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The 'gelutination test is now generully recoznized
as having great eignificunce in luborutory diugnoeis,
Only coxpuratively recently hse active reseurch been con-
duoted ulong this 1line, and when &ll the findingcs are com=
pleted the reculte seem uctenichin ly =eagre as co-rwred
with the £i~-nificance of thc proble.is involved,.

In rrenersl, further work on the a~rlutinution t.ct
18 Juetified by the fuct thet the cudbjcot is not oconurlete,
and thut the tect is widely uced 4n the identificcticn of
dieeusce in mn und aninule Any i:sprovenent that csn be
mude nuy be of convideruble vulue in the eryetem now uced,
and further ey muke the tect wduptuble to other discuccee

In t=king for the cubjJcct of this theels "igglutination
Studiee™ we recornised the broudnces of the field, and the
necessitly for concentrating on a iew delfinite phuces of the
subjcote fooordin:ly the work his Leen divided into the
followli:.g cecctions:

le ¢Crots agrlutinutions of the four orguniems
studied, neiely: Bucillus sungsuiniriwa, Buocterium pullorum,
and Bacillus typhosts, selecotcd beccuure of their olose re=-
letionship, und Pseudomonue procrancu, chogen as & repre=
sentutive of another éistirct sroun, tectully adifferent from
the other trree orsunicnme,
2e Salt and ucid a~~lutinutions of the three

orguniems,
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3¢ The ellecct of incubition on the hrdrozen=-
ion oconcentr.tion of the tubes,
4, The efifcet of the precervuative rhenol on
the as~lutinution te:t for Bucteriun pulloru:. This wus
instiguted by the report of Rebruceier (69) that peseundo-
egrlutinuations with this orgunisn misht be avoidcd by the
omicsion of phenol froa the terts,
He The effect of orc.nic subst.noes on the
agzlutination.
6 The spplioution of the ubove findinge in in-
ereueing the gensitivity of the untigen.
7« Routine uce 0Z the antizens prepared &t toove.
Le In testing cloudy &crae.
Be In the stundardization of B, rullorum
antigen.

In tiis laborutory the probvlen of eloudy reactione has
proven a distinct annoyunce in the routine tecste for Mug=
i1l11lary ‘hite di.rrhea in c¢:icicne, eince the gtundurd u~slu=-
tinution tect doce not function with eloudy ceras 1In order
to uvoid cloudy eera 1t 1s necessury to sturve the birds
for 48 hours beforc blcedinge This aefinitely interferes
with production, and 1ie grcutly objected to by the ownerse
Ilecnce the¢ introduction of & :ethod for tectinz cloudy cera
muy be concidered a dietinct sdadition to luborutory tcch=
nlque; both from the etundpoint of the laborutory worker,

and for the convenicnze of cehicken breederse.
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The stundurdization ol antipene ic of preut importunce,
ecpcoixll in testin for Be pullorum. wlluunn (1) in
aeonduotings rescarch over 8 rerliod of two yecure found the
vuriebility of dif_erent struine of tis or-uniea and of
the gsuaie gtrudin vt Cifferet tinee, to be ver: greute This
nececsurily hue reculted in inugourate tects, dependiing
upcn the particulur ctruin used for the antigcn cuapénsion.
This difficulty hus been overcoie, in purt, by m.kinz up
large quentitice of wnit-ens froax1a zZ.owa €truin und preserve
ing for use 1a tie tcitse owever, u mecthod of gt.ndardiz-~
ing antigene sguinet u tnowa preccrved scrun, in euch & way
thut the results would be gunctunt und dercncuble, would

be a ceolided 1 iproveawnt usdon the precent method.

REVID! CF LITTRANTOE

Iolmer (2) &cfirnec =z lutinine us "antiLbodice thet
poscecs the povier ¢i cnueins bucteriza, red blood corpucscles,
and 80 2 protozou, sturpendcd in u {1lvid to adhere und form
cluirc.

The firct obrervoetione of the uz-lutinution rcuction
were tx.de by licteincloffl, Churrin und Rogers (2) who in
1689 noted unucuul develonints of Tceudononue pyocrceneus
when crovn ia i11ine eerua.. They did not recosnize the
iaportunce of the rewction und went no furtker with the
cxperimnte

feven yeurs loter Sruber und Turhum (£) and Sordet(2)

whilec inveetisuting the Ifeilfler phcnomerncn discovercd the

sg~lutinution reaction se such und bcli ved it to be s
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partiocul.r function of iairine feruae 1In &ddition, Aruber
obeerved thut uvcolute specificity did not hold, since
ugelutigine would rewct Wi th untisenc of ullied ¢pecies of
bacteriu,.

Ia 1895 rfuurdler diccovercd the threced rcaction or
PLuudler®e vhenoawnon, in which bucteriyu develored lonz
threud=-lic girowtle wien ~ro.m in frmune eernie £t thie
tine the re.otion wuc ocnelicred & imrort.rt diusmnocstic
teet, but wue luter suprlunted by the wrelutinution tecte.

Dm.'in.g the uw ye.r, 7iduland Grunboum '(2)1. fuvored
the treory tiut ug-lutinins wre dcll rcoertors huaving a
Lhuaptoviiore gro » wricn cc bires with the a~slutinoren of
the buoteriul rrotopluga and a zyuorhore gro:p which is
directly recroncibdle for u~rlutinctione Due to thelir
co:aplexity he decipnuted thon uc rezeptors of the eecond
oriere

Srutvewa (2) mede pructic.l cprlicution of the
tgolutination teet in diormocdn~ tyohold fevere They dis-
covered th:t us~lutinine for 3e tyrhoeis developed in the
serwa ol trpi:old patiente in the eurly cturse of the dic-
eucre, aund aprlicd thle knowledrc &g a diuzrocite tect
anown ug the Grover-.idul rcuction.

froa the firct there have been vuriour theoriee us to
the .echeniz: of urzlutinution.

gruber (2) believed thot the az~lutin in ected upon the
busterial eavrune inzrcaeing ite viscocity wiich in turn
cuuced clu pinz of the buoteriu,

Taltuuf's (2) idcu wur that the wgglutinoren united
*E}lrli(’h.
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with the aggzlutinin and wus precipituted on the surface
of the bacteria.

Bordet's(2) view wucs tnat of molecular phrysicc and
oconsisted of two phucses: firect, the preparation of the
cells by the sgzlutinin which slters the molecular
attruction between then and the fluid in which they are
guspended, and second, produced by the addition of sult
which inoreases the surfuce tension of the combined
basterium-sgslutinin particles so that they form clumpe,
thus decreasing the surfuce tension.

In 19C1 Jcos (3) in sunaurizing a ceries of emperi-
mcnts with Bageillus typhosus concluded that salt wus
necessary for agglutination, and that in the absence of
salt the serun becune inactivated through the action of
baci1li, without d.creasing the vitality of the lutter.

In 1902 Nicolle and Trenel (4) arrived at the con-
olusion that all f}ee cells posscssed the power to agglu=-
tinate, and sencitiveneces to sgelutination, purticularly
bacterial cells, They wnsidered :iotility &nd the presencc
of the bucterial membrane to be escential faotors for
pronounced agglutination, At thie time alco, Defalle (£)
stated hise theory thut agglutinins were formed in the
orgunism throu~h the action o2 the buaoterisal nemnbranes.
Hense the degree of ugglutination would depend upcn the
development of the membrunes.

Smith (4) adwanced the idea thut ugglutination re-
sulted from the action oY sults on the precipitate pre-~

gent on the bacteria.
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(ne year later, Joos (7) mude the et:itement thut
the role ol sult in ag:lutinotion %t that of actively
eseiestin~ the combinution of the up-lutinadble and arxlu-
tinutinz eud: tonceecs Le wene cuccereful in cubetitutingz
other eulte Jfor cuvaiwa chloridces

In 1900 Cmith and Tez+h (38) dictinruiched two cluesec
of uorlutinine, cne wet nz upon fluells and the other
upor the body o th buctir.a end found tiut the fl.cellur
agclutiving ikt be weaonstr ted with a wmch lower der~ree
ol immnitr thun thoce which «ct uron the bodr ol the
bucilli,

Unon gontinued reseurch (U) tneee :xcn sleo found
certuin usslutisation relutionshipe dbetween relited
bucteriue

Turinz the su e ye.r “ursermun (10) ap lied the
inovledso 0% wetlvtinins wnd precinitins to vucoination
and famnitye

A little luter ificolle (119 urpcd & uniform tech=
rnicve for upplutinaetion tectes Il en-hutlzed the in-
rortance of the flurellu in producinz th+ rcuctione

In & luter purer ¢mith and Reuch (12) statcd th-

lieory that the precence of § wiune aszlutinine produced
an uffinity botween the otile and non=-actile ruces,
nsiing 1t pogeible to distin-uish between the fl.rcella
and body erzlutinirs ol the mot ile bacilli,.

In 1,04 Teyer and igajlv (13) found thut the &prlica-
tion of heut woild further distinguich botween ilureller

und body «grlutinince



Rossi (14) believed thut the flaugella werc primarily
recponsible f{or the yhunonena of agslutination, posseesinz
great sensitivity towurd the .z-lutinstine subst.nces of
epecific sera.

In 1307 lichuelis und “ona (15) found that when an
indjcator 1s uscd in d<termining the pH of a eoluticn,
the color is uffcoted by the :rcsence of neutral sults
and the recults muy be wrongly intcrpreted due to an
apparent desreuse in uciditye

In 19C8 ioeb (16) mcde & etudy of wrclutination con-
cluding that this phcnomenon reculted froa a tsoftening
of the surfuce of the orpunism und the ecubseruent cohesion
of the particles, us differantiuted from the precoiritation
of colloids.

