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INTRODUCTION 

I 
K the preceding paper a study of the complement fixation reaction of rag- 
weed antigen and rabbit immune serum was reported, which served as a back- 

ground for experiments undertaken to develop a test for antibodies occurring 
in human ragweed allergy. 

Preliminary observations by the authors indicated that inhibition of the 
fixation of complement (C’) by a standardized ragweed antigen-rabbit immune 
serum occurred with sera known to contain blocking antibody by passive 
transfer. The present report is concerned with a study of the factors influenc- 
ing the detection of such inhibiting antibodies, cullninating in the development 
of a test method for these antibodies. This test methotl was then applied to a 
study of allergic and nonallergic sera and comparisons were made with the 
passive transfer technique. 

MATERIALS BND METHODS 

1. Human Hera.-Unless otherwise noted, whenever blood or serum 
samples were received t,he serum obtained was passed through Seitz filters, 30 
ml. capacity and then stored at -20” C. in aliquots suitable for testing. Paraf- 
fined corks were employed to minimize dehydration during storage. On the 
day of examination, sera were heated at temperatures and for periods of time 
as described under the particulala protocol. 

2. Hemolytic Xyste??l.-These are described in Part T of these studies. 
3. Antigens, Rabbit Znzmune Serum.-These are described in Part I of 

these studies. 
4. Complement Fixation Inhibition Test for Antibodies ;Igainst Rnpeed 

dntigens-See description under experimental results a,nd procedures. 
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1. The possible ~olc of thcmwstablc c~~~~~plcnzc )lt cowponents: 1:~ employ- 
ing amounts of’ complemelrt designed to ~~Iw~~cY~ partial hemolysis, it was 
shown that all the human scra testetl, whether ihcy possessed or were lacking 
in inhibiting antibody, ditl not enhance the hrmolytic activity of added guinea 
l)ig complement. Thus, in one eq)erinlent when 16 fresh sera were tested, nftel 
heating at 56” C’. for 20 minutes, with one 50 per cent hemolytic unit of (Y, 15 
to 10 prr cent hemolysis occurretl with a11 average of 27 per cent. These same 
sera heated at 56” (‘. for 4 hours l~roduced 5 to 30 per cent hemolysis in the 
presence of one unit of complenlent with an average of 13 per cent, hemolysis. 
When stored sera were examined for this propert,y they showed in general less 
hemolysis than the fresh sera. As further experiments were performed and 
as a testing method was evolved, there was never any indication of a t,hermo- 
stable complement effect. 

2. The e#ect of pdimirzury incdmtion of serum and antigen a,t unrious 

tempcrntwes for car&q priocls of time in the presence and absence of conrpk- 

SYSTEM SERUX 1 ANTIG." I ‘) - 4 8 16 32 641 2 4 8 16 32 64 
1 Neg. .4 15 15 15 15 15 IO 

PO01 .” 15 15 15 15 13 l.‘j 5 15 30 55 70 75 
Blork. .-I 50 60 50 20 10 - 
Pool .‘? 50 70 73 60 30 1; 20 35 50 70 75 75 

2 NM. .i 10 10 15 15 10 10 
l~OnO1 2 5 10 20 20 l;i 10 3 1.5 30 30 70 75 
BlOCI<. .4 55 70 65 40 25 15 
Pool 2 GO 75 80 65 50 20 20 30 60 GO 70 7.5 

:i NW.. :L 10 10 IO 10 5 5 
P”c;l 2 10 10 10 10 5 5 10 15 30 45 60 6 
HlOt?lL :i 40 60 35 15 5 5 
1’001 .2 55 65 63 40 10 5 10 30 50 55 60 G5 -. 

4 NW. 4 10 10 5 0 0 0 
PO;; .2 j;lOlO 0 0 0 10 10 20 30 50 55 
Block. .4 40 55 40 10 0 0 
Pool 2 40 60 55 20 5 0 10 23 33 40 40 40 

Results above expressed in degrees of hemolysis. 
*Amounts given in micrograms of protein N. 
tReciproca1 of serum dilutions. 
$Inhibition test with three units of C’. 
$Anticomplementary test with two units of C’ (rabbit immune serum added). 
Immune rabbit serum dilution used rewired approximately six units of C’ for 50 per cent 

hemolysis. 
System I.-Human serum plus antigen incubated 1 110~11. 3i” C., then immune serum am1 

C’ added. 
System Z.-Human serum plus antigen plus C’ incubated 1 hour 37” C.. then immune 

rabbit serum added. C’ dose based on titration using a preliminary incubation of 1 hour at 
37” C. before adding sensitize{1 cells. 

System 3.-Human serum plus antigen incubated 18 hours 5” C., then immune serum and 
C’ added. 

System 4.-Human serum plus antigen PIUS C’ incubated 18 hours 5” C.. then immune 
rabbit serum added. 
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nwni: Table I presents a q)resentati\-e protocol showing how time, temper- 
ature, and the l)resence of c~omplement during the preliminary incubation of 
inhibiting antil)otly and antigen influenced the detectability ol’ this antibody. 
To l)erfoixi this cq)eriment. tlilut~ions of antigel ;‘(I” (Mhole cstract~ antigen) 
were pt’el);lretl to cbontain 0.4 an(l 0.2 mic~r~ogra1n of antigen protein N. iii a test 
(lose of 0.1 ml. As a so77rce of inhibitin g antibody, a l~ool of three human sera 
\VilS employetl. The donors of these sera were individuals who were srnsiti\-e 
IO ragwvccd and who had been treated with ragweed extract. Tests on the 
sera intlividually intlicnted the presence of inhibiting substance. 14’01. 77se in 
this ant1 many ot,her csl)eriments, the three sera were Xeitz-filtered, pooled, and 
storetl at -20” (‘. until used in t,ests. liefore testing, this pooled sermn wa.s 
heated at 56” (‘. for Tonr hours. The dose of serum was 0.1 inl. of the dilutions 
intlicate(1 in Tij.lIle I_ I’arallel tests were nlade on a pool of five individual SW:1 

selected at randoni I’roin sl)ecimens submitted for serologic tests for syphilis, 
all oI’ which hat1 give11 11egatiTe results in several types of serologic tests. This 
negative serum pool serve<\ as an indicator for the specificity of the test fo7 
i11hihiting antilmtly 7711der the various conditions described. Test dosages of 
swu117 and antigen were pipetted and the mixtures incnbated in the prescncc OI 
a.l)sence of cotnplement, as noted in Table T. The complement close JVRS three 
50 per cent hemolytic nnits. 1~‘ollowing this preliminary incubation, a pool of 
rabbit antiragweed inl~n77ne ser77nl was added in a test dose of 0.1 ml. of a l-20 
dilution. After 4 h0m.s at 3 to 6’ C:., 0.2 ml. of sensitized sheep red blood cells 
was added and the degree of hemolysis recorded following 15 minutes’ incnba- 
tion at 5” C. Antigeu. complements, and cell controls were inclnded. 

Following the 1.ecolnmenclatio17 of Rice,“” 50 per cent or greater hemolysis 
with a test mixlure was considered as evidence of inhibiting antibody a&ion. 
Accordingly, no inhibitin g a&i&y was noted with the negative pool. whereas 
evidence of inhibition was obtained m1der the varying conditions of this es- 
periment with the inhibiting antibody pool. The end point, of reactivity of t,he 
inhibiti11g serum in any given system was always greater with the lox-er con- 
centration of antigen. ITsing a I-honr preliminary incnbation at 37” C., there 
was a, slight increase i11 reactivity endpoint when complement was present in 
the mistnre as comparetl to the system lacking in romplemrnt, Prolonged 
incnbntion at, 5” (1. with and withont complement prodnced lower entl points 
than the shorter incnbation at 37” C. The results given under sernm controls 
were typical. The anticom~)lementary property of the serums tested ~717 be 
noted. There was no significant difference in this propert>- of the two ser77117 
pools stadied. 

It is apparent from this and similar experiments that preliminary incnba- 
tion at 2’7” C. gave more sensitive findings than incubation at 5” (r., an(l that 
the effect of complement durin g this preliminary incubation m’i7s negligible. 

