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Introduction q
PHvsrclANS INVOLVED in the management of
alleryic diseases have traditionally thought of allergy in
terms of acute symptomatology manifesting itself
shortly after exposure to allergen. Such alleryic reac-
tions are exemplified by the wheal and flare induced by
intradermal injection of histamine, a major mediator
of so-called immediate hypersensitivity. This inflam-
matory response appears within minutes and resolves
within an hour. To the contrary, as recently discussed,
early students of allergy noted that clinical allergic
reactions were frequently longer in duration.' In 1873
Blackley reported that he developed upper and lower
respiratory tract symptoms which evolved over hours
following an accidental inhalation of a large quantity
of grass pollen to which he was allergic. The reaction
was severe enough to cause his absence from work for
two days.2 Eighty years elapsed, however, before Her-
zheimer suggested that late asthamatic reactions might
be as important as immediate ones,3 and almost a
century more before the work of Pepys and colleagues
with industrial enzymes and Aspergillus stirred the
present interest in these late onset responses.4's At about
the same time work in the Netherlands with house dust
allergic asthmatic children showed that this common
environmental allergen induced late asthmatic reac-
tions in half of those exposed by bronchial challenge.6
Soon ragweed was similarly incriminated.T

Clues that dermal reactions to histamine represented
only part of the alleryic response were also present early
on. In 1922 Cooke described biphasic dermal reactions
to horse dander where an immediate WFR evolved into
an area of swelling and redness which lasted îor 24
hours.8. Biphasic dermal reactions to Aspergillus
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speciese and Bacillus subtilisro were reported almost 50
years later. It soon became apparent that the study of
these dermal reactions might provide information con-
cerning the immunopathogenesis and treatment of al-
lergic disease manifested in other organs. Are biphasic
dermal reactions a useful paradigm for the study of
systemic alleryic reactions with a late time course in
man? We will address this question in the following
paragraphs.

Types of Late Onget Dermal Reactions in Man
Four major types of late onset dermal reactions to

injected antigen have been described in man (Table I).
Classical delayed hypersensitivity reactions (DH) like
those seen to tuberculin begin as local itching at the site
of antigen deposition around l2 hours after intradermal
injection. They subsequently develop into areas of local
induration which may be painful if large, and which
peak in severity between 24 and 48 hours and then
resolve. Recent studies have shown that in addition to
mononuclear cell infiltrates these reactions are charac-
terized by infiltration and degranulation of basophilic
leukocytes, degranulation and replication of fìxed tissue
mast cells, increased vascular permeability with dermal
and epidermal edema, and activation of the clotting
system with deposition of fibrin in a characteristic
intervascular pattern in the reticular dermis. " The po-
lymerization of extravascular fibrogen in these reactions
forms a gel-like structure of trapped tissue fluids pro-
ducing prominent, clinically detectable induration.

Similarly timed reactions can be induced in man and
animals without exposure to mycobacterial proteins by
intradermal sensitization with heterologous proteins
and are called cutaneous basophil hypersensitivity
(CBH).'2 Resulting reactions are fìrst detectable at 12
hours and reach maximal intensity at 24 to 72 hours.'t 'hey 

are pruritic but are less intense, less prolonged
and more evanescent than DH reactions. When indi-
viduals are repeatedly rechallenged with antigen (such
as keyhole limpet hemocyanin) apparent CBH reac-
tions become biphasic. In that setting immediate wheal
and flare reactions develop which disappear in 30-60
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Table l. Typer of Late Onset Dermal Reacfions
in tlan

1 . Delayed hypersensitivity reactions.
2. Cutaneous basophil hyinrsensitivity.
3. Arthus'reactionsr
4. late phase reactionst
'V-ay be associated with wheal and llare reactions
Whrcn mAV Of mev nol nlav n rolc in indrntinn nt rhayrycfi rnay ù may not play a role in induction of the
late onset reactlon.
f Biphasb with hltialwhealand flare reaction.