Shortly ufter, ichuelis (17) published & contrary
etatenent clainming that the ag-lutinating arent acte prinoci-
pally throuch its ubility to inereuse the eurfige tension
of the uzrlutinuble material, the chanse in eoncsistency
being & ecoondury conclderation,

In 1908 3cchold (18) demonstruted that the positive
ion of the sdded 8.1t 1s reeponcibvle for agrlutinution,
and believed the vuriutions in the effect produced by
differcnt cuticnc to be .ue to four thinzs: firet, the
extent ol dissociution of the eult; scconi, the vulenge
of the ion; third, the motility of the fon; fourth, the

electro~-af{inity ol the 4on.
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In oriticizing Bechold's work, 3Buxton and Shaffer
(19) showed that the diseociution of the ealt ie negligible
givinz as an examnple sulphates, which &lthoueh always less
dissociuated than chlorides procuce tho sume results.

Thcée men cpreed with Jeltham's theory thut the cougulating
rowers of tht ions increucee geometricslly with the in=-
cgreucse in valerce., Trh:zy &lso maintiired that there wus
14ttle evidence in fuvor of the motility theory. They
ehowed the definite rougulating powers of heavy metuls,
especlally fo- norinal bacteria; slso that the resulting
metallioc hydroxide and the hydrozen icus worked in oprosite
directionc. They cbeerved the plenomenon of “irregular
gerice™ in which a given cult will cuuce coagulation in

the highest concentrations, this follcwed by a region of

no action, with a lower concentrstion, and st still lower
csonscentrution is aguin brouzht sbout, ceasing at the min-
imun concentration.

This ic¢ difierent from thc anterior zone phenomenon,
in which there is a certuin range producing cougulation,
while sbove und below tlhicre is no cgowgulsation, the upper
zone of cowzulution being culled the "anterior zone",

In conpuring the value of dificrent suspensions Buxton
and Teugue (20) luter found & murked difference in coagunla-
tion of (1) unorgunized suspensions (2) bucteria (3) im=-
imune baocteria. NaCl and Cacl2 coagulate immne bacteria,
but not normal bucteria. Anterior zones gppeur with normal

bacteria and immune buacteria but not with uncrganized
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suspencion. Cougulation besine with & lowcr concentru=
tion of sult with in.mne thun with normul bucteria.

FeCla and 31613 produce irregsular series with unor~wnized
suepensions; rfelly with imaune bucteris, end not at all
with noraul bacteria.

In inveetizating the electric cherges of the uhove
suspensions these en (21) found that euch carries a
negutive charge in pure wuater dbut thut in eult culutions
the sign is revoreed vetween the zonee of no coapulation,
They éid not ooneider this ncutrulization of the churge
recponcible for couzulatione.

Their conclucion wes that "bacteria chow no irrerular
geries but ulwuys unterlor zones unorzunizcd cucpencione
the reverese™, (22).

In 1,10 Co-nctto (23) arrived at the conclusion thut
HuCl sotes upon the wgzlutinins to prevent both the receptor
groupe froa co.ibining, lcuving the dunctioning group freee.

“hile Xruus meiat.ined thut 1f & gerun preci Ltuted
the filtratc o1 & given bucteriul culture it would ulco
sgglutinute the ho :ologous bucterise Sachtsens (24) fournd
thut the precipitins .ppe.r in {he gerua before ugeclutinine
and ooncluded thut thece work indepenicntly. Fe showed
thut the preciritut on rcuotion 18 more éependudle with
the layer method thun when the gerum and terted solutions
are mixed.

In 1913, lichaclis (2f) in a seriee of cxperinente

proved thut proteins may be identified by meunc of uoid
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uvgglutianution tects eince the ortiawa concentrution of
hydr: gen ions precipitation proteins is conet.nt und
ochuructerictio for ecuch protiin. Ke ghowed also thit
bucteria nuy be identified in the e.me menner, tven the
1moet olosely relutcd epeccles huvinz a different hydrocen
ion optiun,

This tcct ie even more delicste thun arglutination
with epcoific unticeru, gince in the lutter method the
different c¢truinc may kinder the tect, while with the
acid ez~lutinution test, the hydrosen ion conecntrution is
alone rec oncible und the kind of acid used doec not in-
terfere with the teccte

The pructicul erplication of chuleis' test Lus
rroven guccccefnles Tuwcillue tyrhocue &~glutinutes at a
hydro;zen ion concentrution of 4 to 8 x 10-5; Baogillus
puara tynhosus st 16 to 132 x 10~°, 3Racillus CZoli is not
arglutinated by wclde.

Liuter in the suae yeur Benlaegk (25) ocorrorboruted
Lichaelis' experlicntse Fis conclucione were acs followe:
"lleither the agld, us such, nor the ahion, is responeitle
for t.c¢ ugslutinution, but only the hydrosen ionse This
scid sgglutinution is produced only by hydrogen ion con=-
centrution W thin ccrtiin delinite limits, chuaructeristio
for each epcciecs of bucteriues There i1t &leo sn ortimun
congentrution conetunt for cuch svecice™e This method
hae been found of purticulur i mortunce in differentiating
the rexb.rs of the colon group of buacterise.

Sti111 later Porpe (27) purtly subctuntiuted !'ichuelis?

work, but wu: unuble to differentiute the neubere of a
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group, &nd ut wdout the esure time Punll wnd Flecker (28)
audo 8 etudy of the rcluticn of proteine to inor-unioe
oolloids und the sults of heuvy retulse They divided

the 60llolde into two clucsece and oulled the f;rst group
gugmengsolid: , while the second were nuned lycocolloids.
The latter show grecter viecocity and €4.bility then t e
guspencoide, which ure very cenegitive to~urd eclectrolytces
&nd begoiie less stuble with wre, Conper sulphute ig &n
exuannle of the sucpencoids and ferrie hydroxide of the
lycocolloidce In the procinit:tion of protcins an excecs
of the suegpencoids does not interfere with precirit.tion,
vhile the udditi n of electrolvtes hinders th- rcaction.
Lyococolloidc, on the contrury, i1f uced in excecs muy con=-
rletely inhibit precirititiones The &ddition of sulte hus
& fuvor.ble effccts Frdroxrl icn acciste in the precipitu-
tion with poeitive 1;c0801loide, hydroren ions with the
necutive oncece The preciritation of rxceeseive umounts of
protein, by eithcr the eueperieolds or lvcocolloide, ie
hindered b; electroljyics, 0mly & &1l iruction of the
prot. in beins preciprit.tede.

The:-e iien uleo ncted peculurities in the bchuvior
of e.lte ol re.vy net.le vien used with eolutione of
electrolyte=free protcinse .hen very emull amounts of
the salts urc used preciritution resulteswre concentrat-
ed rolutions dissolve the preciritute an’ e£till lurcer
soounts ol salts a~.in c.ure prceipitation.s The follow=-
ing sults followed this rule, ferric ckrloride, corper
gulphate, ercurio chkloride and zire eulrtutes The ex=-

Planution offercd is thut in the dilute eolutions,
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hydrolysis ol the sulte per:iits th formution of incol=
uble coapounie with the protcince Thece commounds form
the preoirit..tce :hen certuin concentrutions of the
galt 1s rcuched the hydroxy=protein coup-und is replaced
by an ionized s_lt-protein ocompound un.: mo preciritate
ie vielvles A concentruted szlt solution depreecscs the
ionizution, which in turn forces a preci itution of the
undiceociuted conpounde

Two yeurs later, .4dchaelis and Pechstein (23) wcre
wble to uectermine the ieo-clectrio point of cuceine

A 1little later, lLichuelis and idler (30) reported
thut "The acid agglutinution optium for Buclllus tyrhosus
agslutinated with kydrochlorio zcid is at the eume rydro-
gen ion concentrution us with acetic or luctio acids."

In 1912 Dean (1) publicshed & puper on ugclutinstion
druwing the following c-onclusions: in &gglutinaticz cserun
ocontains two essentiul fuctore, thece being fir:t, the
epecific untibody, und eecond, u roa-speecific subetince
which mey be gerum globuline The interaction of antiren
with artibods cuuveeg an wgrreg..tion of the nolecules of
the globwlin, rceultinzg in turbidity. If th. antiecerun
ie greustly dilutcd it mey etill contain un ade~uate smoun’
of the £ ecifio untibody , while the globulin, er non-
epecific substuncc, bego.rec insufficicnte This muy be
renedied by the uddition of zlobulin froa noraul geruie

ctuber (U2) udvunced the theory that ag~lutinution
is ocuured b the fatty substincc within the bacteriae.

He concidered thecre gubet.nccs to be true urglutinogens,
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which by eti-mlution of the £yaputhetio nervoue crstenm
lecd to th« formution of ac~-lutinince The epccifiocity
of theee futty esub tuncce ig only rlutive,

In 1,17 Rarrow (3 ') mude a couanaricon of the nicro-
gocopie &nd nucroesonic nethods of &~clutinution, He found
the macroscopis method to be thirty tizce us gcneitive us
the microscopris mcthod, duc to the &ifferent conditions
under which the t.sts are condégtcd nunelys The tiae 1limit
for the microscoric test 1s rmch lees then for the muoro-
gcopioc; the mioroscoplo tect is conduoted ot room tcmper=
ature usnd the mooroecorio mmy be ingubited in & water buth
a8t 8 higher teaperuztures In the lutter :ethcd convecotion
currents &id in the union of antigen and sg-lutinin,

In 1018 Topley (34) m.de a cefinite etudy of the
effect of concotion eurrents tn the rupidity of agrlutina-
tion, und found & murked difference eepcoiully with the
antigens which chowed relutively poor as~lutinatione Fe
aleo noted more rurid flooculation in tubes in which the
fluid contents werc onl- purtly eubaerzed in the wuter
buth,

In 1:18 clerkowexi- (35) demonctruted the poesibility
0of obtuining an increuse in the ag-lutination titer with
3agillus ty-hocus and the vi:rio of cholera, by & ellule
taneous inoreuce in the smount of eerusa and suspcnsion of
three to ten t1.¢8, in euch a v.y thet the decgree of the
dilutiocn o0f eerua and other conetituente rexmined ounstunte.
e obtuined &« further increucse in titer by sdding emsll

smounts of five to ten per cent scctic ucid, the sotion
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beinz denressed by & £tronger concentrution. Ie 8lcso
found that the titer mi~ht be inoreused, especolzlly with
Bes tryphosus, by cultivation on wedia whica is weukls ecid
or weakly ullaline, or by wuraing the bucteriusl suspen=-
8lon to 56 degrece, but not over 64 de~recs,.

