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I. INTRODUCTION 

Ragweed hay fever makes thousands of people miserable 

every year. These people have an allergy to ragweed pollen. 

The oharacteristic symptoms include rhinitis, sneezing, nasal 

blockage and itching of the nose, eyes and throat. These 

symptoms appear in sensitive people soon after ragweed pollen 

is introduced into the environment. They occur every year 

from about the middle of August until the first frost, 

during the time that the wind-pollinated plant is dispersing 

its heavy load of pollen. The plants causing most trouble 

are the short ragweed, Ambrosia artemisiifolia L. var. 

elatior (L.) Descourtils, giant ragweed, Ambrosia trifida L., 

and western ragweed, Ambrosia psilostachya DC. var. coronopi

folia (T. & T.) Farw. (Bassett and Frankton, 1961). 

A. Definition of Allergy. 

Allergy has been recorded from the time of the early 

Greeks (Vaughan, 1948), but von Pirquet (1906) was the first 

to call the condition "allergy" and to define it. He stated 

that allergy was "the change in the condition of the organism 

brought about by the contact with sorne organic toxin or other", 

i.e. a "changed reactivity" of the individual toward a sub

stance (Schwartz, 1952). This is an extremely general 

definition and may include almost any pathological condition. 
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A more limited meaning is implied when "allergy" is used as 

a synonym for "hypersensitivity". The term "allergy" is 

sometimes used in the still narrower sense of being a "true 

hypersensitivity", i.e. a hypersensitivity which occurs 

spontaneously in only a small proportion of the population 

and cannot be induced in the remainder. By this definition, 

one implies an intrinsic factor which is most easily thought 

of as being hereditary in nature. This point of view in a 

study designed to determine whether heredity plays a part in 

the etiology of the condition would introduoe an immediate 

bias. The same oriticism oan be applied even more rigorously 

to use of the word "atopy" interchangeably with allergy, 

sinoe Coca defined atopy as "a type of hypersensitiveness 

peculiar to man, subject to hereditary ~nfluenoe, presenting 

the characteristic immediate whealing type of reaction, 

having the oirculating antibody reagin, and manifesting 

peculiar clinical syndromes, such as asthma and hay fever" 

(Schwartz, 1952). 

Beoause of suoh obvious bias in these definitions, 

it was deoided to define allergy from the clinical picture 

observed. For the purpose of this study, major allergies· 

are hay fever or asthma or atopic dermatitis or some 

combination of these. Other lasser allergie manifestations 

included are urticaria, drug sensitivity and gastro-intestinal 

upsets produced by known foods. These conditions are generally 
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found only in man, but there are now reports of allergie 

dogs (Wittioh, 1941; Patterson, Chang and Pruzansky, 1963). 

Early workers in allergy felt that the allergie 

manifestations that they were seeing were quite different 

from those observed in protective immune reactions as they 

knew them beoause no precipitating antibodies were 

demonstrable in the sera of allergie patients, beoause the 

allergie conditions occurred in only a small proportion of 

the population (about 10%) and beoause the end result oould 

be harmful or undesirable rather than protective. Now 

allergy is acoepted as being probably another variation of 

the gener.al immunologie response and is probably due to the 

union of an antigen with a specifie antibody which initiates 

a ohain of ~vents resulting in allergie symptoms. 

B. Antigens. 

An antigen is any material foreign to the circulation 

of the host which will result in the production of specifia 

antibodies which will, in turn, react only with that antigen, 

or perhaps with only a very few other closely relateà, cross

reacting antigens which happen to have a common configuration. 

The majority of antigens are proteins, although other sub

stances such as carbohydrates can, on occasion, act as anti

gens. Some substances, termed haptens, only become antigenic 

after union with protein. In some drug sensitivities, the 
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drug aots as a hapten. Generally, a substance must have 

a molecular weight of more than 10,000 to be antigenio, but 

there are exceptions, such as insulin. The shape of a 

molecule plays seme part in determining antigenicity and 

most antigens are globular in shape. The type of antiboày 

produced depends on the type of determinant group (such as 

acid raàicals or the constituent amine aciàs in a protein) 

present, on the position of the determinant group and on the 

spatial configuration of this group. The number of sites on 

an antigen capable of reacting with antiboàies is the valence 

of the antigen. Antigens are usually multivalent (Raffel, 

1961). 

Other factors determining whether a substance will 

be antigenic include route of injection, vehicle used for 

injection, e.g. Freund's adjuvant increases antigenicity, 

length of time the antigen is in the host, nutritional 

state of the host, etc. 

The antigens most important in clinical allergy are 

the pollens of wind-pollinated plants, mould spores, animal 

danders, dust, feathers and many foods, and are usually 

termed allergens. Allergens are usually poor antigens. 

C • An ti b od i e s. 

Raffel (1961) defines an antibody as a "humoral 

globulin produced in response to an antigen and capa 
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of react ing wi th the antigen in sorne observable vmy." 

Antibodies are gamma globulins which are not in any way 

different from normal serum gamma globulins except that 

they react with antigens. Gamma globulins can be 

characterized by centrifugai or electro9horetic means. 

vllien using centrifugai means, the characterization into 

7S and 19S gamma globulins is on the basis of sedimen-

tatien constant, determined by molecular weight. 1ihen 

using electrophoretic means (imrnunoelectrophoresis), the 

charactcrization into gamma
2

, gamma1A and garrnna1M, is on 

the basis of electrical charge and antigenicity. Anti

bodies are found in all classes of gamma globulins. For 

instance, most of the anti-bacterial antibodies are found 

in the gamma2 globulins, the rheumatoid factor is found in 

the 19S garrnna1M globulin fraction and the circulating rag

weed reagins are probably 7 to 15S gamma1A globulins 

(Franklin, 1962). 

In 1940, Pauling reached the conclusion that pre

cipitating antibody molecules must have a valence of at 

least two, i.e. two combining sites, in order for pre-

cipitation to occur. In 1950, Porter verified this 

hypothesis. By digestion with papain, he was able to 

break the antibody molecule into three polypeptide chains, 

which he designated as chains I, II, and III. Chains I 

and II are similar and are believed to contain the antibody-
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combining sites because these fragments do react with anti

gen to form a soluble complex. However, they inhibit pre

cipitation and this provides good evidence that at·least 

two combining sites are necessary for precipitation. The 

larger chain, III, probably governs the antigenic specificity 

of the gamma globulin molecule as it shows no antibody ac

tivity but contains the antigenic sites of the original 

molecule (Porter, 1959). 

Antibodies can be detected by a number of tests 

varying in sensitivity. The ring test and the precipitin 

test, which detect antibody by the formation of a precipitate 

upon union of the antibody with soluble antigen at optimal 

concentrations, are the least sensitive in vitro methods. 

More sensitive techniques are the agar gel techniques, the 

Coombs test, and the collodion partiale and agglutination 

methods. The last three methods involve adsorption of the 

antigen to larger partiales before reaction with the antibody. 

Still more sophisticated methods include complement fixation, 

passive cutaneous anaphylaxis and fluorescence techniques 

(Raffel, 1961). 

There are still many unexplained phenomena in 

i~~unology such as the question of the site and regulation 

of antibody synthesis. Although a great deal of controversy 

still exists, most immunologists feel that the plasma cell is 

the most likely cell in which antibody is produoed (Burrage 

et al., 1956). There is presently no explanation for the 
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continueà production of antiboày in the absence of antigen 

or for the diversity of antibodies synthesized in the body. 

The characterization of the Gm and Inv genetio loci is one 

sn1all step toward an answer (Harboe, Osterlanà and Kunkel, 

1962). 

D. Antibodies Found in Allergie Patients. 

Several antibodies are found in the sera of allergie 

patients but the characteristic antibody found in these 

patients is known as reagin. This antibody has a special 

affinity for the skin and therefore is also known as skin

sensitizing antibody (SSA). It is a non-precipitating 

antibody and its presence was first detected by skin tests. 

Reagin migrates electrophoretically with the gamma
1 

fraction 

of gamma globulin and is probably a 7 to 15S gamma
1

A 

globulin. This antibody, which is heat labile and has a 

molecular weight of about 500,000, does not cross the placenta 

anà henoe is not passively acquireà by the foetus (Rosen, 1962; 

Boyden and Roth, 1963). Reagin can be passively transferred 

to non-allergie individuals in what is known as the Prausnitz

Kfistner reaction (after Prausnitz anà Kfistner who first 

described it (1921)). This was the reaction which initially 

demonstrated the presence of circulating reagin. If serum 

from an allergie patient is injected intradermally into a 
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non-allergie patient and the site of injection is challenged 

24 to 48 hours later with the specifie allergen, a positive 

skin test (wheal and flare reaction) will oocur. Similarly, 

a transfusion of allergie serum will result in a temporary 

skin sensitivity and possibly, temporary symptoms in the 

recipient {Boyden and Roth, 1963}. In vitro, reagin, in 

the presence of the specifie allergen, causes release of 

histamine from peripheral white blood cells (Katz and Cohen, 

1941; Noah and Brand, 1954). Reagin probably cannat be 

induced in non-allergie individuals, although recent work 

with new repository treatment has provided sorne evidence to 

the contrary (Sparks, Feinberg and Becker, 1962). Also, 

there has been no direct evidence until very recently that 

reagin is responsible for the clinical symptoms of allergy. 

The study of Connell and Sherman (1964) has indicated the 

possible existence of a correlation between reagin titer and 

severity of clinical symptoms. These workers found, after 

collecting and testing the sera from 109 ragweed hay fever 

patients, that the group of patients with the highest titers 

of skin-sensitizing antibody also had the most severe symptoms. 

Basides reagin, other antibodies detected in the sera 

of treated allergie individuals include blocking antibody, 

hemagglutinating antibody and the conventional "immune" anti

body. All are alike in that they have a sedimentation con

stant of 7, a molecular weight of about 150,000, no particular 
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affinity for the skln, and do not give a Prausnitz-

Kastner reaction. They can be induced in normal people 

and do cross the placenta (Rosen, 1962; Boyden and Roth, 

1963). There is a great deal of controversy concarning 

hemagglutinating antibody. Blocking antibody will ba 

discussed later in connection with hyposensitization treat

ment. 

E. Mechanism of Hypersensitivlty Reactions. 

The initial avent in any hypersensitivity reaction 

is the union of an antigan with its specifie antibody. Under 

the approprlata conditions, the combination of antigen and 

antibody will result in the releasa of histamine from the 

mast cells and from other body oells. In immediate hyper

sensitivlty, such as found in clinical allergy, it is known 

that the relaase of histamine from sensitlzed eells is most 

important, but it is not kno~ID whether this release is 

limited to the target organ only, e.g. lungs or nasal mucosa, 

or oecurs in the body generally {Raffal, 1961). 

Histamine, the major chemioal mediator in allergie 

reactions, is a derivative of the amino aoid, histidine, and 

is found in high concentration ln the mast oells. It pro

duces smooth muscle contraction, vasodllation and lnoreased 

caplllary permeablllty (Guyton, 1956). These three character

istio actions are suffioient to explain many allergie hyper

sensitlvlty reactions. 
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In addition to histamine, other chemical mediators 

such as serotonin, slow-reacting substance, bradykinin, 

acetylcholine and heparin are also thought to play sorne 

role in hypersensitivity responses (Boyden and Roth, 1963) 

so it is not surprising that anti-histamines used in 

symptomatic treatment do not give complete relief to all 

allergy suf'f'erers. 

F. Skin Tests. 

The skin test is one of the methods used in the 

diagnosis of allergy. The test consists of the introduction 

of the allergen into the skin, either by' a scratch or 

puncture technique, or by intradermal injection. The latter 

method is the most sensitive of the three {Fineman, 1926). 

Most allergie patients have immediate skin sensitivity. 

Thus, when the appropriate allergen is introduced, a wheal 

and t'lare reaction appears in 10 to 20 minutes and denotes 

the presence of reagin and hence, sensitivity. 

The mechanism for this immediate reaction, although 

controversial, seems to be similar to the triple response 

of Lewis. Union of antigen and antibody results in histamine 

relee.se, which in turn causes local dilation of the small 

vessels, which appears as erythema. The dilation is also 

accompanied by increased permeability of the vessels and 
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consequent escape of the plasma into the tissue spaces, 

resulting in edema or wheal formation (Crawford, 196J). 

Skin tests show a reasonable correlation with clinical 

symptoms. The best correlation is found in testing with 

pollens and tests for other inhalants stand second in value. 

Tests with food allergens are much less reliable (Sherman 

and Kessler, 1957). Thus, a positive skin test may appear 

in the absence of clinical symptoms, perhaps indicating past 

or future sensitivity (Bissell, 1958). More rarely, the 

opposite situation obtains, i.e. a negative skin test in 

the presence of definite symptoms. 

G. Hyposensitization Treatment of Allergy. 

The iàea of hyposensitization treatment dates back 

to the àiscovery that a temporary relative refractoPiness to 

anaphylaxis could be induced with injection of minute 

quantities of the antigen at regular intervals. Noon (1911) 

applied this method in the treatment of allergy and founà it 

to be effective. gave multiple injections of increasing 

quantities of the allergen. This methoà is still followed 

today vrith variable success. About 80 to 90% of hay fever 

patients and 50 to 60% of those with asthma get markeà 

relief.(Criep, 1958). 

The mechanism of relief in clinical allergy is not 

unàerstood. It is apparently different from the mechanism 
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of desensitization in anaphylactically sensitized animals~ 

'~tJhere the concentration of circulating antibody is diminished 

by repeated injection of small amounts of antigen. In 

clinical hyposensitization, there is usually no decrease in 

circulating reagin concentration in the sera of treated 

patients~ although the symptoms may have improved (Levine 

and Coca, 1926). 

A new antibody was found in treated patients (Cooke 

et al., 1935). It was called "blocking antibody" because 

it appears to black or inhibit union of antigen and reagin 

by having a greater affinity for the antigen than does 

reagin. In addition, this "blocking antibody" can be 

distinguished from reagin by differences in molecular 

weight, placental transfer~ affinity for the skin and the 

ether characteristics mentioned earlier (Boyden and Roth, 

1963). Blocking antibody can be induced in normal in

dividuals who have received allergen injections (Cooke 

et~., 1937). These observations would suggest that the 

induction of blocking antibody is responsible for clinical 

improvement but the evidence is not strong as studies have 

indicated that there is no direct correlation between amount 

of allergen injected and amount of blocking antibody present 

or degree of relief from symptoms (Levin, 1959; Delorme et 

!!.!.·, 1961). 
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II. LITERA TURE REVIEW 

The recognition of a possible familial tendenoy in 

allergy is not new and investigations into the problem date 

baok at least to the seventeenth oentury. However, for the 

purpose of this study, only more recent works will be dis

oussed sinoe they are the most relevant to the interpretations 

whioh have direoted thinking in this area. Most of the 

reports whieh simply quote prevalenoe figures sugges:ting a 

familial tendenoy, but whioh do not expand on the nature of 

this tendenoy, have been omitted. 

Although few of the major etudies deal exolusively 

with hay fever, most of them inolude this allergy. Consequent

ly, by reviewing these reports, it is possible to form sorne 

definite ideas oonoerning the heredity of hay fever. 

It is important to note that most of the investigators 

in the studies being reviewed use the "peroentage positive 

family history" approaoh, i.e. they compare the peroentages 

of positive !'amily histories in an "allergie" and "non-allergie" 

series and aooept an elevated frequenoy of positive family 

histories in the probands of the former group as evidence for 

a familial tendency. Suoh an approaoh is valid only if the 

"non-allergie" are comparable to the "allergie" groups in all 

relevant features including the degree of thoroughness with 

whioh they are investigated, and this has usually not been the 
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case. Furthermore, allergy afflicts from 10 to 20% of 

the population, so that even if there were no familial 

tendency, most of the population would have at least one 

affected relative simply on a probability basis. The 

number of affected relatives, and hence indirectly, the 

prevalence of positive family histories, depends on the 

number of relatives included in the family history. The 

following table i1lustrates this point. 

Table 1. Probabi1ity of at least one fami1y member 
being affected with "allergy" by chance 
a1one (assuming a 10% a1lergy incidence). 
{Adapted from van Arsdel and Motu1sky, 
1959). 

Fami1y 

Size (n) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Probabi1i ty 

1-(.9)n 

.10 

.19 

.27 
·34 .41 
.L~ 7 
.52 
-57 
.61 
.65 
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A. Studies Which Faveur Heredity in Allergy. 

1. Studies of Allergy in Large Samples. 

Cooke and Vander Veer (1916) were the first ta 

undertake a large scale study ta determine whether there was 

an hereditary factor in allergy. The study is comprehensive 

and very good for the time at which it was done. The experi

mental material consisted of 504 patients who had hay fever, 

branchial asthma, angioneurotic edema or acute gastro

enteritis after ingesting certain foods. They were chosen 

from people who had been observed over a 5-year period, 

presumably at a hospital, but this is not stated. Their ages 

ranged from one ta 77 years. Comparable information concer

ning ages of the 68 and 76 members in the two small control 

series is lacking, sa there is no indication of whether the 

composition of the three groups is similar. Also there is 

no specifie information about the criteria for ohoice of the 

probands in any of the groups. 

A population frequency of allergy of 7% was calculated 

from the observation that 14 of the 204 persans in one control 

series (the 68 random persans plus their parents) had an aller

gie history. Of the 504 allergie cases, 48.4% had a positive 

family history of allergy as compared to 9.5% and 14.5% in 

the two control series. The elevated percentage of positive 

family histories in the allergie group suggests a familial 

tendency. The interpretation is that one inherits not a 



- 16 -

specifie sensitivity, but rather ''an unusual capacity for 

developing bioplastic reactivities to any foreign proteins." 

