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The invesbisations lesndini; to the prerent report were bezun in the

early vart of 19%9 with the purpose of studyines lmmune responses Lo

b R ) Lt T . PR« ISR [ R A
memounilius perbussis LY means oF complament fixation, After onl

weeks of preliminary work, it was realized that “standardized™ conditions
could not easily be maintsined from time to time, lending added sig-
nificance to the stabtement made aboui two vears later by Flosdorf et al,
(24) with recard to co wlement fixation in pertussis: that Me---—--
such 2 test has not bsen developed.": =nd by Lapin (52) in 1943, that

the contradiction amons the authors with regard to serologic testing
Ne—e——merely serves Lo empllasize the necessity for standardization of
procedurss in agglutination and complement Tixation." .iven more dis-
couraging is the fact that these statements -~ to the vriter's knowledse -
are still true, some 40 years after Zordet and Gensou (5) announced dis-
covery oi the causative sgent of vhoopins coushe.

Judgzing from the rsports in the literature, =and from personal ex-
perience, it vms avparent to the writer that efforts directed toward the
standardization of a co.plement Tixation procedure had been blocked by
an interferin:; princivle completely hidden amons the intricacies of the
system; and it was certain that no progress could possibly be expected
before this principle could be better understood and controlled. In
following the only paths of tiought onened by the data already accumulated,
and the attitudes of apparently well informed investigators, a further
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scouring of the literature seemed nracitically superfluous since it

lenzthened the list of conflicting reports, without offering any def-

inite elues for the sclution of the problens inveolved.

In the already

sreat volwne of »ublicabions, =specially on laboratory studies with

i, Dertussis, there was:

1. A

marked diversity in results obtained by wvarious investi

rators

Ie

employing the same or similar procedurcs for the study of test

“ens) .

material (sera =and anti

2. o lack of correlation amon:; the result: of seversl test nro-
cerdures emnloyed in individual lavesiimaiulons.

3, A lack of uaiformity iu thne use of one nrocedure by individual
investigzators over a veriod ol tilii€.

It is evident from the above that the effect of an unknoun principle

was invelved not only in the serology ol
than those of & pursly s;rological nature. It
fore, that the mattcr of »rimery importance
in narticular, and to the pertussis problem in
lication of additionzl data on immune responsses,
tion into thes mechanisms or princinles resvounsible for
afforts directed toward tnils end viere Tinally rewarded
of the data to be prezented here; data vnich zug:
subjecting

Lo rigorous

way be involved in studies with H. pertussis.

all the nertussis

hidden there by certain maskins Tactors.

seened to the
the s=rolosy of
general,

but rather

vertussis, but also in phases other

vwriter, there-
pertussis
was not the vub-
an exnlora-
these incongruities,

in the accuwnulation

the ascessity of

scrutiny, the serum of all animals wiich would in
“Seattered throusghout

literature was evidence in supnort of thie conclusion,
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HISTORICAL R.SIS FOR THE STUDY

Generel diverzence of ovwinion in the envire field

Lost of the investirstors =ince 1906 have been in accord with
Bordet and his co-workers on some of the bacteriological aspscts of
whooning-coush:

hat He pertussis is the etiologic agent of this disease, (5)

That the organism is wnrssant in the spray of whooping-cough
vatisnts mosgt often in the early weexs of ths disease, and rarely
after tlie Tourth or Fifth week; (5), (9)

That the presence of blood in the medium is very essential for

“isolating and maintainin: the orsanism in & virulent undissociated
state (5), (6), (8)9 (lO).

Other phases 1in the bacteriology of 1. pertussis, however, have

been the cause of divergent oninion. sor instance, Chievitz and lieyer
(11) introduced the cou:h plate method of diagnosic, wiich has found a
considerable number of droponents such as “ardner (31), Gold & Lell (35),
Gajzago & Gottche (28), Soare & Turai (1), Donald (16), Sauer (76},

and many obhers, sspecially anong health vorkers who use the method daily.
Banks (4), and taclean (55), havs not been so wwell satisfied with it, at
lesst under certain conditions. Anderson (1), and idller (61), favored
the use of nassl swabs in certain insbances.

In addition to this, considerable ceuse Tor concern has been found

in the preparation of the medium to be used Tor culture of the orzanism:
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vihile most investizators anve favored the use of iresh blood saedium,
Snica et al (77), . rwwedede et al (47) and ishulos et 21 (63) have

Tavored use of thne ‘chocolate’ blood mediwn. ost invustizators uave

o]

used whatever blood seemed convenient (horse, umen, robbit, sheev,

s

ox, etc.); but .dishulor et al (63) proterred horse blood to human (04),

vrile on the other hand, ‘oomey & Walkacs (87) and u et al (92) have

o aenides e nres In i euvduwrss fro use oF holrse hloods

Yhey, thercloroe, noeaio sl
Shey, bhe i, ; ]

In che serolosicsl =

Lunolosical asmeects, the experiences nave
been equally diversified, bu the Teports are Voo numerous to ve dis-
cussed individuellr. oriefly, Uhe situation

cirtad A e ke o ey Ny o e ey
ieh exists emn b sctated

a= follows: ...1le btie regmonses ol humans and other animals to .. nertussis

antigens in one form o zunother, hove been ctudied by complesent Tixation,
ag=lutination, aninsel -- uzually, mouse --- vdrotection, nesutralizstion,
onsonocvtorharic, and skin tssbtes, or by the ablility ol the organism to
cause sickness or death, there has been no uvnanimicy or opinion cion’
inressizators as to the value elther of the iethods, or of the results
obbained. Zurthemaore, wihile soms have claimed zood correlation amonz

bthe r-sults of tvwo or or: of these nethods ochers have tzlien the oovposite
stande. 4 sbudy of the chronoloricsl order in which the Variqus cDOorts
have adpeared in tne literaturs indiecztes thet Tthers hac been no general
trend toward accevbance of one method in preferznce to another. “here

g2ens L0 he no indicetion bthat any one »rocedure nas becoms: so well

developed ith the wassasge of time, that it could claim wiider usagze than

> )

evar befors, and .erib hi-her vhan any other similar nrocedurs. shis

i3 rather sursrisiaz, in view of the fact that at the very beginnin. and
in the early years of the :ork, Lordet and his co-vorkere gave raiaer
comprehensive accounts of the results to be exvectsd in most nhases of
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hey studied the lebthal efi=cts of ©-he orianism tTor laboratory

)
L

sresence of a wertussis toxin (5),
(), ~mich wuas sensitive o neat, and not ontisenic(7).

hey studied resvoncec to the ormaniacm hy eorlutiaation, and

cormlenient fixation (5), (), (10), =znd »y skia tests (7).
ey zhovr:d the orecsence of reactin cubebances in the seran of

normnal horser, ra«bhite and cuingse Hins (b); ond injecth

animels with

suspensions of organismsg to produce antisesra for the study of the

antirenlic nropwrbiss of Gifleront obocinc (6)
They mentionad cthe effect of imi.unz serun on the cource of the
setion (6) as well as uvhe effect of uedia (6), (8), (10) and immune
serwi (6) on the organism itself.

 the many aubhors vho nave exerted thelr eftorts vo «lavorate on tire vork

<o

of this grouwn, coaparstively fTevw rove added anvinl.  vital to a bebtar
underataniing <specially of the antisenic nature, of the vertugsis organism
when used in vitro, ather, this accurulatine literature has, in its sany

divergent oniniong, v»resented many disturbing inconsistencies to the field.
certain authors have Telt that they could on the basis ol their o.n work,
eyplain somz of the incontistencies which have arisen; z2nd it wjould perhavse
be in order to ~ive a feu exarmlzs,

Iin the use of an agzlutination test, for inctance, arnheim(2) pointed
out that false nega.ivs tests may be due to a prozons phonomenon, sinco
serlubination is hindered in lo. dilusions ol serum. sordet & Zleeswyk
() aleco uentioned a similer phenomznon due to anti-asslutinins. suto-

agglutination o antigens hes been found a disturbins factor by Udeira

. - i
(67), irictensen(46), Lapia et al (48) and wmany others. Jdaira (67)
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trzaced wne zantigens to refuc auno-an-slatiasti
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sures-ed the aecessivy of wsin: ornly suspensions iilch do not auto-

-

jat]
.

+
=]
o
W
[an

gzluatinate

orf et 2l (24) clainzed bast resulss rith living
or-anisms; and . iller et al (52) reguired a oixture of 3 to 5 fresh

: : . L S N PO O R by 4 e o EL LR L K s . 1.
vrains.  Surthiernors, the tins 2nd teanerasure of incubztiocn o the

PR}

1G]

? SOl : L T i~ = P
tests have Seansd to nin- ths suecess of tne

A5 for conlasent fPivation, Ylmsbeal o Lubbtinzer |

i
~0
—

nave enwaels-
eted a lar-e munber of facbvors whizh Lhey wzve felt could have veen

reenonsitle for sone oY the discrepancies, and acied thet ".'n exvlan-

ation or zomz discrepanciss is setill to be Ffound." Giese (%2) con-

=

gidered some Tailures dus £0 biae axnountis of complamznt anc anti

jav]

wiaile ajzago & Gottche (2%) claimed that a reliasble zntigen is Aiffi-
cult Lo obhein, ilishulo: et al (6o6) attributed discrepancies in com-

plament fixation results to the method of testingz, and =zdmit

ct

\,
ed that

their om nethed w2s such as ©to raesult

o
-
i
»

tesy of 1o sensitivity.

of erior: the nwibsr ol cells counted, the ase and concentretion of
bhe antizen suspension zn’ certain nhrriesl factors in handlin the

rearents used; the nrosencs ol nornmal onsoning, veariatiosns in the

The skir test, both in humans s2ad in lsvoratory animals, was con-

. e e Pk e S
gidlered by ssterszon et al (71) to be linited bv unknoin factors ia the

ansizen, sincs results sesmed to vary with vhe 1ot of injsction material
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“he passive mouse protection test, according to Lapin (4y), is
cornlicated by an unaccountable varistion in virulence of the cultures.
“ishulosr et al (68) considered the intramuscular route Tor adninistra-

P

tion ol the taest

(6]

erun as an important factor in avoidins the '"non-
snacific results revorted by irthieson o Jlark (57) in tests with

aoraal and non-pertussis iaaunce aniqal seora.

‘ithese are only a Tew of ths explanations, oiffered by various in-
vesticgators, i'or the inconsistencies in reworted results, bubt thsy are
sufficient in themscelves Lo cmphasize the Tact that full realization of
all the intricacies o the various tsst systems has often been lacking.
iils is especially true of the complement fixation test, because of its
very involved nature; and as rogult ol the writer's experience with this
svstemn, it is now possgible to offer another explanation for some ol the
difficulties encountered durin; the course of previous ianvestications
not only in comoleauent fixation, but pernavs in Cther Tfields as well.

In nartial support of the writer's statement is the fact that most
investigators have, at some time duringz the course ol their worx
(especially in complement fixation), considered their antiseans respons-
ible Tor the inconsistencies in their results., Ly so doing, the emphasis
of their work has been well placed, bub apparently not widely enough

applisd since certain problems have still remained unsolved.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Inconcistencies amon; re.orts regarding . pertussis antizens in

&

complement fixation.

Of the many mublications r-nmorting exveriences with complcment

ivw

L

fixzation in nertussis studies, very Tew havs n dzscriotions of

3

nethods and reagents used; and o these, none could be considered so

comvwlete as 0 be reproducible in ever: resyszct. Wols lack of repro-

ducibility resultedq in a statament iwde in 1914 by .illiams (90}, which,

it annaoara
1T an =

Paliegih R

i3

ie 2hill avnlicabla todav: Ye---=that nany of these methods
do not stand the test of sufficient controls." She apparently attri-
buted thic to eccentricities of the antizens, sinc2 she mentioned "----
a hypothetic ferment which seems to malke tie antigen unstable." and

tried ssveral methods of mreparation o surmount this obstacle. &the,
also, gsve none of the particulars, however.

