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Immunologic and clinical properties of 
two purified ragweed fractions 
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During 1961, forty-fiue patiods with ~~gzcectl lrny fever rcwicrd cithcr rnultiplc 
aqucow injections or a single repository injection of one of two purified rayw~etl 
fractions-DWSR or fraction delta. The purified ra~~~ccd fractions were immuno- 
logically active, inasmwh as they produced mensurable c,ka?l,gcs in the titws of skin- 
scnsitiaing, blocking, a& hemagglutinating anlibodirs in the majority of patientr 
so treated. Howeacr, there was Rio statisticnlly significant cow-elation between relic/ 
of symptoms and changes in antibody titers. The clegrcc of clinical improaement was 
similar to that produceil by hyposensitization with whole m,gwced extract. The priw 
oipal clinical advantages of t&se purified fraction8 are their stability, convenience 
of handling, and reliability of standardization. 

S everal reports have been published recently of immunologic and clinical 
studies of specific hyposensitization therapy with whole aqueous extracts of rag- 
weed pollen.‘-” The present investigation was undertaken as part of a long-term 
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program to assess the immunologic and therapeutic properties of two purified 
protein fractions prepared from the whole aqueous extract of ragweed pollen 
IWSR). These two fractions are (a) DWSR, the dialyzed residue of WSR, and 
(1~) fraction delta, a fraction prepared by paper-block electrophorcsis from 
I )JVSR. 

The preparation and the chemical and serologic properties of the ragweed 
fractions used have been fully described elsewhere’-” and will therefore be sum- 
marized only briefly here. l)\VSR consists mainI?- ot’ protein (-60 per writ) 

ant1 is associated with some carbohydrate and pigmcbnt m;ltcrials.7 ( )I~ the basis 
of weight DWSR is at least ten times more skin active than .\\‘SR and contilins 
all the antigenic and allergenic dctcrminants prcscnt in \VSR.‘, !) Fra,ction (lelta 
has a higher protein content ( -80 per ecrit) but also contains some carboh?-= 
dratc and pigment,.’ It is at least a hundred times more skin active than WSlt 
and, like DWSR, contains all thti antigclnic and allcr~(lnic~ dctcrminants p~s~nt, 
in ‘\VSR.*. o 

The principal objective of this investigation was to determine whether these 
purified ragweed fractions with high skin activity were also capahlc of inducing 
an antibody response in human subjects. In addition, it was hoped that a pre- 
liminary impression of the clinical effectiveness of these preparations could be 
gained from the same series of experiments. During 1962, between March and the 
beginning of the ragweed hay fever season, forty-five patients with typical syrup 

lorns of ragweed hay fever and with positive intradermal skin tests to WSR 
received a course of h;r-posensitization injections to one of these two fractions, 
propared either as an aqueous solution or as an oil emulsion for repositor>- 
therapy. Titers of skin-sensitizing, blocking, and hemagglutinating antibodies 
were determined for the sera of these patients before ancl after treatment. The 
therapeutic results were recorded and compared to those obtained with whole 
WSR either in the same group of patients studied during previous pollen seasons 
or in a comparable group of patients studied during the same pollen season. 

MATERIALS AND METHODS 

DWSR and fraction delta 

DWSR was prepared from short ragweed pollen collected in 1960 and supplied 
by the National Institute of Allergy and Infectious Diseases through its Com- 
mittee on Allergen Standardization. The method of preparation described 
previously’ was used with one modification: This pollen was defatted with cold 
ether prior to aqueous extraction in order to eliminate difficulties in filtrations 
encountered during later stages of the preparation. Fraction delta was prepared 
from DWSR exactly according to the previous method.’ 

Preparation of solutions for aqueous injection 

Stock solutions of DWSR (1 mg. per milliliter) and of fraction delta (0.5 
mg. per milliliter) were prepared in distilled water and sterilized by filtration 
through Oxoid membranes* into sterile bottles. Aliquots of 1 ml. volumes of each 

*Purchased from British Drug Houses, Toronto, Ontario, Canada. 



solution were added under sterile condit,ions to small vials and were lyophilizcd; 
the vials were rubber-stoppered, metal-ca.pptd, and stored at so (1. in a vacuum 
desiccator until required.” Owing to the instability of these ragweed fractions in 
solution, fresh solutions were always prepared as required by the addition of the 
appropriate volume of sterile buffered saline. 