This capacity is inherited equally from the maternal and 

paternal aides. 

Analysis of the data concerning allergie parsons 

with a positive family history indicates that the stronger 

the family history of allergy, the lower the age of onset of 

clinical symptoms. Both Ratner et al. (1941) and Schwartz 

(1952) disagree with this interpretation because many of the 

probands had hay fever, which has a late age of onset 

(Markow and Spain, 1930; Bray, 1931), and many of these 

probands reported a negative family history, so it is con

ceivab1e that this disease had not yet developed in some 

family members, but the impression would be that those who 

deve1op allergy late in life have a negative fami1y history. 

When the number of offspring affected (there is no 

indication of whether the probands were included, but it is 

like1y that they were) and the distribution, of age of onset 

wa.s taken into consideration, it was estimated that, in the 

group with bilateral inheritance, 6?.5% of the offapring 

would eventually deve~op symptoms, and in the group with 

unilateral inheritance, 60.0% wou1d eventually be affected. 

Schwartz (1952) fee1s that these calcu1ations are unjuatified, 

probably because he is not satisfied with the age of onset 

data. However, these estimated percentages were thought to 
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be near enough to 75% and 50% to make dominant inheritanoe 

a logioal interpretation of the resulte. It must be reoalled 

that the analysis deals with familles with at least one 

affected, and this would result in an inorease in the ob

served affected offspring, unless the probands were excluded. 

There is no indication of what was done here. Also, for this 

interpretation of dominant inheritance, it is assumed that all 

those who are affected are heterozygous for the gene. The 

authors are probably justified in making this assumption as, 

even with a frequency of allergy of 7%, less than 2% of those 

affected will be homozygotes. The high frequenoy of allergie 

probands with a negative family history, 51.6%, is attributed 

partly to underreporting, espeoially in the case of hay fever 

where symptams may go unnoticed, and partly to the possibility 

that some people have a latent allergy which can be transmitted 

to and expressed in their offspring. 

To verify the findings of Cooke and Vander Veer (1916), 

Spain and Cooke (1924) carried out a second similar study on 

a different series. The methode used were almost identical 

and the same criticisme conoerning size of the control 

population, composition of the groups, methode of analysis of 

data, etc., also apply. An additional oritioism concerna use 

of the word "atopy" meaning "inherited human hypersensitive

ness" in a study designed to determine whether heredity does 

play a part in the development of an allergy. Nevertheless, 
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the study is again very thorough and is this time limited 

to asthma and hay fever. The 462 allergie probands had 

either Asthma or hay fever and a positive outaneous reaction 

to oonfirm the sensitivity. There is no indication of 

whether the 115 non-allergie control probands were. skin

tested, nor of how many relatives of the allergie probands 

were tested. 

The frequenoies of positive family histories in the 

allergie and control series were 58.4% and 7%, respeotively. 

This last figure of 7% is obviously too low beoause, as 

Table I indioates, even if each proband had a family oon

sisting of only one member, with a population frequenoy of 

allergy as low as 7%, the frequenoy of probands with a 

positive family history would be 7%• However, the inoreased 

occurrence of positive family histories in the allergie group 

over that iw the allergie group of the previous study perhaps 

implies that one is now dealing with specifie inherited 

factors rather than more general ones. At any rate, the 

oaloulated values of 71.6% and 56.1% for antioipated affeoted 

offspring from cases with bilateral and unilateral histories, 

respectively, fit more nearly the expected values for 

dominant inheritance than did the oorresponding values in the 

first study. In this second study, the conclusion is that 

hypersensitivity is due to a dominant and multiple gene, the 

oomponent parts of whioh are separately inherited. Inter-
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pretation of this conclusion in modern genetic terms is 

difficult, if not impossible. 

Adkinsop (1920) made an extensive study of the 

familles of 400 individuals with bronchial asthma and concluded 

that allergy is inherited as a recessive condition. No in

formation about the frequenoy of allergy in familias of non

asthmatio parsons is presented for oomparison so there is 

initially no basis from this study for any statement oon

oerning inheritance. Nevertheless, her conclusion that 

recessive inheritanoe was operating was based on the obser

vation that normal parents, who are supposedly heterozygous 

beoause there was asthma in their familles, are able to trans

mit the disorder. Adkinson's data do not support this con

clusion. Theoretioally, in a heterozygote x heterozygote 

mating, one-quarter of the offspring should be affected, and 

Adkinson•s resulta show three times as many allergie as normal 

ohildren from such matings. She accredite the disorepanoy to 

incomplete records of normal individuals and does not consider 

the possibility of incomplete dominance by whlch some of her 

pedigrees could equally well be explained (Richards and 

Ba1yeat, 1933). She also finds, as did Spain and Cooke (1924), 

that a positive fami1y history lowers the age of onset of 

symptoms. Further, the sensitivities of parent and offspring 

are not necessari1y the same. In those asthmatics with a 

positive fami1y history, it is found that equa1 numbers of 
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males and females inherit the condition from the father, 

but twioe as many females as males inherit it from the mother. 

This would imply that in a sample of asthmatios, more females 

than males would be affected, but nearly all investigations 

disclose a slight preponderance of affected males (Schwartz, 

1952). Schwartz has directed other criticisms at Adkinson. 

He suggests that the pedigrees presented were selected, and 

states, "There was no substantiation of the different dis

eases· and there is no indication whether the same amount of 

effort went into collecting each pedigree." This study is 

not well accepted today. 

Coca (1927) hypothesized that hay fever and asthma, 

rather than being controlled by the same single hereditary 

factor, as suggested by previous workers {Cooke and Vander 

Veer, 1916; Adkinson, 1920; Spain and Cooke, 1924), were 

controlled by three different hereditary factors, one deter

mining the shock organ, another determining the age of onset 

of symptams, and the third determining the allergen to which 

one responded. Most of Coca 1 s work was concerned with 

evidence for the hereditary determination of the shock organ. 

Same support for this view is the presence of the same reagin 

in two individuals, one of whom may have hay fever, and the 

other asthma; and, the induction of a "constitutional reaction" 

upon injection of worm extract into three werm-sensitive 

people, who were also asthmatics for a different reason 
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(Walzer and Brunner, 1927). This evidence soaroely 

justifies the oonolusion that shook organs "are in general 

and individually subjeot to hereditary influence." 

A subsequent investigation of the "pure" antecedents 

of "pure" hay fever and "pure" asthma probands (Clarke, 

Donnally and Cooa, 1928) was designed to test the supposition 

of a separate hereditary tendenoy in these allergie manifes

tations. Of 180 asthmatios, 81.1% had one or more antecedents 

with asthma only, and 18.9% had one or more antecedents with 

hay fever only. Of 251 hay fever probands, 62.9% had 

anoestors with hay fever only, and 37.1% had anoestors with 

asthma only. This implies that all the probands have "pure" 

anoestors of one kind or the other, but not of both kinds. 

Sinoe both conditions appear in the familias of both sorts 

of probands, one would expeot to find both conditions within 

the individual familias also, but this does not appear to be 

the oase. While this evidence is puzzling, as it stands it 

is compatible with Clarke et !l·'s interpretation that eaoh 

allergie manifestation is transmitted independently. These 

authors make no suggestion as to the possible mode of 

transmission. 

The study of Peshkin (1928) is oommendable for the 

thoroughness with whioh information was oolleoted. In order 

to ensure a reliable family history, parents of 278 asthmatio 

ohildren, three months to 14 years of age, were first 
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familiarized with allergie symptams and with the purpose 

of the method of treatment employed for their child. After 

the child had been under observation for about two years, 

the parents were asked to complete a questionnaire regarding 

allergy in the family. 

There was a family history of allergy in 42.57% of 

the probands. Unfortunately, there was no control series· 

with which to compare this response. The 278 children were 

also tested by the scratch method for sensitivity to at least 

65 proteins. Skin test response was independant of family 

history so the same conclusions apply to both the protein

sensitive and protein-nonsensitive groups. In the children 

who had developed astbma dur.ing the first five years of lite, 

35% of the total protein-sensitive group and 32% of the total 

protein-nonsensitive group had a positive family history of 

allergy, whereas in these two groups, 43% and 40%, respective

ly, had a negative family history. The conclusion, based on 

this evidence, is that asthma can be acquired as wall as in

herited. This conclusion does not necessarily follow from 

the data because the existence of a positive family history 

in a given proportion of the probands is not evidence for in

heritanoe. Some (Schwartz, 1952) do not feel that this study 

is representative of allergy in the general population beoause 

all the probands were ohildren. 
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The hereditary nature of allergy has been confirmed 

by Balyeat (1928) and Bray {1930, 1931). Balyeat found a 

positive family history in the familias of 60.1% of 1000 

cases' of "atopy" (asthma and hay fever) as compared with 

8.3% in "relatives of the first degree" of 1117 normal 

university students. This figure of 8.3% is below the 

general population figure and bence is suspect. The indication 

of earlier age of onset of symptoms with a positive family 

history, plus information from pedigree studies led to the 

conclusion that the ability to become sensitized is inherited 

as a single .Mendelian dominant trait, and that ttin the 

linkage, eczema and migraine are interchangeable with bay 

fever and asthma." Three pedigrees are included as evidence 

for this last statement. It was noted, too, that the earlier 

one becomes sensitized, the greater is the tendency to 

develop multiple sensitivities. Because the proportions of 

the patients with asthma or hay fever are not stated, the age 

of onset data means little (Schwartz, 1952). In addition, 

the control probands (university students) are too uniform a 

group to constitute a valid comparison witb the allergie 

probands. 

Bray (1930, 1931) found a positive family history of 

allergy (asthma, bay fever, eozema, urticaria and migraine) in 

68.5% of 200 asthmatic probands, 12 years of age and younger, 

and accepta the prevailing view that allergy is inherited as 
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a dominant trait. There is no control series for comparison. 

In the first analysis (1930), it was stated that there was no 

evidence for tamily history affecting age of onset of symptoms 

in the first decade, but later (1931), this statement was 

modified and the idea that family history affects age of 

onset, even in the first decade, was accepted. In studying 

sex incidence, it was found that up to puberty, twice as 

many males as females were affected with allergy, and after 

that, there was an approximate equallty of numbers (Bray, 

1931). It was also noted that inheritance from the maternal 

side was twice as frequent as from the paterna1 aide (see 

also Adkinson, 1920). This observation introduces the 

possibility that in utero sensitization, as we11 as Mendelian 

inheritance, is responsible for allergy. Alternatively, it 

might indicate the presence of psyohogenic factors, the 

mother having a stronger psychological influence on the child 

than the father. Schwartz {1952) attributes a similar trend 

in his data to the tact that females know more about their 

familles than do males. 

Wiener, Zieve and Fries (1936), while they accept the 

premise that a11ergy is inherited, find that the evidence 

refutes both dominant and recessive modes of inheritanoe. 

They propose a third mannar of inheritance to explain the 

bimodal distribution of age of onset of symptoms seen in the 

data (Cooke and Vander Veer, 1916; Spain and Cooke, 1924; 
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Bray, 1930), i.e. modes before and after puberty. They 

assume the existence of two alleles, h and ~~ where h is 

responsible for the allergie constitution, and ~ is its 

normal allele. Three genotypes are possible, HH, hh and Hh. 

Individuals of genotype HH are normal, those of genotype hh 

will develop allergy before age 10. Of the heterozygotes, 

~~ 18% will develop symptoms after 10 years of age and the 

rest will remain symptom-free throughout their lives. There

fore, allergie individuals oan be of two genotypes. On the 

basis of such an explanation, expected frequenoies of 

bilateral, unilateral and negative family histories, calcu

lated from data in other reports (Cooke ~al., 1916; Spain 

et al., 1924; Bray, 1930), fit remarkably well with the ob

aerved frequencies. Part of the reason for the good fit 

aeema to be that the argument ia aomewhat circular. The 

authora derive a gene frequency from a population, then apply 

these figures back to the same population. This ia a miner 

part of the oalculation, however. The postulated mode of 

inheritance cannet be completely tested because the number of 

oritioal matings (affected x affected) necessary for verifi

cation was not available. Despite the fact that this hypo

theais does not explain the observation that twioe as many 

males as females are affected with allergy in childhood, it 

has been well receiveà because it seems logioal (Vaughan, 

1948). 
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Tips (195Ld Wldertook a comparable statistical 

investigation in which he initially assumed an hereditary 

predisposition in atopic hypersensitivity and then went on 

to examine possible mechanisms of transmission and to test 

an alternative to Wiener !1 ~. 1 s hypothesis (1936). Infor

mation about frequencies of general atopy, hay fever, asthma 

and eczema was collected by questioning a survey sample of 

99 couples about these manifestations in themselves. The 

frequencies so obtained were then used to calculate the 

expected frequencies of the various mating types in a popula

tion if hay fever, astbma and eczema were each due to a 

recessive allele of a different gene pair. These expected 

proportions fit very well with those observed in a second 

population of 226 matings, which had been tested and found 

to fit the expeotation for random mating. The conclusion 

reached therefore, is that three different loci are respon

sible for the three different conditions. Such a conclusion 

is aomplicated by the close relationship of these conditions. 

For example, Ratner (1938) finds that "eczema is a forerunner 

of asthma in many instances. 11 This would faveur a common 

factor being responsible, at least for eczema and asthma. 

Although some skin-testing was done in earlier studies 

(Spain and Cooke, 1924; Peshkin, 1928), only in the more 

recent reports ( Brem and Colmes, 1940; Bissell, 195'8; Critz, 

1961) has there been any emphasis placed on this method of 
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diagnosis in studies of the familial tendency in allergy. 

Brem and Colmes compare the frequencies of allergy and of 

positive skin tests to 35 allergens in 135 members of the 

familles of 40 experimental probands who had any kind of 

allergy, with these frequencies in 17 members of 4 control 

familias. They do not specify how any of the probands wera 

chosen. In the allergie familias, 30% of the members had a 

history of allergy as compared to none in the control series, 

but since the latter group is so small, results are not 

reliable. There was also a higher frequency of positive 

skin reactions in the allergie familias, 3·5% (171/4860), 

than in the control series, 0.7% (4/612). Fifty~five of the 

relatives in the allergie familias had at least one positive 

skin test. The corresponding figure for the control familias 

is not given but at least two and perhaps four of the 17 had 

a positive skin test. This trend to an increased frequency 

of positive skin tests in allergie familias was later con

firmed by Bissell (1958). 

Critz (1961) began with the good intention of 

correlating skin tests and family history data to evaluate 

more preoisely the evidence for familial allergy. He has 

compared family history and number of positive scratch tests 

to 36 foods and 36 inhalants in familias of 50 allergie children 

with the same information obtained from the sibs of 44 adults 

with no personal and no family history of allergy. Suoh a 
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control series is certainly not representative of the 

general population and comparisan of the allergie group 

with it is meaningless. 

Schwartz's comprehensive study on heredity in 

bronchial asthma (1952) originated because many were still 

skeptioal about inheritance in allergy. R~her than defining 

some diseases as allergie in nature and then determining 

whether they were inherited, Schwartz began with a large 

number of diseases of a possible allergie nature, then let 

the statistics confirm their hereditary, and bence, 

definite "atopic" nature. He investigated the presumably 

allergie diseases, bronchial asthma, hay fever, vasomotor 

rhinitis, Besnier's prurigo (atopic dermatitis), eczema, 

urtioaria, migraine, Quinke 1 s edema, gastro-intestinal 

allergy, epilepsy, ichthyosis and psoriasis, in the familias 

of three groups of probands: (1) 191 asthmatics with asthma 

of mixed etiology, (2) 50 asthmatics with baker's asthma, 

and (3) 200 control probands who did not suffer, or never had 

suffered, from any of the diseases included in the study. 

Disease in the asthmatic probands was well dooumented by a 

thorough examination and olinical tests. The control probands 

were well matched with the 191 asthmatios for age and sex 

ratio, but van Arsdel and Motulsky (1959) point out that the 

two groups are not strictly comparable since the control 

series, consisting of groups of individuals such as medical 
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students, differed in structure from the experimental group. 

Also, the baker's astbma group, in which special conditions 

were required for development of the disease, was of a dif

ferent structure. 

Personal or mail contact was attempted with all 

relatives of the probands to obtain accurate information, 

and whenever possible, skin tests were done for turther 

verification, except in the case of healthy relatives of 

control probands. Detailed oomparisons were made among the 

three groups tor eaoh disease. Beoause there was a higher 

frequency of asthma, vasomotor rhinitis, Besnier's prurigo 

and hay fever in the allergie groups than in the control 

group, and beoause these disorders show a positive correlation 

with one another, Schwartz oonoluded that the tour disorders 

were genetioally related. Ratner (1953) is disturbed beoause 

no correlation was found between asthma and eczema (inoluding 

infantile eczema). Perhaps their individual definitions of 

the disorders oould explain some of the divergence here. At 

any rate, in addition to the four conditions being genetioally 

related, beoause asthma is the predominant disease in relatives 

ot asthmatics, a "localization factor" for astbma, genetio in 

nature, is also suggested. From these results,Sohwartz is 

willing to aooept Coca's concept of atopy tor asthma, vaso

motor rhinitis, Besnier's prurigo and hay tever. 
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From a survey of 5818 eollege students, van Arsdel 

and Motulsky (1959) reported that 16.7% has asthma and/or 

hay fever. The prevalenee of these two allergie disorders 

in the familles of the allergie and non-allergie students 

was then eompared. There was a positive family history more 

often in the former than in the latter group (56.5% versus 

22,2%) and parental allergy was more frequent in the former 

than in the latter group (19.7% versus 5.6%). When both 

parents were affeeted, there were more affeeted offspring 

than when only one or neither parent was affeeted. In 

addition, those students with both asthma and hay fever had 

a higher frequeney of positive family histories and a higher 

frequeney of bilateral family histories than had the group 

with just one of these manifestations. 

