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 STUDLES. ON BRUGELLA ABORTUS.

L. _SOME HISTORICAL;CONSiDERHTIONS.

Wlth tha discovery by Bruce (1) in 1886 of the "MLcrococcus
malitenSLS"kand his subsequent proof that it was the caus;l mlcroorganlsm
»of Medlterranean, Malta, or undulant fever, there beagan the study of a
g&nus'of bacter1a theg1nartness offwhlch renders‘xts xnvestlgat;on most
difficult;; The chronicity af‘thé:diéeasé usually resuiting:ffbm infoction
 is another ¢ifficult obstacle. o | | |
’ The orlgxnal nomenclatu}e applLed to this genus was mlsleadlng. 
B Bang (2), the Danlsh veterlnarlan, in 1897 was the flrst to recognlze the

k rod-llke cnaracterfof‘a;ccoco=hac111uskwhlch he proved to be the causative

agent of "contagious abortion" (Bang's disease) in cattle and whichihe

‘calisd~#Bacillusgaboriusﬂ;'
| szha two gen§fi§ namés,”ﬁicrOQOGCus“ and "baciiiﬁé#ﬁmiSIéd'béc-
~kterlologlcal anestlgatloﬁs of the human dlsease and the dlsease in cattle
‘1nt6,separa te channels for two:decades; In 1918, Evens (3), whlle en=
gaged in studylng the bacter1a1 flora of freshlyodrawn mllk, rQCOganGd
~the close relationship between Bang s "ba0111us“ and Bruce's "mlcrococcus"."‘
| Prlor to Evans' dlscovery, Traum (4) in 1914 Lsolated from an

;~aborted pig footus & baclllus he conSLdered ta be “BacterLum aoortus"; 1n

1916~Good and Smith:(S) reported this bacillus as. the etxolongal faqtor
in the productlon of lnfectlous abortlon of swine.
mayer and Shaw (6) in 1920, and Feusier and Meyer (7), in the

same year, suggested the-generlc name “Brucells® in honour of Slr David
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Bfuqé; a suggestion‘since widely accepted. Huddleson's (8) studies on

the brucella group resulted in his conclusion that there are three dis-

tinct7SpGCies,,Bruc§lla melitensis of the goat, Brucella,hhortuskof‘

cattla, end Brucella suis of swine, with other hosts aside_from«tha prime

' afyvhost in each casg. Huddlesoﬁ‘s~nomenclature has beén generally
a@pptéd'and‘this has fregd the literatire Qf misleéding termihOIOgyf

| “Thé term "brucellosis?‘is used extensively now with reference
ktokthe humaﬁEmanifeéiations of the dise;se previduély célled Malta),

rﬁédiﬁérranean,;or undulant fever. It 1s also finding acceptancs in re-

- lation to the animal diseases.

© L, INFRODUGTION.

Brudellogis ig a public hsalth problem of‘considerable prepor=
 fions\énd oné thai ig becoming/more seriou;, It has épread éll.over the
‘éiViIited~ﬁbr1drand:affecté”perséﬁs‘of;éll agésvand both sexes regardless
of ocgﬁpation. As yet no sueccessful spscific or nbn—spééffigitherapéutic
ageht'has besn‘fbund for the treatment §f the disease. | o ”
| Brﬁcellééis is a diséasekcommunicable tq man‘ffom thé lower’

 animals,by;direct or;iﬁdirect contacts or by ingestion of infective an=-
imal produc%s; - | k

Bécause~6£‘the high incidence of "contagigus ébortion“ (Bang‘S'i
‘ diséase} in the cattle of the Fraser Valley and thé depehdenée of Greater
rk,VaﬁQOQVer'onyfhis source of supbly fOr ité déiry products, local cases of
hiuman brucellosis might bb‘anticipatéa.

DQring thelpﬁst few years many such casgs have béen c1inicaiiy

recognized, and verified by laboratory evidence. The increasing interest
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yghown.ipkthe qpideﬁiological.and immunological‘problems raised by these
éééeé bf\hﬁman,brﬁ@ellosis 1§d;to‘fﬁe‘prasént investigation which was be-
gé;'in 1937,
| oAb ﬁhé,dutsét it‘Was,deemed desirabié to obtain’evidenme relafg
ing to the extent of the risk of combracking human brucellosis, in terms
of the degfée of'conﬁamiﬁgtioh with4§ruceilae of'ﬁhe 1bcal raw milk
SQppliés; ’Such evidence waé:éoughfﬁby,condﬁéting‘cdlﬁurél Survejs at
‘intervals on all pooled raw milk distributed in the city of Vancouver.
é‘saries of experimants wasfplahnéd:t§ fhrow‘light'On various possib1e‘
meéns ofkproduciﬁgkactivé immunity tq Brucellée. Aftar determining the
‘Vaverage ieyelfof brugella agglétihiﬁs iﬁ a groupkof normal healthy stud-
ént?, and Qf mice, the effféacy;of haai-killed‘suspensibns, éfépared B
kfrom lqc@lly—isdlafed atraihs,’iniévokingkprbduétion of épecific agglut-
ininé, was investigated. The degree of protection thus afforded against
iiviﬁngrucellaefWﬁs‘ﬁestad‘ih,micesf Finéily a fewfexperimgnﬁs were |
“perfbrmed;wifh a view to determining‘the poséibie use of "Brucellin" as
‘an immunizing agent, and‘the,feasibility of pfoducing bfﬁcéiié varignts
of qnusuai apﬁigenic effL¢iency. B |
iThe investigation'hés invoivéd study of a number of sfrains of

Brﬂcellﬁ@iagl&tad lecﬁlly,‘ Méthdds’aurrently availables for differen7

tiation show all these strains to have been of'the “Brucella abortus"

variety.

