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f lea allergy dermatitis in dogs diagnosed by intraderrnal
skin tests

R. STOLPER,3420 Iter:herg Har:,Junkcrnstrasse I I, Gernrary,,J. P. OPDEBEECK, Department of
PLu'(l.\ i tol(tst ', Thc U nire'rsitt '  rf Queensland, Brishane 1072 , Queensland. Anstalia

Thirtl '-three dogs were categorised according
to their  c l in ical  s igns of  f lea al lergy'  dermat i t is
:.ìnd reactivit l '  to feeding fleas (C'renocephalídes

felis felis). A soluble ertract of whole fìeas (ps),
f 'ractinns of this ertract separated by chromato-
graphì, ,  and a commercial l l 'ar ,a i lable f lea ant i -
gen extract rvere used in intradermal skin tests
(IDSI') to establish the presence or absence of
t1 'pe I  and t lpe IV h.rpersensi t i r i ty .  The reac-
tions \r 'ere rneasured and the results \t 'ere
anal) 'sed using three grading s]stems common-
l.r, reported in the l iterature. The results of the
IDST for the groups of dogs varied according to
the grading sy-stem used. FS, the most effective
of the antigen preparations, identif ied 94 per
cent of dogs u'hich reacted to feeding fleas
n'hen a result !r.as considered positive if the
mean diameter of the wheal at the antigen
injection site exceeded the diameter of the
lrheal at the negative control site by five mm at
15 and/or 30 minutes after injection.

HYPERSENSITIVITY ro rhe bi tes of  f leas.
definetl ;1s rleiì allergl' denrratit is (F.\D) (Hall irvell
1985t.  i :  i ì , .  í - r . tost  common al lergic skin disease of
dogs and cats (White and Ihrke 1983, Muller et al
1989, Reedy and Miller 1989). In dogs, the clini-
cal signs of rRo are a prurit ic papulocrustous der-
matit is with the typical skin lesions occurring on
the dorsal lurnbosacral area (Nesbitt 1983. Scheidt
1988).  Al though the diagnosis of  FAD is f requent ly
based on the cl in ical  s igns (Kief ter  and Kr isrensen
1919).  the disease can nt int ic alntosr an1 prur i t ic
denlatosis ( I {a l l i rvel l  and Gonnan 1989),  t r r t l  ; .
definit ive test for FAD is tlrerelore desirablc foi ir
correcl i l iagnosis. An evaluation of the response î
a cornplete flea control progranltne is the rno"
rv idely used rnethod of  d iagnosis (Ncsbi t t  1983).
bu t  s ince  a  s ing le  t lea  n ta l ,e l i c i t  a  \e \e rL-  p rur i t i c

episode in a hypersensi t ive host (Baker and
Thornsett 1990). this nrethod must be considered
to have l inr i ted value. Al though rhe intraderrnal
skin test  ( IDST) is technical ly the most di f f icul t
skin test to perform. it is also the most reliable and
reproclucible (Chiinrberlain and Baker l9l 4).

In prelirninarv work in the authors' laboratory,
semi-purif ied soluble flea antigens (FS) were used
in the tosr w'ith encouraeing results (Slacek and
Opdebeeck 1993): 67 per cent of the dogs that
reacted to challen-ee with f-eeding fleas reacted to
this soluble f-lea antigen. The rs have been further
purif ied by size exclusion chromatography and the
fractionated and reconstituted antigens, and a
commercially available flea extract have been test-
ed in the IDST, The selection of trial animals in this
study r.r'as chan-ued and their reactivity was scored
by means of three grading systems commonly
reported in the literature, to assess the effect of
these grading systems on the diagnosis.

Materials and methods

F l e d  u t t t i : r ' r t s

A colony of fleas (Ctenocephalides felis felis),
free of Dipylidium caninum cysticeroids, were
maintained on cats and in the laboratory. Adult
unfed fleas were harvested and stored at -70oC. FS
was prepared as described by Slacek and Opde-
beeck (1993). The protein concentration of this flea
extract \\ 'as measured by a modified Lowry assay
(N4arkw'el l  et  a l  1978).  A conrnrercial  f lea ant igen
(Greer Laboratories) u'as also used in the tosr.

