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Flea allergy dermatitis in dogs diagnosed by intradermal

skin tests

R. STOLPER, 3420 Herzberg Harz, Junkernstrasse 11, Germany. J. P. OPDEBEECK, Department of
Parasitology. The University of Queensland, Brisbane 4072, Queensland. Australia

Thirty-three dogs were categorised according
to their clinical signs of flea allergy dermatitis
and reactivity to feeding fleas (Ctenocephalides
felis felis). A soluble extract of whole fleas (Fs),
fractions of this extract separated by chromato-
graphy, and a commercially available flea anti-
gen extract were used in intradermal skin tests
(IDST) to establish the presence or absence of
type I and type IV hypersensitivity. The reac-
tions were measured and the results were
analysed using three grading systems common-
ly reported in the literature. The results of the
IDST for the groups of dogs varied according to
the grading system used. Fs, the most effective
of the antigen preparations, identified 94 per
cent of dogs which reacted to feeding fleas
when a result was considered positive if the
mean diameter of the wheal at the antigen
injection site exceeded the diameter of the
wheal at the negative control site by five mm at
15 and/or 30 minutes after injection.

HYPERSENSITIVITY to the bites of fleas.
defined as tlea allergy dermatitis (FAD) (Halliwell
1985). 1» it:« most common allergic skin disease of
dogs and cats (White and lhrke 1983, Muller et al
1989, Reedy and Miller 1989). In dogs, the clini-
cal signs of FAD are a pruritic papulocrustous der-
matitis with the typical skin lesions occurring on
the dorsal lumbosacral area (Nesbitt 1983, Scheidt
1988). Although the diagnosis of FAD is frequently
based on the clinical signs (Kieffer and Kristensen
1979), the disease can mimic almost any pruritic
dermatosis (Halliwell and Gorman 1989), aud -
definitive test for FAD is therefore desirable foi it

correct diagnosis. An evaluation of the response t

a complete flea control programme is the mos
widely used method of diagnosis (Nesbitt 1983),
but since a single flea may elicit a severe pruritic
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episode in a hypersensitive host (Baker and
Thomsett 1990). this method must be considered
to have limited value. Although the intradermal
skin test (IDST) is technically the most difficult
skin test to perform, it is also the most reliable and
reproducible (Chamberlain and Baker 1974).

In preliminary work in the authors’ laboratory,
semi-purified soluble flea antigens (FS) were used
in the IDST with encouraging results (Slacek and
Opdebeeck 1993): 67 per cent of the dogs that
reacted to challenge with feeding fleas reacted to
this soluble flea antigen. The FS have been further
purified 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 was changed 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
Flea antizens

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 ~70°C. Fs
was prepared as described by Slacek and Opde-
beeck (1993). The protein concentration of this flea
extract was measured by a modified Lowry assay
(Markwell et al 1978). A commercial flea antigen
(Greer Laboratories) was also used in the IDST.

The FS was separated by high performance size
exclusion chromatography on a Waters System
(System controller 721, Wisp 710 B; Millipore)
using a Waters Protein-PAK Sw 300 preceded by
a guard column. The mobile phase, sterile 0-15 M
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phosphate buffered saline (PBS) pH 7-2, was
applied at a flow rate of 1 ml minute~! and a pres-
sure less than 500 psi. The detector (Waters.
Model 440) was set at a wavelength of 280 nm.
All the samples were filtered through a 0-45 pm
pore filter before being injected on to a column.
Molecular weights were estimated from a standard
curve made by using molecular weight markers
ranging from 12-4 kDa to 669 kDa (Sigma
Chemical). The void volume of the column was
determined with blue dextran (2000 kDa) (Sigma
Chemical). The FS was reconstitute! after the
chromatography by mixing equal voiuries of the
separated fractions. This reconstituted preparation
was designated FS-recon and tested as an allergen
in the IDST. The antigen peaks were cut out and
weighed as described by Ullmann and- Burtis
(1986) to measure their percentage representation
within the FS.