Although many of the resulta, sueh as the observed 

prevalenee of 56.5% with a positive family history in the 

"allergie" group, eould be explained by ehanee, the trend 

to an inereased frequeney of allergy in the allergie group 

was so consistent that an hereditary, or at least a familial 

faetor, appeared neeessary to explain it. An explanation by 

the meehanism suggested by Wiener et al. (1936) is possible, 

as is Penrose's idea of a polygenic system {1953), although 

the latter is more difficult to test. 

For the study,all the information was obtained via 

questionnaire. Van Arsdel and Motulsky are aware of the 
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shortcomings of this method of data collection but feel 

that their questions were so designed as to limit a great 

deal of ambiguity, although they still recognize under

reporting as a problem. 

A study on heredity in branchial asthma was done 

recently in India (Viswanathan and Bharadwaj, 1962). The 

investigators state that they began with no preconceived 

notion about the role of heredity, if any, in the etiology 

of allergy. They personally interviewed 191 male and 143 

female asthmatics, over 15 years of age, and took family 

histories from these people. This family history data 

was then compared with that from a control sample of 160 

individuals obtained in a survey of two areas in Delhi. 

Incidence of asthma in parents of allergie and 

control probands was 29.6% and 10.0%, respectively. This 

difference suggested a familial tendency in asthma. By 

examination of representative pedigrees for mode of in

heritance, and by subsequent elimination of some of the 

modes, the conclusion that asthma could be due to an 

autosamal recessive gene was reached. This conclusion 

was further supported by evidence from different types of 

matings. Matings of normal x normal individuals (Aa x Aa), 

and normal x affected individuals (Aa x aa), showed twice 

as many affected offspring from the second type of mating 

(33.8%) as from the first (18.6%). This would be expected on 
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the basis of recessive inheritance. The later age of 

onset in some cases was thought to be the reason for 

obtaining 18.6% affected rather than the 25% expected for 

the normal x normal matings. Yet earlier reports (Bray, 

1930) indicate that asthma generally has an early age of 

onset, and therefore, this disorder should have appeared 

in most of the family members studied. 

It is difficult to evaluate this investigation 

because insufficient data is presented and because it is not 

clear how the average frequency of affected offspring was 

determined, but it does seem as if the proband was included 

in the initial totals of those affected. 

2. Studies of Allergy in Individual Familias·. 

Probably the first account of heredity in allergy 

in the twentieth century was a short publication by 

Drinkwater (1909) in which he presented a single pedigree 

involving three generations of a family. Because 10 of the 

23 family members suffered from asthma, this single pedigree 

has been extensively quoted as evidence that asthma is in

herited as a simple Mendelian dominant character. 

Many similar reports of single pedigrees have been 

used to document the hereditary nature of allergy. Smith 

(1927) reported on 64 descendants in four generations, from 
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a marriage of first cousins, both of whom were hyper

sensitive. From information obtained by questionnaire, it 

was found that 56.2% of the family members had symptoms of 

hay fever, asthma, vasomotor rhinitis, urticaria, angio

neurotic edema or eczema or any combination of these, while 

only one of 23 control subjects (epouses of family members) 

had any of these symptams. This control series is obviously 

not suitable. However, because of the elevated frequenoy of 

allergy within the family, plus other considerations, the 

author states that hypersensitivity shows a dominant in

heritance. 

Bucher and Keeler (1934} report another large family 

in whioh 102 of 454 1ndividuals in five generations were 

affected with allergy. Most of them had asthma, hives or 

eczema, although those with hay fever, allergie rhinitis, 

migraine, gastro-intestinal upsets and anaphylaxie were also 

termed allergie. Because migraine and intestinal upsets are 

questionable allergie manifestations and bacause anaphylaxie 

is not clearly defined but is not usually an allergie reaction, 

the authors'postulate that allergy 1s inherited as a simple 

unit dominant character becomes doubtful. 

Apperley (1930) suggests that the ability to become 

sensitized behaves as a simple Mendelian dominant character 

because in a pedigree of 16 tamily members over 10 years of 

age, "12 to 13n had various allergies including migraine, 
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epilepsy and hyperacidity symptoms. 

Crawford (1936) presents a pedigree whioh shows 

allergy in five generations of a family. She does not 

postulate any possible mode of inheritance for the 

condition but believes that a permanent metabolic error 

is responsible. In this report, train and car siokness 

were counted as allergies, but persona with these disorders 

also always had other, more legitimate, allergie manifesta

tions, so these inclusions make little difference to the 

resulta. 

Stiles and Johnston {1946) disouss a pedigree of 

five generations of a family which inoludes 232 persona, 

22.4% of whom have respiratory allergies as compared to a 

frequenoy of 7% in the general population. Analysis of the 

data led the authors to adopt the view that the tendenoy to 

become hypersensitive was inherited as an inoompletely 

dominant condition with low penetranoe and variable expres

sivity. 

3. Stud ie s of Aller gy in Twins. 

Twin etudies are a good way to deteot or confirm an 

hereditary factor in a condition under study if they avoid 

the many biasses that tend to enter suoh studies (Metrakos, 

1953). Unfortunately, twin studies have oontributed little 

to olarify the situation regarding heredity in allergy 
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because early zygosity determinations were not precise, but 

chiefly because the investigator is hampered by the small 

numbers of twins available. Consequently, most of the reports, 

many of them appearing only in reports of verbal discussions 

on the subject, involve only one, or a few, sets of twins and 

resulta vary widely. 

Richards and Balyeat (1933) mention one set, Benson 

(1937) two sets, and Fineman (1942) three sets of identical 

twins in which both members of the set had the same allergie 

symptoms. Buffum and Feinberg (1940) refer to three pairs 

of identioal twins in whioh age of onset and severity of 

asthmatio symptoms were similar but skin test reactions 

differed somewhat. The oase of monozygotic twins reported 

by Simon (1940) is quite striking in that the members of 

the pair, who both had similar clinical symptoms, a1so re

aoted similarly to all 96 allergens tested, with the exception 

of one, dust. In Hebald's single twin pair (1942), both 

members had hay fever, but the ages of onset differed. 

Credille (1937) reports one set of identical twins and 

Vaughan (1942) reports two sets of "look-alike" twins in 

which both twins had allergy, but the olinioal manifestations 

were different. On the other hand, Kahn (1937) mentions one 

twin pair and Cohen (1937) "severa1" pairs in which only one 

member was allergie. 
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The report of Cooke ~ al. {1916) included six pairs 

of twins, zygosity not stated, three of whioh showed the 

same symptams. Criep's {1942) seven sets of identical twins 

(zygosity determined by sex and physical appearance) showed 

a marked degree of intrapair correlation regarding symptoms. 

No conclusions about the inheritance of allergy oan 

be drawn from such reports except that sinoe sorne monozygotio 

pairs are discordant, the allergy concerned cannot be entire

ly genetic in origin. 

One would expeot that Bowen's study (1953) would be 

more conclusive than the others already mentioned because 

large numbers (59 twin pairs) were involved. Unfortunately, 

only monozygotio twins were inoluded, so the necessary oom

parison of the result that seven out of 59 were concordant 

for allergy, with a corresponding response in dizygotic twins, 

cannot be made. Again, however, the large number of dis

cordant monozygotic pairs argues against any simple genetio 

basis for the disease. 

The most reliable resulta came from a report by 

Spaich and Ostertag {1936) whioh inoluded 71 unselected sets 

of twins, monozygotio and dizygotic, ohosen from 2500 twin 

pairs about whom informatio~ regarding allergie diseases had 

previously been obtained. These twins were classified for 

presence ar absence of hay fever, asthma, migraine and derma

toses. Concordance rœes were oaloulated for allergie dis-
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position and for specifie allergy. For hay fever, the 

concordance figures for monozygotic twins were lOO% for 

al~ergic disposition and 80% for specifie allergy (hay fever), 

as campared with lOO% and O% (only two cases) for the di

zygotic twins. The corresponding values for the other mani

festations, except for asthma, are in the same direction. 

For asthma, the rates in identical twins are 57.1% and 28.6% 

as campared with 57.1% and 7.1% in dizygotic twins. This 

implies th~ environment plays a large part in the develop

ment of this disorder. 

The general picture obtained was that if one twin 

had an allergy, the chance that the other would also have it, 

was inoreased, Because this w~s partioularly true in mone

zygotio twins, a genetic factor, whioh the authors suggest 

is dominant, was indioated. 

Ratner (1952) and Schwartz {1952) oriticize the 

study beoause migraine and dermatoses are muoh more doubtful 

allergie manifestations than are asthma and hay fever and 

should not be considered as equivalent to them. 

4· Studies of Minor Allergies. 

Up to this point, the role of heredity in hay fever, 

asthma or simply allergy in general, has been emphasized. 

The minor allergies have not been neglected and an appreciable 

amount of literature exista on this subject. Suffioe it here 
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to point out that these studies do exist and to give a few 

examples. There are reports of an hereditary tendenoy in 

urtioaria (Baughman and Jillson, 1963), angioneurotio edema 

(Landerman, 1962), food allergy (Rowe, 1928), migraine 

(Buchanan, 1920; Richards and Balyeat, 1933), etc. Here 

again, views are as diverse as they are in the case of 

major allergies and again, no acceptable conclusions oan be 

drawn. 

B. Studies Whioh Oppose Heredity in Allergy. 

Sinoe the idea of heredity in allergy was first 

proposed, there has been dissention as well as agreement. 

Ratner has been a staunoh and outspoken oritio of the view 

and many of his oritioisms are justified. He points out 

that almost avery investigator differs in his interpretation 

of allergie conditions (1938). Some inolude conditions 

others would omit and vice versa, to the point that the aller

gie nature of sorne of the disorders inoluded is questionable 

and oomparison between studies is impossible. This variety 

of standards oan best be illustrated by noting the different 

criteria employed in the reports of individual pedigrees 

{Drinkwater, 1909; Smith, 1927; Bucher and Keeler, 1934; 

Apperley, 1930; Crawford, 1936; Stiles and Johnston, 1946). 

Ratner (1953) severely oritioizes Schwartz (1952) for setting 
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up his own criteria in his study. Another criticism 

concerning previous reports on familial allergy is that 

methode of data collection and extent of inquiry into the 

family history differ. In addition, definition of a positive 

family history varies. To some, a positive family history 

oould mean that one of the grandparents' sibs was affected 

(Wiener et al., 1936) 1 whereas others may not include first 

cousins in the determination. Further, the probands in 

some cases are children, in other cases are adulte, and in 

still others, are a mixture of the two. This màkes com

parisons diffioult. Lastly, Ratner's point that "there is 

a danger of concealing assumptions whioh have no factual 

basis behind the impressive fa9ade of flawless algebra" 

(1953) is illustrated in some etudies. 

Ratner 1 s resulta, in many cases, lead to conclusions 

contrary to some of the accepted ideas. Determination of 

the affect of family history on the age of onset of symptoms 

is a case in point. To determine whether a positive family 

history does lower age of onset of symptoms, Ratner (1938) 

examined 250 allergie children who had asthma, eczema, hay 

fever or urtioaria. He found that 52% of those under one 

year of age had a positive family history. Examination of 

ohildren up to the age of 10 years revealed no affect of 

heredity on age of onset. In another study (1956) of 62 

allergie ohildren, two to five years of age, 31 had a 
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positive family history. Similar resulta were obtained 

by 0 1Keefe (1936) from a study of 300 ohildren, and by 

Stiles and Johnston (1946). Ratner (1938) also found that 

about 50% of allergie adults began having allergie symptams 

as ohildren. The implication is that family history has no 

effeot on age of onset of symptoms. These resulta are 

opposed to those of Cooke and Vander Veer (1916}, Spain and 

Cooke.(l924), Bray (1930, 1931), but the studies of Cooke 

et al. and Spain et al. inoluded mostly adults, many of 

whom have no definite recollection of the age at whioh 

symptoms first developed and this introduoes errer. Also 

many of the allergie probands in these two studies suffered 

from hay fever whioh has a known late onset. This late 

onset oould give the appearanoe of a high frequenoy of 

negative family histories in hay fever sufferers and this 

outoome would faveur the original interpretation. Ratner's 

interpretation is that variation in age of onset of any 

allergie symptoms is due to an exposure factor. This iàea 

is acceptable, for many who have conàucteà surveys on 

allergy are willing to admit that even though they faveur 

an hereditary factor, environment does play a large part in 

the development of the disease (Schwartz, 1952; Maternowski 

and Mathews, 1962). 

A comparison of the prevalence of affected inàivi

duals in the families of 250 allergie probands with the 
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prevalenoe of affeoted individuals among 3000 medical 

students, nurses and dootors, disolosed no difference in 

the frequenoies of allergy in the two groups. The 

frequenoies are 9.8% and 10.0%, respeotively (Ratner and 

Silberman, 1952). As added proof that this difference does 

not exist, the allergie probands were inoluded in the 

oaloulation of the first figure, 9.8%. This, however, leads 

to the equally questionable conclusion that there is !!!! 
allergy in the familles of allergie probands than in the 

general population. Ratner has ignored this implication. 

He feels that the peroentage of affeoted individuals one 

obtains is a question of criteria, since Vaughan (1933) 

found a 50% incidence of minor allergies in the general 

population. Therefore, when the same criteria are applied 

to two populations, there should be no difference in the 

peroentages affeoted in an allergie and control group. That 

this statement is not valid is demonstrated by the many 

studies mentioned in whioh the same criteria have been 

applied to two groups and suoh a oamparison has been made. 

On the other hand, Ratner's control group in this study of 

frequencies of allergie symptoms (1952) is not of the same 

structure as the experimental group to whioh it is being 

compared and henoe, this oomparison is not strictly correct. 

It is true that much of the evidence for the idea 

of inheritanoe in allergy is based on a few striking pedigrees 
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(Drinkwater, 1909; Smith, 1927; etc.). Calculatians using 

the 250 familias stuàied by Ratner (1952) reveal that in 

only 0.8% of thase familias were there as many affected 

membars as in the familias raported by Drinkwater and Smith. 

Hence, conclusions supported by auch pedigrees are obviously 

biasad. 
' 

Basides Ratnar, there are others who spurn the idaa 

of hereàity in allergy. One of these is Smith, who is dis

appointed with the laok of originality in thinking about 

allergy (1961). His purpose is to point out that "an 

inheriteà tendenoy to produce abnormal antibodies is by no 

maans the only pos~ible explanation of the allergie 

diathesis." The alternative he proposes, probably for 

argument 1 s sake, is that allergy is an infeotious disease. 

He draws parallels between the course of allergy and the 

course of infectious diseases. His study of 432 allergie 

patients discloses a high rate of close contact with other 

allergie persona for those who have no family history of 

allergie disease. 

Prigal (1958) has also voioeà this opinion. He 

suggested that perhaps asthma is assooiated with infection 

and intra-familial contagion and this oould aooount for a 

seeming hereditary tendency. 

Rapaport (1958) takes the oompromising and probably 

most rational approach to the heredity versus environment 
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confliot and asks the question, "Why can't allergy be both 

inherited and/or acquired?" Hereditary cases would be 

those with a strong family history. When a single family 

member developed an allergie condition, then this could be 

the result of the environmental factor, exposure to a 

large amount of allergen. 
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III. PURPOSE OF THE PRESENT STUDY 

The tact that most medical authorities invoke 

heredity as the underlying cause of allergie disease would 

make further investigation seem unnecessary. However, it 

is obvious that much conflict and confusion exista in the 

literature. Ratner (1952) has pointed out many of the 

reasons for disagreement. In addition, in many cases, 

information was obtained by questionnaire only and was not 

verified by objective means. Furthermore, the studies 

generally lacked an adequate control series. 

It was therefore our purpose to olarify some of the 

aspects of the problem of heredity in allergy by designing 

a study whioh we hoped would minimize previous oversights. 

We focussed on one allergie disorder, ragweed hay fever, and 

sought answers to the following questions: 

l. Is the prevalence of ragweed hay fever higher in the 

near relatives (parents, sibs, and by second-hand in

formation, unoles, aunts, first cousins and grandparents) 

ot probands with ragweed hay fever than in the same 

relatives of probands selected on the basis of !:!2 

personal history of ra~eed hay fever and negative skin 

tests for the allergens tested? 
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2. Is the prevalenoe of positive skin tests for ragweed 

pollen higher in the parents and sibs of ragweed hay 

fever patients than in the parents and sibs of the 

control group? 

3. Is the prevalenoe of other types of allergy (asthma, 

eczema, etc.) higher in the near relatives of ragweed 

hay fever probands than in the near relatives of 

control probands? 

4• Is the prevalence of positive skin tests for grass 

pollen and egg albumen higher in the parents and sibs 

of ragweed hay fever probands than in the pareqts and 

sibs of control probands? 

5· Does the familial pattern (if any) of positive skin 

tests for ragweed pollen (or if 4 is answered "yes", 

any positive skin test) fit a Mendelian expectation? 

6. Is the frequency of positive skin tests higher in 

mothers than in fathers of ragweed hay fever probands 

(evidence of trans-plaoental or trans-milk sensitization)? 
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IV. MATERIALS AND .METHODS 

If the frequency of ragweed hay fever and/or other 

allergy in the relatives of a child with ragweed hay fever 

is no higher than in the relatives of a child who does not 

have auch a condition, one might assume that ragweed hay 

fever and/or other allergy is not inherited. This is the 

basic assumption of the present study. If, on the other 

hand, there is a familial tendency, one may proceed to the 

question of whether the familial tendency is genetic, or 

the result of familial environmental factors. Accordingly, 

two groups of individuals were chosen for the comparisons: 

familles of probands with a positive skin reaction to 

ragweed pollen extract and the clinical symptoms of ragweed 

hay fever, and familles of probands with no positive skin 

reactions to the tbree allergens tested and no clinical 

symptoms of ragweed hay fever. Theeocistence of other 

allergies in the probands was taken into consideration in 

the data analysis. 