During the gane yeur, Buuer (Z6) experimented with
futty solde und soupe, concludin» thut olerie, etesrio,
and palaltio aoclde huve the greatect effect on &rzlutina-
tion, while eoups end iesohydric incral acids have weike
er aotione Thu higher futty uclis werec ermileified with
sodium cholate in non-ugglutinuble goncentrations before
ucsc in the tests. |

In 1918 licolle, Jouan and Tebuins (37) wecre able
to produce azrlutinttion by treuting ponococcus serune,
whioch otherwige fuiled to agzlutinute, with normul ECL,
hesating 1n boiling wuter, cooling them, and neutralizing
with llu0He GSeverul ruges of pncuuonococci were likewise
treuted and gavc‘sinilur testce The above rccults were
due, acgording to rorges, to hrdrolysis of the :mcous
cupsule,

Rudew (38) produced u~glutinution of red blood cor-
puecles, sucspended in & lurze anount of isotonic golution
of dextroce, by the addition of 0.C4 7 €odium chloride,
und believed thut €01 hydrorhil ocolloid pluyed « part in
maintuining the stubility of a susvension of corruscles.

Z1so in 113, b means of orocs agrlutination ex=
perinents with srnti-ty;hoid, anti-pursupyrhosus i, anti-

rarutyrhosus B, wnd anti cholers eerus of hish titre,
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Caprone (39) demonstruted thut honologous enccice are
egglutinuted to the ca v depree either in euline sugce-
pencsion or a growing broth culture, but that kcterolo=-
gous gerice ghow ug~lutinction in hi~sher dilutisns in
tke broth cultures, ecnpcoislly beforc the period of
he.vy rrowthe

In 1.19 Bugnunun (40) mede tre ctutemont "Tactertul
ugslutination 18 & colloidsl puhenomenon best etudied in
the 1ight of colloid:l and yrhycic.l ehenietry”e.

Turing thic eame yeur 3erccl (41) gtudying th: oecoh-
snien of hoeawrzlutinution und hemolyeis dedided that the
1ipoid of the red cells is the true untigen po:cseceeing
the hurtorhuce groups and trhuet the receptor with which
i% comabines 1s & non-cpecific liruce, a congtitucnt of
the mono~-nucle .r white celle. Fie explunation is that
& epceifio iniune body is foraed which re:x.ines ettached
to the cell for a tize and 1s then get free. Te consid-
ered thie i1.11:ne body to be a zraozen, which, sotivated
by the counplenment wlreudy present, ettuches itsclf to
the ¥ poid purt o2 the hoolosous red cells,

At ubout the cume tim:-, liunsfield (&2) precsented
a phrelolo~ic.l exrlanution of upzlutinutione Fe clain-
ed thut bucteria ure mmintuincd in a perauncnt sucpen=
elon throuzh the usction of a protectie colloid, and
that wgslutination ¢ »roduced by the sction of a di-
geetive fernent vhioch sots unon the 00lloidsl esubstusncee
Yo offered ac proof, the fict that there is a direct

proporticn betiecen the o-nccntruation of the cgrlutinin
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and the epced of the reuction, us is cleo true of other
fermcntse The t nperature curve conforins to the eune
rule, Ii¢ concsidered thc precsence of codiun chloride
inportunt to the rewctione.

Dduring the years 1521 ané 1922, nu.eroue findings
were nmde. Ta 1021 junelli (47) offered the theory thut
the puecuze of an elecetric current throu~h upglutinating
ger.. woulidl reculd in thoe divicion of the we~lutinins
into two purtcy cuch of whieh Lud no sz~lutinatinz powerce
The worlutinubility vwies re. tored vihen the two portions
were uguiﬁ co. blrnicde

;180 in 1921 Burrutt (44) oflered un crusation for
ectimuting the ;ctiun between egslutinin and entizen,

y t = n, where y = tiic conccntrution ¢f the agslutinin,
t = tie urzlutinution period, und m = a conetunt,

Luter in the eane yeur, Lall and Tinsley (45) mude
the etutement, “Chunses in ugprlutinability of orgunicems
are ucgociuted with vurictions in culture media®,

In 1221 Gates (48) wur uiule to produce apclutinution
mechunic.lly by the ucre of the centrifu-e, the recults
coincidiny with thoce obtuined with the etundurd tectes
The &dventure i “he €li - dnation of the fnconctunt tine
fuctore.

At ubout the gae tim. {chughenieler (47) wue able
to denonetrate the tuege of purified bucteriul futs us
agzlutinorens, wlth on'y relative spceificity.

Soon after, ¥ubry (47) wus uble to chow thet by

attenuating mieroorznisns (3. tyrhoeie) by grovinz then
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on media to which was added increasing amounts of
rhenol, the agglutinating powerse became greater as the
strength of the orgunism lescened.

During the same year, Iehii (49) recorded his ex-
periments with the colon-typhoid group of bacilli. Fe
found that &cid culture media favored :gglutination while
alkaline media fetards, In using formalin he found the
most favorable eoncentrution to be 0.01 %, 0.05 % to 0.27
showed a retarding action on saggzlutination. Traces of
sodium chloride were sufficient for s&grlutination, while
the addition of 0.1 % phenol, or 0,01 % mercurie chloride
had no effect. He considered 37° the optimum temperature,

Soon after Fersch (50) in substituting immune serum
for a fragtion of the saline used in regular tests, found
a resulting increace in &#ldalinity which he believed to
be due to the differences in the dissociation econstants
of the reacting substances and their producte.

Gunn (51) was able to produce agglutinztion of
cholesteral cuspensions with ricin. Fe considered this
to be a non-specific action due to the precipitation of
one c0lloid by another of the oprosite sign.

Von Szent Gyorgi (52) elassified psthogenie micro-
organisms into tow groupse In the first group he placed
those organisms whigh &re concerned with locel disesce
procecses, und produce no immunity, as Bacillus pectes,
Bacillu: mallei, and Bgcilluse anthracsis, Thece organ=-

isms have a tendency to flocculate when grown in fluiad
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medium, and give a weak agzlutination reaction. The
second group couproceg those orgunisms causing acute
diseases resulting in fanunity, a8 Bucillue typhosus
and vibrio cholerse. Thece remuin in suepension when
cultivatecd in fluid media and give u strong agglutin-
ation reaction. |

In 1922 Dorthrup &nd Delrulf (£3) in studying
the agslutination by electrolytcs found that electrolytes
" in low concentration afiect the rotentisl primarily while
higlker concentratione decresare the attrsctive force be-
tween the orgunicuce.

In & einilar report (&4) the ssme men, experiment-
ing with &gglutinuation in the presence of proteins
normsl cserum and immune serum, found that when proteins
or tcerua were sdded to bucteriul suspencions, the zone
of eoid .gglutinution broudened, snd the ico electric
point shiftcd to that of thc added substunce. Proteins
uccd were egg albumen end globulen.

At the susiie time, Eggerth and Bellows (55) obtained
pructically the same results using ezg «lbumin, gelatin,
protalbumen, hemoglobin, edestin, and heteralbuminose,
adding tlem to suspension of B. 60li. They found thaot
at reaoctions more sacid than the iso electrioc point the
bacteria had a positibe charge and fuiled to flocoulate.
This lessened stability was 8lso shown in suspensions
of eellusose, nitrate, ccllulocse scetute and o1l en=-
ulsions when similurl;r treated with proteins.

orthrup und Delruif (£6) uron further study with

Bacillus tyrvhosus with regard to the concentrations of
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vauriou €ualts recuired to produce wyz-lutinution, found
it oconvenient to divide clectrolytees into two cluccese
The first calss coaprising thoze in which the ugrlutin-
4ting concentrution 18 not influcnoeed by the o noentrute
ion of ihe suspen: ion, &nd vhicgh €0 not reversethe eign
of the chunree Cl:o8 t.io includes thosc whose wr-slutinu-
ting sono ntr.tion is ingreuc:d witn un increured tur-
bidity o2 the esurvencione Taecte with the exception of
gine sulphate revirce the charre. 70 quote froa the
raper, "Thece re:xults uwre contr.eiy to the ides tihat the
co.binution 1s cuuced by a ciifereiice in the &isn of the
gharre curried by thr imaTune body wnd the orzunicn.
They «i'rece with the weswiption thet the i:xune beody forne
& fila on the surfuce of th: orzuniea o thet the elfect
of the char;se 1s the reecult of this filue.

