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Symptomatic and immunologic responses to allergens from laboratory mice were studied in a 
research institute. Subjects who had been exposed to mice and 50 unexposed subjects were 
studied by questionnaire and by prick tests with seven prevalent aeroallergens and allergens 

from mouse urine and pelts. Of the 121 exposed subjects, 39 (32.2%) had respiratory, ocular, 
or cutaneous symptoms after exposure to mice; occurrence of these symptoms correlated with 
positive skin tests to pur@ed mouse urinary proteins (MUP) and pelt allergens from CBAIH 
mice. Serum levels of IgG antibodies correlated with the frequency of mouse exposure. In 
subjects with seasonal allergic rhinitis, nasal symptoms from exposure to mice, positive prick 
tests to MUP, and IgE antibodies to MUP were signtjicantly more prevalent. The possibility of 
genetic influences on susceptibility to mouse allergy were also suggested by a negative 
association between the incidence of HLA-DR W6 and positive prick-test responses to urinary 
proteins from C57BL and BALB/c mice among the 54 subjects who were exposed to mice and 
tested for DR locus antigens (p = 0.05). However, no signi@ant differences in any of the loci 
studied could be shown in subjects with and without nasal symptoms from exposure to mice. 

(J ALLERGYCLINIMMUNOL~~:~~~, 1981.) 

Allergic symptoms after exposure to rodents is a 
frequent problem in biological laboratories and, for 
the more severely affected individuals who are unable 
to avoid allergen exposure, a change of occupation 
may be needed. I Allergens from mice have been 
characterized by several investigators,2-4 but there are 
few published studies of the incidence of allergic 
symptoms from mouse allergens among laboratory 
workers.‘, 5 Aside from practical considerations, in- 
vestigation of the development of hyperreactivity to 
allergens from mice also provides an opportunity to 
study the determinants of an immune response to an 
aeroallergen not previously encountered in significant 

‘amounts, thereby helping to elucidate the interaction 
between environmental factors and genetic suscepti- 
bility in the etiology of allergic disease. 
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This report is of a survey of the majority of the staff 
members of the WEHI, a research center in which 
almost all of the experimental animals used are mice. 
The purpose of this study was to identify allergens 
important in mouse laboratories and to discover 
whether allergy to mice was determined mainly by the 
extent and duration of exposure to mouse allergens, or 
whether particular individuals were susceptible to the 
development of mouse allergy by virtue of their atopic 
status and by virtue of genetic factors that demon- 
strate association with particular HLA alleles. 

MATERIALS AND METHODS 
Subjects 

The staff at WEHI during the study numbered 208, of 
whom 162, together with nine staff members and students 
from the adjacent hospital, participated with informed con- 
sent. For 69 of the subjects, criteria for employment as 
animal technicians and animal attendants had included a 
negative history of allergic rhinitis or asthma requiring 
medication or of any specific allergies (Table I). However, 
they were not examined for signs of rhinitis or asthma. The 
subjects comprised 71 men and 100 women; 56% were 
younger than 30 yr and 25% were older than 45 yr. They 
had worked at WEHI for periods ranging between 3 mo and 
41 yr (median 3 .O yr). Frequency of exposure to mice 
among the 121 exposed subjects is shown in Table I. Ani- 
mal technicians and animal attendants spent the longest pe- 
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WEHI: Walter and Eliza Hall 
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RAST: Radioallergosorbent test 
PRIST: Paper radioimmuno- 

sorbent test 

riods in mouse rooms, as compared with most laboratory 
technicians and scientific staff members. However, during 
then first year, all laboratory technicians spent at least 2 mo 
in animal rooms. where they had daily exposure to mice. 
Among the workers exposed to mice, a small number 
were also exposed to other laboratory animals. Although 
allergic symptoms were sometimes attributed to exposure to 
rats and rabbits, the major allergic problems recognized by 
the .vorkers were associated with exposure to mice. 

Questionnaire 

4.11 subjects were questioned for a personal and family 
history of seasonal rhinitis, asthma, eczema, urticaria, and 
allergic reactions to foods, insect stings, and drugs. All who 
were exposed by entering mouse rooms periodically and/or 
handling mice were questioned for symptoms of rhinitis, 
connrnctivitis, wheezing, or cough during and immediately 
after exposure to mice, and for wheal and flare reactions to 
mouse bites or scratches. 

