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THE SENSITIZING EFFECTS OF EMULSIFIED POLLEN ANTIGENS 
IN ATOPIC SUBJECTS NATURALLY SENSITIVE TO AN 
UNRELATED ANTIGEN 

I N t,he course of immunologic and absorption studies with injections of ragweed 
pollen extract emulsified in Arlacel &l)rakeol, it was noted by us that 5 of 6 

nonatopic subjects developed a delayed skin reactivity to this antigen1 Subse- 
quently, in another series of 15 nonallergic subjects who received such an emul- 
sion, 9 developed delayed skin reactivity, 7 showed immediate skin reactivity, 
while 3 had both types.’ The delayed reactivity was transferred locally and 
systemically with peripheral leukocytes, and the punch biopsies of the recipients ’ 
skin reaction showed histologic changes compatible with those found in other 
accepted delayed skin reactions.’ The immediat,e type of skin reactivity could 
be transferred by the donor’s serum2 and the serum factor possessed character- 
istics compatible with reagin.” It is understandable that, those who were natu- 
rally sensitive to ragwoctl pollen had such high t,itcrs of sensitizing antibody 
that an- moderate increase of this antibody from the injection of t,he emulsified 
antigen could not he espcctcd to bc discernible. However, in a large series of 
observations, we failed to find a dclaved skin reactivity to ragweed following 
injection of such an emulsified antigen in those who were naturally sensitive 
to ragweed. 
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This disparity between the atopic and nonatopic individuals has posed both 
clinical and basic questions. The investigat,ions to be described wercl undcr- 
taken with the hope of shedding some light on t hc natnrc! of this diff’crencc. 

PROCEDURE A\ND RES1JLTS 

Allergic and nonallergic male inmates at a st,atc penal institution comprised 
the sub,ject,s for this st,udy. Antigens used were extracts of pollen of (lither 
ragweed, timothy, or li1nglish plantain, 10,000 pollen units of one or of each 
of two, emulsified in Arlacel A-I)rakeol in the proportions of 1 part, Arlaccl A, 
I) parts I)rakeol, and IO part,s aqueous extract. Iii certain cupt~rimcnts, his- 
tamine was substituted for a pollen extract. The volume indected in each in- 
stance was 1 ml. Intradcrmal t&s wcrc made weekly for a number of weeks 
and then less often, beginning one week and, in several instances, orl~ day >iPtel 
the emulsion injection. The tests were nlade wit,11 0.05 ml. aqueous extracts of 
pollen containing 1,000 pollen units per milliliter, and also with weaker solu- 
tions where indicated. Almost always, disposable syringes and netidles were 
employed in such testing. Immediate rc3ctions were noted and the sites ex- 
amincd “4 hours and at intervals thcreaft,cr. 1 )elayd reactions WWP recorded 
positive ii’ thcp wvcrc 10 mm. in diamctcr or larger, lasted 48 hours or longer, 
and showed induration. A number of reactions occurred which began within 
2-C hours, lasted 1~s than 4X hours, had 110 induration, and W\;CI’C not repro- 
ducihlt over a long period. Such reactions wercl not rclcordcd in the figures, 
but will be discussed later. in this paper. Skin biopsies were Inadc of the irn- 
mediate, delayed, and qucstionablc reactions at Mfcrc~nt int.ervals after the 
intradrrmal injections. The histologic findings of thcsc biopsies will 1~~1 de- 
scribed at a later time. 

Most of the invcstipations and results can best, be described under each 
particular question for which an answer was sought~. 

1. Is the ntopic: person constitlLtion(lllU incrrpcddc of ha8r*ing the delayed 
renctivitjy intl~wed 0~ this method? 

Nineteen atopic individuals were given an cmulsificd pollen antigen other 
than the one to which they wcrc naturally sensitive. All 19 developed im- 
mediate skin reactivity and 8 of thcsc dcvclopcd delayed sensitivity. Of t11e 

12 nonatopic subjects who wcw given emulsions of timothy pollen extract, 3 
showed immediate reactivity, 7 dclaycd, and 2 both. 

