
Skin window: An aid in the diagnosis 
of drug allergy 

Barry M. Xeinfeld, M.D., and Bobert P. .~lcConabs, M.D., Bestow, Mass. 

The skin-window technique was utilized as a means of diagnosis in 28 instances of 
suspected drug hypersensitivity in 19 patients. Positive reactions, as noled by cosino- 
phi1 counts of 18 to 97 per cent, were recorded at test sites in all 5 oases of dcfinitc 
drug hypersensitivity in which reactions had occurred within 8 weeks of testing. 
Positive reactions, as n,oted by eosinophil counts of 8 to 90 per cent, were rccordctl 
at test sites in 10 to 18 ca.ses with probable drug hyperse?tsitivi,ty in ~chich some of 
the drug reactions had occurred as long as $0 years previously. There PUBI‘C no sys- 
temic reactions following the test and only da local rca,otions in 8 cases. S(,gntii~c 
tests, as noted by eosinophd counts of 0 to 4 per cent, uzre noted in distilled wntcl 
controls and in 4 of 5 ca.ses with equ.ivocal dru.g hypersensitivity. Tests with other 
drugs being taken by the patieds, to whioh rea.ctions apparently had not occurred, 
and tests with drugs in nonallergic indiuid~als also gave responses si’milar to the 
distilled water controls. 

R ebuck and Crowleyl used the skin-window technique to study inflamma- 
tory exudates induced by injury to the skin; they found that the cellular ercnts 
in the inflammatory reaction induced by skin abrasion commenced with the 
migration of neutrophilic leukocytes to the site of inflammation. After perform- 
ing their functions of phagocytosis and enzyme elaboration, they shrank and 
degenerated. Following this, there was an infiltration of mononuclear cells 

(histogenetic macrophages and lymphocytes), which later ingested the cyto- 
plasmic fragments of the degenerated neutrophils.* 

Recently, there has been a number of reports in which this tcchniquc has 
been used to demonstrate tissue eosinophilia in hypersensitivity reactions. 
Eidinger, Raff, and R,ose2 applied antigens (fish extract, grass, or ragweed) to 
skin-window test sit.es of clinically allergic individuals, who exhibited positive 
intradermal skin reactions of the immediate t,ype t,o these antigens; they noted 
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accumulation of eosinophils greater in number than in control sites at, 3 hours. 
The number of cosinophils gradually increased, so that at 21 ham they WWP 

frequently the predominant cell. The eosinophilia was grcatwt when clicit,ed by 
allergens clearly associated with the paticnt,‘s symptoms.” Hn and collcngucs’ 
demonstrated an cosinophilic response 1); the skin-window tccliniquc whtn 
individuals nith COlltil~t scnsiti\-it,- to rhus antigen wcrc tcstcd with this 
snhstancc. W&s, Cichocki, and Blicharski” also rcportcd cosinophilia in the 
skin-window tsndates of sercral patients with bronchial asthma, cczcma, ncuro- 
dermatitis, a.nd pollinosis. The strongest cosinophil reactions occurred in thouc 
with ncuroclcrmatitis. Jacob and co-worker+ reported a case of iodide sensitivity 
in which the skin-window site esposed to potassium iodide sl~owcd 86 per cent, 
cosinophils; this pnticnt also had a blood cosinophilia as high as 87 per cent,. 
In other cascs,2. 1 howc~cr. t,issnc and blood cosinopliilia did not necessarily 
cocsist. 

Although blood cosinopliilia may bc a rcsponsc to nonspecific stimulation 01 
a part of i l specific allergic reaction, the cvidcnce strongly indicates that tissue 
eosinophilia goes hand in hand with an allergic reaction. Bwgcr and T~~rlg’ 
and Kline, Cohen, and Rudolph” dcmonstratcd the migration of cosinopliils into 
histologic sections of Jvhcals shortly after the intradermal injection or application 
of a specific allcrgcn. Eidinger, Wilkinson, and Row3 not4 a striking eosinophilia 
in the fluid of cantharidin-induced blisters following injection of an allcrgcn. 