Wolf (57) uwdvunced the revolutionury theory that
sntigeng ure futty in nuiuree

Jellrudf sné liorthrup (58) found thut by rcpeuted
wu: kins with distilled water, they were uble to coaplet-
ely rc¢nove the immnne body froa eenciticcd bucteris.
Contrury to their ori~inul belief ti:is removel was &8
cemplet: at pHp &8 a4t rge

Fohn (59) 1n 1923 etudied the effect of culture
media upron the ascluting :i1ity of Be typhosuee Ile
found thut when groan on clear .. ..r Lhe bduacilli loose
the povicr to wgrlutinute iwmch rmore rcuuily thun vhen the

mediua hus not beun cleured or vhen munnitol, guluctorce
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or dextroce ure added to the cleured spgare 0.1 o pale
aogtose 18 eepeciully valuuble for uce with cleured mediae

In 1922 Chionoyu (60) inve. tizuted the effect of
ions on &p-lutinution, and found that ue the vulenocy of
the cation increuccd, the 1li:itins oconcentrution at which
ugglutination would oocur beocume leeecned, the relastion
being such thut the curve of the vulencies und limiting
consentrations equﬂiled a str.ight line,

Durins the samne yeur, Yumupuchi (61) reported thut
the ingrouscd viscosity resultinz froa heuting émuleions
of Naucillus tyrhosus lessened the sgrlutinability. These
could be rcctornd to ulmoet the orisinsl viecosity emd
aprlutinubility by the addition of ucide. Fe ulgo (62)
treuted esuleions of the same b.cillivne with & 1.073 gol-
ution of XCIle ¥hen neutrulized, thece suepecnsions chowed
a lescened titre with eerun immunized with live cultures
but no chunze in ap-lutinubility wue noted when ceruac
froa unim#le imaunized with &11lcd cultures ¢f the orzin-
i:m were ured,

Also in 1923 Tine (63) fournd that the a&grlutinin-
anticcen coplex becwne dlescocisted upon stundinz uwt roon
teaperutures «hen normul ferun wase substitutcd for ime
mune serum only purtiul alesociution occurede The orgun=
1818 uéed were stuphlococole.

In the 8sme year lrumwiede, Cooper and I'rovoct (64)
gtuted thut ™ the abeorpticnof specifio u-glutinine muet
be uged to deteriine upgslutinutive identitye.
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Evane snd Smull (65) found that cerur dilutione of
Jucillus influensue were m=ée in becf infurion broth ot
Pl 7¢0 insteud of nor .l &.1! colutinsn the recult: were
uore satislectory eehcoisll” with the less rencitive une
tigense

In 124 QOzsta (56) dicscovercd that wurn &lkoll with
a goncentration of <01 normul mirkt be uced in the scp~
aration of auntigen «nd ax-lutinin, 429 vein> the fuvored
temperatures Fe fouwid a 1C ;. susczroce solution mere
fuvorablc tian & golution of Hull,

Laundetcier (67) ard Ffunder [cheer, uleo in 1924 by
means ol partiul abecorption :ethodse were guscessful in
differentiating the blood oi oifierent erecies, even when
the precipitine were m.ch «like, They inclined to the
bclief thut the escerntiil differeirce between agclutinins
and preoiritine 1s 8 chcmicz) one “hish determincs the
epecilicitr of untirence

Jacobits (68) difercntizted between vrtifficiul aciad
agrlutination uccd by ‘dchueelic, cnd bieclo~icul scid sxzlu-
tinition irduoced b the ucid foraed by the bacteria dur=
ing tieir prowth in guc.r sslutions., ¥her the former
nethod 1s uced the buotecris dle culsily while in biologlocl
ucid tvpozlutination they .y live for & lon~ whilee

In 1526 Rebrucsier (69) in rtvdrine the elfect of
phenol Iin the nseudo=urslutinetion found thut by o..ittin~
phenol froa the wntirens, thie trouble oould be pructicully
eli idnutude
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T .CIZIIC LITTLCY D

The seru were obtuincd froa four rubbits hich hud
been previouely injected with eucvencions of killed cul=-
tures of Buoillus sunjulnarium, Bacillus pullorum, Bug=
£1lus typhLosus, und Peeudoionue pyoryanes reepeotivelye
The orgunigas were cultiviicd for tunety-four Lours on
liver zgur glunts, the growth wucehed off with phycsiol-
ogic.l sult eolution, the suspencion diluted to corres-
pond with tube 1 of lefurlund’s ﬁenhcloneter wnd heated
in a water buth at 60° C. for onc L.17 hour befor. unce.
Theee suspensions were then kept .t lOOC.und injeoted
intraperitoneally in one Lilf Ge.ce tunts &% intervuls
of three duys, for a period of four weckse. 4t this tize
the rubbits were bled from the eur and the seru tectca
againet the reepcctive wnticenses ~ince c¢uch serua guve
a pocitive tcet &t a concentrstion of 1:610, the titre
wus ccnéi’ercd t> Le sufficiently hish for studye. The
rubbite were bLled froa the heurt and the eers obt.ined

were preserved &t 10% C. for future uce.

CRCS3 LG IIUTLIATIC N STUPITS
As a prelininary to the ugrlutination sfudiee,
cross ug-lutinutions of the four orgunicme eclectecd for
study were mudee These orocs egrlutinuti-ns were cone-
ducted with the usuzl antigcn prepared by wushing the

growth from liver sgfur cultures, incubuted st 327° for
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48 houre, with phyeiolo~icul eult solution to wkigh

Oe5 7 phenol hLud be:n udded us & preservuative. The

antigen wue dilutcd to & turbidity of 1 secordinz to
.JoTurland's ncprheloicter,

Tﬁe tests werc ect up ueing serua=-untigen dilutions
of 1;20, 1:4C, 1:80, 1:150C, 1:320, und 1:640, phyelolo=-
gloul €21t colution being used 13 e-ing the dilutions,
7he recults obtuined (Twble I) vicre ume follows:

reeudo..oneg pyoryenca gerul tectcd with its Lo:o=
lozous sntigin ruve & titre o 1:640, while with B.
t:phosus sntifcn a ¢ tect wue obti:ined ut 1:40, with
a 2 ut 1:8Ce .ith 3. gunguinariw) «nd B pullorua an-
tizens nerrative results vwcre ovtiined in €11 dilutions.

Tit: Be suncuinurium eerun, the honolozous sntigen
guve & titre ol 1:6%0, R. trrhotuc & ¢ et 1:640, B.
pullorun a ++ ot 1:8C, with a ¥ at 1:1°0; while B. pyo-
Lrunve wnti~en e u o at 1:4C0, with a & reactioﬁ et
1:8Ce

It will Le noted thot B. typhocus anti~en gave the
highcgt titre, cc would be exzpected, while Ps. proryznca, .
&n unrelated or-uniea, had the loviect titre.

Be pullorwn scru.a with itc ko oloous antigen gawe
a cirtinet positive =t 1:640 with 3. typhosus untiz'n
8 + &t 1:320, 3. eunzuincariua + ot 1:360 with & ¢ at
1:320, wnile Ps. pyrorryunca fuve only & X at 1:20.

Theee results sre &1l co.apuruble, indlouting o
clocse relationship between 3. typhoeus, B. ganguinarium
and B. pulldrua, und the totully &iflerent nuture of Ise

PYOQY=NCle



STUDIZ. “ITH £ LT Al ACID SGOLUTIN.TITN

Faving determincd the titres of the vurioue sera,
both on the homologous and heterolosous antizens, it wae
possible to study the effcet of altcrine th teet fron
the stindurd rroccdure.

The firet modificution to be ctudied wus a comnurison
of thc eflect produced by the vurious sulte as couapared to
sodiun chloride «85;; ordinarily uced with the stundard tect,
incubuting at 37°, 259, und 10° C. &nd also scaordins to
the rupid mcthode.

In oonducting the etundurd tects for the four orgune-
isas under ooneiderution, the cet-up in esch cuce was a8l
follows: 0.d§ C.0e 0f EeTW], 002 0.0e Ccf cntigen encpen-
sion huvinz a turbidity of 1, and UeP5 0e.ce 0f 0e85 7
ealt solution in euch tu.e. DNilute Lyirochlorie soid wag
added to obtuin the decired Lydrocen=ion concentratione.
The eserun-antigen combinuti 'n of euch of the four orsune
1818 wuc tectcd wt ph values 340, 4.0, 432, 4.4, 4.5, 4.8,
560, 562, and 5.4 with euch of the eizht £.lts uced, nuzcly
copper &cetute, godiun eul hute, buriua chloride, smaoniun
chloride, mu;nceiun eulphute, potasciwn chloride, culeiun
curbonate, and godiua o.lorides Duplicute cets were ine
cubated at 879, 259 and 10° respcotively, sndslco with
the rupid methode

0f the ec¢lts used, oulgiun curbonate and mapn@sium
sulphute were the leust effective, The former, when uced

with B. sungulnariua egeruwn &nd antiren, with the ircubution
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at 370, effcated only u + riustion at P 3 und 4, while
the luatter prroduced the esume results, =ith &n edditionul
X resction at pH 4.2.