The preparation of the test antizens has always been a cause for
concern; and only & few of the aubhors have attemptad to describe the
reagent which they have considered satisfactory. aAside from the reagent
of weier (528), and .ollstein (91), who used, among other things, extracts

o tissues frow fatal cases of whooning-cow:h, these antigens nay be classi-

fied under two main types:

i

—
'

paline suspensions of variously treated whole organisms in varying
concentrations, and obtained from growth on varicusly vropared
mediae

2., ixbtrscts of whole organisms.
In some cases, the authors have specified the technics which they have

considered essential to the preparation of a satisfactory reagent. Yet,
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there has been no tendency amons other investigabors to adont one method

, in nreference to anr other. Jollovi:: is an illustration of

As result of their investigations, Lundel & IJchluter (3

Py

Tl

nis.

6) advocated

use of & lecithninized alconol extract of :I. vertussis a: beiny more

speciriec, while Ulah < ifunsai (03) usin s suzpension of ~hole orcanisis,

claimed there is no alvenbzoe in 3uech an extract. Lanin (52

use oif bthn lecitihinized cloonol extract anbizen of Ueizhsel

i

) on the

doowouglas

(5¢) clzi in, as d4id also “undel et al (36) that a simple suspersion

of ., mertussis iz unsuitable becszute it oives freguent nonsnecifiec

and anticouplementary reactions. In partial disasresaent with

botir sides

the vork ol Vlmstead - _ovitsky (70) indicated that there is no method

yialeh can definitely ossure ope of a satilsfectory aantigea, since "There

[

is sueh great individual veriation in antiens of t

by the same mebhod, tust cowparison of mebhods is difvicult.”

statewsnt, thou h corroborating that of .illiams (90) certai

MmTx

1Ny

"not clear the confuslon; =nd the noint to bn derived from this

is thabt regasrdless o the individual exwerisnces and »raferences

1

e gaie straln mede

ra,
LIils
dosc

exXample

renorted in ths literature, tae sain difriculties encouwuntered in the

comolenent {ixation systen heve been 1u the behavior of th.e
Jurther auelysis of these rovorts indicated the dirficulties

sowa viey eornectad with thz anticouplementar: acbtivitices of

4
U

taest antizens.

o be in

caese anticens.,

Thoueh most of the reports in the literature feil to maxe any descripbion

vmatsosvar of the antl ens used, those ol _ordet « Gengou (5), and aton

ct
I_J»

(72) claim their anticens -ere not anticomplencntary. vens

&

zitland

(17), =2nd Gicse (32) coryerceted for "slight!" anticomalementary oroperties

by the addition of an extra small amount of conplement, while Olmstead
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¢ Luttincer (49), Lons

adjucted the system by emnloying 1/3 to 1/4 of

of ausigen in the tests, Olmstead « Povitsky (

rovel dlaea of conparing thz anti-complencntsry

pobencien

for tias suitshility of an antigen. Whic lattern

n.t bees viaslys adopted, hovever; anc, jud iag
Lenicadite {50), -iiller (2Q), Lou & Eliss (54)

cedure generally emnloyved has been 1O Ly

mennod seemed sulteble 0 conveuliscii Lo Liee

then dally. In other tigators

the anticounlenentary property as an inherent,
of *. nertussis anticens, wnd nave uszed this

shulov et al (&5}

o1 an antigen to determine a nuoerical "Lndex

cnarcctaristic as

tiie anticormlenentary dose

70) later wrecented the

to the conplenent fixing

of Fixation"

- iethod has apparently

fyont tira .orzs of

cnd others, the pro-

antigens vhatever

RPN

FE S,
VoLV QLW

have soparently accested

vnavoidsable charncteristic

the point

of refercence froi which the suitability of an =mntirgen could be judged.

In view o¥ the =xpveriences in nreiiminary wori, the writer hax Telb,
novevsr, bhat such a basls Tor tiie selection and titration of on antigen
iz not well Tounded.
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A O S0 AL

>

Zurin sho ccourse o consi

Tiraevlon arvctsen iags put to
TeTrin s oasa oz wrhieais hist
Chozinod was iscluuel i rehorts
cand Lionidr iwmunisetion stodiss, (odch, dveiooatelli,
writer wlth zoms or thae aotorisl regulred 1a his comnlene:

work}. Mot irdicateld in .ondrickX's renorts, 1S T Tact ©23an the
co.oleent fixebtion test oun sears of imwunized cuvjiecte vas Dositive ag
lon: as 1 to 22 .onths (longcot reriod tested) after iswsization, in
contrast 5o ths reverts of Siassr- rooks et 2l (7%), Sajzaso et a2l (29),

(3C), Lawin et &l (47), Lezin (50), (52), (53), w0 clainmed that the

of sporedic inconsistencies in th. behavior of the couplensnt fixatics systen.
that oftentinmes there
vas as increase in positivity of the sorws it incrsase in sarwn ailutiony

ancaten tests on incividusl serzs coulld ach be du:licated.

o
i

After revnssted eiberience with tris tyue of behavior, on z
occurcences of the

oi btz antizen ot

- vere suzpsnsicns of wvariously treated organisne or their extracte at tiies
meriedly apticounslsnentary; the anticon:lementary wroperty oi eny siven lot

of sntizen seemed to fluctuate frow tins to time. Jong of the anticens

of antisgen seene

TS

made avallabls throush the xindness of vres. Kendrick and ldsrin; at the
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vestern Lichisen oivision of the wichl an separtment o Health Laboratoriea
in Urant ianice, bad been in the refrizerator Tor ez lons as 14 years;
and it seemed to the vriter that 17 fluctuations in anticomlenentary
activity were dus t. chszit:es 1n the anbizen iteell, these susvpsnsions
certainly, had had =awls tine to becone stablized. Yet, their anti-

mlemnantary scetivisy clloved thne caqe wuiulations as Ifreshls prepared
neterial, with ne seneral trend in eny narticular airection. In 2o doing
tils activity Talled to £it any losical pattern; and thevefore, could not
in iteelf be considered as a cause of the digsturbances in the antigens.
It seemcd ratier to be an effect, the cause ov wnich must necessarily lie
elsevhere in the comnlement Tiwation system. In that case, the ouly hope
for the Tuture of thisz droblenm would copnsist in doterminins; the cause,
rather than attemntia, 60 minimize 1t: effect, as had been the seneral
inclination. Yo that end, it seewed necessar; Tirst oi all to establish
a stebilized startia; ooint ana since the complauent activity of fresh
zuinea pi; serwn was knoym Lo depreciate copgiderably in a fav days, it
seamed losical ©o begin wilth this reagent.

A report on & study of preserved complement based oan the work of
Ginsburg & Kelinin (26a) hes already evoesred in the liscrature (26);
and in this study it was found that suinca pis serum, to which 80 mg. of
sodium chloride and 40 me, of borie acid crvstals had been added for each
al. of volume, reteiied a satisfactory complement activity for as long

as three to four .ionthe. “he use of juines vin serum staiilized in this

manrer was adopbed Tor the work with H. pertugsis. /ith such a complenent

on hend, it was now nossible Lo gain a Tuller and a clearer conception
of the so called "anticomwlementary!” activity of th- antigens; and the

results of further teats brousht out the followins fects:
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1. Jhe anticounlemcntary activity of antirzens varied widely with
Ai7'ersat lovs of commlement.

2. WiviTercent culturcs ol iI. vertussis differed in anticomplementary

acitivity to some extent, bul retained the same relationship to

each other when tested with dilfferent lote of coupleauent.

ASN)

. +h2 antigens becans ore a.d aore articomnlementary ith incresse
ia aze of tne comnlement,

4, 1t gs not pousible to satisfy the antico.plementary activity
of aubifgens vy wizlm, bhenm wiilll al audodidd O SOmslcicus eguivalent
t0 tiis activity (in a method similar to that described a few
vears later by laran (34) for "asserman' tests on anticoinlementary
sera).

5. In addition to (4) above, it ras found that the anticounlemsnbary
activiuy of antisens vias enhanced by an increase in the amount of
coanlemnent serum usei{within demonstrable liuits)e.

6. The anticomplementary activity of antigens for constant amounts
of comolement remained fairly constant over very wide range of
antigen dilutions, in contrast to the activity of anticomplementary
sers, whiclh decreases very rapidly with increase in dilution.

these results were very suggestive of antigen-antibody reaction, and

it was considered possible that the apparent anticcuplementary properties
and the instability of antigens were due rather to the presence of anti-

Lodies in the fuinea pilg comnlement sSerunt.
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ANITHODY COUCEPT O AMIICOLNT, 1ITTITARY LCTIVITY

“he facitors which militated against obtaining definite direct
proof for this antibody concent of anticomplementary activity of
anticens vere twofold:

1. In the eazrly part of the wori, the initial lack of ezperience
in the field necessitatsd reliance upon the resulte and oninions of
urevious investizators. Of sgll the reports that had come to the
writer's attention, only that of ..iiler (60) mentionsd com lications
in the complement fixation system involving use of guinea piy com=~

plenent containing; antibodies (for Erucella bronchiseptica). All

the invesbigaﬁors inclucing idller had apparently assumed the anti-
complementary activity of ncrtussis antigens to be an unfortunate,
unpyredictable characteristic, entirely separate from other activities;
antt the only methods suggested to cope with it, when it existed, were
gither to increase the emount of complement, or to decrsase the amount
of antigen. :l0 one, till the pressnt time, has so much es attempted
10 oresent the basis for such an attitude touward the anticomvlementary
activity of entigens. This was naturally rather misleadins to the
wiriter as a less informed worker.

2. On the other hand, vhen it had been decided by the writer to
disrecard ths imopressions left by orevious authors, and to develope
the problem independently, it seemed necessary Tirst of all to pretest

the zuines pigse. this wrzsented serious techanical difficulties:

In the works of ordet and Sleeswyk (8), Fruswiede et al, (47)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-15-
Toomey & Takacs (86), vienst (15), .vans & taitland (12) and .vans (19)
could be seen favorable vozsibilities of sumloviig an agglutination
test; but thz agglutination phenomenon vas unfortunately Tound to be
deTiaively i1lanadequate, as will be shown later,

#rom the works of Sprunt et al (22), (83), Culotta et al (12),
and .vans & _aitland (17) cae the sugeestion of culburins sateriasl from

the alr nassapes for the brasence of Sr. bronchissptica vhilenh .iller (60)

has considered resnpornsible for such antibodies. However, besides otaer
objections (technical ana treoreticalj, biere is no evidence that sueh
a culture could «ive any definite direct informetion regardin: tae
presence or absence of antibodies in th- animal's serum.