minutes, while associated late reactions become less
intense and of shorter duration.r3 The late phase of
cBH reactions in guinea pigs is characterized Ly dense
accumulations of basophils of a degree not ieen in
delayed hypersensitivity reactions anà only scant ac-
cumulation of fibrin. The exact significante of these
reactions in man is unclear, although basophil infiltra-
tion has been reported in renal ailógraft rèiection and
allergic contact dermatitis in man.'a-

Arthus reactions are characterized histologically by
local vasculitis at the site of antiggn injection witÍr an
acute inflammatory infiltrate of neutróphils, vascular
damage and endothelial proliferation, and the involve-
ment of host immunoreactants such as immunoglobu-
lin-and complement. Fibrin is present but is,prJferen-
tially localized to vascular and perivascular areas that
are spared in delayed type reactions.r5 Arthus reactions
are uncommon in man although they have been re_
ported to occur following tetanus toxoid injection and
in a_minority of diabetics with local reactións to insu-
lin.'u In the diabetic patient local pain, erythema and
induration peaked at 6-12 houn after intradermal test-
1ng with insulin and was not preceded by a wheal and
flare reaction. In the Arthus-iype dermàl reaction re-
ported to asperyillus in patients with allergic broncho-
pulmonap asperyrllosis dual (WFR-Arthus) reactions
occurred,' and thus form a second type of biphasic
dermal reastion in man.

A fourth- type of biphasic reaction is the late phase
reaction, also termed the late cutaneous alleryic re-
sponse.r' After the wheal and flare reaction to inirader-
mally injected allergen peaks at l5-30 minutes inflam-
mationtegins to dissipate, but never completely re-
solves. Three to four hours later the dormant lésion
becomes pruritic and painful to touch, warrn, erythem-
atous and edematous. Iarge lesions have well circum-
scribed borders. This local reaction then develops into
a prominent lesion usually fully manifest at 6-l?hours.
wiî! larye antigen doses LpR may continue to increase
in size for up to 24 hours. Reacfions persist for up to
48 hours and may be associated with considerable
discomfort \4'ith soreness and pain to touch.
. Although the different timing and appearance ot

these four types of reactions provides clues'which facil-
itate their identification, histopathorogical studies are
necessary for confirmation and elucidation of their
pathogenesis. For instance, we have found that three
different types of local reactions may occur to one
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Table ll. Features of Late phase Reactions
lgE/Mast cell dependent

Evoked bv anti-loE
Transferrrfo in hóat sensitive p-K test
Produced by any antiqen producino WFR
Produced bir CompoùnO,ig-gO

Transfened Uy Otistei fluid from g0-60 minute LpR
Refractory period of 7-21 days

antigen: insulin (LPR, DH, Arthus).'6 The appearance
and time to peak response to dermal reactions may be
altered by the frequency.rand quantity of allergen injec-
tion. Thus clinical idertífication of dermal reactions on
clinical groups can lead to erroneous diagnosis.

Features of Late Phase Reactions
Several unique fcatures of LPR are summarized in

Table II. First. a number of studies have demonstrated
that the reaction is IgE and mast-cell dependent. It is
evoked by dermal injection of anti-IgE antibody,ri

transferred in the Prausnitz-Kústner (PK) test,rT'rt.tr
prevented by absorption of IgE from the PK serum,r8
produced by any antigen capable of eliciting a WFR,
and reproduced by injection of the non-specific mast
cell degranulator, Compound 48-80.r8're 16. size of
the LPR is directly related to the size of 11t. qgppr' tt.
'e with WFR as small as 9.1 I 1.0 mm in diameter
inducing LPR.re Unlike the flare of the WFR the LpR
occurs independently of sensory innervation.l

late phase reactions can be produced by injection of
blister fluid obtained from developing LPR at 30-60
minutes, but blister fluids obtained later produce only
weak reactions.2o Thus the short-lived dépletable me-
diators responsible for production of LPR appear to be
present in fluid-phase materials available for study.
Furthermore, there is a "refractory friod" of 7-21
days during which injection of allergen into the site of
a previous LPR elicits a reduced response.2'

Pharmacologic Modulation of the LPR
The effect of drugs on the LPR is summarized in