ITI. . EXPERIMENTAL,

, 3.  Raw Milk Surveys.
Doiman and Hudson (9) presented evidence bearing upon the

brucellosis hazerd entailed by the ¢onsumption of raw milk in and around
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Vancbuver; Thelr reporh was based on a two-year perlod during which fif-
z‘teen4local cases of cllnlcally-acute brucellosis ‘were shown by serologlcal

Tcultural, and ‘epidemiological methods, to have been mllk-borne and due to

: Brucella‘abortus.

Following the above findings, it was thought desirable 4o under-
take a more comprehensive survey whichrwbuld involve examination of
routine gamples from 8ll raw wilk distributors in the city of Vancouver.

Two complete surveys and one daily survey were mades

Routines

The mediuﬁ uged in culﬁdriﬁg ﬁilk for Brﬁéellavaﬁortus‘waé

,Huddiesbn'é ba6f‘iiverﬁknfﬁsibn agar cohtaining 1:200;000 crystal
vioiet. ?iates of this medium wers pourad 24 hours before they

were spread wmth three or. four loopfiuls. of 24-hour standxng cream,

: Ty

cenﬁrlfuged cream, and centrzfuged sedlment respectlvely. obtained
;from 15 CaCs of mllk sampls, three plates being used for each frac=
tfon., Plates were incubated for six days at 37°C. lh an atmoanhere
containing approxlﬁately ﬁwelve par,eent carbon dLédee, Susplbyqus“
éoléhies were fhen picked, their’ideﬁtity’being confirmed by micro-
scople examinsbion, their carbon dioxide requirements, bheir specific
agglﬁtinability in fha preséncébof én anti-abortué serum of high

titre, and by their susceptibility to fuchsin, thionin, and pronin. '

‘Results of the,Summer_Survey.,

The first survey was done over the period June 1 to August 10,

1938, during which time two milk samples were examined from every
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‘dairy purveyingkraw milk in Vancauvera~ In g1121,197'plates wéré
»épréad, of which 161 were overgrowni” Of the 1,036‘r9adable platas,
’nine~had typical bruca;la colonies onfthem; the total number of

,'bfucella-coloniss onythé~nine plates béing'fifteen.

Reéults of the Fall Survéy.

' LThaylocaikhealthféufh§rities dBcided‘that £he~ﬁumén,brucellosis‘
'hazard could'be‘affeétively controiied\by the eiimination'of'indiv- '
idual "reactors" from every herd supplying rew milk to the city,k
k 'Thrae months‘foilowing~the‘adOption of'fhis’policy; a sscond surﬁey"
| was bégun in an endéavgur to gsséss the efficacy of ﬁhis:policy,
| The se;ond'survey‘coveréd the period‘Nbvembef'énd'Dacéﬁber:’”
k l938.' A to£al_of 828'pl&£¢s were spread of which l73¢wéra overs
’grown. “The 655 readable plates did,ﬁgﬁ yield'a’singlekbrucella‘ 
coiony. | - -
 Con¢urrantly, Miss Hudson of thgrProvincial Bogpé,gf Healﬁh'iab-
B draﬁories5'7ahcouier,‘did ékparéllel s&fvey;' Her re§ﬁlts are set
. férﬁh in a report by Dolman;\Hudson; and Mathias (IO)‘kv
‘The apparent discrepancy between the two sur#eys made upon sim-
ilar sampleé is not readily explained. Allyqonstitutentsrof the
médiui wefe:carefully';heckéd'and‘fgcﬁecked; The only'variaBlés
ware personai technique and fluctuations in the témperature of iné
cubation;‘“The>former faétbr was‘dismisSed folioWing the obﬁainmant;
of'é?ﬁctiéally idén%ical résulta by'both‘techniciané concefﬁed, in
:an experiment carried ouijﬁnder identiéal conditiohs. Fluctuetions
_ih the'electiié ingubatOr’used in thalgfeataf part df this work e&-

tended over a range of six degrées‘from 359C. 40 41°C., the range
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depending on the atmosphericVﬁemperature.'

Bbsalté1ofvthefbaily Survey on Two Dairiess

To gain informafion as~to'£he~number of aays‘in a mohth a raw
,mllk supply would contaln v1able Brucellaq -daily samples were cule
tured from two daLrles over a period of ‘one month, one haVLng
prev;ously yielded very;fewprSLtLVes and one being consxstently
sosiitves o | |

Each day éf Febrﬁary, 1939,‘Samples~frém theSéktWO‘déiries Qére
f k§1ated. The'results eb%éined in‘our'labdratory:were ﬁach lower than
;those obtalned concurrently at the ProvxnCLal Iaboratarles. Twelve
:fof the twentyeelght samples. from the “posltlve“ dalry ylelded
: Brucellag the other dalry being conSLStently negatlve. The'con-
current survey at the PrQVIHCIal laberatorles ylelded, correspon_
 d1ngly, twenty-one pos1t1ve out of twenty exght samples and four

prSlthG out of twenty- elght. SEREN e Erac

.~ Conclusions.