Experimental animals

Thirty-six adult dogs of different breeds, ages
and of both sexes were obtained from local dog
shelters. They were categorised in terms of the
presence or absence of clinical signs of FAD (FAD+
or FAD-) which was identified as a pruritic papu-
locrustous dermatitis confined to the lumbosacral
area, caudomedial thighs. ventral abdomen, flanks
and neck (Muller et al 1989). The dogs were also
categorised according to their reaction to chal-
lenge with 15 to 20 live fleas which were allowed
to feed for |5 minutes (Slacek and Opdebeeck
1983).

IDST with flea antigen

The IDST were carried out by a method similar
to that described by Slacek and Opdebeeck
(1993): Fs and FS-recon were administered at a
dose of 1 pg in 60 pl. The fractions obtained by
chromatography were administered at doses which
were representative of their percentage weight
within the FS chromatogram. Greer antigen was
administered at a dose recommended by the manu-
facturer, ie. 1:1000 final concentration (diluted in
PBS).

The 32 dogs tested in the IDST were injected
with histamine phosphate (1 mg mi-1) (David Bull
Laboratories) diluted 1:100.000 in pBS. In addi-
tion. 24 of these dogs received this positive con-
trol preparation difuted in 1:10.000 in pBS. All the

dogs were also injected with 60 ul of PBS. A dis-
tinct palpable bleb in the skin was used as evi-
dence of a correct injection procedure. None of the
dogs were discarded as a result of their reactions
to the positive and negative controls.

Assessment of IDST

A positive reaction to feeding fleas (ff+) was
identified by multiple, visible and palpable wheals
on the dog’s skin. A negative reaction to feeding
fleas (ff—) was identified by small visihle red bite
lesions at the sites of the fleas’ bites. The ieactions
to the the injected antigens were measured in mm
by using a caliper ruler 15 and 30 minutes after
the injections. Delayed hypersensitivity reactions
were assessed 24 hours after the IDST procedure.
The three different grading systems most com-
monly described in the literature were used to
assess the reactions. The first system defined a
positive reaction as being at least 3 mm larger than
the bleb at the site of injection of PBS (negative
control) (Nesbitt and Schmitz 1978, Edmonds
1980, Van Winkle 1981. Nesbitt 1983, Reedy and
Miller 1989). The second grading system defined
a positive reaction as being at least 5 mm larger
than the bleb at the site of the negative control
(Baker 1971, Halliwell and Schwartzman 1971,
Kieffer and Kristensen 1979, Willemse and Van
den Brom 1982, Rosenhagen and Hoffmann 1986,
Willemse 1986). The third grading system defined
a positive reaction as either equal to or larger than
a reaction halfway between the reactions at the
sites of injection of the positive and negative con-
trols (Scott 19x1. Nesbitt 1983, Muller et al 1989).

Statistical analyvses

An analysis of variance and Student’s t test
(Sokal and Rohlf 1987) were used to analyse the
significance of the results.

Results
Experimental animals

All the dogs had signs of flea infestation estab-
lished by the presence of either living fleas or tlea
facces. Of the 36 dogs exposed to teeding fleas, 17
had developed wheals within 15 minutes and were
classified as ff+: no reaction to challenge (f1-) was
observed in 16 of the dogs and three had equivocal
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FIG 1: Chromatogram of FS antigens separated by size exciusion
chromatography. Fractions designated A-F were used in intrader-
mal skin tests. Vo = void volume. Molecular weights (kDa) are
indicated by arrows above the chromatogram

reactions and were not used in further experi-
ments. There was no statistical difference between
the numbers of fleas that fed on the groups of dogs
categorised as ff+ and ff—.

Chromatographic separation of Fs

FS was separated into three major peaks (Fig 1).
The fractions designated A, B, C and D were used
in IDST at doses which reflected their percentage
representation in FS: fraction A 28:1 per cent, 0-28
pg 60 pl=l; fraction B 24-1 per cent. 0-24 pg 60
pl=!: fraction C 32:6 per cent, 0-33 ug 60 pl-!;
fraction D 15-2 per cent, 0-15 pg 60 ul-!.