%hen uced with 3, pulloarumn eerua and antifen 03303
peraitted a ++ reaction at hrdro~en pd 3.0, + a8t pT 4.0,
and & ot p& 4.2, while "T0S0, prodused only & + &t p¥ 3.0
emd 4,0 with a 2 &t 4.2. uith 3. trphoeus rerums and snti-
gen CaCOz allowed 3 ++++ ut p?s, ++ uat PN, end 2 at P74,.2
while 2004 ouused & ¢+ ut Pz with & ut p7y and 4.2

Vith Is. ryrocraneu gerun and anti-en CulOx gave &
¢ + 8% PE 3.0 end 2 at pH 4.0 8nd 4.2; 1250, ++ at PO 3.0
+ at p¥ 4.0 and 2 at DY 4.2,

innonium ghloaride wue elichtly more eifective, eince
when uced with 3, sunrulnariun & +++ reuction was produced
at PH 3.0, ++ st P 4.0 and 2 at Il 4.2/

iWiith Be tyrhosus 8 +++ rezction wus £iven at p7 3.0
¢ at P 4.0 urd % ut pT 4.2, while with: Fs. prrocyunca
serum und antizcn a ¢+++ reaction oocurcd &t pH 3.0, ¢+
at DH 4.0, + ut DI 4.2 and =~ at DI 4.4,

Burium gliloride und potugsiui chloride were next in
order of efllciencye %With B, sansuinarium the eflect of
thece € .1ts wue 1dentiosl. Roth ~ave 8 ++++ reuction at
Pl 3.0 und 4.0, ++ ut DT 4.2 and £ at pY 4.4,

“dth B. pullorun the derree of arglutination produced
by thece t 0 e:1ts wue umuin the sumees The resaction pro=-
duced ut Pl 3.0 and pT 4.0 w:s in euch cuce ++++ wWhile a

++¢+ Wue Indlc-.ted aut pll 4.2, ++ 6t 4.4, aund 2 at 4.6



The maxioum recults were obtuined by the use of copper
acet.te, Sediwa culplinte und . odiwn chloride. The
recults oZ thece €ults belins rmch the s.iice

| with 3, swnguinuriua all three of the lact mentioned
sults .7e & +++¢ rcuction at pil & und 4, Ha2564 guve 8
++4 8% DT 4,2, wiile cop ¢r &0 tute end IIGCl puve 8 ++.

Coprer ucetute and Luolo, produccd & ¢« &t pIl 4.4 while 2

4
wus indicuted in the luCl tecst,
Coprer ucetute &nd x33304 guve & 2 resction gt DT 4,6,
%ith 3. pullorur cerva urd ¢nti~en the re:ults &t
FE 3 und 4 were the fane, ull threce eszlts ermittinz a
+r++ recctione At PH 4.2, H52504 and IuCl guve a ++¢e¢
while Corper toctuite guve a +++ reuction. At pUT 4.4, NaCl

gave u ++¢+ tect while Copper ugetute and Fust0, guve ++ o

4
At PH 446 the teet wes ¢ for exch eulte ¥ith Be trphosus
euch of the three eults guve +-++ ut PY 7 and 4. Copper
acetute and NuCl guve +~+¢ &t pE 4.2,‘wh11e na2804 FLVEe ¢+e
At PY 4.4 NluCl produced & ++ reasction whiie corper vcetute
guve 8 ¢, und IusBly 3/ JuCl und Copper soetute puve 3
ut 4.6.

"ith Pce TrOorrunca +-«+¢ wes indioutcd in eugh cuce &t
P 8 and 4, tre LuCl teet rhowcd ++++ &t PH 4.2, while
coprer ucetate wnd w00y onve +.¢ recction. At DT 4.4
liaCl produced 8 ++ wrile the tects with Kazso4 and coprer
werotute 1diouted a ¢ rezotion (Tuble IT)

The te:ts incubuted st 270 averired one voint less

thun thece given for the 27° incubution.
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Thoee pluced &* 1¢° for 24 h-urs chowed st the nost only
doubtful reuctinns, but when hcld {or 43 hours the recults
conpared favor:bly with thoce obtuined by incubuting at 37°

fo 24 hourse.
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TABIE II EXfeut of salts on Agrlutination.
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_TABLE II (Coatinued) ZEffect of sults on Agglutination

B. typhoeus
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with the rurid method, resulte correeponding with
those given for incubutinn &t 370 were obtuined. Fere
the buffer eolutions were eubetituted for the colorinctric
ne‘hod of obtaininz the desired pr, €ince by £0 doing
the tine reaquired for the cet un wus nuteriully leceened.
The saxne geruia untipen dilution was uced as in the cbove
t - sts, the tubes shuzen for t-o mirutes, und incubuted for
15 m: nutes at 379,

The results would eecn to indicute that phyeiclocsi-
cal eodium chloride solution is us efficient «s other
salts in pronoting «g-lutinuticn of th {our orgunisms
gtudied.

In view of the f.ct thut ‘hese reculte checked with
thoge rrovioucly obtuined by othe£ inve:tisztors, the
evident oonclusion séemcd to be that physiologicsl
gsodiun chloride w8 ordinarily used in the routine aspg-
Jutinaticon tects 1e as efficient a8 other salts, st
least those tected did not seem to &veruge hicher in

recsults produced than those given by 85 3 IaCle



Change of Fydrocen-ion Concentruation During

Incubatione.

The next point in cuestion wae to vhat extent in-
cubution ut 37° would uffect the Lydrogen-ion concene
trution of the sgrlutinuting mixture.

Acoordin;ly eset-ups were arranged for the four
orgunisng, using 0«05 cece 0f serui, C.25 ce.c. untigen
(turbidity 1), Ce5 GeGe buffer eolution, 0.5 ce0e DLy~
eglologicul s.lt eolution.

The teets were wrranzed in duplicete for ezch orgun-
ism, 84t the end of thirty ninutce, &nd £4 hours incuba=
tion indicutor wus sdded to euch tube, and the contents
commnured with the pY etundarde to determine the extent
in chanre of th: hydrocen ion concentration. The recults
were us followe: ~1th the hualf hour incubati:zn, the tects
everuged one roint increuce in slkalirity, while with tkre
24 hours incubution, the uveru~e chunce in pF vulue wus
1.5 touard the eliuline eide.

vhile this hus no purtiocular ei~nificunce, the con=-
clusion muy be msde thut the pH of the incubuting tubes

tend to move toward the ulkuline eidee.

The Effect of Omitting Phenol from
B. Tullorua /n!icen
4t this ti.e an attept wus mude to esubct.nticte
Rebraceiere (69) cl:ia thut the ro-o.lled preudo-re=

actions in the ugz~lutini.tion of 7, pullorui mi~ht be
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avoided by the omnicsion of rhenol.

Routine teetc were run in the ucuul manner, but
oaitting prcnol froa the untisen ucede Teste vere
erranced in duplioute, with incubution at 37°, and
25°c. for 24 hours, «nd 1G° for 48 houre with the
following recrulte:

A1moet with out uxception, the tubee incubuted at
370 for 24 hours sliowed tufficient growth to interfere
with reuding the tectee. '

In those incub.ted «t 2C00, the groxth was lecs
appurcnt, but wus evident to an undecirudle degreees

Incubution for 48 hours in the 1ce box eliminated
the growth fuctor but the lensth of tize neccesscry for
apglutinution i1s :ndeciruble for routine worke

The &ntizcen prepared without nhenol wae also tested
socordin= to the rupid mcthod, urine 0,05, Ce(25, 060125
snountes o7 €era, 0.2 Gece 0f untigen vwith a turbidity of
1, &nd 0.5 c.0e 0L phyciolo~icul eult eolution being
added to each tube, The teete were thuken for tuo min-
utcs ut 37° sna conpured wi : teets similurly conducted
but in whioh phenolized untiren was uced,

Thig method wur rep-uted eeversl times with vurye
ing results. it times the tests fron which phcnol was
onitted seencd clecrer thun thoce in vhich rhenol wue
uscde At other tiiacs no difference wue apparent in the
resulte produced by thc two methodse.

The evident conglueion is that phenolized antigen

ie more dependaudble for routine worke.
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The next etep wus un utteapt to influence the degree
0f ugzlutination by the &ddition of orgenic coipoundse

Locordingly vurious orzunie compounde, numely,
blood &lbumen, edcctin, lecethin, and he.ioglobin were
prepared in euspenciones of 1:4C0, 1:2CC0, 1:10,CCO,
1:50,000 and 1:250,000; giving as fin:l dilutions in the
tests 1:8C0, 1:400C, 1:20,000, 1:100,0CC, urd 1:5C0,CCC.

These vuryinz suepensions were added in C.5 C.0.
vmounte to tnbee udfucted with buffer eolutions to
Lydrozen-ion concentration of pil 4.4y 448, 5.0, 5.4, Ee6,
De8, 660, 642 and 644 ucinz B. pullorun entizen with a
turbidity of 1 and positive eerum with a dilution of 1:40.
Inoubution wus &t 379 fo 24 hours. The following rgsnlts
were notca

Leccthin with & dilutic. of 1:8CC produced a ++ re=
actlon ut Pl 644, 6.2, &nd 6.0, + a8t 5.8, T ut 5.6 and
504, nezutive at pH 5,0, 448 and 4.4; and with & 1:4CC0
diljution, ncrutive ut 6.4, ¢ 8t 6429 = ut 6.0 urd neg-
ative for the rect of the series. TFigher dilutions of
lecethin produccéd no efiect.

