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RESPONSES TO POLLEN EXTRACT 
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R AOWEXD pollen extract emulsified in mineral oil. has been used as a repository 
form of desensitization treatment of patients with pollinosis with apparent 

SICKISH by an increasing number of allergists.‘-’ The effects of sucll repository 
injections on serum antiragweed antibodv levels, including skin sensitizing 
activity, “ blocking” antibody, and hcmagglut,ination antibody, have been re- 
cently investigated by several groups.“-” This report is concerned with a 
st-Lady of t,he immune responses to pollen extracts as measured by several in 
vitro techniques in a rclativcly large group of individuals given a single reposi- 
tory injection of ragweed shortly l~i’ore the 1959 season. As a comparison, 
another group of individuals receiving conrcntional aqueous therapy throughout 
the ~-car WW(’ similarly studied. The relative changes in antibodies, as measured 
by the classical in viva blocking antibody procedure, by the passive hemag- 
glutination procedure usin, 17 the bis-diazotized brnzidinc method, by complement 
fixation and by prccipit,in reactions, were detcrmincd and compared to clinical 
obsrrvat,ions. 

Subjects.-Five groups of individuals, all residing in the Pittsburgh area, 
wcr~ included in this study as follows: GKOUP 1: 8 nonallergic individuals 
reccired a single injection of ragweed pollen emulsion, GROUP 2: 3 ragwecd- 
allergic patients received a placebo emulsion without ragweed, GROUP 3 : 347 
ragweed-sensitive hay fever patients were t,reated with conventional multidose 
aqueous extract prior to the season, GROUP 4: 13 ‘inew” hay fever patients who 
had had no prior hy-poscnsitizat,ion therapy received a single repository injec- 
tion of ragweed pollen, and GROUP 5 : 110 ragweed-sensitive hay fever patients, 
t,ransfcrred from maximal doses of multiple aqueous extract treatment, received 
a single ragweed emulsion injection. 
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conventional multiple aqueous ragweed extract only were receiving the maximum 
tolerated dose of aqueous extract. This dose was reached as a result of multiple 
pre-seasonal injections of extract. 

E~)~uZsion.-I~nlulsions similar to those described by Brown” were used. 
These contained Drake01 and Arlacel as the emulsifying agent. Final concen- 
trations of extract containing 1,500, 2,500, 5,000, 7,500, or 10,000 protein 
nitrogen units (PM’) per miMit,er of emulsion were prepared. These emul- 
sions also contained cpincphrinc, as suggested by Brown. Similar results as 
those reported here have been obtained in subsequent years (1960 and 1961) 
with smaller groups of individuals who have been treated with emulsions without 
drugs. 

Ernulsio?L injection: Six weeks prior to the onset of the 1959 hay fever 
season, emulsion injections totaling 1.0 ml. per patient were given subcutanrousl- 
in t,he deltoid area in three equally divided doses 15 minutes apart.” Fifteen 
to 20 minutes prior to these injections, 0.15 ml. of cpinephrine was administered 
sub’cutaneously at a point proximal to the area in which injection was made. 
A long action antihistamine was given orally at the same time. Following the 
emulsion injection and a wait of 30 minutes, patients were discharged with 
antihistaminic medication to bc taken for 2 days if needed. 

IIosc of un~~~lsion: The dose of ragweed cmnlsion given to previously in- 

treated patients (Group 4) was determined by scratch tests observing the fol- 
lowing schedule-patients with scratch test positive for 10 PNIJ received 1,500 
PNTJ cm&ion, scratch test ncgativc to 10 PNIJ but, positive to 40 PNIJ receivrd 
2,500 PNU emulsion, scratch test negative to 40 PKRil! but positive to 160 PNV 
rcccived 5,000 P?JU emulsion, scratch test, negative to 160 PNTJ but positive 
to 640 PNU received 7,500 PNU, scratch test negative to 640 PNU but posit,ivc 
to 2,560 PW rcccived lO>OOO PMJ emulsion. Pat,icnts transfcrrrd from 
aqueous estlXct to ragweed emulsion rcccivcd doses cquivalcnt to ten to fifteen 
times the previous aqueous cstract dose. 

Aqueous I?ljec tiolls.-Three hundred and forty-seven ragweed-sensitive 
patients wcrc treated with nlultiple injections of conventional aqueous extract. 
Three hundred and threr had been on aqueous therapy for a period of 2 to 15 
vcars prior to this studr and were at the maximum dosage level. . ’ Forty-four 
suhjcct~ had rcccivcd aqueous therapy onlp for t,he treatment period prior to 
the 1959 season. 