Fractions E and F were used in the IDST in the
form they were collected from the chromato-
graphic column: owing to the low 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 weight proteins (<124
kDa).

IDST with FS. fractionated FS, FS-recon and
commercial flea antigen

Blebs with a range of 5 to 7 mm in diameter
were apparent upon the injection of 60 ul PBS in
all the dogs. The PBS was completely resorbed at
different times in different amimals, usually 30 to
60 minutes after the injection. In the 33 dogs test-
ed, histamine phosphate (1:100,000) caused a
mean (SEM) skin reaction of 10-6 (0-2) mm (range
8-5 to 13-8 mm) after 15 minutes, and 10-8 (0-2)
mm (range &5 to 14-3 mm) after 30 minutes. In 24
of the dogs. histamine phosphate diluted 1:10,000
caused reactions of 13-6 (0-3) mm (range 10-5 to
15-5 mm) after 15 minutes and 144 (0-4) mm
(range 11-3 to 17-3 mm) 30 minutes after the
injection.

In the animals with either non- or poorly pig-
mented skin, the reactions which occurred within
30 minutes of the injection of the flea antigens
consisted of erythematous wheals. The results
obtained in the group of 33 dogs by using the three
grading systems are shown in Tables 1, 2 and 3,

TABLE 1: Numbers of dogs and perceniages (in brackets) reactive in an IDST to FS, fractions
of Fs 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 of injection of PBS*

Response of dogs to feeding fleas

Positive clinical signs

Negative clinical signs

Antigen Total (17) FAD+(9)  FAD—(8) Total (16)  FAD+ (1)  FAD-(15)
Greer 12 (71) 6 (67) 6 (75) 5(31) NC 4(27)
A - - - 3(9) NC 3(20)
B 11 (65) 5 (56) 6 (75) 2(13) NC 2(13)
c 13(77) 7(78) 6 (75) 6 (38) NC 5(33)
D 5 (29) 4 (44) 1(13) - NC -

E 6 (35) 4 (44) 2 (25) - NG -

F 5 (29) 4 (44) 1(13) - NC -
FS-rec 15 (94) 8 (89) 8 (100) 5(31) NC 5(33)
FS 17(100) 9 (100) 8 (100) 10 (63) NC 9 (60)

* Nesbitt and Schmitz (1978). Edmonds (1980). Van Winkle (1981), Nesbitt (1983) Reedy and Miller

(1889)

Greer Greer Flea Antigen, Greer Laboratories, USA, A-F Fractions from FS separated by size exclu-
sion chromatography, FS-rec FS reconstituted from fractions, NC Not calculated
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TABLE 2: Numbers of dogs and percentages (in brackets) reactive in an (DST to s, fractions
of Fs 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 5 mm larger than the mean
diameter of the bleb at the site of injection of PBs*

Response of dogs to feeding fleas
Positive clinical signs Negative clinical signs

Antigen Total (17)  FAD+ (9) FAD- (8) Total (16)  FAD+ (1) FAD— (15)
Greer 7 (41) 2(22) 5(63) 2(13) NC 2(13)
A - - - - NC -

B 6 (35) 2(22) 4 (50) - NC -

C 10 (59) 6 (67) 4 (50) - NC -

D - - = - NC -

E 635 4 (44) 2 (25) - NC -

F 202 1(11) 1(13) - NC -
FS-rec 13(77) 6 (67) 7 (88) 1(6) NC 17
FS 16 (94) 8 (89) 8 (100) - NC -

" Baker (1971), Halliwell and Schwartzman (1971), Kieffer and Kristensen (1979), Willemse and Van
den Brom (1982). Rosenhagen and Hoffmann (1986), Willemse (1986)

Greer Greer Flea Antigen, Greer Laboratories, USA, A-F Fractions from FS separated by size exclu-
sion chromatography, FS-rec FS reconstituted from fractions, NC Not calculated