Preparation of emulsions for repository therapy 

Sterile stock solutions of DKSR (2 mg. per milliliter) and fraction delta (1 
mg. pcxr milliliter) were diluted suitably according to the dose to be injected. Six 
milliliters of each solution was mixed with 4 ml. of a solut,ion of Arlacel in 
I>rakeol (10 per cent v/v) in a syringe attached to a Virtis “23” homogenizer. 
The mixture was homogenized at 23,000 r.p.m. for 3 minutes on three successive 
occasions and then transferred through a double-hub needle to I ml. syringes for 
injection. Sterile precautions were used throughout this procedure. Each patient 
received 1 ml. of the appropriate emulsion intramuscularly. 

Classification of patients 

The patients were divided into two main groups: twenty-nine patients who 
had received injections with WSR in previous years (hereafter called preriousl? 
treated patients), and sixteen patients who had never before received hyposensiti- 
zation treatment with ragweed pollen extracts (hereafter called previous1.v non- 
treated patients). Ten of the previously treated patients received DWSR, and 
anot,hcr eleven treated paGents received fraction delta in a single repository in- 
jection. The remaining eight previously treated patients and all the previousl? 
nontreated patients were immunized according to standard hyposensitization 
schedules with multiple injections of aqueous solutions of either DWSR or frac- 
tion delta. Of these, three previously treated patients and seven previously non- 
treat,ed patients received multiple aqueous injections of l)WSR, and five previ- 
ously treated patients and nine previously nontreated patients received multiple 
ayucous injections of fraction delta. For a comparison of the clinical efficacy of 
l)WSR and fraction delta in previously nontreated patients, sis wertl given 
mnlt,iple aqueous injections of WSR. 

Dosage and treatment 

The dosage schedule for each patient was determined by (a) direct skin test- 
ing, (b) severity of clinical symptoms, and (c) previous experience with hypo- 
sensitization therapy, when applicable. The total amounts given throughout, the 
treatment, varied bet,ween the following limits : by multiple aqueous injections, 0.1 
to 2.5 mg. of I)WSR and 0.05 to 1.25 mg. of fraction delta; by repository in- 
jections, 0.1 to 1.0 mg. of DWSR and 0.05 to 0.5 mg. of fraction delta. It was 
found that 1 pg of DWSR or 0.5 pg of fraction delta had approximately tht> same 
skin activitp as 10 PNTJ of WSR. Treatment with multiple aqueous injrctions 
was started in March and continued until the beginning of the ragweed season in 

“We wish to thank Aycrst, McKenna, and Harrison Ltd., Montreal, Quebec,, (‘ana~la, fol 
lyophilizing these materials under strriie conditions and for supplying tlrv vials. 



Table I. Typical dosage schedules for trentment ?c*ith frnction delta* by 
multiple aqueous injections 

Prc~uiously nordrratcd patient I Previously treat& patient 

0.125 
0.25 
0.50 
0.ii5 
l.Oi, 
1.75 

2.50 
3.50 
5.00 
T.50 

10.0 
15.0 
20.0 
30.0 
40.0 
50.0 

"Tlrr corresponding doses of I)WSR were douhlc. 

1.0 
2.0 
3.5 
5.0 

10.0 
15.0 
25.0 
35.0 
50.0 
75.0 

100.0 
150.0 
200.0 
350.0 
:ioo.o 
400.0 

August, for a total of about 15 injections. Treatment was not maintained during 
the season. A tppical hyposensitization schedule for the purified ragweed frac- 
tions is illustrated in Table I. Repository treatment was administered by one 
injection per patient during the latter half of June. 

Collection of sera 

Samples of sera were collected on four occasions: (a) before treatment in 
March (pretreatment,), (1)) in May, (c) before the ragweed season in August, 
and (d) after the ragweed season in October (postseasonal). I’nfortunately, 
samples of sera were not available from all of the patients in May. The sera were 
Scitz-filtered and stored in the cold until required. 

Skin-sensitizing antibody titers 

Passive t,ransfer (P-K) tests were performed on the backs of normal non- 
allergic volunteers. The P-K titers of the sera were determined in the manner 
previously described7 with WSR used as the challenging antigen and were ex- 
pressed ;ts the reciprocal of the highest, dilution which still pare a positirc reac- 
t,ion. Control sites on the backs of each volunteer were sensitized with dilutions 
of a smurl of known P-K titer so t,hat t,he titers of all the scra in the sc\.eral 
experiments could be compared directly. 