S~~W~L Collection.-An initial bleeding (preseason serum) was obt,aincd 
aseptically 6 weeks prior to the season (immediately prior to the repository in- 
jection for those receiving emulsion) and 4, 6, 8, and 12 weeks thcrcaftcr (post- 
treatment sera). A11 sera w’crc stored sterilely at --20” C. until used. 

I7n7nu71010fJic studies.- 
Blocki~~g WH tiboclies: Blocking antibodies were mcasurcd b?- I 110 classical 

Jllctflod Of irl VitlYl Il(~llt~~alixati()~l PxaPtlyv as ch?l’ibed 1)~ ~Kweless.‘:’ ,A. t,wof()](j 

or greater change in the amount of ragweed neutralized by the blocking anti- 
body in this procedure was considered valid. Titrations were carried out wit.h 
sera obtained from 96 of the subjects receiving either emulsion or aqueous 
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tllel.apy. A total of 60 Volunteers, not sensitive to ragweed, from a local penal 
instit,ution (hlleghcny (bounty IYorkhwe) \v(:re utili& as repipierlts for t.lw 
360 individual serum Gtrations. 

Skin-sensitizing antibody: Several sets of sera obtained from subjects 
before and after emulsion treatment wcrc compared with sera obtained at the 
same time from aqueous-treated subjects as to skin sensitizing activity by the 
classical Prausnitz-Kiistner procedure, Sera from 12 emulsion-treated subjects 
and 5 aqueous-treated subjects were so tested. Samples of 0.05 ml. of serially 
diluted sera (passed through a sterile Millipore filter and exposed to ultraviolet 
light for 30 minutes in small plates), starting at 1:lO and ranging to 1:5,120, 
were injected intradermally into recipients not sensitive to ragweed. TwenQ- 
four hours later, 0.05 ml. of an aqueous solution of ragweed extract cont,aining 
1,500 PNU per milliliter was injected into each site. The reciprocal of the 
highest dilution of serum which resulted in a positive sensitization reaction 
(2 plus) was recorded as the end point, titer. Fourfold or greater differences 
in titer were considered significant. 

Iiemagglutination: The indirect hemagglutination test using the bis-diazo- 
tized benzidine (BDB) method, first described by Pressman and co-workers,‘-’ 
then by Stavitsky and Arquilla,lj and adapted to the ragweed pollen system by 
Gordon and his associates,l” was used. Short ragweed pollen extract (Ambrosia 
elutior) at a 0.1 per cent concentration was coupled to a 2 per cent suspension 
of washed rabbit erythrocytes with a 1% dilution of BDB. All sera were 
absorbed with nontreated rabbit erythrocytes and heated at 56” C. for 30 
minutes prior to use. Controls consisted of the use of uncoated red blood cells, 
inhibition of positive titrrs with ragweed, positive serum controls, negative 
serum controls, and red cells treated with unrelated ant,igens, such as bovine 
serum albumin and grass pollen extracts. All titers reported were obtained 
from hemagglutination tests carried out simultaneously with each serum with 
the same preparation of ragweed-coated cells. All scra were tested in duplicate 
and each test repeated at least twice on separate days. Titers are recorded as 
the reciprocal of the highest dilution of serum which gives a completely positive 
hemagglutination pattern after 18 hours of incubation at room temperature. 
Incomplete hemagglutination patterns (’ ‘ donuts’ ’ or partial pattern formation 
of red cells) are recorded as negative. 

Complem8ent fixation: The complement fixation (CF) activity of the 
various sera incubated with ragweed extract was determined by a standard 
complement fixation procedure.17, Is A 1 per cent concentration of aqueous 
ragweed pollen extract and two hemolytic units of complements were used. 

Precipitin tests: &ualitat,ive precipitin tests in liquid medium were pcr- 
formed with all sera, using a standard procedure.ls A 0.2 ml. volume of 1:2 
diluted serum was incubated with varyin, 1~ concentrations of ragweed extract 
for one hour at 37” C. and for 48 hours at 10” C., then centrifuged to obtain 
precipitates. Gel diffusion procedures were carried out in capillary tubes 
(Precr-(Judin techniques’“) and on plates (Ouchterlony method”) wit’li pitch 
serum. 
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L’linical Obsewdioru.- 
CLinicaL ,-e Lie/: Patients wwc! sow every 2 weeks during tlic: scissors allcl 

after the terminat,ion of t,hc s~~ason. TJw Jcgree of clinical rclicf as c,valuatcd 
subjectively by the patient and ~1s obscr\red during csaminations wcrc graded 
as follows : ( 1) nrar/;cd ,rclie[-practically no disturbing symptoms and no 
necessity to use drugs; (2) modera.te relief-occasional mild symptoms nCCEs- 
sitating occasional medication, and (3) no nAiaj’-no cfYective relief during the 
season. 

