
Antibody response following 
immunotherapy in ragweed hay fever: 
Allpyral vs. whole ragweed extract 
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The antigenicity of commercially available vagweed pollen extracted with pyridine 
and precipitated with alum (Allpyral) was compared with that of aqueous ragweed 
extract. The antibody response was measured hy the inhibition of histami,ne release 
from sendive hwman leukocytes challenged with either ragweed antigen E or whole 
aqueous extract. A group of patients treated with aqueous extract had a significantly 
greater antibody response than a similar group trealed with Allpyral, even though 
the latter received 30 times a.s much antigen. Another comparison showed that 
patients who had received high dosage Allpyral therapy (average: 0.80 mg. of pro- 
tein N. or 80,000 PNU) had antibody levels which did not difler significantly from 
those of untreated control patients. 

A lthough debate continues on the merits of therapeutic immunization 
(desensitization) in clinical pollinosis, both proponent,s and critics agree that 
there is room for improvement in the currently used regimens.le3 Recent 
efforts have centered on purifying the allergenic materials used for immuni- 
zation4 or on the use of adjuvants to increase the antigenic potency and to 
decrease the local and systemic side effects caused by the administration of 
allergens.5, 6 These side effects are a cause of concern to patient and doctor 
alike and severely limit the quantity of allergenic material which can be 
administered to sensitive patients. On the basis of extensive work in animals 
it seemed likely that the incorporation of the allergenic materials in adjuvants 
would lead to a decreased rate of release of injected antigen, thus minimizing 
side effects and leading to an increased antigenic stimulus.7 Two such ad- 
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juvant-allergen preparations have had extensive clinical use; in one the aller- 
gens are incorporated into an oil and water emulsion (“repository therapy”),5 
and in the other the allergens are precipitated with alum.6 

This paper will consider Allpyral,” a commercial preparation made by 
pyridine extraction of the allergenic material, followed by alum precipitation. 
The advantage claimed for this preparation has been a decreased number of 
local and systemic reactions following its administration.* Surprisingly, how- 
ever, there has been little work evaluating the antigenic stimulus provided by 
Allpyral preparations. Recently, two studies have been published on expe- 
rience obtained with Allpyral ragweed. One suggests that the alum-precipitated 
material was adequate to stimulate antibody responses in a significant number 
of subjects,g but the other did not find this to be the case.l” While the exact 
relationship between the circulating antibody induced by immunotherapy and 
the clinical effectiveness of this regimen is not clear, most workers would not 
question the contention that the preparation used for immunotherapy must be 
antigenic.ll 

We have previously reported a technique which enables us to measure 
quantitatively those antibodies which can inhibit an in vitro allergic re- 
sponse.12 The assay system is based on the antigenically induced release of 
histamine from the isolated leukocytes of sensitive human donors.13 Antibody 
is measured by its ability to combine with antigen in the fluid phase, thus 
preventing it from triggering the cellular response. In the present report this 
technique is used to compare the antibody response induced with pyridine- 
extracted, alum-precipitated ragweed antigens (Allpyral) with the usual form 
of therapy using aqueous ragweed extracts. Since all patients, treated or un- 
treated, have a measurable level of antibody,14 these two groups have been 
contrasted with a group of allergic individuals who received placebo injec- 
tions. 

MATERIALS AND METHODS 
Antigen preparations 

Allpyral was purchased from Dome Chemicals, Inc. Aqueous ragweed 
extract was prepared by Hollister-Stier Laboratories for the National In&- 
tutes of Health Committee on Standardization of Allergens. Antigen E wu 
prepared and supplied by Dr. T. P. King.4l I5 

Antibody assay 

Details of leukocyte preparation, the histamine release reaction, and tSre 
fluorometrie assay of histamine have been previously reported.13r 14* I6 In the 
assays reported below a constant quantity of ragweed antigen E or aqueow 
ragweed pollen extract was mixed with a fixed dilution of normal (NHS) .or 
the various allergic sera (AHS) to be tested. The antigen concentration wall 
adjusted so that 70 to 80 per cent release occurred in the presence of norm& 
serum. The antigen-serum mixtures were added to aliquots of a leukocyte 
suspension from a single allergic donor and the per cent histamine release 

