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VI. HAPTEN AEROSOL IIESEXSITIZX~IOX OF GUINEA PIGS PA~~mm~~ SENSITIZED TO 
SPECIFIC PNEUMOCOCCAL POLXS~~CCHARIDES 

OSCAR SWINEFORD, JR., M.D., GII~~RI,O’~TESVII,I,E, V-1. 

I NVESTIGATION of the many problems of desensitization has been regrettably 
dormant. A good deal is known about desensitization with whole antigens13 ’ 

Little is known about desensitization with haptens, alt)hough anaphylactic shock 
from bacterial polysaccharides was reported in 1926.” Theoretically, desensitiza- 
tion with haptens is of considerable importance, since haptens may neutralize 
antibodies but do not elicit them primarily or anamnestically. JMensitization 
with whole antigens is transient.: Theoretically, desensit,ization with haptens 
should he lasting, in the intact, animal, after antibody production has ceased. 

Prcvions studies in t,his laboratory have shown that, desensitization of uterine 
strips of passively sensitized guinea pigs with pneumococcal polysaccharides was 
transient when brought about by atlditions of the hapten to the bath.4 On 
the other hand, in intact guinea pigs sensitized passively wit,h heterologous 
serum, desensitization with the same polysaccharide, int,ra-abdonzinally, was 
apparently as lasting as passive sensitization.” 

;! good deal of attent.ion has been given, rcccntly, to aerosols in ;I variety 
of uses. This report deals with some clualitative observations on aerosol dcsensi- 
tization, using a pneumococcal pol~saccharidc as a hapten. in guinea pigs sensi- 
tized passirtl\- with specific heterologons antiserum. 

Ml”Tl 101)‘; 1 , 

(:uinca pips were used as experimental animals. I?neumococeal polp- 
sarcharide t,ype VI was used and is rc+crred to as a hapten. Type VI refined 
antipneumococcal rabbit serum was used as the source of heterologous, passively 
sensitizing antibody. 

Passive sensitization was produced. by intra-abdominal injections of 0.35 
to 1.0 ml. of antiserum. Occasionally, more was llsed. 

A DeVilbiss No. 40 nebulizer was connected with a source of comprcsscd air, 
bubbled through water. The hapten was nebulized into a small glass box. This 
aerosol chamber war not cpGte airtight,. 1’11~ i1~Tosol fog was kept dense enough 
to ooze visibly From the loose seams. 
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Positive reactions were gixtlccl sli~yht dy.s~~f C/I when 111~ resI)iratory volume 
per brcnth increased, tldinitel~- and unccInivoraIl>-, usidl~- with some slowing of 
respiral ion. Xorlcrntc tlyspn~~~ was used to describe tlysImca which was clip, 
slow, associated with definite use of the accessory nius~lcs OF respiration, and 
obviously distressing. 1 )yspnea was called .s(~~~~t~c when it looked as though 
:rsphy& were imminent. Annph~yltrctic de&h (A. D.) dcscribcd the severest 
readions, in which the animal behavecl, objectively, as though IW hat1 rcceivctl ii 
fatal intravc‘norls challenging dose 01’ antigen ant1 hat1 t>-pid balloonetl lungs 
at- post lrlol~tc’lll. 

T~o~al desensitization was assumed to be present when the guinea pigs were 
no longer affected by- relatively prolonged exposures (ten minutes) to the fog, 
which. previously, had caused unequivocal dyspnea, promptly. 

The first three experiments arc not concerned with desensitization. The) 
ilre I)rescntetl as background for the desensitization studies. 

10 
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1; 
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1 1.11.~ SENS. 
VI I’OI>YSAC. 

AEROSOI> 

0.65 3.0 
0.65 3.0 
0.65 3.0 
0.65 3.0 
0.65 1.0 
0.65 1.0 
0.6 I .o 
0.63 1.0 
0.65 0.3 
0.3 0.6 
0.5 0.2 
0.5 3.0 
0.3 3.0 
0.5 0.6 
0.5 0.2 
0.5 3.0 
0.3 3.0 
0.33 3.0 
0.35 3.0 

“1 0.35 3.0 

TIME OF 
EYPOSC’RE 

(ml-.) 