The vulue oi edeetin proved clirshtly lees thun that
of lecethin. The tects were not cleur, &nd while ecre
agslutinution wus uprurent in the eaaze tubce us those
noted with thc uce of 1lroethin, the teste werc not

geatisfuctorye



The saic wue true of blood albumene The tects
were not e.tieluctory even when a ailuti-n of 138C0
wugs uccde For trnis reuson the nute of these gubstunace
wus not continucd furthere _

iwhen hemerlobin wee used in ths sume munner with
incubution at 37°% fo 30 mimutes, Oe5 GeGe ©f & 1:8(0
suspeneion produced o ++++ reaction ut pH 4.4, 4.8, 5.0,
Ded, Deb6, 5eB, 66C, and 5.2, with a +++ reuction at
PH Bede The 1:40C0 suepencion yroduced a neputive re-
sotion ut Ged, ++ &t 5.2, + st 6.0, and = ut 5.8, 5.6,
Bed4, £e0, 448, 2nd 444e¢ 4 1:20,0L0 rucpension cuve &
nejutive teet ut 604, ++ ut 6.2, * &t 6.0 andi 5.8,

&nd & necutive ut 6, Fed, HeC, 408 &nd 4e4e L c£us=
pcnedon of 1:10.,0C0 puve & negsutive tect ot Pl Go4,

+ ut Ge2, 2 &t 66U, und nezutive for the rect of the
series, /(f{ter being Leldi et 37° for 24 hours the tube
contuininz eimo-lobin éilution 1:40C0 und buffer st

PI Ge2 1nore.ced to & ¢++ rcactione The other tibes
were not zltered. (Tuble III)

This wae a dietinot inoreure over norm:l &pglutine
ation of 3. pullorua cerum «nd wntizen without the sdd-
ition of hemoalobin, eince the revicue tects hud given
only a 2 reuction st P 4.8 und sbove,

The previous croce agslrtinatione teets with B.
rullorui unti~cn, and Fee Fyosoyunca gerua had given &
ne-utive test in wll cerun-unti~en dilutions,

The effect of the uddition of remoglobin suenencion

1:800 wus to ingrecec the rencitivity of the reuction
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Table III Tiiz el{feat ol viriouc goncentrutions of
henoslobin in “hie <3-lutinttion of 3. pullorua serun

and amtigene Inoub.ti-n at 37° for 30 minutese.

v v L § B 2 v v v L4 v *

IR 44 *4.8 15,0 15,4 15,6 ?54876,0 '5.2 '6.4 °
v v v v R J v v v v ]
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L ) v v v A 4 v \ 4 v v ]
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120,000 Y o ¥ e et 0202 tee v ot
T v v s 7 A 4 v v v 4 -
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1:800 V444 44447444 V44 47444704 474414444 ¢4 04"




€o t':=t with ccrmia dilution 1:40 unron tnirty minutes
inoubuticn et T7° & re.otlons were obtulned ct PH 4.4,
4.8, Del, De4d, Leb, tni 548; ¢ &t rll G«0; +++ at pI
6e2 tnd ner.-tive &% D7 Gelée The 1:4,000 sucpension
guve negutive tecte ot pil 404 c<nd 4.8, & &t pd 5.0,
Dedy Deb, und 5He0; ¢ ut Ge0; ¢+ 2t 6.2 und negutive
ut 6e4 (Tuvle IV)e . hen held st 27° for 24 hours the
aislutlneticn 1a the tihes contulining the 1:800 eucpene
glon incre.ccd to + &t Pl 4ei, 448, 540 und 5e4; ++¢e¢
8t 5e6, 5¢8, 6eC, 642 ond €e4e The tudes in vhich the
1:4,6l0 cusmxncion weg vred incre..ced to 2t P 4.4,
LeB il 5405 ++e+ Lt PII Gel and Ge4. The tubes contiin-
inz & 1:2C,000 fuszypcnsisn vhich Lud bkiven only nex.tive
toste with 30 dnutee ireub.tl n, now guve 2 st DI 560
urdl ¢ ut Gee The 1:10G,CCC susrezcion produced only &
! reusticn st PI 5426
Thecre resulte soermied very siqrrnificsante In the
first pluce, the cddition of a eucpencion of kemo-
£lobin cpnarcntly incre.ced the scnsitivity of the
entizen to .uch un (xtent that ++¢+ reactions migsht
be prodused wlen norn.lly norotive tecets would be given.
‘The next etep wus the upplicuaticn of theese find-
ings to tects with cloudy scra, firct using 0.05 8e.Ce
of cerul (X), 0.2 Ge0e 0f Be Pullorua anti-en, 025 GeCe
azounts of hcmoplobin susnencions 1:20,000, 1:100,000
&nd 1:£00,000 roepeetively. The tests were wijfurted
to PI vilucs (.2, 6e4, 646 81N 648 with buffer sol-

utions in 0.f Ge0e wniountese +ith 30 minutes incubution



Table IV

36a.

The effeot of various hemozlobin suspensions

upon eross agglutinstion of Ps. pyocyanea serum, and

B. pullorum antigens.

Incubation at 37° for 30 minutes.

v ] v v v v v A 28 4 v Nt

PH 84,4 "4,8 5,0 "5,4 '5,6 '5.8 16,0 6.2 '6.4 °*
v v v \ g ) 4 m e v v Vg
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v v v v v v 2 n P e §

0 | -V - T . v o v U ] - ] - s - ® - ]
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1:100,000 (AR L L L L B A
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1:4.000 ¢ = L ¢ & ) & § =~ P - S ¢ ¢ +4 ) =
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at 379, the 1:20,00C suspension rroduccd a * re.ction
at pd 646 und ¢ ut 6.8 the resuinder of the tecte
beinzy nezutive. .hen thc sbove tects were incubotcd
for 24 houre st rooa temper.ture, all tubcs eontuin-
ing the hexnczlobin susrension 1:2(,0C0 chowed & +++¢
rexsction, the tubce cont.ininz the hicher diluti-us
rere. ininz nes.tives

"'1th a €econd ecloudy cerum (Y) run according to
the ubove eystea, the Leiozloovin sucpeneion 1:20,C0C
nroduced a S re.ction at PH €2, ¢ &t 64 und 646 &nd
¢+ 8t 648, the hisher eucspensione huving no effecot
with & 3C ninute incub:tione The 24 hour incub.ti-n
produced thr gude recults w8 thoee given for cerun
(X)e

Theeg eera were obtuined froa the routine lubora=
tory und Lud piven cloudy reuctions with a ailuticn eof
1:40 on the previous_day. Doubtleces the disuvrpeuarwnce o
of th cloudy elfect wus due to the ilce box etorare durin-
the imervening £4 hoursa obeerVQtion to this ef’cot
hus becn made by !re -wllaunn (1l)e ©n the o ther hund
the co.wirution of the gconctituente in the tuoes muy
have ulTected the precipitetion to sone extente Lt
this ti.ie rno further etudies were aude to determine the
disupneurunce of the clbudincss.

The test with scrum (£) wue then repeuted, ucing
the gwne umnounis ol seruwa, untiren, und hemo~lobin
suepencione, but degrc.sine the aount of biifer €ol=-

utircns t9 025 0e0e &nd 8ddinT CelH cece 0f pLyelolog-
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ioul £ult rolution to eash tube.

with & S0 rdrute incuboti n et 77° tudes cone-
tulninz Lemosrlouin eucrencion 1:50,00G ehoued a
reuction ut PI 6ol wid $e2, ¢ &t PT Geb and 6.8 (7.ble
VIII)

Uvon ttunding &t roon temperuture for 24 Iours a
¢+ reaction wue cvidenced & DU 6eC3 ++ &t 662 &nd ++++
ut 66 und 6484 (Tuble IX)

Legsining the a0 unt of buiicr esoclutions decrewcced
the tects us night be canectede

A geries of tests were thea run, ucing cloudy
chicken eerwn of unknown rwuction, in 0«.(5 0eGe, 0020 cec.
und 04Cl25 0e0e umounts, 0e2 GeGe 0) 3¢ pullorum anticen
having & turbidity of 1, 0.25 0.0e 0. hemnorlobin suc-
peneion 1:20,000 und Oed Gece of puffer eolution of pF
568 &nd 6.8 Tie r.pid .cthod wus uced, thut ie, ghuk-
ing the terts for 2 minutes und incuvating for 15 xin-
utes st 7% Thoce tubes containinz 0.05-0.0. coounts
of cloudy gerun F.ve & ++++ reuction; 0.025 0ece OF
gerua produced ++ and CeCl25 GeCe u ¢ rezction &t both
PH 548 und 6e8.

Cuolesterol wus not obtuinaile 4ot the tine the
previous etudies with oi anie coupounds were wdece ..t
this point/éﬁs pocelole t5 compure 4ts vilue vith
thuat of hemoglobin, which thus fur hid given the woet
sutisfuotory r(sults of the vurious orjunis conpounds
uscd in the tectse

A dllution of 1:25,60L0 wus ured aroitr.rily due to

the recults obt.ined with correerondins dilntions of



“hen a rucencion of chelesterol 1:25,600 wug
substituted for the Li w0~lobia in the abové tocts, 11
tuoes pave ++++ recctions. |

Thege tects fecmed to indioccte thet both homoslobin
und cholesterol, but ecveci .11y chnlecgterol, mistt be
ured to inereuce th- seneitivity of th santirene.

Yowever, €lnse the cera trus for tectcd were not
known to be poeitive, th. aext poiant eceed to be
would theee orz.nio coxpounds prodnec u gimilur re=-
actirn vith uny eerui, whethcr'pasitive or negutive.

Abcordinaly, a eeries of tects were run by the

. rid ethod, ucins elondy reru (2),(d) und (e) in (4,05,
C.02Z end 0.(1Z5 enmotnte, 0.2 Cece 0f & csucrension of

3. pullorun artisen (turtidity 1), Ce5 c.c. of buffer
soluticns of PH L2, feb vnd Fe8 reevectively for euch
cerun uced , (425 cece 0 Leno:lobin euspencin~ 1:500,0C0
being +dced to eush tubes

liorrel horre cermm wuur tclected v8 o control, €ince
being frca a dif’erent unimul, &oclutiring for 3. pullorum
would be ubrente Therefore & rutisfuotory cheok would
be furniched fer the tectc,

The get-up wuy durlicet.d, rubciituting choleeterol
cveperneiocn 1;409,2C6 for the henorlobin and both cete in=
cub.ted in a wu'er b.th &t 56%for 1% miuutes.