'To test the cuinea Digs hy complement Plxation sesaned the most
nlausable alternative; but in this case, therc was need for an "antibody-
free' comple :ent with which to test the suinea nigs. Such a complement,
of course, is not readily atbainable without Tirst pretesting the animaels

saich are to be used as the source of sueh 2 comnlement. Jomplesent

bty

52

ixaticn orocedurcs for 7“revesting guinea »igs, without use of a previously
standardized complement, have been studied cnd described for the "asserman"

procedurcs by iolmer (45)yHarris(32), Austin (3), Giordano & Carlson (33),
Liamond (14), =znd .adsworth (59). .hese .iethods, however, have the
foliowins objections:

Ther employ a system of auto-fixation™; and since the coupnlenent
activity of individual guineca vice very zreatly, the individual sera
are not tested unier id:ntical - or standardized - conditions.
surtheriore, there is no evidence supportin; the assumobion that

the reactin s cubstance (antivody, reasin) in any given guinea nig

serun 18 necessarily capable of Tixing ito homolosous couplsement
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in the »ressnce of the { st antigen. &lso, the amount of comnlement
vresent in the guinea bDis serum, at the dllutions used, mwr bs so

i -4 ) =Yool 3yt syl o 4-3 "ahs
hi~h =g t0 uake = nositive (fixation) reasction imnossible, thereby

l=edin. onn o a falsa sense of confidence in the sera considere

(RS

In view of there inacequacies, oblier .abiods of nretestin: .ere
son hih, sethods devoid as pueh as wossible, o assumed foctors,
Tigidly Coutrolied in cvery 1 S0&CT Loropert on tiie results OT hesns
on a small group of julnsa nige, emoloyin: an earlier vretesting .istnod
has alrcady been nade Ly the writew (7). "hig ork served as impetus
to nore concentreted efforts waich resultea ind

sevelopnent of reproducible, sténdardized nrocedures both for

vretestin the sera o sulnes <iss to bhe ussd Tor the comulement

TP g oot i q 1 St 1L nodle in oubiline
supnly, ana for detectins . wvertuseis zntibodies in roubtl

puRS

connleent flxation tagis.
~ t
.. realization of the iunortznce of undetected, "nonspzcific
antinodies in laboratory aniimals obher than ~uinca piss, and their

nossible effect on some ol the work that nas apneared in

H—«

literature.
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=ouinment and supplies

-esides the usual test tubes, racks asd other ejulnuent necessary

for verformence of serolorical tosts--the hahn test, for instance-, it
‘ms feound convonient apd cre accurate, ever nince thne very besinning
of tiig work, to employ 1 oas-~tipned pipettes like the one described and

o - - \ 1 ) . P
illustrated in 1943 by avvaport & annanort (732)e Thess can casily

)

be made by hestinr the tin of the appy {0,02 mi., 1,0 ml.,

and 2.0 nl) sufficientliy Lo allow bending than 5 mn. from
the end. “he anrle of the bent tin should be anproximately at 45

the axis of the vipette; and for the ri

to the risnt hen the ninztbte iz held in vosition for use.

<egsents and titrations

Diztilled wabter kxept in the reilricerator.

D

Zaline: 0.9: NaCl in distilled water.

¢

Antirzn: A salin? suspension of a smooth ("hase IM) culbure of

d. pertussis oroon on ordet-Uengouw nmedium. It 1z once~washed; killed

-

wita neat, and employed in a concentration off 20 nillion/wl. cr less
denending on antigenic activity as determiied by tltration.
Antigen tibration: In determinias antizenic activity, suspensions

Wy~

of 2, 4, 6, O, ete., billion/ml are prepered; 0.1 ml. of each is addad
- ’ - & IS

to 0.04 o). of a wositive serum in serial ailution in kaohn tesy vubes;
2.0 unitc of "standard' commlensnt, and 0.1 rl. of saline are added to

- B - Drea e SO s hours
eacn mixture, and the ftubes are placed in the refriserator ror Tive hours,

Then, thoy are vlaced at room temperacurs Tor 15 minutes; 0.2 ml. of
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Ta N T - S B 4 RN B e - -
end Liie ehiorsevsristics of o mnoobn (M e 1) culiure. =150,
~ - N - g -

1% se2.5 Lot 5C shere ths zoook OF ansien ab 4-00 O in ooxn venient

concentbration (LUU dillion/w

de 2s zesded.

™ . B s - - el - A S O - T [ NP I ' +
“ne individusl swmecias i ars Dlaced 1n senarzts contoiners, leit at

3 2 % 7 H - PO - e AN 1 Mol - L
room tenmmerature Jor apn nour, ano ars thin tranclerrsd L0 fthe reliiseracor

Lz soon as possible (+itnin 17-15 hours) afier the guiunen are
bled, the gerz must be individualiy tected by ths appropriate connlement

selection nroccdurs Lo he deseribed later, the satisiaciory sera nooled

and the ¢ alement of the nooled seruw stabllized by adaition o ¢0 nyf.
sadiumn chloride and 40 rmwe. horic acid cryztals Tor esch xl. volune (20).
vers wrecaubion iz taken throuchout ever: step to aveid unnecessary riae

in the tamnarature of the ssre Lhobt are 0 serve as comoleunent. In wreparing

)

the cwmplement for use, “he stabilized serum is diluted 1:10 wwith distilled
vater, and further dilutions ar: asde ~.ith saline,
Somnlenent titration: & series ol 25 tubes is arranged (in 2 hehn rack)

eontaining increasin:: amounts o saline in increments of 0,02 ml.; that is,

0,02, 0,04, 0.06, 0.08, ete. proceding Trom tube 1 to tube 25.
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par2d vy oadxming 0.5 ml. of thie comnlement serws vith 2.7 nl
and 3,0 ml. of saline}. after thoroush nixing, 0.1 =
dilution in sceh of the 25 tubes, 1s transferreil to a corresncondins tube

1 2 s2c0ond Seriss coatainin: 0,2 ml. o saline. Jo each of the 1latt

™o

Co
shaken, =nd dlzced in a 379 C. water bath for 15 minutes.

‘ie comwlencul Liber Lo 1ndlo:

I T T R T R T e B H e
il.L\:?‘lch (¥ JFSRTRIR VA G R RV (VR C N N e dd

v
-
Q
i
c?
S
cr
Pt
.
¢

vhich tnere is coanlete hemolysis, [he titere renresented in the tubes
(1-25) are 1:11, 1:12, 1:13, ete, to 1:75; and =t the titer dilution
0.1 ml. convains 2.0 comwvlement units.
For coanveniencs in verformins the tests, three co vnlenent c¢ilutions
are required.
Dilution I: 0.1 ml. containins 2 units
(Comnlement at its titer)
Dilubion II: 0.1 ml. containins 1.5 uaits,
(3 parts of Lilution I, »lus 1 »art of saline)
Dilutioa IIX: 0.1 ml. containin: 1.0 unite

(1 mart of Lilution I, plus 1 wart of saliae)

i

dnhocs

{

ptor: Antisheep red cell rab it serun, titrated Tor the
highest saline dilutioa capable of maximum sensitization of vashed sheep

red cells.

P
w

Sheen cells: = b7

R

aline sugpension nreparsd from a packed voluue
of three times washed sheen blood.

Sensitized cells: The reguired volume of the amboceptor at its
titer is poured into an equal volume of the washed sheep cell suspension,
The mixture is agitated gently for a few seconds, and allowed Lo stand
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15 minutes rivh occasional s=-itation bofore uss.,

R P s " T " -~ RPN ~ e
Jest oserumd Jhe ¢le o ssrun sateolt at

o1
4
L]
C
Lo
p
-
i
e
o]
=
ct
®
O)
»

2

Procedure Tor s=lectica of the "orelininary" comolement.

In she absence Or a satisfactory (MstandariM) conrlesent, it i
necesiar;” firet ol z2ll, to ohtrsin a furelindanry! corslsuent, by
. T E 4 - : cer e Vg m 3 3 es v A B - e oy S . o~ - =
neaas of Jilen the sere Tor Lhe Ystandsrd' rezacent can bz selecied.

~8 s500n a3 thne ssrua besins to sevarate from the clotted zuinea
nis blood svecimens obtained as alrealy described (sze Reagents), an

ol

anproximately 0.5 ml. saunle of =ach is tranzferred to other tubes,

< o,

and clezred by minimel centrifuzetion. .xactly 0.1 ml. of each clear
serwa 1s transferred to a corresnonding tube in series, and placed
. . . A0 -
imicdiately in the refrirerator at 4-3° C.: (thes- are to be diluted.
with 3.5 ml. saline (1:36) inmediately hefore uss). The remainder of
\ C o e o ~ =4 oA s

each sample is hrated at 567 C, Tor 30 minutes.

For each gulnea »is serum to be tested, a series of 5 to 7 Kahn
tubes is arranged in Xshn-test racks, and the resgents are delivered

as closely to the bottom as possible (bent-tinned pipette), in the

order civen in Yable I,

PASLE T

Procedurs for sslection of the "preliminary' comolement
‘Cube

5 8T 7
0 | .04  0.04(0.0%

»l )

Heatea cuinea vig serum {mL) 0

S|\

{

Antigen suspension
15 billion/ml. (ml)} O 0 0.1 0.1} 0.1 0.1 {0.0

domologous guinea pig
sarwn (1:36) (1)} 0.05 0.1 | 0.05 O.1{ 0.05 0.1 (0.1

Saline (mldl 0,25 0.2 | 0.15 0,11 0,15 0.1 |0,2

Note Tubes 3 and 5 may be omitted if desired.
R R R
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tudbes a

re thoroushly

Fal

Tor 5 hours, zfter wiici

15 ninutes. 'O

eel

4

Tixstion

o speciumens thnat are uwauzually

4
BN

partia
the "antivoay’

tion 1in

o)
jon

ersa

5]

2.

The ser

&)

by “he

ninal cesatrifusation.

of the salts, arnd stored in the

can be considered s=iviceable

n tube is aduied

in sither tube

atisfactory =re

for no

1 ther are vlaced at room bempereturs for

<

o sensitized cells;

for 15 minutes.

sleme:

ovlete henolrysis in it

4 or 6, ube 1 ~ives

loir 1in aCuLivivy Ly

nooled, clesred

pool is imuediately stabilized by addition

refrizerator., This "preliminary' complenent

qsore than Lo weeks.

Procedure for selection of the “standard" complenent.

A M"standard" comnlement canno: be obtained without first aavinzg on
nand a comyleient serum vreviously Tound satisfactory. -u previously
selected "standard" cormlsment i3 oreferred, buvt in its ahsence, a
finpelininary" complenc:t must be obtained and used in the procedure for

the selection of the "standard" commlement.

Small semnles of guinea pis €ara, obtained already describted, are
he=ted at 560 5. for 30 minutes; and testz are set up on each acs indicatea
in lable II, deliverinz the reagents as clossly as 0ossible to the bottom
of taz tubesz, and in the orier civen,
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TABLx II

Procedure for s=lection of the "ztanderd" cownlement.
Lube
- 1 .2 D

Heated suines vis seoun (0l 0.04 0,04 0.04
snbicen: 15 billi n/mle (mle) 0.1 U.1 0.0

souimlement {(units) 1.5 1.0 1.0

saline (1) 0.1 0.l 0.2

Kote: Inecluded with thsse tests 1s tine seb of controls to bs described
later.

‘'he tubss are tnorourhly shaken aziki nlaced in the refrigerator at
4-37 C. for 5 hourc, after wiich they =2re placed at room temperature for
15 minutszs. Yo each tube is added 0.2 nl. of sensitized cells, and the
tubes are shaken and vlaced in the 370 Ce water bath Tor 15 minutes. The
tests are inspect~d, and the ssera =melected for the "standard" comnlement
pool ars ordinarily those indicated by ths tests in wiich all three tubes
disvlay eomnlete hamolysis. Oceasionally, sera with comnlebe hemolysis
ii tubes 1 and 3, and a + or a one + Tixation in tube 2 nay be included;
but in this case it iz a 5ood volicy ©o plan on replacins such a complement
serum with a wore satisfactory on= as soon as possible within one month.
Jhe sera considsred satisfactory are pooled and, if necessary, Cleared

by minimel centrivusation. rhe pool is imrediatel:” stabilized by addition

5, 2ne sbored in the refrirerstor. itk an "anbtibody-free"
convlesent on hand, one is now prepared to perfons the roubi s complenent
figation test.

Jechnic of the "roubtine' comolement fixation test.

A

A

cagulits of sreatest relinbility cannot be expected unless a sbancard"

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



complenent, selscted as alr edy indicsted, is availesble 1o the L sis.

Lo

-The tests ars seb up ss inddcated in Jable ITT, delivering all

)
(2]

reasents a<c closaly =7 noasibls to the bottoms or tne tubes, cnl in the

£

order siven.