Ophthalmic test: The conjunctival mucous membrane test as dcscribcd by 
Loveless” was used as a rough index of threshold sensitivity to pollen in patients 
with eye symptoms during the season. Noriglycerinated aqueous ragweed es- 
tract in increasing concentrations, starting at. 10 PNU, 92s placed in the Con- 

junctival sac. Successive additions of increasing concentrations wcrc made at 
5 minute intervals until a rccognizablc reddening occurred in the caruncle. 
Sixty-four ragweed-sensitive patients were tclsted prior to and following ragweed 
emulsion treatment. A twofold or greater change in concentration of ragwectl 
extract needed to give a positive result \VNS considered valid in evaluating in- 
crease or decrease of eye sensitivity to ~~g~cted extract prior to and following 
therapy. 

Delayed hypersensitivity: A dclaycd tuberculin-type sensitivity t,est was 
performed on 33 patients treated with r;~gwccd emulsion. One tenth of a 
rnilliliter of aqueous ragweed extract at concentrations of 500 PNU and 2,500 
PNU was injected 4 to 5 weeks followin, (I cmulsioii treatments. The in,jc~ction 
sites were observed 24 and 48 hours later. 

EXPERIMENTAL RESULTS 

Antibody Responses.- 
Hemagglutimztion: Comparison of the hemagglutinating titers of the 

sera of the test subjects, prior to and following treatment with either the reposi- 
tory, conventional aqueous, or control preparations, indicated a wide variety 
in both hemagglutination titers and in the degree of change in titers. Tables I 
and 11 indicate the hemagglutinating titers for various groups. The majority 
of those patients treated with repository ragweed injection (Groups 4 and 5) 
showed a fourfold or greater increase in hemagglutination antibody. SUCll 

increases in titer were found regardless of whether the patient received the 
emulsion injection following previous treatments with aqueous ragweed extract 
or had had no prior treatment. Similar increased titers following conventional 
therapy with aqueous ragweed extracts prior to the season were found in half 
of those control patients (Group 3) having been given such therapy (Fig. 1, 
Tables I and II). Such increased titers arc similar to those reported by 
others.22-24 Fig. 1 indicates some individual hemagglutination curves obtained 
with sera from individuals receiving only aqueous injections. 

A comparison of individual titers of preseason to mean peak post-treatment 
titers for a group of experimental subjects receiving the repository injection of 
ragweed extract and a group of control individuals who had received conven- 
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tional aqueous injections prior to the season is shown graphically in Fig. 2. 
Ten of the 21 individuals tested from the control subjects had increased titers, 
the same number had no change, while one individual showed a decrease in 

TABLE I. EFFECT 01; REPOSITORY .%XD ,LQUEOUS RAGWEED EXTRACT TREATXEXT ox 
HEJLUXI,T~TINATIO?*T TITER CHANGES 

HEhlAGGLlITINhTION TES’L’ (EDI METHOD) 

SERh I’ERCEKTAGE OF SERA WITH TITERS 

PRE- OR 
POST- 

, TREAT- I I 

IN KANGR OF: GEO- 

TREAThIEST GKOT-P ( IIEPiT / TESTED 1 JXSS / 1 :80 / 1 :I60 1 1 ::<“o ( HIGHER / TITER 
1. Nonallergic rag- he. 5 60 40 0 0 0 27 

werd emulsion Post. 12 20 60 20 0 0 77 

2. Emulsion pla- 
cebo (no rag- PIT. 2 50 50 0 0 0 48 

c? weed post. 4 30 50 0 0 0 76 
‘9 
sa 

3. Aqueous injcc- 
tions (no Pre. 26 50 25 13 12 114 n’d ,’ 3 emulsion) Post. 27 2.3 23 23 IT 1: 162 

3 ‘C 
2” ~ R F 2 prior 4. No Pre. 8 37 50 13 0 0 88 
bJ .a; treatment Post. 14 14 50 22 14 0 176 

P; 32 - E G, 0. Previous 
w& aqueous Pre. 92 33 48 12 5 2 120 

treatment Post. 193 7 47 15 24 2 224 
Pre-treatment swa obtainml xvithin 50 allays prior to ragwe~~l season. 
Post-treatment titer inllicatos peak geometric mean titer following therapy. 