Because the control probands are members of twin 

pairs, another method used in human genetics to determine 

whether a condition is inherited, the twin study method, 

can also be applied in analyzing this material. If, in 

using the twin method, it is found that the concordance 

rates are higher in monozygotic twins than in dizygotic 
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twins, this is further evidence that the condition 

under consideration is inherited. 

It was decided that 50 probands in each group 

would be sufficient to indioate whether allergy is 

familial. Probands in each group were children fram 

the ages of 5 to 15 years inclusive, who, with their 

parents, had li ved in Montreal (or another loc B. li ty 

with a comparable ragweeà pollen count) for at least 

five years. The last stipulation would ensure adequate 

exposure to the allergen,ragweed pollen. Allergie 

probands were chosen, without knowledge of their family 

history, from the files of ohildren attending the Allergy 

Clinic at The Montreal Children's Hospital or were 

private patients of allergists affiliated with The 

Montreal Children's Hospital. 

The control probands were the first born members 

of twin pairs on file in the Department of Medical 

Genetics at The Montreal Children's Hospital, and 

consisted of 20 monozygotic, 14 like-sexeà àizygotic 

and 16 unlike-sexeà àizygotio twin pairs. Appearance 

appraisal, blood tests and fingerprint analyses, in 

various combinations, were used for zygosity determination. 

In cases in which two sets of twins in the same family 

were in the age range of 5 to 15 years, the first born 

member of the oldest set was chosen as the probanà. In 
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sib analyses, monozygotic t1.·dns were counted as one 

individual, dizygotic twins as two individuals. If 

the "control" proband had both a positive skin test 

to ragweed pollen and the clinical symptoms of ragweed 

hay fever, he was placed in the experimental group. 

Many of the "control" probands, who did not fit into 

either the control or experimental groups because 

they had positive skin tests but no ragweed hay fever 

symptoms, could be used in the determination of con

cordance rates. 

Familles of probands meeting the necessary 

requirements were first oontacted by mail. They 

received a latter, which, in a general mannar, indicated 

the nature of the study, including the type of tests to 

be done and the information required. After allowing 

sufficient time for discussion, the family was contacted 

by telephone to determine its willingness to partioipate. 

If an interest in the study was expressed, an appointment 

was made for a home visit. 

During the visit, the probands' parents and sibs, 

five years of age and older, were skin-tested and an 

allergy history of eaoh was reoorded. Also, allergy 

histories of grandparents, aunts, uncles and first 

cousins of the probands, 10 years of age and older, 

were obtained. Histories were verified whenever 
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possible and were also reviewed by two allergists. 

A. Skin - Testing. 

Skin tests were done for an indication of 

sensitivity to ragweed pollen, to another air-borne 

allergen, grass pollen, and ta a food allergen, egg 

albumen. About 0.02 cc. (Crawford, 1963) of the following 

preparations: ragweed pollen extract, 100 protein nitrogen 

units/cc., grass pollen extract, 100 protein nitrogen units/ 

cc., egg albumen, 1000 protein nitrogen units/cc. and buffered 

saline control solution, were injected intradermally at four 

separate sites in a single vertical row on the forearm. 

The materials were prepared and supplied by the Department 

of Allergy and Clinical Immunology at The Montreal Children's 

Hospital. The arder of injection remained constant through

out the study with the saline control always at the most 

distal site. Since drainage in the lymph vessels in 
/ 

the arm is from distal to proximal, the distal location 

was chosen for the saline injection so there would be 

no drainage to this site to give a false positive con

trol reaction. 

Skin tests were read by examining the sites of 

injection 10 to 20 minutes after administration of the 

allergen. The reaction was compared with that elicited 
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by the saline control (negative reaction). Generally, 

a positive cutaneous reaction is an itching wheal 

surrounded by a flare (Figures la and lb). By our 

criteria, any reaction with a wheal four millimeters 

in diameter or larger, accompanied by sorne area of 

erythema, was considered positive. 

The allergie probands were not usually retested 

when the other family members were being tested and 

their earlier skin test results were used in analyses. 

The earlier results were thought to be the most reliable 

because many of the probands were being treated for 

allergy and treatment may reduce the intensity of the 

skin test reaction {Lamson ~al., 1928). 

B. History - Taking. 

The form used for taking the allergy history of 

irrm1ediate members of the family is reproduced in Figure 2. 

Questions similar to those appearing on these 5heets were 

asked regarding the more distant relatives. 

Only those individuals having characteristic symptoms 

of seasonal allergie rhinitis, perennial allergie rhinitis, 

asthma or eczema were considered to have a major allergy. 

Specifically, allergie rhinitis was diagnosed by a history 

of nasal drainage and the existence of at least two of the 
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Figure la. Positive skin reaction showing 

raised wheal and surrounding flare. 

Figure lb. Enlargement of wheal to show 

pseud opodia. 
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THE MONTREAL CHILDREN 1 S HOSPITAL 
Departments of Allergy and Genetics -- Genetics or Hay Fever Study 

Personal Bistory Form 

NAME:...------------- Rela.tionship: Proband M. F. Sib 

I. SEASONAL ALLERGIC RHINITIS 
During the period 

( 1) Paroxysme of sneezing 

(2) Itching of the nose 

(3) Blocked nose • clear 
discha.rge 

(4) "Cold" without fever 

(5) Red, itcby eyes 

(6) Tearing 

(7) Swollen eyelids 

( 8) Coughing 

II. PERENNIAL ALLERGIC RBINITIS 

Ra.gweed Trees Grasses Moulds 
Aug. 15 Apr.- June- July 15 
-frost Ma.v July -Dec. 

(record .,. or -) 

(1) History of P.A.R. Diagnosed by: doctor self ether 

(2) Continuously blocked nose (3) Paroxysme of ~ to 10 

( 4) N a.sal discha.rge, thin and 
watery 

(6) Constantly itchi.nB nose 

( 8) Recurrent throat clearing 

(10) Recurrent cough 

sneezes 

(5) Or purulent 

(7) Constantly rubbing 
no se 

(9) Post-nasal drip 

(11) Continuous cold, no 
fever 

( 12) More than 1 adenoidectom,y _ ( 13) Polype 

(14) Nosebleeds (15) Croup 

Figure 2. 
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Persanal Histor,y Fo~ 
NMŒ ______________ __ 

III. ASTBMA (record • or -) 

( 1) Histor,y of branchial asthma Diagnosed by s doctor self other 

(2) Periodic attacks ofs 

wheezing _audible laboured breathing -
coughing or bronchitis_ short of breath without exertic:m_ 

(~) Well between atta.cks? __ 

(4) Tille of attacks; Spring Suaer Fall Winter Duratic:m:..-_ 

(5) Precipitated b)rs Food_ Inhalants_ Drugs_ Contactents_ 

Nanspecifics: Exercise_ Emotion_ Humidity_ Others_ 

(6) Treatment. _______ (7) Response. _______ _ 

IV. ATOPIC DERMATITIS (EX:ZFJIIA) 

( 1) Histor,y of eczema 

(record • or -) 

Diagnosed bya doctor self other 

( 2) I tcey rash on creases of arma and legs_ cm neck_ 

face_ 

(~) Does rash come and go? __ _ moist_ dr,y_ scaly_ 

V. DRUG ALLERGY 

Penicillin ___ _ Sulfa:..---
Aspirin __ _ Other. __ _ 

Describe reaotioa ...... ________________________________ __ 

VI. URTICARIA (HIVES) 

( 1} Histor,y of hives Diagnosed b,-1 doctor self other 

(2) Recurrent reddieh welts, that ooae and go withœt leaving 
marks? ___ _ 

( ~) Are vel ts i toby? __ _ 

(4) Recurrent svellings of face_ lips_ eyes_ bands_ 
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Personal Bietor.y Fora -~~-------------
VI. URTICARIA (BIVES) 

(5) Precipitati»B t'a.otorss Food {specit,y). ________ _ 

l>ru88• Penicillin...__ Sulfa...__ Aspirin. __ Other. ___ _ 

Infection._ __ Emotion._ __ Inhalant&.__ __ Conta.otante:.....,_ 

VII. MISCELLANEODS 

(1) Migraine. ___ _ 

(2) Unusua.l vomiting, diarrhoea, or other intestinal upeet alter 
eating any particular food. _____________ _ 

(:5) Contact sensitivitya poison iVY, ___ _ other. _____ _ 

VIII. S'1CIB TESTS 

Ragweed Egg Albumen Grass Control 

Date. ________________ __ 

Interviewer 
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other symptoms listed in the questionnaire. Asthma was 

diagnosed by the presence of wheezing and shortness of 

breath plus supporting information regarding the nature 

of the attacks, their duration, etc. Diagnosis of eczema 

was made chiefly by a history of chronic pruritic eruption 

and by the areas affected--face, trunk, popliteal and 

cubital fossae. 

Slightly different criteria were used for the minor 

allergies. Urticaria was considered only when recurrent, 

and gastro-intestinal allergy only when the offending food 

was identified. Drug sensitivities were diagnosed when 

the specifie agent was known and the symptoms were well

defined (urticaria, dermatitis, exanthem). 

People were questioned concerning contact dermatitis 

due to wool, poison ivy, etc., but in compiling the data, 

this information was omitted since it was felt that re

actions of this nature did not usually constitute an allergy. 

A history of migraine was obtained because some believe 

it to be an allergie manifestation. However, although it was 

omitted in the analyses of major and minor allergies, a com

parison was made of the prevalence of migraine in the experi

mental and control groups. Migraine was diagnosed if the 

individual had an aura (flashing lights, etc.) with nausea 

and unilateral headache of great severity. 
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V. RESULTS 

When this study originated, it was proposed to 

compare the prevalenoe of allergie symptoms and positive 

outaneous reactions in two groups, an "allergie" ex

perimental group with probands ohosen from the Allergy 

Clinio at The Montreal Childrants Hospital and from 

private allergy practioes, and a "non-allergie" control 

group ohosen from files of twins. However, it soon 

beoame evident that those allergie probands who were 

private patients must be plaoed in a separate group 

from those who were olinic patients beoause the two 

groups were seleoted by different people (their aller

giet in the first casa, and the present investigator 

in the second) and because the two groups appeared to 

differ in a number of ways. To distinguish these 

groups in the following discussion, the group of 

50 familias obtained through the Allergy Clinic will 

be k:nown as "Experimental Group I" and the group of 

12 frunilies from the private allergy praotices as 

"Experimental Group II". The third group is the 

Control Group. 

There were two familias in Experimental Group I 

which might have been asoertained twice (because a 

sibling met proband requirements) but since counting 
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these familias once or twice would make little difference 

to the final totals, they were inoluded only once. 

The pertinent facts ooncerning the structure of 

eaoh group are given in Table 2. The table shows mainly 

that the siblings and parents of the probands in Ex

perimental Group I and the Control Group are older 

than those in Experimental Group II, that Experimental 

Group II familias are the smallest, and that there is 

an excess of males in the siblings of allergie probands. 

The twins (Control Group probands) are usually among the 

younger members of their familias beoause of the known 

correlation of ~winning with maternal age (Enders and 

Stern, 1948). The differences in the three groups are 

not so great as to make oomparisons invalid and they 

aotually aid in explaining the results. The question of 

abnormal sex ratios will be discussed elsewhere. 

Separate analyses were done for prevalence of 

positive cutaneous reactions'and of clinical symptoms 

because the correlation between the existence of a 

positive cutaneous reaction to an allergen and the 

development of clinical symptoms from exposure to that 

allergen is not absolute, and because not all the 

allergens responsible for clinical symptoms are being 

tested. The resulta should, however, be similar in 

both cases. 
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Table 2. Coapa:r18011 of the structure of E:xperiwental Group 
l, Ex.perlmen:bl Group II, and the Control Group. 

Exp. Exp. Control 
Glygp I Group II Group 

Average age of 
proband (;;reara) 

1o.;:t;.o 9.6:1:2.6 9.1:t;.o 

Ave~ mate:rnal 
age {;;rears) 

:59-9*5.8 ;6.4:1:5.8 :59.6:1:5.6 

Ave~ patemal 4:5-4:1:5·9 
age (J-ean) 

:59-8%5-5 42.7i7.2 

Average ,. of 
sibsl(;;rears) 

12.9%6.2 8.1:1:2.1 1;.1.1:4.6 

Birth ~of 2.4 1.5 ;.2 
proband 

Average3fami~ 2.8 2.; 2.~ 
aize 

Sex ratio5:t.n 2.6 1.0 1.; 
probands 

Sex ratio5tn sibs 2.1 4.; 0.8 
of probs:nda 

1. At test!Dg. 
2. Includin& stillbirtha, misca:rriages and abortions. 
;. Inclu.dirlg ~ li "f'iDg chil.dren fi ve ;;reara of age and over. 
4- Exc1u.ding ~. 
5· Males per female. 
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A. Resulta from Skin-Testing. 

Table 3 presents the results from 1338 skin tests 

performed on 446 near relatives of 112 probands in the 

period from October, 1962, to February, 1964. Generally, 

the number of positive skin reactions to ragweed pollen ex

tract accounts for the majority of positive reactions. 

Figure 3 illustrates the relative frequencies of positive 

skin tests to ragvJeed and grass pollen for Experimental 

Group I and the Control Group. There are so few reactions 

to egg albumen that these tests will be inoluded only in 

discussion of Table 3 and will be omitted from further analyses. 

The consistent increased frequency of positive skin 

tests to ragweed pollen, grass pollen or to at least one 

allergen in the two Experimental groups over that in the 

Control Group implies a familial tendenoy. The frequenoies 

of positive reactions to ragweed pollen, grass pollen or 

to at least one allergen were significantly higher in the 

mothers, fathers and siblings in Experimental Group II 

than those in the Control Group. In Experimental Group I-

Control Group comparisons, only the differences in re

actions between the siblings are significant. Numbers 

of positive skin tests are significantly higher in all 

comparisons between Experimental Groups I and II, except 

for the cases of siblings with a positive skin test to 

ragweed pollen and of mothers with a positive reaction 
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Table 3. Reactians to a1l s1dn teste in JDOthers, fa.thers and 
eiblings of probands. 

Exp. Exp. Control 
Positin 

IGry : ::?II J Gr;:' B.eacticm iO i ! 1 i 
At Least One Allergen 

Mot hers 50 14 28.0 12 6** 50.0 50 9 18.0 

Pathera 50 14 28.0 12 1** 66.6 50 10 20.0 

PAREN'lS 100 28 28.0 24 14** 58.3 100 19 19.0 

SIBLIBGS 82 25** ;o.5 16 9** 56.3 124 10 8.1 

Ragweed Pollen 

Mothers 50 12 24.0 12 6** 50.8 50 8 16.0 

Fa.thers 50 14 28.0 12 8** 66.6 50 9 18.0 

PABD!S 100 26 26.0 24 14** 58.3 100 17 17.0 

SIBLIBGS 82 23** 28.0 16 6** 37 ·5 124 8 6.5 

Grass Pollen 

Mothers 50 6 12.0 12 4** 33·3 50 3 6.0 

Fatbers 50 5 10.0 12 7** 58.3 50 5 10.0 

PABl!Zf're 100 11 u.o 24 ll** 45.8. lOO 8 8.o 

SIBLDIGS 82 12** J.4.6 16 6** ~7-5 124 6 4.8 

Egg Allnuuen 

Mot hers 50 1 2.0 12 0 50 1 2.0 

Fa.thers 50 1 2.0 12 0 50 3 6.0 

PARENTS 100 2 2.0 24 0 100 4 4.0 

SIBLINGS 82 1 1.2 16 0 124 2 1.6 

1 total mm&ber 
1 JWDiber positive or a.f!ected 
~ percent positive or a.ffected 
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RAGWEED GRASS RAGWEEO GRASS RAGWEED GRASS 

MOTHERS FATHERS SIBLINGS 

~ EXPERIMENTAL GROUP :I 

CJ CONTROL GROUP 

Figure 3. Skin test reactions to ragweed and 

gra$S pollen in near relatives of probands. 
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to "at least one allergen." (All probability values 

quoted are obtained from a "one-sided" Student's t table 

sinoe the oomparisons are all olear-cut cases of expecta

tions for the experimental series being higher than for 

the control series, when the values being compa.red are 

not equal.) · 

The results fnom Experimental Group I indicate 

a similar frequency of positive skin tests to ragweed and 

grass pollen, or to at least one allergen, in the mothers, 

fathers and siblings of the probands, i.e. there is no 

increase in the number of positive reactions with age 

(Table 3). The frequenoy of positive reactions to grass 

pollen is about half the frequenoy of positive reactions 

to ragweed pollen. Detailed analysis of the skin test 

responses to ragweed pollen only, grass pollen only, or 

to both of these allergens {Table 4) shows that almost 

half of those who react to ragweed pollen also reaot 

to grass pollen (20/49)~ and that nearly all of those 

who reaot to grass pollen also reaot to ragweed pollen 

(20/23). Only three of the 182 parsons in this group 

reaot to grass pollen extract alone. 

There are proportionally more positive outaneous 

reactions in Experimental Group II than in the other two 

groups. Approximately the same peroentages of siblings 

as parents of the probands reaat to at least one allergen, 
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Table 4. Reactions to 8ldn testa for ragweed and grass pol-
le in aothers, fathe:ra and siblings of probands. 