Jhe Y"poutinz' cormlenent Tiwetion best
he
1 T2 T3

Joct sewm (mle) 0.04 0.04 0.04
.ntizen (rLe) 0.1 C.l 0.0
Somnlement (units) 2,0 1.5 1.5

saline (mle) 0.1 0.1 0,2

ote: iIncluded with the tests is the zystom of controls
to Le dzscribed helow.

“he tubos are thoroushly zhocr on?® 2ioecd Ip the refrigerator for
5 hours, after wiich thsy are pleced at room temperature for 15 minutes.

N

Qo ezcn tule is added 0.2 ml. of sensitize

ct

ubes are shaken

he

o
@
-
]
n
ct
0

and nlaced in = 370 Ce wiabter bath for 15 minutes.

Upon incnection of the tests, the tube rradincs are recordsd with
the symbols, -, +, +, 2, 3, 4, designating the desrees from zero to
comnlete fixaticn. Inbeorrediste resctions cen be deslinated with &

reaction bvebuween 2 and 3 would be written 2': betieen

prinme (') marks

o

%3 and 4, 3', etc. The final report is estimated eccordins to Jeble IV.
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DERLY IV

schene For [inal report

2enort sesctioncs in tube

1 ) 7
T 10 - - -

tesative
“L QO - I el
TG ; I

ooubtiul
to 2 3 -
from 2 4 -

Conitive
Lo 4 4 -

he controls o the conplement Tivation systen

These controls are included dmily to

cnrnsces in the activity of the convlemsent as well <o

mentary’ activity of the onarticular antizen susvension.

dive indieation of

DOYS

itle
the "anticomnlew

‘they consist

o7 tuc series of soven bubes cach, contalning the reagents indicated

in Yable 7V, and esrried throuch the szie manipulations as the tests
wiien they control.
EARVEY BT
Coribrols of vhe comnlement fixation system. _
Complement control series uhes
1 2 5 4 5 6 di

Comonlement {Dil. TIT) T (fl.) | O.00

Saline (ml.)

0.10

0.20

Antizen control series

Complement (Dile LIL)* (ml.) 0.09

0.10

O.11

"i_ﬁtlf‘en (ml.) Oolo OolC—' 0.10 O.l(.) Ool(} Q.lQ O.l(x
lJaline (nll.) 0.‘]~>5——'O°]A 001/7 0012 Oo_lg; O.lC’ O'C)9
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“utes 1 to 7 of both series carry corresvonding doses of commlemont;
and «hile there should be a smooth curve oi increasing hewmolysis from
left to rizht, with coaplete hemolwvsis in tubes 6 anda 77, the hemolysis
in correswvonting tubes should be identical., Howevewr, a slight difference
is allo.:able; ~nd the systoa con still be considered as oneraiins sabis-
factorily wrovided the desres of hemolweis in any one tube of the
"antigen control" is no less than that in the second nrevious tube of

the "complement control.”

Other uses for the system of convrols: This system of controls is

an extrrmely important part of the complement fixation technic, and it

is used ex erimentally in two ways:
1. witnh a zetiecfectcers coimpdlenient on hand, it is uscd to determins
the tolerence of the complement fixation system for a particular lot
of entimen. By "tolerence" is mcant: the larzest amount of anticsen
vhich, under +“he conditions of these controls, causes no signifi-
cant destruction of vsry small amounts of comnlement. A4S an examnle

its use in this respzet see Table JTIL.

2. Wwith a satisfactory anticen on hand ths systen is used (as in

Table ¥XITc) to determine the suitability of a given lot of complement.
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applicaticn of the comwlement selection procedures.

Over a oeriocd of about 2& vears, tests uore mede on 3 total of
1,021 suinea nigs and the results are swimerized in Tables TI and VII.
The seriec in the respective tables are divided into ~wroups siving

Lhe date of bleedl.::, the number oi ~uines

of bhe fixation result:s in ccch sroan. Unless obherwise stabted, the
tube numbers siven refer bto the tube of the respective procecdure outlined
rn fable I or Table IT.
the 629 suines piss tested LUy bthe "prelisinery' procedure for

commlenent seclection there were 503 for viich the results (Teble VvI) could
be divided into two series: (1) based oo r= ctions in tube 4; and (2)
based on reactions in tube 6, slsc included in a separate vart of Table
VI are results of bubs 6 (oaly) on thwe additicnal 121 guinea »igs. Ior
sake of convenience, the (+) colwmns indie=te the nuuber ol suinea pig
sera wnich under tne conditionce ol the test gave a 4 + fixation; the (i)
columns, those with less than a 4 + fixation; and the (-) column, those
with no fixation.

In this series of 500 guinea »igs, 76.0; of the sera reacted with
nertussis antigen in tube 4, while in tube 6 the percentase of reucting sera

moin tube 6 to he more sensitive than that

O

was 8.4, indicating tie syst

in tube 4, considerin; the series as a whole.

Mere were 422 animals tested by the Ystandard!" nrecedure for comnlement
selection and the results iven in Table VII were classified on the followineg
basic: the column (% 4) (strons vositive), indicates the nuwber of suinea
iZ sera with which there was a 4 + fixation in both tubes 1 and 25 column

(I +) (wesk positive,, those with which there was at least a 7+ in tube 2
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TLLLE VI

lesults of tests on 629 fulnea pigs in the "oreliminary™
procedure for complement selection.

Group| Jate o, of sesults dn tubes
REH suinea b &
pigs 4 o+ - +
1 i=E=45 37 22 5 10 28 7 2
2 1-16~05 14 5 6 7 16 . 2
3 1-25=05 5 33 9 10 1, 5 5
L A=b=i5 3() 15 19 2 52 L .
2 6 . 23

&

5=30=45 34 28 : . 33 1
7 H=30=L.5 20 20 . . 20 .
8 G2l 5 20 20 . . 20 .
9 Omlimli 5 32 ,

0 O=1Gm=05 16 15 1 . 15 1

¢

11 | 9=17-45 16 10 5
12 | 9=2=L5 33 29 L . 26 7
13 | 1-14-46 1O 7 * )
Ly | 4=29=46 B, 7 16 11 20
15 | 0-19-L6 23 . . 23 2

—J
o
Ut

N
]
n
C
o
‘\_ "

o

\

N~
-4

16 10=2E=45 23 . 1
17 11-12-46 20 15 3
13 12-23-46 30 11 7 12 5

22 10
2 13

=R

o

Toltal 508 201 159 122 2304 3

—

A

s

~ ’ o 4
‘: . "16 . OJ .'.':/.1. Py U. e };.,J

O

VN
o
[CAN V]

o 3

- 7
271 ) o
22 20 RE 7
23 23 11 11

O

Totuzl 121 53 36

3

N L DD

{

Py
- S0
< (Y.
2

| aud

Lo

¥

w the tube nuaber refers to the tube described in Loble 1.
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Lo SWAL G e i Dousife ety ot

1os
- - AN

P I (R -
SOLECULOM .

Crou. f 50, of N ‘
Loe bounhe Gulnea -esults
i NES Lt .+ l -
S ] . 1) nry - -
1 ; 11-1i=N4 A O > b 5
2 SRR RS BV 6 | . . 8
DI 15 5o . 1 9
- i
4 T T 18 15 | 2 | . 1
= = r~ ~ . ~ ~
2 Loy 2 i ) 2 J
5 Ll 35 e 1 2
7 26 9 5 4 &
) 29 7 z 14 y 1
9 30 7o 1 Iy 15
10 22 & L0 5 1
- e ——— .1 i O RS —
1L 21 2 3 o 1,
12 25 12 i 1 3
13 50 10 1o . 2
1L 29 5 13 5 6
15 =7 & 16 2 3
16 1O 1L 15 5 o
e 7 o]
' 17 “3 7 9 Iy >
/ e A
Total Lz 156 125 L5 96
4 "' e 3 22

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



29~
and less than a 3+ in tube 1, column (-) those
more then a

+ in tube 2, colunn {(-) those with

In this series of 422 guince vige,

1730 v

reacted ith nertussis

iith less than a 3+ but

no fixaticne.

antigens; lesvins 22,7, of the aniwnl sera vhich could be considered satis-

Tactor, s for use as comnlanent. 1In other —wvords

I and VIT shoeu buat, in

tuls laboratery at lzast, o

the results civen in both

y 2 very ilgn

nereentaze of the normel healthy ruincz pigs csnnot be used to supply

AT s e

Rl
(SR EPR RIS VNS

]
p]

i, merhtnasig

$ nor is it nosgsible

to

nredict from time to time how many ssticfactory sera will bs available.

ey e
B )

In fact, there

a period of atout nine months between 1/2/45 and

10/1/45 (groups 6 and 7, Table 7II) when it was not Dossible to obuuin a

"standsrd" comnlenment because it was also imvossible to obtaln a satisfacvory

"preliminary” complement (see srouns 4 to 12 in Jable TI) with which to test

the guines pigs. rthe prooorvion ol reactins sera seemed to lncrsaze Irom

the early vart of Mbruary 1945, reached a peak in the latter part of Anril

or early ia izy, and then decressed again, thereb: allowing selection of g
serviceable complenent serum in early October.

eletive sensitivity of the "preliminary"” and "standard"” pioceduree.

Among: the groups of results given in ‘Jables YI and VII, grouvs 18 end

1% respcctively are the results
12/23/46 were tested by both of
exception of

described witn the

Pables VIIT and IX respectively

The

ct

ubes

aiven in other tables.
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are lab-led with letters

obtained when the 30 guinea pigs bled on

the comnleunent selection procedures alrcady
sois 8light nodificetions indicated in
in wmicn the escential festures are given.

in order to avoid confusion with tube nunbers




SABLS VITT

features of the "preliaminary’ procedure used in tests on
30 guinea pigs bled 12-23-46,

Tube™
A B ]
Heated fuines ni;t seram {mlL]) 0 — 0.04 U.0Z
Antizen (ml.) | 0.1 0.1 0.0
Hiomolosous suines pig
sexrunt (dllo l + :')’5) (Iﬂln) Oo]. O.l Ool
saline (mLlej | 0L Vel U2

* lote: ‘fubes ., 3, wnd C, correspond to tubes 4, 6, and
T respectively of ‘z2ble 1.

‘he "preliminary™ complement selected by this procedure, was
nooled, stabhilized -sithin 15 hovrs of bleedins, and Jdesignated Tor
the record as Y-2%. It was then titrated and found to have 2.0
units wer 0,1 ml. in a 1:25 d4ilution (or 500 waits oer wl.). On
the next day, nortions of the sane julnsa pl sera vere tested by

means of a modification of the 'standard" procedure using P-2% for

comvlement (Table IX).

