl eons®* n n VM

FHArUGelle TBCOVAred on CLLturss ~11 DLLer OFZRNS CulLuled and Ne etive L0r OPucelifl.
13ne 1ove desenerate. ¥ey:

Zratuses vielded Arueslla also. 81 - slizht mod - moderate nod - nodular
8neath caused by pneumenia. abs -~ abscess nrer -~ pre:nant th ~ thickened
bpgath of undeterminzd origin. mkd - marked n - pormal con;; ~ congested
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protective power resulting from & lunoculeting doses. ilowever,
a considerastion of the 4ry in splosen welilzht of the infestion
controls (tables 19 and 20}, in spite of 2 heavier infactive

dose ocombined with the failure o2 1 animel to become infected
suggests lowered infectivity. The cause of this is not known.

Fragtion VI. Both preparations of fraoction VI gave favor-

able results. Fraction VI-A proitected 8 of ¢ animals chale
lenged while fraction ¥I-B protacted & of 11 animzls challenged.
411 of 9 infection controls used were infected.

A single intraparitonsel Inoculstion of 5.0 ml of fraction
VI-A in sach of 20 mulnea piss protected & of 9 subseyusntly
challenged. XNone of 10 unchallenged animnls was ilnfeotad while
% infeetion controls were. Agzlutinin titers wers absent in
ell anlmsl s receiving the fraction at the time of post mortem
exsmination and the sinzle animal whileh was challenged and in-
feoted had a practieslly normal spleen {table 18) and carrisd
tvio 6 weeks [etusas., The meen spleen welzhis of infected and
uninfected ohallenzed enimels were 1.1 snd l.1 gm respectively.
Unchallenged animnls receivinzg the fraction had a mean spleen
welsht of 0.2 gm. There was some thickenlng smong thesse
spleensa and the 5u?taee wag nodulsted. The infszetln controls
(t=ble 19) héd enlzens asveraging 2.55 gm.

Fraction VI-B given in three 2,0 al intraveritonsel ine
jeetlions at ¢ and 7 dsy intervals followed by & challenge dose
of 1C,000 organisms é¢1d4d not show as good protection., Five ani-
mals, numbers 523, 524, 525, 528, 529, and 535 were infeoted.

T™ege animals further had rather learge spleens, the mean welght



Table 18

Macroscopie Patholozy and Cultural desults
Salnea Mlos

- A

in Group VI-A

s

87eath caused by pneumonia.

Key:

fines sacroscopic Patbologpy
pig sex chal- spleen livar teart lung kidnasy reproductive  weex 01
nunher lenzed wt, ms. pathology Or Jans deuth
31 ¥ oyes 1.6 8l nod th abs L cong 81 enl cong testes Pk
382 ¥ yes  not recorded consol oe
383 F  yes 1.1 sl tu* n*® It pRsumo  n 6 wka preg 58
564 ¥ yes l.¢ 81 nod n n n o garly pre; V8
385 ¥ yes C.9 sl th n 1 phnewio n 2 1ive births 58
vefore chall.
386 ¥ no vel enl th adbs fow abs n pneumo 4 wks preg e
387 i no 2.5 pulpy ebs ani abs at pneumo & early pre; 6
th nod site of
bleeding
388 ¥ yes 1.3 81 th mod enl n sl cong n 88rly prag g 3
389 ¥ yegs 0.9 sl th nod ¥ enl s«bg paeumo n mar cong testes &%
320 ¥ no - n o 1] n n n )
391 ¥ yes 1.0 381 nod n n sl cong n Z=3 wks pra- Y
398 ¥ yos 0.8 31 nod few abs n n n n &N
393 B no Ce5 n mottled cheesy chesesy =»n cony turten 28
1. in 1. in
pericardiun pleurse )
394 7ono 1.7 @bs lceain n n cheesy fl n conz uterus 4=
dizmeter in plsurae
295 ¥ no dacomposed chsesy 1 )
in pleurae 48
386 ¥ no 0.4 n n n puneumo n n &
397 Xoono 0.9 8l nod 295 i} 81 congz 1 31 cony testes  Lul
98 ¥ no 1.2 81 nod n n 51 cong n 8l cons testes M
299 ¥ no .9 n abs n gl conz n n B
400 ¥ no Ci@ n n ) 3l conz n gonz testes P
*HTuceLla rocovaered on cultules -1l OULer or s cultarss and negative for srtucella.

04

nod - nodular
th - thickened

81 - a3lizht mod - noderate
abs -~ acscess prel - pregnoant
goniy - congested

nar - sariked I - normsl
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Table 20

Cultural and ‘athological lesults in Guinea Pigs Inoculsted with
Challenge Used Tor Groups V-1-C and V-2-C

o
-

guinsa ; . T _ ,
plg  sex splesn 1iver T hears iv kidney reproductive wesk of
pumber wi.gas, pathology . . organs asath
0 M 1.2 si th nod® few wbs® n 8l cong* n* n P¥
P ¥ l.4 sl thnod* =n B sloeong = uterus ocong FM
Q N 1.2 38l thnod  few abs n 8l cong ebs =n ¥
R | 0.9 81 th nod* n - | n n n n Fu
S 2 1.6 sl th nod* few abs* n 81 eong n* n iR

*Brucella recovered on culture. A1l other organs oultured and negative for Srusells.
Challenge dose 14,000 organisas. B

. Key:
51 - slight  th - tickened ned - noduler

abs - absgess n - normal - cong -~ congested

84
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of which was 2.40 sm. Two, numbers 522 and 529, ia particulsr
had exeentionally larze epleens, which welshed 5.1 and 2.1 m
sach (table 21). The spleens of infection controls (tabie 22)
wWere even larger, sverasxing 4.03 gme. 41l infTeocted aniuals
demonstrated titers, thourh the mean oi the animals receiving
the fractions and then chsllenssd wus 1:90 as opposged to the
titers of the infection eontrols whieh were over 1:200. HNon
infected animals wiieh had been chullenged, numbers Loz, 5286,
27, 830, and 531, had a meun spleen welsht of 1,16 while the
unchallenged animals receiving the fraoction had a mean spleen
woalzht of 0.87. A48 was the case with [raction VIi-i, Lhe
spleens of thess anlmels showed some thiockening aud usocduistion.
The lowsred splesn welshts compared with the iafecilon controls
probably gives a vulld indication of modiflcation of the diseassa.

Fragction VII. #o indication of protection was obtuined

in 10 pguinea pizs lnooculated with frection VII and subssguently
ehallengsd with 10,000 organisms. A single intraperitoneal in-
poculation of 5.0 ml of fraction was uziven 20 gulnen pigs in
all. Half of these were chellenzed and all animals sacrificed
30 days after the chellenze dose was oiven. The mean s&vleen
wairht af the infected challengelanimals (table 23) was 1.83
am whila that of the infection controls was 4.035 7m (table 22).
Tnehallenmced s=nimels had 2 mean spleen welzht of 1.08 gm and
the spnleens ghowed thieckening sand nodulstion. The only pos-
#4ble evidence of n»rotection was the lowear splesn wel. ht of

the infected test animals when compared to that of the infec-

tion gontrols. Azglutinution titers in the infected animals



T™ble 21

Macroscoplie ifathology and Cultural iiesults
in Group VI-B Guinea iigs

guinea Hacroscopic iatholox
plg sex chal- gpleen 1iver heart lung k?&n&y Teproauctive week ol

Lo 6T lenged wt,gms. ratholozy oriansg death
521 ¥ no l.1 81 th nod abs n n n mod cong tsstes FPM
522 ¥ yes l.4 381 th nod n n n n é=5 wk preg Pl
523 ¥ yes He.1 mar th nod* num abs® n sl cong® n* 2~3 wk preg g
524 F  yes 2.1 th nod* abs* n sl cong abs* 1«2 wk preg i
585 M  yes 1.2 381 th nod* abs n 81 cong n 8l cong testes Pi
826 ¥ yes 0.9 n n n n n n P4
527 ¥ yes 1.3 281 th nod absg n n n 81 cong testes i
528 ¥ yes 1.6 81 th nod* sabs n 81 cong n sl cong testes Fu
529 P yes 3.1 mar th nod® few abs* n cong n 4 wks nrey P
530 ¥ yes 0.8 8l th n n n n n I3
531 ¥  yes 1.3 81 nod n n n n 2-3 wk preg br
532 ¥ no 0.8 3l nod abs n n gl enl mod cong tesiss Pi
533 ¥ no 0.7 81 nod abs n 8l cong n 8l cong testes ¥
6§34 ¥ no 0.8 8l th nod n n 8l cong n 81 cong testes i
535 ¥ yes 1.1 n* abs” n p* n* n ¥l
538 ¥ no 0.8 8l nod n n n 8l enl 8l cong testes PY¥
537 ¥ no 0.8 81 nod n n sl cong n n Fid
538 ¥ no 1.1 sl th rod n n n s8] enl 8l cong testes P
539 ¥ no 0.7 81 nod n n n n n M
540 ¥ no 0.7 8] mod n L n n n P¥

*Brucella recovered on culture. All other orssns cultured and were negative for
arucella.

Zey: preg - preguant
81 - slight th - thickened
mod - moderate mkd - marked
nod - nodular n -~ normal

abs ~ abscess song - congeasted
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2

were over 1:200 and therefor gave no evidence of a modified

infection.

in Vivo sntibody Froductios

Antibody response in gulnea plas receiving single inocu-
lations ol fractions was, in general, siiiht. However, the 3
to 4 wesks elapsiug betwesn inoculations and titering was prob-
ably too long a neriod to nermit observation of many low titers.
™e animals inoculated with fraction z;A are not considisred in-
esmuch as the sterillty controls were infscted by the frzotion
itself.

The water extracted fractions VI-A and I-3 produced only
partiasl agglutination in dilutions of 1:25 1in I3 of 20 guinea
vizs each as stown in tables 24 und 25 where titers taken 4
woeeks after a ginzle inoculation of fraction are presented.

Only 1 :uinea pig, numbsr 396, 1inooculated with firactiou Viesa
‘mghcwad a ccmpl@t&ragglutination in 1:26 dilution. Ko tests
with a sin:le inoculation of fruction VII were doue.

tmons the suinea plgs receiving the 30 par ocent scstone
soluble fraction V-l-B, only partisl egolutinations in 1:28
to 1:5C dilutions were shown in 3 of 20 gulnea plge 4 wesks
after administration of the fractlons. Among those recsiving
the 30 ver cent acetone insoluble Iraction V-2-3 only 2 per-
tiel sgglutinations in 1:¢25 dilution were seen in 20 guivea
pirs, Tables 26 and 27 show the results.