The rs \\,as separated by high perfon'nance size
exclusion chronratography on a Waters Sl,stem
(Sys tcm cont ro l le r  721,  Wisp  710 B;  Mi l l ipore)
using a Waters Protein-PAK Sw 300 preccded by
a guard colunrrr .  The rnobi le phase..ster i le 0.15 M
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phosphate buf lèred sal ine (pBS) pH 1.2,  was
applied at a flow' rate of I ml minute-l and a pres-
sure less than 500 psi. The detector (Waters.
N{odel -1,10) ri 'as ser ar a w,avelength of 280 nm.
All the sanrples uere fi l tered through a 0."15 prn
pore fi l ter before being injected on to a column.
Molecular u'ei_ghts were estimated from a standard
curye made by, using molecular weight markers
ranging from 12.4 kDa ro 669 kDa (Sigma
Chemical). The void volume of the column was
determined with blue dertran (2000 kDa) (Sigma
Chemical) .  The FS was reconst i tute, l  af ter  the
chromatographv bf '  mir in-g equal  \o iLr i : rc:  i l f  the
separated tiactions. This reconstituted preparation
u as designated Fs-recon and tested as an allergen
in the toSr. The antigen peaks were cut out and
wei_ehed as described by' Ullmann and Burtis
(1986) to measure their  percentage representat ion
within the FS.

E.t'p e r i nte rttu I oninn I s

Thirry-six adult dogs of different breeds. ages
and of both sexes were ohrtained fronr local dog
shelters. They were categorised in terms of the
presence or absence of  c l in ical  s igns of  nao (pnn+
or FAD-) which r las ident i f ied as a prur i t ic  papu-
locrustous dennatit is cclnfined to the lumbosacral
area. caudorneclial rhighs. ventral abdomen. flanks
and neck (Mul ler  et  a l  1989t.  The dogs were also
cateeor ised according to their  react ion to chal-
lenge ui th l5 to 20 l ive f leas u,hich were al lou,ed
to fec-d for 15 minutes (Slacek and Opdebeeck
1 9 8 3  ) .

t  r tsT u '  i  t l t  . f l  eu u t t r i ,qt  n

The tDSl u'ere can'iet1 out bv a nretlrocl similar
to that described b1, Slacek and Opdebeeck
(1993);  ps and Fs-recon were adnt in istered at  a
dose of I pg in 60 prl. The fractions obrained by
chromatography were administered at doses which
were representative of their percentage weight
within the FS chromato_eram. Greer antigen was
administered at a dose recommended by the nranu-
fac turer .  ie .  l :10( )0  f ina l  concent ra t ion  (c l i lu tcd  in
PBS ) .

The i- l  dog:, 1. 'r1..cl  in thr- I t)S'I '  \ \ere injected
u i t h  h i s t u r n i r r e  p h o s p h u r c  t I  r n s  r l l  I I ( D a v i c l  B L r l l
Labo ra to r i es )  d i l u r c ' d  l : l ( ) ( ) . 000  i n  pss .  I n  add i -
t ion.  2- l  o l '  thesc r ioq5 lgg. i rec l  th i r  pos i t i r t - .  cor r -
t r t r l  p r cp r rn r t i o r t  r l i l u t c t l  i r r  l : 10 . (X ) ( )  i n  pus .  i \ l l  t hc .

P. Optlebaatk

dogs were also injectecl with 60 irl of pes. A dis-
t inct  palpable bleb in the skin was used as evi-
dence of a correct injection procedure. None of the
dogs uere c l iscarded as a resul t  of  their  react ions
to the po: i t ivc '  and negat ive controls.