TAPL T I

Featores of the "standard! procsdure used in tests on
30 puinea pigs bled 12-23%-46

‘Yube™
D 5 r G H
Tloated ~uinea pi: Sorum {ild |0.0L 0.02 0.0% U.0% 0. 0%
Antigen suspension
11.8 billion /ml. (ril.) ]0.1 0.1 0.l 0.1 0.0
Complement, (P-23) (unite) (1.5 1.5 1.5 1.0 1.0
saline {ml) 0.1 0.1 0.1 0.1 0.2
*Jote: ‘'fubes &, G, and X correspond to tubes 1, 2, aznd 3 respectively

of rable IT.
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the results of these two testn on the individual suinea pig
sera are given in Yable X, in wihich tube A, (identical with tube 4 of
lable L, represent:s the results of z technic similer to the oretesting
technic of liolmer a2d others wrevinusly rentioned. Thoush the reactions
in column & are in seneral o7 a higher level than those 1n ¢olumn B

(tube 6 of Mable I), the test as o whole it definitely Less scnsitive

™

than tne Ystandardt. (F and o veins ldentical with 1 and Tesveclively
Zenerally, the test perdormed as in tube A, results in a lower

grade reccbion than the test nerformed as in btube 3 (coupare rosults

of tube 4 with those ol tube 6 in able VI); but in the cszse of these

%20 zuinea pize the results were reversed. .n explanation for this cennot

e-51ly be given without a dilscussion oi other experimental dats which are

-

beyond the scoge and »urpose ol vhe vresent renort. ouffice it now to note

that both tubes are necessery in order to avoid includine in the complement
pool, those sera wlilch féact in one tube and not in the other. ‘Thouph 18
speciuens 2ave resctions in bube A, and 14 specimeas in tube ., one is

not justified in sslectins the preliminary cowmplesment on the basis of tube
A only. “here were snecimens (lo.'s 4, 6, 10, and 25) which reacted in

3

tube © and not in tube A} and which geve & feirly stron; resctlion in the
"standard” procedure,

On the bhasis of btube A there were only 12 of the 30 suilnea pis sera
that could be considered catisfactory for comolensnt, wnile on the basis
of tures 4 and O the number wvias narroved down to 9, Ly means of the
"standerd" procedure, hovever, the nuber was further reduced to 2; all
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on ¢f resuluos

Sroceoures

Of
3N

il

)
— g —

[T o e
'.J.J.L‘t.l

"y

. R
[VICISRVES]

Rl

75N

21

[N
cn U

Procedure

Fraliminary Standard
Sermul Tube Tube N
H0w B C S I F G T I
1 Iy L - /.{ /’.;. l L [;‘ -
2 5 50 - 34 b L -
3 - - - ¥, - - - - - bid
L - 2 - 4 + e L -
5 T - - - - & 3 -
6 - & - % + £ 3 A -
7 - - - bid - - 3 I -
, g 3 ~ - E: i 3 “ -
9 2 - - 2 21 gL L -
10 - 2 - 3 not done L N
11 3 I - 3 I 1 /L -
iz L I it .’.;‘ I I 1. 4
13 2 L - 2 3 U L -
1L Iy L - N s In L -
15 - - - X 2 21 51 L x
16 b & - t 3 51 h -
17 4 + - 2 2t 3 A -
14 L 41 - Ly L s I -
19 3 - - a1 3 21 4 -
20 - - - * * = COU. S
21 - - - e £ k 2! 31 -
22 iy - - 31 5 2! L -
23 A 3 - 4 ! 4 L -
2l 3 - - 3 21 - Ly -
s " o) 2 A ', ~
25 - et - J gz e .
26 - - - e - - - - - <
277 - - - hid - + 2 b -
o8 - - - bYd - - 2+ 3 3
> 1 1]
, 21 4 —
29 L - - 3 3 - -
30 [!‘ — P o A P Ly -

% In column (2) are indicolea the juinca
of the "preliminary" complement
would have been consicdered satlsl

i

-

-23

~ 2.

ple sera selected for the pool
and in coluwn (b) those that

sctory for thae "stanlard! reasoent.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



o1 e other 20 zuinga nip sera raacted ~ith H. wertuse

[

s under the

very strict conditlons reoulred by thic ltest, thewveby indicating its

4

cer sensilivity.

]
o}

surther;ore, onere 12 gaother point, involvinz colimns 7 and ¥

‘ ax -
' Lnleh awee bo osentionced decauss o it as not come to vhe

gibziabion ol vrevious inrestirators. ‘hose tio celunns are Siailar in
phat they ere each an anticounlenentary conbtrol of Hhe sulnea ni . serun
itself (thee is no sntiien oresent). undsr the ¢ .nditions of the
"pyrelisinary? nrocedurs, 0,04 ml. o the 30 heatsd uilnes i~ scra weas
in no case anticoupleusnbary in the oresence of Lheir homolojjous compleiment,
vhereas under the exzetin: conditions of the “standsrd" procedure, four
specim: ns were found tu be souethat anticon lanentary for the pool, »-23.
In biais rsspect, then, 1t is not ssfe to assume thal any ~uinea viz serws
riich has zood commlenment =chivity can be considered o satisfactory
reesent.  Ovviously, thouh, the anticouplencsntary factors in any
siven serwa may have no erfect on bheir homologous complemant, bhey may
he effective in reducing the activity of heterologous complement.
Certainly, such sers should not be included in the cowpdonont ool

From an analysis of able X, 1t followSg that thers are tuw0o Ieasons
for using only couplement selected hy the "standard’ procedurs, for
routine tests in pertussis:

1. Intervterinz antibodizc have been eliminabtzd from the comolement,

or reduced to a noninterferins minimume.
2. Antizomplementarry factors of the suinea pi;; serun itgell have
1150 been detected and eliminated from the complement.
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wffect of selecved complenent on the cowmslemsnt

obion avsbon.

t1v

Lue Lo the »nractice of severe cretestins of

sent scelecvion it has wecn nosglble te dncrease tio seasiiivity, efficicney

shd dependsvllic; of Uhe routine courlereat a leree marsin,

In Table I is ;iven a comparison of the salieant in the convle-—

wenw Lixntion SYSBLaH Lelole &rf

o)
A
A
o
¢

Tl dnstituting e orocilee of con de-

ment selection,.

VS

salient allferences in the complowent Uiziatlon system resulting from

complament seleciion

- Lefore §_ Liter
Froactice of COLLlC:Gﬂb selaction

. }

1, anticengTitratlion anticorplerentary Complenent fixing
;zonnod GOse Lotency
Loncentraiion U.U4— 2.0 oillion/id, -5 billTon/ul, or

tolerated by Lole

Lile Systen A L
Frecguency of ti- aally once ior escn loth

tration

S —

ki TR - A ) ol - pon pEY AT
2. fMixetion pericd 15 hours at 4-8Y C, 5 hours at 4-67C,

3, seirviceability of abhout 2 weeks
stabllised conple-
;.-rUIlb

Tong &s 3 montns

ns
w

45 result of employing o selected complement, it was ne longer neces—
sary to uitrate antifens every oay. The routine comnplement fixatlion test
could be periormed within cne day using tne 5 hour refri erator [ixation
period; and the complement remained serviceable as lonz as 3 months, or
prectically as long as 1t still retained a satisfactory complement titer.
ispecielly noteworthy (in Table xI) is the marked increasc in the amount

of antien that could be employed in the comblement fixation system, as
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35

result of corplement selection, without dancer of complications. ihile
the complement fizaticn system would never tolerate umore than a 2.0
billion/ml, suspension vhen on unselected complenient had been used, it
would tolerale a susnension es nich as 25.0 billion/ml, or rore with a
selected complement; ana it rust be lept in mind that the complenent is
selected chlefly for its lack of interfering antibodies, 4 good exammnle
of the cffect complenent selection has on the znti en concentroetion tol-
erated by the system, is brougit out by the folleuwing coneriment in which
o single lot of anticen was testew in varyines amounts for its Manbi-~

copzlenentary! activity on varying arounts of four different lots of com-

19

plement; tne latber were chosen because they varied in antibody content,

The ”untlcOUUlenanurw” effeet of o tyvical anticen on different lols of

complenent,

the four lots of complement cnosen for this experiment, are charac-
terized in Table ([flez, which ;ives the complerment lot number, doate of
bleeding, the number of guinea piss bled, the number of sera in each lot
and the resulting volume, 4lso siven are the respective titers cnd ages

of the lots azt the time of the experiment,

TARLY XlTle

Description of four experimental lots of complement.

Comple— Date of No. of o, of Volume Titer Apest

ment No. Bleeding| Animals sera in of Jerum
DooL

P-26 L=35=17 L0 10 28,5 mla 11, 1 3.5 weeks

{Pm2h L1107 <" L 19,0 ml. 1:15 4.5 neeks

P=23 12-23~46 30 9 23,0 l, 1:10 16,5 weeks

3=50 h~1=l7 27 6 25,0 mla 1:18 | Lo5 weeks

¢ Wote: at time of the experiment.

als

Tn Table AlIb are given the reaétions obtained when the sera included
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in each pool were tested by the Pstendard" complement seleciion procedure;
and the pools are given from left to right in order of increasing anti-

P

body content as judged purely by insvection.

TARLE {ITb

Reactions of "standard" comilement selection procedure on the pulnea
Pl sers composing Lhe four exnerimental pools.

r-26 =25 -3 550
Tube
1 2 3 1 2 gl 1 2 3 1 2 3

iy -

I

1
i
1
I
+
1

!
H
i
=
-~
L
v
NN Eow
=
{
~

- - - 3 - - -
- -t - 2 L -
- - - £33

% In azslubination tests these were the only two sera that ageglutinated a
suspension of U, wertussis antigen.,

Jitn the four complement sera characterized as in Tables .lle and
ZIIb, the experiment was set up as indicated in Table {ITc. The antigen
employed in tiis experiient uas the very same lot that had been used to
test the animals composine the four experimental pools; and one unit of

1

it was coual to 0.1 ml, of an 11.5 billion ver ml. suspension. ‘The values

of 0.25, 0.5, 1,0, 2.0 and 4.0 units specified in iable wllc corrcsponded
to concentrations (in orgzanisms per nl.) of 2.9, 5.9, 11.8, 2340, and L7.2
billion respectively.

In this experiment, the reagents were brought vogether in the usual
totel volume of 0.3 ul., cna allowed the usual incubation perlods vefore
snd aftor sadibion of tne sensitized cells. The resulbs given in tne
table are in terms of percentace hemolysis, (-) indicating complete and
(0), no hemolysis.
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TARLE XITc

the "enticonplementary! effect of one lot of antigen on four different
lovs of complenent.,

vomplenent Units of Units of Complement
I\IO. Aﬂti;’fﬁ:n Ooj O.? 009 loo l.l

=26 0.0 70 95 99 - -
0.25 70 95 99 - -
05 70 95 99 - -
1.0 70 Q0 99 - -
2.0 1O 60 95 - -
8)

l}.o O

50 o 92

b 0.0 i3
Oel5 &0
OIS oC
L.0 Y,

2 99 -

pUSIAN Y/
O
OO

O

!

I

G

9 99

1
>
1

\
S
~
u
!

2 0] QO 0 0 50
F=23 U &0 Q0 Q9 ~ -
e &0 70 97 - -
U 4LO 60 S0 o5 99
1. 0 50 70 &0
2 0 0 50
- e \J U O

S~

C

1
Ut
o
<&

7

e}
0
1
!

(G RN

COCOOoOWUWmo
N O
[oNe
R~

1
coococoolcc o
OO

CoowmnOoOloC O O O

OO

FMobe: (=) ecusls 100., and (0) ecuals no henolysis.

The Tirst series in eaci ol the four eroups of reactions in Yable
dle sives the overcentage ucuolysis due Lo Lie specified amouncs oi the
respective complement serum clone; end serves as o conLrol on ulle other
five series of ©Lie Jroub. o Culiperiscon of 2ll four control serics, shows
the curves of nemolysis to be ildentical even though the complement sera
hod to ve used at dilferent titers.

dthin eacn proup there was an increase in intidibition of complement

con added.  This innipivion was nost naerked

witn increase in amount of anv
: .- M A el N e Z T oy T
for complement 5-50, less ilor #=23, v=25 and leasl for I—20. Lnere was no

1lels e inbibitive effect of the anticen and the respective
parallelism betueen the inhibitive effect of bhe antigen ar I
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conplement titer, for as indicatud in Table iIla, 3-50 had the aichest
2 > a

[}

viter, ancd =23 the lowest, Cn the obier oo, since the antisen wes
least inhibitive for =206 (compleirent serum bnown to contain a ver s lcw
level of antibody), ond mere inhibitive the other complenent sera
(known to contain =p recisble levels of anbibody), it seems very certain

that tae - % ol antizen toleratea by the system is  inversely dependent

uron the level of the antibody content of Lie cor 1 % germuy,  his

e

S
further illustrated by the swanary ol wic results oir bhls experiment ~iven
in Table 2150 2n hlcn is sonown e antipen concentrztion tolersted by

czchh Lot of complement,

Calde ITd

: Variation in cntiren concontratlon tolersted by various lobs of
.. complenent,

Couplement Urder of Laxdmum concentration of unulhen
antipody tolerssed
content

PR - e amimn Lah M e e S o o B

L=26 lea

25t 232.6 billion/ml,

|

JRT I 1.8 billion/ml.
1
| 2.9 billion/ml.
|

0N

3=-50 __most ;aich less vhan 2.9 billion/ml,

-

Lost sienificent is the very cnirene dilifcrence boltween tho wmount of
ost signifilcant o .