It is well knoxvn that the large majority of drngs are rclatirclv simple 
chemical compounds of low molecular wcight (haptcns) which bc~~ome antigcnic 
only when they- bcromc joined with body proteins. Bccausc of this, scratch and 
intradcrmal tests with drugs have been inconsistent. Wspitc this, they have 
occasionally caused anaphylasis” and death. lo The onlv tvpc of cutaneous test, . . 
with nonprotein drltgs which has often proved of diagnostic value is tlic patch 
test in contact dermatitis. Thr giving of oral or parcntwal test doses of clrugs to 
pnticnts is dangerous, bccausc~, nltll0ugll quite larpc doses Of ;I dr.llg lllilJ7 1W 

rcqnircd t0 plYdUW :l lTil(‘tiOl1, ~StlTlll~~l~ Slldl d0WS hilTC ~illlS~Y1 I’C~ll1’I’c’llCC Of1 
symptoms with SCvCrc illld coon filt;Ll rcactions.ll 

A diagnosis of drug li!-r)c~rsciisiti\-itv Cilll bc ol)jwtircly confirmed with 
crrt.aintp olllp wllcn ill1 antibotl~- can bc drmonstratrd citlicr in Ctro or 1)) 
means of thn r)assi~c~-traiisft~r test. Escrpt in those cases in which cellular 
components of the blootl arc directly involved, with the tests prcscntly :l\nililt)l(’ 

nntibody call bc tlPtllOllSt~ilt~d onI>- rawly, and thrn with difficnlty, in the vast 
majority of pat,ients in whon~ reactions occur. Thrrcforr, thr diagnosis of drltg 
ll?-pcrserisiti~-it\- in most (~:isvs must bc niadc on the basis of the patient’s history. 

Since drug hvpcrsrnsitivit? may only rarrly bc dcinonstratcd by other 
ohjrrtive trsts, wc chow to stud>- a numbrr of patients with clinical histories 
suggrstiw of drug reactions to dctrrmine if the skinwindow techniqur could 
be i l useful aid in tlic tliagnosis of drug allergy. 

MATERIALS AND METHODS 

Ninct,cen patient<s with prcsnmcd drn , g Ii\~pcrscnsitivitv wcrc trsted 1);~ the 
skin-window t~crhniqur rising the suspected drugs as antigens, but tests lvcrc 
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not made until after subsidence of any eruption. Tests with similar drugs were 
made in nonallergic individuals as controls. Differential blood counts were per- 
formed in 11 cases wit.hin 2 days of testing, but in 8 instances counts were made 
between 3 and 13 days prior to testing. 

The skin of the forearm, upper arm, or anterolateral surface of the thigh 
was shaved, cleansed with pHisohex and 70 per cent alcohol, and then air dried. 
By the method of Rebuck and Crowley,l skin windows were produced by scraping 
the epidermis away from an area 3 to 4 mm. in diameter until fine bleeding 
points appeared on the scraped area, indica,ting that the papillary layer of the 
corium had been reached. Initially, a No. 15 Bard-Parker scalpel blade was used, 
but later a blunt instrument with a 2.5 mm. tip which had been filed to form a 
sha.rp edge was employed; with this instrument, a level surface at the papillary 
layer of the corium was more easily prepared, and larger and more definitire 
exudates were achieved. Two drops of concentrated aqueous solutions or 
suspensions of the drugs to be tested were applied to prepared test sites, and 
each was covered with a chemically clean, plastic cover slip, which was then 
secured by cardboard and a circular gauze-adhesive patch. The preparations 
and concentrations of the drugs used are recorded in Table I. Control sites were 
similarly prepared at the same time with sterile, distilled water being used 
instead of a drug. As a result of the injury to the skin produced by the 
scarification, cells migrated into the area and flattened themselves in a single 
layer against the undersurface of the cover slip. All slides were removed a.fter 
24 hours and allowed to dry. They were then stained with Wright’s stain, and 
differential cell counts were made. The slides were first scanned, and counts 
were started in areas where eosinophils, if present, predominated. When a 
sufficient number of cells was present, a total of 500 was counted. The counts 
were made “blind” without knowledge of whether or not the smear represented 
a test with a drug suspected of causing a reaction. 