IIEIIh~iGLl’TIiVATION TITERS 

Sk-BLHER OF SE&A WITH TITER C’HANGES IS 
RANGE 0 E’ : 

1’RF:AThIr:XT (:KOl-I’ 

1. Nondkreic x 4 2 !2 0 0 44 

PER CENT 
SERA 
WITH 

TITER IN- 
CREASE 

7- 

14 24 34 22 12 104 86 

111 ]"C'tlOllS) 
---L-- ____ 

*( :vornrtvic mean titer (~.ecigrocal of highest rlilution of serum producing positive h~~r,?r- 
gltltinittion) of yost-treatnlent stIx minus geometric mOan titrr of pre-season sera. 

j-Too few to be sianificant. 
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titer. Of the emulsion-treated group, only 6 of 84 subjects did not show a 
response with higher titers following therapy. 

Two- or fourfold increases in tit,ers were observed in 4 of the 8 nonallergic 
control individuals given a repository emulsion injection containing 2,500 PNU 
(Fig. 3, Table II). An initial low hemagglutination titer was found in the 
prc-injection sera of most of these individuals. As suggested by Arbesman,25 

Fig. I..- 

Titer of Po?ients Receiving Aqueous RogweedExt’roci On/u 

2oL&g2 

JLVE JLLV A& sFP7: Ok 
-Individual hemagglutination titer curves of sera from ragweed-sensitive 

ceiving aqueous extract injections but no ragweed emulsion. 
patients rc- 

RekYtfife Titer3 of Pm And Post freotnwnt sefo 

/28d ‘;?“Aqueous treoted/X7ti80tS - 

I no emulsion 
- “6’‘-Emulsion treated pOti8ntS 

/ i 2 640’ /- 1 

9” I . 

2 320- 
Q I l ! l rl 
p /60- 

I 
. 

2 . 1)’ 

l / 
/ 

/ 
/ 

/ / 
9 

/ 

l-l-i-l-l-l- 

40 80 I60 320 640 
pf8 ;Treolment s8fO (&n8/ 

Fig. .X-Comparison of the relative hemagglutination titers of PE- and post-treatment 
sera of (A) allergic patients treated with standard multiple aqueous extracts of ragweed 
pollen and (B) allergic patients treated with a sin& repository injection of raFnveed ex- 
tract. All points in upper segment indicate an increase in titer for post-treatment s&a versus 
we-treatment sera; points in area to the right of the diagonal line indicate decreased titers ; 
points on the diagonal line indicate that titer remained unchanged. 
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this is thought to be an indication of the excessive sensitivity of the BDB 
method, thus a lower specificity than originally expected by others. However, 
such low levels in nonallergic individuals have not been observed by all investi- 
gatorkz3, 24 

Fig. 4 indicates the hemagglutination responses of experimental and con- 
trol groups treated with either aqueous or emulsion therapy and tested for 
hemagglutinating antibodies prior to, durin g, and following the ragweed season. 
Each curve represents the geometric mean antibody response for each group. 
The hemagglutinating activities of scrn from ragweed-allergic individuals fol- 
lowing aqueous or emulsion therap,v are comparable and within the same ranges. 

Titers of Non Allergic Controls Given Repository Rogweed Emulsion 

Fig. 3.-Individual hemagglutination titer curves of the sera from 8 nonallergic control indi- 
viduals injected with ragweed emulsion. 

Titers of Various Groups Prior to, During tI Following 

Injection B Ragweed Season 
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Fig. 4.-Hemagglutination titer responses in various groups following either repository 
01’ aqueous injections of ragweed extract. Geometric mean titers for each group are indicated 
by curves: Group l-Nonallergic individuals treated with ragweed emulsion. Group 2-Hay 
fever patients receiving placebo emulsion (no ragweed). Group 3-Hay fever patients treated 
only with aqueous ragweed. Group 4-“New” hay fever cases treated with ragweed emulsion 
(no prior ragweed treatment) 
weed to emulsion ragweed. 

Group 5-Hay fever patients transferred from aqueous rag- 

Note: Injections indicate period of time orclr which repository injections were given to 
various subjects in Groups 1. 2, 4, and 5. 
vious 10 months. 

Aqueous patients received injections during pre- 
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In most instances, patients with pollinosis who had been previously treated 
prior to the single repository injection responded with a titer change greater 
tha.n those still on conventional therapy or those who had not had previous 
therapy. 

Complement fixation: A number of sera available for the hemagglutination 
assay were also tested for complement fixation activity, using ragweed extract 
as the antigen (Table III). In most inst,ances, there were no significant titers, 
although occasionally there was fixation in low dilution such as 1 :8 or 1:16. 
No increase in these titers was noted in any set of scra following any form 
treatment, although many of the same sera had shown a marked increase 
hemagglutination activities. 