. LA Dby e26 . 5 selacted "oertussish colement. ool that tol—-
satizen toleraved by =20, o selected "lertuss coryelenent, wod that

o

; 1 0 oeoml anants .08 iite (2.0 Billion/
rated by 3-~50, o selectew M.asserman comlenent; V.25 unitvs (2.9 billion,
sbed by o %) ] |

—
=
o
~
Y
s
£
i
p
o)

: e reare Talt Ty bl ve a ey Aty s
1. of ¥, sertussis antigen were nore inhibitive for b-50 Gtha

sape catizen for r=20 ———- in other words —--—-
(47,2 billion/ml.) of tue very same gatizen for ! 26 in other 3

Lo e
o e st dvybie Se Pl el fa o o o VL e
“han o lo-fold difference, such activities deiinitely cannob be attri

4

wood Lo changes in the anvlgzen.

_ P ment fixation bLest
P Peat - L'lti‘f“en c‘oncentl' J.ulon on o(—,YlS _L't Lh@ C O ﬂ shent 11Xa01on :JJQ
el o\ Cre e g
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Lith 2 selectew complement on hand, thererore, it is possible to
aploy lareser amounts of cnti.-cn; and the effecl of larger amounts of

entbleen on the sensitivivy of the comgolement fixation test is illustra—

tew in Teble =IIT.

TABLY LITT

wffect ol anti;en concentration on sensibiviiy of the complement
fizetion test,.

{
'est sysLen L :
Complementij ml, of antizen (piillion/nul.)=—0,.1 mwi. uscdﬁ
Unitsg® serum || 16,5 holi 11,81 ©,5 Lo74 1.21 0.6 HO -
1.5 0.0k I I L L, I 3 2 -
1.5 0.02 3 3 3 3 3 2 + -
1.5 J.01 + + 4 + + + - -
1.5 0.005 & - -~ ~ - - - -

trol svsten

0.5 O 60 60 70 70 50 30 &C 70
0.5 0 95 95 99 99 99 99 99 97
1.0 - - =
1.5

0

0 - - - - - - - -

Wote: The resulis in the test system are olven in tne usual terms of
plus's,

The results in the control system are given in terms of s hemolysis:
(=) ecuals 100

o
e
(a4

Conplement =26, obtained one month previous wes used here, at
o titer of l:lk.

'he Lests set up as indicated in Table XIIT were carried through the
usual incubation .eriods, citc., and as result of this experiment it is
seen that the sensitivity increases with an increase in amount of antigen
to include & concentrution of Z.5 billion/ml. seyond this concentration
there was no further increase in sensitivity of the test. Ileanwhile, the
effect of the antiren on the complement clone (see control system) remein-—
ed practically constant for all concentrations. In other wiords, though

Lt SN B R - FIRK IS "~ et V4 -
the svsbem would tolarate concentrations of sntigen as high as 16.5
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billion/il,., it was not nccessary to use much more than an

£

pension

SusS for maxidmum sensitivi uV
mle, nowever, resulled in a test of lower sensitivity.

sensitivity of complement fixation compared to

5¢5 billion/ul.

Concentrations less than 8.5 billion/

agzlutination in tests on

gnimsl sera.

In studyins Lthe ohenomenon of coodvtination, seversd manioulctions
vere tried and it wes found tnat for winen pis and obher animal 2y

heated or wnheated, a 10 billion/ml. suspension of |

a more permanent reaction than a 20 billion/ml. suspension
snaking followed by refrigerator incubation was also found

maximum reactlvity of antigen with serum, althougn the readings

frigeratlon were often difficult to interpret. erefore,
ployed was as follows: 0,1 ml. of the antigen suspension v

0404 11, (or less) of serum in nahn test tubes; the

the rate

tubes U

of 100-150 oscillations per minulte over a wide arc

. pervussis- produced

s &

veriod of
necessary for

after re-

the technic em—
qns added Lo

.

ere snaken at

for five min-

utes; the tests vere read lmmedistely, aguain after 24 nours at 4-89C,, and,
in some intances, once more after 72 and/or 9& hours at 4-8°C,

Some of the data accumlated +ith rep

Lo

cuinea pig sera have already been indicated in
shown that only two, of all the guinea plg sera represented there

-

ard to agglutination tesis on

Table {IIb in which it was

were

.

capable of agelutinating a suspension of I, oertussis., This in itself 1s
evidence enough asainst relience upon such 2 test fer complement selectlon;
but it scarsely begins to show the true status of the situation,

Tn a series of 172 ;uinea pig sera tested Loth b; wovlutination and

. . ) . . < i AN N S | PR 3 ey .
complement Ilxation, Tnere were only 6 winlch agzplutinated

(,u(

- (>
It -

. pertussis antigcen al one

1 v o7 ure F ment
14 reacted in the '"stendard" procedure for complement

selection.

susnension of

or anobther of the technle usea, while

cf
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consicerable interest 1s the fact taat the contents cf 1

-
B

e tubes oi the

P

complement iixation tests, could be read for applutination ot the end of
the 5 hour fixatlon period. ‘the sensitivit: of asglutination under these
qonditions wes found to ve as hiph as it was in separately seriormed tests
employlng the 5 minutes shaling veriod; but slishitly less then the full
tecimic described above. In these and many other tests Lo be reported

below, @t no vime was tnere ovideace of aprlutination, withoub cvidence

of complesent Iization; all sera thot az lutinatel suspensions of 1. per—

tussis slsc fixed complement,

e

since & high percentaze of "ommal!' suinea pics had been found to
have entlvodics capable of reacting with vertussis antircuns, esnecially
in the risidly conlrolled comvlement fixaltion test described for comple-

ment, selection, it secined almost mandaiory that sera of other shecies of
laboratery aninals ve Lesloed,

Yests on laboratory animals other than suines virs,

ol Shett

Unless othervwise stated, the results of complement fiseticn ~iven are
those of tne "roubine' test (see Table Iil). ‘his test is less sensitive
then the "standardd compleuent selection orocedure (Wable 11) used in tests
on suwinea pig sera, because Lhe respecvlve bubes of the routine test con-

tain 0.5 units of comwlement more than taose of thne latter,

dece:r These animals were bled under anaesthiesia b caralac puaclure,

o

snd the sere vesbed indiviivally o avold cny nossivllity of :ezining the

N

N Senressions ohnal sometlmes resudt from testing pooled sera Of o2
false imnressions whal soevlnes Ies from testing g 1 Sera. i

aoparently noraal nice vested, all were necative vothh by the routine com-

] ) YNy 4y acoluuinaclc N 3 eaTa Slo rte Gy seTrTe
plement Jivation test cad by agglutinadlon, Tosts were aloo made on osera

g Y 1 LR . NEaPTtliasls e ool ba o Tar i ‘.‘I‘.:.b (& .::IV\IT
of 235 mice inmunilzed with . PETYTUSSLS. Lo resulbts given in Uabl

- . T KU, i o o 7 .\‘,‘.,' P B B e Y o e Y A
show that of 95 ilrmunised nice Losted by comolement fixetion alone, only
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)P
i)
! Sen v N T A DY e . . B T PR . - - .
fpodele s avives off Lie owner 137, only LD were ne abive Do oo lesend
1 ! Ve - e g P B . S 4.8
oowmere ne Ly onoslutinetion,
i o of 19 sunooscadls Hmowrisd 1 ol 2 LEeanan Ty gl qae
[EPE R HP B .J\ PSR U RS NS BN i ol O LIiere ) [SEEN G VIGI SRR ] d'{ AU -
it . :
R [ A S R e ® . L ST . .. T, o T e m
CULOM, Lpd Lr7 20T Une routine coneclement fitwebion test ond the Ystondonrdl

cormlement soleciion

N N BT S NI R e e - . DTN S SV
soout neld () el the sheep ser: welwe noelslive in oo lubing

one wlee wne Volts

setbits:  The resulits of tosts on the sere of

Siven in rlle AVIa dn vhdeh 1t is shown theh hdle 12 bto 15 sera wele

ctinstlon, cnly 7 ouere neccivive in the rouvine comploment

.

. sy N\ .
Influensae (Moble XVIb) 211 sera

'S 3 ST B A S y gy vr e et R . S
ere found Lo rezcet with o, ertussis in Loe rouvine coniement Yilotlon

aooac, ety K A ENE A
tost, while only cbout 1/9 of thes ave definite resctlons in ana

tion testbe,
iiermer  Cnlv one 'mormal! horse serum, a pool of two norse blood

speciuens was oveilable for tusting., oo resull o toe rouvtine comple-

: - . P BN S e T
vion Ltest vwos strons coovsh for o Mdoultiud" recort; ~auw in the

i 31 - : - e P o Heasdtivel! 1 3, o -
Msinndord! complerent selection procedure, Jor a Mo.ositive! Iepolt. Lnls

seruin olso applutinated a suscension of i, pertussis,

‘moales LU is evident thiet not

) a5 rasult of tne tests on oll the an

I3 jlehdy

[
.

L a0 sl P TS Tk PRI SR
sere nove wcotlboulos copavle of reacuoin; Wi

only do uinea

- PO ~ ey oo ,A.Ajl -r]
b Lo aers of obher lebeorebory andnels do sz owell.  dn
fussis ondicen, bub bhe sere oL Cuael leboretory aunlig

[0

Lincbicn Sost is totole

' peet 2 oantibodies, houever, Lae o
order Lo detcet such antlboales, nowevelr,

oy Wl i r S B - L €177 R i T el ~
fad - haReitt o nind nas 21 0L A oLl L nove
i . ’ L P : ) "] [ l Gen S

. _’ .l...LfT“N‘:i(J.” L L«(.' o VoL f..;lCO [N Lo cwea J V

rosults.
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sent Jiletlon
lramnized &ooding

asclutineticn tests on ndce

o, of Comlenent fixatlon test ‘ :
siice  ours ol L4000, "%
+ X - acw -+ — Y

o 58 2 L I, . . 98
2

L= 106 1 1= /y o5 "2
235 196 14, 17 31 65 72 93

#(ac):  anticomoleuentary

Wy The tubes of The complenent fixetion tesht read

the end cf the & hour faticn pericd,

iiT: Tests not exandned for worluvinction.

TALLL XV

conplanent Uixetion
13 Mnorvalt

Conplenent, fixaticn Acclutination @6

5 hours | 5 min. L 2l nours

devort | lLoutline : o
l =30C, shaldng L=30C,

testi

D
PR RG]
o~
c

h-
| et VR TIE Sl Oy
e O
[
~2
-3

% The resulbs «iven are besed on the stipulations in Teble LV for reports
on ithe routine complement rixation testa

e e - . - o T e, 4t R T QP Sys B
“9t The results plven are clossiiled as lnaiczied Lor the teoulation of
Table Vil
S35 The results cdven for the 5 hours at 4-cCC. represent the aselubina-
+ion reedings in the tubes of the conplowent Tixoatlon test ot the
il

end of the rixation verlod,

ac: antlcomplenenial'y.