Mouse facilities 

A total of 135,000 mice were bred annually in an air- 
conditioned specific pathogen-free facility for transfer at 
regular intervals to an eight-floor main building, where 
most of the subjects worked. All mice were held in air- 
conditioned rooms situated on five floors of this building. 
Air systems in the mouse rooms were maintained at eight to 
I5 fr-esh’ air changes per hour, at a lower pressure than 
that in corridors and surrounding laboratories. Exhaust air 
was ducted from the mouse rooms to the outside of the 
building. All mouse boxes were replaced with steam- 
sterilized boxes containing new sawdust litter at least once 
per week. The strains of mice that were most frequently 
used were CBAiCaHWehi (designated as CBA/H), BALBi 
cAnBradleyWehi (designated as BALB/c), and C57BLi 
6JWchi (designated as C57BL). 

Preparation of murine antigens 

Allergens from mouse urine and pelts were prepared as 
previously described. ’ In brief, allergenic material was pre- 
pared by chromatography of urine collected from groups of 
\I,L. CBA/H, BALB/c, and C57BL male mice to isolate the 
M!..‘P (mol. wt. 16,500 daltons). Allergens were also pre- 
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pared by extraction from CBA/H mouse pc~t\. ;md aftct 
Sephacryl chromatography. the most potent l‘ractions were 
obtained from the fourth peak, which &ted at i(~;, 0 53 and 
had components of molecular weights ranen)? between 
14,000 and 59.000 daltons (P4 ;dlergens) 

Skin tests 

Skin testing was performed by the prick method with 
purified CBA/H, BALBlc, and C57BL mouse urtnc. crude 
CBA/H mouse pelt extract. and purified P4 pcit allergen 
preparations (I .25 mg/ml in 50% glyceroi). C.rude pelt es- 
tract for skin testing could not he concentrated further bc- 
cause of appearance of insoluble material. Otiicr allergens 
tested on all subjects were 1 : IO w/v extracts of perennial 
rye. Bermuda grass. plantain, cat and dog dander. and Al- 
rc~rnuricr (Hollister-Stier), and a 5000 PNU, ml extract of 
Dr/-mclrct/,hccgoides/,tcrorz~.s.,inu.s allergens (Commonwealth 
Serum Laboratories. Melbourne. Australia) All subjects 
were tested with each of the five mouse allergen prepara- 
tions in addition to the other allergens. Any wheai diameter 
of at least 4 mm (after subtraction ot the control glycerol- 
saline wheal diameter) with a flare was read a\ positive. and 
a wheal response of 2 to 3 mm was regarded ;I* hordrrltnc. 

IgE and IgG antibodies 

in the RAST for IgE antibodies to puntied C’BA’H ML:P 
and P4 allergens, filter paper discs t Whatmdn No i 14) 
were activated by a cyanogen bromide method.” and al- 
lergens (5 mg protein/ml) in 0.3 ml of buffer were coupled 
to the discs at 4” C overnight. To each tube wa\ added 50 ~1 
of radiolabeled anti-IgE antibodies (Pharmacia Dtagnostics, 
Piscataway, N.J.) giving counts from 8 to 10 x It)‘/4 min. 
and the tubes were incubated and washed a\ described by 
Ceska et al.” before counting. Serum levels of IgE pnjtein 
were measured by Phadebas PRIST iPharmaL?a). T\) mea- 
sure IgG antibodies to CBA/H mouse urine and pelt al- 
lergens, purified MUP and P4 allergens were radiolabeled 
by the chloramine T method’. B with iodine 12.5 at a spccihc 
activity of IO $i/pg. Specitic IgG antibodirr wet2 rnea- 
sured in ! .5 dilutions of sera by coprecipitation ot anti- 
body-bound radiolabeled allergens with optimal amounts ot 
sheep antiserum to human IgG.’ “’ 

HLA phenotyping 
Lymphocytes were separated from peripheral blood by 

the density centrifugation method of Boyurn.” B lym- 
phocyte separation was performed by the rabbit anti-human 
IgG F(ab’ )? technique previously described. I ’ ’ ’ A standard 
microlymphocytotoxicity test was used for HI.A-AB pheno- 
typing of the B cell-depleted lymphocyte population.“. I” 
and a similar method with prolonged incubation times was 
performed for HLA-DR phenotyping of B lymphocytes.” 
Tests were carried out for I2 A locus. 18 B locus. and seven 
DR locus alleles. Seventy subjects who had been exposed to 
mice were typed for A and B locus antigens, and 54 of these 
subjects were typed for DR locus antigens. In addition 10 
comparisons between allergic and nonallergic groups of 
sub,jects. results from these sub,jecta were i!)mparcd with 
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TABLE I. Relationship between occupation and symptoms, mouse exposure, and 
pre-employment selection of subjects 