Titers ware nmore definite in animals receiving Iraction
T¥=A and TI-B, most of the culnea pilrs recelving fractlion Il-A

demonstrating comnlets magglutination in 1:85 dllutions alter



Table 24

Titers "roduced from 1 Inoeculotion of fraction VI-a
and & Challenge Dose in Guinsa Piazs

muinea titer 4 weeks titer 4 weeks
pig challenged infected after fraction after challenge
numbar gomplete partial complets partial
381 yes no - - - -
282 ves no - + 1:183 dead
383 yes yes - - dead
384 yes no - - - -
2885 yes no - +1:25 dead
86 no no - - - -
87 no no - - dead
388 yos no - - - -
289 yos no - - dead
390 no o - - - -
391 yes no - S3+1: 28 - -
302 yes no - - - -
293 10 no dead
394 no no - - dead
399 no no - - dead
396 no no 1:28 - dead
397 no no - - - -
398 no no - - - -
399 no no - - - -

400 no no




Table 25

Antibody Titers in Guines Plgs 30 ays Following Inoculation of

Fraction I-2 and 30 Days Following Challenge iose of
100,000 Br. abortus 2308

guinea

plg

titers produced by tilters produced following inocculation

inoculstion of

ghallenczed infected fraction

after 14 days

with 100,000 Br. sbortus

after 30 days

aumber partial oniy complete partisl complete partisl
101 no no - - -

102 1o no - - -

103 no no + 1:23 - -

104 no no - - -

105 no no - - -

108 6o no - - -

107 no no - - -

108 no 0o - - -

109 5o no - - -

110 23] no - - -

121 yes yos - 1:100 3+1: 200 1:200 2+1:250
122 yas yes - 1:100 2+1: 200 1: 200 S+11250
123 ves yes - 1:25 +1:100% 1:500 1+1:2000
124 yesa ves 141:50 1:260 Zel:500 1:200 1+1:500
125 yes yes 141:50 1:260 1+1:500 dead 1

126 yos yes 1:100 - 1:2000

127 yes vag - 1:100 1+41:250 1:1000 2+1:200C
128 yes yes - 1:200 +1:250% 1:500 3+1:1000
129 yes yos - 1:500 - 1:1000 241:1000
130 yes y2s - 1:100 +1:200* 13500 3+1:1000

*partial titers are ziven for the lsst tube showing any agglutination

ltitar not carried beyond 1:2000

24



Table 28

80

Titers Produced from 1 Incculation of Fraetion V-1-3
and a Challenge Dose in uuinea ¥Yias

guinea
riz

titer 4 weeks

challengzged infected after frection

titer 4 wesks
after challenze

number complete partial eomplete partial
341 yea yes - - 1:500 1+41:1000
542 no no - - dead
343 no no dead
344 yes yas - - 1:25 1+41:50
345 no no - - dsad
346 no no dead
Z47 1o no - - dead
348 yes yes - - 1:250 S+1:500
549 no no dead
50 ne no - - dead
3B2 yes no - - - -
853 yes yes - « 1226 1:1000 E+1: 8000
354 no no - - daad
3598 no no - - - -
356& no no dead
557 yea no - + 1185 - -
358 yes yes - + 1:85 1:200 -
859 yes yes - - - « 1:86
560 no no dead
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Table 27

Titers Produced from 1 Inocculation of Fraction V-2«
and a Challenge Doses in Guinea i'lgs

guinea titer 4 weeks titer 4 weeks

pig challenged infected after fraction after ohallence
number complete partiasl complete partial
361 no no - + 1:28 - -

368 no no - - - -

2363 no no - - - -

364 yo 8 yes - - 1:1000 2+1: 2000
368 no no - - gone

366 no no - - - -

367 no no - - - -

368 no no dead

269 no no dead .

70 no no - + 1:50 dead

371 ves yes - 1:1000 241: 2000
7z yas yes - - 1:1000 -

373 yas no - - - -

374 yes ves - - 1:1000 -

375 ves yes - - 1:1000 S+1: 2000
376 yesg yas - - 1:25 -

377 yes no - - - -

378 no no desd

1:100 Z241:500

379 yes yes -
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¢ weeks while most of those receiving fraction II-n showed
partial agglutinetions 1n dilutions of 1:125H %o 1:50 after 4
weaks (tables 28 and 289).

Incereasing the number of inoculstions of fraction to 3
and making observetion of titers at the time each incoculation
was ziven, 10 days following the last inoculation of fraction,
and 2 and 4 weeks respsotively after the admiunistration of the
challenge dose zave more satisfactory measure of agizlutinins
in the enimals., Figures 3 and 4 summarize the mean titers of
ehallanged and unchallenged animals so treated,

Both the fractions extracted with alkaline solution
(fraction VYI~.B) and neutral solntion (fraction I-C) produced
antibodies to & mean titer of about 1:40 as shown in fimure 3.
The method of caloulsting the mean titers ls shown ln sppendix
VI. HNearly all of the animals showsd complste agglutination
in 1:25 or 1:5C dilutions 10 days after inoculation of fraction
I-C but the genersl tendency was downward in spite of £ more
inoculations st 10 day intervals. Kraotion VI-B, on the other
hand, showed e further increase to 1:00 following the second
inoculation and a decline thereafter. This would ssem to in-
dicate a greater stebllity on standing: in the alkaline extracgted
fraction than in that extracted in nsutral solution. ZFraction
VII, extracted at low pH, d4id not stimulate antibodiles in all
suines vigs inoculated. Compared to the alkaline and nsutral
water extracts 1t would seem to be the least stable as the
titer from the first inoculation was lowest and 2 more inocu-

lations failed to further increase the titer in any case.



Table 28

Agglutinin Hesponse Following One Inoculation
of Fraoction II-A and of Challenge

a3

gulinea titer & weeks after titer 4 weeks

pig challenged infested fraction injected after challenge
number complete  partial compiete partiel

21 no no - - dead

22 yes no 1:50 +« 1:200 -

23 no no 1:28 - dead

24 yes no 1:100 1+1: 200 -

25 no no 1:25 1*13100 dead

26 no no dead dead

27 yes no 1:100 1+1:250 -

28 yes no 1:50 1+1:100 -

29 no no - + 1:25 dead

30 yvos no - + 1:25 -




Table 29

Tlters I'roduced from 1 Inoculation of Fraction II-E
and a Challenge Doss in Guinea Pilgs

titer 4 titer 2 titer 4
guinea c¢chal- in- waoks aftor woeks aftor weeks after
pig lenged fected I lenge allence

.

pumber Lepoyeinl
111 RO no « 1380 - - - -
113 no no - - - - -
114 yes yes « 1:50 (1] (4] 1:500 « 1:1000
118 no no 1+1:80 - - - -
118 yes yes « 1:28 0 ¢ 1:500 341:1000
117 no no « 1:50 - - - -
118 no no + 1:88 - - - -
119 no no « 1:50 - - - -
120 no no  1:25 - - - -
13 no no - - - -

- 11250 411560 1:z0003
141185 1:100043:3000 1:20003
1+1:50 1:1000+1:2000 1:2000% .
- 11200 - 1:1000_2+1: 2000
1+1:256 1:250 + 131500 w”maaaw
141:25 13:1000+2:8000 1;20007
1+1:85 1:850C + 1:500 1:2000
- 1850 141:500 1120001

138 yes yes 1:

133 yen yes

134 yes yes

138 ves yes

136 yes yes

137 yes yes

158 yea yes

139 yes yes
220 no no doad

1pgter not carried beyond 132000

1 8 8 88 1880




=1

“rQLuatiﬂﬁ of ulatlion of

abortus

& fu fl?f”
23;3?3

e zend
meghion LeO
- - - - raotbtlon VI-C
—. 0 -~ -~ Y¥ragtinn YIT-C
I = 1ut inosulation
% - fndg inneulation
N Loe Zed dnncalation
VAL N
/3 N
/ N
s N
AN
A N
2 N
N
[ oo

~
\\
// \\
Z 1 ~
< | b i ] 1
10 20 50 40 ‘

S50 w0 days



Production of Agglutinins from Inoculstion of Acetone
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3ince the alkalins and ecld sxtraots were made from the same
cell suspenslon the difference should be valid. All snimals
inoculatzd with fractions I-C and VI-B showed at least partisl
agzlutinstion in 1:25 41lutions as shown in tables 30 and 3).
But 3 of thoae reesiving fraction VII-B falled to show partlisl
agrlutination in 1:85 d4llution {(tabls 32),

™he azglutinin response in anlaals receiving 3 inoculations
of the 30 per cent agetone soluble fraction V-1l-C was very slow.
Fixare 4 showa that no mean titer was esvident 10 days altsr the
firast lnoculation and table 33 shows that no agzlutinins were
present in any snimels. Ten days after the second inoculation
& animals showed weak response in 1:;285 Lo 1:50 dilutions as
shown in table 33. Following the third inoculstion the nmesn
titer (fizure 4) showed sn inorease. A4All but 5 animsls showad
some degree of asglutinin response., The response in the ani-
mals inoculated with fraction V-2-0 was more striking. All
animals responded as shown in table 34 with the mean titer 9
days following the Tirst inoculstion being l:4%, that 7 days
following the saecond inoculation beings about 1:90 apd that 10
days followinz the third inoculntion rising sharply to over
1:700, These are demonstrated graphiecally in figure 4.

Of the £ fractions trested with concentrated acetone 3
funooculations of fraction IV-~R fafled to sliclt antibvody pro-
duction in ~uines nlgs with 4 exceptions., In teble 30 it is
shown that titers in these were gulite low. Three inoculations
of fraction II-C, howsver, produced a low degree of agglutinin

regronse in every case, as shown in table 36. In fl:ure 5 it



Table 30

Titers Produced from 3 Iboculations of Fraction I-(C
and a Challenge iose in Guinea irigs

g Tiignest dllu- Highest dilu- Hlghest dilu- Highest ailu- Highest dilu-
guinea % o tion agglutin~ tion agxlutin- tion agglutin- tion agglutin-tion agglutin-
pig & ating 10 days ating 10 days ating 10 days ating 14 days ating 30 days
number 4 2 after firstl after second after third after challeng~ after chale~
g W inoculation inoculsation inoculation ing langing
4 B Tcompl.partial compl.pertisl compl.pertial compl.partial eo§g§'partlaf

431 yes no 1:50 +1:200 1:50 1l+1:100 - - - & 1385 - -
432 vyes no - + 1:28 - + 1:20 - - - - - -
433 ys8 no 1:50 & 1:100 - + 1:50 - - - - - -
4%4 yes no 1:50 1+41:100 1:25 241:50 - 241385 - - 1:50 «+ 1:100
435 yes no - + 1:25 - + 1:28 - - - - - % 1325
436 yes yes 1:50 + 1:100 1:256 «+ 1:50 - - - - - 4 1:35
437 vwves no 1:50 141:100 = + 1:50 - - - - - -
438 yes no 1:25 1e4l:50 1:25 4 1:50 1:2 1+1:50 - ¢+ 1350 - 341:25
438 y33 no  1:25 & 1:50 1:50 & 1:100 1:50 141:100 1:25 « 1:100 1:25 -
440 yes no - - - 4 1:25 - - - - - -
441 no no - + 1:25 - & 1:85 - - - - - & 1:35
442 no no - 1+1: 25 - I+1:26 1:25 1l4l:100 - 4 1:50 1:25 1le1:35
443 no no 1:25 4 1:100 - 4 1:26 - - - - « 4 1:85
444 no no  1:25 141:50 1:50 + 1:100 - % 1:25 - - - -
445 no npo 1:50 - 1:25 141:100 - % 132 - - - -
446 no no 1:25 1+1:50 1:85 S+l:50 - 4 1:50 - - - -
447 no no 1:%0 4 1:100 - + 1:25 - - - - - -
448 no no  1:5C 241:100 1:50 3413100 1:25 - - o+ 1:20 - -
449 no no  1:50 1+41:100 1:50 3+1:100 1:50 «+ 1:200 1:25 1+41:50 -  1l*l:25
450 no no  1l:256 lel:50 1:50 1:100 dead

211 titers nwzasive 1n 1:i2o dilution Defore f1rst lnoculatiofie

1Bl004 samples taken and next inoculation siven on same day.

