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Studies were made to determine whether intrackrmal implants of viable lymphocytes 
would transfer the immediate type of hypersensitivity to ragweed. Suspensions of 
lymphocytes were prepared from t&ercalin-positive ragweed hay fever patitmts by 
drawing 150 ml. of blood. Yields of approximately 1 ml. containing abozlt 90,000 to 
100,000 lymphocytes per ~~bio millCm&er were obtained. Lymphomcytic cellular-transfer 
sites were established in 6 nonallergio ttiberwalin-negative redpients by injeoting, 
intraclermally, 0.1 ml. of the lymphooyte suspension within 5 hours. Control sites of 
0.1 ml. of the last saline washings obtained in preparing the lymphocyte suspension 
and P-K transfer sites with the dmors’ sera were also injected. Lymphouyte cell, 
P-K, and control sites were tested with ragweed and read within 15 mkvudes for 
immediate reactions. A lymphocyte oell-trmsfer site and a remote skin area were 
tested with PPD and read in 48 hours. Immediate whealing reaotions to ragweed at 
the lymphocyte cell sites were shown. in 9 of 6 recipients; in. 8, the reaction was 
eqzlivocal and in one, negative. Positive tuberculin reactions developed at the 
lymphocyte cell sites in 3 of 6 recipients, and 2 of these 3 also reacted to tuberculin 
at remote areas. These studies in&ate that the immediate type of hypersensitivity 
may be transferred by intradermal lymphocyte oell tran.sfer, as well as the delayed 
type. 

T he transfer of immediate type sensitivity by leukocytes, with utilization of 
human donors and recipients, has been studied by Walzer and his co-workers’-4 
and by Freedman, Fisher, and Cooke5 with contradictory results. Walzer and 
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his co-workers reported the transfer of small positive immediate type reactions 
to ragweed pollen extract when suspensions of both viable leukocytes and ex- 
tracts of fragmented white blood cells were used to transfer sensitivity.‘, ’ 
Subsequently, they noted the transfer of immediate reactions to timothy pollen 
at leukocytic transfer sites and related the presence or absence of positive wheal- 
ing reactions at these sites to the clinical immunologic status of the donor.:’ 
Walzer and Bowman were also able to demonstrate the transfer of the im- 
mediate type of sensitivity by the use of leukocytes from a human donor who 
had been artificially sensitized to Ascaris lumbricoides worms without the trans- 
fer of a reaction to the serum of the donor.’ Freedman, Fisher, and Cooke” did 
not obtain immediate transfer of ragweed reactions at sites prepared with leuko- 
cytes disrupted mechanically, or by freezing and thawing, or with viable leuko- 
cytes. In their study, leukocytic suspensions or extracts from patients sensitive 
to penicillin and horse serum failed to produce positive immediate reactions to 
these substances.” The transfer of delayed hypersensitivity by lymphocytes from 
nonatopic human subjects sensitized by water-in-oil emulsions of ragweed or 
timothy antigen was report.ed by Slavin, Marvin, and Feinberg.G More recently, 
tissue culture studies of lymphocytes from allergic patients by Rose and his 
co-workers7 have shown evidence of the presence of an antibody in the tissue 
culture fluid capable of passively sensitizing monkey ileum to ragweed antigen. 

The present study was made in an effort to determine whether intradermal 
implants of viable lymphocytes, which usually mediate the delayed type of 
sensitivity,“, y would also transfer the immediate type of hypersensitivity to 
local skin areas. 