Rasults of the summer aurvey showed the presence of vxable
Brucellagin certaxn raw milk samples.; The low incidence of positlve
‘  éultufes obtained”must ih'part be attrxbuted to amall inocula belng .
spread on the plates o campensate for the hlgher tctal colony counts

obtalned durlng the. ‘hotter months. ’ ; k

It<wou1d be‘adVlS&blﬁ‘tO investigate fdrther fhe~effect'df,

’ﬁempefature;fluctuationé~on the growth of 3ru¢ella¢fr0m raw milk.

The appgrent discrepancy between results obtained:iﬁ 6ur'labor—
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atories and the Provineial Laboratories during‘tha daily survey was
in all probability due to the game factor as in the fall survey ==

-ﬁhg incubator.

Bs -~ Tha AdministratiOn‘of Vaccine to Humans,

: Preliminary'rests on'Nbrmalyindividugls;~

(a) The average agglutlnxn tLtre of the blood serum of the
normal LndLVLdual. .

Béfore commenclng the anestlgation of the valus of vaén
ﬁclne in Lndu01ng a thh agglutlnln tLtre in.humans, Lt was nec-“
éssary to ascertaln the average tltra of a‘representatLve group
of apparently normal lndLVLdualS in thls areas ’

Blood was taken by venepuncture from the medlan cubxtal ~
 veinskof seventy unsalected healthy volunteers and agglutrnatlon 
yrteéﬁs déneiqn’thQVSGruﬁ; : |

. The énﬁigen std was prepéréd acéording,to Huddlesdn's!
mefhod (8> as folldwaz The éurface of the liver'ihfﬁsioh agar
in Roux flasks was Lnoculated fairly heav11y from a 48-hour |

culture of Brucella abortus. (The cultures used must be typlcal ,

stralns of Brucella abortus whlch have shown no tendency ‘o

qupﬁaneous agglutinatlon and which have maniféstedlnormal
agglutinability. Either a mond?alent or polyvalent antigen may
' be employéd.)

‘The antigen bottles were incubated for 48 = 72 hours at



~3’7*°kC_,;". ‘

The grOWth wastashedwaf wifﬁ a phénolizédtsaline sél=
ution contalnlng 0 85% sodLum chloride (C P. ) and 0s 57 phenol
crysﬁals (C P ). ‘ o \

It was put in theyxcébox and allOWed to stand untll the
ﬁicroorganisms‘werekalled. The suspenSLOn was: kept well mixed =
by shaking and was: cultured every 3 = 5 days for sﬁerlllty,‘,"
“When stgrxle, it was filtered aseptlcally through cotton
 énd gauzef,:Fdr uéeg the anﬁigén;was diiﬁtéd with:ﬁormai‘saline
to'ﬁacEarland ﬁ 2 standafé of turbidity,"

 ; The sbandard practlce for aggluthatlon tests Was to make
doubllng dLlutlons, the Lnltlal tube havxng & final serum con-
‘centration of 1:5, the fxnal tuba 12640. Adeqyate cnntrols
‘wera set up Wlth each test. |

The tests ware incubatéd fo; 48 hours in the 3700' Wahar-
bath, removed and left et room temperature for 24 hours. The
‘tests were read at 24, 48, and 72 hours (flnal readlng}

The results obtalned from the seventy apparently normal

'voluntaers are set forth in Table Te
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 AGGLUTININ TITRES OF SEVENTY APPARENTLY NORVAL INDIVIDUALS.

 Highest dilution  Agglutinin M. of  Per cemt of

ShOWLnG agglutination - titre individuals - individuals
185‘ 0 2 2.8
145 P 6. 8.6
~ 135 c 5 Tel
© 1510 p 1 1.4
- 1s10 - 4 5.7
‘#1220 e i 1.4
1240 P 16 22,9
# 1140 ¢ 1 14
1380 p 13 18,6
12160 D 5 7.1
1:320 - v 3 4,3
c-completa agglutlnatxon
e partxal n
0 — no ' o "

Complete agglutination in a 1220 dilution or higher was recorded

as a positive result., On this basis,'only two‘individuals (#)
kor 2.8% showad a pOSLtlve test. kIn nd'instanééidfé tasﬁs‘desig.'
naﬁed as “partlal“ show complete agglutlnatlon in lower dilut-

l;o,n,s,u )

(b} The “Brucellergen" skln test applied to apparently normal
individuals. ,

AS‘an«additignal chéck on the appareﬁtlyfnormal volunteéfs,
Wﬁokwére subaequently to be given vaccine, the'ihtrédermal
allerglc test as developed by Hnddleson (11) was amployeda
’~The brucella nucleoproteln solutlon, designated "Erucallergen"

’ was obtalned from his 1aboratory.~ The‘technxque for the pre-

paration of,this,ether—washed antigen is described in "Brucella
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Inféctions in Aﬁimals and Man®(8).
’Thé test ﬁas‘performed'oﬁ.fiﬁtéen healthy vplunteefs~by ine
'jecting-intradérﬁallyuo.l caco 0f the nﬁcleobroteiﬁ solution
in the lateral Swrfécekoffthe forearm;’”Raédings were made iﬁ
24 ahd 48 hburs'ih order to excldde early nbn-specific reactions4
The pOSLtlve reactlon is characterlaed by a central red area
at least 4 x 4 mm. thh an outer anklsh area at 1east 20 X 20
‘i mm., oedema usually belng present.
Of the fifteen LnleldualS, flve, or one«thlrd, showed a

posxtxve reactlon.

" Administration of Vaccing.