Blocking antibody titers 

The test for blocking antibody was performed as described previously”’ wit,h 
WSR as the neutralizing and challengin g antigen. The same standard reaginic 
strum from a nont,reated allergic individual was used in all experiments. Each 
test was performed in duplicate at the same time on the backs of two normal 
volunteers. The amount of blocking antibody was expressed in terms of the 
amount of WSR (in PNU) inactivated by 1 ml. of serum. 
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Hemagglutination titers 

Remagglutination tit,ers were determined by the standard BDB technique 
described previously’l and by a micro adaptation of it, with the Microtit set 
devised by TakBtsy.l? In a blind study* with fifty sera from ragweed-sensiGve 
individuals, both methods were shown to give identical titers within a factor of 52. 

Thr microhrmagglntination test. was performed in translucent plastic plates, 
8 by 68 by 130 mm., which contained 6 roqs of 12 wells, each 6 mm. in diamc>ter. 
Each well had a funnel-shaped base and a volume of 0.15 ml. The diluent was 
delivered to the wells by means of a rust-free calibrated metal tube enclosed in 
plastic and attached to a pipette. Two drops of the dilurnt (0.05 ml.) were placed 
in each well. Twofold serial dilutions of the sera, from which nonspecific 
agglut,inins had previously been removed by absorption with nonsensitized cells, 
were made with a spiral loop by successively transferring the contents of the loop 
from one well into the next. A volume of 0.025 ml. of a 1 per cent suspension oi 
sensitized cells was added to each well. The plates were gentIF shaken to disperse 
the cells. The reaction proceeded at room temperature and was read after a 
minimum of 1 hour, usually after 4 to 6 hours. Since the volume ratio of sensi- 
tized cells to serum differs in the macro- and micromethods, different conditions 
for optimum sensitivit,- were established for the micromethod and found to be as 
follows: A saline solution of \VSR (3 mg. in 1 ml.), 0.1 ml. of a 50 per cent 
suspension of red blood cells, and 0.5 ml. of fifteenfold diluted BDB solution” 
were incubated at room temperature for 15 minutes. The sensitized cells were 
centrifuged, washed, and resuspended in diluent to give a 1 per cent suspension, 
as described previously.” 

Evaluation of the clinical results of treatment 

l’relinlinary clinical studies were undertaken in order to compare the thera- 
peutic effect of the purified ragweed fract,ions with that of whole ragweed extract. 
During the first week in October, each paCent was int,erviewed and asked to com- 
pare the severity of symptoms durin g the 1962 season with those experienced 
during the 3061 season. The arnount of antihistarnine medication (chlor- 
pheniramine maleatc) used by each patient during the ragweed season was dc- 
t’ermined (a) by direct questioning and (b) by subt,racting t,he amount of medi- 
cation still in the patient’s possession from the amounts which had been supplied 
during the season. Since this was a group of indigent patients who received drugs 
at token cost from the government-subsidized hospital pharmacy, there was little 
motivation for them to obtain medication from outside sources. 

In the prcvious1.v treated group of patients, the amount of medication used 
during the 1962 pollen season was compared with the average amount used 1~~ 
the same patient during the previous 1 to 4 seasons. A scoring system was devised 
m which the patient’s subdective evaluation of symptoms and the comparative 
quantity of antihistaminics used in 1962 were given equal weight. On this basis, 
the treatment results with DWSR and fraction delta were classified as “better,” 
“the same,” 01 “worse” than those obtained in previous seasons with whole \\‘SR. 

“\Vts wish to thauk hlrs. A. Kcincr and Dr. T,. (+yencs for tl1c.y rcsnltg. 



In the previously nontreated group of patients, no data on symptoms or medi- 
cation were available from previous years. Therefore, the treatment results with 
purified ragweed fractions were based only on the paGents’ reports of whethP1 
they were “better,” “the sanic,” or “worse” than during the 1961 ragweed season, 
when they did not receive injection therapy. For comparison, a matched group 
of previously nontrrated patients was given livposensitization therapy with whole 
WSH and evaluated in the same way. 

The 1962 ragweed pollc~ season was a comparatively heavy on(1 in the> i&n- 
treal arca. Total ragweed pollen counts rccordcd at the Montreal (:clncral EIos- 
pit,al pollen station for 1962 and preceding years are as follows : 1962-2,2X2; 
1961-590; 1960-880; lM!)-1,564; 1958-1,077. 