Animal 
technicians 

and attendants 
Laboratory Scientific 

technicians staff * 
Other 
staff t 

Personnel 
from other 

buildings Total 

Total staff numbers 
Number of subjects 
Subjects with symptoms$ 
Exposure to mice 5 days/wk 
Exposure to mice IO days/yr 

to 4 days/wk 
Unexposed or rarely exposed 
Subjects selected before 

employment 

33 59 75 28 13 208 
33 40 58 20 20$ 171 
12 14 11 2 39 
25 15 16 I 57 

8 21 32 3 64 

0 4 10 16 20 50 
29 32 3 5 69 

*Excludes those who had never handled mice. 
tworkers including scientific staff in buildings where mice were kept but who either never entered mouse rooms or did so only briefly and 

rarely. 
$lncludes nine subjects from staff of adjacent hospital. 

QSubjects who had any symptoms from exposure to mice. 

TABLE II. Relationships between prick test responses to CBA/H MUP* and symptoms from 
exoosure to mice 

Prick test 
responses 

(wheal diameters) 

Nasal 
symptoms 

Yes No 

Eye 
symptoms 

Yes No 

Chest 
symptoms 

Yes No 

Wheat from 
mouse bites 
or scratches 

Yes No 

Any 
symptoms 

Yes No 

4 mm and larger 7 2 4 5 4 5 4 5 8 1 
<4 mm 6 6 4 8 0 12 5 7 7 5 
Negative 16 84 6 94 I 99 6 94 24 76 

P value (rows 1 and 2 
combined) 10-j 10-j 0.003t IO-” 10-j 

X2 20.1 17.5 21.7 17.9 

*Correlation also found between skin tests to P4 allergens and either nasal symptoms, eye symptoms, or wheals from bites or scratches 

(p < 0.001). 
TFisher’s exact test. 

results from HLA phenotyping of an unselected reference 
panel of 748 blood donors and other volunteers who, al- 
though healthy, had not been screened for allergic disor- 
ders. In preliminary testing of the validity of comparisons 
with the reference panel, there were no significant differ- 
ences between the incidence of HLA antigens in the whole 
group of subjects and that in the reference panel, except for 
HLA-A28, HLA-B15, and HLA-B18, which were in- 
creased significantly in the group of 70 subjects. Therefore, 
the incidence of these three antigens in subgroups of allergic 
subjects were not compared with that in the reference panel. 

Statistical analysis of data 

History information from questionnaires and the results 
of skin tests, antibody studies, and HLA typing were coded 
and analyzed by a Cyber 175 computer. In cross-tabulations 
of variables, significances of any differences between 

groups were tested by Fisher exact probability testing or by 
application of Chi-square analysis according to the sug- 
gestions of Co&ran. Ix Cells in columns and rows of contin- 
gency tables were combined as needed to ensure validity of 
significance testing. HLA data were analyzed by Fisher’s 
exact testing if an expected value in any cell of a table was 
less than 5. 

RESULTS 
Symptomatic and immunologic responses 
to mouse allergens 

Thirty-nine of the 121 exposed subjects had symp- 
toms during and immediately after exposure to mice; 
16 had multiple symptoms. Twenty-nine subjects had 
symptoms of rhinitis, 16 had wheal and flare reactions 
to mouse bites or scratches, 14 had conjunctivitis, and 
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TABLE III. Relationships between nasal symptoms from exposure to mice and serum antibodies 
to CBA/H MUP and P4 allergens 
---- ---.- -._. .----- 

MUP RAST P4 RAST IgG antibodies to MUPt 
_I.- -_l_l__ 

Nasal symptoms ~2.0% 2.0% and greater* ~2.75% 2.75% and greater* -<IO% 10% and greater -- --- 
Motkrate or severe I 8 I x i 0 

ikliltl 1s 4 13 0 I I l i 
None 80 14 76 IX 7h : ,A 

P \ idilL‘ <0.0001$ <0.0001 j) t&!/U 

%? 2 1 .o 1.’ < 
-- 

*Pcr:znt radiolabeled anti-IgE bound. 
tPer,: znt radiolabeled CBA/H MUP at I .5 nr/ml bound by I : 5 dilutions of w-a. 
$Fi\!il~r’\ t‘~act test: row\ 2 and 3 combined. 