Exp. Exp. Control 
PositiTe a:w;e 1 Groo.:e II 

li Gr;: Reacticm tg 11 1 ! % 1 ! 
Ragweed Pollen Only 

Mothe:ra 50 7 14.0 12 2 16.7 50 5 10.0 

Fathers 50 9 18.0 12 1 8.} 50 4 8.0 

Sibli:Dgs 82 13 15.9 16 3 18.8 124 4 3.2 

Grass Pollen Only 

Mothers 50 1 2.0 12 0 50 0 

Fa.thers 50 0 12 0 50 0 

Siblings 82 2 2.4 16 } 18.8 124 2 1.6 

Both Rapeed and Grass Pollen 

Mot hers 50 5 10.0 12 4 ;3.3 50 3 6.0 

Fa.thers 50 5 10.0 12 7 58.0 50 5 10.0 

Sibli:Dgs 82 10 12.2 16 3 18.8 124 4 }.2 
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and to grass pollen extract, but fewer siblings than 

parents reaot to ragweed pollen extract, although the 

difference is not significant (P=.05-.10) {Toole 3). 

More than half of the parents who have a skin test 

reaction react to grass pollen as well as to ragweed 

pollen (11/14), but none of the 14 parents with a skin 

sensitivity reacts to grass pollen alone (Table 4). 
On the other band, some siblings (3/16) do reaot to 

grass pollen ~one, but a lower proportion of siblings 

than parents reacts to both pollens (3/16 of the 

siblings versus 11/24 of the parents). This internal 

distribution (Table 4) accounts for the results seen 

in Table 3· 

In the Control series, the prevalence of positive 

cutaneous reactions is signifioantly higher in the parents 

of the probands than in their siblings (P(.Ol), i.e. the 

number of positive skin reactions increases with age 

{Table 3). Again, as in Experimental Group I, about one

half {8/17} of the parents who sl1ow a positive cutaneous 

reaction to ragweed protein also respond to grass 

protein (Table 4). None of the 100 parents tested 

reaots positively to grass pollen alone. In the 

sensitized siblings, the distribution of positive 

reactions to ragweed pollen, or to grass pollen, or 

to both, approximates a 1:1:1 ratio. This ratio is 
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similar to that observed in sibs in Experimental Group II, 

but there the proportions affeoted are muoh greater than 

in the Control Group. 

Many of the allergie probands also are sensitive 

to both ragweeà and grass pollen. Sixty-six percent 

(33/50) of the Experimental Group I and 58.3% (7/12) 

of the Experimental Group II probands show àQuble 

sensitivities {Appendix Tables A-l and A-4). 

To verify the apparent increase in frequenoy of 

positive skin tests with age sean in the control series, 

the frequencies of individuals (excluding the probands) 

with at least one positive skin test, in the various 

age groups from age five upwards, were calculated for 

all three groups (Table 5) and graphed (Figure 4). 
The frequenoies of individuals with at least one 

positive skin reaction in Experimental Group II are 

oonsistently high and there is a marked fluctuation 

beoause the numbers in each group are small. The 

frequenoies in Experimental Group I begin at 30.3% 

for the age range 5 to 9 years, and increase somewhat 

with age to a peak frequenoy of 42.9% in the 35 to 

39 years range, then decrease quite abruptly. For 

the Control Group, the frequencies are lower than in 

the experimental groups, as would be expected, and 

the peak frequency, 26.7% is in the age range 30-34 
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Table 5. Parents and siblings with at least one positive 
sk.in test, classified by age group. 

Exp. Exp. Control 

1;e!:f 
Grou12 1 

i 
Grou;e 11 Grou.12 

% N i J 1 ! 1 1 

5-9 ;; 10 ;o.; 11 5 45.5 43 ; 7.0 

10- 14 26 9 )4.6 5 4 80.0 52 ; 5.8 

15 - 19 18 6 ;;.; 0 0 25 4 16.0 

20 - 24 3 0 0 0 ; 0 

25 - 29 4 1 25.0 1 1 100.0 2 0 

;o - 34 12 5 41.7 6 4 66.7 15 4 26.7 

35 - 39 21 9 42-9 10 5 50.0 27 7 25.9 

40 - 44 31 6 19.4 4 ; 75.0 24 ; 12.5 

45 - 49 23 5 21.7 2 1 50.0 26 5 19.2 

50 and over ll 2 18.2 1 0 7 0 

li total number 
# number positive or affected 
% percent positive or affected 
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years but the frequency here is not very different 

from that (25.9%) in the age range 35-39 years. A 

similar plateau from 30-39 years oocurs in both 

groups. Also, in the Control Group as in Experi

mental Group I, there ia a noticeable decrease in 

skin sensitivity after the peak is reached. In the 

Control Group there appears to be a somewhat greater 

increase in sensitivity with age than noted in the 

other groups, but unfortunately, the numbers of in

dividuals neoessary for definite conclusions are 

lacking, especially in the late teens and twenties, 

where the trend would be expected to be most prominent. 

This approach to the resulta has revealed that 

there is a higher frequency of positive skin reactions 

in the experimental than the control groups. The 

difference is significant in all comparisons between 

Experimental Group II and the Control series, but 

only between the siblings of Experimental Group I 

and those of the Control series. The Control Group 

demonstrated that there may be increased sensitization 

with age. This trend was not as obvious in the 

experimental groups. In addition, it became evident 

that sensitization to grass pollen was nearly always 

accompanied by sensitization to ragweed pollen, but 

the reverse was not true. 
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If a familial tendency for the ability to 

form skin-sensitizing antibodies is assumed, the next 

logical step is to determine the frequencies of af

fected offspring when both, one or neither of the 

parents is affected. This analysis has been done 

for positive skin tests to ragweed pollen and to 

grass pollen (Table 6). The data for "any positive 

test" are very similar to those for ragweed pollen 

alone and are, therefore, omitted. 

In many cases, the numbers are small and little 

difference is observed in the frequencies of affected 

offspring when one or both parents are affected and, 

indeed, in Experimental Group II, it appears that 

the greatest proportion of offspring are sensitized 

to ragweed pollen when neither parent is sensitized, 

but this is presumably a random fluctuation resulting 

from the small numbers involved. The overall indication 

in that when one or both parents are sensitized, the 

offspring are more likely to be sensitized. A x2 test 

for differences in sensitivity to ragweed and to grass 

pollen in Experimental Group I confirma this indication 

for there is a significant difference between numbers 

of affeoted siblings when parents are or are not affected 

(P:( .01 for both ragweed and grass pollen). 

Table 7 presents the outcome of concordance 
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Table 6. Atfected sibl:lnga from mati'Dgs in wbioh botb, one 
or Mi thar panm:t baa a poai tiTe a1d:D. test to rag-
weed or graae pollen. 

~- CkOitU 1 :&xtJ • Grou.12 n 
total att. ~ total att. J 
lib a sibl a.rr. si ba aibs pJf. 

Bagweed-poaitift !esta 

affected x af'fected 8 3 37-5 6 2 33-3 

affeoted x normal 25 13 52.0 6 2 33.3 

normal x nomal 49 1 14.3 4 2 50.0 

Grass-positiw lfesta 

affected x atfected 2 1 50.0 3 1 33-3 

af'feoted x normal 12 4 33·3 9 5 55.5 

nom.al x Bormal 68 1 10.} 4 0 
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studies on skin test reactions in 18 twin pairs in which 

at 1east one member of each pair had at 1east one positive 

reaction. The data revea1 a s11ght1y higher concordance 

rate in monozygotic twins than in dizygotio twins Jn both 

Table 7• Concordance rates for skin tests in twins. 

Monozygotic 

Dizygotio 

No. of 
Eairs 

8 

10 

Any_ a!lergen 
Concordant 
no. % 

4 so.o 
3 30.0 

x2=.8 

P=.15-.2o 

3Eeoifio a1lergen 
Concordant 
no. % 

4 so.o 
2 20.0 

x2=1.8 

P=.os-.10 

of the categories, response to a "specifie a1lergen" 

(4/8 versus 2/10) and response to "any a11ergen11 {4/8 

versus 3/10). There is no change in the rate of con

cordance (50.0%} in the two categories for the monozygotio 

twins, implying that when both twins are sensitized, they 

are both sensitized to the same allergen. This is not so 

much the oa.se for dizygotio twins. Further, the average 
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age of the concordant monozygotic twins (11.8 years) is some

what lower than that of the discordant monozygotic twins (12.8 

years). The opposite situation is true for the dizygotic twin 

pairs where average age for the concordant dizygotic pairs is 

10.7 years and for the discordant pairs is 7•7 years (for the 

ca tegory, re sponse t o "any allergen". 

A sex ratio of 3.25 (26 males : 8 females) for the 

total affecteà siblings of allergie probands in Experimental 

Groups I and II was calculated from data regarding sensitiz

ation to ragweed pollen. A similar excess of affected males 

is seen in the twin data where, of the 18 twin pairs in Table 7, 

all eight pairs of monozygotic twins and four of the seven 

pairs of like-sexed dizygotic twins were male pairs. 

B. Results from History-r:J;aking. 

The data for analyses of clinical symptoms includes 

only 45 of the 50 control familles since five of the control 

probands, although they had no positive skin reactions to 

the allergens tested and no ragweed hay fever symptoms, did 

have seme ether allergie symptoms (Appendix Table A-7). All 

sibs on whom a history was obtained were included, 

regardless of whether they had been skin-tested. The results 

from symptoms confirm the trends seen in the skin-test data, 

but these trends are not as well-defined as in the first case. 
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Most individuals with an allergy usually have more 

than one type of allergie disorder. For example, of the 

probands in Experimental Groups I and II, all but three 

in each group had symptoms of at least one other major 

allergy basides ragweed hay fever (Appendix Tables A-l 

and A-4). 

Table 8 summarizes the findings regarding various 

allergie symptoms in the three groups being compared 

and indicates the significant differences between the 

experimental and control series. Many of the differences 

between Experimental Groups I and II, although not in

dicated, are also significant. Figure 5 compares the 

prevalence of ragweed and grass hay fever in Experimental 

Group I and the Control Group~. It is immediately 

evident that, whereas the fathers and siblings in the 

experimental groups usually have a higher overall 

proportion of symptomatic allergy than those in the 

control series, the prevalence of symptomatic allergy 

ln the mothers ln Experimental Group I is genera.lly 

lower than ln the Control Group mothers, except in 

the cases of asthma and grass hay fever. 

Beoause of this discrepancy between symptoms and 

skin sensitization, Tables 9a and 9b were drawn up to 

determine the relationship between a positive skin 

reaction to an allergen and the development of clinical 
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Table 8. Allergie S)'Jilptoms in aothers, f'athera and aiblings 
of' proba:nda. 

Exp. Exp. Control 

ÎGmr 
1 i a~n 

Î ! • Grrl) i 
~ Major Al.lergy 

Mothera 50 1~ 26.0 12 8** 66.7 45 12 26.7 

Fathera 50 20** 40.0 12 7** 58.3 45 6 13.3 

Siblings 90 24** 26.7 16 6** 37.5 126 14 ll.l 

Rasweed Bq PeTer 

Mot bers 50 5 10.0 12 6* 5().0 45 8 17.6 

Fatbers 50 9* 18.0 12 5** 41.7 45 3 6.7 

SiblJM! 90 J.l* 12.2 16 4** 2;.o 126 6 4.8 

Grass Ha;r Fever 

Mot hers 50 2 4.0 12 4** 33·3 45 1 2.2 

Fatbers 50 4 6.0 12 2 16.7 45 3 6.7 

Sibli.Dgp 90 4 4.4 16 4** 25.0 126 1 o.e 

Peremû.al. Allergie Rbini tis 

Mot bers 50 5 10.0 12 5* 41-7 45 7 15.6 

Fathere 50 10 20.0 12 3 25.0 45 0 

Siblânn 90 p J.2.2 16 2 12.5 126 5 4.Q 

Asthma 

Mot bers 50 6 12.0 12 2 16.7 45 3 6.7 

Fatbers 50 4 e.o 12 4** 33.3 45 2 4-4 

Siblipg 20 7 7.8 l' 0 126 4 ,,2 

J.rt7 M:inor .Ulergr 

Mothe re 50 11 22.0 12 4 33-3 45 16 35.6 

Patbers 50 14 28.0 12 1 6.3 45 9 20.0 

Si bliDa 20 li 18:2 16 ~ ;LB.§ 126 20 12·2 
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RAGWEED GRASS RAGWEED GRASS 

MOTHERS FAT HERS 

~ EXPERIMENTAL GROUP I. 

D CONTROL GROUP 

RAGWEED GRASS 

SIBLINGS 

Figure 5. Ragweed and grass hay fever 

m near relatives of probands. 
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Table 9a. Positive a1d.n tests aDd bq f'eTer IQJ!lPtœ& from 
ragveed pollen in aothers, tatbers and siblings 
of' probads. 

Exp. Exp. Caatrol 

-~1 1 1 Î Gryo ~ JI G~ ~ 
MOTHERS 50 l2 45 

Sldn test onl.7 7 J.4.0 0 l 2.2 

Syaptoms œl.7 0 0 l 2.2 

Both 5 10.0 6 5(>.0 7 15.6 

I'ATBERS 50 12 45 

Sld.n test CIIÜ7 5 10.0 3 25.0 6 13.3 

Symptoms œly 0 0 0 

Both 9 18.0 5 41.7 3 6.7 

SIBLIJGS 82 16 117 

Sldn test onl.7 12 ].4.6 2 12.5 ; 2.6 

Symptoma onl.7 0 0 1 0.9 

Both 11 13.4 4 25.0 5 4.3 
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Table 9b. Positive sld.n tests and ba;r feYer 81J1Ptoms from 
grass polle in mothers, · fathers and siblings ot 
probands. 

Exp. Exp. Control 

~1 Grr Il Grou;e 
i J 1 1 ! 1 ! 

MO!BE8S 50 12 45 

Sldn test onl7 5 10.0 0 3 6.7 

Symptœs onJ.y 1 2.0 0 1 2.2 

Both l 2.0 4 ;;.; 0 

FATBERS 50 ·12 45 

Skin test~ 3 6.0 5 41.7 3 6.7 

Symptoms anl.y 2 4.0 0 1 2.2 

Both 2 4.0 2 16.7 2 4-4 

SIBLIBGS 82 16 ll7 

Skin test on.l.7 8 9.8 2 12.5 5 4-3 

S,aptou ~ 0 0 - 0 

Both 4 4·9 4 25.0 1 0.9 
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symptoms upon exposure to that allergen. In the case 

of ragweeà, it is quite common to have a positive skin 

test to ragweeà pollen without symptoms but only rarely 

do those who have clinical symptoms not have a positive 

skin test. Proportionally fe'to~er of the skin-test 

positive Experimental Group I mothers ~ave àevelopeà 

clinical symptoms of ragweed hay fever (.5/12) than have 

the skin-test positive Control Group mqthers (7/8) but 

the difference is not significant. With respect to 

the development of symptoms, the Experimental Group II 

mothers are similar to the Control Group mothers. The 

fathers and siblings in all three groups respond in a 

manner similar to the Experimental Group I mothers, 

i.e. many with a cutaneous reaction do not develop 

clinical symptoms.(Table 9a). 

The correlation between skin tests and history 

is not as good for grass pollen as for ragweed pollen 

sensitivities, (Table 9b). This poorer correlation 

is noted in Experimental I and the Control Groups where 

there is a total of five individuals who apparently 

have a history of seasonal allergie rhinitis from 

grass pollen but do not have a skin reaction to it. 

It is also seen in the Control Group mothers where 

three have a positive cutaneous reaction, one has 

clinioal symptoms of hay fever, but none has both. 



- 79 -

Experimental Group II is most consistent in these 

oomparisons sinoe all of those who have symptoms also 

have a positive skin test. This is a result of the 

allergists giving a positive diagnosis of allergy only 

if the symptoms were confirmed by skin sensitivity. 

To examine further the correlation between skin 

reactions and symptoms, the data for seasonal allergie 

rhinitis from ragvreed and grass pollens was approached 

in the same manner as was the data for skin tests to 

these allergens (Table 10). The results from clinical 

symptoms confirm those from skin tests in all groups 

in that a relatively larger proportion of those affected 

with hay fever suffer from ragv1eed hay fever alone, or 

from both ragweed and grass hay fever, than suffer from 

grass hay fever alone. In the Control series, there is 

no definite pattern of increase in frequenoy of hay 

fever symptoms with age. Confusion exists because the 

number of mothers suffering from hay fever (8/45) is 

significantly higher (x2=7.5, P(.Ol) than the number of 

siblings affeoted (6/126), but there is no signifioant 

difference between the number of fathers {4/45) and 

the numbers of mothers affected (X2=1.5, P=.l0-.15} 

or between fathers and siblings affected {X2=.6, P=.20-.25}. 

Despite the low prevalence of some allergie mani

fest o.tions in Experimental Group I mothers, further 
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Table 10. Bs8weed and gra.aa ~ tever ill aothera, fa.thers 
and Biblinga ot probands. 

