
Quantitative comparison of 
immunoglobulins in atopic (reaginic) and 
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A quantitative comparison of yG, yA, yX, and YD was made between 67 sera from 
p~sons with high titers of rcaginic (skin-sensitizing) antibody and 51 wra from 
inai&atds lad&g deteotable reagin. A statistically sigtifccont elevation. of ~1) and 
slight increases of yG an-d yA wre present i,n the reaginic wra when considered as 
a grou. In, addition, a correlation between aye and YA lc~cls was present with in- 
creasing concentra,tions throughout adult life. The increause in. YD is probably not a 
oonsequence of the presence of reagink antibody per se bu,t rather represents an 
additkmal quantita~tive diflerenoe in the immu,wlogi.a makeup of atopk persons. 
The basis for this quantitati?;e alteration is uncertain at the present time since tlrc 
funational role of yD has not been determined. The di&ributio% of immwnoglobulias 
in the 118 subjects studied followed a log novmal ra.thpr thorn arithmetic normal 
distribution, similar to the antibody titers of cxpcrimental animals immwnized zcitb 
standard amownts of antigens. 

T he diagnosis of atopic diseases depends on a combination of immuno- 
logical and clinical criteria. By definition, the characteristic immunological 
criterion which distinguishes persons with atopic rhinitis and/or asthma from 
others with similar clinical symptoms is the uniform presence of reagin, the 
heat labile, passively transferable skin-sensitizing a,ntibody in atopic sera.’ 
Reagin can also be demonstrated in a significant percentage of persons who 
have never exhibited respiratory symptoms despite considerable exposure to 
airborne antigens capable of eliciting immediate whcal-and-flare reactions.‘, R 
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‘l’hcl prese~ri study was utlcl(~t~t:~kc~ll to tlctc’rminc~ lh(h clu;llltitilIi\.cj rc~latiolr- 
ship of YG, yi\. ~$1, ;111(1 71) itl~trl~~tlog.lol)uli~ls in p~~~~sons Mith ;Itol)ic* tlisortl(,r*s 
:IS ~X~mpilrttd to Il~~lliItOpi~ ])(‘I’SOIIS. ‘I’ho soles (*r*itc~t~ion usc~tl i’or cdl;lssific:atioll 
of individuals as utopic 01’ nonatc)pi~ was the tl(>g!‘r~c of illltno(liat(l ~vh~d-;~r~tl- 

flare reactivity to a la rgc nnm1)t.r of natuf*ally occurring pollen antigens pres- 
ent in their environment. OnI,v highly reactive or completely nonreactive in- 
dividuals were sclcctc(l in ortlcr to amplify any possible difference in immuno- 
globulin conctntrat,ions which c~mld be correlated with the prestncc or ab- 
sc~ncc of reaginic (skin-sensitizing) antibody. 

MATERIALS AND METHODS 

Sera from approximately 600 individuals who had undergone skin testing 
at this institution bet,wccn Jan. 1, 1963, and July 1, 1965, were available for 
study. The sera were obtained prior to skin testing and hyposcnsitization 
treatment and were stored at -20° C. Each person was tested with a minimum 
of 70 different allergenic extracts derived from 45 or more pollens, 16 environ- 
mental substances such as animal hair and danders, dust, feathers, kapok, etc.. 
5 molds, and 6 common foods. Approximately 0.02 ml. of the antigen solution 
was injected intradermally and the skin response interpret,ed after 20 minutes. 
A 2+ reaction consisted of a wheal at least 10 mm. in largest diameter with 
accompanying erythema. From the above individuals, the following two X~LIIII 

classes were sc~lccted. 
Reaginic class: sera from 67 persons 4 to 70 years old, median age 20 years, 

who gave multiple 2t or greater wheal-and-flare reactions to 2 x IOF weight 
by volume dilutions of pollen antigens by direct intradermal testing or 2~ 
reactions to 2 x 1OF dilutions with the passive transfer technique of Prausnit,z 
and Kustner (P-K). 

