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Summary
An extract of dust from the air-vent filters of a room housing guinea pigs was analysed
by quantitative immunoelectrophoretic procedures and compared with extracts of
various materials derived from guinea pigs. Crossed radio-immunoelectrophoresis
(CRIE) of the dust, performed with sera from twenty asthmatic patients who were
positive by skin testing and RAST to guinea pig extracts, identified fourteen IgE-
binding constituents. Although responses varied, most sera reacted with four
particular allergens, antigens 2. 3, 10 and S1. The numbers of allergens recognized by
individual patients correlated with the RAST score, but not with total serum IgE.
All seventeen dust constituents detected by crossed immunoelectrophoresis (and all
four major allergens), were also present in extracts of guinea pig dander, fur, saliva and
urine; several of these components were absent in an epithelial extract. and there were
even less in preparations of shaved pelt, serum or faeces. None of the dust extract
antigens were detected in materials used in animal husbandry, dust samples from
rooms without guinea pigs, or a D. pteronyssinus extract. These findings suggest that
inhalant allergens may be derived predominantly from material shed from the guinea
pig coat after contamination with saliva. and possibly to a lesser extent. urine.

Introduction

The guinea pig is a most important source of mammalian allergens. It enjoys
widespread popularity as a pet. is widely used as a laboratory animal. and several
studies have demonstrated that the prevalence of sensitivity to the guinea pig is
particularly high.

* Correspondence: Dr A. F. Walls, Department of Biology, University of York. Heslington. York. YOI
SDD.
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Fifty-seven of the 945 asthmatic patients who presented at a German allergy clinic
were found to keep guinea pigs at home, and of these thirty-five (61°,) were skin test
positive to a guinea pig hair extract [1]. In another clinic in Germany, Schultze-
Werninghaus reported that of 355 out-patients investigated, seventy were exposed to
guinea pigs, of whom twenty-seven (39° ) were skin test positive and as many as thirty-
five (50°,) suspected of sensitivity to this species [2].

The guinea pig has been implicated as a more common cause of allergic symptoms
than most other animals to which exposure is common. 14-7% of asthmatic patients
presenting at a clinic in the Netherlands were skin test positive to guinea pig-derived
extracts, and this percentage ranked second only to that for the cat (19-8%)) [3].
Similarly, in a large Danish survey, positive skin test reactions to the guinea pig were
high in relation to those to many other species [4]. Moreover, Rudolph has reported
that the latency period between first exposure and onset of rhinitis or asthma was
shorter for the guinea pig than for other common domestic animals, and that the
proportion of guinea pig-sensitive patients with asthma was also higher [5].

Recently too, attention has been directed towards the guinea pig as a cause of
occupational allergy in laboratory animal handlers. a disease affecting up to 30%; of
those exposed [6-15]. Most studies of this problem have regarded laboratory animal
allergy as a single entity, and have tended not to differentiate between the allergic
responses to individual animal species, or to express the prevalence levels to each
species in a way which relates the numbers of workers affected to the numbers exposed
to each animal species. However, Lutsky & Neuman reported that 24° of the 191
subjects identified as allergic to laboratory animals were sensitive to guinea pigs [11].
Sensitivity to this species was diagnosed also, in at least five of the fifteen animal
allergic subjects investigated by Beeson and colleagues [6].

It is clear, therefore, that guinea pig allergens have strong sensitizing properties.
Nevertheless. there have been few attempts to investigate the specific allergens involved
and there has been an inconsistent anproach in the use of material for diagnosis of
sensitivity to guinea pigs, with preparations of diverse source materials being employed
for this purpose [16].

In view of the lack of information on the sources of guinea pig allergens, the most
appropriate reference material is likely to be the dust which accumulates in a room
housing guinea pigs, as this may be considered representative of the inhalant material.
Moreover, inhibition of the dust RAST with the various guinea pig-dervied materials
provides a measure of allergenic potency similar to that found by skin tests [16].

The aims of this study were to investigate the antigenic composition of guinea pig
dust using quantitative immunoelectrophoretic procedures; to determine the sources
of components in various other materials derived from or associated with guinea pigs;
and to identify specific guinea pig allergens using crossed radio-immunoelectrophore-
sis (CRIE).

Materials and methods

Patients
The patients all had rhinitis and asthma. provoked by exposure to guinea pigs and were
positive on skin testing and radioallergosorbent text (RAST) to guinea pig-derived
extracts.
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Collection and preparation of extracts

Source materials were obtained [16] and extracted [17] as described previously. The
dust was collected from the ventilation grill of a room housing Dunkin Hartley guinea
pigs. Animals were supported on wire mesh floors placed over trays for collection of
urine. The trays contained no absorbent material, but were rinsed out regularly. No
other animal species were housed on that site.