*Dome Chemicals, Inc., 125 West End Ave., New York, N. Y. 10023. 
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(H.R.) was determined. Per cent inhibition was calculated from the formula: 

H. R. in NHS - H. R. in test AH8 

H. R. in NH8 

*urn samples 

Sera from normal or allergic donors were obtained within 3 to 4 hours 
&fter venipuncture and stored without preservative at -20° C. All sera from 
allergic donors were obtained in early September, 2 to 3 weeks after their 
final immunization. 

PUients and treatment 

Sera from 15 patients treated with Allpyral ragweed extract were studied, 
These patients had been under treatment for either 3 or 4 seasons with All- 
pyral and had not previously been treated with whole ragweed extract. The 
diagnosis of ragweed hay fever had been made clinically and confirmed by 
skin test as previously described .L4 In 1966 each patient received 15 weekly 
injections, starting at a dose of 50 to 500 PNU and doubling the amount each 
week until a maximum dose of 20,000 PNU was achieved, unless dosage was 
limited by local or systemic reaction. Four patients were unable to achievc~ 
t&e projected maximum dose. 

Xera from 26 patients treated with whole aqueous extract in 1965 and 1966 
were also examined. These patients had also been under treatment for 2 to 4 
years by 1966. They received 15 weekly preseasonal injections, with an initial 
dose based on their previous reactivity. The dose was doubled each week un- 
less limited by local or systemic reaction. IVone of the patients was able to 
achieve the projected maximum dose. Table I shows the total preseasonal 
doses achieved by these patients. 

Sera from 15 patients given placebo injections in 1966 were also examined. 
These patients had been under observation for a period similar to the other 
two groups but had received preseasonal injections of a buffered dilucnt with 
enough histamine to mimic a mild local reaction. 

The three groups of patients were alike in the criteria for acceptance to 
the study, but the Allpyral-treated patients were not matched by cell sensi- 
tivity for inclusion in the combined laboratory clinical study.l? Subsequent, 
to this original grouping we have come to believe that, cell-sensitivity match- 
ing is of importance for clinical evaluation, and so we are unable to report 

Table I. Treatment data on the three groups studied 

Group 

Pollen N. administered 
fmwi TO Treated in 

Average 1 .M edian Range previozls year 

Aqueous ragweed 
1955 
1965 

Allpyral ragweed 
1956 

27 1.7-125 79 
123 i: 19-309 100 

803 820 47-1,056 100 
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on clinical efficacy. There is no reason, however, to believe that the Allwal 
group differed from the general population of allergic individuals in terms 
of t,heir ability to make antibody. 

Statistical methods 

A statistical approach was suggested and carried out by Mr. Frank Adkin- 
son. The results were analyzed in a single factor analysis of variance format 
(fixed-constants model) as formulat.ed by Weiner.17 The per cent inhibition 
data were first subjected to an antilogarithmic transformation in order to 
achieve direct proportionality between measurements of inhibition and anti- 
body Cter. Nonorthogonal comparisons were computed to test for differen’ees 
among the various treatment means. 

RESULTS 
Relationship between serum concentration 
and per cent inhibition of histamine release 

The degree of inhibition of the in vitro allergic reaction caused by an 
allergic serum is a function of the serum concentration. Fig. 1 shows the re- 
sults of an experiment in which a constant amount of antigen was mixed with 
dilutions of a serum from a treated allergic patient and added to aliquots of a 
cell population obtained from a single donor. The serum concentration was 
kept constant at 10 per cent through the use of normal serum, and controls 
were run with normal serum alone. Two points are pertinent to th 
described below: (1) as the serum concentration is reduced about e 
the per cent inhibition decreases from about 80 to 15 ; and (2) below 16 and 
above 85 per cent inhibition, the curve sometimes becomes asymptotic and 

0 
.ooi .Ol 0. I 

SERUM CONCENTRATION 

Fig. 1 
The effect of concentration on the ability of serum from a treated allergic donor to in- 
hibit in vitro histamine release induced with ragweed antigen E. 



relatively insensitive to serum concentration. Thus in the measurements which 
follow it is not possible to compare scra which cause inhibition falling at the 
extrcmcs of the curve with those whose inhibition falls on the linear portion. 
It should be emphasized that, while this is a typical serum, it does not follow 
that the slopes of the inhibition curves in all sera are exactly similar. 