Zcrallenzs dose of 700 Br. abortus 2308 given 10 days after last inoculation of
fraction.
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Table 31

Titers FProduced from % Inoculations of Fraction VI-B
and a Challenge Dose in Cuinea Plgs

Bl T{zhest dilu~ Highest diiu- Flghest dilu- Hizhest aliu- Hignest dilu-
guimn% b’ tion aggluti- tion aggluti- tion aggluti- tion aggluti- tion azzgluti-
ple © 9 nating 9 days nating 7 days nating 10 days nating 14 days ueting 50 days
numbar:j & after firstl after second after third after chal- after chal-
g = inogulztion inocylution inoculation lenging~ lenzing
) compl.partial oompl.partial compl.partial compl.partial _compl.partial
521 no no 1:50 191:100 1:50 341:100 1:20 2+1:50 - - - -
522 yss no 1:25 4 1:100 1:25 « 1:100 1:100 141:25 1:25 1#1:50 1:25 1+1:50
523 yes yes 1:25 4 1:100 1:100 + 1:200 1:50 1+41:25 1:100 = uaeog
524 yeos yes - 4 1:285 1:20 e 1:50 - + 1:20 1:25 1+1:6C 1:200
525 yes yes 1:50 «+ 1:200 1:100 « 1:200 1:80 241:100 = 4 1:26 1:25 «+ 1:50
526 yes no  1:50 + 1:200 1:100 1+41:300 1:20  2+41:50 - 4 1:80 - -
587 yes no 1:50 2+1:100 1:100 1+41:200 = - - - - -
528 yes yes - 1+41:50 1:80 + 1:50 - + 1:50 - - - 4 1:2%
529 yes yos 1:25 & 1:100 1:25 1el:50 185  141:100 1:50 + 1:100 1:100 2+41:200
030 yes no 1:256 e« 131100 - & 1:85 - lel:8d 1520 4 1:100 = -
531 yss no 1:25 4 1:100 - 4 1:50 1350  341:100 - - 1:256 1¢1:50
$32 npo no 1:85 4 1:100 1:50 1+1:100 - - - - - -
533 no no - o+ 1:25  1:25 ¢ 11100 1:5C « 131C0 - - - -
83 no no 1:25 + 1:100 - #1125 0 0 1:25 <+ 1:100 1:25 « 1:560
535 yes yes - 141:50 - +1:85 - - 1:26 4+ 1:100 1:2009
836 no no - ¢ 1:100 - ¢ 1:85 - + 1139 - - - -
537 no no - + 1:50 1:26 + 1:100 - + 1:80 - - - -
538 no no 1:95 1+1:100 1:50 1+1:100 1:100 « 1:200 - - - -
530 no no 1:25 &+ 1:100 1:206 <+ 1:50 1320 - - l4l:25 - -
540 no no - l+l350 - - - - - - - -

All titers nesntive In 1:80 dllution before rirst Laoculstlon.
181004 samples taken and next inoculation siven on same day.
QChallange dose of 10,000 3r. abortus 2208 given 10 days after last inoculation

3 of fraction.
“1:200 hipghest 41 lution tested.
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mble 38

Titers Froduced Trom 3 Inoculations of Fraction VII-B

and a Challenze

Dose in

Suines Plgs

] Hihest dllu- Hiinest dllu- Hishest dllu~ Hisnest g9llu- Highest allu-
pulnea tion azrluti- tion sgrluti- tion agzluti- tion ag luti- tion aggluti-
rig 5 nating 9 days nating 7 days nating 10 days nating 14 days nating 20 days
number - after first, afiter second after third after chul- after chal~
© inoculation! inoculation  inocula tion leasing® leazing
5 compl.pertial com: 1.pﬁrti&1 compl.partial Gompl.partial — eompl.paf tial
41 no -  « 1:25 - - 4 1:95 - - - -
542  no -~ +1:28 - - - - - - - -
543 no - & 1:88 - - - - - - - -
544 no - 1+1:35 - % 1:50 - - - - - -
545 no - - - 0 - - - - - -
$46 no - - - + 1:85 - - - - - -
547 no 1:856 «+ 1:100 1:25 3541:50 - - - 4 1:25 - -
548 no - + 1155 - + 13725 - - - - - -
548 no - - - 141:25 - - - - - -
556 no 1:25 141:100 1:25 « 1:25 - - - - = a -
491 ves - - - - - - 1;100 « 1:200 1:200
492 Teos - - - - - - - o+ 1125 1:1G0 2¢1:200
493 yes 1:25 1+41:100 =~  14l:80 - - -  Z¢):20  1:100 -
494 no -  1+1:50 - 4 1300 Gead ’
495 no dead 3
496 jes =  141:00C - + 1:0C - - 1;2800 = FERUTe)
497 yes - o+ 13100 = & 1:50C - - 1:5C # 1:2800 13?&03
498 ves 1:25 « 1:100 - + 1:50 - - 1:50 1+1:200 1:2800
499 yes 1:25 541:50 « 1el:28 - - 1380+ 13100 1:8b + 1:50
00 yes - 4 1:825 - 4 1385 - - - - dead

111 titers regstive im 1:50 dilution belore
131065 aamplas taken and next inoculation iven op same day.
2challenge dose of 10,000 Br. abortus 2308 given 10 days after last inoculation

of fraction.

21:200 hishest dilution tested.

irst irnoculation

08



Table 33

Titers Froduced from 3 Inoculstions of Fraction V-l=(
and & Challenss Jose in Guinea vigs

b Hi{chest dllu- righest dilu- DBlrshest 4iiu- Hishest dllu- Higkest cilu-
guines :? ‘g tion agglutin- tion auglutin- tion sgplutin- tion agglutin- tion asgglutine-
vig @ o ating 10 days ating 10 days atinz 10 days ating 14 deva atlng 20 days

nuzber | §  after rirst, efter second after third  after chal-  after chul=
'g pe! 1aaculﬁ;§pn1 fnoculation inoculation lenzing® Clenging ,
© ~ comrl.partial compl.purtial cospl.purtiel compl.partisl compl.partial
461 no no - - - & 1185 -  lel:85 - ¢+ 1380 - -
4585 no no - - - % 1:85 - 4 1:85 - - - -
453 no no - - - o+ 1150 1:85 341:50  1:25 + 1:100 - -
454 no no - - - #1135 - &+ 1:25 - & 1:85 - -
4556 no 1o - - - - 1:25 1el:00 - 4 1:25 - -
458 no no - - - - 1:25 - - - - -
457 yes no - - - o 13125 - & 1125 - - - -
458 vyes yes - - - % 13125 - - - - - + 1:88
2 no no - - - - - - - - - -
460 ves no - w - - - - " - - -
461 no no - - - - dead
462 npo no - - - - - - - - - -
462 yes no - - - - - 4 1185 - - - -
464 vyes no - - - - 1:50 1a1:100 - - - -
485 vyes no - - - - - + 1350 - 4 1:50 - 5
486 vos yuos - - - - - & 1:50  1:100 # 1:200 1:200Y -
467 nro no - - - - - - - - - . =
488 yes yes - - - - 1:25 1+1:50 - S54l: 25 1:200¥
483 vys8s no - - - - 1:100 - - 4+ 1:50 dead
470 ves no - - - - -  141:25 - - dead

A1l titers nezative in 1:95 allution Lefore rirst inocuistion
13lood samples telen and next inoculation :iven on sams Cay.
“Challsnse dose of 14,000 Jr. abortus 0308 :iven 10 days after last inoculatlon

of fraction.
311200 kishest dilution tested.

16



Titers rrod
and

Table 34

inoculs
Lose i

nead from o
'“'3' U§'§“L1§L‘3}"gw

tionsg of iTaction Vedel

T e
Jowdlihien S8

Y o ilghest dilue sidlu- highesl alilu~ Ldghest dillu- lhssl ailu-
guinea w 9 tion ezgiuti- #:“’gai~ Lisn azzluti- fion sppluti-  tion zoglutie
vip g o nating 9 deys neting 7 cays adating 10 dayg nallo g le doye nabting S0 days
mper 2 af%ar'firﬁtl after second  after third afl ter a;ﬁiw after cnal-

® fnoenletion inoguls tion Inseulantlion lan~ina® Ane

2 7 SN R rTLIAL G0N delnrLif) O L. DL LLAL G0 T leDAr b1aL cag‘lo artind
471 yes no  1:25 1+1;100 1:85 + 1:100 1:25C < 1:500 1:100 1413200 - deliZd
472 yes no - + 1:256  1:25 lel:td 11200 & 1:500 1:100 - - -
47% ryem yap e 1+1:25 1:90 & 1:100 1:250 4 1:500 1:50 « 1:200 1:85 & 13100
474 yes no - 4 23125 1125 o« 1:100 13260 & 131000 1:50 1423100 - -
475 yos no - & 1:50  1:25 4 1:100 1:500 <+ 1:10001:50 141:100 - 4 1:85
476 yrm oyoes 175 e 1:100 1:30  142:100 1:1000 & 1:@DOC 13850 « 13000 13100 -
477 no d=ad
478 yesg vas 1:70  1e1:100  1:250 1413500 1:1000 + L2000 1:850 £41:500 1:50 3+41:100
479 yos no 1:100 241:200 1:100 341:200 1:1000 «+ 1:300 1:2C00 1¢1:250 1:50 ¢ 1:1C0
48C¢ no mo 1125 + 1:100 1:50 + 1:200 deed
481 no mo 1:286 4 1:100 1:50  141:100 1:25 141:00 1:280 - - ¢« 1:%25
482 no no 1:50 <+ 1:100 1:1C0 + 1:200 1:250 341:500 1:85 2+1:1G0 - -
48% no no  1:25 4+ 1:100 1:100 + 1:?&0 1:500 « 1:800 1:250 « 1:500 1:100 1+41;200
484 1no no - - 1:100 1:2580 « 1:X00 1:50 3«1:100 - 4 1:50
485 no no  1:00 lel:l0C 1:25 1'* 1:200 2«1:1000 1:206 - -  241:50
488 no o = 4 13100 1:25 2+41:50 dend
457 no no 1:80 + 1:200 dead
4588 m no 1:85 141:100 1:50 141:100 1:1000 - 1:200 &« 13250 - 4 1325
48% yes no 150 + 1:100 1:100 241:200 1:1000 - 1:250 4 13000 - a4 1380
490 wyes no 1125 141:50 0 1:80 & 13100 Y1:1000 & L1000 1200 Z41:250 1:2D < 13100

ﬁll titers tive In 1:25 ailution wefouprs first inocul:ztion
takan and gzaxt isoculation wiven ou ssue i&y.

’:hallvzc

B
~Blond saﬁvl}s
ioaaa

‘:}f fﬁ-l :!

fvf*

wroke

n“rr
mw\

ahnrbus

siven 10 daoys ar last inoculeiion

28



Table 35

T™ters roduced from 3 Inococulstions of fraction IV-3
and a Challenzs Lose in Muines ilae

Hisneat dllu~ HAizhest c¢ilu- Hishest dilu- dighest dilu- IHlghest dilu-

g 1z
muinea §; ’g tion azelutin~ tion wsxlutln= tion agelutin- 400 agglutln- tion sgslutine
ez 8§ 9 ating © days sating 7 days ating 1C days ating l4 days siin: % qays
ruriver+ 9 aftsr first, after sscond after third after chel- after chal-
ﬁ o inoculation inocula tion inoculation isz xing® lensing
g caupl¢p%rtial compl.narbial  combl.nartial  cosplesartial  comcl.partial
501 yos yas - 185 - - - - 1:200¢ 1:2007
502 yes yes - - - - - - 1:200° 1: 200"
503 yes vas - - - - - - dead 2
504 yes yes - - - - - - 1:200° 1:2
505 yes yes = - - - -+ 1:25  1:50 4 1:100 1-“005
508 yes yos - - - - 1:05 4 13100 1:100 341:200 1:2007
507 yes yes = - - - - - 1:10G0 + 13200 1'-'00?3
508 yes y8s - - - - - - 1:100 241:200 1:200%
508 yes yes - - - - - - 1:100 4 1:200 1'369”
510 yes yas - - - - - - 1l: 2009 £00%
211 no no - - - - - - - - -
212 no no - - - - - - - - -
513 no no - - - - - - - - -
$14 no o - - - - - - - - -
815 no no - - - - - - - - -
%18 no 0o - - - - - - - - -
$17 no nno - - - - - + 1:00 - - -
518 po no - - - - - - - - -
519 no no - - - - - - - - -
520 no 1o - - - - - - - - -

TT titers nesative in 1:06 dllution before 1irst inoculation,
1uln0d samnlag tuken aad next inoculstion siven on sauwe any;
’Cvﬁlleap iede ol 10,000 3r. sbortus 2008 given 10 duys wfter last inoculsatlon
- of iraction.
51:2&& hidwest 41lutlon testsd.

o6



Teble 36

Titers ’roduced from 3 Inoculations of freozion 1II-C
and & uhulkuut 2056 in sulnea vigs

& o hishest dilu- Hichest dilu- hHichest dilu~ Hishest 2ilu- Hichest d¢llu-
guimeai? 2 tion soclutie  tion eocgluti- tion sgslutie- ulll ﬁddiuﬁlw tioa e iuti-
wis B g nating U days niting 10 days nating 10 davys nating 14 duys nating 50 days
FAATEIAT: ¥ U W aiter Uirst after seacond after third after chale aft T chal-

8 =8 irocnlstiont  inceulation inogulution Leasings laodneg

o casolennrtial  comple.nartial  oompl.partial bﬁ@ﬁlgpﬁ“tial co;pl.ﬁ‘ruial

411 yes yes 1:320 1el:50 - <4 1350 1:%% “ 1200 - - 12100, + 1:200
412 yes yas = 4 1:100 -  Bel:25  1:25  141:00 - Bel:es  1:200°

413 yes ves 1:25 1e1:50 1:850 + 1:100 1:50 - 1:75 2431:25 1:100 1e1:200
414 no no 1:20 141150 dead ’

415 vyes no - - 1:28 4+ 1:B0 1:825 o« 1385 + 1:25 13100 341:200
416 vyes no - - 1:25 «+ 1:100 1:85 241225 1378 Bel:00 - -
417 no no - - - lels 2 - 1+1:20 + 1:88 - -

418 no 1o - - 1:580 1:100 1:25 + 1:5C - - - -

418 no no - 4 1:8h - » 185 - - - - - -

420 no no - - 1:25 11126 - -+ 1:50 - - - -

421 no no - - - - - - - - -

432 no no - - dead

423 no no - - - - - + 1:28 - - - -

474 ro no - - * 13108 1:08 141:50 - - - -

453 no no - - - - $ 3 S+1:50 - - - -

456 ves no - - - & 1:8B - + 1425 - - - -

427 vyes no - - - & 125 1:1060 < 1:200 dead

458 ves ves - - - - - - - - 1: 200

480 ves vas - - - + 108 - * 1:55 - - - -

430 yes no - - - e - + 1:85 - - - -

il* titers nowmtive in lzmb dilntion ssifore first inocunlustion.
zﬁlooﬂ gampleg btekan sad aext iﬁ@@nl;tium slven on game day.