Male Dunkin Hartley guinea pigs. aged 10- 16 weeks, were the source of all guinea
pig-derived extracts. Fur was clipped from flanks, epithelial scales were scraped off
with a razor blade, and the shaved pelt was also excised. In addition, dander was
collected from a sloped stainless steel tray placed under guinea pigs housed
individually on a fine wire mesh flooring. The dry skin scales and fur (as well as some
crumbs of diet) were collected only from that part of the tray distant from the corner in
which urination and defaecation had occurred. Urine was collected with metabolic
cages; saliva and faeces were stimulated by subcutaneous injection of pilocarpine
nitrate: serum was from blood withdrawn from the heart.

Clean sawdust, hay and diet (SDS Diets, Witham, Essex. U.K.) were collected
(though sawdust was not employed as bedding in the room from which the dust sample
was obtained).

Extraction, after defatting dried solid source materials in diethyl ether, was in
Coca’s solution (pH 7-2) for 3 days. These extracts, and liquid source materials were
filtered (0-45 u pore size). dialysed against 0-05 M ammonium hydrogen carbonate (pH
7-8) and freeze-dried.

Antisera
New Zealand White/Dutch Lop crossbred rabbits were immunised with guinea pig-
derived extracts in Freund's Complete Adjuvant according to a method described
elsewhere [18]. Each bleed was tested individually in crossed immunoelectrophoresis
(CIE) and an antiserum pool which allowed optimum resolution of dust constituents
produced. This anti-dust pool comprised fifteen bleeds from four rabbits, and included
antisera raised against the dander and the urine, as these allowed detection of new dust
antigens. Antisera raised against saliva and faeces did not reveal the presence of
additional dust constituents, and were not included in the pool.

The anti-guinea pig serum employed, contained ten bleeds from one rabbit
immunised with the serum. Anti-rabbit serum, raised in swine, was obtained
commercially (Dako Immunoglobulins, Mercia Brocades, West Byfleet, U.K.).

Crossed immunoelectrophoresis (CIE)

CIE was performed essentially as described previously [18, 19], with 1°, agarose (BDH,
Poole. U.K.) in 0-03 M veronal buffer (pH 8-5) and with 0-0025°, thiomersal
preservative added. 84 x84 cm glass slides (Photoscience, Canvey Island, U.K.)
provided the support for gels.

Ten ug freeze-dried extract (10 mg/ml in 0-9%, NaCl/0-05%, NaN3) was applied to a
well and electrophoresed in the first dimension at 4 V/em, for 60 min. In the second
dimension, the separated components were electrophoresed (1:25 V/cm for 20 hr) into
an intermediate gel (0-8 x 5 cm) containing anti-guinea pig serum (12-5 ul/cm?®) and a
main gel (3:5 x 5 cm) containing the pooled anti-dust antisera (22 ul/cm?). Electrophor-
esisin the first dimension for 15 min, did not reveal the presence of new faster migrating
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antigens: and no cathodal migrating dust components were detected when appropria-
tely placed antiserum containing gels were added.

Tandem CIE [18, 20] was carried out with a second extract added to a well, in line
with, and 0-5 cm behind, that which contained the dust extract. Slides were washed
overnight with 0-9%, saline (containing 0-05%, sodium azide), dried and stained with
Coomassie brilliant blue stain.

Crossed line immunoelectrophoresis (CLIE)

CLIE [18, 21] was carried out essentially as for CIE except a second intermediate gel
(0-8 x 5 cm) was added below that containing anti-guinea pig serum. This intermediate
gel contained a second antigen extract, and where there was cross-reactivity with
antigens of the CIE pattern, there was the formation of a line of identity.

Crossed Radioimmunoelectrophoresis (CRIE)
CRIE was based on a modification [22] of the method devised by Weeke & Lowenstein
[23, 24]. Wax crayon was applied to the outer extremities of dried CIE slides in order to
render them hydrophobic. This allowed the central area alone (5-0 x4:5 ¢cm), to be
incubated with 4 ml 10°, patients’ serum in phosphate buffered saline (PBS) (pH 7-2),
for 20 hr; and then with 4 ml 'l-anti-IgE (Pharmacia, Uppsala, Sweden) diluted in
0-3%, human serum albumin (HSA) in PBS (400 000 cpm per slide) for a further 20 hr.
Before staining, the washed and dried CRIE slides were placed under X-ray film
(Kodak NS-2T, Eastman Kodak, Rochester, New York, U.S.A.), initially for 7 days,
and then for 2 days, producing two autoradiographs for each shde.