Table III. The effects of oral H I and H2 antagonists
alone or in combination have been extensivelv investi-
gated in one study.22 Although an H I antag-onist de-
creased the size of the WFR, a result not noted with an
H2 antagonist, neither the H I nor H2 antagonist influ-
enced the LPR when administered alone. However, the
combination of both types of antihistamines given si-
multaneously not only suppressed the WFR- greater
than the H I antagonist alone, but almost completely
blocked the development of the LPR. This finding was
surprising in view of our earlier investigations which
failed to demonstrate a modulatory role of histamine
on the LPRre ?nd requires flurther investilation.
Administration of potent steroid preparations oiaily or
locally at the time of allergen injection reduces the iize
of the LPR by at least 50%.23'za 16. B2-agonist, terbu-
taline, has been reported to have no25 or small inhibi-
tory effects on the LPR.24 The prostaglandin synthetase
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Table ftt. Reported Pharmacologic Modulation ol Late phase Reacilons'

Antihistamines

82 agonists
Prostaglandin-synthetase inhibitors

Corticosteroids

Chromolyn-like drugs

No effect
Chlorpheniramine22
Cimeiadine22
Oral terbutalinezs
ASA22
Topical indomethacín (5%)26

Lodox4mine2T

Mild suppression
Cfemastine2s

Local terbutalineza

Ketotifinls

Blocked
Chlorpheniramine with cimetadinez2

Prednisone23
Betamethazonezl

'Superscripts refer to citations in the reference list,

inhibitor, indomethacin, applied îs a S% CREAM.26
had no signifìcant effect on the size of the LpR. Some
decrease in associated erythema was noted. The system-
atically absorbed cromolyn-like drug, lodoxamine,
which is capable of blocking late asthmatic reactions,
has been reported not to block LPR,27 although another
cromolyn-like drug, ketotifin, produced some inhibi-
t ion.28

Histopathology of LPR
Several invéstigators have studied the histopathology 

q

of LPR.r7'r8're'2e'30 Our own studies evaluated LpR in-
$uged_directly or in PK sites injected with ragweed and
in LPR induced with Compound 48-80. Results were
compared with those of ragweed injected sites which
manifested WFR but no LpR.te This last important
control had not been performed in earlier studies of six
hour reactions. Histopathological evaluation of I pm
Giemsa stained sections of LPR showed a relatively
sparse mixed cellular infiltrate in which mononuclear
cells were predominant. Polymorphonuclear leuko-
cytes, eosinophils, and degranulated basophils and mast
cells were present, but in small numbers. The cellular
inhltrate of the six hour LPR was not distinguishable
from cdîrtrol sites of isolated wFR (Figure t)r sites of
LPR were distinguished at six hours from those of
isolated WFR, however, by the presence of the substan-
tial fibrin deposits previously mentioned. Immunoflu-
orescence sîudies confirmed the results of Giemsa
stained sections by demonstrating intervascular fibrin
deposition in the reticular dermis. Immunoglobulin and
complement deposition was not present. Thus the clin-
ical induration of the LPR, like that of DH reactions,
is apparently produced by trapping of tissue fluids in a
fibrin gpl _gglerated by activation of the coagulation
system in LPR. Possible mechanisms for this aclivation
will be discussed later. our unpublished studies of these
reactions at 24 hours show marked perivascular lym-
phocytic infiltrates and fibrin deposition similar to bH

reactions, Richerson.4nd colleagues noted similar cel-
lular infiltration.'n Iq*-agreemeniwith our studies of six
hour LPR no differèhces in histopathology were noted
by these authors between isolated WFR anA tpn at 24
hours.