Nonreaginic class: sera from 51 persons 4 to 76 years old, meclian age 50 
years, with absent wheal-and-flare reactivity to 2 x 10m4 dilutions of pollen 
antigens in addition to negative reactions to cnvironment,al, spore, and common 
food extracts at d x 10mz dilutions by either direct or passive transfer (P-R) 
testing. Sera from 9 individuals employed as passive transfer (P-K) recipients 
were inclucled in the nonreaginic class. 

lmmunoglobulin measurement 

The quantitative single radial diffusion technique as described by Man&i, 
Vaerman, Carbonara, and Herema& was employed. yG, yA, and 7M concen- 
trations were measured in agar plates incorporated with specific goat antisera. 
The test, srra and immunoglobulin standards were placed in the antigen wells 
and the precipitin rings measured after diffusion for 24 hours at 4O C. With 
this immunochemical technique, the log concentration of the specific protein 
being measured is proportional to the diameter of the precipitin ring. The same 
lot of immunodiffusion plates” and standards was used throughout. The refcr- 
ence standards were dilutions of a concentrated pooled normal sera in which 

“Immunoplates: Hyland Laboratories, Los Angeles, Calif. 
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the respective immunoglobulin concentrations had been determined by com- 
parison with known concentrations of purified yG, yA, and yM isolated from 
normal serum. The antibody specificity of the commercial immunodiffusion 
plates was established using purified immunoglobulins obtained from both 
normal and myeloma sera ( yG and 7A) , a macroglobulinemic serum ( yM) , and 
with kappa and lambda light chains isolated from myeloma urine. Approxi- 
mately 15 sera were tested at a time. Two sera from reaginic individuals were 
tested in duplicate during each separate determination to establish the re- 
producibility of the method in our hands. 

The concentrations of 71) were determined on serum samples identified by 
number only in Dr. John Fahey’s laboratory, National Cancer Institute, 
Bethesda, Maryland. The same quantitative technique5 was employed with the 
use of rabbit antisera specific for yD (R133A, Sept. 27, 1965). The lowest yD 
concentration which can be detected with this technique at present is 0.3 mg. 
per 100 ml. Concentrations in the lower detectable range from 0.3 to 1.4 mg. 
per 100 ml. cannot be measured precisely and, therefore, all values in this 
range are expressed as (0.7) milligrams per 100 ml6 

Statistical analyses 

Concentrations of the four immunoglobulins in the population studied were 
not distributed in a gaussian manner. In order to normalize the distribution 
for statistical analysis, the respective immunoglobulin levels in each subject 
were transformed logarithmically to base 10.‘~ * The Student t test was em- 
ployed for statistical analysis. The mean and standard deviations for the non- 
transformed immunoglobulin concentrations were also determined. 

RESULTS 

The reproducibility of the yG, yA, and yM quantitation by the single radial 
diffusion technique was determined by twelve duplicate measurements on two 
sera. The respective coefficients of variation for yG were 8.1 and 10.2 per cent, 
yA 7.0 and 12.5 per cent, and yM 6.6 and 9.0 per cent. yD quantitation has a 
19.5 per cent coefficient of variation.6 

Tables I and II compare the concentrations of the four immunoglobulins 
in the 118 sera studied, with the clinical dia,gnoses, age, sex, and method(s) of 
skin testing employed to classify an individual as either reaginic (Table I) or 
nonreaginic (Table II). In order to delineate the relationship of age to im- 
munoglobulin levels, the two sera classes were subdivided into four age groups : 
(1) 4 to 10 years, (2) 11 to 30 years, (3) 31 to 60 years, and (4) 2 61 years. 
The mean and median concentrations of immunoglobulins and standard devia- 
tions of the mean in the various age groups are presented in Table III. 

The mean yG concentration in the reaginic class was 1,637 mg. per 100 ml. 
(median 1,600) compared to 1,547 (median 1,500) in the nonreaginic class. 
Higher mean levels were present in reaginic individuals at every age except the 
4 to 10 year group (Table III). Neither the over-all nor the age group differences 
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Table I. Continued 

Immwwglobulin 
(mg. per 100 ml.) 

Clinical diagnosis GIA bfiD 

146 47 M D AR. asthma. sinusitis 2.000 290 65 (0.7) 
34 50 n1 D, P-K As&ma, chrbnic bronchitis 1;950 380 61 i2.0’ 

57 :; F D AR, asthma 1,650 290 73 hf AR 1,525 460 iii (01:;) 
77 53 hT D” AR, asthma 1,950 380 120 2.4 

7 55 F D, P-K AR? asthma, chronic bronchitis, 2,000 280 85 2.6 
smusitis 

157 59 F D AR. asthma 2.150 200 115 < 0.3 
- 155 60 F D AR’ I;850 380 87 1.8 

138 79 iii hf D AR, asthma, chronic bronchitis 1,050 380 hf D, P-K AR, bronchitis 2,200 190 El; < 2 
31 66 F D, P-K Asthma, emphysema 1,350 270 61 6.2 

149 70 F D AR, sinusitis 2,150 345 65 2.5 

were statistically significant. No age-related variation in yG was observed (Table 
III, Fig. 1). 