Patients

Patients had been exposed to guinea pigs either at home or in animal houses at various
different research institutes. All were asthmatic and were positive by skin-prick testing
and RAST to guinea pig extracts.

Skin-prick testing

All patients were skin-prick tested as described previously [17, 22] with extracts of urine
from the guinea pig, rat, mouse and rabbit. Concentrations of up to I mg/ml extract
were employed, and a weal of 3 mm diameter or greater after 20 min was considered as
positive.

Radioallergosorbent test { RAST)

RAST for the determination of serum levels of IgE specific for guinea pig dust was
carried out as detailed elsewhere [16. 25] with the dust extract coupled to cyanogen
bromide activated Sepharose 4B (Pharmacia), and using '*’l-anti-IgE (Pharmacia).

PRIST
The PRIST procedure was applied to the measurement of levels of total serum IgE [26]
(Phadebas—PRIST®, Pharmacia).

Results

Antigenic characterization of dust
A reference CIE precipitin pattern was established for the extract of dust collected
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from a room housing guinea pigs and the seventeen immunoprecipitates detected were
numbered arbitrarily (Fig. 1). Interposing an intermediate gel containing anti-guinea
pig serum improved the resolution of peaks and indicated that four components were
present in serum (S1, S2, S3 and S4).

Antigen S1 was identified as guinea pig albumin in CLIE. using a commercial
preparation of guinea pig serum albumin (Sigma. Poole, U.K.) further purified by
Sephacryl S-200 gel filtration chromatography.

JS

Fig. 1. CIE reference precipitin pattern for guinea pig room dust, with anti-guinea pig serum in the
intermediate gel, and anti-guinea pig dust in the main gel (top left). A line drawing indicates the designation
of individual antigens (top right); and 7-day CRIE autoradiographs are shown for four patients,
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Comparison with other extracts
With 0-5 mg extract in an intermediate gel in CLIE, the extent of antigenic cross-
reactivity with each dust antigen was determined.

No identity was observed between any dust antigen and the constituents of extracts
of hay, diet, sawdust, housedust, Dermatophagoides pteronyssinus, or even dust from a
room housing only rats. For the preparations of dander, fur, epithelia, shaved pelt,
saliva, urine and faeces, the presence or absence of a reaction of identity with individual
dust components is shown in Table 1. In all cases, in the system studied, the reaction
was seen as one of complete identity [27].

CIE was performed for dust, dander, fur, epithelia, shaved pelt and serum, using
the same anti-dust antiserum pool and the same conditions (Fig. 2). Some of the
immunoprecipitates which cross-reacted with specific dust antigens were identified
using tandem CIE.

CRIE analysis of dust extract

Autoradiographs for four guinea pig-sensitive patients are illustrated (Fig. 1), and
CRIE results tabulated for all 20 patients tested (Fig. 3). A precipitate which was not
visible on the stained CIE plate, was observed on CRIE with sera from certain patients
(antigen X). Sera from two patients (AB, JP) were tested twice in CRIE of dust and the
duplicate autoradiographs were virtually identical. An allergogram indicates the total
numbers of patients who reacted with each antigen (Fig. 4).

Table 1. Cross-reaction (+) of guinea pig dust antigens with other
guinea pig-derived extracts

Dust Shaved
Antigen Dander Fur Epithelia Pelt Saliva Urine Faeces

1 + = o+ + + +

2 + ok e + =+ A

3 S + + +

4 £ & + + + +
g s o + +

6 I + + +

7 + = + +

8 + A& + + +

9 + =p + + .

10 & 2 + + +

I A + . 4

12 + + + +

13 L + +
Sl + + + + + + +
§2 + 4+ -+ + + + +
S3 L + + + 3
S4 + + + + + + +

Total
17 17 17 13 6 17 17 4

Lack of cross-reactivity in the CLIE system is not shown. There were
no missing values.
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(a)

=

Fig. 2. CIE with 10 ug of (a) guinea pig room dust: and (b) dander, (c) fur, (d) epithelium, (¢) shaved pelt and
(f) serum, derived from male guinea pigs. The conditions of CIE, antiserum pools (anti-serum in the
intermediate gel; anti-dust in the main gel), and concentrations were the same with each extract.