“Challenve 4nsge ol 700 a*. ahortus £208 ziven 10 days nfter lust ipoculstion of
‘ fmﬁ‘alwuo

51:360 highest Allution tested.

k4]
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is sesn that the mean titer luoreased after each inoculation
reaching a peak o1 about 1130, Tulliay off to zero in unin-
fected animzls 74 days after the last inoculation of fraction
or 2 weeks after the challenge dose.

In figures & and 4 1t is seen thal the titer in snimels
which were shown Lo be infectsd by tlhe chullenge dose rose oy
elther & wesks or 4 weeks whille itlhie coursc of Lolh the uuine
fected challenged and uanchallesuged auluais'® titers tended down-
ward in most cases. rerslistent titers wiich had not diminished
apprecinbly from those establlisued &t the time of challenging
woare seen in & few cases in animals in wlilch no infection wes
established. ‘The agglutinin titers of the iaflection coulrols
were linoreassd in all but 2 cases in wilch orsanisms woere re-
covered by the fourth weck after challsnging. In te cass of
animals receiving the lowest challenze dose or 700 drugelis
organisms only, not a singie ons siowed a titer 2 wesks alter
inoouiation and 2 unmimsls falled to demoustratse a titer in
spite of the recovery of orsanisms. Hagan (1922a) had pre-
vioualy found animslis 1Inoculated wiih very low Jdoses or orzgale
isms to iave a delayed development of tilters lasting to 4 and
S weeks.

ihe menesral plceture of agglutianla production in rabolits
inoculated with the Iractlions was tiue same as that iu guinea
pixs. oilogle lnoculatlions of the Iracilons producad low ag-
glutinin titers demoustrabvle in a week.

In vitro serolopical tests. It was the purpose of sero-

logiocal tests primerily to demonsirate the antizenlic nsture
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of fraatiaﬁs. A sacondary purpose was to determine 1f any of
the fractions sotinz in a precipitin or sbsorpiion reaction
would demonstrate straln or species spseifieity. intisera for
most of this work were developed in rabbits against Br. abortus
19, Br. abortus 2308, Br. suls 298, Antisera used in the sarli-
est tests were obtalipned from the Army Medicsl 3chooll and were

designated 3r. abortus AMS, Br. suls AMS and Br. melitensis

A3, The titers obtained when tlese sera were sst up in two-
fold dilutions azainat BATI antizen compared favorably with the
titers found &t the Army Medical School as shown in table 37

exgept that the titer 1n Br. melitensis was found to be lower,

only a partial agpglutination ocourring in dilution of 1:2560,

>

Table 7
Agalatinin Plters Found in lomolospus ané Yeterologous Lsra

{AMG) Using BAI antigen

Species AMS titer Titer found
Br. ahbortus 2560 2560
Br. suls 2560 2560
Br. melitensis 2560 1280

The rabbit antisera produced by the suthor was standard-
ized by titration agsinst several known homologous and heter-

oslozous strains. Wo areat éifreranees in resction of a given

109urtasy of Capt. Arthur Abrams
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strain with 4different sers was sapperent, as shown in table 38
with one excesption the BAI antizen. The aaglutinating eapaclity
of & siven ssrum for the different strsins did not vary swre
than one dilution in uny caso.

Nome of the serae asgslutinated BAT antizen to a titer eguel
to the other antigans. Ceveral factors could be respounsible
eside Irsm strein difference. The other strains were viable
and unwashed both on rabbit injsction and asgliutination. Some
of the titer coull have besn the result of residual mediun or
it would sesm likely some of tle antigenic eamﬁaﬁent was washed
awgy from the BAT antizgen.

Br. melitensis 268 serum wes in insufficlent quantity to

test all of the antigers. In pr&liﬁin&ry gstudies with AN

sara it wes found that fraction I-A and fraotion II-A both pro-
duced visible preciritins to sbout the same degree. Table 39
shows that in this case qualitative correlation existed between

agglutinin end »recipitin titers, Br. melitensis AMS sers be-

Ins sselutinated or precipitated in lower dilution unltis in

sither cage tharn the Ar. sbortus AMS or Br. suis AES serca.

Tho proclioitin titer of Zr. melitensis was proportionstely low-
er than the azslutinin titer which eould possibly indicate a
lowar concentration of "M" subgztance; Lowever, (hé same mix-
tures contrifuged free ol preclipitate and set up in two {c¢id
dilutions azainst BAY antigen showed no agslutinins Ifrom ©r.

melitensis savum ip 1:200 dilution while Br. abortusg and sr.

suls ssra boih showsd completle agalutination in 1:;200 as shown

in table 490.
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Tadle 3L

Agglutiniu Titers ol Zrucelilsa Species
wlth Heterologous and Homologous Antissera

intigen intiserum Serws bilutions - Final Yolums
006038
Specles Species “ _aoaﬁgggﬂ“ig
_Ogﬁrg(z‘tﬁt\iawona &y
ﬁ‘an“ﬁ&@ﬁgﬁeﬂwe‘i wi Py
PR AR N AR e o4
I TP I e ek Rt P SR R S I
abortus 19 avortus 19 @ 4 4 & 4 & 4 4 4 & 8 » » = -
: abortus £308 4 4 4 4 & 4 4 4 4 4 B =~ » =
melitensis 268 4 ¢ 4 ¢ ¢ 4 4 ¢ 4 &8 » = = «
_ suls 298 44444444443% -~
avortus 1284 asborius 19 4 ¢ & & 4 & 6 4 4 G 1 » - = -
abortus 2308 4 4 4 & &4 4 44405 @« = = =
suis 208 ¢ & 4 4 4 4 4 4 & & 4& = - -
sportus 2132  abortus 19 4 4 4% 6 4 4 4 2 4401 - = - =
abortus E308 4 4 4 4 4 4 & 4440 =~ = =
______suis 298 4444444644437% 4
aoortus 2306 abortus 1% G 4 % & 4 4 % % a b O . - - -
‘abortus 2308 4 444494444428 =~ =
meliteusls 268 4 & 4 4 4 4 4 4 4 4 2 e = -
suis 298 4 4 4 4 4 4 4 4 4 4 4 = =~ =
melitensis lom sbortus 19 G G 4 4 % % 4 4 4 G D e - o= -
abortus 2308 4 4 4 4 4 4 4441 » =« = =
suis £98 I EEEEEE W
melltcnsis 1m  abortus 19 4 4 4 4 ¢ 4 4 & 4 & 5 » - - -
abortug 2308 4 4 4 4 4 4 4 4 B L e .- - -
7 suis 298 4464 44444 440 = = =
sulg 4l.3 abortus 19 G % & 4 € 4 % % @ O F - - - -
abortus 2308 4 4 4 4 4 4 € 4 4 2 « = = -
| suis 296 44 4646446444032~
suis 208 abortus 19 4 4 4 44 4440442 = o = -
abortus 2308 4 4 & & 4 & £ @ G % L o= = -
nmelitonsis 268 4 4 ¢ 4 4 ¢ & 4 4 2 = = = «
suis 296 4 4 4 4 4 4 4 & 4 4 &1 - -~
suls 16005 abortus 19 4o 4446 2 %44%--= =
abortus 2308 G4 4 4 4 4 L 4 4 4 2 - e = e
suis 298 444444244442~
Brl L1lo=3 acorcus 19 4 4 4 % 4 & 8 & = = = = = = =
phenolized abortus 2308 4 4 4 4 4 4 4 2 F e = e -
suis 298 44 4 4 44 4447T - o - -

iive anticens standardized to that of Bal phenollized aniigen,
or 61.3 £ 0.2 per cent li-ht tronsmittence using 650 milli-
mierons filiter

Serum dilution 0.5 ml

Lntigen €. mil

Incubation 48 hrs st 37 C
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Table 52

Preginsitin Ylters of Homoleosous and Deterologous
antisera with Freccions I-i and ilea

Sa@Erual Fracg

Ly

+*ion Hichest dllution of Praction

showlug precipitipn reaction

Br. abortus AMS I-4 13712
Br. melitensis AMS  I-i i:138
Br. guis AMNS L3N 1:712
Br. abortus AHS II-a 1:712
Br. melitensls sbls Ii=i Liood
Br. sguis a3 IT-n 1:712

sarum

antinzn znd saline twofold dilutions - C.5 ml each dilution

- m e e om e o= omow ow=o=om e = (0,0 ml 0oFf 1:10 uwilution
In2ubetlon - w = e e = m e m e e e - =~ 4 hprsg watar bath
36 nra 4~9% U resrisael-
ator

Table 4C
Hh«o*m*qo% of roglutinstiang sntibodies

Loom ”% aloﬂaus qnd Hetarolonzous Antissra
with Fraetions I=4 and II-aA

Agglutination titer AuSOroved  aggfiutiusation
Serusm vefors sbsorption with titer after
apbsorption
COmple DATLLiAL TrB00Le iiieN OUADLle DAL bLs

Zr. abortus AMS $2060 «+1:012C I-i «0ld 1:200 +1:400
1l-4 004 1:200 +1:400

Bre molitensgis Al 1:1E80 <+41:358C I=a «0l4 13200 pone
Ii=a «0C& 1:200 Lnous

Bre. suis M3 1:2560 <1:0120 I~ 007 none 11400
Ii-a «UUZ2 1:20w 141:400

*hagorbire extien - C.8 ml per tube )
sraction I-a had 11D ag &/ml, fraction Il-4 had 026 mg on/mi

baefore dilution.

Serum - ~ - = « = = 0,5 ml per tube
Incubutlone - « « - 37 C water bsth 4 hrs, 4~-06 C refrig. 48 hrs
Precipltate centrifuged off. JSupernste diluted (twolold serial

dllutions) with saline using 0.5 ml per tube. BAI antigen 2.0
ml per tube added. Incubution 48 hirs at 37 C.
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lzter tests on precipltation with odher preparations of
fractions I and Il confirmed the sresence of precipitsting
antlisen. However, considorable varlatlon was experisnceuw in
the precipitin test titers. In tables 41 precipltin titsers of
the preparations of fractlions I and II are shown.