YA 

An age-related variation in yA concentrations was found with progressively 
higher concentrations in each succeeding age group in both reaginic and non- 
reaginic sera. This age-related increase was statistically significant, p < 0.01, 
between the 4 to 10 year and 11 to 30 year age groups. 

In all age groups the mean yA concentration was higher in the reaginic class 
(Table III, Fig. 1). The mean increase ranged from 17 mg. per 100 ml. in the 
4 to 10 year group to 42 mg. in the > 61 year group. These differences were 
not statistically significant. 

If the age-related variation in yA is not considered, the concentrations in 
the two classes are essentially the same, mean 225 mg. per 100 ml. (median 220) 
in the 67 reaginic sera and 221 mg. per 100 ml. (med’ian 200) in t,he 52 no’nre- 
aginic sera. The smaller o,ver-all intraclass difference is the result of a greater 
proportion of yolung individuals in the reaginic class, median age 20 years, com- 
pared to the nonreaginic, median a.ge 50 years. 

YM 

There was no consistent relationship between v&I concentrations and reaginic 
status or age. The levels in the reaginic and nonreaginic classes and in each age 
group were very similar (Table III, Fig. 1). 

YD 

The over-all reaginic class mean 7D level was 5.5 mg. per 100 ml. (median 
3.7) compared to the nonreaginic mean of 3.2 (median 1.5). This difference is 
highly significant, p < 0.01 (Fig. 2). In all age groups the reaginic median YD 
level was higher. However, in the 2 61 year group a higher mean YD was present 
in the nonreaginic sera (Table III, Fig. 1). 
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Table III. Over-all and age group immunoglobulin concentrations in reaginic and 
nonreaginic sera* 

Immumoglobulin (mg. per 100 ml.) 

Age 
WOUP 

(years) Class No. ,Ireaf j2~ z%&&T~ ~;~~~~~ 5!;; [z tS.D. 
4-10 R 14 1,309 2 291 1,300 1055 74 93 59+19 56 4.0 5 2.9 2.8 

N-R 4 1,325 ? 155 1,325 882 66 76 87223 86 2.22 1.5 1.9 
11-30 R 25 $6892 379 1,750 239 + 130 230 79’34 65 5.6 2 5.9 5.0 

N-R 
2: 

1,331+274 1,400 201% 34 210 71k21 67 2.12 1.7 1.5 
31-60 R 1,770?480 1,850 267% 89 280 80224 73 6.9 + 11.6 3.9 

N-R 29 1,590+333 1,600 232+117 210 79 + 32 83 3.6+ 5.1 1.5 
61 R 1: 1,688 + 576 1,750 296t 84 308 65+13 63 2.9 + 2.5 2.9 

N-R $6552558 1,500 255’177 190 78’25 82 3.3 t 6.0 0.7 
Over-all R 67 1,637 2445 1,600 2255 120 220 74528 68 5.52 8.0 3.7 

Range 820.2,800 17-700 29-160 < 0.3-56.0 
N-R 51 1,547+386 1,500 2215 127 200 78k28 78 3.22 4.7 1.5 
Range 720-2,900 27-69’5 26-165 < 0.3-24.0 

“Abbreviations: R, reaginic; N-R, nonreaginic. 
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Fig. 1 
Relationship of age and immunoglobulin concentrations. Mean yA concentrations increase with 
age in both reaginic and nonreaginic sera. The difference between yA concentrations in the 
4 to 10 and 11 to 30 year groups is significant, p<O.Ol. 

DISCUSSION 

The present study was undertaken to define and compare the concentrations 
of the four currently recognized immunoglobulin classes in sera from persons 
with high reaginic activity and those lacking detectable reagin. Significantly 
higher yD levels were present in reaginic sera. Concentrations of yG and yA 
were also higher; however, these increases were not statistically significant. 



Fig. 2 
(‘umulative percentage distribution of immunoglobulin concentrations. Log normal distribu- 
tions are present. The difference between the yD concentrations in reaginic and nonreaginic 
scra is significant, p<O.Ol. 

The finding that the concentrations of ,/A continued to increase throughout 
early adulthood confirms and extends the recent observations of Stiehm and 
F’udenburg.” Several previous studies have suggested that normal “adult” levels 
of yA are established by the time the individual is 5 years of age.l”. I1 The mean- 
ing of the continuing increase of 7A with age is unknown. 