RESULTS 

Skin-sensitizing antibody titers 

No general pattern in the change of the titers of skin-sensitizing antibodies 
was observed in the sera of the twenty-four patients treated by aqueous injections 
of DWSR or of fraction delta, the actual titers varying from less than 100 to 
more than 1,200. The level of antibody (a) of four patients remained unchanged, 
(b) of ten patients increased and remained above the pret,reatment level, (c) of 
six patients decreased, and (d) of four patients varied by a factor 5‘2 but re- 
turned to the pretreatment level. The P-K titers of the sera of patients t,reated 
b;- repository therapy were found practically unchanged at the end of the season, 
the titers hcing less than or equal to 100. 

Blocking antibody titers 

The blocking antibody titers of fourteen samples of the pretreatment and 
of the corresponding postseasonal sera were determined and are recorded in 

Table II. Blockirq antihly titers of ywtreatnlent and postseasonal seru 

i Titus (PNl7 bloclwd by 1 ml. 
1 

‘I’watd U~ifh ’ of swum) 

Patimt (‘Tass” rauwwd frflcti03 / Prr3rratment I Post.3easonal Clkic~al rr~sltlt 

.4queolrs 
c. c. Non-l’ I)WS K 0 320 ISetter 
E. R. T T)WKR 0 x0 Xettel 
E. R. ‘1 DWSK 0 x0 \$‘olw 
D. M. xon-T DFL’L’;\ 1 0 640 13ettet 
N. H. NOlP’I’ I)YI ‘I-A 0 160 ISetter 
Ii. K. Non-l’ I)iiTA 0 640 Hettrr 
M. C. T DELTA 160 > 640 Hetter 

Repository 
A. M. ‘I’ l)\VSK x0 320 Better 
A. I). T DWSH 320 640 Hamr~ 
L. H. T I)WSK 320 320 Ham 
Is:. s. T I)WHR 640 > 640 Wolw 
x. H. ‘I’ I)ELl’A HO 160 \2’orw 
M. C. ‘I‘ l)FX,TA 0 160 Worse 
.T. 13. ‘r 1)EI TA J I60 320 WOM! 

-‘Non-T = previously non-trentetl; 7’ = previously treated 



Table II. The t,iters of all sera increased, except that from one patient. The anti- 
body titers of a further sixteen samples of the postseasonal sera were determined. 
Of the entire thirty patients whose postseasonal sera titers were measured, 
seventeen had had a. better season, eleven a worse season, and two were judged 
to have fared the same. Twelve of the “better” and four of the “worse” patients 
had titers of 320 or higher, whereas five of the “better” patients and seven of the 
“worse” patients had titrrs of 160 or less. 

Hemagglutination titers 

The BDB hemagglutination titers of the sera of a.11 of the patient,s who had 
been treated by aqueous injections were observed to increase during treat,ment 
with either I)\VSH or fraction delta. It was possihlc to examine both the pretreat- 
ment and postseasonal sera of only seventeen of the twenty-one patients who 
received repository therapy, and, of these, all but two sera had an increased titer 
after treatment. Some examples of the variation of hemagglutination titers are 
presented in Table JTI. 

Clinical evaluation 

The clinical results of treatment, are summarized in Tables IV and V. It will 
be noted that. a somewhat greater degree of clinical improvement over the previous 
season was obtained in the previously nontreatcd group of patients than in the 
previously treated group. J\‘hen the data for the previously treated patients are 
further analyzed, it is apparent that the clinical effect produced by hyposensitiza- 
tion injections with I)W:SR or fraction delta was comparable to that produced in 
previous seasons by whole WSK (Table 1V). Ko significant difference in therapeu- 
tie results was observed between I)WSR and fraction delta or between the 
a(~uc9us and repository methods of administration in this group of patients. 

In a small number off previously nontreated patients, the degree of clinical 
improvement over the previous season obtained with both JJWSR and fraction 
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Table IV. Clinical effect of DWSK und fmction delta in patie?zts prelqiousbJ 

treated with whole W8R 

Antigen 

DWRR 
DWHR 
Fraction delta 
Fraction delta 

Vchiclc 

hqur~ous 
Repository 
i L queous 
Repository 

Table V. Clinical eflect of DWSR, fraction rleltcl, unn whole WNR ilz pwr!iou.shy 
nontreated patients 

X’rtmbc r of patient.3 

I) WSR Aqueous 7 0 0 
Fraction delta Aqueous 8 0 I 
WSR Aqueous 3 s 1 

delta appeared t,o be superior to that obtained with whole WSR (Table V) . The 
frequency and severity of local swelling and systemic reactions which occurred 
with the purified ragweed fractions was approximately the same as with wholr 
ragweed extract. 