Animal Models of LPR
Injection of rat skin with anti-lgE antibody, Com-

pound 48-80, or isolated mast cell granules produces
an area of mild, persistent, dermal edema, but no
induration like that noted with human LpR.3t Biopsy
of these reactions over time shows two phases: an early
f nfiJtrytg of polymorphonuclear cells (pMN) appearing
in l-2 hours and peaking at 4-8 hours, and a-mono-
nuclear cell infiltrate replacing the pMN by 24*49
hours. These reactions had fewer eosinophils íhan hu-
man LPR,32 and fìbrin is not present. soiubilization of
the mast cell granule matrix with subsequent purifica-
tion has demonstrated two active fractións capable of
inducing these reactions.33 The lower molecular weight
factor has been purified and termed ..inflammatory
factor of anaphylaxis (IF-A)." Injection of this factoi
inlg rat skin produces biphasic- histologic reactions
without associated mast cell degranulatión, and thus
appears to be a key element in the generation of this
reaction.

Interestingly, the histologic intensity of rat LpR-like
reactions is somewhat inhibited by diphenhydramine,
but greatly inhibited by diphenhydramine in-combina-
tion with cimetadine. This inhibition does not occur if
rat LPR-like reactions were induced by histamine-free
mast cell granules.3a How histamine could influence
some but not all of these reactions is unclear. but mav
be related to histamine effects at vascular beds.34 Rat
LPR-like reactions are inhibited by corticosteroids.3s
Again, effects are different depending on how the re-
actions are induced. Those induced-by anti-IgE and
mast cell granules are more easily inhibited than those
produced by low-molecular weight mast cell fractions.

Figure l' Six hour late phase reactions inrfuced with ragweed and studied in I pm-thick. Epon-embedded. Giemsa-stainedsections (A'B'D) or by immunofìuorescenge (c). A: low poiu., overview indicating plighl, largetv periuenular inflammatory cellinfiltrate (arrows) about vessels of the reticular dermis. B: higher magnincaiìó" ""i.rí iiluitiJi"i rrre mixed cellular infìltrarecharacteristic of these reactions. /.. lympho-c.ytes: B. hasophil:-N. n.utóphil. C: fresh frozen cryostat section stained with anti-human fibrinogen/fibrin. Note extensive fibrin deposits scauered in inrervas."t;; ;;;; ;i i;;';;,;cutar dermis (RD) withrelative sparing of papillary dermis (PD). Epidermis(E) is unstained except for artifactual linear sraining of superficial stratumcorneum' D: intervascular reticular dermis__illus_trating meshwork of fibrin strands (arrows) as well as basophils (B) andneu t roph i l s (N ) .4 , x  175 :BandD.x800 : ( - . x2 - ì 5 .  lRep roduced f rom(19 )w i t hpe rm iss ionn f i f r " pub l i she r ) .
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Although complement tlepletion has little effect on rat
LPRJike reactions, neutrophil depletion appears to
attenuate them.36 These data on rat LPR-like reactions
have been recently reviewed.3T

Possible Mechanisms of the LPR
From the previous paragraphs it seems likely that the

mediator or mdiatoni responsible for the human LPR
are present in human dermal mast cells. Furthermore,
although the role of histamine is still uncertain, it
cannot be the sole or even the primary mediator of the
reaction. Hypotheses as to the pathogenesis of the LPR
must explain activation of the coagulation system with
the resulting fibrin deposition so prominent in LPR.
Furthermore, the sensation of burning, itching and pain
to touch which is a consistent feature of these reactions
must be taken into account. It is possible that multiple
members of the intricate anay of preformed, generated,
and granule matrix derived mast cell mediators may be I
involved in these reactions, but a mediator with kalli-
krein-like activity seems to be an especially good can-
diate to play a central role. In this regard, a mast cell
derived preformed mediator with kallikrein-like activity
(BK-A) has been described, although it has not been
demonstrated to activate Hageman Factor as does
plasma kallikrein.rt'$ 6..1"inly the formation of bra-
dykinin by this mediator could explain the burning and
pain of LPR, but the role of bradykinin itself is probably
limited. Bradykinin has been reported to be incapable
ofinducingbiphasic dermal reactions in rats.3r Recently
the injection of tissue kallikrein into human skin has
resulted in the production of late phase reactions which
are clinically and histopathologically identical to LPR
induced by Compound 48-80.3e These reactions were
blocked by prednisone and demonstrated a refractory
period like that of the antigen induced LPR. Further
studies of kallikrein compounds may provide many
missing pieces to the puzzle surrounding the pathogen-
esis of the LPR.