The desrse of Liter correlatel «ith vreass setiviiy and
abgorption of azglutineting antivodiss In that fraction i-4
had relatively tigh titers, definlite uresse setivivy, cul eb-
sorved most of the egrlutinuiing antioocies from Srucelia
sptisera. tonversely, Ifraction I-U having & low titer before
filtration und Josnins that upoun (1liratlion showed neither ure-

68¢ nor ebsorpiive sctivity. JImmunizing action to dstooiatle

£

degree wes aovsent. Un ths other hend, fractior I-C showe
definite cetivity on the ip vitro teste snc strong evicewnce of
imgwurnizinpg ability.

Fraction IT prepsraticns showed sinailer resulis excent
that fraction Ii-3 416 show nreciplitins following filtration
in contrzgt to fraction I-U thoush ursass activity was lost.

‘he U bateheg of preparations coi fracticon I showad Losas
ol antigenicity thoust imuediatsly «fter separztion ureuss
activity was deifinite. The antigenic issts wears nede mora
then a month after the {racvions wers isolated and at that
tlse ursass activity was abssnt. This Traction was not used
in snimals. Ths [ betches of {rwotlion IT likewilss gshowsd a

loss of urcage sotivity thoush nmracipltin titsrs wers Jda2lislite.

[ &
P

w,
&

& shown in table 42 sbsorpiion of agslutinins was definite

with this Lraction but about squal in sffect. Absorption witih
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Table 41

b

cuced by

creporations ol

o
Fractions I end II with ﬁamola*nus and bat@rolotyua B

101

sreparution S8 ruL; Liver
I=p Br'e abortus Al l:71z
- Sre melitonsia ANG 1:los
I=i Are sula Ak 13718
Tomis Ble abOTWUD L30LAB . L0ie
{bafore filsrationg l:%O

L DiIe BLOTLUE 19 L1y
L, 3r. abortas 8308 .wﬁG

I-C Br. suis 2300 lioaG
I~§3 Sre mbortus 19 B3re. abortus 19 FsTe I ulﬁl@ pothe
a=Dg dr. abortus £308 Zr. ohkoartus 19 ” "
I~3“ Br. suis 298 Br. abortus 19 " " 1
1-91 Br, abortus 19 3r. abortus 2308 " e o
I-3, Br, 2boriuas 200 ISr. abortas 2208 b " n
I~ﬁ~ dAre. auis 298 3Tre. abortus 230o ﬂ 1 “
I~ W} 3r. abortus 19 Ar. suls 298 " 3 *
1_49 B3re. abortue 20E  Tr. mals 298 n w "
I«ds; Br. suis 298 Hr. suls 238 " " *
IT-A Br. abortus aﬁd 1: 712
TTes Tre malitergis "¥3 1:386
Iiea Bre smuls ALS 1:71&
II-3 Bre. wuortus 1% 1: 64
Iief Bre. shortus 220f l: 64
II-B Br. suls £9¢& 1:64
11-C Br. abortus 19 1wkl
I1i=0 By, zbhortun 20808 1320
1I-C Lr. suis EDE 1:640
II-D, Br. abortus 1¢ Br. abortus 10 520/ 320%
II-0y Br. avoriug 2508 3r. shortus 19 150/1@@*
Tl-yﬁ Br. suis 898 Br. abortus 1% 5u/60%

iI-D, 3r. sbortus 19 Br. abortus 2308 160/3160%
liele 3r. abortus 2308 3r. abortus AT08 80/520%
iI-Dx Br. suls £9€ Br. gbortus SU08 S0/160%
Li-Dy Br. sbortus 18  Br. suls 208 160/ 5007
Ii-bg Br. abortus IJI30C Br. sulg 292 180/180%
II-Dg Br. suis 296 Jr. guls 288 Zas/e4a0%

Ypaired runs, Tirst

ey

ar sxtract:

: sgonnd on salins extract



Table 42

Agglutinin Absorptlon from fomologous and hHeterologous
Strain Antisera by Fractions II—D?, II-Bo, IT«Dn

serum Abiorytios oy —Titer after absurpe
Strein Tpleinal Titer “friotlon TR ion
00 TDL.  DAPLIAL | znticen® 20301, sarbind

Br.
RBe.
ar.

ar.
Br.
Br.

Br.
Br.
Br.

Iimjl Be, abortus 1lv 8,4 x 107F 1:800
Ii-07 Br. abortus }v 11200

’“Ml dr. avortus 14 1:2000
IT~D_ ¥r. abortus IICE H.0 % 1LO~% 1:860
I*maa dr. abortus LoCE Le 20U
IT—)n Ar. abortus D3CE 1.:2000

abortue 19 20,480 £+41:40,%960
shoriag 2308 2’ 24770 nons
smle 280 40 983 141:40,960

aboritus 19 2LL,E50 241:40,960
soortus 2308 20,470 none
suls 286 4,850 141:40,200

. " .
ek X .‘;.0 =

aportus 19 20,400 241:40,960 II-0, or. suils 298 11800
soortus 2308 20,400 wone T‘mag r., suls 538 1:8GU0
w‘ L]

suis 290 40,850 14l:40,01 80 Ji-D; 3r. suls 298

+1:1000
S#1. 8000

non

3l 2000
+1: 200
noLe

Yokl s 2000
B
41 2GC0

*on

intinen « « - 5 2l sagh tenfeold 4iluclous 10 torough 70,000
ST » = = e = Ooh ]l o8 1:10 dliation

nixed
Incudatlonr = « 7 € water oath 4 ars

4=6 C rolrizerator al hus

Jrecipltin teoi yread and centrify ad

Uel ml of zupernste serially dilulad In teplold ateps
&e0 ml BAI antigen added

Incubation 48 ars

thae bLasis ol 1:320 dilutiosns of apilaen

g0t



Table 493

Agglutinin Absorption from ilomologous and Heterologopus
Strain Antisera by Fraction II-B

_ Serum . Absorption by
Strain Orlzinal titer Traction mg N/al Titer after absorption
gompleate partlial antizen complete partial

Br. abortus 19 1:20,480 2+1:40,960 II-B Br. abortus 2308 012 1:20,480 +1:40,960
Br. abortus 2308 1:20,450 none ITI-B Br. abortus 2308 .012 1:10,240 +41:20,480
Br. suis 298 1:40,960 141:81,920 1I-B Br. abortus 2308 ,012 1:40,960 none

20T



Table 44

104

Agglutinin llesponss of Infection Control Anizels

Groups I«C and II-C

two weexs four weeke
guinea infscted after challenge after challenge™
gé@ complete partiasl mamgleta partial
: yes - - 1:200 -
G no - - - -
H yas - - 1:25 1+1:100
I yes - - - lel:85
J yes - - 1:200 -
K yes - - - 34185
L yes - - - +1:50
¥ yes - - - 1443286
)3 yvas - - - -
¥500 organisms
Groups V-1-C and V-2-C
T ves 1:200 - 1:500 +1:1000
¥ ves 1:50 +1:100 1:100 3+l 200
] no - - - -
R ves 1:25 +1:50 1:1C0 + 1:200
3 es 1:88 +1:50 1:200 2131250
¥iq, 0%5 orEanisms
Groups IV-B, VI8 and VII-B
T 1:50 2411800 1:5C0 +1:1000
U 1:25 +1:100 1:2000%
v 1:100 141: 200 1:80001
W 1:200 - 1:2000
¥10,000 oreenisns
lhighest ailution done
Groups V-leB, V2«8 and VI-A
1 1:500 B+l:1l00
2 1:1000 141:2000
3 1:100 +1 3200
4 1:250 +1:500
5 dead
*7,600 organismns
Groups Ii-A and IIl-A
32 1:25 +1:50
33 1:500 -
1:2000 -

34
¥E,200 organisma
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fraction II-B showed dropyped tlters of less than one twofold
dilution as shovn Iin tadle 43, corrsleted with a titer of only
1l:864 with 3Zr. abortus or 3r. suls sera, loss of urease aetivi-
ty, and tihe loss of abgorntive capacity was a complete failuve
on the pert of fractinn 1I-8 to proteet uines pigs and low
dexzres of antibody production.

Practions I-C and IX-C showed definits precipltin acti-
vity as shovwn above Iin table 41l. I-C was also tested for
az:lutinin absorption and absorved nearly 2ll of the aoxluti-

nating antivodies from 1:10 dilutions of antlsera.

‘Cromical Mature of the Frastione

All but one of the fractions separatod reaeted SLIonIly
with biluret, ninhydrin and Molisch tests. The acetone soluble
frzetion IV showed a distinetly weaker biuret and ninbydrin
reusctivity. 4All freegtions showed reducing sugars after hy-
drolysis on the pasis of benediet's test and they did not re-
duce with prolonged boiling with Barfoced's remgent, probably
veing of monossnccharide typs. The peptide links and free
amino gzroups demonstrated respectively by biluret and rninhydrin
Meactlions coupled with antibody producticon as shown eslsewhers
in trhis paper suggest the protein nature of the fractions. The
pressnce of an enzyme further indicates ths likelihood of such
an assumption. Inassmuch &8 carbohydrate was pressnt in all of
the fractions, the antigsen {(or agents) may contain a glycopro-
tein. such sagents have been found in Brugella cells by most

of the workers who have isolated Brugella fractions.



he degree of purifilcation of the piven frastion is of
some intercst. In Tlgure § the unhrydrolysed ooatroi extract
of medlum is seen on chrometeography 4o have 9 ninhydrin react-
ing conponents. These could be free amiuo acids, pepiioes, o
proteins. Fraetion I extrected at the same ph {6.9) coutains
all of thesz but the elghth component from the bottom is seen
to be diminisieds The alkeline (fraction VI}) and acid ({rac-
tion VII) extrects are seen to be different but severzl of the
comnenants from the nedium are recoxgnizable in fraction VI
Fraction II ctows & reduction in pumber and iutsusity of come
nponants., frection IV had only a weak ninhydrin resction aad
gomronants on chromatography were difficult to distirnsuish.
Frection V-1 had an increase to 11 components, It should e
recalled that this was a primary sxtract, while fraction IJ
was a sscondary extract. Fraction V-2, from the cell resicue
after removal of frectioa V-1, showed a reduction in the rume
ber of componsnts. Inassmuch as several amino aclids are soluble
in conecentrated acetone it would seem that the material in
Freetion IV contzined few or none of these (fiaure 5).

Nitrogsr values, done on from 1 to 4 batehss of each
fraction as noted on the Tigure, correlated with reductlion of
numbers of chromatozgravhic components in fractlons Ii, IV and
V-2 would indiocmste some degree of purification. DLecresse in
the nitroazen contént and components in the alkaline (VI),
acid {VII), end neutral (I} aqueous extractions mi ht indicate
removal of some inert components. Methanol precipitated frac-

tion I =ndé Ii showed muchly reduced ninhydrin reasctive compa-
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Plgure 5

Comparative Ghmmatagmmsl of
Unhydrolyzed Bruecella Fractions

Madium Fraoction Fraation Fraction Fraotion Fraction Fraotion Fraetion
only I-B Vi-a VII-a iv-3 VeleB V=2-3 I1l-3
82 ag n2 28 mz W «31 mg N ot mg R 03 mg ¢ 36 mg N 25 mg N +089 g N
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13;}welojger n~butancl 48 br. Traced from originel niubydrin positlive spots.
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nents and a loss of most of the comnonents.

Trecge activity. Followlinzg the discovery in the first

extraations done that urecases was present in the water soluble
portion 1¢ was decided 1o inelude urssse tests on all of the
fractions ssparated. It was of some interest to see if any
correlations batween urease aotivity and entigenicity and pro-
duction of Iimmunity existed.

Taree of the Treactions studled deconstrated abllity to
hydrolyze uren. Heatin: the fraction at 80 ¢ for 10 minutes
destroyaed activity. Fractions 7, IT and V]I showed ureusse ac-
tivity iIn n=urly every batel, thes exceptions being fractions
I-B and IT-B. fraction VI was dialysed to remove base bslore
the test wes carried out. It is of interest that these frac-
tiors were voth vweak &ntigens in vitro and thet none of the
guinea pirs inoculated with thasse fracetinrns was protectsd fron
infection. o other ursase sctivity wes noted in the fractions
excspt the Tractlon I[Ved $n which o weak astivity was notice-
able on nrolonged inocubztion in excess of 12 hours.