Assessntent of tasr

A positive reaction to feedin-e fleas (ff+) was
identif ied by multiple, visible and palpable wheals
on the dog's skin. A negative reaction to feeding
fleas (ff-) was identif ied by small visibl.- .c'd bite
lesions at  thr '  s i tes of  the t leas'  b i tes.  Tlrc icact ions
to the the injected antigens were measured in mnr
by usin-e a caliper ruler l5 and 30 minutes after
the injections. Delayed hvpersensitivity reacrions
were assessed 24 hours after the IDST procedure.
The three different grading systems most conr-
monly descnbed in the l iterature were used to
assess the reactions, The first system defined a
positive reaction as being at least 3 mnt larger tharr
the bleb at rhe site of injection of pes (negative
control)  (Nesbi t t  and Schmitz 1978. Edmonds
1980.  Van Wink le  1981.  Nesb i t t  1983.  Reec ly  and
Ivf  i l ler  1989).  The second grading sysrem def ined
a positive reaction as being at least 5 mm larger
than the bleb at  the s i te of  the nesat ive control
(Baker lgJ l ,  Hal l iwel l  ancl  Schwarrzman l9 l  l ,
Kieffer and Kristensen 1979, Willemse ancl Van
den Brom 1982. Rosenhngen and Hoffmann 1986.
Wil lenrse 1986).  The third grading sysrem def ined
a positive reiìction as either equal to or larger than
a reaction halfway between the reactions at the
si tes of  in ject ion of  the posi t ive and negat ive con-
trols (Scott  l  gf i  i  .  Nesbi t t  1983. Mul ler  er  a l  l98g).

S r u t i s t i t' u I {//t(/^'.\'i,.î

An anal l ,s is of  var iance and Student 's r  test
(Sokal  and Rohlf  1987) were usecl  to analyse the
significance of the results.

Results

E.tp e ri nte rt kt I u rt i rtt u I s

Al l  the t l r rg5 6, , .1 s ign:  pf  t le i r  int 'estat ign estah-
l ishecl  bv t l re prc\enct:  o l 'e i ther l iv i r rg f l r ' ls  or  f lea
l 'ac 'ces.  Of ' thr .  .16 dost er; losct l  to lèer l ing f lea: .  l7
hacl  c levelopc:t l  u heuls rr  i th in l5 nr inutes ant l  u 'cre
classi f iecl  as f l '+:  no rei ìct ion t t l  ch.r I lcrrge ( l ' l ' - )  r ras
oh:crr  er l  in l ( l  o l '  t l rc ckrsr r ìnt l  t l i rcc hut l  cquivoclr l
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FIG 1:  Chromatogram of  FS ant igens separaied by srze exclusron
chromatography Fracî ions designated A-F were used rn in l rader-
mal  skrn lests.  Vo = vord volume. Molecular  weiohts (kDa) are
indicated by arrows above the chromatogram

reactions and \\ 'ere rìot used in further experi-
n'ìents. There wiìs no statistical difÍerence betw,een
the nunrlrers of f-le as that f ed on rhe groups of dogs
categorised as ff+ and tf-.

C hronntographic s(,paratiotr of nS

FS was separated into three major peaks (Fig l).
The fractions designated A. B. C and D w'erc used
in tost at doses which ref-lected their perccntage
representation in FS: fraction A 28.1 per cent. 0.28
pg 60 pl-l; fraction B 24.1 per cenr. 0.2.1 pg 60
Fl- l :  f ract ion C 32.6 per cenr.  0.33 pg 60 pr l - l ;
f ract ion D 15.2 per cent.  0.15 pg 60 pl- t .

dcrnu{ i t is  in t l t t ,qt  2- ì

Fractions E anri F w'err. uscd in the IDST in the
f onn thel \\ rrc collectcd 1ì'orrr the chrorrratcl-
graphic colurr in:  owing to the lou levels of  protein
present they could not be measured accurately. No
proteins were eluted in the void volume and the
extract therefore contained proteins of molecular
weight <2000 kDa. The third major protein peak
contained low molecular rveight proteins (<12.4
k D a ) .

tDST u'ith f S, .f'ractiotttttetl F5, Fs-,'{,('()tr (tn(l
(rtntntt,t ' t ' iul Jleu unliee n

Blebs with a riìnge of 5 to 7 mnt irr diameter
w'ere appitrent upon the injection of 6() i i l  pBS in
all the do-es. The PeS was completely resorbed at
di f ferent t imes in di f ferent animals.  usual ly 30 to
60 rninutes afier the injection. In the 33 do_es test-
ed, histamine phosphate ( I : 100,000) caused a
n'rean (SEt\{) skin reaction of 10.6 (0.1) nrm (range
8.5 to 13.8 mrl)  af ter  15 minutes,  and 10.8 t0.2)
rnnr (range 8.,5 to 1.1.3 ntrn) after 30 nlinutes. ln21
of the dogs. histamine phosphate di luted l :10,000
caused react ions of  13.6 (0.3) rnm (range 10.5 to
15.5  mm) a f ie r  l5  minu tes  and l -1 ' .1  t0 . .1 )mm
(range I  1.3 to 11.3 mm) 30 minutes af ter  the
injection.