2. Does the immediate trntigen-crntihoo’y ~*enction from the emulsified anti- 
gen hinder the induction of dcitr~~rd scnuitivi-ly I’ If it &es, is the efect a spe- 
cific one or the result oj” ~~crsc~~lnr pfwt,? from libernted histamine or, perha,ps, 
other nonspecific illfluencc? 

This could concrivably occur 1)~ diffusing t,he antigen so as to prevent it,s 
attachment, to skin cells, by its clcstruction by mcdiat,or substances, or by its 
consumption in the ariti~en-aiitil)o(l~ reaction. Nine subjects were injected 
with an emulsion containing two pollen antigens, one to which the subject was 
allergic and the other to which lit was not. iZs can be seen in Table I, 8 de- 
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veloped immediate reactivity, 3 of whom also had delayed sensitivity. Of the 
1 nonatopic persons receiving an emulsion combining both timothy and ragweed 
pollen extracts, 2 developed an immrdiatc reactivity, 2 delayed, and 1 combined. 

EJl~~I>SIOS IT!IAIEI)IATE I)ETAYEU CORIBINEI) 
INJE:(‘TIONS ~ SI-~IBER RICA<‘TIVITY ILEA(‘TIVITY REA2CTIVITY 

dtopic J’ubjects 
Allergic to 

rag\reed 

Allergic to 
Altrmaria 

Allergic to 
ragweed 

Timothy 
English plantain 

Timothy + 
Xag\rrTtl 

I’lantxin + 
Xag\wcd 

Histamine + 
Timothy 

Histamine + 
Plantain 

Totals 

Normtopic Nubjcc,ls 
Timothy 
Timothy + 

Kagwd 
Timothy + 

Histamine 
Totals 

5 
2 

I 

2 
14 

2 

Six atopic subjects were given an emulsion containing 0.2 mg. of histamine 
(in terms of base) combined with a pollen cstract to which they were not sensi- 
tive. Five developed immediate sensitivity and 3 of thcsc also had delayed 
reactions. Of 6 nonatopic subjects receiving a similar emulsion, 2 developed 
immediate reactivity, 3 delayed, and none combined. 

This possihilit,v cannot be answcrc~d at prc~scnt. but investigations arc under 
way in an attempt to answer this point. 

1. floes the nllergic person who h,crs hem gASen cm emulsified antigen, in 
fact pmsess th,e delrryed sensitivity state hlct fads to elicit a delayed skin rem- 
tion hecnuse of interference !I,?J the intmedicrte rcnctim? 

It is conceivable that,, in the reaction from the skin test, the antigen may 
be diffused, destroyed, or used up, thus preventin, 0’ a delavcd skin reaction in 
spite of the prrsencc of a statt> of dclayd h-per’stnsiti\-itv. If this assumption 
were correct it would be cspc~ctcd that the peripheral leukocytes of such allergic 
persons who received the emnlsific~tl antigen to which they wcrc sensitive would 
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be capable of transferring such a delayed hypcrsensitivc state. I’rcliminary 
investigations along this line thus far have been negative. In other cspcriments, 
preliminary evidence indicates that a naturally acquired delayed skin reactivity 
is quantitatively modified when t,he antigen rcsponsiblc for it is injected intra- 
dermally together with an immediate reacting antigen. 

5. Hmve the cells of the in~dividunl xjho hos developed spontaneous iw 
nzediate type of allergy beco??z~e sp>ecinlieed for the lJrcJd?cctim of skill sc?lsitizinn 
antibodies and not available (or stinzulation by the same antigen to produce 
delayed sensitivity? 

The possibility also exists that those who have dcrclopcd spontaneously the 
immediate type of allergy have passed through a stage of delayed hyp,crscnsi- 
tivity early in their allergic experience. An approach to answer this question 
is obviously difficult. 