As extension of these time studies, in several experiments, assay of iIl- 

hibiting antibody was made using 1 and 2 hoars of preliminary incnbation a,t 
R’i” C. and 5” c. at the san1e time t,ests were made without preliminary incaha- 
tion. The result,s obtained are giren in Table TT. Tt can be seen that, evide17ce 
of inhibiting activity occurred eren when immune rabbit serum was aCldetl 



without prclimiiiary incubat,ioii of antigen and inhibiting scr~mi. Al I’ollrfoltl 
increase in titer of inhibiting serum ocbc*urrctl after 1 hour at, 15” ( ‘. I~‘urther 
incubation at 37” C’., ix., ‘L 11ot11.s’ t,otwl itrcrrbaiiorr. (lid IIO~ pr~lr~~c~ iltr>’ IIIOIY 

reactivity thaII 1 hour ;It :I’i’ C. Results ol)tairretl at, 5O C’. werr of Io\v(~I. III~~- 
nilude. The irrtlivitlnal serultr No. 3, selected at lxtrdolrl I’roln set&a-givirlg tregir- 
tive serologic test for syl)hilis, gave Ii0 c\-icleilcc of inhibiting ailtil)otly. iIS tle- 
fiiietl. uirtle~+ all coi~tlitioiis of this csper+inient. 

B.A. 0 Room 85 45 10 0 0' 60 80 85 90 90 
3 0 Room 15 5 0 0 0 85 85 90 90 95 

B.A. 1 3i" C 95 90 60 10 0 65 80 85 90 90 
3 1 37°C: 45 10 0 0 0 80 85 90 90 90 

B.A. 1 5°C. 95 90 40 5 0 65 80 80 90 90 
3 1 5" c. 25 5 0 0 0 80 90 90 90 90 

B.A. 2 37°C. 95 90 TO 20 0 65 80 80 90 90 
3 2 37°C. 40 10 0 0 0 80 90 90 90 90 

B.A. 2 5" c . 9s 90 40 10 0 70 80 90 90 90 
.3 " .5O c. 40 10 0 0 0 85 90 90 90 90 

Results above expressed in degrees of hemolysis. 
Time given in hours. 
B.A. represents an inhibiting antibody pool. 
3 represents a serum, negative in serologic tests for syphilis. 
*Inhibition test performed with 0.2 microgram of antigen protein N., three units of C’, 

and a dilution of immune rabbit serum which rewuired six units of C’ for 50 uer cent hemoly- 
sis. 

tAnticomplenrcntary test performed with two units of C’ (wbbit immune serum added). 
$Reciprocal of serum dilutions. 

In other experiments it was shown that shaking up to 60 minutes at room 
temperature in a mechanical shaker did not augment the reactivity of inhibit- 
ing antibody. I~‘urthermore, incubation at ~~~onr teml)erature without shaking 
did not produce greater reactivity than at 37” (!. 

3. Thr! effecl of antigen mad invmu~ze serwn concentration: To determine 
the efFect of antigen and immune serum concentration on the detection of irr- 
hibiting antibotly, a pr~elimirrary exposure of 1 hour at 37” (‘. was used, since 
this time and temperature al)pearetl ol)timnl from previous experiments. AI 
blocking antibody pool ant1 a serum selected at r*i1rr(lorrr fl*om sera negative 
serologic tests for syphilis \vere employrd as test, sera. Sera were heated at 
56” c’. for 4 hourx Rerial twofold dilutions of the s(‘rir, beginning with l-4, 
were t,estecl against several dilutions of r.;rg\~ertl-wholr-e~tr.act antigen. After 
])reliminary esposure of nutigeir illltl serum), inriiiune rabbit serum was added 
in two dilutions, amI compleiiic~rit in four tlilntioris ~O~ltilillillg three. I’our, six, 
and eight units of C’. Test, mixtures together with suital)le controls were irk- 
cuhated at 5’ (‘. for 4 hours. Setrsitixetl cells were added and the degree of 
hemolysis was determined after 15 minutes’ incubation at 37” C. water bath. 
Table 111 depicts the colnplernent fixation pattern of the rabbit immune serarrrrl. 



‘Fable 1V gives the results obtained in tests for inhibition. With the smallest 
amount of rabbit serum; i.e., l-40, inhibitory action was observed with both a 
blocking pool and the normal serum used. With the 1-X) tlilution of rabbit im- 
mune seruln, specific results J\-ere obtnine(l with three units of C’. T,arger 
;r~rloul~ts of ((’ gave nonspecific fintliugs with the norlnal serum. ITsing the l-20 
dilution of rabbit immune serum, specitic results were ol)tained with three and 
four units (“> whereas larger amounts of C” producetl nonspecific findings. 
TSYth respect t,o antigen concentration it \vas noted that. under the conditions 
where specificity was maintained. more sensitil-e fin;lings were obtained with 
the smallest amount of antigen, i.e., 0.2 microgram of I)rotein FT. 

TAB1.E IIT. THE '~ITRB'L'ION OF RABBIT 1hlhll'xE sI':HI'M 1'001, (18) 

SERl:I\I CONTROLS CoMF'I>EMENT E'IXBTION RESUI>TS WITH 
IMMUNE SERUM C' ITNITS MICROGR.?hIS OF .kKTIGEiX PKOTEIN N. 

DILUTION 1 2 C' IINITS 0.8 0.4 0.2 0.1 0.05 0.025 
l-110 15. 85 3 0 0 0 0 30 90 

4 0 0 0 5 80 100 
6 0 0 0 40 100 100 

l-30 25 90 
s 0 0 0 60 100 100 
3 20 0 0 0 60 95 
4 20 0 0 10 90 100 
6 40 0 0 50 100 100 
8 50 5 10 90 100 100 

l-40 33 95 3 70 10 0 10 75 100 
4 75 20 10 20 100 100 
(i 95 55 20 70 100 100 
8 93 83 65 93 700 100 

Results above expressed in degrees of hemolysis. 

TAULE I\‘. ‘I’HE EFFECT or ANTIGEN, RABBIT IMMCNE HmcnI, AND CODLEMENT 
CONCENTRATION 0N THE DETECTION 0~ IKIIIBITING AxiwjoI)I. 

I 
I 

I INHIBITING ANTIBODY TITERS OBT.4INED WITH 
/ 3 I.NITS C' 4 UNITS C' 6 UNITS C' 8 UNITS C' 

SERrJM 1 IS DII>CTION / 0.2 0.4 0.2 0.4 0.2 0.4 0.2 0.4 
B.A. I-20 8 4 8 8 8 4 16 8 
Normal 0 0 0 0 4 0 8 4 

HA. l-30 16 16 16 8 32 8 32 16 
Sormal 0 0 4 4 16 8 16 8 

B.A. l-40 32 32 32 > 
NormRl 8 16 16 z 32 z 3 z 

Results above expressed in terms of the reciprocal of the highest serum dilution showing 
evidence of inhibition: 0 indicates no inhibition. 

0.2 and 0.4 refer to the microgram of antigen protein N. used. 
> represents reactions greater than 128. 

4. The effect of time and temperntwe of inaclivatioa: Xera were exposed 

to various teniperatures for varyin, 0’ times in a water bath. Following this, 
tests for inhibiting antibody were made using a preliminaq exposure of 1 
hour at 37” C. for mixtures of test sera in the ljresence of 0.2 microgram of 
antigen protein N. Rabbit immune serum was added in a tlilution of l-80, l>lns 

three units of C’, and the test, was completed as previously described. The 

results are given in Table V. Kn tests were made in those instances where a 
serum aliquot showed coagulation at a particular exposure. For this reason 



5023 
0.5 60 

0.5 36 
I 56 

Neg. 

NC’& 
NW. 

Ba~weed-smsitivt,, 
untreated 

” 56 Ntag. 
4 56 Neg. 
0.5 60 Nrg. 
0.5 

5026 0.5 

0.5 60 1'0s. I- 16 
0.5 63 1’0s. 1-x 

Inhibition test with 0.2 microgram of antigen protein N.; three units of C’. 
Results expressed as highest serum dilution showing evidence of inhibition. 
Time in hours; temperature in centigrade. 

no tests were made on serum CE’ exposed to temperatures of 64”, 6X”, ant1 72’ 
C.; on sera 5,023 and 5,026 exposed to temperatures of 6X” and 72O C,‘. 