In the animals rl i th either non- or poorly pig-
mented skin. the reactions w'hich occurred within
30 minutes of the injection of the flea antigens
consisted of erythematous wheals. The results
obtained in the -qroup of 33 dogs by' using the three
grading s)'stems are shown in Tables l, 2 and 3,

ÍagLE 1:  Numbers ol  dogs and percenlages ( in brackets)  react ive in an tDST to FS, f ract ions
of rs and a commercial flea extract. A result was considered positive when the mean dia-
meter of the wheal at the site of antigen injection was at least 3 mm larger than the mean
diameter of the bleb at the site ol injection of pBs.

Response of dogs to feeding fleas

Anîigen
Positive clinical signs

Toral (1 7) FAD+ (9) reo- (8)
Negative clinical signs

Total  (16) FAD+ (1)  FAD- (15)

Greer
A
B
t/

D
E
tr

FS-rec
F S

6 (7s)

6 (7s)
6 (7s)
1  ( 1 3 )
2 (2s)
1  ( 1 3 )
8  (100 )
8  (100 )

s  ( s 1 )
3 (s)
2 1 r 3 )
A  / î Q \

i  t , r
10 (63)

4 t27)
3 (20)
2 ,1 l3 )

o  l / " " t

e (60)

NC
NC
NC
NC
NC
N C
NC
NC
NC

.  Nesbi i t  arrd Schrnrtz (1978) Edmonds (1980) Van Winkle (1981).  Nesbi t l  (1983) Reedy and Mi l ler
( 1 9 8 9 )
Greer Greer Flea Ant igen,  Greer Laborator ies.  uSA, A-F Fract ions f rom FS separaied by srze exclu-
sion clrronralography, FS-rec FS reconsîituted from fractions. Nc Not calculated
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TABLE 2: Numbers of dogs and percentages (in brackets) reacîíve in an tDSî to FS, fractions
ol Fs and a commercial flea extract. A result was considered positive when the mean dia-
meter of  the wheal  a l  the s i te of  ant igen in ject ion was at  least  5 mm larger than the mean
diameter o l  the bleb at  the s i te of  in ject ion of  pBS.

Response of dogs to feeding fleas

Ant igen
Posi t ive c l in ical  s igns

Toral(17) FAD+ (9)  FAD- (8)
Negat ive c l in ical  s igns

T o l a l ( 1 6 )  F A D + ( 1 )  F A D - ( 1 5 )
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Crudc- err
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cu les  w"h ich
t ies  ( l \ l cG i t r
that  crude rr
u red  in  a  sc l
a l  ( 1 9 ( ) 0 r  t l c r
kD: r  i so fu te ,

Greer
A
B

n
E
F
FS-rec
F S

7 (41 )

6 (3s)
10  (se )

6 r- î5
2  , ' 2

r J ( / / l

1 6  ( 9 4 )

2 (22)

2 (22)
6 (67)

4 (44)
1  ( 1 1 )
6  (67 )
R  r R Q \

s (63)

4 (50)
4 (50)

2 (25)
1  ( 1 3 )
7  (88 )
8  ( 1 0 0 )

2  ( 1 3 )

ì rur

2  ( 1 3 )

i i t

NC
NC
NC
NC
N C
N C
N C
N C

. -  Baker (1971),  Hal l iwel land Schwartzman (1971).  Kief fer  and Kr istensen (1979),  Wl l lemse and Van
den Brom (1982),  Rosenhagen and Hoffmann (1986),  Wi i lemse (1986)
Greer Greer Flea Antigen, Greer Laboralories, usA, A-F Fractions from Fs separated by size exclu-
Sion chromatography. FS-rec FS reconstituted lrom fractrons, NC Not calculated