DISCUSSION 

The data presented here form the first part of a long-term program ot’ 
evaluation of DWSR and fraction delta over several ragweed hay fever seasons. 
Therefore, any conclusions which can be drawn at this time must necessarily be 
considered provisional. 

However, it is clear from the data obtained in this investigation that l)I\‘SR 
and fraction delta are immunologically active when administered by injection to 
human subjects. Furthermore, preliminary clinical evaluation would suggest that 
hyposensitization treatment wit,h these purified ragweed fractions produces 
approximately the same degree of clinical improvement in ragweed hay fever as 
does treatment with whole ragweed extract. The therapcut,ic effectiveness of trcat- 
ment with whole ragweed extract has already been demonstrated by other 
workers.” Contrary to preliminar!- expectations, the incidence of local irritation 
or systemic ‘reactions wit,h injection therapy was not appreciably lowered 1)~ 
purifying the ragweed extract. 

Nevertheless, these purified ragweed preparations havr several practical 
advantages in clinical practice. For example, the deterioration of allergenic 
preparations in aqueous solution on long storage even in the cold is well known. 
The purified ragweed fractions, on the other hand, were stored in the dry state 
without any detectable deterioration of specific activity. For use in the clinic, it 
was found convenient to supply sterile serum vials containing 1 mg. of IIWSR 
and 0.5 mg. of fraction delta as lyophilized powders. Fresh solutions of desired 
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concentrations could then be prepared in the allergy clinic by the addition of 
sterile buffered saline through the rubber cap. In this way, solutions standard- 
ized in micrograms of a dry powdered material could easily be prepared, and 
variations in potency due to deterioration or to arbitrary unitage systems were 
avoided without extra manipulation. 

No correlation could be discovered between the dosage administered and 
either the degree of clinical improvement or the titers of skin-sensitizing, block- 
ing, and hernagglutinating antibodies, thus confirming the experience of other 
workers z I3 Furthermore, there was no apparent relation between the change in L. 
the level of skin-sensitizing antibodies and either clinical relief or the ragweed 
fraction used in treatment. In a relatively high proportion of cases (ten out of 
twent,v-four), the P-K titers increased during treatment and decreased only 
slightly, if at all, during the season; similar changes had been previously observed 
in studirs in which the whole ragweed pollen ext,ract had been used for immuni- 
zati0n.l. I4 

Some correlation was found between the blocking antibody titers and the ex- 
tent of relief obtained. Twelve of the seventeen patients who had had a bettcl 
season had postseasonal titers of 320 or higher, while seven of the eleven patients 
who had had a worse season had titers lower than 320. The relative increase in 
the blocking titers of fourteen patients was measured and the results are sum- 
marized in Table II. Although DWSK and fract,ion delta had been used in treat- 
ment, the antibody titers in all cases were measured in terrns of the amount of 
WSR neutralized. This procedure was adopted since it had been previously shown 
that DWSB and fraction delta possess all the antigenic and allergenic deter- 
minants of WSR.Xl B Nevertheless, it ought to be stressed that it does not neces- 
sarily follow that the blocking antibodies thus measured were directed against 
all the determinants of ragweed pollen. In the present study, the blocking anti- 
bodies produced on treat,ment with WSR were not, measured. However, it can be 
stated that the rate of production of blocking antibodies, on treatment with 
I>WSR or fraction delta by multiple injections, was more marked than has hrcn 
observed in this laboratory with WSR by the same method. 

The BDB hemagglutination titers of all but two scra increased after treat- 
rncnt with either of the two ragweed fractions. The postseasonal sera of the pa- 
tients receiving aqueous injections were placed arbitrarily in three groups, 
namely, those which had low, medium, or high titers (see Table VI). It will be 
noticed that patients who had a “better” season were found in all groups, but the 
highest proportion of their sera had high hemagglutination titers. In all three 
categories, no particular significance could be attached to the ragweed fraction 
used in treatment or to whether the patient had previously received treatment or 
not. It is worth mentioning that all the patients with medium or high titers who 
had had a “worse” season also had low blocking antibody titers of 80 or less. 