Exp. Exp. Control 

ï
0"?!f: ;ti ~II 1 i 1 °?! Î 

Rapeed Bq Fever Onl.7 

Mothera 50 4 8.0 12 2 16.7 45 7 15.6 

J'a.tbers 50 6 12.0 12 3 25.0 45 1 2.2 

SibliDga 90 8 8.9 16 1 6.3 126 5 3-9 

Grass Bq Fever ~ 

Motbere 50 1 2.0 12 0 45 0 

Fa.thers 50 1 2.0 12 0 45 1 2.2 

Sibl.ings 90 1 1.1 16 1 6.3 126 0 

:Both Ragweed and Grass Bq Fner 

Mothers 50 1 2.0 12 4 33·3 45 l 2.2 

Fathera 50 ' 6.0 12 2 16.7 45 1 4·4 

SibliDga 90 3 '·' 16 ' 18.8 126 1 0.8 
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analyses were performed, partly to determine the effect, 

if any, of the discrepancy on confirming or rejeoting 

the view that an allergie tendency is inherited. The 

percentages of probands in Experimental Groups I and 

II and the Control series having one or both parents 

affected with a major allergy are 54.0%, 100.0~ and 

32.0%, respectively. The differences between experi

mental and control series are significant in both 

cases (P(.Ol) and this strengthens the idea of a 

familial tendency in allergy. A mating analysis 

was performed (Table 11) which shows that when one 

or both parents have major or minor allergies or 

ragweed hay fever, slightly more of the siblings 

will have these conditions than when neither parent 

is affected. However, the similarity in the proportions 

affected is more remarkable than the difference and is 

most marked in the case of ragweed hay fever symptoms 

l>rhere 13.6% {3/22) of the siblings have ragweed hay 

fever when the parents are affected as compared with 

11.8% (8/68) when the parents are unaffected. (The 

same comparison concerning skin reactions to ragweed 

pollen shows a significant difference between the 

groups with affected and "normal" parents). 

Since the differences were so slight and it 

appeared as if, rather than inheriting a predispositlDn 
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Table 11. Af'f'ected siblinp from matings in wbich both, one 
or neither parent has the specified allergie 
symptoms. 

Bxn 1 Group 1 ixD • GX'OU'D 11 
total af'f. ~ total aff'. " sibs aibs aff. aibs ai ba aff. 

Major Allergies 

af'fected x af'fected 8 1 12.5 3 2 66.7 

af'fected x normal 33 13 39-4 13 4 30.8 

normal x normal 49 10 20.4 0 0 

Minor Allergies 

af'fected x af'fected 11 2 18 .. 2 0 0 

af'fected x normal 33 8 24.2 7 1 14-3 

normal x normal 46 7 15.2 9 2 22.2 

Ragweed Bq Fever 

af'fected x af'tected 2 1 50.0 ; 1 ;;.; 

af'fected x normal 20 2 10.0 7 2 28.6 

normal x normal 68 8 11.8 6 1 16.7 
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to develop ragweed hay fever, one inherits a general 

predisposition to develop allergie manifestations or 

perhaps the ragweed hay fever gene has reduced penetrance, 

the proportions of siblings with ragweed hay fever, when 

parents had or did not have specified allergies other 

than ragweed hay fever, were determined for Experimental 

Group I. (Table 12). The most striking results are 

for perennial allergie rhinitis where parents with this 

allergie manifestation have more children with ragweed 

hay fever than parents who do not have perennial 

allergie rhinitis. The difference is significant 

(X2=3.0, P=.025-.05) but there is no indication of 

whether it is real. The numbers in each group would 

be too small to make a similar analysis for Experimental 

Group II useful. 

The summary of the data on allergie symptoms 

in twins (Table 13) can merely be used to indicate a 

trend. For twin pairs in which at least one member 

is affected with symptoms of at least one major allergy, 

there is a higher concordance rate in monozygotic than 

in_ dizygotic ra irs for both "any major allergy" and a 

"specifie major allergy" (3/6 versus 1/11) but the 

difference is not significant {P=0.099, Fisher's Exact 

Method). The concordance rates do not vary for the 

two classifications of allergy. The average age of 
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Table 12. Siblings vi th ragweed ha.Y fever from matings in 
which both, one or neither parent bas other speci
fied allergies, but not ragweed haJ fever. 
(Experimental Group l) • 

Allergie S:no::ptoma in Parents 

Major Allergies 

One or both parents af'fected 

Beither parent a.ffected 

A.ffected Siblr=:s 
• il 

19 3 15.6 

49 5 10.2. 

Seasonal Allergie Rhini tis Other Than Ragweed ~ Pever 

One or both parents af'fected 1 0 

Neither parent affected 67 8 11.9 

Perennial Allergie Rhinitis 

One or both parents affected 11 3 27-3 

Neither parent affected 57 5 8.8 

Asthma 

One or both parents a.ffected 8 0 

Neither parent affected 60 8 13.3 

Eczema 

One or both parents a.ffected 2 0 

leitber parent a.ffeêted 66 8 12.1 
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the concordant monozygotic twins is 11.3 years and of the 

discordant monozygotic twins is 10.3 years. The corres

ponding figures for concordant and discordant dizygotic 

Table 13. Concordance for symptoms of major allergies in twins. 

An-s. allers-s. SEecific allerg-s. 
No. of concordant concordant 
;eairs no. ~ no. ~ 

Monozygotic 6 3 ,50.0 3 ,50.0 

Dizygotic Il 1 9.1 1 9.1 

twins are ,5.0 and 8.9 years,respectively. 

The frequencies of grandparents, uncles, aunts and 

first cousins affected with any allergie manifestation 

was calculated for each of the three groups. These fre

quencies are 7·9% for Experimental Group I, 24.4% for 

Experimental Group II and 7.0% for the Control Group. 

In both Experimental I and the Control Groups the fre

quencies of symptoms in grandparents was 10 to 14%, 

and in uncles, aunts and cousins was approximately 5 

to 9%. The frequency of migraine in the near relatives 

(parents and sibs) of Experimental Group I probands is 

8.4% and for the Control Group is 6.2%. There were no 
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reports of migraine in near relatives of Experimental 

Group II probands. 

The sex ratio in the 24 allergie sibs of Experi

mental Group I probands is 2.4, and for the sibs of 

Experimental Group II is 6.0. Of the three concordant 

sets of monozygotic twins, two are male pairs. The 

concordant dizygotic twin pair is unlike-sexed. 
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VI. DISCUSSION 

Numerous investigators, using a variety of 

approaches, have confirmed the hereditary nature of 

allergy (Cooke and vander Veer, 1916; Wiener~ al., 

1936; Van Arsdel and Motulsky, 1959; etc.). Many 

also acknowledge the large part played by the environ-

ment in the development of allergie disorders {Schwartz, 

1952; Rapaport, 1958; Maternowskl and Mathews, 1962; 

etc.). The findings of Adkinson {1920) and Bray {1930), 

which demonstrate a higher frequency of allergie disorders 

in the mothers than the fathers of allergie ohildren, are 

the only resulta which oould conceivably be used as evidence 

for acquisition of allergie disorders by trans-placental 

or trans-milk transmission. The present study supports 

the view that both hereditary and environmental factors 

are necessary for the development of allergie disorders, 

but there is no evidence of trans-placental or trans-milk 

transmission of these disorders. 

Most of the conclusions of the present study are 

based on skin-test resulta because skin tests were the 

most reliable source of information. The data for 

clinical symptoms reflect the trends observed in the 

skin-test resulta, but are a less valuable source of 

information because of their subjective nature. 

The higher frequencies of positive skin tests to 
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ragweed pollen, grass pollen or to at least one allergen 

(including egg albumen), in the near relatives of the 

experimental probands as compared with the frequencies 

in the same groups of relatives of the Control Group 

(except in the identical responses of Experimental Group I 

and Control Group fathers to grass pollen) is evidence for 

familial tendency in the development of skin sensitivity, 

although not all of the differences are significant. 

Table 14 displays representative results from reactions 

to ragweed pollen extract. This pollen is the most 

prevalent allergen of the three tested and therefore 

accounts for the greatest proportion of skin reactions. 

Table 14. Skin test reactions to ragweed pollen extract 
in mothers, fathers and siblings of probands. 

Ex;e. Grou;e I ExE· GrouE II Control 
N # ~ N Il. ~ N 71 tf 

Mot hers 50 12 24.0 12 6 50.0 50 8 16.0 

Fathers 50 14 28.0 12 8 66.6 50 9 18.0 

Siblings 82 23 28.0 16 6 37·5 124 8 6.5 

Table 14 also shows that the frequency of positive 

skin tests in Experimental Group I is the same in the 



- 89 -

parents as in the siblings while in the Control Group, 

the parental frequency is significantly higher than the 

sibling frequency (P(.Ol). Furthermore, the frequency 

of positive skin tests among the Experimental Group I 

siblings is significantly higher than the frequency 

among the Control Group siblings (P(.Ol), but the dif

ference in response between the parents of the two 

groups is not significant. The most obvious inter

pretation of these results is that, in Experimental 

Group I, where an hereditary factor is presumably 

operating, individuals become sensitized with minimum 

exposure to the allergen and the sensitivity persists 

until late in life. In the Control Group, on the 

other hand, where there is presumably no hereditary 

factor acting, but where there is an observed increase 

in the frequency of skin sensitization with age, in

dividuals apparently develop a sensitivity from a 

large exposure to the aller~en. This is probably 

an oversimplification of the situE,_tion since an at

tempt to verify the increase vli th age by plot ting 

percentage with any positive skin test versus age failed 

to give a line with a markeà positive slope. However, 

there were few indiviàuals in any one age group, es

pecially in the late teens and the twenties where the 

trend might reasonably be expected to occur. Hence, 
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this explanation is one of the possibilities and is 

biologioally feasible. 

The situation for Experimental Group II is 

somewhat different from that for the other groups and 

deserves special consideration. The first thing whioh 

is obvious is the high frequenoy of positive skin tests 

in both the parents and sibs as compared with Experi

mental Group I. Reasons for this oan only be suggested. 

It is obvious that a different sooio-eoonomic group 

would see a private praotitioner than would attend a 

olinio. It is hardly logical to believe that one 

group would have more allergy than the ether. The 

reason for the elevated frequency of allergy is not 

apparent, but the answer would probably be found among 

the answers to the question "What makes a private 

practioe different from a public praotice?" There 

may be significant differences in racial composition, 

age distribution, and a variety of more or less subtle 

environmental factors that may render the two groups 

non-comparable. Possibly there may be selection for 

positive family history in the private praotice in 

that a parent who knows about allergy from personal 

experience may take his allergie child directly to 

his allergist, whereas a non-allergie parent may take 

his child to a general practitioner or speoialist 
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in interna! medicine. 

One must also consiàer the possibility that there 

was an unconscious selection, by the observera, for a 

positive family history of allergy, anà espeoially of 

ragweeà hay fever, in choice of the probands, soma of 

whom were new patients requiring treatment for ragweeà 

hay fever. In a gooà allergy practice of long standing, 

there will be a certain amount of interrelationship 

among the patients so the practitioner may, in many 

cases, have a gooà iàea of the family history of a new 

patient before asking the routine questions. Further, 

one cannat be entirely objective in selecting patients 

from his own practice because of the persona! relations 

aspect. Some patients anà their familias are very 

willing to participate in a research project while 

others would be offendeà at being asked. 

It appears, then, that this method of obtaining 

probands resulta in an artificial population which can 

give rise to contradictory results such as seen in 

Table 15, where a higher proportion of affeoted siblings 

resulta from matings in which neither parent is affected 

than from those in which one or both parents are af

fecteà. Granted, the numbers are small anà the results 

very prone to chance fluctuations, but one of the reasons 

that the number of siblings in the group with a negative 
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parental history is proportionally smaller than in 

Experimental ·3-roup I, is that the number of probands 

Table 15. Siblings with a positive skin test to ragweed 
pollen when both, one or neither parent has a 
positive skin test to ragweed pollen. 

Ex;e. 
N 

Grou;e II 
il ~ 

Ex;e. Grou;e I 
il ~ N 

One or both parents 12 4 33-3 33 16 48.5 
affeoted 

Neither parent affeoted 4 2 50.0 49 7 14·3 

with a positive parental history is proportionally higher. 

The second obvious difference in Experimental 

Group II, noted from Table 14, is that although there 

is presumably the same hereditary factor acting here as 

in Experimental Group I, the frequenoies of positive 

skin tests to ragweed and grass pollen are slightly 

(but not significantly) higher in the parents than in 

the siblings (Table 16). This suggests that the sib-

lings have not yet had the neaessary minimum exposure. 

The suggestion is acceptable for two reasons: (1) the 

siblings in this group are younger, on the average 

+ (average age 8.1~2.1 years), than those in Experimental 

Group I (average age 12.9±6.2 years), and (2} the parents 
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in Experimental Group II are in a higher income bracket 

than those in Experimental Group I, and hence are more 

Table 16. Reactions to skin tests for ragweed and grass 
pollen in parents and siblings or Experimental 
Group II probands. 

Parents 

Siblings 

Ra~eed pollen 
# % 

24 
16 

24 
16 

11 

6 

45.8 

37·5 

likely to spend the summer in areas relatively free of rag

weed pollen, expecially since at least one member of the 

fruaily, the proband, who is usually the eldest child, al

ready bas ragweed hay fever. 

Although Experimental Group II is in general not 

comparable with the other two groups, it is incluàed in 

the analyses, but will be àiscussed specifically only 

where it contributes aàditional informati8n. We were 

very fortunate to have this series of allergie probands 

because it illustrates the large part heredity can play 

in allergy and also points out sorne of the pitfalls of 

which one must be aware in any study of human populations. 

In bath experimental groups, the frequencies of the 
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various allergie symptoms are higher than in the control, 

exoept for the cases listed in Table 17, and this provides 

limited evidence for an hereditary factor in the develop

ment of allergie symptoms. In the Control Group, the 

Table 17. Comparisons in which there are higher fre-
quencies of allergie symptoms in the control 
tha.n in the experimental groups. 

Ex:erimental Control 
N Tl % N fl. % 

Mot hers 

Any major allergy 50 13 26.ol 45 12 26.7 

Ragweed hay fever 50 5 1o.o1 45 8 17.8 

Perennial allergie 50 5 1o.ol 45 7 1_5.6 
rhinitis 

Min or allergies 50 11 22.01 45 16 35.6 

Fat hers 

Mi nor allergies 12 1 8.32 45 9 20.0 

1. Experimental Group I 
2. Experimental Group II 

trend with age is uncertain since in most cases, the fre

quencies in sibs are very similar to those for one parent 

but rouch less than those for the ether parent. The 
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situation for "any major allergy" is illustrative. The 

frequenoy in mothers is 26.7%, in fathers, 13.3%, and 

in siblings, 11.1%. One would expect that exposure 

would have some effect on the development and severity 

of symptoms. Broder, Barlow and Horton (1962) have observed 

an increase in the cumulative prevalence of hay fever in 

the second and third decade over that in the first, in 

studying members of a total community. 

It is difficult to suggest what the physiological 

and genetic relationship between clinical symptoms and 

akin reactions might be, i.e. do symptoms appear after 

a given reagin titer has been reached? If this is the 

case, is reagin produced by a gene complex and then does 

it act as a regulator substance whioh causes a chain of 

reactions leading to the development of symptoms? This 

is purely speculative and only recently (Sherman and 

Connell, 1964) has there been evidence for a relation 

between reagin titer and degree of severity of clinical 

symptoms. 

The low frequency of allergie symptoms in mothers 

of Experimental Group I is a puzzling feature of the 

study. It becomes even more puzzling with the observa

tions that all but one calculated frequency for the 

fathers and siblings of the probands are in the ex

pected direction (Table 17}. The analysis for mothers 
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with a positive skin test to ragweed or grass pollen, 

or olinical symptoms of hay fever, or both a positive 

skin test and hay fever symptoms (Table 18), dona in 

Table 18. Positive skin tests and hay fever symptoms from 
ragweed or grass pollen in Experimental Group I 
and Control Group mothers. 

Ex;e. Grou;e I Control 
N Il % N ft % 

Ragweed 

Positive skin reaction 50 7 14.0 45 1 2.2 

Hay fever symptoms 0 1 2.2 

Both 5 10.0 7 15.6 

Grass 

Positive skin reaction 50 5 10.0 45 3 6.7 

Hay fever SbUJlptoms l 2.0 1 2.2 

Both 1 2.0 0 

order to clarify the problem, reveals that fewer Experi

mental Group I mothers who have a positive skin test to 

ragweed pollen develop symptoms of hay fever (5/12) than 

do Control mothers (7/8), but the difference is not sig

nificant. Since there was a slightly increased frequency 

of experimental mothers as compared with control mothers 
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suffering from asthma (12.0% versus 6.7%) and from grass 

hay fever (4.0% versus 2.2%), it was thought that the 

sensitized mothers might develop asthma rather than hay 

fever, or perhaps surfer from grass hay fever sinoe some 

olaim that the two pollens have common antigenic com

ponents (Lidd and Farr, 1963). This was not the case 

because only one of the seven mothers with ragweed pollen 

skin sensitivity had asthma and none had grass hay fever. 

Other attempts to explain this difference on a physio

logioal basis also failed. If one postulates that females 

who develop skin sensitivity must develop olinioal symptoms 

at the same time to fit the 1:1 sex ratio observed in al

lergie adults as compared with a 2:1 ratio in ohildren 

(Bray, 1930), this immediate appearance of symptoms 

should ooour in Experimental Group I mothers as well, 

but does not. On the other hand, if one postulates 

that those who acquire allergy (Control series) acquire 

skin-sensitizing antibody and symptoms oonourrently, 

the fathers in the Control Group should respond in the 

same manner as the mothers do. Since neither of these 

postulates applies, one is forced to conclude that the 

difference in frequency of clinical symptoms in the two 

groups of mothers arises either from the sample or be

cause the Control mothers are less critioal in their 

definition of aller.Iic symptoms than the Experimental 



- 98 -

Group I mothers, who have usually had more experience 

with allergie disorders. There is some verification 

for the latter explanation in cases where individuals 

claim to have symptoms but no positive skin tests. 