{a) Source ofjcultures. , ¢

Five stralns of Brucell& abortus, all Lsolated at the
‘Provincial. laboratorles, Vancouver, by hlood cultures from
five human patxents, were used in preparxng the polyvalent

L yEcCcLnge

(b) Preparation of vaccine.

Eaéh pf the five”strainé was seeded on eight beef 1i§er in-
" fusion slants./ After 72 hours incubation in ;ﬁ atmOsphére Qf
approximately:lgéf carbon dioxide, the growthffrom;allytheag”
ftﬁbes wasAwashed»@ff Qith sterile saline, the susﬁension beihg
 divided into twovparts, onakfor.parenteral injections, the other

for pralkadminisfiéiinn; Both flasks were hested at 600C. for
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 1'hour. Sterility tests were done on both. The suspensions

corresponded to a WMacFarland # G‘turbidityksténdard.'

(c) Parenﬁeral injection,

Eight volunteers weré~given six subcutansous injéctions

- at weekly intﬁrvals, the dilutions of the doses, of the éus~
 'pension as prepared in (E)Qabbve, being 0e1 c.co of 1:20,

0.1 c.c. of‘lxlO, 0.1 cece of l:lO 0.15 c.c.‘of l:lO s l CeCo
©of l 5, and 0 15 . ¢ece of 135.‘

| Agglutlnln titres ware done on blood serum o6btained from
r‘the aoove voluntaers prlor’to the Lnltlal injection and agéln
one weak after the flnal Lngectlon. The results are’compared

in Table Tl

TABLE? IL.

AGGLUTENIN TITRES’BEFORE AND AFTER PARENTERAL INJECTION OF

VACCINE.,
Agglutinin $itre : Agglutinin titre
“before ‘injections o+ after injections
¢ in 1440 ¢ in 11320
p in 1380 ‘ ¢ in 1:160
p in 1380 ¢ in 1¢160
p-in 13160 ‘ ¢ in 12160
p in 1380 o p+in 12160
p in 13160 S . p41in 11160
p.in 1s40 - -~ -p ‘in 13320
. P in 1380 R p in 1380
¢ = completa agglutination.
. p4= about 50% "
p = partial "

on anaiysis>it'is sean that four of the volunteers showed a
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marked increase in agglutinin ti%res, two showed a significant
rise, one evidenced a slight rise, whereas one volunteer

‘showed no change.

{a) Gral:adminiétfatione"

Elght héalfhy volunﬁeers‘drank gix doses of the susbenSLon,‘
prepared as in (b) above, at weekly Lntervals, the 1ncreasxng
",doses being 1 cece of 2 1310 dllutLon, 1 cece: of 1 1, 2 c.c.,
4 u.c,, 645 c.c. and 1D'c.c' Over the SLx-weeks’ perlod a
:fotal of'23~6 éQc.*of‘a‘suspensionfcorresponding to a
MacFarland # 6 turbldxty standard, or the equlvalent of over

210 bLlllon Brucellae abortus, was taken by mouthe

‘None of the volunteers showed any detectable lncrease in

serum agglutlnxn‘tltre. S ‘a

»GoncluSLona. 1 : :' " B =8 e e

In only ons of the fotaen healthy volunteers the brucellergﬁn
- skin test and the aggluttnatlon test indicated a pOSLt;vs reactlon,
Four iﬁaividuals‘gave posLtiVe brucellergbn skin‘reacfions and
negatLve agglutlnln tests, Whereas ten Lnd1v1duals were negatl&e to
both.' This lack of conformatlon Lndlcated the possxblllty of the |
préSence of a local hypersenSLtLvity to.brucella‘protexn~wlthoutk
 ev1dence of detectably increased agglutlnins.

Oral admlnlstratlon of a heat=- kllled polyvalent vaccine was
proved to ba. Lneffectlve in stzmulathg aggluthLn productlon. Thus,
thekponsumpﬁLon of pasteurized milk contalnlng dead Brucellae would

not inducé-significant agglutinin titres.
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The effectLveness of the heat=killed polyvalent vaccine, when
’admlnxstered paranterally, Ln lnduclng an anreased agglutlnin titre
~ has been shown. Six out of eight persons evidenced significant in-
_creaséé in blbéd gerum agglutinins., The~advisability of a much larger
experimental group is réalizedg Only-then‘céuld a more comprehensité'

" conclusion be drawn on the use of the vaccine.

G The Valus of Vﬁcaina inqpfoteeting Mice‘Against Actin tnfection.'

&
P

”The'vaiué of increased agglutiniﬁ.titre in,combatting active

disease was worthy of investigations

The,agglutinin.titre of the normalimouseQ

From 0.8 to 1.0 c.c. of blood was obtained by cardiacvpunctdre;
from eaCh.of eight normal mice under ether anaesthesia. The pqoled
' sera gave no indication of any bfucellafaggluﬁininsflﬁﬁhe'abOve

result was confirmed by tWO,édditiOnal éxperiments.