The weight of available experimental evidenceI” points to the fact that block- 
ing antibodies are normal irnmune divalcnt antibodies and that, although their 
contribution to the hemagglutination titers is large, they are not the only factor 
measured in this serologic test. The participation of skin-sensitizing antibodies in 
the hemagglutination reaction, as well as of antibodies directed to ragweed anti- 



gens other t,han those responsible for the production of skin-sensitizing and hlock- 
ing ant,ibodies, cannot yet be ruled out. It is not surprising, therefore, that there 
is at best only partial correlation between the extent of clinical relief and 
hemagglutinating or blocking antibody titers of whole serum. As has been 
shown,l(’ the bulk of the hemagglutinins is associated with a serum fraction (oh- 
tained by chromatography on DEAE-cellulose) containing mainly blocking anti- 
bodies, and the largest portion of skin-sensitizing antibodies is found in a fraction 
possessing only a small hemagglut,ination titer. Moreover, the hemagglutinins oi 
each of these two serum fractions were shown to comprise a heterogeneous popu- 
lation of antibody molecules and to vary from serum to serum. It is suggested, 
in view of this multiplicity of antibodies, that a closer correlation might be found 
between clinical relief and the hemagglutination titers of distinct s(‘rum fractions 
rather than the titers of whole sera. 

REFERENCES 

1. 

2. 

3. 

4. 

.i. 

6. 

7. 

8. 

9. 

10. 

11. 

Arbesman, C. E., and Reisman, R. El.: Repository Pollen Therapy: Clinical and Immuno- 
logical Studies, in Brown, F,. A., editor : Xllergologp, London, Pcrgamon Prcass, 1%“. 
I,. 187. 
i-rbesman, C. E., and Reisman, R. E.: Repository Therapy. Further Clinical ant1 Immune- 
logical Studies, J. Allergy 34: 39, 1963. 
Delorme. P. J.. Richter, M., Grant, M., Hlumrr, H., Lrznoff, A., and Roar, 13.: Tmmuno- 
logic &dies bf Ragwked-kensitive Patients Treated by $ Single Repository Antigen 
Injection, J. ALLERGY 32: 409, 1961. 
Friedmann, H., and Criep, L. H.: Repository Therapy and Immunologic Responses to 
Pollen Extract, a. ALLERGY 33: 21.5, IHW?. 
Lowell. F. C.. and Franklin. IV.: A “l)ouble-Blind ” 
Allerg;c Rhinitis, J. ALLERGY'~~: 165, 1963. 

Stud\ of Iniection Treatment in Y 

Connell, J. T., and Sherman, IV. H.: The Effects of Treatment With the Emulsions of 
Ragweed Extiact on Antibody Titers, .J. Immunol. 91: 197,, 1963. 
Lea, D. J., and Sehon, A. H.: The Chemical Characterization of Nontlialyzable COW 
stituents of Ragweed Pollen, Internat. Arch. Allergy 20: 203, 1962. 
Lea, I). J., Freedman, 8. O., and Rehon, A. H.: The Skin Activity of Norr~lial~zablr 
Constituents of Ragweed Pollen, Internat. Arch. Allergy 20: 2Xl, 196Z. 
Perelmutter, L., Lea, 1,. tJ., Freedman, S. O., and Sehon, A. H.: I)emonstration of 
Precipitating Antibotlies in Sera of Ragweetl-Allergic In(livitluals by t,he Agar (+el 
Technique, Internat. Arch. Allergy 20: 355, 1962. 
Perelmutter, L., Freedman, 9. O., and Hehon, A. H.: Fractionation of Rera From Rag- 
weed-sensitive Individuals by Chromatography on I)EAE-Cellulose, Internat. Arch. 
Allergy 19: 129, 1961. 
Gordon, J., Rose, R., and Sehon, A. H.: Detection of “Non-precipitating” Antibodies in 
Hera of Individuals Allergic to Ragweed Pollen bv an In Vitro Method. .J. ExrJer. Mrcl. 
108: 37, 1958. 



1‘) Takbts\- G: The Cse of Spiral Loops in Serological an<1 Virological blicromethods, 
&’ Acta k’erobiol. acatl. SC. hungaricae 3: 191, 1956. 

13. Arbesman, C. E., and Reisman, R. E.: Immunological Studies of Repository Ragweed 
Pollen Therapy, .J. ALLERGY 32: 435, 19til. 

14. Sherman, TV. B.: Changes in Serological Reactions and Tissue Sensitivity in Ha:- Fever 
Patients 1)uring the Early Months of Treatment, ,T. Im~nunol. 40: 289, 1941. 

15. Hehon, A. H.: Hemagglutinating Factors in Allergic Sera, in Brown, E. A., editor: 
.\llergology, London, Pcrgamon Press, 1962, p. 300. 