Since rcaginic (skin-sensitizing) arrtibod>- is considered to be a prerequisite 
for the clinical ma,nifestation of atopy, t,his immunological characteristic was 
utilized to select sera from individuals who differed primarily in this respect. 
Although clinical criteria were not considered in the classification of individuals, 
diagnoses of atopic rhinitis and/or asthma had been recorded for 66 of the 67 
persons in the reaginic class. T;pper or lower respiratory tract symptoms were 
present, in all individuals classified as reaginic and 73 per cent of the nonreaginic 
class. The incidence of r*ecurrrnt rcspirat.ory tract infection, such as, chronic 
bronchitis and/or sinusitis, was substantially higher (48 per cent) among the 
nonreaginic patic>nts tha.n among the rcaginic (22 per cent). 

In contrast to the present study. Huntley and Lyerly”~ I” used clinical rather 
than immunological criteria to classify children as allergic or nonallergic. They 
also I’onnd no significant differcnccs in $i12 or YA and y&P1 concentrations in 
their subjects. At tlla titrrc of their studies, 71) had not bc>err identified as an 
irnrnnnoglobL~lin class. 

~1) was initialI>- isolated from il rnycloma serum and characterized as a 
separate immunoglobulin by Rowe and Fahey. I3 Thev subsequently demonstrated . 
its presence in nonmyeloma sera where the distinct 71) II-polppcptidc (8) chain 
is associated with a normal complement of kappa (type I) and lambda (type II) 
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L chains.14 Metabolic studies have revealed a median biological half-life of 2.8 
days, which is distinctly shorter than that of other immunoglobulins.*5 In addi- 
tion, the in vivo distribution of YD is predominantly intravascular (73 per cent), 
a feature distinguishing it from YG and yA.15 yD concentrations of healthy 
adults range from undetectable levels (< 0.3) to 30 mg. per 100 ml. with a 
median level of 3.0 mg. per 100 m1.6 Unfortunately, no information is available 
concerning either the presence of previous at,opic symptoms or the incidence of 
positive wheal-and-flare reactions in these subjects.6 On the basis of previous 
studies,2, 3 it is probable that a significant proportion would show evidence of 
reagin if skin tested. In the 118 patients included in bhis report, the median yD 
concentration was 2.7 mg. per 100 ml., range < 0.3 to 56 mg. per 100 ml., indi- 
cating that the respiratory illness present in the majority of these subjects was 
not associated with an increase in 7D. The median yD was the same (1.5 mg. per 
100 ml.) in nonatopic patients with and those without significant respiratory 
illness (Table II), indicating that increased reagin titer was the only factor 
which correlated well with higher yD concentrations (atopic median 3.7 mg. 
per 1.00 ml.). 

Antibody activity associated with yD has not, as yet,” been demonstrated and 
its functional role remains unknown. Therefore, any interpretation relative to 
the higher yD concentrations found in t,he sera from individuals with high titers 
of reaginic antibody must be made with caution. While it is tempting to speculate 
that reaginic antibo’dy might be associated exclusively wit,h the YD immunoglobu- 
lin class, the following olbserva,t.ions indicate that it is not.. (a) In the present 
study, 3 out of 67 individuals (3.5 per cent) with high levels of reaginic antibody 
had undetectable yD, that is, < 0.3 mg. per 100 ml. (Fig. 2). (b) Four indi- 
viduals with yD levels between 1.5 and 8.8 mg. per 100 ml. had reaginic antibody 
to bovine serum albumin (BSA) as demonstrated by passive transfer. These four 
sera were studied utilizing an indirect” radio-Ouchtcrlony technique for 11”1 
BSA binding by yD with negative results. (c) Ishizaka, Ishizaka, and LeeI” have 
reported that reaginic act.ivity to ragweed pollen was not removed from 4 atopic 
sera following precipitation of YD by specific antiserum. 

The above observations by no means preclude the possibility that yD reaginic 
anbibody may occur since the physicochemical and immunochemical nature of 
reagin. remains controversial. Thus far, skin-sensitizing activity has been reported 
to be associated with YA,~~-~~ YG,~“, ** and a new class of immunoglohulins desig- 
nated YE by Ishizaka, Ishizaka, and I~ornbrook.22 The possibility exists that the 
unique physicochemical properties of skin-sensitizing antibody as manifest,cd by 
its ina,ctivation by heat and capacity to passively sensitive skin, could be deter- 
mined by a common structural moiety which may occur in several immunoglob- 
ulin classes or subclasses.20 

At.opic persons as a group differ immunologically from nonatopic persons in 
terms of reaginic antibody and, as demonstrated in this study, YD immuno- 
globulin concentrations. These alt,crations appear to br independent phcnorncna. 

*The 1131 BSA was added after the precipitin line, formed by the interaction of antiserum 
and yD, had developed. 