TABLE 3: Numbers of dogs and percentages (in brackets) reactive in an IDST to Fs, lractions
of  Fs and a commercia l  l lea extract .  A resul t  was considered posi t ive when the mean dia-
meter of the wheal at the site ol antigen injection was equal to or larger than a reaction
halfway between the reaclions at the sites of injection ol the positive (histamine 1:'100,000)
and negative control (PBS)'

Response of  dogs to feeding f leas

Ant igen
Posi t ive c l inrcal  s igns

Total  (1 7)  FAD+ (9)  FAD- (8)
Negat ive  c l in ica l  s igns

T o t a l  ( 1 6 )  F A D +  ( 1 )  F A D -  ( 1 5 )

Greer
A
B
r.
D
E
F
FS-rec
FS

7 (88)
1 ( 1 3 )
6 (7s)
7 (88)
2 (25)
2 (25)
1 ( 1 3 )
8  ( 1 0 0 )
8  ( 1 0 0 )

2  ( 1 3 )
q  / î 1 \

] tur
1 (6)

1 0  ( 6 3 )
1  1  r A q \

2  ( 1 3 )
4 (27)
s (33)
1  (7 )

1 0  ( 6 7 )
10  i67 )

1 2  \ 7 1 )  5  ( 5 6 )

13  (77 )  7  (78 )
1s  (88 )  8  (8e )
5 (2s)  3 (33)
7 (41) s (s6)
5 (2s) 4 (44)

1 7  ( 1 0 0 )  I  ( 1 0 0 )
1 7  ( 1 0 0 )  I  ( 1 0 0 )

NC
NC
NC
N C
NC
NC
NC
N C
N C

'Sco t t  (1981) ,  Nesb i t t  (1983) .  Mu l le r  e r  a l (1989)
Greer Greer Flea Ant igen.  Greer Laborator ies,  uSA. A-F Fracl ,cns f rom FS separated by s ize exclu"
sion chromatography. FS-rec FS reconstituted from fractions, Nc Not caicrrlated

and are given as the numbers and percentages of
positive responses in both ff groups and in their
clinical subgroups. Only one ff- dog had signs of
nRo and therefore no calculation was done in this
clinical subgroup (ff-, FAD+). Only two dogs
(both ff+) exhibited delayed hypersensitivity reac-
tions (red indurated nodules. 2 to 3 mm in dia-
meter) to FS. FS-recon and the commercial antigen.
One of these do_es also exhibited deluy,ed h1,per-
sensi t i i ,e react ions to FS fract ions B. C and D,
l \ ' lu l t ip le nodules uere also r  is ib le at  the f lea feed-
ing s i tes in both dogs 2-1 l rours af ter  e.rposure.

I ) iscussion

In a suner ol '  pr i rct icr-s uscrcl  in thc IDSt- .  De

Boer ( 1989 ) show ed that different parameters
were used bv c l in ic ians to establ ish and to evalu-
ate the results of an IDST. In this study, the results
of the IDST were assessed by the three grading sys-
tems most commonly described in the l iterature.
The best results in terms of the proportion of true
positive reactions were obtained by using the
grading sysîem in which a positive reaction i l,as
def ined rs beins at  least  -5 mnr larger tharr  the bleb
at  the  s i ts '  o f  thc  negat i \ r .  con t r ( ) l  (pBS) :  a l lnos t  l l l
the dogs u hich \ \  L.re hr persensi t i r  e to feeci i r rg
fleas riere iderrtif ic-cl b1 FS 1t-1-1 pcr cent) antl ntr
fa lse posi t i res occurred in rhe i f ' *  group (Table l t .
The c rad ins  \ \ ' \ îen l  tha t  de f ined a  pos i t i re  re lc -
t ion  ls  t ' ' c i i rg  a t  l c l : î  - l  rnnr  la rgcr  t l ran  thc  b leh . t t
the  s i tc ' t r f  i l r i cc t i t rn  o f 'p t rS  wou l r l  hare  c luss i l ' i c t l
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l(X) per ccnt o1' thc f ' t '+ rkrgs as posi t i rc to f rs in the
f L-rs'I: hor.ir\.er. 6-ì per ccnt oi ' the fl- dogs lrould
Ir lso l tavc bcerr  l 'u lselr ,  dr .s ign; l t r .d as l ìeu l l lergic
tTable I  ) .  This grading sy 'stern hls f requenr ly been
used to assess rDST (Nesbi t t  and Schmitz 1978.
Edmonds 1980.  Van Wink le  1981.  Nesb i t t  1983.
Reedy and Mi l ler  1989).  Simi lar ly,  w,hen a posi-
tive reaction was defined as either equal to or
greater than a reaction halfway between the reac-
t ions at  the s i tes of  in ject ion of  the posi t ive and
negat ive controls.  100 per cent of  the f f+ dogs
were corrr 'c t l1 '  reco-enised as al lergic to FS ant igen.
but 67 per cent of the ff '- dogs uere lalsel_l ' identi-
f ied as hvpc'rsensi t ive (Table 3).