It has also been suggested that LPR may be the result
of an intricate interplay between mast cells, basophils
and eosinophils which has evolved for host defense
against parasites.4 Further investigation in this area
should also be informative.

Associations between LPR and Allergic Diseases
Gleich has recently provided an extensive discussion

of the possible relationships between the LPR and
allergic diseases.{ Suflice it to say the LPRs are of
potential clinical importance as they relate to local
reactions to allergen immunotherapy, insulin,rT insect
stings,ar and probably local reactions to some immu-
nizing agents. The possibility that some forms of atopic
dermatitis may be a manifestation of mast cell derived
mediator release has long been of interest, and has been
recently readdressed.a2 Some forms of chronic urticaria
may be related to late phase reactions in the skin,
although histopathologic studies to date have not pro-

r 70

vided support for such a hypothesis. More likely related
to LPR are certain types of physical urticaria, such as
steroid-responsive delayed pressure urticaria. Investi-
gation is needed in this area, especially since combina-
tions of H I and H2 antagonists appear to be especially
useful in some patients with chronic urticaria.o3

Late nasal obstruction of 6-12 hours after allergen
insufllation has been reported to occur in 3-47% of
nasal allergen challenges in patients with allergic rhini-
11r.40-16 These reactio.ns were uncommon, however,
both at six or 24 hqris in a study by Richerson and
colleagues, and theri was no correlation between der-
mal LPR and late nasal reactions when thev did occur.2e
H I and H2 histamine antagonists in combination have
been reported to be more effective than H I antihistam-
ines in blocking histamine-induced nasal reactions, but
have not been evaluated in the treatment of late nasal
obstruction.oT Lemanske and Kaliner3T have suggested
that LPR in the nose may be responsible for a decreased
threshold for induction of symptoms of alleryic rhinitis
similar to that produced in the lung after allergen
induced late asthmatic reactions.a8

The possibility that the LPR is a paradigm for late
bronchial reactions after allergen inhalation is an at-
tractive, although unproven, hypothesis. Certainly re-
cent, data correlating circulating levels of neutrophil
chemotactic activity (NCA), probably of mast cell ori-
gin, with immediate and late asthmatic reactions after
àllergen inhalation add support to such a concept.ae
Pharmacologic studies showing inhibition of both im-
mediate and late bronchial reactions by cromolyn so-
dium and inhibition of the late asthmatic reaction by
corticosteroids are also supportive.5o There are many
unexplaine! Cuestions, however. Alleryen inhalation
can cause rmmbdiate, late, dual, persistent, or nightly
asthma,so'sr a multiplicity of patterns not noted with
dermal reactions to allergen. Perhaps this difference in
the airways response can be explained by late bronchial
reaction-induced exaggeration of normal diurnal vari-
ations in airway caliber. Several promising animal
models of late bronchial reactions may help unravel
the mystery of these responses.5t

Conclusion
The signifìcance of the LPR, outside of the local

reactions mentioned above, remains to be clarified.
Studies of this response to date have pointed our that
the classical concept of "immediate hypersensitivity"
as a short-lived response to allergen is obsolete. Mast
cell derived reactions may cause perrnanent symptom-
atology, and we are only just beginning to understand
how.

Acknowledgment
We thank Drs. Robert Lemanske and Michael Kali-

ner for sharing their unpublished data on the rat model
of the LPR with us. Figure l was reproduced from the
Journal of Immunology, Vol. |  22,692, 1979, courtesy

ANNALS OF ALLERGY



,,

LATE PHASE SKIN REACTION - DESHAZO ET AL.

of the American Association of Immunorogists and theWilliams and Wilkins Company.