Inhibition of histamine release by sera from patients 
treated with aqueous and Allpyral ragweed extracts 

Fifteen sera from patients trca’ted with Allpyral ragweed and 26 sera from 
patients treated with aqueous ragweed were tested for their ability to inhibit 
t,he histamine release induced by ragweed antigen E. The sera from patients 
treated with aqueous extract were obtained in 1965 and 1966 and are con- 
sidcred separately because the antigen dosage administered was higher in 
1966. The average prrseasonal dosage of aqueous ragweed extract admin- 
istered was 27 mcg. of protein nitrogen (2,700 PNU) in 1965 and 123 mcg. 
(12,300 PNU) in 1966. The Allpyral group received 803 mcg. (80,300 PNU). 
Complete details of the immunotherapeutic regimen in each group are given 
in Table I. 

In this assay a I:40 serum dilution from each patient was mixed with a 
concentration of antigen which ‘in the presence of normal serum caused 80 
per cent histamine release. The per cent inhibition of each serum relative to 
control is shown in Fig, 2. The Allpyral-treated group averaged 10.7 + 3.2 
per cent inhibition, and the aqueous-extract-treated groups inhibited 31.9 + 
5.2 per cent and 65.6 _+ 5.5 per cent for 1965 and 1966, respectively. Each of 
the groups differed from each other significantly (p < 0.01). Thus, the group 
treated with aqueous ragweed extract in 1965 had a greater antibody response 
than the Allpyral group, even though these patients received only 3 per cent 
of the antigenic mass administered to the Allpyral group. 
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Fig. 2 
Inhibition ,of antigen E-mediated histamine release by the sera of allergic patients treated 
as indicated. The final serum concentration in each ease was 1:40. Each group differed 
significantly from the other two (p < 0.01). 
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Inhibition of histamine release by sera from patients receiving specific 
immunotherapy contrasted with those receiving placebo therapy 

In view of the poor antibody response in patients treated with Allpyral, 
it was of interest to compare their sera with those of patients who had not 
received specific immunotherapy. In studying this question, the final s(aruEn 
concentration was increased to 3 :lO and an experiment similar to that juI1Ft 
described was carried out (Fig. 3). The average inhibition of hi&amine re- 
lease was 35.5 + 6.‘i, 38.0 + 8.0, and 89.2 + 3.2 for the placebo, Allpyral, and 
aqueous extract (1965) treated groups, respectively. There was no significant’ 
difference between the control and Allpyral groups, while the difference be- 
tween these two groups and the group treated with aqueous ragweed extract, 
was again significant (p < 0.01). 

Inhibition of histamine release induced by crude ragweed pollen 

Although antigen E has been shown to be the most potent allergen in rag- 
weed pollen,4, I5 the results reported above may be challenged on the ground 
that we are studying a response to only one of the antigens in ragweed pollen. 
It is conceivable that in the preparation of Allpyral ragweed antigen E L 
lost, while others are retained, although this is unlikely inasmuch as it ap- 
pears that antigen E shares groups with other major ragweed pollen anti- 
gens.18 In order to look for responses to antigens other than E, histamine 
release was induced with an aqueous extract of ragweed pollen, and the in- 
hibition caused by sera from the three groups studied above was determined 
(Fig. 4). The results were essentially the same. The placebo group averagtJcl 
14 per cent inhibition and was not significantly different from the Allpyral 
group, which averaged 25 per cent inhibition. Once again the group trcatc>tl 
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Fig. 3 
Inhibition of antigen E-mediated histamine release by sera from placebo-treated patients 
contrasted with that by sera from patients treated with aqueous and Allpyral ragweed 
extracts. The final serum concentration was 1:lO. The placebo- and Allpyral-treated 
groups &I not differ, but the average inhibitory potency of each was significantly less 
than that of the ragweed-treated group (p < 0.01). 
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with aqueous ragweed extract, which averaged 51 per cent inhibition, showed 
a significantly greater antibody response (p < 0.01). 