It was found to be important tha.t all a,reas containing cells be examined for 
eosinophils, because they often were in clumps, located at the periphery, or 

Table 1. Preparations and cowedrations of drugs used in skin-window tests 

Drug Preparatiofl Concentration 

Dilantin 
Potassium penicillin 
Penicilloyl polylysine 
Il’ovocaine 
Xylocaine 
Aspirin 
Ferrous sulfate 
Iodine 
Bellergal 
Phenobarbital 
Pentothal sodium 
Renograffin 
Diodrast 
Hypaque 
Pantopaque 

Suspension in water 
Solution in water 
Solution 
Solution 
Solution 
Suspension in water 
Suspension in water 
Solution 
Suspension in water 
Solution in water 
Solution 
Aqueous solution 
Solution 
Solution 
Solution in oil 

25 mg./ml. 
500,000 U./ml. 
1 x 10-s M. 
2% 
2% 
i5 mg.Jml. 
75 mg./ml. 
2% 
1 tablet in 4 ml. 
15 mg./ml. 
25 mg./ml. 
60% 
70% 
50% 
30.5% 
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associated with debris. Many of the eosinophils had disruption of their ccl1 
membranes with scattering of the acidophilic granules (Fig. 1). The other 
predominant cells were mononuclear in type and consisted essentially of macro- 
phages (many with phagocytized debris) and hypertrophied lymphocytes (Fig. 
2). There was also a variable number of neutrophilic leukocytes, many of which 
showed degenerative changes (Fig. 3). In most of the slides, the acidophilic 
granules of many of the eosinophils took only a pinkish stain, possibly because 
of beginning autolysis. 

Because of variances in the reliability of the historical evidence of drng 
hypersensitivity the patients and controls were classified into four groups. 

Group I was comprised of 5 patients in whom the reactions appeared to 
be clearly related to a. single drug and were observed by us or documented 
in hospital records. In this group, all of the skin-window tests wcrc made within 
8 weeks of the reaction. 

Group II was comprised of 10 patients whose histories strongly indicated 
probable drug reactions, but in some instances more than one drug was possibly 
implicated, and, in some, several years had passed since the alleged reaction. 
One patient classified in Group I also had a history of a prior drug reaction 
to a.nother drug, and in relation to this was also classified in Group II. Another 
patient gave a history of 2 distinct reactions to separate drugs. Thcrcfore, 10 
patients with 12 separate reactions wcrc classified in this group. 

Group III was comprised of 5 patients nhose histories of drug reactions 
were cyuirocal. 

Fig. 1 
Eosinophilic inflammatory reaction in skin window at 
field consists of eosinophils, 

21 hours (Case 2). Almost the entire 

magnification x800.) 
some with disruption and scattering of granules. (Original 
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Fig. 2 
Field of mononuclear cells at 24 hours. Note the macrop!rage with the ingested portion of 
another cell. (Original magnification x2500.) 

Fig. 3 
Cellular infiltrate at 24 hours showing neutrophilic leukocytes, many of which have undergone 
degeneration. (Original magnification x800.) 



Group IV was comprised of It individuals with no history of allcr*gJ7 or drug 
lrypcrscnsit,ivit,y. 

Tn Group I to III, all the drugs known to lravc hen taken 1)~ tlrc patient 
at tllc time of rwwtion \vEl’(: tcstd, and in Solll(’ C’ilSCS clrrlgs ~10SCl~ lY~l:ltC31 
~limriicall\- ww: also tcstcd. Since in many of the cases drugs twtcd ww 
clearly not rclatctl to reactions, the!- scrvcd as :rdditional tcxtcd wntrwls. T~LIN, 
19 paticrits with 92 susperted Doug reactions wwc testd \vith 47 drugs, and 9 
cwntrol individuals wcrc t&d with 20 drwgs. 