References
l. umemoto L, Poothufiit J, Dorovich J and Hargreave FE: Factorswhich influence tare curaneous alreryic r*r;;r.l Ail;.g & crinImmunol5S: ó0. 1976.
2. Blackfey cH: Experimental Researches on rhe causes and Natureof catanhw Aestiuus. (Hay, Fever or Hay Àiil^ll.'gatiere,
- !,gndgl, t873, findail and-Cox, Lrd, pp tí_8l-.- 

- --''

3. Herxheimer H: The late bronchial reaction in induced asthma.
. Int Arc_h A_llerg Appl Immunol 3: 323, lg5l.
4. Pepy.s J, Hargreave FE, t_ongbottom JL and Faux J: Allergic

1e-1c1ion-s gf the rungs to 
"nrvines 

of Bacilui suutilir.-Ln".t r,I  t g t ,  1 9 6 9 .
5. Pepys J: Immunopathology of allergic lung disease. clin Ailerg3 :  l .  1973 .
6. Lookeren-compagne JG, vanKnol K and devries K: House dustprovocation in children. Scand J Resp Dis 50: iA, lgàl
7. Robertson DG, Kerigan AT, Hargreave FE, CÉalmers R andDolovichJ: late rtlTalic r.sponès inoucea'uv."g;; po[en
_ allergen. J Allery & Clin Immúnol 54:244, tgih.--' 

'--

8. cooke RA: studies in specifirc hypersensitiveness. IX. on the Iphenomenon of hvpersensitizatio[ itrre ciinicàiív [rr"i.o sensi_tiveness of allergy). J Immunol 7: 2i9, lgzL.
9. Pepys J, Turne_r-Warwick M, Dawson pL and Hinson KRW:Art-hu-s (Jvoe III) skin reactions in man. crinicar and immuno-pathologicar features. rn Ailergorogy, proceeiinss ifiii'an co*gress of the International alrorlùio, of AtteTg;í;s;i 

"nor" 
n,Richter R, shehon A and Frankrin Aiv iEd;j."xÀrt.rou*Excerpta Medica Foundation, 196g, page Z2'1.

10. Dolovich J and Little DC: correlates orihn reactions to Baciilussubtilis enzyme preparations. J Ailerg & crin rmÀunor 49: 43,t972.
I l. Dvorak HF, Mihm-M_C Jr, Dvorak AM, Johnson RA, ManseauEJ, Morgan E and Cotvin KB: Morpir"idy;';;ùyeo tvpehvpersensitivitv reactions in man. I a;;;ii'úii* d".r.ìption ofthe inflammatory response. Lab Invesi 3l: I I t. wjl.--' '12. Dvorak HF, Dvorak_AM, Simpson BA, Richerson Én, Lest o*itzS and Karnovsky MJ: Cutaneous basophil hypersensitivity Il. Alight and etectron microscopic oesc.iptló;. t'É-p M;J'iiz, sss,1970.
13. Askenase PW and Atwood JE: Basophirs in tubercurin and"Jones-Mote" derayed reactions in humans. i cri"'i;"est 5g:I  145,  1976.
14. Dvorak HF: cutaneous basophil hypersensitivity. J A[erg & crinImmunol 58l.229.1976.
15. Paronetto FY, Boret u, Miescher A and Miescher p: Locarization

of complement, immunogroburins, ana nutnùen ù*iiin ,it.,of tuberculin reaction, pasliue cutaneous anaphylaxis, and Arthusreaction. tn I m rnunopat h o I ogy, F i ft h I nt eri;i í;;;l s y;ptn i u rn,Miescher PA and-Grabar p iÉés.;. Ne* york: Grune and Strar-ton, 1967, page 317.
16. 9eShazo RD, Boehm TM, Kumar D, Galloway JA and DvorakHF: Dermar- hypersensitivity to insurin: .orrir.tiois-of threepatterns to their hisropathorogv. J Ailerg & oi; i;;rinor 69:229. t982.
17. Dolovich J, Hargreave FE, Chatmers R, Shier KJ, Gauldie .l andBienstock J: late cutaneous ailergic responses in isorated tgE-dependent reactions- J Arterg & cfn Immunoi-si, i"g, iòi:.18. sollev Go, Gteich GJ, Jordin nÈ 

""0 
schroetei Àiil;í. phaseof the immediate whear and flare reaction: rtr i.p.no"iJe on rgEantibodies. J Clin Invest 5g: 40g, 1976.

l9' deshazo RD, Levinson AI, Duorak HF and Davis RW: The ratephase skin racreaction. Evidence for u.tiu"ti* oritr. .ougur"tron
Itl.Ail an lgE dependenr reacrion In man. J Immunol 122:692.1979.