It can be seen from Table V that serum (:F, from a normal nonsensitive 
donor, gave only a,minimum reaction, i.e., l-2, with an aliquot hentetl at 56O (!. 
for 30 minutes. Negative reactions were obtained at other t,imes and temper- 
atures indicated. Serum from a ra~wecd-sensit,ivc donor (5,023) gave ncgat)ivc 
reactions throughout. Evidence of inhibiting antibody was obtained with 
serum 5,026, donated by a ragweed-sensitive, ragweed-treated individual, with 
all aliquots t&cd. Thus, for example, an aliqnot hrat,ed at 56” C’. for 30 min- 
utes produced an endpoint of 1-8 serum dilution. This serum heatetl for 1, 2, 
and 4 hours at 56” C. gave itlentical endpoints of I-16. An aliquot heated at 
64O C. gave an endpoint of I-X. 

5. The effect of inhibiting antibody and semitixing antibody on the fLxatim 

of C’ by srabbit antibody olre’r CC range of adigen mnceratrution: Experiments to 
show the effect of antigen and immune-serum concentration on the tlelection 
of inhibiting antiljody have been previously clescribed under item 2 of this 
series. Since a curve of reactivity for rabbit antibody in the prescncc of rag- 
weed extracts had been established (see Fig. 1 of Part, I) experiments were 
designed to show what effect huma.n sera containing inhibiting antibody and 
sensitizing antibody (by passive transfer) ntight have on this relat,ionship. 
Two lots of whole-extract antigen were stndietl. 14ntigen dilutions were ])re- 
pared to contain 0.8, 0.4, 0.2, 0.1, 0.05, and 0.025 microgram of antigen protein 
N. in the test dose of 0.1 ml. The following hmnan sera were studied : R.A., 
representing a pool of Ihree donors, ragweed vnsit~ire and ragweed ttTilteC1 ; 

5,034 representing a ra~w~‘etl-sensitivc~, ntltreal&l patient, containing skin- 
sensitizing antibody by passive transfer. 1i.A. seruni 1~1s heatetl at, 56” C’. for 
4 hours, whereas aliquots of 5,034 were heated at 56” C. for I,$ and 4 hours. 
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!l’ests were macle using a prelilninary exposure of 1 hour at 37” (!. of the hulllall 
sera antI antigen dilnt ions. Then inlillune raljhit serum and three units of 
c~c)tnplerllcnt were adtletl. Tests were irwulx~ted at 5” C’. for 4 hours. I)cternli- 
lmtions of residual wml)lement activity were ruaile a8 previously descrilwd. 
The altlounts ot’ com1)le~lrellt requiwtl for 50 I)er cent hemolysis were deter- 
lrliiietl I)p wfet~ewe tattles ])mvided in StwK?artZ Xcth0d.s.“” These values wei’c 
I)lottetl against, the alllounts of’ ant~igen addetl (Ii’igs. 1 and 2). Since t,he re- 
sulls ohtaiuetl with lwth lots of antigen were csscntially the sallle, the fintlings 
with 01il). one lot of antigen iiw given. \Yith the serxrrl (l:.A.) containing 
l)locAkirlg antibody 1)); lmssire fl.allsfer, evidence of inhihit.iou \t’as ol~tained 

1 

-o 0.5 .I .2 .4 .a 
uG OF ANTIGEN PROTEIN N 

Fig. 1. 

if 
5 3 ‘V 0 1 I I 

-” .05 .I .2 .4 .8 

pG OF ANTIGEN PROTEIN N 

Fig. L’. 

Fig. l.-The effect of human serum containing blocking antibody by passive transfer On 
the course of the reaction of whole pollen extract and rabbit-immune serum. Curve I. Rab- 
bit-immune serum, l-30. Curve II. Blocking antibody serum heated 4 hours 56” C. (l-64 di- 
lution). Curve III. Blocking antibody serum heated 4 hours 56” C. (l-16 dilution). Curve IV. 
Blocking antibody serum heated 4 hours 56” C. (l-4 dilution). 

Fig. %.-The effect of human serum containing sensitivity antibody by passive transfer 
on the course of the reaction of whole pollen extract and rabbit-immune serum. Curve I. Rab- 
bit-immune serum l-30. Curve 11. Serum 5,034 heated YA hour 56” C. (l-4 dilution). Curve 
111. Serunt 5,034 heated Jh hour 56” C. (l-16 dilution). Curve IV. Serum 5,034 heated % 
hour 56” L. (l-64 dilution). Curve V. Serum 5,034 heated 4 hours 56” C. (1-4 dilution). 
Curve VI. Serum 5,034 heated 4 hours 56” C. (l-16 dilution). Curve VII. Serum 5,034 heated 
4 hours 56” C. (l-64 dilution). 

with the 3-4 and l-16 dilutions according to the criterion of 50 per cent 01 
greater hemolysis. With serum 5,034 containing sensitizing antibodies hy pas- 
sive transfer, the aliquot, heated at 56” C. for 5s hour showed no inhibition 
ilC~Or’dillg to the est~ahlished criterion. However, a depressant action (though 
much lVe;lker, than t,h;l.t ol)tained for l%.A. serum) on the fixation curre of the 
rabbit ilrimunr strum can he seen. The aliquot of 5,034 heated for 4 hours at 
56” C‘. showecl more of an inhihitorg effect than the aliquot heated for only 
31 minutes. 1:~ using the criterion for evitlenve of inhibiting antibody as 
previously tlewril)ed, inhibtory action was noted only with the l-4 dilution of 
the aliquot- ol’ 5,031 heatetl fl)la 4 hours. 
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the course of these investigations it was deernetl of interest to study the l)e- 
havior of inhibiting substances found in some ragweed-keated patients against 
whole-extract antigen in the presence of other ragweed fractions. Because of 
limited supplies of appropriate sera and spwial antigens, only one experiment 
was made. The conditions of the espet%neilt \vere similar :o those describetl 
under the preceding section 5. Since only IkWions “I ,” “ll’,” ant1 “1s” gave 
satisfactory titers with the inlnlune-ral)l)it-sei.uul pool, studies were matle with 
these only. All ant,igens \vere tested in a single pre(letermined optimal dose. 
l~onr individual sera were tested after heating at 60” C. for 1/!L hour. (‘z1‘ repre- 
sents a normal donor; 5,023, a ragmeed-sensitive case; and 5,026, a ragweed- 
sensitive treated patient. The fourth serum st,udied was a normal rabbit pool. 
‘I’he results obtained are presented in Twl~le VT. TE the criterion of 50 per cent 
or greater hemolysis as evidence of inhibition is used, it can be seen that only 
serum 5,026 showed inhibitory action. The inhibition was observed wit,h all 
four antigens. The serum titer with ant-igen “Lot, 2G” was 1-16, with antigen 
“FR. 1” it was l-32, with antigen “FR.. 1P” it was I-16, and with antigen “FR. 
1 S” it was l-32. 

7. l’he effect of aarying the incubatiorr period followin,g the nddition of 

rabbit-inznlwxe SCTUWL 012 the detection of inhibifkg a,?ztibody: Tn early esperi- 
ments it seemed desirable to use an overnight incubation period rather than the 
&hour period to facilitate the analyses for inhibiting antibody. T-pon perform- 
ing assays for inhibiting antibody with the longer period of incubation, it was 
found that inhibiting action could not be detected. A possible explanation for 
this failure in detecting antibody seemed to lw a vevrrsal phenomenon, whereby 

TABLE VI. THE COMPARATIVE REACTIVITY 01” INHIBITING HUMAN SERUM AGAINST WHOLE- 
RAGWEED-EXTRACT ANTIGEN AND SPECIAL FRACTIONS “1, IP, AND Is7’ 

___- 

SERLX 

CF 
I 

TEST WITH THREE UNITS c’ 
SERUM DILUTIONS” 

ANTIGEN 2 4 8 16 32 6-1 INHIBITION TlTRK 
- 

Whole Extr. 
‘ L Fract. 1’ ’ 

1: i 0 000 Neg. 
0 0 0 0 Neg. 