1 
1 
11% 
1 
6 
1 
4 
1 l/i 
5 
1 ‘I& 
4 
4 

10 
10 

x 
4 

*I.;~.-Intra-abdominal. 
;Reactions-Grades of dyspn~x ; see text. 
f.4. D.-Anaphylactic death. 
$Slt.-mod-Slight to moderate dyspnea. 

I 
RECOVERY 

TIJIE 
(MIN.) 

4 
- 

3 

G 
6 

*Acacia was used, here and elsewhere in this report, because its imnlnnologic, properties 
nre being stwlied in this laboratory. Thus, a handy anaphylactir system is yroviclecl for corn- 
pa~~ison. Tt:e acitcii~ stu(lit% \vill br repo,tml st’l,wwtPly. 



iCxlje&)aent I (Il’aDlc I).-( :uinca pigs are sensitized t,o inhalation of l?-pc- 
specific polysaccharidr nc~lwsol. by i~ltra-i~l~tl~~I~lill~ll inject ions 0I’ 1~1)~~ \‘I inlti- 
p~~e~~~l~~~~~occ;11 rabbit serutl~. 

Note tllat, there wcrc tliffcrenws in 111~1 time 01’ onset and in t 11~1 intensity 
Of the reactions and that SC\-era1 animals did not lY’iI(‘t ill. all. 

Ir:xlwrinLent II (YnDle ZZ).~Illustrat~ioii of effective l,l~resholds I’or aerosols 
of l,ol~-sac’cliaridc and of histamine. N\lotC tllilt i l c,oilccritl,atioli greater than 
0.03 mg.:ml. 0E ~)ol~strccliaritlc was IlCCCSSill’~, to cllivit, a reaction. Only one 
reaction has bern elicited 1)y an ac~~osol ~O~l~~~~~ltl~ilti~~tl of O.O.', riig./n~l., so far. 
There have been spyera reactions to concentrations of 0.1 and 0.2 mg./ml. Note 
too that, there was i l sharp difference in the intcnsit)- illlC1 in tliv reaction t imr 
bekeen histamine 1 :l:i,OOO and 1 3,000. 

TABLE II. II,I,USTRATION oti* &FECTIVE THRESHOLDS &-OR AEROSOL CONCEWR.~TWXS or 
P01d~SJ~~CHA4RIDE AND 0~ IIISTAMINIT 

PASSIVELY SENSITIZED GTJINE.4 PIG 

Cl’# 
1 

2 

0.5 ml. 0.003 8 None 
0.03 10 None 
0.3 1%. Moderate 10 

0.5 ml. 0.001 7 NOlIe 
0.01 10 XOIX 
0.1 6 Ht.-mod. IO 
0.2 4 Mod.-severe 

HISTAMINE ALONE 
3 None 1: 15,000 6 Ht.-mod. 2 

None 1 : 3,000 1 se\-c!rc 5 
4 Nom 1 : 15,000 4 Sit.-mod. 1 

None 1:3.000 1 Severe - 

*See legend for T;ible I. 

Experiwwnt III (l’a,ble IZI).-Reactions to polysaccharide haptrns differ 
with the route of administrat,ion. Negative reactions to aerosol ma; be followed 
by anaphylactic death from intravenous polysaccharides. 

TABLE III. REACTIONS TO CHALLENGING DOSAGES OF POLYSACCHARIDE DIFFER WITH ROUTE 
0~ ADJ~INISTRATION: NEGATIVE REACTIONS TO AEROSOL FOLLOWED BY ANAPHYLACTI~ 

SHOCK FROM INTRAVENOUS POT,YSACCIIARIDE 

cp# ) %qI- ) E) -~~,,,,,,,,~~~~~~-~~~:: iREACTION 

TypeVI Type VI Type VI 

; ii:“5 4.0 3.0 14 7 0 0 20 1 ::i A. A. D. D. 
Type II Type II Type II 

3 0.65 5.0 12 0 20 2.0 A. D. 

4 0.65 1.0 13 0 20 2.0 5 0.65 5.0 13 0 20 2.0 A”+,. 