.\ thirtl iIlll~ll~~lol~~~i~~il1 tliticwtlc*(~ lw1wwI1 ;rtoJ)ic. ;ll1cl tlotl;ltoJ~ic~ Jwtwlls hirs tw(~li 

J~l’OpoWtl uzlati\,(s to illltil)otl~~ S;?-1llIlcsis ilt WS~)OllS~ to arltigz~lls c~tlc~o~ilrtc~l~c~cl (111 

ItlllColIS rnel~ll~l~arlc~s. \Yliilc 1 Il(t rJttilr11 itilt i\ (’ illltiJNMJ?- lTSJ)OllS~ Of iItOJ’icd illllJ 

liollatopic prmons a~~~will’s to ho t JI(, si1111(’ t’oJ~owi?l~ J~~rwlltc~I~al ;illtiyrli~ stinruJ;i 

lion,‘:’ it. appears to differ in tw~w~t to antigenic stimulation oc*c*ili*rinf \+;I 
respiratory or gastrointc3tinal IIIII~IIS ~ticmhm~i~~s. Atopiv Jwtx011s de\-elopecl 
greater skin reactivity iIt’tcl* int I’HIIBS~~ inllllnnix;ltiorl with acrosolized ])rotein”’ 
and polysaccharide antigens”; and higher levels of nonrcaginic bclntonit,cl fioccu- 
lating antipol?-saccharice antibody’” than tlid nonatopiu individuals. The invi- 
dence of nonrcaginic antibody to a tliCtilY?- protein, bovine serum albumin, has 
been shown to br three to five times greater in atopic adults as compared to 
adults having negative skin tests and no clinical cvidcncc of atopy.2” Although 
the significant increase of 71) in reaginic individuals may he related to this 
“route of immunization” phenomenon, furthrr investigations of the qtmntitativt~ 
and qualitative aspects of antibotly synthesis invoked by ant’gens encountered 
on mucous membranes is required before such an intcrprctation can be dircctl> 
supported. 

The observation that, the immunoglohnlin concentrations in the 118 scra 
studied herein followed a log gaussian rather than gaussian frequency distribn- 
tion is similar to the findings of Claman and Merrillz7 and is in accord with 
studies concerning the antibody response of experimental animals to standard 
amounts of antigen.‘“, 2n The quantitative antibody response of rabbits immunized 
with single injections of sheep red blood cells,” kc-y-hole limpet hemocyanin, and 
bovine serum albumin’!’ has been shown to follow a log normal frequency dis- 
tribution. 

Table IV. “Normal adult” intntu~~oglobulin concentratiom deterwi,Led by 
antibody in agar quantitation 

Immunoglobulin (mg. per 100 ml.) 

Inncstigntor(s) ATO. YG / YA 1 YM 
Heremanssz 25* Mean+ 1s. D. 112% 41 72?20 

22t 
Fnhey and Mac- 20 1,240+220 28Ok i0 120+ 35 

Kf3hY~ 
Stiehm and 30 1,158 + 305 2002 61 99’27 

Fudenburgg 
Kohler and Farr 24t 1,350?311 2362104 83228 
Claman and 66 Mean (5th 99,5 (720.1,400) 177 (84-314) 187 (93-320) 

Merrill30 and 95th 
percentile) 

Allansmith~:~ -115p Geometric 1,045 (ill-1,536) 169 (60-489) 89 (37-212) 
mean (t 2 

R. I).) 

fyA. 
tyM. 
$These individuals had negative allergic histories but were not skin tested. 
$Allansmith’s data are expressed as the geometric mean _ + 2 log S. D., with the antilog 

values in parcnthrsc~~. 
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Immunoglobulin quantitation in normal individuals and in persons with a wide 
variety of diseases has been the subject of several recent reports.*, 30, 31 The rela- 
tive lack of agreement between various investigators concerning normal immuno- 
globulin concentrations is illustrated in Table IV. While meaningful quantitative 
results can be obtained within a single laboratory, it is impossible to compare 
data obtained in different laboratories. This problem could be resolved, in la,rge 
part, if the same reference standard containing specified concentrations of im- 
munoglobulins was available for use by interested investigators so that results 
obtained in different laboratories could be compared directly. 

We are indebted to Dr. John Fahey for the yD quantitation and for providing the specific 
anti-yD antisera. Drs. David Radger’s and Jacob Bronowski’s suggestions regarding the sta- 
tistical analysis are greatly apprmiated. The immunoplates were provided by Mr. Charles 
Daniels, Hyland Laboratories, Los Angeles, Calif. 
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