When CRIE was performed with sera from four asymptomatic subjects, or with a
pool of twelve control sera (percent binding in RAST for guinea pig dust, 0-7; total
serum IgE, 70 U/ml), or with 0-3°, HSA in PBS, in place of serum, there was no
reaction except for slight uptake of '*’I-anti-IgE on dust antigen 10, with a 7-day
incubation. In each case, however, this was less intense than that observed for any of
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RAST | Total Raodiostaining of dust anfigen number
Patient i\llerqy %, TaE 9
" binding| fu/mi) [ ! 2 3 4 5 6 9 10 12 13 x S| S3 54
Pv. |6 299 | 800 »n
RF. G(M) 20-1 124
PE. |(GIRMB| 16 162

AB. |G(RMR)| 150 | 148
G.5. |GRMB 139 70
P.K. |GRMB | I11-8 | 50
C.S. |(GIR(MBY 10-0 580
J.S. |GIRM(B)] 9-3 240
JPO|G 9.2 56
C.A. [(G)R 8-8 570
H.F. [GIRM(B)| B.6 330

RC. |G 8.0 4|
R.B. |(GIRM 65 530
[.B. [GIRM) | &I 58

T.B. |GRM(B)| 43 62

AC. |GRMB 4- 104
D.C. |(GRM)B| 32 570
L.L. |GRM 2 490

G.H. |GRM -8 70

D.A. [(GIRIMR) 1.1 42

Fig. 3. CRIE radiostaining of guinea pig dust antigens. with sera from each of twenty patients. A hatched
square indicates the presence of a peak on a 2-day autoradiograph, and a dotted square on a 7-day
autoradiograph. Also shown is the percent binding in a RAST for IgE to guinea pig dust. the total level of
serum IgE (by PRIST), and the presence or absence of a positive skin test reaction to a | mg/ml urine extract
from the guinea pig (G), rat (R). mouse (M) and rabbit (B). Where the patient did not recognize exposure to a
particular species as the cause of symptoms, the letter has been placed in parenthesis.

No.of patients

| 2 3 4 5 6 9 10 2 13 X St S§3 sS4

Fig. 4. Allergogram of guinea pig dust. showing the numbers of patients whose serum caused radiostaining of
an antigen peak after two days autoradiography (hatched bars). and the numbers after 7 days (open bars).
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the allergic sera (results not illustrated). Diffuse radiostaining across the entire gel area,
as reported for sensitivity to rabbit serum proteins [28] was not observed for any sera.

By calculation of Spearman’s coefficient of rank correlation (r,) [29], no
relationship was found between total IgE of patients’ sera (Fig. 3) and the number of
antigens radiostained. There was, however, a highly significant correlation between
RAST score (Fig. 3), and the number of dust components recognised as allergenic by
CRIE (r,=0:527; P<0-001).

CRIE analysis of rabbit serum

Sera of certain patients (PV, RF, GS) which appeared to react strongly in CRIE with
almost every antigen of the guinea pig dust extract, were tested in CRIE for the
presence of IgE specific for rabbit serum antigens. The only '"“l-anti-IgE uptake
observed after 2- and 7-day autoradiography was on the precipitate of rabbit IgG
(results not illustrated): but this was of equal intensity for the three allergic sera. for
three control sera tested simultaneously, and for a 0-3”, HSA in PBS control.

Discussion

The dust from a room housing guinea pigs was used as a basis for determining the
source of inhalant allergens for those subjects sensitive to this species. A multiplicity of
allergens in the dust extract were identified by CRIE, there being as many as thirteen of
the seventeen dust antigens visible on CIE that bound patients’ IgE. In addition there
was a component visualised only by CRIE. Considerable patient variation also existed
in the spectra of antigenic components to which serum IgE was directed.

Several methods have been proposed for classifying allergens on the basis of CRIE
experiments. In one scheme., a major allergen has been defined as an antigenic
component for which 50°, or more patients have IgE. and for which at least 25°  show
strong specific IgE binding [30-33]. If this arbitrary scheme is applied to the CRIE
analysis of guinea pig dust, then four constituents come into the category of major
allergen. i.e. antigens 2, 3, 10 and SI.

The roles of these ‘'major’ guinea pig allergens are being studied further [34].
However, some of the radiostaining of antigen SI (albumin) and to a lesser extent
antigen 10, could be due to co-precipitation of other allergens in the immunoprecipi-
tate [35] since the positions of these antigens in the reference pattern render them
susceptible to this phenomenon.