Of 

in 

TABLE III. COMPLEMENT E'ixaTroN TESTS WITH SERA FRox REPOSITORY- .~ND 
~QUEOTTS-TREATED PATIENTS 

COMPLEnlENT IIXBTION TEST - 
MEAN 

NO. ST'B- h-0. NEGA- NO. WITH TITER TITERS 
STJBJECT GROTJP JECTS TIVE" INCREASE ( DECREASE 1 SAME PRE. 1 POST. 

Emulsion 22 13 0 1 8 8.2 8.5 
Aqueous extract 12 6 0 0 6 7.8 7.4 

*I,ess than 1:2 in both pre- and post-treatment her&. 

P03ci@ti~~ tests: No precipitating activity was noted in any serum with 
the use of standard liquid prccipitin tests or gel diffusion tests (Table IV). 
Attempts to inhibit precipitates formed by rabbit antiragweed serum and rag- 
weed extract by the preliminary incubation of extract with test human sera were 
equivocal and inconsistent. Likewise, no consistent increase or decrease in the 
amount, density, or relative position of the precipitin bands formed with the 
rabbit antiragweed system in gel diffusion tests could be obtained using the 
human sera as an addition. (P reci i ins, p t however, wcrc: obtained in several 
instances with gamma globulin fract,ions ohtaincd by separation of high titercd 

TABLE IV. PRECIPITIN ACTIVITY OF HUMAN AND RABBIT SRRA WITH RAGWEED EXTRACT 

TREAT- TREAT- 
AlENT AlENT 
GROUP GROUP 

Emulsion Emulsion 

NO. NO. 
INDI- INDI- 

vIDl:AT>S vIDl:AT>S 
TESTED TESTED 

16 16 

PRE- OR GEL DTF- I'RECIPITIN 
POST- FUSION pG Ab 

INJEC- (NO. N/ML. 
TIONt NO. BANDS) ~KEAN~ 

PRE- OR GEL DTF- I 7'R.RCIPrTTN I 
POST- FUSION 

INJEC- (NO. 
TIONt I NO. / BANDS) 

_ Pm. 16 0 0.1 3 7 5 Pre. 15 
Post. 16 

CO-PRECIPITATIONS 
NO. OF SERA RESl:I>TING 1s 
pLG Ah iY/MI>. RANGE OF: 

100-140 / 140-160 / 160-240 
” 

SERA 

Aqueous 9 Pre. 4 0 0.1 1 3 0 
Post. 9 0 0.1 3 3 3 

Rahbit 6 Pm. 6 0 n.1 0 6 n 
controls’ Post. 6 12 148% 0 0 

*Control rabbits injected with emulsified extract in Freund’s adjuvant (10,000 
as 1.0 ml. injections subcutaneously over period of 6 months). 

tPre-treatment refers to serum sample obtained prior to season or emulsion 
Post-treatment indicates serum with maximum hemagglutinin titer obtained 2 to 
following injection. 

6 
PNTJ/ml. 

injection. 
3 months 

SCo-precipitin test indicates precipitin results following addition of 0.5 ml. of test anti- 
serum to 0.5 ml. of pooled high titered rabbit antiserum containing 148 pg antiragweed Ab 
N/ml. plus 0.5 ml. of 1,500 PNU per milliliter of ragweed extract. 
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lhcmagglutination] human sera on L)E:,4E cellulose columns. Precipitin activ- 
ity was found only in gamma globulin conccnt,rates having high hcmagglutinat- 
ing activity 11 5,000 or greater] and could bc dcmonstratcd both by gel diffu- 
sion and ring precipitin tests.) 

Blocking w&body titers: Titration for blocking antibodies were carried 
out with scra from 80 subjects given ragweed emulsion therapy (Table V, Fig. 
5). Of the 8 patients who had not had prior aqueous treatment (Group 4), 
6 showed increased blocking antibodies in the post-injection sera as compared 
to prc-injection sera. The other 2 individuals showed a decrease in titer. Of 

Blocking Ant/body Titer Changes in Repository 
Feoted Patients 

a Prior Aqueous Treatment 

1280; 
o No Prior 77eotient 

/ 
/ 

L/ I-I-I- ,-,-I-,- 
20 40 80 160 320 640 1280 

Pre - Reotment Sero 

Fig. Z.-Comparative blocking antibody titers of pre-treatment sera to mean peak Post- 
treatment sera of patients with pollinosis receiving a single repository injection of ragweed 
pollen emulsion. 