Repfoduced with permission of the copyright owner. Further reproduction prohibited without permission.



wsesults of comclement fixatlon and asclutinction tests on sern of
19 M"rornzl? ralLblts,

applutination

wenort| Complenent fxation 5 hours 5 in l 2, hours

bt A0~ e .
test L=5"C, snaling L=5V0,

8]
-

LY

:t I . .
- 7 15 15

SN

—
O

1 K

hree of these sere reacted Lo & slisht extent in the more sensitive
tube of tihe test,

STy

TaBLy LVIL

Hesults of complement fiation end cgodutination tosts on sere of

37 rabbits immunized with H. influencae.

sgglutination

p i

iieport | Complewent idietion | 5 hours 5 min. + 96 nours
Lest L=E0C shaling L4=8°C.,

6

o+ 36')

Ut
b

i 1 & 6 253
- . 2, 23 g

« Of these
acting s
ditions in tube L of ©

36 tesbs, a1l but 11 gave a 4 + in both tubes. The weolier re-
ra, novever, save at least a 3 + under the less sensitilve con-

e comvlenent firatlon test,

se

h
bt

53¢ In these 25 tests the opslutinua was rathoer dadefinite and easily
dlsversed on agltation.
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. e T o SR . RO R .y A . Nt ey P vy st - N L
restdts of Lesls on the sers of loboratois 2nlmnls corroborabe ==

cualitotively, ot least--tiz resovts of autilcrs, Jordet ot 2l (&),

and Toome; et al (26) found "nornel" serse sers to heve (. pertussis)

snvibodies; Mordelt =2t ol (o), wvans eb o1 (18), cna Liller (A0) found

such antilbodies in puinea vilc sera; ood Chievits et 21 (11), Ferry et al

-~ PRy . e A . Er. - o - SR B e - - 2
(21), oienst (15), wvans (19), svans et 21 (12), uenciens (39), .ristenscn
(he), Lons et ol (54), Tiiler (60), Olnstecd et al (70) “ound rabbit sera

vo react with I, certussis catis ons.  owever, since lile tests enployed

b tiese investicators were not necessarily of very hnipgn sensltivity, it
is nossible taab tuelr resulis were cuantitetively deficlent, and they

nernans were not abls to see tue couglete olcture witih all ius implica-
tions. These icwlications, therciore, warrint & Lrield oiscusgion which
rust necessarily follcw alens two naethis:  one directed tosard the organ-
isnp or orsanisms, 1f any, involved in the production of the Mantiboules’

S 1]

in tlie SUDUOSK

Qo Mpornel enirels, cnd bhe second toward the complica—
tions{possible and actual; resulting irom the use of such experinentel

aninols in studies witn H. vertussis, re crdless of tue ovigln of the

antibodiess.

There are several reports in the litersture in which the orpanism,

L. bronchiseptica, has been directly or indirectly incriminsted for

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



cinlicatlons in studies wiith . certussis, ~NConen (59) nhos Tound

LALS oroanisii dn neny cnlacls, Loclucing ralbits, suines pics, cnd coats;

bub nob in rois wad wlice,  swith (B0) 2lse of

DTy
LA RPN AN RS 1\

TloVlils ore-

5

senisw in culnes plos cod rebbits.  chea (74) Litet Lr. broncaisen-

oresent in muinea pics thal lave never shiown evidence of in-

2 Iy s e ey e L o g 8N ST b - - A . o b L
1C. oinger=Irveels & D adlaer (79) nave weae reference Lo the

mnovc!t dnterrels

FLUESN L, bronciiiset

and (i, ertussis,

pernsns Loeveby Luciving paovledce of tae worn off Ferry et al (&

'3 who

found Lr, broncuisepbica widely .dstriiuled amons reobins and suvinea pies,

an
- 1
¥

o N q ~ Y o \ o - KA N .. 1 R - -
and showed (21) (22 close inlerreloiionsiip betmeen ihese orconisms,  As

result of their vork, it seens Lhoet or. broncaisentica is nore likely to

nroduce pertussis cntibodles, tnan . certussis is Lo preduce cronchisep-—

tica antibedies. [iller (60) nas dirvectly inericincted Zr. oronchiseptica

for tne interieriny wnbibvodice which he found (Yoccesionally?) present in
the comolenent seiui.  Yhis report of Liller adds considerable welight

che stotenont of Swith (80) written in 1913: "ihe lmporitance of the gulnea
Jiz as a laboratory reapgent Lo toiins andllivin{ sacteria 1s very oreat

foday———and the tine hos come to all allention to the necessity Jor rid—

ding the species of those infochions whlch tend wo interfere uilh inves-—
vizationgse- Y
Considering the veriussis provlem as o wucle, is 1t not likely that

other orpanisms, hnown or yet to be known, misht lilenlse hove exeried an

e lite

<t
2

widetectad influence on many of the investigaticons reported in

L the oresence of

ature? Tn a report by Jsprunt (83) it dis Lnplied i

yesides Lr. bronchiseptics in '"noymal! rabbits

- . . e
s@cillus leoiscoblicum (82)

. - TN - du 3
mey interiere wiin i vertussis exocrizents, iGaira (07) hes pentloned

gl 2 3 R I e I TR
Tacillus hemoslopinoonilus Cails oE an orsinl.si veloted in scome aay Lo

L, sertussis. slderine ¢ dendrick 20) described a parancriussis crganism
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of hwmen oricin, related zalbiscnically and in oblher

ways Lo dl. certussiss
and “diller (61) also found ials orcanism amony; hwaarl cascs wlarnosed as
"whoowing cournt.  Tizulia (L0) isolated 12 stroins of or-onisms from
wiltooping courn pallents wihdlch he vies able bo ciessify in Tive croups,
done of theon were relatea to ... influ@gmae, nor in any degsree of ceriaine-

Ly, to I, prrtussis. ca the bisls of these renorts, it sesus certsin

tnat until 211l the orcanisms reloled to i, veriussis are actuzlly xnown

)

and thedir interrelaticnships exhsustively studied in ripgidly controlled
investigations, it is nov safe to incrimineate, or to nold any particulsr

species responslble for interlerences in studies with i, ussis. oSuch

incriminciion is especially nol warranied on the basis of work, reported
in the litersture, in which the animels used hed not been rigidly pre~

tested.

~ardless of bhe causative croent, 1t 1s obvious, Trom the data ore-—

crmmloring laboratory animals, their blood

sentea in this report, that

or serum in experimental worii with . vertussis, one may risi a complica-

tion whiech may have 2 marked effect on the final results and consecvently
lead to errcneocus conclusions. It would be superfluous, as well as al-
wost impossible to “iscuss any sicnifilcant number of lnvestirations with
reserd to the wanner in which the facter of "normal' snimal antibodics
nay nave influenced the resulis because, in tne first rloce, it hes on-

N

doubbedly been pessible in some cases Jor invesbigators o set certain
stonderds, on u besis of previous vxperience, whereby the influence of
this foctor could be reduced to & non-interfering minlaum even viltnhout
actual knogledre of ils existence. secondly, the complete information
reculred for such & Giscussion is often lackins: in the litcrature.

Cn the obher hand there are undoubtedly cervaln instances in which

»
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the '"mormall animal entibodies heve influenced the course of various
investigations ruch in the same way as the antibodles in (uines Dis sera

nave influenced .ne behevior of the complement stem,  The ce-

sree Lo wideh thds has vaken vlece would of course Jiffer with Aifferent
stocks of anluals, depending upon the antibody level of the rroun as well
as oi tie Incividuel enluals,  In this laboratory, for instauce, oung
norral slee hwve been lound to be 100s free of delectabie (. vertussis)
anticotdes,  'Iils oy not necessarily oe true for stocks cvailoble to
other worikers. It would, thereiore, be well to mentlon briefly the tyves
of manipwlaltions throush wnlch the iniluence of such "normal'® antibodies
may vnwittinsly be thrown into the investirations,

1. Use of "mownal" animal blood and sera for vrescreotion of the

culture wedia to be used for the stuwy of culturel chorac—

1

teristics oi the Lest orvenisms, end veon which the wuntirens

fo1 subseruent work are to Lie crown,
2o Use of "normal! enimals (rabbits and ruines wics especiolly)

¢

to determine tie votency of anticens and thelr procucts (toxins)

by meens of wortality und worbidity (includine sidn) tests.
3. Use oi "normzl! cnimels for prenzration of anlisera to be used

esnecinlly in enimal (usuelly couse ) brovection tests o in

studies of enti enic interrelctionshing acony sorelins and

vhases of i, veriussis, or velucen 1, verivussis and other

orranlsns.

since the oresence ol blood is necegsary for LAc LTopnEtion of fa

serlussis, can The aatisedles oresent 1n the blood used o1 preparation

some Loriuvence on tae ontioenic sirvcoure oi tidls or-

of the meola, aove

cenism?  Toomey (- Pokscs (D7) end .u et ol (92) have experienced narked
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deleterious effect ¢ horse bloord on 1. .erinssis cultures o iher receatoed

trans:

ers on vac.r 00y, ptaat o cavioedies in e aw do aave an efiect

on l, sertussis oS . eepn shown b sordet o Cencou (6) in 1907 in some

- B P T P INC R N PN o . EATTR O P T . . IR . s
WOl i b ieuwid b LIl o Ll L0l BRaT L. UEIVUSSLSs QoOns Crow in Lile

gy J P (v Sy 4 LI N s N . .
rresence off 1ts anveoorw (serem neatol cb 56%, ) An lioudd sediumgy but,
a5 Ly rows, it Lecoies o duvineied cnd inlls to the hobhon of the Dlosi.

e mellan 0o Lo JLCoor contrloutling Lo T asiicnenon

LOULy Bntiool

N

Suonors iyon

of Monrbo—e cdlutiont oot v Lo 10 .o

-

tiine to time? wriel

cresance ol cntllodics could con-

ceivolly cdsorb theoo antioodles frem ohe neddw:, and zoelutinebe spon-

taneously vien sus.onced Lr

K

saline, .hnabl also coan Lo said aboubt the use

o

of such zontloens 100 adsoried wuntibody in other work? The ansvuers to
these wnd obher cucstions corteinily cannot te found witihout rigidly con-

Al

trolled

In enho,ing "oormel! endnclo be study the toxin roperties of .

~ertussis or its clovet., could not the antiiodics present in the animal
irnfluence the course of le o) serlts? The discordant conclusions in
the literature wi' - -welt Lo this phase of study might easily hiwve bLeen
dve to dlfferences "n the lLevel of undetected naturcl Loanlly of the

v

various sbtocks of animals.

In the use of Waormel calonls for productilon ol specilic wntlsere,

“and can one capect bie vesulting Loaune serls L0 we SpECLID

: st TR ST e T T T Tt Y e ~ A
for b pTotuct JaloCued, Dal L0 Coldinid SRl i dnsmnoloriendl;

S S RS P S . P LY. b g
J N AN VIR I VIRNE (S A VIR W& 1.!0,»,;.;_1\_‘_(: SO Lne

relobed antisou

S tperaase bvhae Liter of the lumunoloslcally re-
LOoLnerzas LIl LAl ; X

. . '
rolasc G iy (6 1 ,Ler &
3 0 SYRRY ey Arat, e B e ko (’1 (’))
1 Ui 1oL D0 "if,’S (RS VIS N GRS 1 el mesen u? 1‘ O Lnsuence 5 AV Cns A A

ot el (055, Jebsoopes et oal (127, oberis ot ol (750,




3ilverthorne et al (75), ete. clotmed

cntibodies, (in some insvances, ant

oi nertussis toiin, in one fomn or zaother, into ciperinental aninals

wWitlle 1t szoms from the work of

K Ao e ey e e (T . d . e g K} PR L 1 FAP
aav perliussis torin s Litlle oi uo oaoid CGNEC D108 [PNTERS I L LLCT

: A PP a- . Sake Ao D R I I SIS . RO . Lo =
et Slesdor® ot ol (25 conglicy sortussis Lordln uobt very ontl enie in
) L
L e

tonin s

T T H
A

TS

jo Jrom bnds oloo vellows bae ossiilits that

walthy, ond undniciote

or:oenisms whileh way ve voballi unreloted anliccnlcally may apvear Lo be

the mediwa

ent 1n the eaimals ussd _or preporetion ol Lne

. 1 : F VL . ST CoaTy R B . . et 4ot YAl
polnt con best be ewvhasized by considerin, tiue experiences ol suith (230)

ctions in lavorztory wanillcls, wna ais stotounent tunt i o

pance Uil teease iafectlons s ussentlal in evolding serious

g

) -

tations—--in the lnnunluation of enineds Jor ooolutinins cad ovher enti-

boules.