' The‘apgréximate Minimal ;gihal‘Dose for mices
AB the resuif of preliminaryvaxberiﬁents, it was(found necessary‘
to give a heavy dose, dus to the varxabllxty of the response to 25
perxmeatal anzcella Lnfectxon in mice, thus ansuangfalrly unlform
results.
Eﬁjfournweekly‘intervals, the ¥ M;L.D; ﬁés checked on grdups
of five mice eaéh; ~The mostZCOnsistenﬁ resu1t§ wefe obtained by the

 injection of 0.2 csc. of a (X 10) MacFarland # 2 turbidity standard,

4 E.L.D = Minimal Lethal Dose.
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of the Huyck strain of Brucella abortus, thirtean of twenty mice

dyxng consxstently between 32 and 40 ‘hours. ?he M.L.D. for practhal
purposas was, therefore, 0.2 cecs of a (X~1@)'kMacFériand # 2tur-

_bidity_standardkinjéctedzintraperiﬁeneaily, v

Parenteral Immunization,

TWo groups of mlce, comprxsxng thlrteen males and thlrtean
1females raspactlvely, were given seven dosas of the heat»kllled"
pblyvalent vaccine at weekly Lntervals, lntraperltoneally, The
suspenSLon was analogous to that ussd in the human experlments. The
doses were 0.05 CaGoy 0.1 c.c., 0. 1 c.c., 0.15 c.c., 0e2 CoCoy
' 0f2 Qng, and‘ﬁ.zfc.c, | |
k Three micé'per‘grbup ware‘sacrificea in order to obtain,fby
cardxan puncture, a sufficient quantLty of pooled blood for
agglutlnatlon tests. The tltre of the male blood was H4 in 1~640,
;the fama1944+ in 1:320. o : , ,‘f,,vj:
~The same day the remaining membersaf the tﬁo groups were éach

glven 0.2 c.c. of a (X 10) MaaFérland # 2 burbidity standard; intra-

‘peritbnéally; of ﬁhe Huyck strain‘of Brucélla abortus. 'This ﬁas the~
‘quantity'fOund by”previous eipefiment to fepresent 1 M.ﬁ.D. '

| Of the males, one died ffogﬁtheeffects of fighting, the nine
; remain;ngﬂapbggfaquuifé normals ka'the femalea, one.@iadyéfter'48
hoﬁrs:buf the post maf%ém signs;wéra not of,the:Characteristic‘type‘
dGSGribed belowas Of twelve normal c¢ontrol mice-injected ﬁith the
aaméLéuspensioh, eight died between 33 and 40 hours. Thrgé of the

four remaining died after about 56 hours.
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Oral Administration.

QWO‘groupé of’mica wereé seiecfsd as in théfaxpariment above.,
Ehey‘ﬁeré:all.fed SGVGH‘ﬂOSGS,.by graauéted’eye-drOpper, of the ééme, ﬁ
'bacterialksuspensiﬁn at weekly infeivaISa Thésekoral doses wére
ap?;oximately 0.125 cacey 0425 c;c.;'O.lES CeCay 0;125 c.c., 04125
GeCey 002 coce, and 0.2 CeCe

; Threa'mice per group were séé#ificed, as ip‘th@ formér eXpET-
‘imént,;fof Hiooa agglutination’tésfsf“The ﬁitre of thé ma1e‘b1§éd 
waszﬂ'.in‘if40,iﬁhe femalé ‘Fﬂih‘l:ZO,, | o

‘Thé'reﬁaining members of fﬁé grdups were each givenkl MeL,D,
intraperifonaélly. Nine of the ten males died between 46 and 54
'hours5 ali tﬁe females died, nine between 33 and 37 hours, one at
97 hours; : | i |

The typical post moffem signs inﬁthe deaths,appafenﬁiylresulting
from‘thejbrucella injectioﬁs were: ,H§m9rrhagic.1ung§5 bioatad
stomachy pale liver, kidneys and spleen; extensive SubauténeouS'
hemorrhage and engorgement 6£ the‘peripherél vessels;'eniarged
: adrenalsxand gali bladder. fﬁll théfmiqe’were"autépsiedg Pufe eul-
fures of‘BrucellaLwere readily obtéined at au%opsy from thé~kidnéy,

heart, spleen and liver in twenty-six out of thirty-two attempts.

Conclusionsas

Normal mice Have no demonstrable~agglutinins for Brucella
abbrtus.
The M.L.D. can be ascertained fairly accurately for mice,

relatively large numbers of Brucellaebeing necessary to produce a
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fatal térﬁination in approximately 40 héurs;
fhréntaral injection of a heétfkiiléa poly#alent vaccine pro-
duced significant rises inﬁtitres of bdth:male and femalé mice, tHe
.méles showing the gfeater response.
The enhanced agglutinin titre apoarently protected both the
 male and female mice agaLnst active lnfectLon.,
| Oral admlnlstratlon of the vacCLne did not cgusse & de@onstréble\
‘fiselxn agglutlnln‘trtre~Ln aither the males or females; tthKtreat-
ment‘did not elicit the response of additiana1>protegtive'fofpesE
agalnst active infection. The males 1ived on thae éverage,lz hours

longer than the females.

De TheWPrbduction of Brucellin.'

Tha foregoxng evxdence, relatln tO'thé,production df‘agglutinihsi
; by LnJectlon off killed cultures of Brucellggralsed the questlon as to ‘%the

| eflxeacy of metabollc by=- proJucts of” Brucellazln Lnduclng the productxon
pfvs}m;lar-or addrulunal ant;bodles. Huddleson (ll) was the first to
develdpiahd¥usé a material, analdgous to tuberculin in preparatiéﬁ; which

. he called "Brucellin". The,éiinical use of this material is still in the
earlj‘éxperimeﬁtal Qtagey  Apparéntly injection of brucellin évokésia
leucocytosis of the neﬁtrophiiaktyée, besides increasihg‘the‘Specific

phagocytic powsr of the blood.

‘MédiawEmploved.