METHOD 

Lymphocytes were obtained from 3 tuberculin-positive ragweed-sensitive 
donors who exhibited pronounced hay fever symptoms. The technique of dif- 
ferential sedimentation described by Brent and Medawar’O was followed in pre- 
paring the lymphocytic suspensions. Approximately 150 ml. of venous blood 
was drawn, divided into 3 large sterile tubes, and defibrinated mechanically by 
twirling the blood with a glass rod bent into zig-zag angles. After defibrination, 
an amount of 3 per cent dextran (clinical 100-molecular weight 124,000) in 
physiologic salt solution, equal to the volume of the defibrinated blood, was 
added to each tube. The tubes were then incubated at 37” C. for about 90 min- 
utes, until the mixture separated into a supernatant layer containing most of 
the lymphocytes and a compact sediment, chiefly composed of red blood cells. 
The supernatant was pipetted off and the first residue, which contained the red 
blood cells, discarded. The supernatant was then centrifuged for 10 minutes at 
1,500 r.p.m. at room temperature, leaving a residue chiefly of lymphocytes but 
with some red blood cells still present. After this centrifugation, the supernatant 
was removed and the sediment, rich in lymphocytes, was resuspended with sev- 
eral milliliters of the supernatant. This was again incubated at 37O C. for an 
hour to allow excess red blood cells to settle to the bottom. The supernatant, 
containing lymphocytes, was pipetted off and was again centrifuged at 1,500 
r.p.m. for 10 minutes, leaving a sediment of highly concentrated lymphocytes. 
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In order to remove any adherent serum reagin, these cells were washed with 
40 ml. o’f sterile normal saline and the tube was centrifuged, again discarding 
the supernatant. The sediment was now washed a second time by adding another 
40 ml. of normal saline, and this was then centrifuged. R.emoval of the second 
40 ml. of saline (part of which was preserved for control tests) left a residue 
of approximately 1 ml. of packed cells, predominantly lymphocytes. In the 
process of mechanical defibrinat.ion a.nd during the course of incubation, a large 
proportion of the polymorphonuclear leukocytes was removed by adherence to 
the glass rods and to the walls of the glass tubes, and in the sediments contain- 
ing the red blood cells. Viability of the lymphocytes in the final residue of 
packed cells was ascertained by studying wet slide preparations of the cells 
stained with 0.2 per cent trypan blue (4 parts diluted with 1 part concentrated, 
4.25 per cent saline) according to the technique described by Boyse, Old, and 
Thomas.l* At least 90 per cent of the lymphocytes were found to be viable by 
this method. 

In all, four such suspensions were prepared from 3 different donors. Cell 
counts, using Wright stain, showed the lymphocytic content to be as follows: 
Donor V. S.-total white blood cells = 155,000 per cubic millimeter, lympho- 

cytes 58 per cent or 89,900 per cubic millimet,er. 
Donor J. Z.-total white blood cells = 178,000 per cubic millimeter, lympho- 

cytes 60 per cent or 106,800 per cubic millimeter. 
Donor M. V. (I)-total white blood cells = 177,000 per cubic millimeter, 

lymphocytes 62 per cent or 109,740 per cubic millimeter. 
Donor M. V. (II)-total white blood cells = 182,000 per cubic millimeter, 

lymphocytes 55 per cent or 100,100 per cubic millimeber. 
These cell suspensions definitely contained a much larger percentage of 

lymphocytes than the normal lymphocyte cell distribution in blood. Although 
it is unlikely, this study does not completely exclude the possibility that other 
cells in the white blood series might have participated in the reactions. 

The recipients for the passive transfer study consisted of 6 healthy non- 
allergic young men who were previously tuberculin negative when tested with 
tuberculin, purified protein derivative, second test st.rength (PPD, Parke-Davis). 
Lymphocytic cellular transfer sites were established by injecting, intradermally, 
0.1 ml. of the lymphocytic cell suspension within 5 hours of the time t,he blood 
was drawn from the donors. The number of lymphocytes injected into each of 
t.he cellular transfer sites was approximately as follows: 

R,ecipient M. Z. (from Donor V. S.) 8,900,OOO cells 
Recipient. El. N. (from Donor J. Z.) 10,600,OOO cells 
Recipient K. H. (from Donor J. Z.) 10,600,OOO cells 
Recipient R. T. (from Donor M. V.-I) 10,900,000 cells 
Recipient R. G. (from Donor M. V.-II) 10,000,000 cells 
Recipient J. P. (from Donor M. V.-II) 10,000,000 cells. 

To rule out the possibility of reactions from serum reagin adherent to the 
cells, a control site of 0.1 ml. of the last saline washings obtained in preparing 
the suspensions was also injected. Ordinary P-K transfer sites with serum from 
the donors were prepared in the opposite arm of the recipients. These pre- 
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liminary P-K transfer tests were made before the prepa.ration and injection 
of the cell suspensions. The sera gave positive passive transfer reactions on 
testing with an extract of equal parts of low and giant ragweed in dilut.ions of 
1.00 or 200 protein nitrogen units (PNU) per milliliter up to concentrations of 
10,000 PNU per milliliter. This extract was prepared and standardized in t.hc 
allergy laboratory of t,he Jefferson Medical College Hospital. The serum sites 
for P-K tra,nsfer were t,esteds with ragweed pollen extract to insure that the 
donors possessed circulating antibodies (reagin) . 