OTHER OBSERVATIOUS * , 

Table II gives a detailed picture of some other pertinent findings. The 
high incidence of induced immediate reactivity and the relatively low incidence 
of delayed reactivity in the atopic group are striking. It, is to be noted in this 
group also that none developed delayed reactivity solely. (Those marked k are 
not included in the statistics, since their status is questionable at present.) In 
the nonatopic group, the t,endency is for greater development of delayed re- 
activity and for a lesser trend toward the immediate type. In those atopic 
persons who had both induced types of reactivity, some developed the immediate 
first, some the delayed, while in others both types appeared simultaneously. 

Immediate reactivity was obtained in a few atopic subjects within a week 
after the emulsion injection, in a large percentage by the end of 2 weeks, and in 
most by the end of 8 weeks. In 3 instanct)s, immcdiatc reactivity was noted one 
day after the emulsion injection and was reprodurihlc for several weeks thcr+ 
after. In occasional instances, 5 to 8 months wvcrc required to devclol) such 
sensitivity. Delayed reactivity also became cbvident in most of those of this 
group who developed it 2 to 4 weeks after emulsion injection; none rcquircd 
longer than 6 weeks to acquire it. In the nonat,opic subjects, immediate rc- 
activity appeared to take longer to dcvc~lop, whereas delayed sensitivity was 
induced at, ahout the same time as in t,hc nonat,opic group. 

There was very little cvidencc of convclrsion of a state of delayed reactivit! 
into one of immediate, or vice versa. In most instances of either immcdiatc or 
delayed reactivity, t,he sensitive state was present, at, least 12 weeks after the 
sensitizing dose, and persisted for at least 20 to 37 and ‘75 weeks in those who 
were followed that long. This persistence did not apply to the special lypc of 
delayed reaction previously described and designated as -t in Table II, but 
not included in Table I. 

DISCUSSION 

It is apparent that the atopic person can develop delayed sensitivity from 
the injection of an emulsified pollen antigen providing he has no spontaneous 
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imnicdiatc type sensitivit,y to that antigen. Since the development of such 
dclaycd sensitivit!- is accompanied by delayed inflammatory reactions at the 
site of injection of t hc cm&ion, sometimes followed by abscess formation, it is 
obviously important that care be used to assure one’s self that the patient is 
allergic to such an antigen before it is given in an emulsion. From the data 
nt hand it is also apparent t,hat nclither the antigen-antibody reaction nor the 
inflammation produced by histamine prevents the second antigen in the emul- 
sion to which the subject had no spontaneous allergy from inducing either de- 
la,ved or immediate sensitivity. The immediate skin reaction from an antigen 
does appear to reduce the delayed reaction from another antigen. However, 
such inhibition is not complete. It could bc argued, of courx, that, while an 
antig~~rl-arltibod!- reaction does not inter&c with an unrelatrcl antigen, it might 
intcrfcre with its own antigen, perhaps by tying it up with antibody so that 
it is not available for the production of delayed sensitivity. The occurrence at 
timc>s oi both irnmediatc and delayed sensitivity to the same antigen in some 
spontaneous allcrgics and, of coursf~, the induced combined reactions in some of 
our own espcrimcntal subjects argue against this explanation for the failure 
of the atopic individual to give a delayed skin test with the same ant,igen 
t,o which 11~ is spontaneously sensitive and which hc has received in emulsion. 
It is true that thcso discrepancies might possibly bc explained by the fact that, 
in sonic instances of spontaneous allergy, two separate antigens are active in 
the testing extract, one which gives an immediate reaction and the other a 
dclaycd. It should also be kept in mind that in most instances the first test 
was made a week aftclr the sensitizing dose and an early delayed type of re- 
activity might have lmr~ missed. On the other hand, t,his argument is weak- 
cncd by the fact that the observed delayed sensitivities persisted for a long 
t.inlC, and, if the dclayvcd reactivity had occurred in the first week, it should 
have becn prcscnt latclr also. 