£11 tubes contulnirg chiciken terul suve ¢++¢+ reuctions,
while the terts vith heorse geruna éer“ nes_tives Thigs mi~ht

inddo-te that thc chiclien fera teeted were wll poreitive,
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or thut the or=~cnie cubet.nce uscd would dbring down
u rregiritute with uny chicken serume

It wue thouszht thet the effect of the hizh tenper-
ature :ight bde in part reeponesible for the high desree
of ugzlutinati-n, Therefore, the previous get-up was
repeated, incubatinz st 522 for two hource The re-
sulting agrlutination wue evident only ut pE 5.8 At
this point, thosé tubes contuining ohicken serum in
0.05 0«0, umounts g=uve ++++¢ reuotiones, thoee contuin-
ing CG.025 0e.0e ¢, und thoege huving 0.0125 c.Ce guve &
2 test. All tects with horee serum werc negutive.

Hence, tever.l thinge were determined. Firet,
cholesterol eucvnenei~n 1:8C9,200 hus an effect enuul
to that produced by hemoglobin 1:5C0,CC0. Second, the
tenmneruture &t which the tecsts sre incubuted is a
definite fuctor in the rate of the resultinc rcuctisne,
Evidently, too, thc onrti.ua pE v.lue is 5.8,

The effcot of vurying smounts of aentigen and orsunio
conpounds wug the next point in quecstione

Cloudﬁ cerua froa two birds suepected of beinz ine
fcoted with 3. pullorum were run ag.incst a wool of
cloudies precvioucsly tested and the sume horce serum uced
in the previous teet. The tubes were eget up as followse;
(1) C.05 Be0e 0f the recpective geru viith 0.2 6.0, 0of &
geuspencion of B. pullorumn antizen, 0.05 0.0e 0f buffer
solution huving a pP vulue 0f 5.8 &nd 025 0e0e 0f hemo-

globin suepencsion in 1:500,0600; (2) 0.05 ce0e Of thc sera,
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Oeld Gese 0f untizcn, Ce3 Gece 0f the Leno~lobin, and
Oeb 0e0e of buffer solution; (3) C.C5 c.0. 0f the scrs,
Oel 0e840f untiren, 0.Z5 CeCe Of hen0-lobin, Ce5 CeCe
of buffer solution; (4) the ect up for (1) wus repested
using cholesterol euspension 1:0(9,200 inste=d of Lemo=
globin 1:500,000; (5) wus & duprlicute of (2) with choles-
terul cubstitutcd for hein~lobin; (5) duplicuated (3)
with the eudbetitution of clLolesterol 1:209,200 in pluce
of hemoglobin 1:500,000 The rccults were the sane in
all cuser the tects with cliicken sgeru gpiving ¢e+e re-
aoti~ns, while thore with thc horce gerua were neputive,

Evidently, on- of two conclucions rmuct be druwn,
Either 811 the ohicken ecera tested were froa birds ine-
feoted with 3. pulloruil, or the misture waus ¢till too
gensitive for accu ute recults,

To {further dilute the gerun-antizen mirxture ceened
the logicul etepe Therefore tvo csuepeccted eeru (B) wnd
(L) were run with a pool of cloudies which had previoucly
given poeitive iccts. and horee cerum, €ix set-upe beinz
uced for cuch gerue (1) 0605 0e0e Of the recpcotive
8eTu, Cel Gece 0f 3. pullorum antizcn (turbidity 1) 035
GeCGe 0f heczmoirlobin euepenegion 1:200,0C0, UeS CeBe Of
buffer solution huving pll vulue 5.8, (2) 04025 6e6e 0F
seru, O.l c.2e 0f untipen, Ce3D c.Ce Of hemoslobin, and
OeS cece Of buffer eclution., (3) 0.C1l25 cece 0f eera,
Oel Cese0f untizen, Oe4 Cece 0F hemnorlobin, 0.5 GeCe Of
buffer solution., {4) wus & duplicute of (1) subetituting
a cholesterol suepencion of 1:819,2C0 for the hewoglobine,

(£) duplicuted (2) substituting eholesterol for hemorlobing
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(6) duplicuted (3) with the eubctitution of cholesterol
for hemoglobine. Thece tubes vere incubatéd for 15 min=-
utes st 55° and wllowed to etund for 15 minutee &t room
temeruture before reudinge The recsults were e follows:
In the foret eet of tubce, cerum B guve 8 ncrative test,
L ¢+++¢, the pool negutive, und horee eserum negutivee The
results for eet (2) und (3) were identiocul with those of
(1)« Test (4) using cholesterol 1:£09,200 puve & +++¢
for gerua L a'd for the pool. Serun B and the horee serun
gave negutive rexctione, The resulte for (5) «nd (6) were
the gane 8 those given for (2) &nd (3).

The effest 0f increueing the gerun entigen diluticn
wus & deoreusc in the amount of uwgzlutination to the cx-
tent that the pool of cloudy cera which had previouely
given 4 ++++ Yeuction, now becume necutives ~Lllowing tre
tubes to etund for 15 minutcs &t roon temperuture after
beinz re:oved froa the wuter bath reculted in the pro-
duction of a decidedly cleur cupernatcent fluid,.

To re=cheok the rccults o fur obtuined, und to
further deternine the effect of tcnpersture, sgcrua (1)
wag tcetcd In 005 0e0e, UelU25 CeGe 4nd 0.012§ CeCe
snounts vt PH vulucs 5.0, 52, 5e4, 58, 6.0 unl 6.2,
ucing Oel 0e0e Of untizen (turbidity 1), Oe4 0e.ce OFf
organie gubst.noee ue before, und Oeb Gece 0f the
buffer solutionse The tecsts wecre incub.ted at 569 for
15 minutee with an «dded 15 ainutcs &t room temperwture,
and in dunlicste at 37° for 24 hours. 111 tubce indiout-

ed a ¢+++¢ reaction, lowcver, thoce i cub.ted in the
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weter b.th ot 6% suve a ehurper re.ction thun thosce
held ut 27° for 24 hours. Lizcwice, the tubes in which
choleeterol wue uced guve u cleurer test thun thoee
vith heao3lobine

The sume conditicns were rcpeutcd, ucing ncgutive
ochicicn eerua (not oloudy) with neg.tive rceults in &1l
tubece.

The quecti . nuturull; urore ue to whether the
agglutinuati on with ocloudy seru wus due to a combinution
W th the orgunio co.ipounds, not formed with oclexur eerae
This wue reluted by the micricscorie teet which ghowed
a m.rked agrlutinution with gerun (L) &nd none with the
clear neg..ive eerune

The next cuestion to urise wue trat of epecifiocity -
whether o6ther antizene would prroduce like recults when
sencitized with cholecsterole Loocordingly, the mevious
get-up woe repcuted using eerua (L) with Be guan-uincriun,
B. typhoeue, und Is. prooyunea antizens. TPoeitive re-=
gults w re obtulned in &1l cuses, indlouting thut the
tect wue 8t11l1 too sencitive for pructictical ure in the
dlugnoeie of Buecilluary “hite Tiurrhea in chicikense

The test with the vurl us antigcens were repeuted,
with decreuging uwiounts of eerua (L) the lutier being
uced in C.(1Z5 Ge0e. und 040l 0e.ce &mounts, the amount
of the other gonstituents rcmeining sonetunte 2 reuo-

- tions were still evident with Be typhosue und 3. ecng=

uinurium untigens, Lowever, when the unount of serum
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used wus decreuced to o005 GeCee B. tyrhoeus and 3,
saauinariwa untisens fuilled to recact sbove pd 5.4 while
Be rulloru» entizen e€till produced +++¢+ az~lutinaition
8t TH 5.6 und 5.8, s¢+ at DI 6.0, ++ at Ge2, = at 6.4,
with a neputive ut 6.0 Therelore the developaent of the
teet rceed to be arprouachinz the point where reliable
reactions 2isht be cxpectede L€ & furtler proof of the
relaibility of the test, tir turLidity of the sntiren was
deoreused to 1/2 und used in (o2 Ge0e umounts in tecting
four known potcitive sera (cleur) szuinet & known nesutive
and & gulnca plg serum, ueing buifer solutions of 6.4 and
66 1In Oed 0eCe unounte, Ue4d Gece o: cholceterol euepen-
sion 1:809,200 and CeCO5 de0e 0f the recp.ctive sera.
Inocub.tion wue for 15 minutes ut 56° and 15 minutes at
roo:a teaperature.

The resulte were cheowkcd with the routine tecet, und
with the microscopic tect, the rcsulte in 811 cares bein-
identio.le. |

derua R guve & ¢+ rcuction, ecrum Z13 +++4, €€rUN
128 «++¢, ard €erun 187 ++, while the krown nerutive
chicken gerwa puve a negutive rcuction, and the guineu
rigz serua likewisc fuiled to ar-lutinute.

A8 th cloudy €oru avuiluble Tor the teet hud been limit-
ed in nwiver, 102 chickens wer. dled, und the sera tected
for the purroce of eubstuntisting the relizbility of the
teets 0L the seru thus obiuined, 70 guve cloudy rcuctions
with the routine tect. Of these Z0 cloudy ones (22) guve

8 +¢ reaction with the sengitizcd test and liicewicse showed
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eone usilutiastion vd th the nioroccoplo terte The other
(932) guve u +++¢ rea:tina whea tectnd wosording to both
ethodse,

The oloar eera were to%d b the ceasitized toct,
the routinc test, anl the silgrocco-ic test, the resalts
in a1l cuses belnr iden'iocil.