DISCUSSION 

Antibody is measured in this study by its ability to inhibit an in vitro 
allergic response which has been found to quantitatively correlate with the 
clinical severity of allergic symptomatology. 14p I9 This antibody is of the IgG 
classzo and is presumably the same species as is measured by blocking titra- 
tions in the skin.21 The in vitro assay procedure is, however, at least ten times 
as precise as skin titrations for blocking antibody.19 It has not yet been dem- 
onstrated that the titer of this or any other type of antibody is related to the 
clinical relief which can, in some instances, be obtained by immunother- 
apy. I41 21, 22 We have, however, shown that immunotherapy with a low dosage 
of ragweed pollen leads to a relatively small increase in antibody levels and 
is clinically ineffective, while higher doses cause both significant symptom 
relief and increased antibody levels. 14y I9 It was also found that, by and large, 
those patients with higher antibody levels had fewer symptoms than those 
with less antibody.19 This correlation is not sufficiently precise, however, to 
conclude that there is a causal relationship. 

In spite of the lack of a clear-cut relationship between the blocking anti- 
body level and clinical relief, it is generally assumed that the effects of im- 
munotherapy are a result of the antigenicity of the materials administered.ll 
Indeed, it is difficult to conceive of an alternative to this assumption. On the 
basis of the previous data it appears that the antigenicity of pyridine-ex- 
tracted, alum-precipitated ragweed preparations is extremely limited. Even 
after the administration of extremely large doses of the Allpyral ragweed 
mixture, it was impossible to detect a significant increase in antibody level 
Pelative to controls. Even assuming that a few patients do respond, their 

PLACEBO ’ lLLPYRAL AQUEOUS 
RAGWEED RNMgED 

Inhibition of histamine release caused by an aqueous extract of whole ragweed pollen by 
the sera of allergic patients treated as indicated. The final serum concentration was 1:lO. 
The placebo- and Allpyral-treated groups do not differ but the average inhibitory po- 
tency ,of each was significantly less than that of the ragweed-treated group (p < 0.01). 
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rt%po~~st~ is significantly less than can be obtained with 3 l)er cent as much 
aqueous extract. Not included in this paper are the sera of 12 patients who 
in 1964 underwent immunotherapy with an average of about 9 mcg. protein 
N. of aqueous extract. These patients had a significant antibody rt~ponsc with 
1 per cent the antigcnic mass that the Allpyral-treated patients received.” 

This data tend to confirm the results of Reisman and Arbesman.1” who, jn 
studying hemagglutination titers in the sera of 12 pa.tients treated with AlI- 
pyral ragweed estract, found that in 7 thcrc was no change in titer+, whjlc jn 
:3 the titer decreased and in 2 it increased. Our data lcatl to caonclnsions 
which stand in contrast to those of Spiegelman and collt~agues,” who studjet 
t,he hcmagglntination titers of a much larger group of patients. ThGr tlata 
(Pig. 2) show that 63 per cent of the patients had no change in titer. \vhil(b 
29 per cent had a two- to fourfold increase. Only 4 per cent had an (bight- 
fold incrc~ase. while in 6 per cent the hemagglntinatioll titer fell. Thor-e is no 
stat,istical analysis of the significance of thcso tacsults and no comparison with 
thr results obtained with untreated donors. It is not clear, thereforcs, that 
Spiegelman and colleaguc$ demonstrated a significant rise in tit(lr. 1 t should 
1~ added that out* results were obtained with Allpyral ragweed dosa,gcl levels 
c~onsidt~rably greater than those used by Reisman and Arbcsmanl” or Spicpcl- 
man and caolleagues.” The only other cvidencc relating to the antipcanicity of 
Allpyral ragweed preparations is that of Gordon and Mansman11,~~ who t’o- 
ported that Allpyral ragweed is effective in inducing Arthus rca&ons in 
guinea pigs. 