L ‘Fract. 1P” 0 0 0 0 0 0 Neg. 
“Fract. 1S” 5 0 0 0 0 0 Nest. 

5023 

5026 

mhole Extr. 
“Fract 7 ” 
LLFract: IP” 

202010 0 0 0 
45 40 20 10 0 0 
10 23 0 0 n 0 

Neg. 
Neg. 
Nee. 

i ‘Fract. IS” 25 15 0 0 0 0 

Whole Extr. 40 75 80 70 20 - 
“Fract. 1 ” 35 70 80 80 60 2; 

Ne;. 
0 

POX l-lti 
T’os. l-32 

‘ ‘ Fract. 1Y ’ ’ 40 70 75 70 30 0 1'0s. l-16 
‘ ‘ Fraet,. 18 ’ ’ 30 60 75 70 53 3 Pos. l-s?:! 

NRS Whole Estr. 
“ Fract. I ! ’ 
‘(Fract. 11”’ 
“Fract. 1H” 

515 0 0 0 0 Neg. 
35 15 10 0 0 0 Neg. 

.- r 0 0 n 0 Neg. 
1:; ;: II 0 0 0 Neg. 

Results under test expressed in degrees of hemolysis. 
Whole extract-dose used 0.2 microgram protein N.: immune serum dilution l-40. 
“Fraction l”-dose used 0.2 microgram protein N.: immune serum dilution l-20. 
“Fraction lP”-dose used 1.25 microgram protein N. : immune scrutn dilution 1.30. 
“Fraction IS”-dose used 1.25 microaram protein N. : immune swum clilution I-30. 
Inhibition titer expressed as highest serum dilution showing inhibition. 
*Reciprocal of serum dilutions. 
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l~und antigen was released from inhibiting antibody ant1 then recombinetl 
with rabbit-immuna serum. ;\n espcrimcnt was designed to test this hypothc- 
sis, enll)loying a serun~ contwinitlg inhibiting iIlltil)Otl~ l)y I)Clssive t~i~llSfC?l', 

5,026, alIt1 il Il0l.lllilI SCI’llIlI, C’E’. After heating the sera at 60” (1. for I,$ hour. 
l-8 dilutions 01’ each were pi~elw.iwl. Aliquds 0I’ 0.1 1111. were iiiculmtctl at 

:X0 C. for 1 hour with 0.2 microgranl protein N. of whole-extract antigen “2G.” 
I*‘ollowing this preliminary exposure, fi\-e difYerent dilutions of immune rabbit 
serum, alltl tht.ce 50 l)er cent (” units were added. l’ests of the immune rabbit 
serum, antigen, and complement were likewise made in addition to the other 
customary controls. T>eterminations of t,he amount of complement fixed were 
made at 1, 2, :‘:jh, 31/~, 6, ilIlt 20 houlx For each time inter\xl, the dilution of 
rabbit antiserum requirin g 6 C!’ units I’or 50 per cent hemolysis was estimated 
on the basis of the test findings with the dilutions actually tested. By using 
the criterion of 50 per cent or greater hemolysis as evidence of inhibitory ac- 
tivity, results were cspressed, for the two human sera tested, as + indicating 
inhibition, or 0 indicating no inhibition. From Table V11 it can be seen that 
the serum containing blocking antibody by passive transfer clisplayed inhibit- 
ing activity at ever)- time interval when related to the titer to the rabbit-im- 
inune serum. As the incubation period was prolonged, i.e., at 6 and 20 hours, 
and the ra.bbit-immune serum fisrd more complcmcnt, the blocking serum showed 
inhibitory activity in the presence of smaller anrounts of rabbit-immune serum, 
but not with larger nnlounts of this serum. With the normal serum, at any 
given time interval, there was IIO eviclence of inhibition when the results ob- 
tained were related to tbc immnne-ral~bit-serlun reactivity. For example, aft,er 
1 -hour incubation, the inlmune-rabbit-sel~u~~l dilution rquiring 6 (” units for 
50 per cent hemolysis was l-5. The human selxm tested in the ljresence of J-10 
rabbit serum was not inhibitory. After 3l/iL hours, the immune-rabbit-serum 
tlilnt,ions requiring 6 C units for 50 per cent hemolysis was l-25. The nornlal 
human serum showed no inhibitor)- activit)- in the presence of l-40 inlmune 
l’al)hit serum. 

1 HUMAN SERI‘M 5026 HUMAN SERTJM CF 
FIXATION PERIOD IMMUNE SERUM DILUTIONS* IMMUNE SERUM UILlJTIONS* IMMUNE SERT-M 

IN HOURS 10 20 40 80 160 10 20 40 80 160 TITER 

1 + f + + + 0 + + + + r 

2 + + + + + 0 0 + + + 7: 
2 3/a + + + + + 0 0 0 + 15 
3 '/l 

t, 
+ + + + 0 0 0 + : 

6 
"5 

+ - + + 0 0 0 + 40 
20 0 0 0 + + 0 0 0 d + 80 

*Reciprocal of serum dilutions. 
+l3vidence of inhibition. 
0 No inhibition. 
Immune serum titer, reciprocal of interpolated dilution requiring six C’ units for 50 per 

cent hemolysis. 

8. The selection of a test method for the detection of inhibiting antibody: 
Preliminary studies with a few selected ca.ses known to contain blocking ant,i- 



body by passive transfer indicated that evitlencc for inhibiting activity, pre- 
sumably due to the presence of ant,ibodies, coultl 1~ detected in somo iilstanccs 
bq’ a complement fixation inhibilion test. RIoI~~vcr, 1lOll~llh~~~~~.~Jl~~ :l(‘t~iVii,)- 

wit,h nor~mal se13 or r;lgwcetl-sensit,i\-c set3 Ilot (.olltilinin, 1)’ l)lovki:rg autibod~ 
by passive transfer suggestetl that the rcactioll Irright IW spec+lficJ antler certaili 
contlitions. Attempts were rllatle to increase the sctlsitivity of the test, in ordei 
to obtain a better correlation with the passivr transfer results on these few 
select cd cases. As t,he sensit,ivity was raisctl it apl)eat.etl thilt the sl)ecificity tle- 
creased. To illustrate this effect a coull)osite of sr\et*al esperitrlents is pre- 
sent,ed in Table VIIJ. Tire data indicated t,he marked improvement in specific- 
ity obtained by using an imnul~nc~-1~abl)it,-sel~~l~tl clilution of l-20. which re- 
quiretl approximately 9 units of C’ for 50 per cent hernolysis. Srlli\llet* ;Illlounts 
of rabbit antiserum gave less specific findings. 

Inhibition test results expressed as the reciprocal of the Irighwt serum dilution showing 
inhibition ; 0 indicates no inhibition. 

In viva test, passive transfer test for blockinx antibwly; + indicates n positive’ l,eaction, 
0 in(lirates a negative reaction. 

Another consideration was t,he anticomplellient~~ry property of the sera 
submittetl for assay. Unsuccessful attempts were matle to abolish this property 
by preliminary treatment of the sera with active complementj, according to 
t,he method of Taran.“? As a working method, the test dose of complement was 
increased from three to four complement units. 

The method ultimately selected for use in the assay of sera for inhibit,ing 
antibody is now described. 

1. Saline-Stock Verona1 Buffer, diluted on the same c1a.y the tests were 
made. 

2. Sheep Red Crlls, 5 per cent suspension, preparetl daily. The test dose 
was 0.1 ml. 

3. Complement-hemolytic activity was determined as previously described. 
Two dilutions were then prepared containing one and four 50 per cent henro- 
lyt,ic units in a test in dose of 0.1 ml. 

4. Hemolysin-optimal dilution was determined as previously described. 
A stock l-100 dilution was prepared as previously noted and was used for as 
long as 1 month. The test dose was 0.1 ml. 