. vam el e e nmntal 1A ST e rano Tt vt By v el
Judsing from Lhe resulis presentec 1n tids report, wlon recard Lo
4 . I T e s R TS 4
nhe By sers esneCladly, LU s eviaeni ent

LS 1ar Lore LUuCLusive wolal LNE Woras L HEARTAN erys ‘u“y 5 wlboorner

Lo wersora o selisfactor,s comple.ent riiation test in o stucy of erperi-

nt servs walen

nental weberdial, it 1s necessary TO Ve ono e o

2 e . 5 e I T TS AP I PEe
ls Trec of anbibodiss that ere capavle ol reccitin: Chie Tast anullen.

Jerein at least 1ilzs a olousable explanzation for the results obtalned,

» T4 P 4 o e cyes T o+ bl ‘“i_.
durine bthie course of prelimlaary woris, in studyins one awlure ol tne anvl

o erbussi it ra G
complenentary action of 1. peltnssss antliens.

1. “he veriation in anticomplenenvary ecuivity with Gl Derent

ki LR . PREEN 1 A .’.\,,“ ~ T T .fl _," .O"',v.“. Sy ,“-3‘5
lots of compienent due, @« lnclcsvea 10 venle wIlle, to wiflzrences
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in tie antibody content of the complerent ser

(‘H

2. ihe anticorplesentary activity of entlyen ror constent

YA

iy

anounts of a “iven coupolensnt recained constant over & wide ra ngee
of nti~en diluitions becense constant arounts of & serun contain

o constent level of ocnitivbody,

< )

S. Tme dnerease in the enticomnlenantory activiity of entiens

(S
%

wibh lacroose 1o Uie coount o0 ol Leient seri S UseU, was due 1o

1 the swount of antiiedy availsbls dn the lorcoel ancunts

.
G 4y 0 eepa
incresse

“ o7 SCIUita
he 'The envars acoivity of cntirens increased with
the /e of the complelient searun becavse of Lhe decresse Lo conple-
ment activity wiich necessitated use of larcel amounts of complenent
serum therebr increesing the amount of antisody svailable to the
antiren,
4 complement serwn, wileh avolds such commlications as these, i
evicently essured by the conplesent selaculon procetvres descuibed herea
Coon supsroicilal cncly sume of the dabe oiven (Taebles VI and
VI1) it would seem that the "stondord" procedure hes liblle advensege
over e Horelisdnary" procedure in comclesent sclectlon since 1t ucs
shown Chab 22075 of the juinea oin sera beshed vy the forrer could be
considerced satisfectory for use as couplesent, aidle on the wasis oif wube
, of tine latter there were 24, wiich could be considered satisfactory
Cor the complenent supply. In foct, the Mstandard! .rocedure seeis Lo be
uch less sensitive than tube 6 of tne "oreliwinary' procedure ln which
only 11.6,. to 18,0, of the total were satisfaclory; ond in sueh a combars
ison, the "standard! proceunre would sesin Lo have no value.
Hosever, is 1t salfe to assume » that the animals represented in Teble
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A Py 1 7T ‘a l'"):'il“ R Y2 et [SEPIRPEN - ERE T . . -~ L.

VI and VII are compia'c_ile, Just wecause Lhey vere obLained from the same

source, bred and T#FTwed in the same colony? ‘ihere cre undootedly nany

uinknown ond ungredlC-siyple Vvariavles involved in the hondling anc housing
andling anc housing

of tne animals Wnllh ©gn 40 fect thelr serolosicul oicture , especlally

onsible ¢ wpt Ly g

if the res & wacveriam (_r, bronchiseotica,;, the con-

8
£

rmunicability of #Wall . g NGt casily conuvrolled in the breeiins pens ond

SUOCL CAMl3 e

mvidence of U < {s the marhed verisiion in resulds cimonz the var-—
ious groups witiiln “~gh s¢ties. In vable VI, for insbence, wiile there
are several ;roups \Z 6, 7, 8y, 10, 12, in which there were no non-reacting
quinea piz sers, “Wite are others (13, 15, 13, in which there was a good
percentage of Uhe WikevWdse in Table VI there is consideravle varia-
tion in the percenb: "w of nepalive guainea idlrs emonyg the various giroups,
Tt woula be natural - suspect variations in reaction among the roups
tested by one ~iven  geetiare, Lo we due to varimtion in the procedures

and due to lack of ¢ Jipite evidence to the conbrary, such a vossibllity

cannot safely bo (¢ -od, Un the ovher nand, the concitlons of the tests

were rather ri, ic @8 . did ot allow muvch chence for varlation, especially

since no one pub W Swriter aas had any part whotsoever Lo periorming

then, bhereby, #1s0 >1iwdneting souwe vechnlcal fuctors. Therelore, mntil
the conditions in o wrecding and stock cages can be risldily controlled,
the onl: way in whi€ L the Two rocedures can be compared is by performing

~

both of them on vhe Same snimel sers es was done with the gzroup of 30

suinee pigs bled l'/.,'-i'}/bb'

Prom the resulix piven in Tables VI and TIT it would seem waat, under
S N v Ay ey e . et -
Lhese vers ricid cu. Litions of pretesting, a very low perconiase Oi culnea
LGS AT AR A S &
cera wolld be nd 5@ rviceable as complement with & consecuent Lo

i)j- o

[$5)
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supply of the reagent. In this lob eratory, this hos unfortunsiely

true; but 1t would not necessarily Gpply to other stociss of uinen ois

wihere the situabtion ne, well be I fferent. on e obiler hand, 1t woultd

Le ubter fallacy to rely upon less siringent nethods of pretesting Just

pecause cuch .etuods allow one &  Yeaver supply of cowplenent., Herard-

less of whetncr or not the .relestin: method is cupavle of detecilng
Lhiw, Lie dnterierine enbtivodies v =iill e present; anc vhat is wore,
thelr presence will still allow them the oscortunity to intersere with

.

Lite balance of the s 1is lLies already veen illustreted by the vork

i

with r-z7, a "preliminery compleuwent, selccted Ly o procedure even more

stringent than is considered necessary by Jolmer (45) Herris (34%) and

the others lor selection of tne #lasserman’ counplenent. Jsone of the sera
pouled for tnis complenent sitill contoined antibody in hich enoush con-

centration to e detacited by Lhe ver: virsid "stondard” vrocedure (Table
LiIb), and to cause marked effect on whe zmount of anticen bolerated by

: . o N
the systen (Tebles ATlc and KIid).

Iurthermore, ii the anfibody content of the guinea vi;; serum is

otally irnored, and the test unit cf antisen is determined by e Yanti-

comolenentary cose method," one can cxpect naried variabtion in the antlgen

- : ) : 3 i . B Yevep b p e e el ree
concentration tolerated by the Lest sysitem from aegy Lo day,(cepending on

o

the antibody content of Lthe uinea Dic serwi), as well as risk the pos—

sibility of having o sysbtenm whlcih willl not toleratve the quentity of anti-

con necessary for naxilmis sensitivibty,  axplanction for this 1s simole.

) i !

: g P s yim gy b YR - S T S e Yex
P resorbing to the "untlcomplesentory titrstion wmetnod nroposed by othex

authors, the velue obtalned in titrations 1s uvhe largest amount of antipen,
which, in the presence of complement serum a2lone, is just borely capable

of retarding complement ectivity Lo an cppreciavle extent. The provonents
of such e method ususlly recomiend, as a test cose, an smount ecual to 1/3
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r 1/h the anticomolementary fose. since the evidence elready presented

indicates suen Manticomplenentary activity to be due to antibodies in

tie complement serwn, suchh a Loest wose is in reclits 1/9 to L/ of e

largest amount ol aniiloen copable o reaciine with these anbibodies 1o

sacn wn elheent 25 o Lrins aboult an ¢

crecisvle Jinwetion of the cormsle-

ment uhden is clso cresent in the dven saount of ruines

SAIu

5

sovurallsr, L0 Lhe carnplenent serun Conering

Soconcenire

[t IR RN RIS M

—

vae so-cnlles Yonvicom dleseatery coliviiy ds correspondinsly oicliy znd

oal) siell cmounbs of cnticen cen o tolerubed, Un the obther aoad, if

the comolaaent serum noes o Lo conceonhravlon of an

regnondingly

lercer waounts of antilren can we btolersted, on thils

oreLory, clisnces

for Lhie occurence ol e latlor consivlon aove

o

Voot rarc oy s in-

ey . " - - o~ T o P -~ ~1- Wl L
cated in teble XL it had never heon rossiiple, before adostion of the

comidenent selceetion vrocedviw, Lo employ mniirens for complement Tiation

tests, in concentrotions above 2 billicn/nl. (cowivalent to 200 willion

orranisrs ner tube of the vostj.

i . RO N
avidence Ln bhe literooure thot obhnelr Invesiliitors ave

found it cossitle Lo use the hirher concentratlons wleraoted by

. e m s T S s s
Lanens s @nnloyed, At ds revher Jdiffi-

cult Lo enelise meny of thelr reports in Lerws of cnouals comuraile to
those caployed by the uriber, Lecause L0st investioations ewplore s 1/5
to 1/L of the anticomplementary wose! (which, of course, Jives no indica-
tion of numbers oi or! ;anisms); vut e few exencles con be given, Cnievilz

& Lever (11) were zble Lo use 400 .dllion orpanisis for cach tubs of thedlr

Vo e was true in the work of Jaccobson o Leyer (Ll) who used
test; and the same was trae in bhe Lork oi Jacconson N (4 )
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SUMIMARY AND CONCLUSIONS

In much preliminary work leading to the preseant report, there were
encounter=d marked inconsistenciss in the behavior of H. pertussis anti-
gsns, which prohibited establishment of a standardized complement fixa-
tion procedure with any degree of finality. Similar difficulties heve
also been a common occurrence in ths studies of other investigators, and
this has resulted in many conflicting reports. The results of the present
study, however, cannot fail to nlay a major role in solving some of the

B P - S I T - PYTE ooy
CeailEse WL uiiv &

problems 1nvolved
1. Results of prszliminary work indicated that it was necessary to

establish a prococdurs whereby a complament serum known to be (H. nertussis)

antibody fr=e could be obtained.

2. Buch a procedure was devised, and by means of this procedurse it
was Tound that the anticomplamentary activity of antigens was rather due
to antibodies present in the complement serum. It was also-svident that
a very high percentage of the pguilnea pigs tested carried such antibodies.

3. Though evidence in the literature seems to point to Br.

bronchiseptica as the agent chiefly responsible ior these antibodies,

otaner pretesting methods, such as culture for these organisms from the air
pasaages, agglutination tests, ete., are cntirely inadequate for selection
of complem=nt.

4s By use of a rigidly selected complemsnt, it was possivle to em=-
vloy concentrations of antizen for greater than any reported in the litera-
ture. Also, concentrations far in excess of tihat necessary for maximun

sensitivity of the test had no deleterions effect on the complement.
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5. In complement fixation tests on sera of other animals, it was
found that the "normal™ rabbits, sheep, and horses in this laborstory have

(H. pertussis) antibodies, while the normal young mice &0 not. These re-

sults, howsver, do not neces.arily apply guantitatively to animals avail=-
able to other workirs, and it is advisable that all stocks be pretested
in order to avoid thne conceivablsz complications waich may result frowm use
of (vartially) immune animals in nertuscis studies.

6., It is also recommended that the guinea pig sera to be used for

complement in tests with other antigens be similarly selected.
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