Failure t,o elicit aerosol reactions with t,he USC of type II antiserum and 
polysaccharide is discussed later. 
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264 THF: JOURSAL OP AJ>J,EKGY 

Expcdlewt Z 1’ (‘l’uble I ~‘).--L)cscnsitizat,ioii follows reactions to aerosol. 
Two patterns of dcsensit,isatiorl were obscrvc~l. one pattern was the desensitiza- 
tion which ~ollowccl rccover~- from tlyspiica wliilc still in the ac1W0l. Guinea 
pigs -zJos. 1 ant1 2 arc examples of dcsc~tlsilixalioll it 1'1Cl' UXWVCl~ SW111 singl(L 
severe reactions. I)esctlsitixation of pigs Nos. ;: and 4 was coml)lcted while ill 
the aerosol fog after their reactions had bulimic very slight. Repeated examples 
of desensitization, after recovery from moderatclj- severe dyspnea, while still 
in the fog have been observed in animals scnsit ixrd to and reacting to acacia 
aerosol. 

The other pattern is the desensitization which follows two or more decreas- 
ingly intense reactions to aerosol. C:uin(la pigs 50s. 3, 1, 5, and 6 illustrate 
t,ypLcal variations. Note that three were desensitized after two reactions while 
one required four reactions. 

ExpeGmmt 1’ (Table I/‘).-l~ocal desensitization with one concentration of 
polysaccharide may desensitize against several multiples of that concentration 
of liaptcn. 

Table V illustrates this point. Note that it took a total of thirty-seven 
minutes in four separate exposures to desensitize one animal completely against 
an aerosol of a solution of 0.3 mg./ml. of type VI polysaccharide. Fifteen 
minutes after the last nonreacting exposure, there was a barely perceptible 
reaction to a polpsaccharide aerosol of 3.0 mg./ml., a tenfold increase in toler- 
ance approximately. The tolerance was incrcascd fifteen fold by three ex- 
posures in animal No. 2 and fivefold by one exposure in the third one. 

E,rpel*i,)ze?lt 77 (Table TTZ).-I~esensitization by aerosol is 1oca.l. It does 
not prevent anal&-lactic shock from intravenous hapten. Each of t,lre animals 
was complctcly desensitized to the stated hapten concentration. In some acacia 
experiments,” dcfinitc systemic desensitization followed aerosol exposures of ten 
hours, but not, fonr or six ~IOLIW. Note that the anaphylact~ic reaction was weak 
in the last animal. Presumably, passive sensitization was fading.” 

TABLE VI. ~1ESENSITIZATION BY AEROSOL IS Lo('AL; IT 1~0~s NOT PREVENT SURSEQLJFXT 
ANAPHYLACTIC SHOCK FRO&I TNTRAWXOI'S POLYSACCIIARWJE 

-.-____ 
CONC. OF 
TYPE VI 

IA. SENS. I'OT~YSAC. CONC. OF AhtOCNT 
DOSE TYPE Ih-I'TIAI, AEROSOL TYPE VI I.V. 

VI AP;TI- REACTION 1'SED TO POI>YSAC. TYPE VI 
SERUM TO lIESEA-SITIZE INTRRVM. AEROSOI> POLYSAC. 

al';: (m.) AEROSOI> (3IC./\CL.) / (IJAW) (xc,./nrr,.“) REACT,OK (in) REACTIOPj ~____ 
1 0.5 Moderate 3.0 5 3.0 None 3.0 
2 0.65 Mod.-serwe 1.0 I) Not Thme 1.5 2. D”: 
3 0.65 Severe 3.0 1 3.0 None I.0 i+ 
4 0.5 8lt:mod. 3.0 10 3.0 None 2. 0 A. n. 
5 0.5 Mod.-severe 3.0 11 3.0 None 1.0 I+ 

*Exposure time = 10 minutes. 

Ezper$aent VIZ (2’able I7ZZ).-Local desensitization by aerosol may last 
at least nine days. 

In each instance, local desensit.ization was still complete 5 to 9 days after 
the last desensitizing challenge with the concentrat~ions of hapten indicatecl. In 



two animals in Table VI, local desensitization lasted 10 and 1 L days. Tahla 
\T I and l)reyious experiments” show that systemic passive sensitization lasts !I 
tlays or lon#er. 