5. Sensitized sheep red blood cells, equal rolumes of 5 per cent cells and 
ol)timnl hemolysin dilution were mixed by pourin g hemolysin on cells, then 
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back and forth for a total of eight cxcaursions. This mixture w-as not used be- 
fore .I 0 minutes, nor longer thau 2 hours after preparation. 

ii. Reading Standards, these WC’I’~ preparetl daily as previously described. 
I~‘or siml)lification, 0, 10, 20, :l(j, 30, 50, 60, TO, 80, ant1 90 per cmt staudards 
were usetl. ln making readings of hemolysis it \KI,S advisable t,o chill the tubes 
by placing the racks in an ice water bath, sincac hemolysis will continue at a 
slo~v rat,e at WOII~ temperature after removal from the 37” C. water bath. 

7. Immune Rabbit Serum, it 1~001 of strum prepared from rabbit.s im- 
lnunizetl against, whole-estl.act-pollen antigen was employed. Preliminary 
a ssuy t,o determine suitability of each individual serum was made. Suitable 
alicluots of immune s(brum were stored at -20” (1. in Pyrex t>est tubes stoppered 
with paraffin-coated corks. For use in tests, aliquots were thawed, thoroughly 
mixed, and heat,ed at 56” C. for 30 minutes. The dilution of immune rabbit 
serum for use in inhibition test contained an amount of antibody which re- 
quired eight to ten units of (1’ to procluce 50 l)er cent hemolysis in the test (lose 
of 0.1 ml. 

8. Human Serum, sera received for assay were stored in Pyrex test tubes 
fitted with paraffin-coated corks. In most instances, because of the presence 
01: visible particles, sera were Seitz-filtered prior to storage at -20” (7. For use 
in test, aliquots were thawed, thoroughly mixed, and heated at 60” C. for l/L 
hour. Serial twofold dilutions in Verona1 buffer were made beginning with 1-4 
and ending in l-128. 0.5 ml. of each dilution was sufficient to perform assays. 
The test dose was 0.1 ml. of the dilutions. 

9. Antigen, whole extract ragweed antigen preserved in an equal volume 
of glycerin was used. The smallest amount of antigen which fixed the greatest 
amount of complement (containing four units) in t,he presence of the smallest 
amount of rabbit-immune serum was employed in a test dose of 0.1 ml. This 
amount of antigen contained 0.2 microgram of protein N. No less than 0.1 ml. 
of stock glycerinized antigen was used in preparing the optimal dilution. 
Fresh dilutions were made daily. While not in use, t,he antigen dilution was 
kept refrigerated. 

10. Test Procedure for Inhibiting AnCbody, the test procedure followed 
is outlined in Table IX. The crit,erion for the presence of inhibiting antibody 
was the occurrence of 50 per cent or greater hernolysis in test mixtures con- 
taining the human serum, antigen, immune rabbit serum, and complement. 
The results obtained with a given serum were expressed as the highest dilution 
showing eridence of activity as defined. 

Cont,rols included in the assays were : 
a. Hemolytic controls with one and two 50 per cent hemolytic c” units. 
1). Antigen controls with one 50 per cent C’ unit. 
c. Cell control. 
(1. Human serum, known to contain inhibiting antibody by previous assay, $va,s 
tested in a similar fashion as the utlknown sera. 
c. Human serum, not, conta,ining inhibiting antihotly. was similarly tested. 
f. Immune rabbit serum was tested at the dilution selected and actua,lly used 
in tests in the presence of four and eight 50 per cent hemolytic units and t,be 



Antigen 
Verona1 buffe1 

0.1 + -1 + c + i- 
0.1 t i+i+ + 

Incubate 1 hour Xi” (1. water bath 
Immune rabbit serum 0.1 + f + + + + + + + -+ + + 
Complement, 4 units 0.1. it + + + t 
Comolement. 1 unit 0.1 + “++ + I  I  

Sensitized cells 
Incubat,e 4 110~~s 3-6” C.-- ~ ____-_-~__~-. .-~___ 

0.2 +++++++++++ + ~---__ -~. 
Ineuloato 15 minutes 37” C. water bath 
Record degrees of hemolysis _____ 

Human serum dilutions expwsse~l as wcipl’ocal. 
+ indicittcs rcagcnt added. 

test dose of antigen employed in the assays on human sera. Also serum con- 
trols were set up with this dilution of rabbit antiserum in the presence of one 
and two 50 per cent C’ units. 

Tests were considered satisfactory when 40 to GO per cent hemoiysis was 
obtained with one unit of C’ in the hemolytit and antigen controls; when in- 
hibiting action was obtainecl with the known inhibit,ing serum, and no reaction 
with noninhihiting serum ; when the number o-f unit,s of C’ required for 50 per 
cent hemolysis in the presence of the rabbit-immune serum ranged from 8 to 10. 

B. Comparison of Resu1t.s Obtained in the A.SS~J of Inhibiting Antibody by the 
Complement Piention~ Inhibition l'esf md the Passive Transfer Test for Block- 
ing Antibody.- 
Tests were made for inhibiting antibody using the complement fixation meth- 

od as described. Blood specimens were obtained one to four weeks after the 
previous injection. Independent t,ests for blocking antibody by passive transfer 
were performed by a modification of the Loveless nlethod.7 Sera to be tested 
were heated 4 hours at 56” C. to inactivate skinscnsitizing antibody. 0.1 
ml. of the serum was mixed with an equal voln~ne of several dilutions of low- 
ragweed extract and left overnight in the refrigerator. Then 0.1 ml. of an un- 
heated serum containing sensitizing antibody was added. 0.1 1~11. of thrsc mix- 
tures was injected into nonallergic skin. The sites were tested 48 hours later 
with approximately 0.02 ml. of low-ragweed extract containing 1,000 protein 
N. units per milliliter. The sensitizing sera were from untreated ragweed 
cases and chosen on the basis of neutralization by 50 to 100 units of rag- 
weed extract. Thus if the serum being tested did not contain blocking anti- 
body, the mixture made with 50 units gave it positive reaction, while that with 
100 units did not. The titers recorded represent the strength of ragweed ex- 
t,ract in the last site giving a positive reaction. The results obtained with the 
complement fixation ant1 passive transfer methods are presented toget,her with 
other pertinent data in Table X. With sera in Categories 1 and 2, representing 
patients not allergic to ragweed, no evidence of blocking antibody by passive 
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transfer was obtained. Ilikewise, negat,ive results were obtained in the comple- 
ment fixation inhibition test. Moreover, 50 sera selected at random from sera 
giving negative results in serologic tests for syphilis gave no complement fix- 
ation findings for inhibiting antibody. X0 passive transfer tests were made 
with these sera. C’ategory 3 represent,s those t,ag~~eed-seiisiti\-c indivitluals 
who failrtl to complete treatment or to return for bleeding after treatment. 
Samples tested represent pretreatment bloods. The passive transfer, method 
and complement fixation inhibition test were negative with all sera. Patients 
in Category 4, subgroup 1, ragwretl sensitive and in their first year of treat- 
ment, showed evidence of blocking antibody by l)assi\.e t,ransfer on postt,reat- 
ment samples. The titers of blocking antil)otly ranged from 100 to 200. Tests 
for inhibiting antibody using the complement fixation test were negative with 
these sera. Patients in Category 4: subgroup 2. ragweecl sensitive and in their 
first year of treatment, showetl evidence of blockiu g antibody by passive trans- 
fer on posttreatment samples. (No pretreatment. specimens were taken.) In this 
group, the passive transfer method gave titers of 100 to 500. Evidence of in- 
hibiting antibody in the complement fixation test was obtained with serum 
5,077, which gave a titer of 500 in the passiv-e transfer test. In Category 4, 
subgroup 3, the pat,ients were treated for several years with ragweed extract. 
The highest titers of blocking antibody, i.c., 200 to 2,000, were obtained in this 
group. Ilikewise the highest incidence of inhibiting antibody action in the 
complement fixation test was obtained with this group. All sera giving titers 
of 500 or more in the passive transfer test were positive in the complement 
fixation test. C:ategory 5 contained nonsensitive individuals who were in- 
jected with ragweed extract to simulate the formation of blocking antibody. 
Titers of blocking antibody by passive transfer ranged from 100 to 1,000. 
Evidence of inhibiting antibody in the complement fisation test was obtained 
with all samples showing 500 or more units in the passive transfer test. 