The Alll)yral ragweed preparation is reported to cause rc~lativcly few Ioc*al 
or systemic reactions.“* s Thcrc are two possible explanations for this. IIolz- 
man and 5ormanz4 have shown in animal studies that a consiclcrable propor- 
tion 01’ antigens precipitated by the high concentration of alum us~(l in &Ill- 
pyral arc absorbed very slowly. Secondary antibody responses to antigc’ns 
so retained WCW, however, at least as good as the responses to antigens tlis- 
solretl in saline. The second explanation for the observed lack of loPa or 
systemic reactions to Allpyral is that it contains little a&\-c antigen. It is 
possible that t,hc alkaline extraction of pollen with l)yridine has consitlcrably 
reduced the antigcnicity of those proteins which arc’ immunogenic in 1111111. 

The lack of any increase of antibody in humans immurtizrtl with large doses 
of this matcbrial supports the latter possibility. 

A nnmlwr of studies have suggested that Alll)yral ragweed is as clinically 
effcctivcl as aqueous ra,gwecd extract.“. 8. “,‘g 2ii Konca of thcsc studies was con- 
trollctl by the inclusion of a placebo-treated group. It is evident, front our 
work as well. as that of others, that the placebo effect in immunotherapy is 
1aru.e l. :+, “9 I4 WC have shown, for example, tha.t immunotherapy with (loses h . 
of aqueous ragweed extract averaging 8.8 mcg. of protcjn h’. (88 PNV) and rang- 
ing from 0.3 to 29 mcg. of protein N. (30 to 2,900 Ii’XIT) has an effect no greater 
than placebo in spite of the fact that these doses have been usetl for prcs~asonal 
immunotherapy at our institution and hare resulted in satisfaction to doctor :iJld 

pa.tient alike.” In most, of the studies, the effect, of Allpyral has been cornparecl to 
that of groups receiving aqueous therapy with dosage schedules in this range. 

An explanation compatible with the data presently available is that thtL plac*rbo 
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effect obtained with Allpyral is of about the same order of magnitude as 
obtained with low dose aqueous extract. 

WERENCES 

that 

1. Lowell, F. C., and Franklin, W.: A Double-Blind Study of the Effectiveness and 
Specificity of Injection Therapy in Ragweed Hay Fever, New England J. Med. !??3: 
675, 1965. 

2. Fontana, V. J., Holt, E., Jr., and Mainland, D.: Effectiveness of Hyposensitization 
Therapy in Ragweed Hay Fever in Children, J. A. M. A. 195: 985,1966. 

3. Holt, L. E., Jr.: A Nonallergist Looks at Allergy, New England J. Med. 276: 1449, 
1967. 

4. King, T. P., and Norman, P. S.: Isolation Studies of Allergens From Ragweed Pollen, 
Biochemistry 1: 709, 1962. 

5. Loveless, M. H.: Repository Immunization in Pollen Allergy, J. Immunol. 79: 68, 1957. 
6. Fuchs, A. M., and Strauss, M. B.: The Clinical Evaluation and the Preparation and 

Standardization of Suspensions of a New Water-Insoluble Whole Ragweed Pollen Com- 
plex, J. ALLERGY 30: 66, 1959. 

7. Freund, J.: Some Aspects of Active Immunization, Am. Rev. Microbial. 1: 291, 1947. 
S. Tuft, L., Spiegelman, J., Stupniker, S., Gilday, F., Brown, E., and Torsney, P. J.: The 

Use of Alum-Precipitated Pyridine Pollen Extract in the Treatment of Ragweed Polli- 
nosis, Am. J. M. SC. 250: 668, 1965. 

9. Spiegelman, J., Friedman, H., and Tuft, L.: Immunologic Responses of Pollinosis 
Patients Treated With Alum-Precipitated Pyridine Ragweed Extract, Ann. Allergy 25: 
263, 1967. 

10. Reisman, R. E., and Arbesman, C. E.: Clinical Studies of Two Ragweed Preparations: 
“Purified” Delta and Allpyral, Internat. Arch. Allergy 28: 353, 1965. 