As is generally rGGOgnlzed, the LnJectLon of the complex proteln
solutLons in common use for culburing bacﬁerla often has undGSLrabla

after~effects. A synﬁhetic medium composed of amino-acids plus
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- essentidl ‘growth factors,iwhich would sustain‘adequato'growth of
Brucellag'obviousiy'would'be advahﬁageous.-

Huddleson had employed. oeotlc dLgest liver bronh medium for his
k_preparatLon of brucellln (12) In the present‘anestlgatxons, the
k’accepted.medLum for the cultlv&tion;of BrUGe%lag,beéf:liver infusion
broﬁh!at a pH’of‘G,B, was ona typé'of:maoiumoused. In his recent
 publication, Huddleson (13) has adopted this medium in the production
“of brucellin. | ’

| :rtkwas'fOund in preliminafy éxbsrimeﬁﬁs thaf a slivh*ly ﬁodified

‘-form of Gladstone & synihetlc medlum (14}, thch he had developed for

‘the culﬁlvatlon of Staphylococcl would support the growth of three

istralns of Brucella abortus w1+hout the nscessxuy “of uralnlnv the
cultures grle grow on the medlum. Therofore,lu was used in the pro=-

" duction of brucellin. * The composition is given belows

«a!

 Gomposition per Libre of the Synthetic Mediums

. Elo.
Water P : - : ; : , 50040 c.ce
/1 NeoH R : , 5 2640 cece

*5% amino=acid base ' o 20040 CeCo
Ferrous ammonlum sulphate M/5OO in M/SO HCl - L 25.0 ceCe
Mg80.THoO - Mo - 100 cece

- NalG3 ) ' W5 o " 10,0 cece
Vitamin By (Thlamln) M/ZOOO in M/iooo HO1 dllutad 1/100 2040 CoCo

. Nicotinic acid (amide) M/éoo diluted 1/10 200 ceee

‘Glucose M/2 : 2540 cecCe

: Adgust pH.to 7o4 with m/s NaOH. ;
Water Ho wmake . , 100640

‘Sterilize‘bykSeitz filtrations

% The amino-acid bése was obtained. from proteose peptone by hydrolyzi
5% proteose-peptone for 40 hours in ‘boiling 2.5 N HgS04. The HpS04

CeCas

ng

must be exactly neutralized with. Ba(OH)Z so that no barium or sulphate
ions remain. The resulting precipitate was separated by Buchner fil-
trations » : o ‘ .
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"'In dddition to the above constituents, Gladstone indorporated
other gmino-acids in his medium, and used nicotinamide in place of
nicotinic acid. The additional amino-acids were omitted as being un-
necessarys

Routiriae

Two recently lsolated smooth strains of Brucella abortus were

used in the production of brucsllin, thg Huyck strain isolated from
the blood of dkhuman:suffering f?om’hfuCGllosis,‘ahd ﬁhe S 12 strain
tsolated from raw milk. s |
Tach strain was inoculated into separate 250 c.c. amounts of bobth
‘fhe beefnliVef infusion broth aﬁd‘the synthetic madiuﬁ.v A generous
loopful from a 48-hour beef liver iLnfusion agar slant'was’the inoculum
'in each,instaﬁce.’ The flasks wers incubated at 37.5°C. in an atmos-
’”phéreywith-ah increased carﬁon dioxidé tenSion‘df aboﬁt‘tWelve per
| cent‘by,vqlume aboverﬁhat‘bf atmbapher{c aif; If, at ﬁhé end of five
days, growth failed to appear in any flask, it was re—inohqlated. Every
five days ea@ﬁ flask was examined for growth, shaken carefully, and re-
incubated uﬁdef ihe‘above’oonditions;
In ﬁwéntyéfouf days allkflaskaevidenCed fairiy heavy”growthl
"Each ﬁasicheéked as to the pﬁrity’of the growth by plating,éuitable
VQuantities‘Ongbeef iiver Lnfusion agar. No contaminafing bacteria
appeared on thé ﬁlates in five days. ZEach flask of broth cultureIWasf
. now Seitz filtersd. Sterility'ﬁasts were devoid of growthkover a
Seven-day peridd;k'Merthiolaie, 1/5000, was added to each flask and
éfﬁer sﬁanding‘2,hours thq:brucéllin'@as'dispénséd into stérile vials.
To prove thé'iﬁnocuous hafure of thé brucéllin, 1 c.ce of éach

~of the four preparations was inoculated intraperitoneally into each
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of threé*miqe. The brucellins prépared with the synthetic medium
gaVe no evidence of causing:discomfort;'the beef 1iver infusion broth
brucelliné apparently caused a tfansitory discémfdrt. Ali miéé re;

mained ‘in normal health.

o ﬁsé‘of Bn@dellin.