The transfer cell sites were considered ready for testing as soon as the in- 
duration from the injection of the cell suspension subsided. This required from 
3 to 7 days, but 9 days was necessary in one recipient. Cell-transfer sites in all 
6 recipients were tested with the same extract of ragweed pollen in concentra- 
tions of 5,000, 10,000, or 34,000 PNU per milliliter. Other cell-transfer sites were 
tested with PPD, second t,est st.rength. The control sites with the final saline 
washings were tested with ragweed pollen extract (10,000 PNU per milliliter). 

Control tests for the cellular and serum transfer sites were made with corre- 
sponding concentrations of pollen extract in normal nonsensitized skin areas of 
the recipients. Additional control tests in t.he cellular sites and adjacent normal 
skin areas were made with buffered saline solution. In 3 recipient,s, remote nor- 
mal skin areas (on the opposite arm) were also tested with PPD, second test 
sbrength. The volume of pollen extract injected for testing in all areas was 0.01 
ml., intradermally, and the volume of PPD injected was 0.1 ml., int.radermal1.y. 

RESULTS 

The tests with ragweed extract were read in 15 minutes by recording the 
size of the wheal produced. No test was considered positive unless the size of 
the whcal in the lymphocyte-cell site significantly exceeded that produced in the 
control tests made in normal skin and the sites containing the final saline wash- 
ings. In 3 recipients, definite wheals were observed at the site of the cell transfer 
when these were tested with ragweed pollen extract. In these cell sites, the excess 
of the diameter of the wheal over that produced in normal skin control sites 
ranged from 3 to 7 mm. In 2 of these 3 recipients, the control tests made a,t the 
final saline-washings sites showed no variation from the normal skin and the 
other showed a wheal only 1. mm. larger than the normal skin. These findings 
would seem to rule out the possibilit,y that adhered serum reagin might be r+ 
sponsible for the wheals obtained at the lympho’cyte-cell sites. 

Two of the positive ragweed reactions were found at the cell sites from the 
blood of one donor, M. V., who furnished bloo’d twice. In the first trial, one re- 
cipient, R. T., was tested a,nd developed a small wheal (3 mm.) at a cell site 
tested with ragweed 10,000 PNIT per milliliter. In the second experiment with 
cells derived from the blood of the same donor, &I. V., 2 recipients were tested 
with ragweed. In one of these, R. G., a positive reaction to ragweed 34,000 PNU 
per milliliter with a wheal of 5 mm. was shown, although a cell site tested with 
ragweed 10,000 PNU per milliliter had reacted negatively (Fig. I). The second 
recipient, J. P., failed t,o show a positive response t.o ragweed at the cell site 
even with the 34,000 PNU per milliliter ragweed testing strength. The cells 



Volume 39 
Number 3 

Transfer of immediate hypersensitivity 143 

Fig. 1 
Development of wheal within 15 minutes at the lymphocyte cell-transfer site (donor X. V. 
[II], recipient R. G.) by challenge with ragweed extract, 34,000 PNU per cubic centimeter is 

shown under L. Negative response to same challenge resulted at control sites with final mash- 
ings under W and in normal skin under N. 

from another donor, J. Z., were tested with ragweed 10,000 PNU per milliliter in 
2 recipients with a positive 7 mm. reaction appearing in one, K. H., and an 
equivocal reaction of 1.5 mm. in the other, E. N. A cell site from the third donor, 
V. S., was tested in one recipient, &I. Z., and showed only an equivocal reaction 
of 1. mm. 

Positive transfer reactions of the immediate wheal type to ragweed were, 
therefore, shown to the cells from 2 donors in 3 recipients. 

Positive tuberculin reactions appeared at the cell-transfer sites in 3 re- 
cipients and these ranged in size from 6 to 15 mm. Two of these reactions were 
shown to the cells of donor M. V. In one recipient, R. T., sensitized with M. V. 
cells, positive reactions to both ragweed and tuberculin developed at sensitized 
cell sites. The second recipient, R. G., sensitized with AX. V. cells reacted to rag- 
weed but not to tuberculin, while the third recipient, J. P., showed no reaction to 
ragweed but did develop a tuberculin reaction. The remaining positive tuberculin 
reaction appeared in recipient. E. N., who had shown only an equivoca.1 reaction to 
ragweed with the cells of donor J. Z. In the recipient of J. Z. cells who had re- 
acted to ragweed, K. H., no, tuberculin reaction was obtained. 