Although this situation is possible because the skin

testing extract may not be sufficiently conoentrated 

to elioit a reaction, it is more probable that the 

subjective history-taking is the cause of inaocuracy 

rather than objective skin-testing. The low value 

for miner allergies in fathers in Experimental Group 

II, 8.3% (Table 17), can probably also be attributed 

to inaccuracies in history-taking. 

One should be able to make a decision in faveur 

of a genetic component in a disorder if there is an 

increased prevalence of affected siblings from matings 

in which one or both parents are affected with the 

disorder, as compared with the prevalence when neither 

parent is affected. Such an analysis for positive skin 

reactions to ragweed and grass pollen (Table 19) strongly 

favours an hereditary determiner in the development of 

skin sensitivity to both of these allergens because the 

numbers of offspring with positive reactions when parents 

are affeoted is signifioantly higher than the numbers 

with a reaction when neither parent is affeoted. How

ever, the frequenaies of affeated offspring when parents 
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have or do not have allergie symptoms is much less 

impressive evidence for an hereditary factor. None 

Table 19. Siblings with a positive skin test to ragweed 
or grass pollen when both, one or neither par
ent has a positive skin test to ragweed or 
grass pollen (Experimental Group I}. 

Ha~weed Eoilen Grass lo!!en 
N # % ~ 

One or both parents 33 16 48-5 ~ 5 35·7 
affeoted 

Neither parent affected 49 7**14-3 68 7~~10.3 

of the differences are signifioant. The resulta for 

ragweed hay fever are representative (Table 20). 

Table 20. Siblings with ragweed hay fever when both, 
one or neither parent has ragweed hay fever 
(Experimental Group I). 

One or both parents affected 

Neither parent affected 

22 

68 

3 

8 

13.6 

11.8 

This laok of any marked difference for ragweed 
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hay fever symptoms might be explained if one aooepts 

the view that rather than inheriting a very general 

predisposition to develop allergie symptoms or a very 

specifia predisposition to develop ragweed hay fever, 

one inherits a kind of intermediate predisposition, to 

develop allergie rhinitis. Then it could be assumed 

that parents who did not suffer from ragweed hay fever, 

suffered from soma other allergie rhinitis. The evi-

denee for this is soanty. The best support comas from 

the analysis of numbers of siblings with ragweed hay 

fever when parents have, or do not have, perennial 

allergie rhinitis (Table 21). The trend is only sug-

gestive beoause although the difference in the numbers 

of affeoted offspring in the two groups is signifioant 

at the 5% leval (X2=3.0), there is no indication of 

whether the difference is real. Further, there were 

not enough sibs in the other groups in which similar 

Table 21. Siblings with ragweed hay fever when both, 
one or neither parent has perennial allergie 
rhinitis and does not have ragweed hay fever 
(Experimental Group I). 

One or both parents affeoted 11 

Neither parent affeoted 57 

3 

5 

27·3 

8.8 
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ana~ were done to get any idea of the trend. This 

is particularly true for the data for seasonal allergie 

rhinitis. It is not possible to verify the hypothesis 

of inheritanoe of a predisposition to develop allergie 

rhinitis from the skin-test data because the two aller

gens which gave the most valuable information, ragweed 

and grass pollen, usually cause an allergie rhinitis. 

If one were able to get a useful number of cutaneous 

reactions from non-inhalant allergens -v;hich produoed 

symptoms other than rhinitis, it would be possible 

to elucidate further the problem of whether one in

herita a general predisposition to become a~lergio 

or a predisposition to respond in a specifie way. 

Certainly, some of the confusion oould be cleared up 

with aoourate histories. 

The frequenoies of those individuals responding 

to both ragweed and grass pollens is quite marked in 

the skin-test data and is refleoted in the symptam data 

(Table 22). Almost half of those who have a positive 

skin reaction to ragweed pollen reaot to grass pollen 

(20/49) and almost all of those who reaot to grass pol

len also reaot to ragweed pollen (20/23). For symptoms, 

almost one-third (7/25) of those with ragweed hay fever 

symptams also have grass hay fever symptoms. Most of 

those with grass hay fever also have ragweed hay fever 
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'l'able 22. Motbers, :fatbera and siblings witb positiTe skin 
teata to ragweed pollen, grass pollen ar both, 
ar w:l tb ragweed bq teTer, grass bq .f'ever or 
botb {Experimental Group I) • 

:1: Refti,s :mr:! 
Ragweed ~ 

Mothe re 50 1 1.4.0 50 4 8.0 

Fatbers 50 9 18.0 50 6 12.0 

Sibl.i.Dp 82 1~ 15.9 90 8 8.9 

Grass Onl.y 

Motbers 50 1 2.0 50 1 2.0 

Fatbers 50 0 50 1 2.0 

Sib11nga 82 2 2.4 90 1 1.1 

Botb Bagweed a.d Grass 

Mothe ra 50 5 10.0 50 1 2.0 

Fatbers 50 5 10.0 50 ., 6.0 

Sib1±Dga 82 10 12.2 90 ~ ~.~ 
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(7/10). The reason appears to be that if one possesses 

the ability to become sensitized, he will most likely 

become sensitized to ragweed pollen simply because it 

is one of the most prevalent allergens. A proportional 

number will develop symptoms. A second sensitivity to 

grass pollen may develop later. Or, if the first sen

sitivity were to grass pollen, the development of a 

second sensitivity to ragweed pollen is almost assured. 

Huber (1930), who has studied hay fever symptoms, 

found that 80% of those with grass hay fever had ragweed 

hay fever, while only 30% of those with ragweed hay fever 

also suffered from grass hay fever. Therefore he has 

suggeated that those who are sensitized to grass pollen 

may very easily become sensitized to ragweed pollen be

cause their mucous membranes have not fully recovered 

from the assault by grass pollen in May and June, before 

they are exposed to ragweed pollen in August and September. 

The same argument could apply to skin-sensitizing antibody 

production where the antibody-synthesizing mechanism is 

still in a responsive state when the ragweed season ooours. 

In Huber's series, the faot that 76% of the 80% 

with grass and ragweeà hay fever, had grass hay fever 

first, supports his hypothesis. In other practices, the 

impression is that ragweed hay fever develops before grass 

hay fever, when beth are present (Bacal, 1964). This would 
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seem more logical in view of the fact that ragweed 

pollen is usually more prevalent than grass pollen. 

In the present study, no information concerning this 

sequence was obtained. Nevertheless, the existence 

of double sensitivities implies that the predisposition 

is not specifie for ragweed hay fever, but does not in

dicate how general it is. 

Although the numbers of twin pairs are small 

and no significant difference exista in comparisons 

between monozygotic and dizygotic twins, the findings 

from the twin studies are not contrary to the hypo

thesis that an hereditary and an exposure factor are 

responsible for allergie disease. The concordance rates 

are slightly, but consistently, higher in the mono

zygotic than the dizygotic pairs for both skin-test 

and clinical-symptom data, but there are many discordant 

monozygotic pairs (Table 23). The concordance rates for 

both skin tests and allergie symptoms are the same for 

monozygotic twins, but there is a higher concordance 

for skin tests than for clinical symptams in the dizy

gotio twins, implying that the development of symptoms 

is less genetically oontrolled than is development of 

skin-sensitizing antibody. 

Study of the average ages of concordant and dis

cordant twins should give some idea of the relative 
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role of exposure in the development of skin-sensitizing 

Table 23. Concordance rates for skin test reactions and 
clinical symptoms. 

Skin tests 
Any S:ecific 

N f: % # % N 

Ivlonozygotic 

Dizygotic 

8 

10 

4 50.0 4 50.0 6 

3 30.0 2 20.0 11 

3 so.o 3 50.0 

1 9.1 1 9.1 

antibody and clinical symptoms (Table 24). The resulta are 

quite confusing because there is no consistent trend, prob

ably because of the small numbers involved (the calculation 

Table 24. Average ages, in years, of concordant (C) and dis-
cordant (D) twin pairs. 

Skin tests 8;y:m:2toms 
c D c D 

Monozygotic 11.8 12.8 11.3 10.3 

Dizygotic 10.7 7-7 s.o 8.9 

for average age of dizygotic twins, concordant for symptoms, 
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involves only one twin pair). Consequently, all that oan 

be said is that exposure is very important in development 

of allergie manifestations. 

The miner allergies have not been emphasized in 

the analyses beoause we are oonoerned ohiefly with res

piratory allergies, and because minor aller~?,ies are 

difficult to diagnose and often go unnotioed beoause 

they do not cause muoh discomfort. This is one of the 

reasons it is difficult to oorrelate cause and effect 

in many cases. There is a trend to an increase in 

minor allergies in the experimental series over the 

control series except for the Experimental Group I 

mothers and the Experimental Group II fathers. The 

number of offspring with a minor allergy is greater, 

but not significantly so, when one or both parents have 

a minor allergy than when neither has such a disorder, 

which might indioate sorne hereàitary factor present. 

There are reports in the literature whioh show that many 

miner allergies are inheriteà as separate entities (Rowe, 

1928; Lanàerman, 1962; Baughman and Jillson, 1963; etc.). 

While many inàiviàuals in our data who have minor allergies, 

do not have major allergies, it is impossible to decide, 

simply on this basis, whether a miner allergy is just an

ether expression of a general allergie predisposition, or 

is, indeed, a separate entity. 
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The fact that the frequency of any allergy (in

cluding minor allergy) reported in more distant relatives 

(grandparents, aunts, uncles and first cousins) is bet

ween 7% and 8% illustrates that familles interviewed 

cannot give an acourate history of the disorders in 

more distant relatives since this frequency is lower 

than the generally accepted population value of 10% 

for major allergies. The fact that the two frequencies 

are nearly equal illustrates that little information 

can be obtained when data of this nature is grouped, 

especially when the family sizes are variable and the 

acouracy of the information is also variable. However, 

when frequencies were determined separately for grand

parents, aunts and uncles, and first cousins, there 

were no significant differences between the experi

mental and control groups. In each group, more grand

parents than aunts and uncles or cousins of the probands 

were affected with allergie symptoms. 

Other workers (Bray, 1930; Wiener et ~., 1936; 

Schwartz, 1952) have observed that up to puberty, there 

is an excess of males suffering from allergie symptoms. 

After this time, the sex ratio approaches equality as 

the relative number of females developing allergy in

creases (Nelson, 1933). In the present studya. significant 
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exoess of allergie males is observed in the Experimental 

Group I probands themselves (36 males:14 females), in 

the affected sibs of allergie probands (e.g. 26 males: 

8 females with skin reactions) and in the twins with 

positive cutaneous reactions (all 8 monozygotic pairs 

and 4/7 like-sexed dizygotic pairs). Exposure differences 

are not suffioient to aocount for the abnormal ratio and 

explanations based on hormonal differences have not been 

satisfactory. None of the proposed meohanisms for in

heritanoe of allergy has inoorporated the abnormal ratio 

into the explanation and this observed sex ratio remains 

another of the unanswered questions. 

Basides the excess of affeoted males, the data 

demonstrate a significant excess of male sibs of allergie 

probands in both Experimental Group I (sex ratio 2.1) 

and II (sex ratio 4.3). This could account for the 

abnormal sex ratio in allergie sibs, but it does not 

account for the initial abnormal sex ratio. Other 

reports have not indioated male:female ratios in the 

siblings of allergie probands so it is not possible to 

make any comparisans here. It seems highly unlikely 

that the occurrence of allergie manifestations would 

affect sex ratio, yet there is no evidence that by 

chosing allergie probands in the mannar used in this 

study, one is seleoting for familias with u high pro-
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portion of males. Further data conoerning the sax ratio 

in allergie familles is needed for confirmation of these 

resulta before an explanation oan be sought. 

The observations that (1) there is an elevated 

frequency of positive cutaneous reactions and olinioal 

allergie symptoms in familias of allergie children as 

compared with the frequencies in familles of non-allergie 

children, (2) there are more affected offspring in familias 

in whioh parents are affeoted than in familles in whioh 

parents are not affected, and (3) the concordance rates 

for monozygotio twins are somewhat higher than for di

zygotio twins, provide evidence that heredity plays a 

part in the etiology of allergy. The exact nature of 

this hereditary factor cannet be determined from the 

information available, but some assumptions can be made. 

It appears that one does not inherit a specifie 

predisposition to become sensitized to ragweed pollen 

and to develop ragweed hay fever symptoms, but because 

the numbers of persons with various symptoms were too 

small and because the allergens tested were not as 

representative of allergie disorders as would have 

been desired, it was impossible to determine whether 

one inherits a general predisposition to beoome aller

gie or a specifie predisposition to respond to a given 

group of allergens in a charaoteristio mannar. (In 
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speaking of predisposition, production of skin-sensitiz

ing antibody and development of symptoms will be meant 

beeause the relationship between the two is unclear}. 

The observations that {a) allergie parsons usually have 

more than one allergie manifestation, and (b) when 

several family members have allergie symptoms, the 

symptoms are not neeessarily the same, argue for the 

inheritanoe of a general allergie predisposition, 

while the indication that more parents with ragweed 

hay fever and perennial allergie rhinitis have children 

who suffer from ragweed hay fever than when they have 

other allergie symptoms, oould be evidence for a speci

fie predisposition, i.e. the ability to respond to in

halant allergens and develop allergie rhinitis. 

The hereditary factor responsible is probably not 

a simple dominant with full penetrance because in sueh 

cases, one expects nearly all of the probands to have 

at least one affected parent. At least one parent of 

only 46% of the probands in Experimental Group I had 

a positive skin test to the allergens tested and at 

least one parent of only 54% suffered from symptoms of 

a major alle~gy. 

Those who possess the neoessary genetio constitu

tion apparently produce reagin or skin-sensitizing anti

body with a very limited exposure to the allergen. Do 
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those who beoome aensitized only after repeated exposure 

also possess a similar hereditary constitution with dif

ferent modifying factors which retard onset of the dis

oràer, or are they the heterozygous individuals proposed 

by Wiener ll !!· (1936}, ;oz- do they simply succumb due 

to constant exposure? The last alternative would imply 

that with adequate exposure to ragweed pollen, for ex

ample, everyone would eventually develop symptoms of 

ragweed hay fever. Although there haa been no attempt 

to measure individual exposure, it would seem reasonable 

to assume that a large number of persona have had a great 

deal of exposure without developing symptoms. Therefore, 

one is led to postulate that there is probably a major 

gene or group of genes governing allergie predisposition 

(v.rhioh seems to be correlated "rith skin-sensitizing anti

body production) and numerous ether modifying genes rea

ponsible for the eventual expression of the allergie 

disorder. Sorne of these modifying genes plus the homo-

or hetero-zygous state of the major locus (loci), deter

mine the degree of exposure necessary for development of 

skin-sensitizing antibody and symptoms. Those who possess 

none, or very few, or these factors do not develop the 

disease. 
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Future Investigation 

The time bas come to concentrate on the details 

of inheritance in allergy. However, one cannot design 

studies which would elucidate these details without 

first being aware of the value and limitations of studies 

auch as the present one. 

It is felt that the basic organization of the 

present study was good. The setting of definite criteria 

regarding age range and exposure, to be met by all pro

bands, established quite comparable experimental and 

control series. Since this study was a pilot study, 

the numbers were small, but in another study, at least 

twice as many probands in each group would be recommended. 

The policy of home visita increased the proportion of 

familias willins to participate, but did have some short

comings in that there are many distractions in the home 

and there is the possibility, although remote, that 

testing will result in untoward reactions requiring 

immediate medical attention. 

Ascertain~ent was essentially by single selection 

of familles although there was the possibility of multiple 

ascertainment for two familias. The biasses in the method 

include a greater probability of ascertainment in familias 

with larger numbers of affected offspring and the complete 

exclusion of familias with no affected offspring. It has 
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been found (Warburton, 1962) that by using the "proband" 

method, i.e. omitting the first proband and counting 

the number of affected and unaffected siblings, the 

familias vdth more than one affected individual are 

exaatly compensated for. In another study, where data 

are more extensive, it is recommended that the various 

methods of analyses be applied to determine whether the 

data is compatible with a recessive mode of inheritance. 

There is always a difficulty in assembling an un

selected, adequate control series because nhealthy" people 

do not wish to submit to "unnecessary" tests. Because 

unco-operativeness is a problem in most population studies, 

and no less in this study, it is mentioned here. If at 

all possible, the control series should be chosen from a 

group with which good rapport bas previously been es

tablished, for some other reason. This reduaes the 

number of refusals and bence reduaes selection and bias 

because it has been observed that if one contacts members 

of the general population, those most likely to assent 

are those who are familiar with the condition under study 

because "it is present in my family". 

Few familial studies of allergy have supplemented 

history with skin-sensitivity tests. These tests are a 

valuable aid in the diagnosis of allergy provided their 

limitations, such as degree of correlation with symptoms, 
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are recognized and taken into consideration when choosing 

allergens to be tested in an investigation. Another con

sideration should be the frequency of positive reactions 

to the allergen. If the frequency of response is too 

low or too high (non-specifie response), the tests will 

provide little information because they do not discriminate 

between allergie and non-allergie persons. In addition, 

the number of allergens tested should not be too large to 

seriously discourage participation in the study, nor so 

small as to obscure any existing trends. 

To be useful in determining whether a general or 

specifie predisposition is inherited, the allergens 

tested should be varied in nature and each capable of 

producing distinct and different symptoms. This suggestion 

is difficult to put into practice because the correlation 

between skin sensitivity and disease for non-inhalant al

lergens is poor and the frequency of reactions is low. 

Sorne foods, such as cocoa, codfish and nuts do produce 

characteristic symptoms such as generalized urticaria, 

but they can also produce allerRiC rhinitis. Further

more, sorne, such as codfish, are very potent allergens 

and may elicit a severe reaction in sensitive individuals 

so that they must be used with caution. The alternative 

to using such unsatisfactory allergens is to use inhalant 

allergens which cause seasonal or perennial allergie 
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rhinitis and to try to determine whether there is a 

specifie or general response to them but here one is 

faced with the problem of uniform exposure. 