,The épportunity arose for thé{tfial~of brucellin in a human ap-
bareﬁtly suf fering from brucéllosis.kkBecauSe’of the originkof'ﬁhé cul=
ure, the bmcelli’n produced by the Huyck strain grown on the synthebic
vmedi&m Wés seleéted for the ﬁrial.k o

'rTo ﬁest the reacti9n of the normal human to‘the injection of this
”brucéllin’préparation,’two vOlunteefsjwera ééch givén,ﬁ.l CeCo intré-'
‘muscalarly. No discomfort whatsoéVer was éxpefieﬁced by eitheriﬁolun~
teer; Thrae days’later.the same two indlviduals recelved 0.3 cece of
‘thevsame preparatibn inframusbhlafiy. No appafénﬁ‘reaction oceurred.
Tﬁékpatient (Miss MbiQ) Was diagnoséd aé suffery?gifro&

, bfﬁéelloéis on the clinical symptcms of general lassitute, ﬁéakhess,
1ack3bf anergy, easy’tiring,'Chills, headéches, leucopenia, and loss
~kof°weight, a«nd’Was‘\su'ppOrﬁ,ed /by the laboratory finding of a blood
serum égglutiniﬁ'titra for Brﬁce}léé of -+ ihzl:BZO. She was con-
fined to bed. | |

Her phyaician’administeréd the~brucellin’inifamuscularly in con-
Sequfive waekly dOSES,of‘O.l‘cﬁc-, O;Z,E.c.,'O.B Celay O.S CeCe and
0.9 cuce, a total of 2 c.c. The only symphom evidenced from the in-
jedtiens was a slight transitory rise in fempar&fure 24 hours after
eaéh injeéﬁion. Following the fo&rfh injection’the patient régaihéd,

épparently,normal health. At the present time, approximately eight
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' monﬁhs;aftér treatment, the patient has had no recurrence of symptéme.

Conclusions.

The synﬁhetiCVMedium supported the gr0wth of two strains of

"lBrucélla'abortus.:

Brucellin.prspafations proved innocuous to mice and theVprepar;
ation)obﬁéined by,growth'of~the'Hﬁyck'strain on the synﬁhetic medium

géve no;deleterious effects when injected into two normal human vol-

unbesrs. ’ B

In one;ciihically,typical case of’SubaCufe bfucellosis, adminig~

trationkof brucellin derived from a;synﬁhetic'medium'seémed”to bring

‘about definite improvement.

B

The'EffectfbffpﬂﬁonfthejViability?of Brucells abortus.

The results of the raw milk surveys provided ample evidence that

k'ﬁény'pefsonskin Vancouveridaily Were chsuming %hqusandé %f:%1able
 Brdcsllae‘andxyetkthe nu@ber~of caSes of brugellosis~apparently’ocqurring
freméined;smallf‘ COnsiderationywaé'giVen to the possibiiity ﬁhat the acid
’ ofknarmal human'gastriﬁkjuice prbqu Lethal to the gfeater number‘of

Brucellee and such survivors as there were proved too few to produce dis—

6888

Experiments were dévised'to ascertain the pH‘range of tolerance

of one strain of Brucella abortus in an adequate mediume.

‘Routine.

In these experiments the "Barons 4" strain of Brucella abortus
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: wasruséd throughouﬁ. The‘prdcedure éonsisted in SGGding uniférm in-
ocula Lnto 10 cece allquots of beef liver LnquLOn broth, the pH of
Whlch had been adgusted to cover a range from aoproxxmately 1 to 9.
The standard inoculum for each tube was three loopfuls of a :lve-day
beef llvar infusion broth cultufe, which corresponded to a EhFarland
#4 turbldluy.

Deﬁerminatidps of pH were méde Wiﬁh a standérdkLeeds énd»ﬁorthrup
quinhydrone pétehtiometera Flasks pf the medium were inifially ad- |
justad with concanfrated NaOH or conéentrated HCl ta cover tﬁe range
1to 9,‘ These flasks'ware incubafed for 48 hoﬁfs~to allow stabiliz-
~ ;afion;of the pH, afﬁér which thé pH,determin@tions4on~respectivé
‘agmplegdwgygd;.;,'2.3;k2§9, 3.8, 5.2, 6.1, 7.1, 7.9, and 8.7. Tha
standard inoculum was evenly dispersed in each test broth.lkgub-
cultufestefe taken in ﬂripliéate from éach tube at 15 mihutes,‘30
minutes, 1, 2, 4, andkl6 houfs;fand ?i;ted En;bééf‘liver infusion
agar af pH 6.8. Control olates were prepared in trlpllcate with
sultable dllutlons of the Lnoculum to prove the VLablllty of the or-

’ ganxsma. A1l plates Were angbaﬁed:for,96 hours at 379C., under the
Staﬁdard conditions of increéséd carbon dioxidektension of the atmos-

phere, to ensure that all viable organisms would form coloniess.

Results.

No’growth occurred from any subculture& from broths of pH lI.l,
2.3s and 2.9 reapactlvely, Subcultures at 15 mxnutes, 30 minutes, and
1 hoﬁr,’from the bfoﬂh ét bHAB.S,‘showed decreasing amounts of growth;‘
those taken at later intervals were negative.' Subcultures frbm the

broths at all other pH levels tested yielded abundant growth.



2%

»iﬁfaﬁhdistinat qolony typesfwere dbtaineds TWofof‘these.were'
aﬁygigalnand we:é prOduced'frpﬁ the 15 minute, BQ_minutq,‘l and 2 houf
“subggltqrg§5vThe&g were much larger (5-10 mmf), oﬁg being Ongue éhd
.a,bﬁff ¢o1cu:; the‘qther'slightly Smaller,‘trénslucent, and exhibiiing
'tWO zonés, ah inner,bu£f’colour'andba periphery showing pale_gréén.
in,evéry plate showing growth, tYpical colonies were found, ‘Thesa
  Were;sﬁa11; aimost cblourléss, aﬁd‘translucent. Nb apparent change

occurred in microscopic morphology.