TABLE V. COMPARISON OP BLOCKIKG ANTIRODY TITER CHAKGES OF PRE-SEASON SERA TO MEAN 
PEAK POST-TREAT&~,[ENT SERA FOLLOWI~-G AQUEOUS OR EWXSION TREATMENT 

GROl:P 
NO. 

NO. ___ 

I I 

BLOCKIXG ANTIBODY TITER 

SUB- INCREASE DECREASE NO CHAiVGE 

TREATMENT JECTS NO. 1 PERCENT ( NO. / PERCEKT / NO. / PERCEXT 

1 Non allergic controls 
given ragweed emul- 
sion 

4 2 50 0 0 2 50 

3 Ragweed patients 12 4 33 6 
given aqueous in- 
jections 

4 Ragweed patients (no 8 6 75 2 
prior treatment) 
given emulsion 

5 Ragweed patients 
(prior aqueous treat- 
ment) given emul- 
sion 

72 29 40 26 

50 2 17 

25 0 0 

36 17 24 
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the 72 individuals who had had previous aqueous therapy at the maximum 
dosage (Group 5)) 40 per cent showed an incrrtasc in blocking anI ibotiics, :36 
per cent a dccrcase, and the remainder showed no change. 

Comparative titrations of the sera from 12 individuals who had received 
multiple aqueous injections (Group 3) indicated an increamed titer in 4 subjects, 
a decrease in 6 subjects, and no increase in 2 (Table V). Of the 4 control non- 
allergic subjects injected with emulsion (Group l), 2 had blocking antibod;r 
titers after injection, while 2 had no dernonstrahlc nntibodics. 

Xkin sensitizing antibody: Of the 12 patients treated with repository injec- 
tion and tested for skin sensitizing antibody change, 8 post-treatment sera 
showed no change in titer frorn pre-treatment scra (Table VI), One patient had 
a decreased titer, 2 a twofold increase, and one an eightfold increase in rcagin 
titer. Two of the sera from aqueous-treated patients showed no change in titer 
from the post-treatment stra (October) to the pre-seasonal titer (June). Two 
aqueous-treated patients had a two- or fourfold decrease in titer while one rc- 
sponded with an eightfold increase. 

TABLE VI. SKIN SENSITIZING A~YTIBODY CHANGE FOJ,I,OWING REPOSITORY OR AQ~JEOLJS 
I’HFEAPY 

_____- 
TREh'l'MGNT GROUP 

E.\lULSION I AQuEOlJH 
Same 8 ‘> 
Twofold increase 1 0 
Eightfold increase I 
Drcrpase 2 

Clinical Observations.- 
Clinical relief: Response to therapy appcarcd to be similar between patients 

receiving either emulsion therapy or conventional multiple aqueous injections. 
As can be seen by Table VII, there is comparat,ive degree of relief between 
either group of patients if one tgkes into consideration prior treatment or lack 
of prior treatment. 

TABLE VII. COXIPARISON OF CLINICAL RESULTS OF AQCEOIJS- ANU EMULSION-TREATED HAY 
FEVER PATIENTS DURING 1959 RAGWEED POLLEN SEASON 

T:;:~:;;T 1 TRz%NT 1 PA-_1 No.I);A::::ENT [E::eg:Fi NO. ;y:i.XKT- 
Conventional Nonca 44 29 66 12 27 3 7 

aqueous Aqurous 303 115 38 Ii0 56 18 6 

Repository NOIlC 13 10 77 3 23 0 0 
emulsion Aqueous 110 40 36 54 49 I6 15 

Conjunctival sensitivity: Changes in conjunctival sensitivities were noted 
in most patients injected with ragweed emulsion (Fig. 6). Decrease in eye 
sensitivity was noted in 47 subjects out of 64 examined by the conjunctival test 
prior to, during, and following the hay fever season. Fifteen patients showed 
no changes in sensitivity, whereas 2 subjects had an increase in sensitivity to 
pollen extracts. 
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Relationship between clinical response und circulating antibody: No cor- 
relation could be made between any of the in vitro or in rive immunologic 
results, either among themscl\-es or with the dcgrcc of clinical rclicf obscrvcd 
during the pollinosis season (Tahlc VIII). In those wws in which sufficient 
scra were available t’roui paticlnts prior to trcatmcnt and following the season, 
comparative assay of each set of scow in the I’ransnitz-Kustner test, blocking 

Changes in Ophtha/mic Sensitivity ta Ragweed Following Reposiwy 
Emulsion Injection 

Key: Cltnical ffe/ief 
0 Moderate 
Q Marked 

2560- PNU~ 0 None 

/280- ? 