Although the importance of allergen co-precipitation is difficult to assess. there was
otherwise a high degree of specificity in the CRIE radiostaining, as verified by the
relative lack of "'I-anti-IgE uptake with control sera. The little radiostaining which
was observed on control autoradiographs was probably due to non-specific binding of
"*5[-anti-IgE rather than patients’ IgE, because it also appeared when HSA in PBS was
used instead of patients’ serum in CRIE. Moreover, there was no association between
numbers of IgE binding antigens and levels of total serum IgE. Intra-assay variation in
CRIE was negligible: and there was no evidence for artefactual radiostaining caused by
IgE specific for the rabbit antibody, when certain high binding sera were tested in
CRIE of rabbit serum.

All of the patients studied had serum IgE specific for several dust components; and
the IgE uptake, in terms of the number of allergens recognized, correlated with the
RAST score. There were no apparent differences between those patients who
attributed their symptoms to guinea pig exposure and those who did not specifically
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implicate this species prior to skin testing, either in CRIE responses or in results of
RAST or PRIST. As has been discussed elsewhere [22], identification by the patient of
the animal provoking symptoms cannot be taken as an infallible guide to sensitivity,
where exposure is often to several species on the same site.

The preparation of guinea pig dust was obtained from a site where only guinea pigs
were housed. The failure to demonstrate cross-reactivity between guinea pig room dust
and a rat room dust extract by CLIE, is in accord with the findings of RAST inhibition
[16. 17]; and suggests that there is little antigenic similarity between the inhalant
allergens of guinea pigs and rats.

All the dust components observed in the CIE reference pattern appear to be derived
from the guinea pigs themselves, rather than from material or organisms associated
with them. No reaction of identity was found in CLIE between the guinea pig dust
extract and preparations of the diet, hay, sawdust, housedust or D. pteronyssinus.
Moreover, all seventeen dust antigens seen on CIE, were present in the extracts, of
dander, fur, urine and saliva (in which any contamination must have been minimal).

Presumably any non-guinea pig-derived antigens in the dust were present in only
trace amounts, or were only weakly immunogenic and did not stimulate antibody
production in the rabbits. The effects of random variation in rabbit antibody responses
was minimized by selecting an antiserum pool for CIE which comprised several bleeds
from four rabbits. Inhalant allergens in the room studied appear therefore to have
originated predominantly from the guinea pigs.

The precise source of the dust constituents is more difficult to identify because of
the antigenic similarity of the various guinea pig-derived source materials. A cutaneous
or faecal origin of the inhalant allergens is however unlikely, since in the extracts of
shaved pelt and faeces relatively few dust antigens were detected, and certain of the
major allergens were missing.

The antigenic composition of the dust resembled that of the fur, urine and saliva,
and also of material shed naturally from the guinea pig's coat (dander). It has been
suggested that saliva and urine are the major contaminants of the guinea pig pelt and
hence major constituents of dander and therefore that these materials could be the
most important sources of the allergens [16]. In this study, both qualitative and
quantitative similarities between dust, dander and fur were revealed by CIE using
antiserum to the dust (Fig. 2). Epithelial scrapings and. to a much lesser extent, shaved
pelt contained some of the antigens prominent in the dust, but in relatively smaller
amounts, whilst layers of the pelt closer to the skin were found to contain progressively
more serum protein (and this has been found by skin testing [6. 16, 36], and RAST
inhibition [16], to be of low allergenic activity).

Saliva may represent a more important source of guinea pig allergens on fur than
the urine. Self-grooming occurs frequently [37] and relatively large amounts of salivary
protein can be excreted [34]. Allergens from saliva will be applied directly. and in high
concentrations to the coat, whereas contamination of fur with urine will be indirect and
incidental and is seldom evident [38].

Urinary allergens could also become airborne if allowed to dry onto light
particulate bedding materials; but this was unlikely to have been a major source of
inhalant allergens in the room from which the dust sample was collected, since the
animals were housed in cages with wire mesh floors, and the trays beneath (in which
there was no absorbent material) were regularly drained and rinsed out. Although hay
was added to cages as bedding and as a supplement to the diet, the tendency of guinea
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pigs to restrict urination to the corners of cages is not likely to result in appreciable
contamination. There would thus appear to have been relatively little opportunity for
urine contaminated bedding to become airborne (and neither hay nor diet cross-
reacted with the dust extract.)

The relative importance of different sources of allergens may be affected by the
method of husbandry and conditions of exposure Lo the guinea pig. Nevertheless, when
guinea pig behaviour is considered in conjunction with the dust analysis of this study, it
would seem that in many cases, salivary proteins shed in dander could represent the
most important source of inhalant allergens.
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