Desults from morpholozical studies

4 ecapmale coulld be dezonstrsted by indle ink staining in
all the zvecles of Brugella usad in this study {(plate 2). Thin
smaars nade durding fracetionation demonstrated an aprarsnt dimin-
utisn of the capsular size aftar vwater extraction (removal of
fraction I) when comparsd with fresh ureparstions. Acetone
treatment followed by saline solution (removal of fraction II)
apparestly reaoved wmore. However, nelther these steps nor

trectment of the ealls with concesntreated acetons (removal of
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fraction I1?), treatment with 30 per cent acetone alone (remov-
al of fraction V-1) nor followed by saline (removal of fraction
V~2) entirely removed the capsular material. Acid or alkaline
extraction (removal of fractions VII and VI respectively) also
reduced tho capsular material but did not entirely remove it*

Plate £

Photomicrograph of Br* abortua £308
showing capsule 1566 x

Electron micrographs, plates 3, 4, 5 and 6, failed to
show a capsule hut this was probably because the ceil suspen-
sions had been killed by heating at 80 0 for 13 minutes; as

l Hudd/leleon (13:13) poiAnts Ollt tlﬂlsit;/:: tl:e:c?gsxl_gk way be dissolved
in hot water, this could be the case*® At any rate, since none
of several specimens examined electronoscopically demonstrated
a capsule such was assumed to l:ev the case*

Examining plates S5, 4, 3 and 6, it is seen that the water
(plate 4) and alkaline (plate 3) extracted cells demonstrate
the same general appearance that the fresh cell does® However,

plate 3 shows 3 cells treated with concentrated acetone (frac-

tion XIX-B) and plate 6 shows 3 cells so treated which stood at
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Flate 3

. ‘w,‘ {‘

< e

Swelling of cell walls after acetone
extraction X 40,000

Plate 4

Cells extracted with water
X 40,000
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Plat# 57
(left)

Cell extracted with
buffer at pi 9.2
X 120,000

Plate 6
(below)

Celia extracted with?

acetone and refriger-

ated 2 week# in water
X 14,000
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4-6 ¢ in water for £ weeks after scetone trsatment. In the
former omse tne oell wall has avpparontly been removed. In
plate ¢ the cell walli of 2 ¢ells sesms to be swollen but not
removed. In tha third cell drying has cauged distoriion. The
evidence I'or capsular maferisi in the agueous extracts being
added to by call wsll materisl in scetone extracts scems zood.
Unfortunately electron microsrsphs of czlls treaitsd by avdcstone
alons could not De taken., It does appear that the capsule is
water soluble.

Freananey and abortions

Jome indication oi the influsence of ths fractions on abor~
tione ig prewgnant gulnsa plas was sought. In table 45 stotal
maabers of females inooulated wlith each bateh of frection ars
praesented, fhe number ol obuserved avortions aud liviag birtae
wers recorded and an affort to determins the provortion in
various stages of pregoency was nads. all femslss were racorded
ag pregnant less than two weeks where doudt exiated. By the
third week th2 uterus in pregnant aniamals demonstrates a dell-
nite swelling over the erea oif the fetus and the second period
was ochosen iIrom tihls time to § wosks. 'The ¢ to 8 weeks fetus
shows rather complete development luncluding nair and this was
the third period showne.

Amonz the challenged infection control snimasls wera 7 {e-
males. Ho abortions wers observed, sand 4 were less than O
weeks preznant. Three were wup 0 the fourth weasi Of pregnancy
and had living young. .amongi the unchallengesd anlmals receiving

the fractions but no challenge, of 28 Temales pno sbartions were
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 Table 45

Ahartiana»ﬁeaﬁrriﬁé in Temale Ouinea Flgs
Inooulated with Verious Fractions end
Challenged with Br. abortus 2308

Wo.of Observed
Frastion Bateh Females Abortions

PR EL TS &3 :‘,‘

w

2 3

Py -8 —TIve
weeks weeks wesks births

I B 8 4] -] 1 L4 1
(] 6 L+ 1 +] 2 3
11 A 0 C ] 0 ¢ 0
B 8 0 S 1 4} 0
c 3 0 4] g 1 4]
IIT A 1 0 1l 0 0 0
C 6 2 4 2 () 4]
Iv B 4 1 S 0 1 0
V-1l B 4 1 3 0 1
V-l ¢ 7 4] 4 3 1
Va2 B 5 ] S 1 s
Y-8 '] 4 i 2 2 i
vI A é © 3 L+ 1 4]
B ] 1 4 © (3]
VIX B ? 1 £ 2 0 0
All infeo~
tion cone ? 0 4 3 O 1
trols
All un- , ,
ochallenged 28 0 3 5 iz )

laborted st ¢ weeks
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obgapved, 4 disd early and wers not counted and ssveral femsles
whieh probably were rot adeguately exposad to males were not
presoant.  Thres were in the Tirat 2 weeks of pregnuney, I vae
twaon the third and T40th weeks, 108 belwsaen the oth and 8th
weelzg and ¢ had 1livin: young. Seven Temales were given the
viabls eslls or fraotion III. Not s girgle one had a live
birth, 2 aborted, and only £ were in nideterm pregnancy at
vo8t mortem. ‘hese animals had adequate socess to ueles, all
of them veirg kept in contget with males for at least 7 weseks.
It is important to recognize that only 4 weeks elapsad from
the time that infection controls received challenze doses une
~t1l they were ssorirficed.

Examining the table it is seen that 7 abortions ovececurred
amon: fractions IV, Vel, V-2, and ViI, one of these in «¢n ul-
irfected hut ehallengsd animal. one were oovservsd amonsz the
better protscted animals treatsd with Iractions I, II, amd VI,
Yo éefinite conclusions can be drawn bput it would seem That
abortions may result in guines pige infected with Zrucella.

rossibly ths Jroetions gave sowe proteotion agalnst abortion.
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DISCUS3ION

5

A summary of the animals given vurious batehes of frac-
tion mnd subsequently infectsd is presented in table 46.
Flgure 6 portrays zrapbleelly the protection or infeetion of
all the anlmsls inooculated with any ziven fraction and chal-
lenged.

From aﬁ.examination of the accompanylng table and fizure
and conslderation of the individuasl tables presented under
"Results”, there seems no doubt that that protection was e-
licited as the result of inoculation of several of the frac-
tions. The most successful of the fractions seems to hLave
been the {raction extractaed in slkaline agueous suspeunsion,
fraction VI, FHere all controls were infected in each of 2
tests and no animals recelving the fraction only wers infeeted.
From the table and greph it i2 seen that 12 of 19 animals
were protecgted. .eduction of titers produced by inoculution
of the fraction followed administration of the challenge dose,
and spleen weights &8 shown under "Results" were somewhat
lighter both in infected and uninfected challenged animals
than in infection controls. Of somewhat simllar nature was
fraction I. Yowsver, a complete failure of I-B to protect
animals on one oncoaslon may be lald to loss of antigeniec sub-
stanee during filtration either throuzgh instablility or absorp-
tion., *“hen antisenic substances were present, as shown by

preoiplitin test, and antibody production, this material was



Table 46
Protection of Guinea Pigs by Various Brucella Extraects

‘ Guinea pigs used §uinea‘pigm used
Fraction Batch Challenge for esch batch for each fraetion .
dose Total no. Challenged Infeoted. |Total no. Ohallenged Infasted Uninfeoted
I B 100,000 20 10 190 Lo 20 11 9
C 700 20 10 1
II A &, 200 10 h 0 50 25 15 10
B 100,000 20 10 10
700 20 10 5
111 y 3 g,200 10 5 10 20 5 20 0
C none 10 none 10
Iv B 10,000 20 10 10 20 10 20 0
V-1 B , 600 19 9 6 39 19 9 10
H 14,000 20 10 3
V-2 B » 600 19 9 7 39 19 10 9
C 14,000 20 10 3
vl A 7,600 20 9 1 4o 20 9 11
B 10,000 20 11 6
ViI B 10,0060 20 10 10 e0 10 10 0
Infection
Controls 700 - 1k,000 28 8 26 28 28 26 2

An equal number of animsls received inoculations of fractions but were not chsllenged,
o thus serving a 8 sterility conty>ls. None of these were infected from the above groups.
“Considered infected on basie of recovery of Brucella or titer rise foillwing challenging.
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Figure 6

Comparison of Protectlon
praodnced by Frsctlons

I TRPRCTTD l PROTECTED

| f m—

HI

- Infected
D Protected

% Infection Controls

1| | ]

No. 30 25 20 15 10 5 0 5 ic 15 20 25 30

guines pigs
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capable of ziving protection. 7The low challenze dose of 700
orzanisne may have besn raspongible in nuart thoush 8 of 10
aninals z2iven the challengs dose only were infected., Hef-
erence back to Lilzure S shows that the slkaline extraction,
Traction VI, lmparted 2 greater stability to the lmmunogenic
material then d4id extraction in neutrsl suspension. The A4l
ferance in the antiginicity can only be ascribed to the chance
in pE of the msdium used for extraction. Most likely s sues-
tion of stability is involved.

The dlatressinc frecusnoay with which atypical abazcesses
were found on the livers in particular is assorinable to re-
current zelzes of Zglmonella infectlion. 7This czused sl
usnfortunate corplisztions in patholoszy and when combined with

pneumonle, poesibly of Itreptocoeccus type, the pathologicsal

pleture was confused. Post mortem examinastions on animasls
from the untreated pool at various times showed the prescucs
of patcehy vellowed abscesses combined vith marked inflamstion
of the entire smmll intestine and occaslionel spleenic en-
larzement in casges of enteritlis. Abscaesges of the splesn
wers uncommon. ¢Cases of preumonia, alsc found ir the unirsated
rool, usually showed marked conzestion of the lung asd some
consolidation, A bloody mucoid pleural exudate was usually
present. In such cages the spleen was usually a purplishb
color, thickened and pulpy, but not abscessed or nodulated

on the surface. Moot spleens from Jruecella infected animals
ware distinetly nodular and frequently absceasses ware visible,

Jaarings these factors in nmind it does not seem logical



to place gureat smphasis on patholoagy other than that following
the classioaul description of sabyeaun (1912). The spleens of
infection conitrols sziven the asams challsnsze dose ware uot ale
ways graster than thoss of infected cnallenged anizalz. KMot
infreguontly, espeeially in failure of fruotions I-H, 1I-B and
I-3 and II-C to Immunize, tremendously =sunlargsd spleens were
found., It is known that the pathologlecal picturs ilncrsases

as the diseass pets older and this nlédht suggest infection by
tha fraction itsell aexcept for the fret that no sterility con-
trols were found *to be infected in any cuase in which adeguate
care was taken 1in filtration of the Traction. The rether un-
comfortable possibility that the material injected had sensi-
tized the animal and thaet the execsptional enlargement of the
spleen was causad by a hypersensitive remotion due to contact
with fresh material is presented.

In 2 cuses, zuines nigs number 27 and 411, both injected
with fraection =znd then challenged, & pronounced edema snd in-
flamation of the skin and a sloughing of tissue giving rise
to sbsessses from which Brucella were not recovered was shown
followins cnallenging. If hypersensitivity due to injection
of the fraction was induced immunization would seem a risky
procedure and ceriainly such a fraction should be mors hizhly
nurified to attempt to eliminate the »ossibllity of such a
rasction.