TABLE 3: Numbers of dogs and percentages (in brackets) reactive in an IDST to Fs, fractions
of FS and a commercial flea extract. A resuit was considered positive when the mean dia-
meter of the wheal at the site of antigen injection was equal to or larger than a reaction
halfway between the reactions at the sites of injection of the positive (histamine 1:100,000)
and negative control (PBS)*

Response of dogs to feeding fleas
Pasitive clinical signs Negative clinical signs

Antigen Total (17)  FAD+(9)  FAD-(8) Total (16)  FAD+ (1)  FAD-(15)
Greer 12 (71) 5 (56) 7 (88) 9 (56) NC 8 (53)
A - - 1(13) 2 (13) NC 2(13)
B 13 (77) 7(78) 6 (75) 5(31) NC 4 (27)
c 15 (88) 8 (89) 7 (88) 6 (38) NC 5(33)
D 5 (29) 3(33) 2 (25) 1(6) NC 1(7)

3 7 (41) 5 (56) 2 (25) - NC -

F 5 (29) 4 (44) 1(13) 1(6) NC -
FS-rec 17 (100) 9 (100) 8 (100) 10 (63) NC 10 (67)
FS 17(100)  9(100) 8 (100) 11 (69) NC 10 (67)

PR e .

* Scott (1981), Nesbitt (1983). Muller et al (1989)

Greer Greer Flea Antigen. Greer Laboratories, USA. A-F Fractions from FS separated by size exclu-
sion chromatography. FS-rec FS reconstituted from fractions, NC Not calculated

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
FAD 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 dogs also exhibited delayed hyper-
sensitive reactions to FS fractions B, C and D.
Multiple nodules were also visible at the flea feed-
ing sites in both dogs 24 hours after exposure.

Discussion

In a survey of practices used in the IDST, De

Boer (1989) showed that different parameters
were used by clinicians to establish 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 literature.
The best results in terms of the proportion of true
positive reactions were obtained by using the
grading system in which a positive reaction was
defined as being at least 5 mm larger than the bleb
at the site of the negative controf (PBS): almost all
the dogs which were hypersensitive to feeding
fleas were identified by FS (94 per cent) and no
false positives occurred in the ff— group (Table 2).
The grading system that defined a positive reac-
tion as berng at least 3 mm larger than the bleb
the site of injection of PBS would have classified
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100 per cent of the ff+ dogs as positive to FS in the
DST: however. 63 per cent of the fi- dogs would
also have been falsely designated as flea allergic
{Table 1). This grading system has frequently been
used to assess IDST (Nesbitt and Schmitz 1978,
Edmonds 1980. Van Winkle 1981, Nesbitt 1983,
Reedy and Miller 1989). Similarly, when a posi-
tive reaction was defined as either equal to or
greater than a reaction halfway between the reac-
tions at the sites of injection of the positive and
negative controls, 100 per cent of the ff+ dogs
were correctly recognised as allergic to FS antigen.
but 67 per cent of the ff~ dogs were falsely identi-
fied as hypersensitive (Table 3).

In preliminary work with FS. the authors
described the results obtained in dogs in which the
average diameter of the wheal at the site of injec-
tion of histamine phosphate (diluted 1:100.000)
exceeded by at least S mm the average diameter of
the wheal at the site of injection of a negative con-
trol solution (sterile 0-15 M pBS. pH 7-2). Dogs
which did not meet this criterion were discarded
from the study (Slacek and Opdebeeck 1993). If
this criterion had been applied in the present study
only 58 per cent of the ff+ dogs would have been
detected when the second grading system (Table
2) was used. Hence dogs should not be excluded
from evaluation in an IDST on the basis of hista-
mine reactivity. especially when the histamine is
diluted 1:100.,000.

Several authors have used clinical evidence of
FAD to distinguish between normal and hypersen-
sitive dogs (Kristensen and Kieffer 1978, Van
Winkle 1981, Moermans et al 1988). In the pre-
sent study. eight of 23 dogs with no clinical signs
of FAD had significant type 1 hvpersensitivity
reactions to feeding fleas. Thus using the criterion
of clinical evidence of FAD is likely to render the
judgements on IDST grading systems invalid.
Moreover, the designation of a dog as positive for
FAD on a clinical basis alone can be problematic
because almost any pruritic dermatitis can mimic
FAD (Halliwell and Gorman 1989) and result in a
false positive diagnosis.