640- 

I 

8 

320- o 8 

P 
& /60- 
0 

8.l 

k a 

6 801 

e / 
/ 

40- Q / 
/ 

/’ 
20- 

/ 
/ 

/ 
/ 

IO- p” 
L l-l-l-l-l-l-l--I- 

IO 20 40 80 I60 320 640 I;80 2560 

Pfe - Tiedmenf PJVU 

Fig. B.-Comparative ophthalmic sensitivity to ragweed pollen extract prior to and fol- 
lowing repository pollen injection of hay fever patients who had never received prior ragweed 
treatment. 

antibody procedure, and hemagglutination test did not indicate any relationship 
between results. There were instances in which hemagglutination antibody 
increased many fold and blocking and skin sensitizing antibody did not change. 
Similar results indicating a discrepancy between skin sensitizing and other 
antibodies have been observed in more extensive comparisons in other studies 
with sera obtained from either repository- or aqueous-treated subjects.lO, I13 28 

Delayed reactions: There was no delayed tuberculin-type reactions ob- 
served following intracutaneous injection of test doses of aqueolm ragweed 
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extract in 33 hay fever patients treated with ragweed emulsion 4 to 5 weeks 
prior to testing. Test sites were all negative 24 and 48 hours following the test. 

Constitutional reaNctions: Three constitutional reactions were observed 
among 123 ragweed-sensitive patients given the emulsion treatment (incidence 
of 2.4 per cent). Two of these patients were “new” cases and had not had 
prior ragweed treatment. Reactions were treated by standard procedures and 
all patients responded within 24 hours. 

DISCUSSION 

This report has been concerned with the laboratory detection of measurable 
responses in patients with pollinosis following repository injections of ragweed 
emulsions. The results obtained have indicated that emulsion treatment is as 
effective as conventional multiple aqueous ragweed injections as far as detectable 
antibody responses arc concerned. Similarly, reports by others, as well as from 
these laboratories, have indicated that such emulsion therapy is also apparently 
as cffcctivc as aqueous therapy as far as clinical relief is concerned. 

In this study, there has b’een found a consistent increase in antibodies as 
measured by in vitro neutralization tests for blocking antibodies and by the 
passive hemagglutination procedure with ragweed-coated red cells. Increase in 
antibody responses among emulsion-treated patients was found to be as high or 
higher than in those subjects receiving conventional aqueous therapy prior to 
the season. However, it should be noted that the titer changes in the 13 ‘(new” 
patients were less marked than among the 113 previously treated. Such pre- 
viously treated individuals showed the most marked response as measured by 
the serological methods. 

Contrary to these results, Arbesman’l recently reported that patients re- 
ceiving a single repository injection of pollen extract did not produce as good 
an immune response (as determined by the tanned-cell hemagglutination 
method) as did those receiving multiple injection therapy (as reported in his 
previous studyZ2). Only 28 per cent of the emulsion-t,reated individuals had a 
fourfold or greater increase in titer as compared to 68 per cent of those patients 
receiving multiple injections. Individuals receiving “priming” injections (3 
to 8) of aqueous extract prior to the repository injection also showed a greater 
hemagglutination rcsponsc than those observed following only repository in- 
jection, but not as great a response as in those patients who had received 
aqueous injections over a longer period of time. On the other hand, Rose’s 
grouplo found a definite increase in hemagglutination titers (bis-diazotized 
benzidine method) in a majority of patients following emulsion treatment. 
Twcntg-two of 35 subjects had an increase in titer of fourfold or more, 8 had 
twofold increases in titer, and 5 rrmained the same. Most of these patients had 
been trcat,ed by previous multiple aqueous injections. This is similar to the 
cases reported here in which a majority of those persons on previous aqueous 
t,reatment prior to the repositor>- in,jection responded with a higher hemag- 
glutinin titer. Sixty-four per cent (68 of 106 patients) had a fourfold or 
greater increase, whereas 23 per cent (24 patients) had a twofold increase. 
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The remainder (14 patients) exhibited no change in titers. Of the 12 individuals 
tested who had been on conventional therapy only, 83 per cent had an increase 
of fourfold or greater. However, the mean titer change was lower than with 
the group of patients treated with repository injection following previous 
conventional therapy. 

The data obtained indicate that the antigenic stimulus by a repository in- 
jection is sufficient to cause a readily demonstrable increase in the hcmagglutinat- 
ing antibodies in patients with pollinosis. This increase is easily detectable by 
the bis-diazotized benzidine method, as similarly noted in Rose’s report of 
repository-treated patients, and by the other reports of aqueous-t,rcated in- 
dividuals. The finding of a less pronounced immune rcsponsc by Rrbcsman’s 
group with repository-treated patients possibly indicates a different sensitivity 
for the tannic acid method as compared to the BDB method. Arbcsman has 
found the use of the tanned cell method more reliable than the BDB method 
in measuring immune responses following conventional therapy.‘” A rcccnt 
series of experiments,2G using both the tanned cell and the BDB methods with 
either giant or short ragweed and rabbit cr+rocytcs, has emphasized the wide 
discrepancy in result,s between these methods. 