In i r re l iminarv work wi th FS. the authors
descr ibcd the rerui ts ohtained in docs in ' " ih ich the
averase diameter of the w,heal at rhe site of injec-
t ion of  h istamine phosphate (di luted l : i00,000)
exceeded bv at lelst 5 ntm the average dianteter of
the wheal at  the s i te of  in ject ion of  a negar ive con-
t ro l  so lu t ion  (s te r i le  0 .15  M ees .  pH 7 .2) .  Dogs
w'hich clid not meet this criterion rvere discarded
frorn the stud\ (Slacek and Opdebeeck 1993).  I f
this criterion had bcen applied in rhe present study'
only 58 per cent of the ff+ tlogs would have been
detected w'hc-n the second -erading svstenl  (Table
2) was used. Hence dogs should not be excluded
from evaluation in an IDST on the basis of hista-
mine react iv i t \ .  especial l .v u 'hen the histamine is
di luted 1:100.000.

Several  authors have used cl in ical  evidence of
FAD to distinguish betu'een normal and hvpersen-
sit ive dogs (Kristensen and Kieffer 1978. Van
Winkle 1981, ìv loermans et  a l  1988).  In the pre-
sent studr ' .  eìght of  23 dogs w' i th no cl in ical  s igns
of p.ro had si-sni f icant t ) 'pe I  h l  perserrs i t iv i t l ,
react ions to fèedine f leas.  Thus u. ing the cr i te-r ion
of c l in ical  evidence of  rno is l ikelv to render the
judgements on IDST grading sysrems invalid.
ìvforeover, the designation of a dog as positive for
FAD on a clinical basis alone can be problematic
because almost any prurit ic dennatit is can rnimic
Fnn (Hal l iwel l  and Gorman 1989) and resul t  in a
false positive diagnosis.

Crurde extracts of parasites mav be contanlin-
ated u'ith non-specific irtrmutrontodulatory' mole-
cules w'hich may obscure t l re i r  a l leruenic proper-
t ies (McGibbon et  a l  i990).  I t  secnrs advisable
that cnrde u'hole body flea extracts should not be
used in a sensi t ive test  l ike an JDST. l t {cGibbon et
a l  t1990)  dc ten i i ined  tha t  a  p ro te in  mo lccu le  o f  25
kDa isolaicd bi  s ize erclusion rhrortratographl ,

f 'ronr lr crtrt lc' ,.\ r i r l 'r. l  .\rtunt borlr f luit l c'rtract \\as
responsihlr '  1 ' t r r  tnorc than lJ()  pcr cc ' l l t  o1' the al ler-
g ic  p ropc t ' t i c r  c i l ' thc  p repanì t ion .  In  the  s tud l '
reporlecl hc'rr '. t lL)ne of the fractionated antigens
were as reacti l 'e in the IDST as nS. regardless of
which svstent was used to grade the reaction.
Reconstituted FS made from the pooled fractions
also identifìed fewer ff+ dogs as hypersensitive
(compared u'ith t s). suggesting that the allergen(s)
had been danra_eed during their passase throu-ch
the chronratographic column. None of the separat-
ed antigens \\ere deemed satisfactorf in dt-'tectin_u
hvpersensi t ive anintals;  f ract ion C which ident i -
f ied 59 per cent of ff+ dogs yielded the best
resrr l ts.  I t  appears that  most of  the al lergc-nic mole-
cules rrspol ls ib le for  the posi t ive IDST rei lct ion to
FS in flea allergic dogs were present in this frac-
t ion ( less th ln 30 kDa).  An increased dose of  f rac-
t ion C u'ould be Lrnl ikely to have I ' ic lded better
results because there was a high reactivity in ff-
dclgs to this prc-paration when the two other grad-
ing systems \ \ere used, ie,  an increase in dose is
l ikely '  to have resul ted in an increase in ta lse posi-
t ive resul ts.