Because of the possil~lc danger of ariaplrylu.ctic rcactioris following application 
of drugs to the skin-window sites, all patients wcrc carefully olwnctl for at 
1PilSt 30 rninirtc~s following tllc application of the drug. 

RESULTS 

In tlrc tested controls (Tahlc II) and distilled w-ntcy wntrols (Tahlcs .III, 
IV, and V), rosinopliil counts wcrc lxtwtwi 0 and 4 per writ. 

Iii (:roup I, eosinopliil counts ranging bctwccn 18 and 97 Iwr Wilt uwe 

ol~sc~~vc~l at test sites of the probable sensitizing drugs in cavlr vast. Iii oric 
patient a wlated drug garc n positiw test, but in 9 otlirr tests xitli rclatctl 
or other drugs bcirrg taken 1)~ tlrc patient, the results ww similar to tlwsc in 
the (aorrtrols (TiLble 111). 

111 (m;~Oll~I 11 WhVJl tWtiJlg for tlrc drugs most likely to h;~vc cnusccl t,he 
rwwtioiis, eosinopliil counts ranging lwtw-ccn 8 aid 90 per writ, mere notccl at 
10 of 12 test sitw, arid 0 and 3 per writ, respcctivcl)-, in the other two sites. 
At It’ other test sites ~vhcrc~ wlatcd or other drugs hing taken lo- tlrc patient 
were applid, eosinopld counts ranged htween 0 and 6 pc~* cent (Table I\‘). 

Iri (:roup III, cosiiiopliil counts at test sites of 8 possihlc drugs in 5 patients 
~~angz’etl from 0 to i’ per cent, (Table V). 

In 011~ patient (Cast 2) with an cosiriopliilotnctic rwporisc of 97 per cent to 
~wnicilliri, wsiclcs ZLpp(‘ilHd o\-cr the intact skin :d,jaccnt to t.lie dcriudd window 
site; tlrcy disappcarcd in 3 days. 

L2110tllcl~ patient (CilW 5a) lvitli a 36 per CCJlt cosino~~liilotnctic response to 

jodine devclopcd a 2 by I! em. wlical surrounding tlict skin-wintlow site. This 
sulCh1 in one day. 

111~’ also reported that in his suhjccts with IZlius wnsitivit\-, vsiculation 
owu~~d in tlrc intact skin surronnclinp the skin-window at alwrIt tlrc same time 
IlliJt eosinopliils appeared in the inflammatory- rsndatc~. 

Except for some localid mild pruritus at tlic skin-wiiidwv site and trxrisicd, 
burning wlicn tlic drug was applictl, tlrcrc wrv no systrmic rcwtions or other 
adverse effects from this procdurc. 

DISCUSSION 

Spcirsl?l I3 in stndics of tlic peritoneal fluid of wnsitizcd Jnkc hclic\-cd that 
an cosinopliilic response prccc~lc~l tlic formation of rww antil~ocl~, arid that tlicw 
was a qunntitati\-c rclationsliip htwccn tlic nu~Jllwr of cosinopliils present and 
amount of antibody protluccil. On the other hand, Iditt’4, I5 iqortctl that 
cosinophils followd the union of antigen with antibody. Hc indicated that since 



Table II. Skin-window tests in nonallergic individuals 

In&vi&al 

1 

2 

3 

4 

5 

6 

7 

8 

Drugs tested 

Dilantin 
Aspirin 

Xylocainc 
Phenobarbital 

Ferrous sulfate 
Dilantin 

Phenobarbital 
Aspirin 

Dilantin 
Aspirin 

Dilantin 
Aspirin 
Penicillin 
Novocaine 
Dilantin 
Phenobarbital 
Ferrous sulfate 