Other parameters measured in the stud!- rcportcd here indicate that blocking 
antib’ody responses are as high or higher in repository-treated patients when 
compared with aqueous-treated patients. X consistent change in conjunctival 
sensitivity, as indicated b’y a decreased reactivity to pollen extract, has also 
been noted in emulsion-treated patients. No noteworthy change in skin sensitiz- 
ing antibody has been observed usin g scra from a selrctcd group of subjects. 
This is similar to observations noted bp ot,hers.l”. ” 

The failure to detect circulating antiragwced antibody by the complement 
fixation procedure or by classical precipitin reactions cithcr in liquid or gel 
media is reminiscent of the difficulty encountered by others in obtaining con- 
sistent and/or reproducible results with these techniques.2”-3” Several reports 
of the value of complement fixation or complement fixation inhibition methods 
as a technique for measuring antiragweed antibody have been made, but have 
not been used with SUCCESS by others. Likewise, precipitin tests, precipitin- 
inhibition, and co-precipitin m&hods usin, w nonconcentrated sera from allergic 
individuals have been of little value in dctectinp antibody in subjects with 
pollinosis. Recently, Feinbcrg”” observed prccipitins with the use of concen- 
trated pseudoglobulin fractions from sera from allergic individuals. Preliminary 
data from this lab’oratory (to be reported in d&ail elsewhere) and by Sehon’s 
group 36 have demonstrated precipitins with t,he use of concentrated gamma 
globulin fractions obtained by column chromatography of sera from pollen- 
allergic individuals. It. seems likely that, the prrcipitins arc eit,her identical 
or closely related to the hemagglutination activity ol’ the sera. 

AS far as clinical relief is conccrncd, thcrc IlilVC lKw1 many rcpor1,s“7 of 
the ilpparcTlt efficacy of emulsion therapy as compnrctl to conventional trcat- 
ment. In most of these studies, including this one, a similar lcvcl of clinical 
relief was obscrvcd followin g repositor?- treatment as compared to multiple 
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injections. In this study, three constitutional reactions were noted. (Similar 
low levels of reactions have been observed in more recent series of subjects 
having little or no drug protection.) No delayed hypersensitivity has been 
observed following repository injection as compared with the results of 
several investigators who have obtained delayed reactions in normal volunteers 
following such injections.“‘-“” 

The attempt to “monitor” the response to therapy by in vitro procedures, 
as reported here and by others, has been spurred by the desire to measure im- 
mune responses to pollen by more reliable and reproducible methods than those 
available with in vivo techniques. However, no correlation has been noted 
between hyposensitization therapy, either repository or aqueous, and any meas- 
urable parameter.‘“, 11, y2 Several studies, including this one, have consistently 
shown a lack of correlation between in vitro titrations and therapeutic results. 
Similarly, there has been no correlation between dose of pollen administered and 
in vitro titers. There has also been no correlation between titers obtained by 
various methods, such as skin sensitizing titrations, blocking antibody assays, 
and hemagglutination procedures.“‘, ll. 27 Thus, it seems that, although in vitro 
techniques do indicate the antigenic stimulus in patients with pollinosis, there 
is little reason to suspect that these titers, obtained with techniques utilizing 
undefined and complex antigens, reflect anything more than another manifesta- 
tion of immunologic responses to pollen extracts, without any demonstrable 
significance at the present time. 

SUMMARY AND CONCLUSIOXS 

1. Repository injection of ragweed extract in emulsion form has resulted in 
demonstrable increases in hemagglutination titers in a majority of patients with 
pollinosis as measured by the bis-diazotizcd benzidine method. 

2. These responses are comparable to those observed with patients treated 
with conventional multiple injections. 

3. Complement fixation and precipitin tests did not detect the immune 
response. 

4. Increases in the amount of titratablc blocking antibodies following 
therapy were comparable between repository groups and those treated with 
multiple injections. 

5. No consistent change in skin sensitizing antibody was observed. 
6. A change in conjunctival threshold sensitivit,y to ragweed extract was 

observed, whereas no delayed hypersensit,ivity reactions were detected in emul- 
sion-treated patient,s. 

7. No correlation could be made between changes in antibody titers and 
dcgrcc of clinical relief. 
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