C-‘. Rel)roc7l&bilit~ of the (‘omplenwnt Pixntion Inhibition Test for Inhibitiw 
Antibody Against Kagweerl Extract.- 
To obtain information relative to the reproducibility of the complement fis- 

ation test for inhibiting antibody, tests were made on 46 individual sera on Nov. 
7, 1952, and the test repeated using the same lot of antigen and immune-rabbit 
serum on March 10, 193. The results obtained are presented in Table XI. Ex- 
cept for two sera, 5,046 and 5,058, the results were reproducible. Sera 5,046 and 
5.048 were positive in the original testing, and negative on retesting. Howemr, 
the degree of hemolysis obtained with bot,h sera in the l-4 dilution almost placed 
them in the positive category. 

In studying the effect of various factors on the detection of antibody 
against. ragweed antigen using the complement fixation inhibition test, t,he 
possibility that the observed inhibition might be due to the presence of thermo- 
stable complement components was ruled out by parallel and independent 
studies of the ac6ivating effect of the human sera on complement. However, 



A - -  - A -  - I  
-  Cont,:tct dermatitis 
- Migraine, 

- - M6nii:rc’s dise:tse 
- - Infective :rsthma. 

TJrticuia 
- 
- 
- 
- 

Sot 
tl011e 

- Monilia. clenn:ttit,is 
- infective :rsthma 
- No disease fount1 

No disease fount1 
Not known 

Category b-Contwl Sera 
X. I’A’L’IEN’I’S SOT hI>I.~:l:(;l(! TO RAOWEY:I, Hl’T A,.I,EKOIC ‘I‘,, OTHER l’OLI,lr:NS; 

SERA TAKE:N AFTER TREATMENT WIT11 OTHER POT>LESS 

5058 IT 9 - - Grass pollens 
“50X1 co 12-9-53 - - Grass GolIens 
"5082 IiH - 

,g.j.g9 - - Grass ind tree pollens 

Catr,qory 3-Ragweed S’ensitive 
A. PATIENTS WHO FAILEI) TO COMPLETE TREATMENT OR TO RETIJRN AFTER TREATMEST; 

SAMPI>ES TESTEI1 REPRESENT PRETKRATMENT BI>OOI)S 

5013 CA 3- 2-51 
5013 MO 12-16-51 
5036 MG 3-l O-5“ l.? - 
5023 AH 9-l 0-,?l - 
5036 51) 3-21-52 - - 

*5066 G\\ X-25-52 - - 
*5011 RR ll- (i-30 - - 
“501 2 ST\ I 1-2!b30 

Category 4-Ragweed Rensitive 
Ii. J’ATIENTS TREATEI) ~~‘Il’Ii RAGWEI1IJ Y:?(TKACT 

1. ITATIESTS IN FIRST YEAR 06 TREATMENT FROM wlI0~ BLOOI) WAS OBTAII‘;EII 
BEFORE TREATMENT 

0 0 - 
1 3 12on 1 no - 

18 6.500 200 Excctllcnt 

n 0 - 
15 2000 I on - 

L'3 5000 200 (;ootl-csl~t!llt~llt 

0 0 - 
14 1500 100 - 
2.3 5000 200 - I~ndeterminetl 

0 0 - - 

1” 2000 100 - Good 

0 0 - - 
9 800 - - 

17 5000 30 - Goocl 

5047 
5Oi4 
5075 

0 
6-l 8-32 x 60:) 
8.22.52 16 5000 200 Exrc~llrnt 
(dnplic&2 specimen to 507-1-J - 
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TAZHLE x-cos~r ‘I) 

2. PATIENTS 1s FIRST k-EAR OF TREATMENT PROM %‘IIOiX HI>OOD \VAS NOT 
OB’TAINITD HEBOKE TREATMENT 

IAB. NO. PBT. 

--50&l HI, 
“5065 I)R 
-5077 E’B 
“5078 ml 

TO,’ 
so. 01‘ (DOSK ,‘.ii, 
INJECT. / I’KITS 

8-13-52 2% 11000 100 
200 
500 
100 
200 

_~- 
I 

(‘.i“ 
Ih-HIH. CLIKICAL RESUI,T 

- A+hrllen t 
Good 

PO% 1 :8 Good 
- Excellent 

Fair 

3. PATIENTS TREATED FOR SRVRRAI, YE.4RS; MOST HAD “5 OR hfORJ’: IPiJIICTIONS 
THE FIRST YEAR Api,, lti TO 20 IX SVBSEQIJEWI~ YEARS 

“500 I RI, IO- 9~30 I nnoo 200 - Gowl 
‘5005 F(’ 

Sii 
30~12-50 6000 200 - Gootl 

“jOO6 10.11’.-50 200 - 

3024 JH 1 O-1:1-.? 1 35000 1000 Pos. 1:s Exerlknt 
5025 RR 9-19-31 50000 1000 Pm 1: 8 Excellent 
5026 ER 6. 8-51 40000 1000 T’os. 1:lG Goal 
5067 ER 8.19.‘j“ 5nooo 2000 E’oR. 1 :32 Good 

“5061 1\1l$T x.1& 17000 500 T’oP. I:8 Gootl 

Category h--Nonsensitive 
PATIEXTS GIVEN IN,JRCTTONS OF RAGWEED TO STIMIJLATE TIiE PRODUCTIOiX 

OF HI,OCKIX;R ANTIROI)Y 

5016 
5017 
5018 
3019 

5020 
5021 

5029 
5025 
5033 
5044 

5030 
503 1 

5037 
6038 

5046 

5053 
3054 
5050 

5035 
5056 

30:39 
6040 
5059 
5052t 

EST, 

P 

A 

R,R 

RTT 

T 

12-19-50 
l-15-51 
3-29-5 I 
5~15.51 

l-15-31 
5-14-31 

11-19-51 
12-28-5 1 

lo-10-51 
3. B-52 
5-28-j2 

1 l-13-51 
.&-“5.52 

1 n-29-31 
:1-l l-52 
4-l x-52 
6-23-52 

5043t 6-26-52 
5076# R- 4-52 

“Sera not Seitz-flltered. 

0 

1; 
15 

0 
10 

0 
12 
17 
24 

0 
4 

0 
8 

1’ 

0 
17 
9‘) -- 

0 
10 

0 
11 
I6 
25 
25 

___- 

0 
15000 
3nnno 
5nnno 

0 
50000 

0 
3oonn 
50000 

100000 

0 
34000 

0 
X000 
30000 

0 
I 0000 
I onno 

0 
60000 

0 
50000 
70000 

ion000 

25 

100 
200 

i on0 

- 

200 

- 

100 
500 

- 

inn 
500 

- 

inn 
T on 

i no 

- 

ion 
200 
500 
500 
500 

DIAGNOSIS 
Vnsomotor rhinitis 

- 

Pm. 1:4 

- Vasomulor rhinitis 

- Vosomotor rhinitis 

- 
I’ns. 1 :4 

- Infwtive asthma 
l)iscontinud in,jwt. 

- Infective asthma 

- Chronic sinusitis 
- 
- 

Pas. I:8 
Pm. 1:R 
Pas. 1:8 

~lilood sample collected 1 hour after the twenty-fifth injection. 
SBlood sample collected 3 days after the twenty-fifth injection. 
SRlood sample collected 5 weeks after the twenty-flfth injection. 
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Original tests rlone on Nov. I, 1952. 
Retests clone on March 10, 1953. 

since t,he bulk of the experiments made were with aged sera, it is conceivable 
that tests with fresh sera may occasionally produce an inhibitory type reaction 
due to thermostable complement components. For this reason the parallel use 
of serum controls, in the presence of an amount of conrplement which will 
normally produce partial hemolysis, i.e., one 50 per cent hemolytie unit, would 
be desirable in performing assays for inhibiting antibody. 