“hen the birds €2 und 933 were cturved for 48 hours
and dled, the cle.r seru a3 ovt.ilied were tested by the
cencitized, routiane wnd 2'aroziotle mcthodes, givinz the sule
recults 48 ‘hose notcd .. hovs,.

i:nge it cee ed Juztifighla to conclude thut the esen=-
Si1tized teet 48 outlined .y be concidered a reliuble means
ol diumnocis for the orecence oI 3. pulloran in the gera of
chlckenee

The advantugee of thie te 't way be £t .ted usg followe:
firet, the rapidity with whioch 1t mu- bo conducted, ornly
30 wvinuteg velng necscceary for incubation, 15 minut-s in
the waser bath at £6°C., uand 13 minutes et.nding st rooa
teperature, to «llow co.nleta precirituation. tfiecond,
only onc tenth as much cerua is rcocoulred w3 in the set..ndird
teste Third, the uvoldince of the laoms of rroduction cuve-
ed by etarviny the birds to obtuin clzur Toru,.

The eonjeet of urnnilac the $:cts 2t both PV 6.2 und Gl.4
Is ta.t ceru vary in thelr rece’ica —ith the bufier colutiocace,
Soie ive u clucraer teet wt 7 SO0, while othirs ~ive a cli~ht-
17 eharper tozt vt Y Gea4e Yonee 0 obtilin the alzioun ro-

cults 1t rcexd Laicnle to mun <11 seru ot both concentrations
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Tha 1lust divicion o the work wies un utterrt to
rrove ti.t Laticens ri~ht Ve sfurndirdized, thuet is that
difZerent etridins 02 the guze orgunicn sitine widoly
éifferent rasnlis in th Stundurd tect mirsht be checized
with & nown ~rece:~ed cerwi, ownl b- the «ddition of ore
funlc subct.nces, be mude to m=ive a ¢+++ rcuotion,

Ten ctruire of Be pullorua were nced in awiinz the
anti-ene, vinich voried fro a etr.ipht ++4+ whon tected
with the stind.rd methed to a neputive,

vuryin rropurticons of cerwi-untizon vere uied in
the uttemnt to ctunduriize these urt irence The untiscns
were uced in vurious turbvicditi.e, witl 4ifTerent ariomnis
of pulline, vith cnd without bufler solutions, wnd vl th
difforent diluliovns of cholc:terol,

The gyste piving the hert recults mey Ye outlined
&g follows: ‘cah «itiren wee tected for 148 reuction with
& Komn +++¢ scrun, uiiny CoC25 cece 0 the gcerun, 0.2 G.C.
of wntizen with u turhidisy ¢ 2, und «8 c.ce 0of nornul
g.line, pivia~ a Tincl <ilutizn o 1:4CC. OCFf the anti-~erc
tested } 13 2lone e & Fhurp ++4++ rcictions The romeine
inz anti~ ns were then reneited, w in~ the gune eerun-
artiron Ailuticn, but deerci.€in> {he ount of culine to
Oe4 coets uiid &idin~ Ce4 ceCe 07 cholcetorel suepancicn
1:4(.9,6C0s sntimn 0 e u ¢+++ re.ction, thoce ~iven

by th: other vati~ens beln~ uneoticfictorr,. The renuinin»
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eizht wntigens were uw3uin teeted, thic tim- ucin-
O¢4 0esce of cholecterol snluti n 1:204,800, the other
conctitutente remining constonte 4 thie »0int & e++e
reuction wue iven by unliren * 7. Tects on the rensine-
ing antipeng wer: rerected, substitutin~ chole: terol
1:102,4C0 for the suspensioﬁ rreviously ured. Thie
cuuced ++++ recuctione 10 wppewr vwiith untisone 22, Z1, and
8. Cholestcrol eurponcion 1:81,200 wus then uscd with
the rea.ininy wnti-cne, resulting in a 4{,* rcection with
47« It wus found thut by rubstitutinz Oe4 Gece 07
cholestcrol 1:25,500, ++ + reuctione co 1d be forced with

~

thc rem.ining three sntirens, 26, 40, wnd 11  (Teble V)

Since up to thie tiac, no eg~lutination Lud ever
bcen obtalned with wuntiren 7 11 end only very veck re-
sotione vith # 47 the ubove recults scen to inaic.te more
thun the ever tlie poorest snti~ens muy be reinioreed or
gencitized by the addition o cholecterol suspeneione of
eufficicnt concentr.ti-n €o th.t a rcsection, e-uul in
gtrensth to thut rroduced b- the more efiective unti~enc,
.y be gecurcd.

lence the conclucion ruy be édruwn thut it ic poecible
to ctundurdiie wnticens for ure with & known rrecerved
€ETU 1o

This would rrevent the roceibllity of vurictions in
the etundurd te:t, cunred by chinming froa on: etruin to
enothere. Licewice, unti~rene prepured from th e.me ctruin
nuy be clcgiked froa tie to t1 e to cecure conctunt re=-

cultee.
*Followe p ge 37



The vulue of euch & stunduerdizution is spnurent,
A8 noted by Lullm.nn (1) in un extensive survey ol B.
pullorun antigens of vurious etriing, great irrecularity
ocours froa time to tiee. This irrecularity ie, of courece
reflected in the routine laboratory tcetce Iccurite
recults cuhnot bec incured, and definite etindurdes cunnot
be muintuined, if unticens giving widely different re-

eults are uced.
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(1) ++++ scrun, having & 1-400 titre, ovtained by bleed-
ing ohiekens krown to be infected with B. pullorua
is uced.,

(2) irepure .antigen ve veuul, and dilute to u turbidity
of 2.

(3) Set up 7 tubes mocording to the following tadlee

| J 4 ? ] ]
* 1 * 2 v 3 v 4 :; 5 ' 6 °'Control
Antigen Cele ® 0.2 ' 0e2 * Ce2 ? 0,2 % Ce2 ' 02 ° Ce2
v Y v 4 —— | e v -
Serum C.Ce '0.025'0.025'0.025'0.025'0.025' 0.025‘ -
) § v v Y — N n 2
Saline 6.06 ? Ce8 " Qb ' Gt ® 0l Qo4 004' Ced
\ J v v \ J v v -
Concentruation ° ' ’ * ¢ ’ .
of 06h0l1ccrtirolCeB. = * ’ . A ’ .
A2 v v R 4 v v
1:409,600 ’ ' 040 v v v ’
v A I v v v v
1:204,8C0 ’ ' ' 0.4 v ’ ’
B Y v 4 ) 4 g 4
1:102,40G0 ! M d * 0,4 ° ’ v
\ A | ) | Y v v v
+ 51,200 ¢ v ! ’ ' 0.4 " *
1 s L \J Y Y v v 2 J
1:25,1C0 ’ ’ e ’ * * 04 v 0,4

(4) sShuawe wnd inond_te ut 56° for 15 mirutes und allow to
stund &t room temperuture for 12 minutese

(5) Obcerve and rccorde
The tuue contuining the lesct tmount of cholesterol
givinz 4 «+.+ recaction hus the rishkt untigen © neentrue
tione This aacunt of cholesterol should be udded to
e.ch tube whcn this rarticular w-ticen 18 used in the
routine tect.
(6) cet up at lewest two known nerutiv. &nd two known

pocitive gera und the newly prepurcd sntirmen e



follows:

' 1 2

qdo Yoo

LMY TN GeQe 0.2 0.2

hJ
]
v
PEITT Qe0e 00025 0.001
\ v

S8l1ine ce0e ' Od ' (.4
R ]
Cholesterol * i
000‘ Ced 4 O.A_

(7) thuke und incubute ut 5532 for 15 minutes in the wuter
potine ZRemove ut the end of this period und «llow to
etund 8t roon tqumraiure {for 15 minutes,

(8) Reud th: reculte. The re-utive gera cheuld be necutive
in both tubes, und th poelitive gers ehould be positive
in &t leuct the first tube. In this ouse the correct
entircn-cholesztcrol mixzture has been detcraincde This
conbiration of antii=scn &nu cnolecterol ig now reudy for

uce in the routire tecst,

If diluticons 1:40 ard 1:10C hzve been uced &cgording to the

gtundard method, then dilutieons of 1:400 snd 1:100C ghould

be uced in this test, «s indicw.tcd by thc above tuble. The

obJeot of the higher dilutil ns 1g& to muke the &ect applicuble
to gener:l uce. 3y ingreusing the seneitivity, cloudy re-
actions are svoldede The above procedure ic tentative and

ghould be udupted to thr routine of the individuul laboratorye.
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Sodium chloride us used in tke stundurd ursrlutinstion
tect produced m.ximua efficiency. /%t leaet none of the
eulte gtudled puve better reculte at the seure aconcentrutione

Incubuti n £t tempersturee below 37°C. decreaeces the
unount of growth when phenol is omitted, but uleo decreuces
the unount of wzclutinetin vnlees held for a decidedly
lon~er period.

Erdrogen~ion coneentrution influcrnceg the reeults mutere
1ally. Viryinc retults were obit:ined,

The wadition of oholeetefol or hero¥lobin esuves wn
increwied senelitivity of the antigen, resultine in hizher
titres for thc eera uced.

Cloudy reugtions can be avoided by ucing hich titree,
nade poseible by ucing more unetuble antigens,

Co:zbinatione kz=ve been obtuined &llowinz fhe uze of
8 dilution t-n tin.s hizher thar ocould be uced with the
usucl untis n, etill civing a ncautive und & rocitive tecst
&8 ucuul, This mukee peceible the uce of cn wntizen ten
timee e scnsitive,

Th: modiiicd i¢ 't ii.y be conducted in a much chorter
time thin tie ef.ndard tcite Fifteen minutes incubation ot
5600 und 15 udnuvdes gtunding ot roua temperuture is suffio-
ient to clecr § ¢ tcrue

intizens iy be stundoraied uwpainet & known prescrved

geruae Lven the vwieuest anti..esnis which produce no &gelutin-



&tion ia the stinderd tect 2y be brou-ht to & ++4+
reuction by the wdaiticn of a sucnencion of chelcesterol

0. the correct oorncentration,
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