In 2 of the 3 recipients who reacted to tuberculin at the cell-bransfer sites, 
additional tuberculin tests were made in the normal skin of the opposite arm 
and both showed positive t,uberculin reactions, 11 and 12 mm. in diameter, in 
these remote areas (Fig. 2). This would indicate that the localized intradermad 
transfer of lymphocytes produced a generalized delayed hypersensitivity to 
tuberculin in these recipients. 
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The P-K tests made wit,11 serum from all 3 donors were positive in all 6 
recipients, indicating that reagins to ragweed were present in all donors and 
that the recipients were capable of being sensit,ized to reagin. 

The results o’f these experiments are summarized in t,he accompanying tables 
(Tables I and II). 

DISCUSSION 

These findings indicate that it may be possible to transfer the immediate 
whealing type of sensitivity into normal skin areas passively sensitized by the 
intradermal injection of cellular suspensions containing a high percentage of 

Table 1. Serum passive transfer (P-K) tests 

~ 1 

Serum sites Norwml skin 
2Rsx 100 PNU bRs $00 PN U 2R.s 10,000 PN lJ control 

DOTWT Rcoipient (dkamet er) t (diameter) t (diameter) (diameter) 

v. 8. 
&g 

NTf NT 4 mm. 1 mm. 
J. z. 

K’. H’. 
NT NT 12 mm. 0 

5. z. NT NT 10 mm. 0 
M. v. (I) R. T. NT ST 2 mm. 0 
M. V. (II) R. G. NT 8 mm. 10 mm. 2 mm. 
M. v. (II) J. P. 8 mm. NT 12 mm. 0 

*2Rs, extract of equal parts of low and giant ragweed prepared in the Allergy Laboratory 
of Jefferson Medical College Hospital and standardized in protein nitrogen units. 

t Diameter of wheal formed. 
$NT, not tested. 

Table II 

Donor 
(Date blood 

drawn) 

Lymphocyte cell transfer tests 

dRs* 5,000 PNU 2Rs 10,000 PNU bRs 34,000 PN U 

Site+ lControZI 1 Result ) Site 1 Control /Result 1 Site 1 Control 1 Result 

v. s. M. Z. 3 mm. 1.5 mm. + 2.5 mm. 1.5 mm. + NTt 
8-18-56 8-25-65 

J. Z. E. N. NTt 5 mm. 3.5mm. ? NT 
8-27-65 8-30-65 

J. Z. K. H. NT 8 mm. 1 mm. + NT 
8-27-65 9-3-65 

M. V. (I) R. T. NT 3mm. 0 + 9 mm. 2 mm. + 
g-10-65 9-13-65 

M. V. (II) R. G. NT 2 mm. 2 mm. - 7.5 mm. 2.5 mm. + 
10-22-56 10-29-65 

M. V. (II) J. P. NT 1.5 mm. 2.5mm. - 3.5 mm. 3.5 mm. - 
10-22-65 11-l-65 

*2Rs, extract of equal parts of low and giant ragweed prepared in the Allergy Laboratory of 
tDiameter of whea.l formed. 
$NT, not tested. 
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washed viable lymphocytes. Individual variations in the sensitizing potential of 
the donor cells or in the capacity of the recipient to become sensitized may ac- 
count for the fact that each donor’s cells did not sensitize every recipient in 
whom these cells were injected. 

In these experiments, cells from one donor, M. V., transferred an immediate 

Fig. 2 
Appearance of positive tuberculin reactions in remote normal skin area 5 days after transfer 
of lymphocyte cells from donor M. V. (II) to recipient J. P. and 48 hours after challenge 
with PPD, second testing strength. A similar reaction appeared at the lymphocyte cell-transfer 
site. 

Tuberodin tests 
PPD, second test strength. 

Saline umhings tests IvTormd skin / I 
Buffered saline BRS 10,000 PNU (prior to Normal skin 

Site / Control Site ( Codrol 1 Result 
lymphocyte Lymphocyte (after lympho- 

transfer) cell site cyte transfer) 

0 0 XT NT 

NT 1.5 mm. 1.5 mm. - 10 mm. NT 

NT 0 0 NT 

2 mm. 0 0 0 - - 15 mm. 12 mm. 