20. Dorsch w and Ring J: Induction of late cutaneous reacrions byskin blister fruid from 1lrerqen resred and normar iri"-l Ailerg& Cl in  Immunol  67:  I  tZ ,  téA t  .

VOLUME 5t. AUGUST. I9E3

2l. shaikh w, umemoto r-, poothuilir J. Hargreave FE and Dorov-
itch -l: Relarive refracrory state for rate citaneouiresponses. J
Allerg & Clin lmmunol 6O:242. l9'tl .

22. smith JE, Mansfierd LE. deshazo RD and Nerson HS: An
evaluation of the pharmacologic inhibition of the immediare and
late cutaneous reaction to allergen. J Allerg & clin lmmunol 65:
I  t 8 .  t 980 .

23. Poothullil J, umemoto L, Dolovich J, Hargreave FE and Day
RP: Inhibition by prednisone of late cutaneous allergic responses
induced by antiserum to human IgE. J Allerg & Clin Immunol
57: 164, 1976.

24. Gronneberg R, strandberg K, stalenheim G and Zetterstrom o:
Eftect in man of antialleryic drugs on the immediate and late
phase cutaneous alleq!' peaction induced by anti-IgE. Allerg 36:
2 0 t ,  t g g l .  ' {

25. Irnbeau sA, llarruffR, Ifirscher M and Reed cE: Terbutaline's
effecrs on the alrergy skin test. J Allerg & clin lmmunoi 62: r93,
t978.

26. Dorsch w and Baur X: Effect of topical indomethacin on allergen
induced dual skin reactions. Allerg 35: 503, 19g0.

27. Frigas E and Reed cE: Efrect of lodoxamine-ethyl on allergy skin
tests. J Allerg & Clin Immunol 65: 257. 19g0.

28. Aas K: Effects of ketotifen and cremastine on passive transfer of
reaginic reaction. Allerg 34: l2l, 1979.

29. Richerson HB, _!_ajtor,a DW, penick GD, Dick FR, yoo TJ,
Kammermeyer JK and Anuras JS: cutaneous and nasal alreryió
responses in ragweed hay fever: lack of clinical and histopath-o-
logic correlatiols with late phase reactions. J Alterg ri. ctin
Immunol 64: 67, 1979.

30. Zetterstrom o: Dual skin test reactions and s€rum antibodies to
substilisin and Asperyillus fumigatus extracts. clin Allerg g:77,
r 978.

3l. Tannenbaum s, oerter H, Henderson wR and Kaliner M: The
biologic activity of mast cell granules. I. Elicitation of inflam-
matory responses in rat skin. J Immunol 125: 325, 19g0.

32. Lemanske RF and Kaliner MA: The experimental'production of
increased eosinophils in rat late phase reactions.'lmmunology
4 5 : 5 6 1 , 1 9 8 2 .

33. oertel HL and Kaliner MA: The biological activity of mast cell
granules. IIL Purification of inflammatòry factors in anaphylaxis
(ll4) responsible for causing rate phase reactions. J Immunor
l l 2 7 : 1 3 9 8 ,  1 9 8 t .

34. lrmanske RF, Barr L, Guthman DA and Kaliner M: The
biologic activity of mast cell granules. v. The effects of antihis-
tamine treatment on rat cutaneous early and late phase allergic
reactions. J Allerg & Clin Immunol: in press.

35. oertel H and Kaliner M: The biologic activity of mast cell
granules in rat skin: effects of adrenocorticosteroiós in late phase
inflammatoty rTggn1lind_uced by mast cell granules- J Allerg
& Clin lmmunol 68: 238, t981.