3tatistical treatment of the individual groups I-B, II-A,
IX-B, IIX, VI-A, 2nd VII«B does not seem indicated. All, or

nearly sll, of the animsls challensed were either infected or
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protected by comrmarison with all 22 crallenged infectiorn con-
trolg, 2 of which were infected, or with the challenze animals
used for the given zroup. Groups Vel-R, V-l=C, V=2-B, V-2-C
and VI-3 showed less markxsd results and the possibility of
ochance should be considered, Since all of 4 control animals
used Tor group V-1-3 and V-2-3 were infected, the ratio of &
infeetod Lo 9 challenged and 7 infected to 9 challenzed ro-
pactivaly would ssem to accuratsly indicate a certain degree
of protectlon, thoush the odds are oconsliderably decrsased with
the ratlo of 7/9 in group V-2-C. 1In the case of VI-# in which
& of 11 snimals ohallenged were infected and all of the infec-
tion control animsls were lInfected the odds still favor nro-
tection. Yowever groupg8 V-1l-C and V-2-C in each of which 3
of 2 animale were infected and 1 of & infeetion oontrols unin-
fa@tﬁd should be examined more closely, using the method de-

seribed in Topley and Yilsor (1248).

vaceinated: 9 not infeoted: 6 or 66.7%
1

contrels : 6 not infected: ; or _20,0%
=8+1z7= 05
W ESTE 1%

Po 21 -~ 0.5 = 0,8
thten by the formula:
,. Py = /0.5 x 0.5(% + &
) ‘/poaanl,‘,n) / x ('gf'g)

o
S =t o.z79

o -+ .
g.@ev = 1.7 ‘“C{ T - E7.9%

0.279

whioh is the standard srror of differences srisinz Oy clhance.
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The ocbserved differsnce is seen to be 1.7 times more
than that oI the standara error and reference Lo table 47
from Topley and .wilson (1946) reproduced below shows that the
odds are botweon 6.5 and £0.98 to 1 that the anlmals are pIO-

tacted. {liot ereat odds but suffiecient to rule oult chsance,)

Table 47%

Devis tion In Terms of the Standard 0dds against this Jevia-
Error; or lintio Between a piffer~ tion or Lifference belns the

ance sncd its sHitendard pevistion aesult of sandom Change
0.8 0.6 to 1
1.0 B.1% to 1
1.5 6.6 to 1
2,0 20.98 to 1
2.5 79.83 to 1
.0 G69.4 to 1
.5 2,149 to 1
4.0 15,775 to 1
4.5 147,188 to 1

*Topley and %ilson, 1946.

Since statistically the results are usuelly more sound
when more tests are used 8 look zt totals ol protected snimsals
in individual groups glven differsnt preperallions ol the same
fractlon is in order. It seems Justilied to rule out fimction
I-B8 at the outset since no evidence oi antlbody was obisined
either by precipitin test or absorptior from the riltered irac-
tion. Fraction I-C with 9 of 10 vacocinasted uninfectsd and 9
of 10 infectlion controls infected stands alone,

with 3 tests of fraction IT 1% zuilvea pigs wers inlected
out of 2 total of 28 zuines pigs challenged. Of a t.val of

13 sontroles 1 was not infected.
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Then, from tables 44 and 46:;

%,

vacelns ted: 26 not {ufectad; 11 or 40.0%

gontrols 13 not infagted 1 or 7.?@
RS ) B

whioh by tha method pressnted adbove zlves:

L . ;
Cf = I ,155 or L 15.8 per cent standard error o Jdlifcreuce,.

ratio = §§&g»= 2.08

o
aud Dy table 47 ths odds a-minst the proteetion bsing oy
chanee ars pearly 80:1. The odds are rather siort on tae
basls of the whole zroup. ilowever, considering ths weaaksned
rreairitin resnonse, absorptive power, and loss of ureass
soetivity in the sase of Traoction IT-B 1t may be that the ine-
munogzgeniec couponsnt was dsoreased to nesrly the vanishiog
rpoint. OFf eqgurl importance was the l4 fold diffsrocnce in
challeanmg dnse hetween IJ-B and II-«C and the use of 3 inogu-
lations of IT-0 where 1 was used of II-B,

The statistical treatoment of the total numbers of muiinas
plss regeiving fractions V-l-8 and V-1~ and V-2-B apd V-P«C
is probably desiradle. *ach group showed some asbgence of in-
feotion with different preparations. The proteection anrnarently
inereased with the 3 injections of Vel«l and V-2-C as onnosed
to 8inzle injeetions of V«1-B and V-2-B. 0f 20 anisels in the
2 groups inoculated with fraotions V-l-3 and V-l-0 respsoiive-
ly, 9% were infected and of 19 animels inosulated in the 2
groups with fractions V-3«B and Ve2-0 reaspectively L0 ware in-
faeted., In the two groups, one of 4, the other of &, of in-

FTaeetion controls for thae 2 different groups of test animels



only 1 animal waes infected. Then, from table 46:

vaccinuted: 19 ot infeoted: 10 or 52-@w
controls 5 sot Lnfectsd: P S
28 9

vhich by the =eithod presented above lvea:

o)
hued * + 3 = .
Cf S = L1586 or - 1l€.6 per cent standard error of diflerasuce.

retlo = %.% =1 o.e2

the difference bhesing t P2.22 times the ztandard error the odds
azelinet the nrotecition belns Dy ehance are more than H0:1.

A consideration of the apparent inerease in nrotectioun
from iroups V-l-3 and V-2~B to groups Vel-C and ¥V-2-0 can be
made. Sines distribution of uninfected animels is approxi-
moately equal a treatment of Vel-B and V-1«C should suillice.
another aotor making comparison of thsse two zgroups desirabls
is the use of spprozimately egual chmllenge doses for «LiHups
receiving differsant amounts of the respective fractions. lc
infection controls for V-l and V-2« were uninfectisd ot §
animals but 1 of 5 infsction controls was not infected lun the
cass of controls for V-1« and V-2-0, oStretohing the possi-
bility of non-infected controls to 1 out of 10 on this basiae
the 2 zrouns (V-2-B and V-2=-C)} are compared.

For VT=32«3:

vaccinated: 9 not infected: 3 or 3T.4%
sontrols 9 not infsected: )1 or 1l.1%
pE:Y 2 L2 Fm

whieh by the method nresented above zives:
d'a pt 187 or T a7 rer cent standard error of dirforouce.

The ratio 2%.4 is gqulte low (1.25) which by table 47 would

]

sha S ®
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make the odds less than 5:1 that protection wos due to the
fractions. Protection was doubtful on this bsaeis, though
practicsnlly 1t should be recalled the infection contrcls for
the first grour were =netually all infeeted and showed definite
titers. TFor ¥-2-(, using data for the infection controls sctu-
ally used, in which 1 was not infected:

vaccinsted: 10 not infected: or 70.0%

controls 2 not infected: or 20.%%

whioch by the methed presented above gives:

o~

C5'= t .271 or t 27.1 per cent standard error of difference

and the ratio S0 = 1.84
.1

By tsble 47 the odds have been increased to about 15:1. The
examination of these 2 groups suggeste that protection afford-
s8d by the fractieon was slight. It may be that one has leaned
tackward in the more eritical examinztion of these data. How-
ever, Br. abortusg 2308 is s strein of considerable infectivity
and Larsen (1949) and Manthel (1948) among othsres agree that a
normal infecticug dose may be as low as 10 orgsaniems. It is
further recognized thnt Boyd and Czsuman (1950) have shown that
gubsztrnees in tryptose agsr nmay sonmetime: cavse & partial in-
hibltion of grovwth aml experlence in the authoris leborstory has
shovn thet st lesst one geries of sub-culturee of 23082 died out
on tryptose ager, Fot only, then, mey pliste counts indiecste
lower numbers of organliems than are nsctually viable but the pos-
givility of oecessionsli failura to recover orgonismeg thet are
precent in animale must be considered in more detnil.

Hagan (19222} showved that agplutinin titers of guinea pigs
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given low challenging doeses of 120 %o 10,000 Br. sbortus oe-
casionally were delayed as long as % to 5 weeks before visible
agglutinins were demonstrable. In the present work ths chal-
lenge doses were low throughout and infeetion controls were
sacrificed after 30 days. The absence of titers in 2 animals
receliving 700 Br. abortus with the recovery of Brucelle is not,
then, surprising, but the possibility that a third animal of
the infeotion controls not showving a titer and from which or-
ganisms were not recovered was infected, exists. So too, could
an occaslional vaocinated animal rmt showing a titer harbor
Brucella that were not cultured. ﬁamver. the probattlity of
miseed infections, when 20 infeotlon controls of 22 challenged
were infected is‘ m‘t great, .'ecpee‘ia;ly when Jrgxe_a»'lla were re-
covered from 9 out of 10 sontrols roceiviﬁg sﬁlf&gﬁmaﬁ"m. A
higher challenge dose shoum‘ofurmge this 41 fficulty.
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SUMMARY

On the basls of the results presented, the greastest de-
gree of protsetion was afforded by inosculation of fraetion VI.
Fractions I and IT showsd varying degrees of protection whieh
wasg probably affected by varistion in the nature of prepara-
tions I-B and II-B, ¥roteetion wes probably afforded from
fractions V-1 and V-2 but was of a low order. Fractions IV
and VII zave no evidence of protestion and fraction IV pro-
duced no agslutinins in guinea pigs. The lack of respounse in
agzlutinin titers in the first groups of animsls :iven single
inoculations was probably due to the longs time interval from
inoculation of rfraction to determination of titers.

Individual and mean agglutinin titers of aroups of zulnea
pige taken 7 to 10 days after each inoculation and 2 and 4
weeks after the last one clearly showsd a general tendsncy for
agglutinin titers to establish a peak and, if no more antigenic
substance was ziven ¢o return to zero. The tendency was gZon-
eral in uninfeocted animsls with only rare exceptiomns. Figure
% shows the mean agzlutinin titers taken at 8 diffsrent times
in the guinea pigs given & inooculationg of fractions I1I-C,
IV, V=l«C, and V-2, PFloure 4 shows the tliers produced
at comparable periods by fractions I-C, VI-C, ViI-C, but with
a dirfferent seals of titers on the ordinate to include the
higsher titers produced by these fractions,

0f the acetone treated fractions tested, only V-2, the

30 per cent acetone insoluble but salline scluble residus leflt



127

after producstion of fraoction V-1, produced detectable apgluti-
nin titers in all guinea pigs on & injections. Fraction 1iI,
the saline soluble substance from cells treated with concen-
trated acetone, and fraction V-1 which was soludble in 30 per
cent acetons and slso soluble in saline, were not strongz ag-
glutinic producers. Of the 2 fraoctions II attained & more
pronounced rise but as the mean peak titer was only 1:20 with
fraction V-1 and 1:30 with fraotion II tke response is s&sen

to be low. However, the bluret and Molisch tests and azzluti-~
nin response followlng inoculation in rebbits were evidence

of at least one complete antigen whieh was a protein, possibly
with a ¢arbohydrats radicsl in most fractions. The fsailure of
fraction IV to produce antibodies was a surprise. It had been
suprosed that the active portion of fragtion II was acetone
soluble but apparently the acetons sither dlssolved a c¢arbohy-
drate element mﬁiy, which was not capable of producing anti-
bodies, or possibly a protein component present was dsnatured.
ihe lower percentage ol scetone used to dissolve fraction V-1
5t111 d4id not extract a very antiszenic material but subsequent
treatment with seline dissolved a nishly sntizenic material
{(fraction V-2) from the cell residue left. After treatment
the 30 per cent acetone was removed., It was also interesting
to note that a fairly active inzgredient was incompletely nre-
sipitated from froctions I and IY by use of 10 per cent methan-
ol at pH 4.7, /2 of .098, and «17 C. A possible relationship
with the materisl precinitated by 30 psr cent acetone at pil H.&

existe. The distribution ratio of infected/uninfected echal-
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lengad anlmnals in groupe V-leC and V-2-0 was equal in contrast
to the marked difference in entigenic activity and suggests
the immunogenic component was not conplstely ﬁrwcipitatﬁﬁ by
S0 per cent acetone but distrivuted in both precipltate and
supernatie,

The wster soluble extracts taken gt 3 diffsrent pEs all
produced sgslutindin titers upon injection in gulnea plgs. The
elkualine extrect, VI-B, was the mnost elfective of these & and
all others and, as shown in Cigure 4, probably the most stable
a8 1t was capable of increasing antibody response st the time
of its second lnooculation. Fraoction I-C produced a 2o0d ini-
tial responss but apparsantly both it and fraction VII-3 had
lost antigeniolity by the time the second inoculation was given.
“hile prepsrations of fractions I and VI initially had urease
activity fraction VII showed none, All 3 fractions showed some
precipitin and absorptive activity and fractions I and VI
showed some immunizing power. Fraction VII showed no immunig-

ing capacity.