Crude extracts of parasites may be contamin-
ated with non-specific immunomodulatory mole-
cules which may obscure their allergenic proper-
ties (McGibbon et al 1990). It secims advisable
that crude whole body flea extracts should not be
used in a sensitive test like an 1DST. McGibbon et
al (1990) deterrmined that a protein molecule of 25
kDa isolated by size exclusion chromatography

from a crude Ascaris siom body fluid extract was
responsible for more than 80 per cent of the aller-
gic properties of the preparation. In the study
reported here. none of the fractionated antigens
were as reactive in the IDST as FS, regardless of
which system was used to grade the reaction.
Reconstituted FS made from the pooled fractions
also identified fewer ff+ dogs as hypersensitive
(compared with FS), suggesting that the allergen(s)
had been damaged during their passage through
the chromatographic column. None of the separat-
ed antigens were deemed satisfactory in detecting
hypersensitive animals; fraction C which identi-
fied 59 per cent of ff+ dogs yielded the best
results. It appears that most of the allergenic mole-
cules responsible for the positive IDST reaction to
Fs in flea allergic dogs were present in this frac-
tion (less than 30 kDa). An increased dose of frac-
tion C would be unlikely to have viclded better
results because there was a high reactivity in ff-
dogs to this preparation when the two other grad-
ing systems were used, ie, an increase in dose is
likely to have resulted in an increase in false posi-
tive results.

Histamine phosphate diluted 1:100.000 was
used in all the dogs tested by the 1DST and after
being diluted at 1:10,000 in 24 of them. Many of
the ff— dogs would have been wrongly diagnosed
as allergic to flea antigens. if a grading system
using histamine at 1:100,000 as a positive control
had been used to interpret the IDST results (Table
3). The number of false positive dogs would have
been even greater if a histamine concentration of
1:10.000 had been used to determine the cut-off
point (data not shown). Histamine diluted to vari-
ous concentrations has frequently been used as a
positive control in the IDST. A dilution of
1:100.000 was used by Reedy (1982). Nesbitt et al
(1984), Scheidt (1988) and Muller et al (1989).
Other authors used a dilution of 1:10,000 of hista-
mine phosphate (Rosenhagen and Hoffmann 1986,
Willemse 1986, Moermans et al 1988). A study in
which the IDST was evaluated in dogs revealed that
dilutions of histamine at 1:100,000 did not yield
reproducible reactions (Willemse and Van den
Brom 1982).

In this study. false positive reactions occurred in
response to some of the antigens tested, regardless
of which of the three systems was used to grade
the responses. There are several reasons for false
positive reactions in the IDST. Irritants in whole
flea extracts seems to be a major problem (Reedy
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1982) and Slavin (1974) indicated that irritants
with low molecular weights in allergen prepara-
tions can cause false positive reactions in the IDST.
Although 63 per cent of the ff~ dogs would 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 response in the IDST. Most
practitioners evaluate the IDST by using subjective
grading methods (Nesbitt et al 1984), for example,
~ by the observation and palpation of skin reactions.
In view of the results reported here, both the com-
mercial Greer antigen and FS 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 at 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 that 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 symptoms
have disappeared and may also be present years
before the signs of a clinical allergy develop (Scott
1981). This could explain the positive IDST and
flea feeding tests in the eight dogs that did not
exhibit clinical signs of FAD. Up to 50 per cent of
the human population react to one or more atopic
allergens (Scott 1981), and in areas where fleas
are endemic, 40 per cent of clinically normal dogs
and cats with no signs of FAD have positive IDST
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 flea extracts such as FS which are respon-
sible for allergy and for their activity in the IDST
and disease. and to help to elucidate the patho-
genesis of FAD.
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