Dilantin 
Aspirin 

7. Eosinophils 

Test m00a Interzal* 

0 2 0 
3 

0 1 0 
0 

0 3 2 
0 

0 2 3 
0 

0 1 0 
0 

0 0 0 
0 0 
1 10 .> 
2 
2 
2 
1 

4 4 0 
1 

9 Novocaine 0 1 0 
*Interval, days between blood counts and test. 

Table Ill. Skin-window tests in cases of obvious drug hypersensitivity (Group I) 

PaA 
his- 
tory 

of al- 
Case Zergy History 

Reaction- 
test 

interxal 
Lbugs 
tested 

7. Eosinophils 

cm- / Inter- 
Tpst trol RToodl cd* Rcmnrks 

1 0 

2 0 

3 + 

4 + 

5a + 

Dilantin therapy 2 
months; maculo- 
papular rash 1 day 
following respira- 
tory infection and 
penicillin 

5 weeks Dilantin 
Penirillin 
Penicillovl 

polglysinc~ 

26 
0 
- 

Urticaria within a 
few hours of intra- 
venous penicillin 

25 days Penicillin 97 

Maculopapular rash 
1 week after insti- 
tution of Dilantin 
therapy 

16 days Dilantin 
Phenobar- 

bital 

1X 
2 

Exfoliative reaction 8 weeks Dilantin 42 
and urticaria 1 Pentothal 4 
month afte’r insti- Iodine 4 
tution of Dilantin Hypaque 2 
therapy Pantopaque 1 

Exfoliative derma- 19 days Diodrast 81 
titis 1 day follow- Itenograffin 1 
ing arteriography Hypaque 3 
with Diodrast Iodine 36 

4 13 

0 5 

4 3 

3 7 

2 1 

1 Patch positiw 
Patch negatirc> 
Intraderrilal 

nr~gatiw 

13 

0 Patch negative 
Patch negative 
Patch negative 
Patch negatiw 
Patch negative 

2 

2 x 2 cm. wheal 
about skin 
window 

*Interval, days between blood counts and tests. 



Table IV. Skin-window tests in cmes of probable drug hyper.~ellsitivity (Group II) 

.Jl) 0 

fi 0 

7 0 

8 0 

9 + 

10 0 

Ila 0 

111, 0 

12x + 

12h + 

I 3 0 

14 + 

Exfoliative derma- 
titis following 
Dilzntin 1057 < ) . 

Urticaria following 
penicillin injec- 
tion, 1948 

Urticaria and 
xrthralgias 6 da,vs 
following reinstl- 
tuticm of fwrous 
sulfatc~ 

Vrticaria following 
penicillin inj(v 
tion, 1945 

ITrtiraria following 
penicillin injw- 
tion, 1919 

Vomiting after iw 
grsting aspirin on 
2 occasions, 1952 

Vrticaria folio\\ ing 
p(~nicillin injw 
tion, 1960 

Anaphylactoid w- 
action during iw 
jrction of Rrno- 
grafin 

Urticaria following 
Iwnicillin injw- 
tion, 1955-62 

Urtivaria fourth 
day of penicillin 
therapy 

8 years Dilantin 

1 i yclars Pt,nicillin 
l’(wicillovl 

polylysi;lo 

10 years Sovocaine 

Xylocaine 

Penicillin 

9 weeks Aspirin 
Penicillin 
Prnicilloyl 

l~olylysine 

2 wrcks Ferrous 
sulfate 

Aspirin 
Penicillin 

20 years Penicillin 
Pcnicillovl 

polylysi”nC: 

16 years Penicillin 
Pt~nicillovl 

l”‘1ylysi”nC~ 

13 years Aspirin 

3 years Penicillin 
Pl,nicilloyl 

l’olylysi;w 

2 months Penicillin 

2 

0 

1 

0 

0 

0 

2 

2 

0 

0 

3 

0 

Endermal 
positive 

Scratch 
negative 

Srratch 
negative 

scratch 
ncgat iv0 

Xngiocdcma 
definitely 
induwd 1~ 
aspirin lairr 

Urtiearia 
diasappeared 
f 011 owing 
discontinuation 
of ferrous 
sulfate 

Scratch positive 
Endcrmal 

positive 

Endermal 
negative 

immune complescs aw rapidly clcarcd from the blood, one should look for eosin- 
ophils at the sites of allergic lesions, where they ma>- be found regularly a.nd 
persist, for long periods. He bclicwd that the union of antigen and antibody 
formed an immune complcs. This or an intcrmcdiate possessed eosinophilotactic 
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Table V. Skin-window test in cuses of questionable drug hypersensitil~ity (Group III) 