The> possibilit)- of the presence of a cell transfer factor after an injection 
01’ c~ltlulsified pollrn to which the subject, is sensitive, in spite of absence of de- 
la>-(4 skin roactivit,v, still remains to be settled. It is possible that the person 
with a spontaneous immediate type allergy, such as to ragweed pollen, may 
not 1~3 able to revert to a delayed reactivity because he may have already gone 
through this stage in the rarlJ7 stages of his allergy development. If this is 
tru(i, thtl COUYW is cclrtainlp different, from that of induced sensitivity in our 
series of atopic persons when a new antigen is used. Here almost all develop 
inr mcdiatc sensitivity, and, in t,he Crw who develop delayed reactivity, t,he im- 
mediate state may precede the dclaycd. 

Thus the question of the diffcrc>nce in behavior of t,he allergic and non- 
allergic individual in the dcvelopmrnt of induced delayed hypersrnsitivit,y to 
pollen antigens rcniains unanswcrcd, cscept for the fact that certain possi- 
bilitics have been rulrd out. Further approaches are in progrcm with regard 
to ot,licr possibilitirs. 

JV\\‘c have prclviously referred to a group showing modified delayed reac- 
tions not includctl in our figures in Table I. Thcsc consisted of erythematous 
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areas, usually under 10 mm. in diameter, without induration, appearing in less 
than 24 hours and disappearing by 48 hours. In lKll1~ of t11esc the state of 

reactivity was not lasting, thus differing from the other delayed reactions in- 
duced by us. Raftcl,” in describing somewhat similar reactions induced by 
antigen-antihod>- complcx~~s in antibody cscws or I)y small doses of antigen 
alone, refers to them as the doncs-Mote 1 >-p~b. \\‘hilc R&fel regards these as a 
type of delayed reaction, and we are inclined to agree with him, WV are not 
as yet certain of their significance. It is cvcn possible that the,v may IX a type 
of &thus reaction. At an)- rate, further studies with particular attention to 
serum transf(Ar, ccl1 transfer, and histologic cxnminations are being conducted 
on this group. 

Our* studies indicate that the pattern of induced sensitivity in the atopic 
and nonat,opic gronps differ. In t,Iic: atopic group, pollen extract in emulsion 
produces almost uniformly immediate type? of sensitivity and does so early. 
(It is vorq’ possible that those 3 subjects who showed immediate reactivity one 
day after injection of the emulsion represent some kind of technical error, since 
such a finding is difficult, to believe. ) I)t:laycd sensitivity is less prominent in 
the atopic group. In nonatopic persons, thr ratio of induced immediate to 
delayed react,ivit,y is revt~rsed. Tho consistent, production of a sensitizing anti- 
body in atopic individuals with a new antigen I)\- this method suggests, but 
does not prove, that an emulsified antigen to which t,he person is already sensi- 
tivc may increase his titer of sensitizing antihody. It sI!ould he stressed that 
in our investigations thus far reported a standard dose of ant,igen ( 10,000 pollen 
units) was used in the emulsion in the sc>nsitixing injections. It, is possiblcr 
t,tiat smaller or larger dosc~s, in process of investigation, may product: different 
results. In animal expcrimcnts, Salvin” has shown that reducing the dosr of 
antigen may diminish the chance for antibody t’ormation and Ina>- shorten the 
duration of dt~layctl reactivity. Hc has also demonstrated that, the addition of 
&Iycohartc+urn to the emulsion increases the intensity of drlayd reactivity and 
drfcrs the onset of immediate reactivity. 

In our investigations, either immcdiat.cl or dclaycd reactivity appeared usu- 
ally in 2 to 1 weeks. In studies of induced skin reactivity in man from re- 
peated intradcrmal injections of rabbit s(‘rum, .Joncs and Mote” recorded the 
earliest dclayd reactions 7 weeks after the first inoculation. Immediate re- 
activity was added suhscquently to the tlclay(ld. Finally the delay1 rcact,ivit,;v 
disappcarcd Icaving only a Stilte of irnmcdiatc rcsponsivcncss. In induced sensi- 
tivity in man from wcc>kI,v intradcrmal injcbctions of guinea pig strum, Simon 
and Rackcmann’ obtained delayed reactivity in one week, and in sclrc~ral cases 
examined more frcqucnt,ly it was present in as short a time as 3 claps after the 
first dose. Those who had dcIa,ved rcactivit,y convclrtc4 to the immediate type 
sometimes after the scrond week, more often after the third week, and some- 
times later. Six of t,hcir subjects had immcdiatr reactivity one week aft,er the 
first injection; thcsc did not d~vc~lop d(~li\~ed reactivity later. By injecting 
antigen-antibody cornplexcs in antibody (~SCWS in puinca pigs, IJhr and asso- 
ciates” obtained delayed reactivity l)Pginning on the third to fourth day, I,ut 