Studies on the effect of the time and temperature of preliminary incuba- 
tion of antigen and human serum prior to the addition of the complement fix- 
ing rabbit-immune serum and complement (Tables I and II), indicated that a 
relatively short exposure of one hour ww sufficient.. Moreover, tests without 
lneliminary incubation showed some evidence of inhibition but to a lesser de- 
gree than with preliminary incubation of antigen and human sera. Xv0 greater 
degree of inhibition was observed when complement was present during t,he 
preliminary incubation period. Slightly more sensitive findings were obtained 
with a preliminary incubation at 37” C. than at 5” C. for similar periods of 
time. It seemed conceivable that this greater sensitivity at 37’ C. might have 
been due to nonspecific deterioration of the antigen at that temperature. It 
was noted, however, that as little as 0.002 ml. of serum prevented the deteriora- 
tion of antigen at, this temperature (unpublished findings). Since the srlrallest, 
amount of serum tested for inhibiting action was approximately 0.007 ml. it 
would seem that the greater sensitivity at 37O C’. was probably not due to de- 
terioration of antigen. Conceivably, inhibiting antibody has a greater combin- 
ing power for antigen at the higher temperature. 



Previously, Hilleman and associate@ studied inhibitory antibodies pr’es- 
ent in chickens immunized aga.inst ornithosis virus. They noted that the end 
points of reactivity were unchanged when the preliminary exposure of inhibit- 
ing serum and antigen was Ir;t.ried from 30 to 120 minutes. Moreover, it was 
noted4g that the presence oi’ complement during the preliminary incubation 
period of inhibiting antibody and antigen did not increase the reactivity. The 
findings obtained in the present stutly with respect to these fartors were simi- 
lar. 

Previous investigations indicated that the order of mixing the antisera 
affected the results of inhibition test. Thus C’roodner and IIorsfal147 studied 
antipneumococcal horse (rrorrcoml~lemer~t-fi~irrg) and rabbit (complement- 
fixing) antisera in relation to the fixation of complement in the presence of 
homologous polysacchar4de. They obserretl that the serum added last, priot 
to the addition of complement, especially if in excess, conferrecl its properties 
on the antigen-antibody complex. RiceA obtained similar findings using the 
same system. However, she stressed the importance of the antigen dose, noting 
that if an excess of nonfixing horse antiserum was incubated with less than 
its neutralizing dose of antigen, prior to the addition of con~plement~-fixing 
rabbit antiserum, almost comple.te inhibition occurred upon subsequent addition 
of rabbit, antiserum and complement,. When rabbit serum was added first under 
the same conditions, subsequent addition of horse serum ant1 complement did 
not, cause inhibition. When a small excess of horse antisermn was added after 
an interval to a mixture of rabbit antiserum, antigen, and c~omplement. the 
added serum apparently checked further fixation by the rabbit ant,iserum but 
did not have a reversing effect on the fixation which had already ocpurrcd. 
Ililleman and associates”” noted that when t,he fixing serum was allowed to 
react with antigen and complement. the subsequent adilition of inhibiting chil- 
dren serum did not inhibit the fixation. In addition, if inhibiting serum, 
human serum, complement, and antigen were all mixed together, irrhibition 
occurred but to a lesser degree. In the present studies it was also noted (Table 
Tl ) that some inhibition occurrecl when ragweed-inhibiting human serum, 
coiriplenient-fsing rabbit serum, ant,igen, and complement were allowed to 
react without pr~elirninary esposure of antigen i-o inhibiting serum. Whether 
the two antibodies are competing for the same antigen groupings cannot be 
determined in view of the lack of purity of the ragweed antigen and probable 
h&erogeneity of the antibodies. Ilighly purified raagweecl antigens and potent 
specific antisera, both rabbit ant1 human, woaltl l)rovide the means for an 
approach to this problem. 

The importance of the antigen dose to the degree of inhibition observetl 
was noted by Calrnette and Massol, I1 Hilleman and associates,4g Wolfe and as- 
sociates,4s Karrer and associat,eq,“O and Rice and Crwat,kin.41 In most instances 
the selection of the antigen dose was empirically made to be compatible with a 
high sensitivity.‘4, “-‘” Rice”” ~cconrmended the use of an antigen dilution 
which gave rtlasirnal reaction with a “standard serum” haying a conrplement- 
fixing capacity of six to eight units on the basis of theoretical and experi- 
mental consideration.41 



In the studies reported herein, the selection of the antigen dose at 0.2 
microgram of protein K (whole extract) WilS 111adc empiricall?-. Howeve I’, 
this dosage of antigen also represented the optimal dilution for obtaining masi- 
1na1 reactions with the smallest amount of rabbit-imnlunc serum. From Table 
IV it was noted that the greatest degree of inhibitin g activity occurred w&h 
0.2 microgram of antigen protein N. When twice this amount, of antigen, 0.1 
microgram, was used the reactivity was slight,ly reduced. When larger amounts 
of antigen were used, as, for cxamphl 0.8 microgram (Figs. 1 and ‘L), the 
results were difficult to interpret. Since 0.8 nlicrogram of antigen prot,ein N. 
was in excess for the a.mount of rabbit-immune serum as seen by the reduced 
fixation of C’, part,ial neutralization of antigen by inhibiting antibody should 
have produced a fixation of C’ possibly obtained with 0.2 or 0.4 microgram 
of antigen. It is conceivable that the neutralizat.ion of antigen by inhibiting 
antibody may be subject to the effects of antigen excess as is the interaction 
of antigen with complement-fixing rabbit antibody. 

The most important factor in maintaining the specificity of the inhibition 
reaction appeared to be the concentration of the complement-fixing rabbit 
antiserum. The importance of the dosage of fixing serum was shown by Hillr- 
man and associates,+” and a recommendation was made by Rice,43 on t,he basis 
of theoretical and experimental considerations, that the fixing serum be em- 
ployed in a dilnt,ion which fixes six to right 50 per cent hemolytic units of C’. 
In the present work it was found that a dilution of rabbit antiserum which 
required eight, to ten units of C’ for 50 per cent hemolysis gave specific 
findings (Table VIII). Smaller amounts of rabbit antiserum produced non- 
specific findings. The inhibition occurring nonspecifically when smaller* 
amounts of rabbit antiserum were employed map be more apparent. t,han real. 
In performing compara,tire Gtrations of serum in tests for syphilis, it, has beeli 
noted that higher titers are obtainable when strum is diluted in saline than 
when diluted in normal serum. Reduction in the amount of complement fixed 
b,v the rabbit-immune serum in the presence of human sera may be related to 
R similar effect especially when the concentration of rabbit serum used is low. 

The importance of the dosage o-f fisin, 0~ antiserum used in the detection of 
inhibiting a.ntibody is further stressed by the experiment performed in these 
studies on the effect of varying the incubation period following the atldition 
of rabbit-immune serum. Hilleman and asso(4atts”” noted reduced inhibitory 
action for chicken antisera when the inculcation period following the addition 
of human-fixing strum was prolonged, but (lit1 not offer an>- explanation for 
this phenomenon. Frnm the studies reported here, the decrease in inhibiting 
powers of ragweed-inlribit,in, o* serum with increasing time of secondary ineuba- 
tion appeared t,o be related to the increasin g fixation of rabbit ant,iserum with 
time (Table Vll). Obviously, t,he selection of ihe optimal dose of fixing anti- 
serum should l)e tleternlinetl 1,~ the colriI)lelllerlt-fixill~ power of the serum for 

the period of time selectetl for the test, Decreased reactivity of i~lhibiting 
serum might be anticipated if, for any reason, the period of fixation was pro- 
longed. 



The decision to use a fis:ltiotl period of 4 hours rather than 18 hours was 
b:wcd on t,he results given in Table VII. Although the shorter period of 4 
hours is inadequate for maximum fixation of rabbit antiserum, t,he results oh- 
tainrd in tests for inhibiting antil)otly itldicateti t.hat there was a greater dif- 
ference in the beha\-ior of serum containing inhibiting antibody from normal 
serum using the shorter (I-1~1~) incartbation period. 