T.WI.E VII. LOCAT, UESENSITIZATIOK UY ~ZEROSOL MAY LAST AT LEAST 9 l)aus 
._~- .-L 

I ~ Yg;; ;; ) I 

Por>Ys‘~c. CONC. OF 
i 1.A. SENS. ISITIAL AEROSOL TYPE VI 

UOSE TYPI? REACTION 1lSED TO POLYSAC. EXPOSI-RE 
VT AKTI- TO I)ESEi7SITI%E INTERVAT, AEROSOT> TIME 

GP# SERIIJI AEROSOL i (hIG./m.) (DAYS) (1lG./ML.) (?&1x.) REACTIOS 

1 0.5 Moderate 3.0 5 3.0 5 None 
2 0.65 Severe 3.0 7 1.0 6 None 
3 0.65 Moderate 3.0 

i!l 
1.0 6 None 

4 0.5 Mod.-screrc 3.0 3.0 8 None 
5 0.5 Ht.-mod. 3.0 9 3.0 8 NOM! 
6 0.5 fat.-mod. 3.0 9 3.0 8 NOW 

POSITIVE CONTROI>S 

I.A. SESS. DESENS. 
DOSE cost. OF TIME IN 

TYI'E VI TYPE VI 3.0 
AKTI- 1'01,YShC. MG./ML. 

GUIPiEA SE&l-I\[ ITTEBVAI, AEROSOL AEROSOT, 
PIG ( MT>. ) (DAYS) (MG./hIL.) REACTIOK (am.) 

1 0.5 5 3.0 Severe 50 
2 0.5 5 3.0 Moderate 60 

3 0.5 5 3.0 Slight 
ii 0.5 0.5 5 9 3.0 3.0 Slight 

: 
Slight 20 

6 0.5 9 3.0 Moderate 35 
7 0.5 9 3.0 Moderate 35 
8 0.5 9 3.0 Slight 20 

ISTRKVAI 
(XIN.) 

15 
5 

10 
30 
15 
20 
40 

AhlOCST 
I.V. 

TYPE VI 
POI,YSAC. 

(MG.) REACTION 
3.0 A. D. 
3.0 A. D. 
3.0 None 
3.0 Slight 
3.0 Severe 
3.0 A. D. 

A. D. 
Severe 

Esprimmzt VZIZ (Table I’ZZZ).-Prior aerosol treatment with acacia and/ 
or with type II polysaccharide do not prercnt specific reactions to type VT 
polysaccharide, i.e., aerosol reactions are specific. Note that, in three instances, 
there mcrr prior negative aerosol challenges, with type 11 polysaccharide, and 
that, in two animals, there had been negative prior challenges, wit,h aerosols ot 
both acacia and type II polysaccharide. The specific reactions to the type VI 
polysaccharide aerosol seemed to be unimpaired. 

TARLE VIII. PRIOR AEROSOL INHALATIONS OF ACACIA AND/OR TYPE II POLYSACCIIARIDE Do 
KOT PREVENT SPECIFIC REACTIONS TO ~!YPF, VI POI.YSAC(~HARIDE; 

AEROSOL REACTIONS -ORE SPE(WIC 

1 I.A. SENS. 
DOSE TYPE 

VI ANTI- 
SERUM 

GP# / (ML.) 

- 

COSC’. x0x- CGNC. NON- CONC. 
SPECIFIC SPECIFIC SPECIFIC 
AEROSOT, AEROSOI> AEROSOL 

(nrc./m,.) KE.iCTION (nIG./ML.) REACTION (AIG./W,.) REACTION 

Tuoe II TWX VI 
-~ 

1 
2 
3 

0.65 
0.65 
0.5 

1.0 
5.0 
3.0 

nca.cia 

- 

Tvl,r II 

- 
- 
- 

u & 
3.0 
3.0 
0.6 

Severe 
Modwate 
St:mod. 