Inaccuracies in the histories are probably the 

major problem encountered in any population study. 

Therefore, it is imperative that the investigator strive 

toward accurate history-taking. Soma principles essential 

in obtaining an accurate history follow. First, the in

vestigator himself should be certain of all the symptoms 

of the disorders with which he is working. Such knowledge 

can only be obtained from first-hand experience with the 

disease in question and for this reason, any persan under

taking such a study should have this experience before 

beginning any research. Secondly, those being investigated 

should also be well-acquainted with the disorders under 

consideration and ail participants should be equally well 

informed. The last aim is especially difficult to attain 

if a control series is involved because the subjects in 

this series presumably have had little previous knowledge 

of the condition. Peshkin (1928) and Schwartz (1952) in 

their investigations have been very thorough in educating 

the participants, although Peshkin had no control series 

-vrit;h which to contend. Thirdly, during the actual history

taking, one should make an effort to avoid direct ouestions 

and let the person interviewed describe his symptoms. It 
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is known that many people give affirmative answers to 

direct questions because they feel that by doing so~ 

they are of greater assistance to the investigator. 

Finally, all histories should be verified by a second 

interview and by at least one other reliable person (a 

relative) seen separately and at a different time because 

inaccuracies are more likely when the diagnosis is based 

on information obtained during a single interview with a 

single informant. 

Because the exposure factor is obviously important, 

especially in pollen allergies, more attention should be 

paid to this aspect than has been previously. This is 

pointed out because few realize that comparisons of in

formation about the occurrence of pollen allergies in 

relatives of two groups are quite useless if the exposure 

is not comparable. Similarly, age of onset data means 

little in pollen allergies if the extent of exposure is 

unknown. Therefore, questions concerning length of ex

posure before sensitization, i.e. length or residence 

in given localities, etc., should be included in any 

researoh programme. 
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VII. SUMMARY 

A study of familias of probands with a positive 

skin test to ragweed pollen and symptoms of ragweed 

hay fever (Experimental Groups I and II) and familias 

of probands with no positive skin tests and no symptoms 

of ragweed hay fever (Control Group) was undertaken to 

determine the role of heredity, if any, in the etiology 

of allergie disease. 

A higher frequenoy of positive skin reactions 

and of allergie symptoms in the parents and siblings 

of the Experimental groups than in the same relatives 

of the Control Group provides some evidence for the 

existence of a familial factor in allergie disease. 

Signifioant differences existed between the numbers of 

positive skin reactions in the siblings of Experimental 

Group I and the Control Group, but not between the 

parents in the two groups. The frequenoies of positive 

skin tests to ragweed pollen are 28.0% and 6.5% for 

siblings, and 26.0% and 17.0% for parents, in Experi

mental Group I and the Control Group,respeotively. The 

frequenoies of allergie symptoms for the fathers and 

siblings in Experimental Group I were higher than the 

frequenoies for fathers and siblings in the Control 

Group. The Experimental Group I mothers usually had 

a lower frequenoy of the various allergie disorders 
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than did the Control mothers. The only reasonable 

explanation seemed to be the inaccuracies in the 

history-taking method. 

Experimental Group II showed a much higher fra

quenay of positive skin reactions and symptoms than did 

either of the other two groups, but since this group 

was chosen from private allergy practices and differed 

in a number of ways, it was not directly comparable 

with the other groups. It did, however, provide valu

able information concerning allergie disease. 

Elevated frequencies of siblings with allergie 

manifestations from matings in which parents had al

lergie manifestations as compared with frequencies when 

parents did not have such manifestations, documents the 

existence of an hereditary factor. When one or both 

parents had a skin reaction to ragweed pollen, 48.5% of 

the probands' siblings also had a positive skin reaction 

to the allergen, whereas, when neither parent had a 

positive reaction, only 14.3% of the siblings had a 

positive reaction. Similar data from clinical symptoms 

provide less convincing evidence since, in most instances, 

differences were not significant. 

In addition to the hereditary factor, there is 

evidence that an environraental factor is important in 

allergie disease because there was a significant in

crease in numbers of skin reactions in the parents 
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over the number in the siblings of the Control Group. 

A plot of age versus frequency of positive reactions 

is not contrary to the idea of increase in skin sen

sitivity with age due to an exposure factor~ but pro

vides no conclusive evidence for it. 

Twin studies reveal a higher concordance rate 

in monozygotic than dizygotic twins for both skin tests 

(4/8 versus 3/10) and symptoms (3/6 versus 1/11) although 

the differences are not statistically significant. If 

larger numbers corroborated this trend~ this would be 

evidence for an hereditary factor. The existence of 

many discordant monozygotic pairs (50% in each case) 

argues for an environmental factor as well. 

Therefore, it is concluded that both an here

ditary and an environmental factor are necessary for 

development of allerbic disease. The genetic factor 

responsible does not fit any simple Mendelian expec

tation but the evidence is that a major gene~ which is 

probably not a fully penetrant dominant, or a group of 

genes, either of which can be acted upon by numerous 

modifying genes~ determine a general allergie predis

position. 

A significant excess of males was observed in 

the allergie probands~ in the siblings of allergie 

probands, in affected siblings of allergie probands 
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~nd in twins with positive skin tests. The observed 

excess of affected males up to puberty is in accor

dance with previous studies but the excess of male 

siblings of allergie probands needs confirmation. 

The study has illustrated the relative value of 

information obtained by skin-testing and history-taking. 

Suggestions have been made for a future study to clarify 

some of the remaining problems. 
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X. APPENDIX 

Raw data concerning allergie symptoms and skin 

test reactions in probanàs and in mothers, fathers and 

siblings of probands. 

Abbreviations 

R.H.F. Ragweed hay fever 

S.A.R. Seasonal allergie rhinitis 

P.A.R. Perennial allergie rhinitis 

M Mot hers 

F Fathers 

s Siblings 

Egg Egg albumen 



- ii -

Table A-1. EXPERIMENTAL GROUP I. Allergie manifestations 
in probanàs, other than ragweeà hay fever. 

Skin tests 
Frunily Grass Ep;g S.A .R. P.A.R. Asthma Eczema 

1. Barrowcliffe + + + 

2. Baylis + + + 

3· Hesner + + 

4· Bukacheski + 
r Coughlin + + + + ::J• 

6. Cunningham + + 

7· Danser eau 

s. Dee + + + + 

9. Dollimore + + 

10. Duffus + 

11. Faivre + + + + 

12. Fitzpatrick + + + 

13. Gilbert + + + 

14. Gough + + + + 

15. Grimes + + 

16. Halaàuiok + 

17. Hale + 

18. Hu ber + + 

19. Johnson + + + 

20. Lacombe + 

21. MacDonald + + 

22. Mo Connell + + + 



- iii -

Table A-1 Cont'd 

Skin tests 
Farnil;y: Grass Egg S.A.R. P.A .R. Astbma Eczema 

23. Mc Donald + + + + 

24. Melnik + + + 

25. Menard + + + + + 

26. Miron + + + + 

27. Monaghan + + 

28. Morawski + + + 

29. Murray + + + + + 

30. O'Donnell + + + + 

31. Palewandrem + 

32. Pearson + + 

33· Pet ers + + + 

34· Pulvermaoher + + 

35· Rowlands + + 

36. Russe + + + 

37· Sansom + + 

38. Sheppard + + + 

39. Simard + 

40. Sobol + + + + 

41. Stefankiewioz + + 

42. Tomkinson + + + 

43· Tompkins + + 

44· Tres oak + + + + 



- iv -

Table A-1 Cont'à 

Skin tests 
Famil;y Grass Egg S.A.R P.A .R. Asthma Eczema 

45· Walker + + + + + 

46. Weatherstone + + + + + 

47· Williams on + + + + 

48. Wyszogroàski + + + 

49· Young + + 

50. Zeagman + + 



- v -

Table A-2. EXPERIMENTAL GROUP I. Allergie symptoms in 
parents anà siblings of probanà s. 

R.H.F. S .A.R. P.A.R. Asthma Eczema Total 
Family MF S MF S MF s M F S MF S Sibs 

1. 1 6 

2. 1 + 3 

3· 1 

4· 1 1 4 

5. + 1 1 + 1 + 2 5 
6. + + 1 

7- 1 

8. + + 1 

9. 3 

10. + + + 2 

11. 2 

12. + + + 2 

13. 2 

14. + 1 

15. 1 + 3 

16. + 1 

17. + 1 

18. 2 

19. + 1 

20. 1 7 

21. 0 

22. + + 1 + + 2 



- vi -

Table A-2 Cent 1d 

R.H.F. S.A.R. P.A.R. Asthma Eczema Total 
Family Ivi F S MF s MF S MF S Ivl F S Sibs 

23. + 1 + 1 + + + 1 

24. + 1 

25. 0 

26. + 1 1 1 

27. + + + 1 

28. 2 

29. + 0 

30. 1 2 

31. + + + + 0 

32. + 2 

33· 1. 1 + 1 1 

34· 1 

35· 1 + 2 

36. + + 0 

37· 1 2 

38. + 2 4 

39· 0 

40. + 1 

41. 1 

42. 1 2 1 4 

43· + + 2 

44· 1 + 1 1 



- vii -

Table A-2 Cont 'd 

R.H.F. S.A.R. P.A.R. Asthma Eczema Total 
Family M.F S MF S MF S MF S MF S Sibs 

45· 1 1 2 

46. + 1 1 

47· 1 2 

48. 1 1 

49· 1 

50. 1 1 J, 



- viii -

Table A-3· EXPERIMENTAL GROUP I. Skin test reactions 
in parents and siblings of probanàs. 

Ragweed Grass Egg \4'E:I te Any Total 
Family MFS MFS MFS MFS Sibs 

1. 1 1 4 
2. 3 

3· 1 

4· 1 1 3 

5· + 3 + 2 1 + 3 5 

6. + + 1 

1· + + 1 

s. 1 

9. 3 

10. + + 0 

11. 2 

12. + + + 2 

13. 2 

14· + + 1 

15. 1 1 3 

16. + + 1 

17. ++ + + 1 

18. + + 2 

19. 1 

20. 1 1 1 6 

21. 0 

22. + + 2 + + 1 + + 2 2 



- ix -

Table A-3 Cont'd 

RaS!!eed Grass Egg White Any Total 
Family MFS MFS MFS MF S Sibs 

23. + 1 + 1 + 1 1 

24. + 1 + 1 1 

25. 0 

26. + 1 + 1 + 1 1 

27. + 1 + 1 1 

28. 2 

29. 0 

30. + 1 + + 1 2 

31. + + + + + + 0 

32. + 1 + 1 2 

33· 1 1 1 1 

34· 1 

35· 1 1 2 2 

36. 0 

37· + 1 1 + 1 2 

38. + + 1 1 + + 1 4 
39. 0 

40. 1 

41. 1 

42. 4 

43· + + 0 

44· + 1 + + 1 1 



-x -

Teh le A-3 Cont 'd 

RaS!!eed Grass Egg White Any Total 
Family MFS MFS MF 3 MF 3 3ibs 

45· 2 

46. ++ + ++ 1 

47· 2 

48. 1 1 1 

49· 1 

so. + 3 1 + 3 3 



- xi -

Table A-4· EXPERI~TTAL GROUP II. Allergie manifestations 
in pro bands, other than ragweed hay fever. 

Skin tests 
Family Grass Egg S.A.R. P.A.R. Asthma Eczema 

1. Benjamin + + 

2. Blackwell + + + 

J. Chur ch + 

4· Fox + + + + 

). Fraser + + 

6. Hunt er 

7· Laz ar + 

8. Margolian + 

9. l'lia uer + + + 

10. Rabinovitch + 

11. Sabler + + + + 

12. Sullivan + 



- xii -

Table A-5. EXPERIMENTAL GROUP II. Allergie symptoms in 
parents and siblings of probands. 

R.H.F. S.A.R. P.A.R. Asthma Eczema Total 
Family MF S MF S MF s MF S M F S Sibs 

1. + + 2 

2. + + 1 

3· + 1 + 1 1 

4· + 1 

5. + + + 2 

6. + + + + 1 

7· + + 1 + 1 + + 1 1 2 

8. + + + + + 0 

9. 1 1 + 1 2 

10. + + + + 1 

11. + 1 + 1 + 2 

12. + + + 1 1 



- xiii -

Table A-6. EXPERI1ŒNTAL GROUP II. Skin test reactions 
in parents and siblings of probands. 

Egg W'iiite Ragweed Grass Ani Total 
Family MF S MFS MF S MF S Sibs 

1. 1 1 2 

2. 1 1 1 

3· + 1 + 1 + 1 1 

4· 1 

5· + + 1 + 1 2 

6. + + ++ + + 1 

1· + + 1 + 1 + + 2 2' 

8. + + + + + 0 

9. + 1 + 1 + 1 2 

10. + + + 1 + + 1 1 

11. + + 1 + + 1 + + 1 2 

12. + + + 1 



- xiv -

Table A-7· CONTROL GROUP. Allergie manifestations in 
probands, other than ragweed hay fever. 

Skin tests 
Family Grass Egg S.A.R. P.A.R. Asthma Eczema 

1. Ancliffe 

2. Andrews 

3· Benjamin 

4· Bennett 

;;. Beveridge 

6. Borshy 

7· Brunet + + 

8. Carson 

9. Chaput 

10. Chey ne 

11. Cohen 

12. Des cart 

13. Distilla 

14. Downes 

15. Dr ury 

16. D. Dunn 

17. J. Dunn 

18. Ellis 

19. Emmons 

20. Etting er 

21. Feinstein 

22. Foot 



- xv -

Table A-7 Cont'à 

Skin tests 
Farnily Grass Egg S.A.R. P.A.R. Asthma Eczema 

23. Fox 

24. Gagnier 

25. Goldsmith + 

26. Hudson 

27. Isajuk 

28. Lamy 

29. Lanning + 

JO. Legault 

31. Lyrette 

32. c. Martel 

33· N. Martel 

34· Messac ar 

35· Noakes 

36. Owchar + 

37· Parent 

38. Patterson 

39. Prunier 

40. Reitel 

41. Robillarà 

42 •. Shewchuk 

43· Sloan 

44· Spic er 



- xvi -

Table A-7 Cont•d 

Skin tests 
Family Grass Egg S.A.R. P.A.R. Asthma Eczema 

45· Thomas 

46. Todoeschuk + 

47· Valade 

48. Vigeant 

49. Wade 

50. Watt 



- xvii -

Table A-8. CONTROL GROUP. Allergie symptoms in 
parents and siblings of pr ob and s • 

R.H.F. S.A.R. l>.A .R. Asthiiia Eczema Total 
Frunily MF S MF S MF S MF S M F S Sibs 

1. 3 

2. 3 

3· 1 1 1 

4· + 4 

5· 2 

6. + 1 1 

7· 2 

8. 11 

9. 1 6 

10. + + + 0 

11. + + 2 

12. 1 

13. 1 2 

1~-· 2 

15. 2 

16. 5 
17. + 4 
18. + 1 2 

19. 5 
20. + 1 

21. + 1 + 1 + 1 2 

22. 1 



- xviii -

Table A-8 Cont 'd 

R.H.F. S.A .R. P .A .R. Asthma Eczema Total 
Family MF S M F S MFS MFS IVI F S Sibs 

23. 1 

24. 6 

25. 1 1 

26. 2 

27. 2 

28. 7 

29. 0 

30. + + 1 1 3 

31. 1 5 
32. 3 

33· 3 

34· 1 1 2 6 

35· + 2 

36. 2 

37· + 1 4 

38. + 1 + + 1 

39. 3 

40. + 1 

41. + + + 2 

42. 3 

43· 2 

44· 1 



- ::dx-

Table A-8. Cont 1 à 

R.H.F. S.A .R. P.A .R. Asthme. Eczema. Total 
Fe.mily Ivi F S MFS MFS MFS MF S Sibs 

45· 1 

46. 1 2 

47· 1 1 2 

48. 4 
49· + ++ + + 1 

so. + 1 + 1 1 1 



- xx -

Tabla A-9. CONTROL GROUP. Skin test reactions in 
parents and siblings of probands. 

Ragweed Grass Egg White Any Total 
Fa.m,t1y MFS MFS MF S MF S Sibs 

1. 3 

2. 1 1 3 

3· 1 1 + + 1 1 

4· 4 

5· 2 

6. 1 

7· 2 

8. 1 1 4 

9. 6 

10. + + + 0 

11. + + + + 2 

12. 1 

13. 3 

14. 2 

15. 2 

16. 5 
17. + + + 4 

18. + + 2 

19. 5 
20. + + + + 1 

21. + 1 1 + 1 2 

22. + + + + 1 



- xxi -

Table A-9 Cont'd 

Ragweed Grass . Egg White Any Total 
Family MF S MFS MF S MF S Sibs 

23. 1 

24. 6 

25. 1 

26. 2 

27. 2 

28. 7 

29. + + + 0 

30. + + 3 

31. 1 1 1 3 

32. 3 

33· + 1 + 1 3 

34· 2 2 4 

35· + + 2 

36. 2 

37· 4 
38. + + 1 

39· 3 

40. 1 

41. + + + 2 

42. 3 

43· 2 

44· + + + 2 



- xxii -

Table A-9. Cont 1 d 

Rag;w:eed Grass Ego: 1-lhi te An ;y: Total 
Family :MF S MF S MF S MF S Sibs 

45· 1 

46. 2 

47· + 1 1 + 1 2 

48. 4 
49· ++ + ++ 1 

_50. 1 1 1 1 1 