3ó. Lrmanske RF, Joiner K and Kariner M: The biorogic activity of
mast cell granules. IV. The effect of complement-depletion on
rat cutaneous late phase reactions. J Immunol: in presì.

37. Lemanske RF and Kaliner MA: Late phase reactions. Int J Derm:
in press.

38. Newball HH, Berninger TW and Lichtenstein LM; Anaphyractic
release of a basophil kallikrein-like activity. il. e meiiator of
immediate hypersensitivity reactions. J clininvest 64: qoo, tglg.

3e' po1 PJ. Sapene M, vervioet D, Bonnerandi JJ and Cùarpin J:
Induction of late cutaneous reaction by kallikrein iniettion.
comparison with allergen-like late response to 4glg0.1Àrterg &
Clin l;ómunol: in press.

40. Gleich GJ: The late phase of the immunogrobulin E-mediated
reaction: a link between anaphylaxis and cómmon alrergic dis-
ease? J Al lerg & Clin Immunol 70: 160. t9g2.

4 | . Dolovich J. Greenbaum J and Kwee yN: late rocar ailergic
response to insect sting (letter). Can Med Assoc I 124: 155:-,
t 9 8  t .

42. Mitchell EB, chapman MD. pope FM, crow J. Jouhar ss and
Platts-Mil ls TAE:.Basophils in altergen-induceo parctr test si tes
in aropic dermatir is. [-ancer l :  lZj.  igg2.



I-AT'E PI{ASE SKIN REACI-ION _- DESÍIAZO E'I' AI-.

43. Harvey RP and Schocket AL: The effect of H I and H2 blockade
on cutaneous histamine response in man. J Alterg & Clin Im-
munol65:  136,  1980.

44. Pelikan C: Late and delayed responses of the nasal mucosa to
allergen challenge. Ann Allery 4l 37, 1978.

45. Schumacher M and Pain M: Nasal challenge testing in grass
pollen transfer. J Allerg & Clin Immunol 64:2O2, 1979.

46. Dvoracek JE, Solley GO, Gleich GJ, Hyatt RE and Kern EB:
Induction of prolonged inflammation in nasal mucosa by insuÈ
flation of ragweed pollen extract. J Allerg & Clin Immunol 63:
210 (abstract\,1979.

47. Secher C, Kirkegaard J, Borum P, Maansson A, Osterhammel p
and Mygind N: Signifi(:anoe of Hl and H2 and receptors in the
human nose: rationale for topical use of combined antihistamine
preparations. J Allerg & Clin Immunol 7O: 2l l, 1942.

48. Cartier A. Thomson NCì. Frith PA. Roberts R and Hargreave
FE: Allergen-induced increase in bronchial responsiveness to
histamine: relationship to the late asthmatic response and change
in airway caliber. J Allerg & Clin Immunol 70: 170. 1982.

49. Nagy L. Lee TH and Kay AB: Neutrophil chemotactic activity
in antigen-induced late asthmatic reactions. N Eng J Med 306:
497. 1982.

50. Hargreave FE. Dolovich J. Robertson DG and Kerigan Af': The
late asthmatic response. Can Med Assoc J l l0: 415. 1974.

5 | . Pepys J and Hutchcroft BJ: Bronchial provocation tests in etio-
logic diagnosis and analysis of asthma. Am Rev Resp Dis I l2:
829,1975.

52^ Shampain MP, LarsqAQL and Henson PM: An animal model
of late pulmonary Étponses to Alternaria challenge. Am Rev
Resp Dis  126:  493.  1982.

INGRAT'ITT]DE

"Nothing is in its nature so fleeting, nothing has a shorter existence than
the remembrance of kind acts; and the greater they are so much the more
likely are they, as the proverb says, to be paid by ingratitude; for he who
cannot or will not cancel them by a return of kindness, often seeks to
cancel them by forgetting their existence, or by making himself believe
that they are after all not so very great; and those who are ashamed of
having stood in need of a kindness are indignant at having received it, so
that they have a stronger feeling of hatred from the recollection of the
necessity into which they have fallen, than of obligation for the kindness
which they have received."
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