4 O.65 30.0 Konc 1 .o None 1.0 A. I). 
Type II Acacia 

5 0.65 1.0 None 30.0 None I..0 Mod.-severe 



ExlJ”rinzent liY.-Iiepeated efforts were rrratl~ to scnsitjize against t)-pe I I 
polysaccharides alone or in combination with a(*a(*ia or with t,ypc VT poly- 
saccharidc. In no instance. was the slightest suyg;cstion ol’ 10~1 sonsitisat,ion to 
type II polysaccharide aerosol produced. Four tliffcrcnt lot5 of’ tyl)tb I I rabbit 
antiserum and three different lots of type T I ])ol?-sir~c~llar’itle were usc~l, in var,~- 
ing doses of the sonsitixing antiserum and con~cntr,atiorrs of slioc~king iypc 11 
polysaccharide aerosol. The animals which i'aild to watt to t>.pc II aerosol 
invariably rAcact,ed with anaphylactic death to irrtravenolw challenge wit,h cveri 
weaker concentrations of polysaccharidc than wcrc usctl in the ac~rosol. Tht? 
precipitin titers of the different type II antisera and polysac~c~haridc~s were 
1 :lOO,OOO or stronger. No explanation 01’ th(l I’ailnre to sensitize to t,ype II, 
in the face of ready sensitization to typcb VI I)neurrroc~occal l,ol~sa,ccharitle, has 
been forthcoming. 

I)IYclwSIoS 

The experiments reported here emphasixc three asI)e& of tlcsensitixation 
which are not new; namely, the rrsc of hapt,ens, the use of the airway as a portal 
of entry for the desensitizing hapten or antigen.: and local versus systemic desen- 
sitization. This report does, however, prcscnt, several new facets to these three 
broad aspects of desensitization. 

Thcsc experiments show. for example! that thcrc> was no spontaneous reserr- 
sitization in passively sensitized guinea pigs, after desensit,ization with hapten 
aerosol, using these relatively small doses of sensitizing antiserum. Th(~ poten- 
tial advantage of desicnsit,ixing with a nonsensitizin g hapten aerosol may be 
less obvious when excess antibody is available for rescnsitization of the bronchi. 
This is suggested by the report, that actively sensit,ixetl guinea pigs &sensitized 
hy an aerosol of a whole antigen hccome r33ensitizcd, spontaneously, in a few 
&j-s.; Studies of the duration of desensitization with hapten aerosols in ac- 
tive sensitization and in passive sensitization with homologous ant,isorum must 
wait until more suitable haptens are available. These arc being sought. This 
delay is due to the difficult\- in sensitizing guinra pigs actively with whole 
bacteria and immunizing them with vaccirrcs sufC+ntl,v to obtain SCM suitable 
f'or homologous SCI’U~ passive sensitiza.tion. 

These observations on the LXW of the airwa! as a portal of ent,ry for a 
desensitizing hapten supplement those of Herxhcimer,’ who used whole antigen 
aer+osols to desensitize. It is hoped t,hat they will rc3timulate thca long-dormant 
interest in the problems of desensitization. It is surprising that this rnetiloa 01 
local desensitization has not, been cxp!oitetl long lwfow now. Tt has heen forty 

years since S~vcll’~ report,ed (on shaky grounds) that guinea pigs could be 
sensitized b.v nasal instillat,ion and shocked by inhalations of atomized horse 
serum and, further, that they could be desensitized simply by living in a stable. 
There ha.ve been numerous other refcrcncrs to sensitization and shock by the 

inhalation of antigens. 
The experiments in this report show cluitc> clcarl>- that t,he tlrsensitization 

produced by the hapt,en aerosol is local, and not systemic. The supply- of these 
polysaccharide haptens was too limited to attempt to measure the time required 



in polysaccharidc fog to absorb enough hapten to produce systemic desensitiza- 
tion. Feinberg’l estimated that guinea pigs inhale about 13 gamma of 1:2,000 
histamine, in 3 minutes, and about 30 gamma of Pyribenzamine while in a fog 
of 1 per cent Pyribenzamine, for 5 minutes. At that rate, it would take about 
27 hours to inhale 1 mg. of the hapt,cn, using a 1 mg./c.c. concentration 
for the aerosol. This is a borderline desensitizing amount if we assume t’hat 
all of t,he inspired hapten was absorbed. 

This concept of local desensitization is not a new one. In 1922, RlacKenzie’3 
and C~aulficld14 reported the successful treatment of pollen hay fever by topical 
nasal application of pollen extract. There are many other examples of local 
desensit,ization, which need not be reviewed. It is interesting that 30 years 
clapsed between MacKenzie’sl” local, specific, topical desensitization of t.he nose 
in man and Ilerxheimer’~~ local, specific, topical desensit,ixation of the bronchi 
in guinea pigs. Perhaps, the deterrent was MacKenzie’s demonstration, that 
local desensitization of the skin with an ant,igen was transient,. The need to 
investigate the whole problem of local versus systemic sensitization and desensiti- 
zation is emphasized, by these and otherI” experiments. 