Past 
his- 

tory 
of a,l- 

Case lergy History 

Renction- 
test 

interval 

15 + Probable psycho- 
genic urtiearia 

16 0 Indefinite reaction 
to Diodrast, 1952 

17 0 “Allergic” vasculitis, 18 months Aspirin 
cause undetermined Penicillin 

18 + Probable psyeho- 
genie urticaria 

1 week Bellcrgal t 

19 0 Fever of unknown 
origin, while taking 
Dilantin 

1 week Dilantiu 

1 meek Aspirin 

14 years Diodrast 
Iodine 
Renograffin 

*Interval, days betmcen blood counts and tests. 
t Ergotamine tartrate, bellafoline, and phenol~arl~ital. 

qualities. Littl” has further concluded that cosinophils probably phago@isc 
antigen-antibody complexes. 

There have been other explanations for tissue eosinophilia. Srvcral 
workers”, Ii, I8 have noted that eosinophils respond chcrnotactically to histnminc 

which is released at the site of many antigen-arrtibodv reactions. Ko~.acs~! 
suggested that eosinophils may participate in the ncJutraliza.tion of histamine 
since they contain spermine, a biogenic amine with antihistaminic activity. 
Cohen a.nd Sappzo suggested that nonimmunologica,l mechanisms may bc “eosino- 
tactic,” but that they then require macromolecular compl~~xes of critical qnalititbs. 

Thus, it seems likely that the migration of cosinophils into tlrcl cc~llnlar 
exudate during the development of a positive skin-window test, is pr*o\okcd by 
the formation of antigen-antibody complexes. 

The slightly lower average eosinophil counts in (iroup II, as (aorrrVirr(ld to 
Group I, may bc explained on the basis that many of the tests were matlc 
years after the original dru, m reaction, and antibody titers may lra\T(b brcn low. 
The two negative tests in Group II and the five ncgativc tests in Group TII rna~ 
be explained on the basis that the history of the drug reacbion was inconclnsi\.c, 
or that the wrong drug was used as antigen in the tclst. 

In Case 18, the eosinophil count at the test site was ‘7 per cent while it was 
0 at the control site; yet this must be considcrcd a mild falsely posit,ivc reaction 
because the suspected reaction (urticaria) was lat,cr judged to 1)~ of psyclrogcnic 
origin. It is possible, of course, that tlrc patient. had a mild drug reaction in 
addition, and the positive test was indicative of a r~ponsc to a poor antigen 
(Bellergal) . 

Degranulation of eosinophils was noted in several of the positive tests. This 
phenomenon has not previously been observed by others and may have 



rcprescntcd unusual reactions to specific compounds. Unfortunately, tests with 
varying conwntrat.ions of drugs mere not made to clarify this point. Basophilia 
also was noted in SC\-era1 of Our positive t&S, as had illSO hCCI1 WpOrtd l)v 
I”owlcr and I~o\vcll.21 

Since corticostcroids, gi\-cn qvstemically, cimse c0Sill0pUliiL and aldish skin- 
window cosinophilia, Fi it is inadvisable to pcrforin the test \vliilc the patient, is 
wcciving thcsr compounds. Claw must 1~ cswciscd in tlw pc~rformancc~ of skin- 
window tests in patients with nrurodcrmatitis or 1~sfoliiltiVc tlcwiatitis hccauxe 
of the well-known facat tllilt thcsc indix-icluals often csliihit l~looci ill>tl t,issne 
cosinophilia. 
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