Volume ii SENSITIZLNG EFFECTS OF EIMUIAIFIED POLLEN ANTIGENS 
Number 4 

293 

antibody was not detect,ahlc until at lcast 2 to 3 weeks thercaftcr. On injecting 
diphtheria toxoid in inrornplete adjuvant in guinea pigs, Salvin” found delayed 
sensitivity on the fourth day and combined (dclaycd and Arthus) beginning 
on the twclft,h or thirteenth day. By reducing the dose of antigen, the latent 
period before the occurrence of delayed sensitivity was lengthened. 

L\n impression prevails that dclaycd react,ivity is a ncccssary prelirninar?- 
stage in the development of the immcdiatc type of sensitivity. This concept is 
supported strongly by the findings of IJhr and associates and of Salvin with 
antigen-antibody complexes and with some aritigrns alone in grinca pigs. Salvin 
also finds that, a small dose of antigen may product a nonreactive period bc- 
twecn thr disappcarancc of delay-cd and appearance of immcdiatc reactivity. 
,Jones and Mote, and Simon and Rackemann, found an order of progression in 
man from the in.joction of foreign scra intradcrmally. IIowcv(lr, the tendcrq 
in their casts was to ctiangc from one type of reactivity to the other. Furthcr- 
tnorc, as noted carlirr in this papor’, some of the subjects of Simon and Rackc- 
mann developed immcdiatc sensitivity only. The expericnco in our scrics does 
not support the concept that drlaycd rcilctivity is a ncct’ssary step in t,he dct- 
vclopnicnt of the immcdiatc type. It must bc rrmcnibrred, however, that, in th(l 
investigations condr~ctcd by us and others, substantial tliff’crcnccs in tecliniquc~ 
csist with regard to nature of antigen. dose, mcdinnt in which administc~rcd. 
route of administration, and animal spccics usctl. 

As noted earlier with 0771’ sub.jccts, thclrc is a dccidrd tendency for both 
irrrmcdiate and delayed induced sensitivity to persist fora months and p(‘rtraps 
years. WC realize that the gcncral clinical impression is that many indurcd 
clinical sensitivities (penicillin and others j tend to disappear. Simon and 
Rackemann reported that in their series of subjects with induced sensitivity to 
guinea pig serum the immediate reactivity was still present one >-ear in most 
cases test&. Tn sensitivity induced 1,s Vhr ‘s group in guinea pigs with antigen 
in comp!ctc adjuvant, dclaycd rractivity persisted for at lcast 10 weeks. 

1. Atopic individuals dcvclop immediate and dclaycd skin reactivity to 
emulsified pollen antigens to which they have had no previous sensitivity. 

2. The development of such new sensitivity is not hampered by the pro- 
duction of a nonspecific inflammatory reaction (from histamine) or a specific 
antigen-antibody reaction at the site of injection of the cmulsificd new antigen. 

3. \\‘ith the type of ant&n, dose, and method used, the atopic person 
almost regularly develops immediate skin reactirit,v and less often delayed rc- 
activity. Sonatopic individuals, on the other hand, have a grclatcr t,endcnq- 
to derclop delayed scnsit,ivity. 

4. Our findings do not support the contention that delagcd h~persensitivitv 
is it necessary step in the process of development of the immediate type in all 
instances and with all techniques. 

5. The reason for the failure of the atopic person to develop induced de- 
layed skin hypersensitivity to the antigen to which he is spontaneously sensitive 
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still remains unsolved. Some possible cuplanations are offered, but thcsc must, 
await further study. 
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