The results recorded in the tables seem clear cut. 
It is of some interest that the duration of the desensitization was about as 

long as the duration of passive sensitization &,h heterologons serum: about ton 
to thirteen days. 

The intensity of reactions to the same sensitizing doses of antiserum and 
cha,llenging concentrations of polpsaccharide varied widely. 

The most violent reactions occurred most quickly, after 45 to 90 seconds in 
aerosol. Conversely, the mildest reactions were the slowest to appear. This 
conforms to the common clinical observation, that the severity of reactions to 
allergen injections tends to vary inversely with the delay in onset. 

Since these are qualitative experiments, no effort was made to measure the 
amount of polysaccharidc inhaled by the animals. 

It would have emphasized the specificity of the desensitization if some 
guinea pigs had been sensitized to two antigens or haptcns and had, then, been 
desensit)ized, specifically against one, without prevention of the aerosol reaction 
to the other. Attempt,s were made to sensitize against (a) type VI and type II 
pneumococcal polysaccharides, (1,) type VI and type II polpsaccharides and 
acacia, and (c) type VI polysaccharide and acacia. In no instance, was there 
evidence of multiple sensitization, with these, the only antigens tried so far. 
Sensitization to acacia alone is produced, with about the same frequency as to 
type VI polysaccharidc alone. This inability to sensitize one animal to two 
aerosol antigens has not been explained, but should be. Experiments wit,11 
different antibody-hapten systems and sensitizing schedules are planned. 

A suftlcicnt number of desensitized animals was challenged with and reacted 
to histamine 1 :3,000 ii?rOSOl to show that the reacting mechanism was still intact. 

Adequate controls seem t,o be Sound in the animals in Table I which did not 
react plus those in Table VT11 which reacted to type VT, after failing to react 
t-o type IT polysaccharide and acacia., plus those in Table I I showing the 
threshold of concentrations reacting to type VI. 
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The gcncral principles wtablished l))- these experiments should be just as 
applicable to immunologic systems using poIysaccharidw from sources othcl 
than bacteria. 

The pncumococcal polysaccharides arc called haptcns, hex, with full knowl- 
edge that they may, under proper conditions, be ant,igenic in man and in rabbit.s. 
They are haptens because, in this type of cq)eriment, they do not sensitize 
guinea pigs. 

SIJMM.iRY MVD COSCLUSIOSS 

1. The following observations are thought to be new. They are bawd on 
studies of the effects of aerosols of pneumococcal polysaccharides, as haptcns, in 
guinea pigs sensitized passively with specific heterologous (rabbit) antiscrum. 

a. Aerosols of specific ha.ptens elicit, respiratory distress of varying inten- 
sit,y, from slight dyspnea to typical anaphylactic death. 

b. Reactions to inhaled hapten may differ from intravenous hapten : i.c., 
negative reactions to aerosol may be followed by anaphylactic death 
I’rom intravenous hapten. 

c. There a.re definite thresholds of effective concentrations of hapten 
aerosols. 

il. 1)esensitization may be readilv produced by specific hapten aerosol, 
in minutes. 

e. AIerosol desensitization is local : ix., subsequent intravenous haptcn 
will cause prompt anaphylasis. Quantitative factors hare not been 
studied. 

f. Berosol desensitization may last at least nine days. 
g. Aerosol desensitization follows at, least, two patterns : (1) after several 

successive decreasingly intense respiratory reactions; and (2) recovery 
from respiratory distress while still in the aerosol. 

11. l~ocal desensitization by a weak, but effective concentration of aerosol 
ma!- desensitize against, five to fifteen multiples of that concentration. 

2. This is the third t,ype of descnsitixation with bact,erial polysaccharides as 
haptens reported from this laboratory. 

3. These qualitative observations were sclectcd for this report and are not 
intended to represent a comprehensive st,udy of the problem. Others will be 
reported as they mature. 
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