NT 2.5 mm. 1.5 mm. + 

1.5 mm. 1.5 mm. 1 mm. 1 mm. - - 6 mm. 11 mm. 

Jefferson Medical College Hospital and standardized in protein nitrogen units. 
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reaction to ragweed in 2 of 3 recipients; cells from another, J. Z., transferred 
the immediate reaction to ragweed in 1 of 2 recipients, while cells from the third 
donor, V. S., failed to t,ransfer the ragweed reaction in a single recipient. Al- 
though the tra,nsfer of delayed hypersensitivity to tuberculin occurred in 3 re- 
cipients, this did not, parallel t.he transfer of the immediate hypersensitivity to 
ragweed. Only one of the recipients who had acquired sensitivity to ragweed, 
R. T., developed delayed hypersensitivity to tuberculin. The variation in the 
transfer of immediate and delayed hypersensitivit.y may be the result of im- 
munologic processes that still remain unelucidated. 

Lymphocytes have been recognized a.s capable of transferring delayed type 
hypersensitivity but are not usually considered to be involved in the transfer of 
immediate type hypersensitivity. Humoral reagins are the classic means of 
transferring the immediate type of hypersensitivity. In our study, white blood 
ccl1 suspensions, containing a high percentage of lymphocytes, successfully 
transferred an immediate type of hypersensitivity. It is still a matter for con- 
jecture whether t.he cells formed an antiragweed antibody, released contained 
antibody, or whet.her reagin attached to the surface of the cells was releaed 
during the interval betw-cen the time the cells were injected and the time the 
local skin areas were tested with ragweed antigen. The possibility t,hat some 
reagin may have remained attached to the lymphocyte cells cannot be positively 
excluded. However, the negative tests to ragweed at the cell sites in recipient 
J. P., who showed a strongly positive P-K reaction to ragweed, would tend to 
indicate t.hat attached reagin was not. present in the cellular test site. The 
a,mount of ra.gweed antibody produced or deposited in the normal skin areas 
locally sensitized by lymphocyt.es may be extremely sma.11 and difficult to detect. 

Rose and his co-workers’ demo’nstrated that tissue culture fluid of lympho- 
cytes from ra.gweed-sensitive patients was able to passively sensitize monkey 
ileum in vitro, and the addition of specific allergen produced a positive reac- 
tion. Heating the tissue culture fluid to 56’ C. for 4 hours destroyed their ability 
to sensitize. Proper controls failed to sensitize the monkey ileum. They inter- 
preted this data t.o suggest that an antibody is either produced or liberated from 
stimulated lymphocytes in tissue culture. Evidence from this source, from the 
findings of Walzer and Bowman,4 and our own findings would indicate that the 
lymphocyte may play a role in the immediate as well as the delayed type of 
hypersensitivity and t,hat the lymphocyte may be a, more important factor in 
the immediate t,ype of sensitivity tha,n has been formerly recognized. 

SUMMARY 

An attempt was made to transfer the immediate reaction to ragweed antigen 
by means of highly concentrated suspensions of viable lymphocytes obtained 
from 3 donors with severe hay fever symptoms and circulating reaginic anti- 
bodies to ragweed. Positive immediate wheal reactions to ragweed antigen ap- 
peared in 3 of the 6 recipients whose skin was locally sensitized with these cell 
suspensions. Two recipients showed equivocal reactions to ragweed, and the other 
failed to react to ragweed at the cell-transfer site. No significant wheals to rag- 
weed tests appeared at sites made with the last saline washings obtained from 
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the preparation of the cell suspensions, indicating that a reaction to reagin 
adherent to the cells was unlikely, although this possibility cannot be excluded. 

The t.ra,nsfer of tuberculin react.ions occurred in 3 recipients, indica,ting that 
the technic employed was adequate to transfer delayed type hypersensitivity. 

The technical assistance of Miss Viola Lynch is gratefully acknowledged. 
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Erratum 
In the article by Samuel J. Prigal, “The ferric chloride spot test for the evaluation and 

standardization of emulsions of allergens,” in the January, 1967, issue of the JOURNAL, 
page 1, the “Discussion” preceded the “Methods and results” section. This order should have 
been reversed. 