11. Lowell, F. C.: Rationale of Treatment With Injected Aqueous Extracts of Air-Borne 
Allergens, in Samter, M., edit,or: Immunological Diseases, Little, Brown & Company, 
p. 600, Boston, 1965. 

12. Lichtenstein, L. M., and Osler, A. G.: Studies on the Mechanisms of Hypersensitivity 
Phenomena. XII. An in vitro Study of the Reaction Between Ragweed Pollen Antigen, 
Allergic Human Serum, and Ragweed-Sensitive Human Leukocytes, J. Immunol. 96: 
169, 1966. 

13. Lichtenstein, L. MT, and Osler, A. G.: Studies on the Mechanisms of Hypersensitivity 
Phenomena. IX. Histamine Release From Human Leukocytes by Ragweed Pollen Anti- 
gen, J. Exper. Med. 120: 507, 1964. 

14. Lichtenstein, L. M., Norman, P. S., Winkenwerder, W. L., and Osler, A. G.: In vitro 
Studies of Human Ragweed Allergy: Changes in Cellular and Humoral Activity ASSO- 
ciated With Specific Desensitization, J. Clin. Invest. 45: 1126, 1966. 

15. King, T. P., Norman, P. S., and Connell, J. T.: Isolation and Characterization of Al- 
lergens From Ragweed Pollen II, Biochemistry 3: 458, 1964. 

16. Lichtenstein, L. M., and Osler, A. G.: Studies on the Mechanisms of Hypresensitivity 
Phenomena. XI. The EA’ect of Normal Human Serum on the Release of Histamine 
From Human Leukocytes by Ragweed Pollen Antigen, J. Immunol. 96: 159, 1966. 

17. Weiner, B. J.: Statistical Principle in Experimental Design, New York, 1962, McGraw- 
Hill Book Company, Inc., p. 56. 

18. King, T. P., Norman, P. S., and Lichtenstein, L. M.: Isolation and Characterization of 
Allergens From Ragweed Pollen IV, Biochemistry 6: 1992, 1967. 

19. Lichtenstein, L. M., Norman, P. S., and Winkenwerder, W. L.: Clinical and in vitro 
Studies on the Role of Immunotherapy in Ragweed Hay Fever, Am. J. Med. In press. 

,20. Lichtenstei?, L. M., Holtzman, N. A., and Margolis, S.: Separation of Serum Factors 
Which Modify Allergic Histamine Release! Fed. Proc. 26: 309, 1967. (Abst.) 

21. Loveless, M. H.: Immunological Studies In Pollinosis. IV. The Relationship Between 
Thermostable Antibody in the Circulation and Clinical Immunity, J. Immunol. 47: 

12. 

23. 

24. 

25. 

26. 

165, 1943. 
Arbesman. C. E.. Kantor. S. Z.. Rauu. D.. and Rose. N. R.: Immunologic Studies of 
Ragweed-gensiti;e Patiedts. Iii. &&al ‘Aspects: %he Relationship oyf Reagin and 
Hemagglutinating Antibody Titers to Results of Hyposensitization Therapy, J. AL- 
LERGY 31: 342, 1960. 
Gordon. V. H.. and Mansmann. H. C.. Jr.: The Effect of Alum-PreciDitated Pvridine 
Ragweed Extiact in Guinea P’igs. I. ‘Arthus Reactivity Induced Wit?h a Single Low 
Dose,J. ALLERGY 36: 239, 1965. 
H,olzman, R., and Norman, P. 5.: The Effect of Alum Concentration on the Repository 
and Adjuvant Properties of Alum-Precipated Antigens, J. ALLERGY 38: 65, 1966. 
Tuft, L., and Torsney, P. J.: Treatment of Ragweed Hay Fever With Allpyral Ex- 
tracts, J. ALLERGY 36: 265,1965. 
Frankland, A. W., and Noelpp, B.: Summer Hay Fever Treated With Aqueous and 
Alum-Precipitated Pyridine Extracts, Practitioner 196: 766, 1966. 