VII
CONCLUSIONS

1. There 19 at least one wetor eolubls lmmunogenie come
ponant in the culture ITiltrates from 3r. aborius cells whleh
is also capable of stimulating zantidbody production irn gulnes
plgs and rahbita.

2. T™e watar soluble component is more stable in solutions
of hizgh alkalinlity than in neutral or seid solutions.

3. The water soluble component 1s antigenle iz vitro pre-
cipitating both homologous and heterologous antiserum. Harked
speclegs and strain dilferences are not evidsnt.

4. The water soluble antizenic component is precipltated
in psrt by 1% per cent methanol at ~17 € from {raction I and
possibly the same one is precipitated by these conditlons from
Tractlion 1IT.

5, At least one inmunogenie component withstands treat-
ment by 30 per cent and concentrated agetons at -1l ¢ and -0 C
respectively. It is partially sonluble irn 30 per ceunt acaetons,
but probably irscluble in eoncentrated ascetone st low temperatures.

6. 7The !)munogenic component or components probably contain
protein and carbohydrats. Tests for lipid were not carried out.

7. A& kishly antigenic component which 1s epparently not
assoclated with immunizetion 13 azline soluble end »preeipitated
by 30 ner cent szcetone at ~11 C and pH S.2.

8. Both water solubls components and agetone treated com-
ponenis are precipltinocgeniec in varying degres and a4bsort age-

glutinating antissera of 3r. gbortus, Br. melitensis and Zr. suils
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Marked species and strain differences are not evident.

9. A fraction soluble in concentrated scetone only at
«-80 C may be haptene in nature. o

10. Urcase was ahawn to bu grssant in the culture ril-
trates of mgggg;%g, It 1: not known what relatianship this
jzatiaﬂ %ut Lts 10;: nay bo an: 4ndication

'ansxma has hu=‘f“:
of ﬂvarly severe treatment et %ha a@mp@nontﬁ newaauary to ia~

munize.
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Bocto=Dextroge. .. . v ittt i ittt tneonns. . 1 g
Lead Acetate. .. .. ... .. ..ttt it 0.2 g
Sodium Thiosulfate....... ... i enrneenn. 0.08 g
BaBbo= AR B s i it i e e ettt e e e e i5 g

= 2 - O 1000 ml

Iron Citrate agar - Peptone Iron agar - Difco Manual (1948)

Epcto-Peptone, . .. .o v i v tvevsons ce e ...15 g
Proteose FPeptone.... .o i te ittt it 5g
Ferric Ammonium Ciltrate..................... 0.% g
Dipotessium Phosphate................... ..., 1g
Sodium Thiosulfate......... . e i, 0.08 g
X Xod o TRU- ¥ - o .15 g
Hatere. .o tcoerennnnnss P e e s e et 1000 ml

II Dve Inhibition Tests (Huddleson 1931)(Difco 1949)

To steri le melted tryptose agar 0.1 per cent stock solu-

tiong of dye are added in suffi~slent quantity to make 1:100,000

dilutions of thionin, basic fuchsin, and pyronin. Steaming of

the dyes for 20 minutes prior to addition of agar results in a

nore uvniform mixture.

III Urease Solution (Anderson snd Feeny 1945)

L o - 2.0 g
KHoPOp oo v e . 0.1 g
K~HPOy, or NapHPOj. ..o, ... 0.1 g
3 0.5 g
CotgOH (95%)............ Ceve e ciiees 1.0 ml
HoOoLL. e S 99.0 ml

Adjust to pH 7.0 1f not within 0.1 pH unit of 7.0 and add

Ge5 1l 0.2 per cent aqueous solution phenol red. Sterilirzation

is not necesgsary and the solution keeps well in the refrigera-

tor. If it turns pink (alkaline) it should be discarded. Con-
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trol tubes of urea gsolution snl susrending liquid only were
ineluded in tests., For the original tesgt C.1 ml nf a heavy
cell suspension in saline is mixed with ©.1 ml nof urea sclution.
In the work wunder discussion 0.2 tc O0.% ml of extrsct was mixed
with »n equal volume of urez solution. 1In elither case incuba-
tion was in s water Tath at 37 € for the time necessary to give
8 positive rescition, Heavy cell suspensions showed positive
reaction in 2 matter of momente while extracts took longer.
Time in excess of 24 kours was not considered. XNo reports were
includeld in any tests in whieh the negntive control tube showed
any trace cof pink cclor.

Fracticns VI and VII wvere diaglyzed and ascertsined to be

neutrel refore tezsting.

IV Chemical Fethods

Le HNitrogen Determinstions - Kabst and kayer (19bE)

To 1.0 or 2.0 ml of serum, accuretsly pipetted into 30 =l
mlerok Jeldahl flagks, waps andded 1.0 ml of concentrated sulfur-
iec acid., For tle larger volume a glases bend wae added. & few
grains of a mlxture of equal parte of CulBly and Keseu was added
ags cetalyst and the mixture digested over an open flame on a
digestion rack. Digeetion was continued until the solution in
the fiask wne elear, the flasks were cooled, a single drop of
30 per eent H-Co added and the flasks hented 2 more minutes.
Following digestion the flasks were cooled, stoppered, and re-
frigerated until titration.

For titration ths solution wag carefully washed into a



2

steom distillsticn apparatus using abouvt 1C ml of water. Ten
ml of a %0 per cent NadH was next adied, =nd the mixture Jig=-
tilled into = toric scid-Vethyl red solution six minutes Test
the Tirst chonge to yellow 1n iIndicator. The acondenser tin of
the gteam distillatlon spperatus was immersed Just wunder the
surfact of the methyl red-boric acid solution during distilla-
tion.
The borie acid-rmethyl red solution was made as follows:

A. borieaeld.................... 40 g
water g.8. %0.... ........... 1000 ml

heat to put in solution

B. ethanol (956)... ... .. 60 ml
wate P .t it e .., BO MY
methyl red................... J.1 &

dlsgsolve nethyl red in water-ethanol soluvtlion.
C. To 30C ml 4/ boric acid =dd 10 ml solution B.
Thig is the indicator. It was found deslirable to use glass
distilled water for 2811 reagents and in the steam generator.
Titration back to the original red color, using a control
for comparison, was accomplished by titration with @.6128 N
HESOQ. {Kabat and M¥ayer use N/70 HCl). This solution was
gtondsrdlzed against 0,023%1 K NaOH in turn standardized against
201d potassium pthalate. A control of (IHy), SOy included in
digestion and distillation runs contained 1.00 mg N per ml of
solution. It wes made by placing 4,716 gm (ﬂHu)aSOu in a liter
valumetric‘flask and mseking to the mark with glass diastilled
wuter.
Calculation nf nitrogen: Kpowing the normality of the acid,

the following formiula was uwed to calculate mg nitrogen per ml of



mghh = (noyrmality of Ho80y x 1M) x ccH_SOy to titrste sampls
{1000 % .001) :

14 being the atomic welght of the nityoren of which there is

6,001 equivalient in 1000 ml of solution.

B, Tests for Carbohydrates
1. Moliech Test (Koch and Hanke 1G4%).

To 1.0 ml of fraction 2 drops of fresh & per cent
&1ph§-napthol were adied, mirzed well, and 35 ml eoncentrsted
gulfurie acid poured dovwn the gide of the tube. A layer forms
2nd & pink to violet zene appeared at the Juncotion when carbo-
hydrate i2 present. Tre pogitive teet is not wholly svecific
but & negative test 1s good evidence for absence of cerbohy-
dratses.

€. Beducing sugars before hydrolysis.

a. Denediect's solution: (Koch and Hanke 194%)

(1) Nagco3 Q-8 4¥0 258 b L1000 g
Sodium eitrate........... A A T - 1
Water to abow...... ceeersterieenn e OO ml

() CuB0he e eevveniervnnes .. e i7.3 g
R o et ee..100 ml

Heat and stir solutlion (2) until CuS0Oy is dissolved and mix

witt =olution (1) makine to final volume of 1000 ml. For use,

i ml of fraction was added to 5 ml of reszent and heated in =
holling water beth 1C minutes. A positive reaction is 1ndicated

by & yeliow to red precipltiate.
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1hh

vV Buffers

Acatete buffer used in preparation of fractions V-1 and
V=2t
T™he folliowing were added to 250 ml cell susgpension
9 ml of 1 ¥ godiun ncetote
1l al of 1 KN acetlc acid
The final volume when made $o 30 per cent acetone was
370 ml., Then ty proportion:
Vil = Volia Where V; and V, were the first and
second “volumes and Ny and Ny were
the first and second fMolaritiecs.

For sodium acetate the final molarity waay

9 x1= 370 x ¥

B o= ?%a L0243

and the molerity for ascetic acid was

¥ =1 = .0027

The deyree of dlsaociation () of scetlic ncid was

ven by G- = [E = [1.86 x 10~
glyen bvi J;T J§T7 ¥ 10-3
ol = \.69 x 1072 = ,083

Trhe lonie concentretion was given by

7= ZiCI'ZJZ

2.V = (.o2b83 x 12)4(.0283 x 12)4(.0027 = 17)+(.0027 x 18)

M= o486 + (.0058 x ,083)
[T= .clge + .00CHES = ,0HYOS
it ean be seen that the loniec concentration of

sacetlic acld oan be disregarded in this case.
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The lonic strength may be approzimated:
and from step 2 T /2 = O = ool =
-2

Puffer used for methsnol precipitation:
To 40 ml of fraction was added
1 ml ¥ sodium acetate
1 ml 10 M acetic acid
The molarities were then:
sodium acetate 0.084 M
acetic moid 0.21 M
The degree of dissociation of acetic ncid was very small,
thus disregarded.
The ionlec concentration wasg
M ==iciz?
= (,084 x 12) + (.084 x 1%)
end the lonic strength was:

g & 72 = .168 = 084

P
Alkaline buffer used for fraction VI
This buffer was substituted for water in extrzctlon:
Preparation of stock buffer
%/5 H3BO3 and, ¥/5 K C1 mixture - 50 ml
26,75 /5 NaOH
dilute to 200 ml with water,
The stock buffer was further 41 lwted to 1 liter for
use,
Then by vroportion as shown aboves
XK Cl amd E3E03 were .01 M each
NaQH was 005 ¥
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Since the degree of dlssociamtion of boric acid was
gslight it was'disregardsd.
Then lonic concentration was calculated by:

r— = EiC:'Ziz
(.01 x12) + (.01 x1°%) + {.005 x 1%) 4+ (.00% x 1)

-
-

= .02+ .01 = .03
and approximate ionic strength 1s:

pE /2= ,03 = ,015

c

Acid buffer uvsed for fraction VII
This buffsr was substituted for water in extraction:

D.

Prepasrstion of stoek buffer
50.0 ml ¥/5 acid potassium pthalate
he.6 m1 /5 H C1
dilute to 200 ml with water.
The stock huffer was further dlluted to 1 l1liter for
use giving the following molaritiess
H Cl= .0093 M
potassium acid pthalate = ,01 ¥
since the degree of ionizetion of potassiur aeid

pthalste was small 1t was dlsregarded in caleulsting

the ionic eonncentration, Then:

r = (.0093 x 19) + (.0093 x 12) and

KT /2= .009% + .009%3 = ,015 ionic strength.
2

VI Calecultion of Mean Values

4., Spleena: =2 siumple nrithmellc mean of snimsla surviving

until sacrifice was made sz indicated in a Ziven grow.

2. Agglutinin titers: intermedlate values were sssigned on
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the baslis of 4+, 14, 24, or %+ reactions in sbsecnce of conm-
plete aggliutinntion., No partiel value was used unless the
next lowest dilution was at least 2+, The following table

gives the vslues uged at different 4dilutions of scorum:

no. Limes Valde assi éa"?or_yartial agulutination

diluted + + 1 T
G 5 10 15 20

25 ' 30 35 ko k5

50 60 70 &0 90
100 120 140 160 180
200 210 220 230 240
250 300 250 %00 4§50
500 660 700 800 900
1000 1200 1400 1600 1800

2000 none