Histamine phosphate diluted I : 100.000 \À,as
used in all the do_ss tested b1' the IDST and after
being di luted at  l :10,000 in 24 of  them. Many of
the ff- dogs u,ould have been wrongly diagnosed
as al lergic to t lea ant igens. i f  a grading s) 'stem
using histamine at  l :100,000 as a posi t ive control
had been used to interpret the IDST results (Table
3). The number of false positive do_es u'ould have
been even sreater if a histarnine concentration of
l:10.000 had been used to determine the cut-off
point  (data not shou,n).  Histamine di luted to var i -
ous concentrat ions has frequent lv been used as a
posi t ive cor i t ro l  in the IDST. . \  d i lut ion of
l :100.000 w,as used bl ,Reedy ( l98l t .  Nesbi t t  et  a l
(198,1).  Scheidt  (1988) and Mul ler  et  a l  (1989).
Other authors used a dilution of l:10,000 of hista-
mine phosphate (Rosenhagen and Hoffmann 1986,
Wil lemse 1986, Moermans et  a l  1988).  A study in
n,hich the IDST was evaluated in dogs revealed that
di lut ions of  h istamine at  l :100,000 did not y ie ld
reproducible reactions (Willernse and Van den
Bronr  l98 l t .

In this study. false positive reacîions occurred in
response to some of the antieens îestr'd. regardless
of u,hich of the three svstetns was used to grade
tlie rc-sponses. There are several rcasons for false
posi t ive react ions in the IDST. I r r i tants in w'hole
flea e.rtracts seelns to be a major problein (Reed1'
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1982) and Slavin (1974) indicated that i r r i tants
with low molecular weights in allergen prepara-
tions can cause false positive reactions in the IDST.
Although 63 per cent of the ff- dogs *,ould have
been designated as hypersensitive (false positives)
if the grading system using a 3 mm or greater dif-
ference between test and control sites had been
used for FS, it is notable that no false positives
were recorded with FS when the grading system
used a difference of 5 mm or more. This confirms
that a rigorous cut-off system should be applied to
establish a positive respon\r in the tosr. Most
practit ioners evaluate the IDST by using subjective
grading nlethods (Nesbitt et al 198,1). for erample.
by the observ'ation and palpation of skin reactions.
In view of the results reported here, both the com-
mercial Greer antigen and ps would result in some
false positive interpretations of skin tests under
these circumstances; thus it is strongly recom-
mended that research workers and practitioners
should measure skin responses to allergens by
using a caliper ruler and a differential of ar least 5
mm between the test and the control injection as
evidence of a positive response.

A positive IDST to allergens is proof of the pres-
ence of skin-sensitising antibodies. but does not
necessarily mean tlrat these antibodies are relevant
to the pathogenesis of the disease (De Boer 1989).
Positive reactions to the IDST in human beings can
persist for a long time after clinical synlptoms
have disappeared and may also be present years
before the signs of a clinical allergy derelop (Scott
l98l) .  This could explain the posi t i i 'e  IDST and
flea I 'eeding tests in the eight dogs that did not
exhibi t  c l in ical  s igns of  neo. Up to 50 per cent of
the human population react to one or more atopic
al lergens (Scott  1981).  and in areas where f leas
are endemic. 40 per cent of clinicalh normal dogs
and cats u ' i th no signs of  peo have posi t ive tost
results to flea antigen (Muller et al 1989). It
appears either that false positive reactions occur or
that positive IDST results in clinically normal ani-
mals indicate that hypersensitivity is developing.
Further studies are needed to investigate the anti-
gen(s) in f-lea extracts such as FS w'hich are respotl-
s ib le for  a l lergy and for their  act i r i t l  in rhe rDST
and diseirse.  and to help to elucidate rhe parho-
gc'nesis of r"ro.
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