Htutlies made on the effect of titlte ant1 temperatut*e of heating of the 
inhibiting antibody (Tal)le V) reflected the thermostability of this antibody. 
Piltce no market1 differences were obtained with an aliquot heated at 56” C. 
for I/! hour from an nliquot hcntetl at this tcmperat,ure for 4 hours, it did not 
seen1 that sensitizing antihotly, likewise originally present in serum 5026, 
rserted any effect on the observed reactivity of the inhibiting antibody. (Sen- 
sitizing antibody is supposed to be destroyed by heating for 4 hours at 56” (1.)’ 
The selection of 60” C. for $$ hour as the heating temperat,ure and time for 
assay of inhibiting antibody was made since equivalent, reactivity was obtained 
with aliquots heated at t,his temperature and at 56” C. f’or 4 hours, since LOW- 

lcss7 had shown that this bime and t,emperature were equally as eftective as 56’ 
C. for 4 hours in assays of blocking antibody b:- the passive t,ransfer test, and 
since the short,cned time of exposure was more convenient, for performing the 
tests. 

Tn the stucly of the comparative reactivity of inhibiting human serutn 
i]gClillSt different antigens, essentially similar degrees of reactivity were oh- 

tained with whole extract antigen, “Fraction 1, ” “Fraction IP,” ant1 Fraction 
1%” (Table VI.) Since rabbit sera of sufficient titer mere not available to 
make tests for inhibiting antibodies against “Fractions 2 and 3,” no conclu- 
sions can be drawn about the beha,vior of these antigens in tests for inhibiting 
antibodies using this method. It is pertinent to recall that Sherman and 
Stull”j had noted that, “Fraction 1 ” was allrrgcnically more reactirc than the 
other fractions in skin tests using sera from ragweed-sensitive cases. 

In the method ultimately selected for use in the assay of inhibiting anti- 
body, the decision was made t,o use four 50 per cent hemolytic units in the test 
because of the anticomplernentary properties of the sera submitted for assay. 
It seemed possible that with less complement such anticomplementary action 
might mask an inhibitory effect. Whenever possible the use of fresh sera OI 

sera stored at -20° C’. soon after blood collection would he desirable. More- 
over as can 1~ srrn front 'I'ahle TV, the use of larger amounts of C’, i.e., six 
and eight units produced nonspecific findings. Obviously, the amount of com- 
plement used should be considered in relation to the antibody content of the 
fising-serum dilution used. 

111 this study, 46 inclividunlx contributed 77 sera on which the passive 
transfer and indirect complement iisation inhibition tests were made. It was 
Eomld that in all instances where :I titer of 500 or higher was ol)tainetl with the 
passirc transfer method, positive reactions were obtained will1 tile conlplcment 
fixation inhibition test. Seven sera gave titers of 500 with the passive transfer 
method. Of these, two gave l-4 reactions in the complement fixation inhibitiorj 



test, while five gave 1-8 reactions. Four sera gave titers of 1,000 in the INS- 
sive transfer l.ext. Of these one gave a l-4 reaction ; two. a l-8 reaction : a11tl 

one, a l-16 reaction in t,he c~omplement fixation inhibition test. Only one seruni 
gave a titer of 2,000 in the passive transfer test, and this gave the highest 
titer, l-32, in the cotl~piemetlt, fixation inhibition test. These rcsul ts suggest 
a. correlation between the passive transfer test for blocking antibocly and the 
complement fixation test [or inhibiting antibotly. It is possible that the CWIII- 

plement fixation test is measuring the same antibody RR is measured in the 
passive transfer test. The specificity of the c~omplernent fixation test is at- 
tested by the failure to obtain positive reactions in those instances where t.he 
passive transfer method gave negative findings. Moreover, 50 sera selected at 
random from specimens giving negative tests for syphilis likewise gave nega- 
t’ive results in the completnent fixation test for inhibiting antibody. The high 
specificity of the complement fixation inhibition t,est is undoubtedly correlated 
with the lower sensitivity of this test in comparison to the passive transfer 
method. 

Another possible explanation for t,he observetl inhibil.ion with the sera of 
ragweed-treated cases was the presence of a nonspecific factor which interfered 
with the fixation of complement. In order to obtain additional proof for the 
specificity of the complement fixation inhibition test, for ragweed antibodies, 
several sera. containing inhibiting antibodies for ragweetl antigen, were tested 
for their effect on the fixation of complement by an unrelated antigen-antibody 
system. By using the identical test conditions described in this report for the 
assay OS inhibiting antibodies against ragweed antigen, sera 5,025, 5,061, and 
5.067, which contained inhibiting ant,ibotlies for ragweed antigen. wwc tested 
for their effect on the fixation of complement by a standardized, recrystallized 
egg all)miiiri-antiegg albumin system. The sera tested produced no discernible 
effect on the fixation of complement 1,~ this unrelated system. 

In considering the duration of the injection treatments to the development 
of blocking and inhibiting (cf) antibodies it can be seen from Table X, that 
the highest blocking a,ntibody titers as well as the highest incidence of posit,ive 
reactions in the complement fixation test were obtained in the ragweed-sensi- 
tive group t,reated orer several years. 

On the basis of t,he results obtained, no conclusions coul(l be drawn as to 
the relationship of blocking or inhibiting (cf) antibodies to clinical benefits. 
This is a cont,rorersy that has not been settled by considerably larger series of 
cases. Ilowever, the complement fixation inhibition method may offer a ~011. 
renient tool for future large-scale stndies of the occurrence of this type of 
antibody as well as provide the allergist with an in vitro method for possibly 
measuring adequacy of desensitizing treatment,. ln view of the lower sensi- 
tivity of the completnent fisation inhibition test ant1 its correlation with the 
passive transfer tllethotl. the conlplnnent fisation test cwdtl be used as a 
screening proerdurc. Those sera, positive in the c~ompletnent fixation inhibition 
test,, would not, have to be tested with the passive transfer technique. Moreover, 
blood samples collecteci from selected cases over periotls of time could 1~ 



stored and tests made on all samples on a given testing day, eliminating nmny 
factors of variation inhererlt in the passive transfer test. 

Malkiel and F’einberg”” stutliecl the I)rodurtion of blocking antil)ody in 
thirty-six normal inclividuals usin g eight tlift’etent tyI)es of ragweed extracts 
and could not find any significant increase of blocking antibotly-. In t,he pres- 
ent study, eight nonsensitive individuals were injected with ragweed extract. 
Hlocking antibody was produced iu seven of the eight cases. The patient lvho 
did not develop demonstrabIe antibody received only four injections. Clock- 
ing antibody t,iters of 200 or more were obtained with five of the cases. In 
explanation of the discrepancy in the findings of Malkiel and those of the 
present study it should be noted that Malkiel injected dosages into the normal 
donors comparable to those given to the ragweed-sensitive cases in the present 
study. Five to ten tiincs the amounts usrtl in treating the ragweed-sensitive 
cases were used for injecting the normal donors in the present study. This 
stresses the importance of adequate dosage in producing blocking antibodies. 
Inhibiting antibody acti\-ity in the coml)lement fixation test was obtained in 
four of the eight cases, in those cases where titers in the passive transfer 
method were 500 or greater, With patient T. (Table X, Category 5) it can be 
noted that there was no change in the titer by passive transfer or in the 
complement fixation reaction in samples obtainrtl 1 hour, 3 days, and 5 weeks 
after the twenty-fifth injection. This study was included in order to deter- 
mine whether the time of obtaining a blood sample after injection would infln- 
ence the antibody assay. JIowever: no conclusions can be drawn from results 
obtained with one individual. 

1. &4 study of various factors influencing the determination of human 
antibodies against ragweed antigen was made using the complement fixation 
inhibition procedure. 

2. As a result of these studies a complement fixation inhibition test was 
developed and is presented. 

3. Comparative studies of the complement fixation inhibition test and the 
passive transfer method revealed that the former was less sensitive but was 
correlated with the passive transfer test. Sera giving a reaction of 500 units 
or more in the passive transfer test were positive with the complement fixation 
inhibition test. 

4. It is suggested that the complement fixation inhibition test herein de- 
scribed may be of value as a screening procedure to det,ermine the development 
of antibodies in ragweed-treated cases, and in other studies of the immunology 
of pollinosis. Further, this method may find application to the study of other 
allergens and their respective antibodies. 
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