Conclusionss

© “The 1imifing pH for the ‘viability of the “Barons 4" strain of

:Brucella abortus apparenﬁly lies between 2.9 and 3. 8.,

~ The pH abtalnxng in tha stomach when mllk is Lngebted alone or
Wiﬁh other foods is conqectural. 5$ome,means~@f-mechanlcal protectlon
wili aisoghe affbrdédﬂBrugellae byafoquﬁuffs in their péssage'
~through the stOméch} Tt ié clearly difficult to éV&iﬁa%e'theipro—
toction afforded by the gastric juice, but, all other circumstances
'fbeing’equal, ingested Brucallae~will’ﬁore~than.1ikély:survive eontact
With:atgasfric juiéé bf abhormaily low acidity.‘ |

The atyplcal coloniés obtaLned seemad t0 be. 1ntermed1ate in form

L between the typlcally smooth and those deqcrlbed by several Workers as

rough. They possxbly fall under theV”I varlant" ‘of" Brucellae das=

¢ribed by Henry (16).
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IVvVDISCUSSION.

The raw milk SUrveys have supplled sufflcient evidence to show

that dally, in Vgncouver, many people are Lngastlng large numbers of viable

Brucellas abortus in certainm raw milks. Dgsthe thls,‘the apparent case Lnf
;cidsnae‘is ibw*’kThe facﬁors’in;tha hoSfrar of the hicrogrganism,:or both,
‘Which determine the Onéet of the disease invSOme‘pefsons and the‘résistance
qf'others’to the infection, undér'apparently'identibal~00nditions, remain
‘unknoﬁn; | | ‘

Thé exéeriments with“miéevgave evidenée thafkinjections of kilied
kvaccine,protected;the mice against sﬁbéequenf lethal doses  of Bruoellae.
In hﬁman Eéings} §ithngh;thé’injections rééultéd in an;enhgnceakagglutinin
titfé,htﬁis alone<ié‘a‘poor index of immuhity.’

- The introductioh:offa syntheticgmedium for the cultivation of

Brucellae has many Lnterestlng pos Lbilifiés. In such a medium, devoid of
;protelns, when. the bacteéerial cells are removed by Seitz- flltratlon, any
proteins in the filtrate will havefresulted from the metabolic actlvlt;es
of thevmiéfdarganiéms or‘thé'autdlysisnof the cells themselves.

| ‘Huddleson, Ln'hiskmost recent publication "Brucéllosis in Wan
and‘Animals"‘(IS),_reporting on the treatment of 500 qases of bruceilosis
~with brucellin,kéélievés thaﬁ, bf all the specific,aﬁd hon«spgcific’pre-'
paratiﬁns ﬁsed ﬁb date,'ﬂrucéllin‘is the one in his experiénce which shoWs
most promisé of sucdesﬂ. As has been mentionea, his bruéellin has been
prepared utlllZlng beef liver infusion broth. He realizes $hat the bene=
flclal treatment resultlng from this complax proteln material may result
from non-specific protein shock. In the above publication: the final sen-

tence concérning the use of brucellinzin,treatment roads "Eventually a
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‘grgpgyg@igﬁ,Gf”Brudgllém'will be»avéilaﬁie~thatfis free from the eXtraﬁeoué
fcgngﬁitqgnﬁs:tﬁat are;%o‘bethund in.the preséﬁi'product“. Brﬁcellin pre=
pared~fr0m § éynﬁh@fiq:medium‘mightkproveitp be'the product sought.
| | It~i$ unfortunate that circumstances beve prevented tha use of
larger groups of humans and animals. e
Th?;?*???éméhﬁs}With b;ucgi}inpareVnoﬁ sufficiently extensivg t0
Qgrm%ﬁJdgfiniféﬂgon¢lgsioﬁsf ‘Mo:edver; it'$hogld be emphasized that elab-
oration of @ aynihstic mdium for produstion of brucellin is as yot inan
éérIY]st?géf _Eu;ﬁﬁgyngxpérimentS.ara plgnned_invplying‘use of é synthetic
mgq;um;ip_which hyd?olyzed gdestiq\replaées‘the gmino-acid base cbtained
fppﬁ»protéoseepep#bnﬁ, andv{o:ﬁhicﬁ seléctéd amino—aéids,are addéd. ,Soﬁej
regan?“regﬁlts bbtainéd_ﬁi{ﬁ this med Lum ga#e promise‘of a superior

product.

Vo SUMJARY.

(1) of 2,110 readabls plaﬁes obteined during the raw milk surveys in the
period from June ¥, 1938, to February 28, 1939, 41 had typical

brucella colonies.

(2) Oral administration of & killed vaccine proved ineffective in stim~

ulating agglutinin prOduction in humans and in mices

(3) Parenteral edministration of a killed vaccine caused significant

increases in blood serum agglutinins in six out of eight persons.

(4) Parenmteral injection of a killed vaccine produced significant in-

creases in blood serum agglutinin:titras of both male and female mice.



(61)]

.

~'in one clinically diagnosed case of brucellosiss

(8)

256 .

‘This enhanced agglutinin titre was apparently associated with the

*

',protegtion,afforded»both'SGXGS against active infection.

" & synthetic medium has"been.developed'which‘supbbrtsﬁﬁhekgr0W£h of

rBruchla'abortusg

A~brucgllin waskprepared utilizing the foregoing~syn%hetic mediume

Ihis bfuce11in preparation seemed to bring abouﬁ‘dsfinite improvement

The limiting pH for the viabiliﬁy.of the “Barons 4% sirain of

kBrUcéila abortus apparent ly 1ies between pH 2.9 and 3.8
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