5 ha1 wheezing episodes. Slightly less than one third 
of symptomatic individuals assessed their symptoms 
as moderate or severe. and the remainder complained 
only of mild symptoms. 

U heal and flare reactivity after skin testing to at 
least one of the purified MUP and P4 allergen prep- 
arati.urs was seen in 40 subjects, only one of whom 
had never entered mouse rooms (but worked for many 
year, in the building where mice were kept). The 
remainder of the subjects with no exposure to labora- 
tory mice in mouse rooms had negative responses to 
skin testing with murine allergens. Among the 14 sub- 
jects with positive responses to tests with P4 pelt al- 
lergens. six had borderline or negative responses to 
crud- pelt extract even though this contained compo- 
nent, with the molecular weight of mouse serum al- 
bumin. No subject with a positive response to crude 
pelt extract had a negative or borderline response to 
P4 Jlergen. Therefore results of tests with P4 al- 
lergcns Instead of crude pelt allergens were used for 
subsequent analysis. Of the 31 subjects who reacted 
to purified urine allergens, 18 reacted to urine aller- 
gens from all three strains of mice. Highly significant 
correlations were found between nasal symptoms on 
exposure to mice and positive skin-test responses to 
all three of the purified MUP and P4 allergen prepara- 
tion (Table II). Similar correlations were also found 
between positive skin-test responses to all of the MUP 
and P4 preparations and eye symptoms and between 
mou,e allergen skin-test responses and cutaneous 
reactions to mouse bites or scratches.* Wheezing 
reactions from exposure to mice also correlated with 
positive skin-test responses to MUP from the three 
mouse strains and P4 allergens of CBA/H mouse pelt. 

Although some individuals with IgE antibodies 
specific for MUP and P4 allergens from CBA/H mice 
had no nasal symptoms from exposure to mice, serum 
levels of these antibodies were significantly higher in 

TABLE IV. Relationships between serum levels of 
IgE antibodies to CBA/H MUP allergen and 
exposure to mice 

__--__.- - 
Binding Daily Exposed Unexposed or 

in RAST* exposure less often raraly exposed 

Cl.5 20 29 ;s 

I .s-2.0 IX 70 I 1 

2.0-2.5 4 9 
>I.5 8 9 i) 

-_-.. ..-_.. ----.- 
Column 1 added to column 2 "S column 3: p z: 0.0(!3, ,+ ' = !0.1. 

*Percent radiolabeled anti-IgE bound b! disc\ ..oupled with 

MUP. 

subjects who did have nasal symptoms on exposure to 
mice (Table III). High levels of IgG antibodies to 
MUP tended to be more prevalent in those with nasal 
symptoms from exposure to mice. but correlations 
between IgG antibodies and nasal symptoms were not 
as strong as correlations between IgE antibodies and 
nasal symptoms. There was a significant correlation 
on a per-subject basis between the incidence of RAST 
binding with MUP and P4 and positive skin tests with 
MUP (p < 0.001 for all correlations data not 
shown).* 

Effects of frequent exposure to allergens 
from mice 

In a study of the effect of the extent of exposure to 
mouse allergens on the development of allergy to 
mice, it was found that the frequency of exposure to 
mice in mouse rooms beyond 10 days per year did not 
significantly influence either the incidence of symp- 
toms of allergy to mice or the incidence of positive 
skin-test responses to MUP. There was also no corre- 
lation between the number of years exposed to mice 
and the incidence of respiratory symptom4 from mice 

*Dar: wadable as tables on application to M. J. S. *Data avatlable as tables on applicatton trl M 1 S 



314 Schumacher et al. J. ALLERGY CLIN. IMMUNOL. 
OCTOBER 1981 

TABLE V. Relationships between IgG antibodies 
to CBA/H MUP allergen and exposure to mice 

Numbers of 
subjects exposed to 
mice (days per mo) Number of 

unexposed or rarely 
Binding* Daily 17-20 4-16 <4 exposed subjects 

<2 1 4 5 3 14 
2-10 2 20 25 21 33 

10-20 2 5 3 1 0 
>20 9 7 4 1 0 

*Percent radiolabeled MUP added at 1.5 rig/ml bound by 1 : 5 dilu- 
tions of sera; rows 1 and 2 vs rows 3 and 4: < 0.001, x2 = p 
24.9. 

or incidence of positive prick-test responses to mouse 
allergens. Although 26 of the 27 subjects with greater 
than 2% binding in a RAST assay specific for MUP 
had been exposed to mice, there was no correlation 
between the frequency of exposure to mice and the 
level of RAST binding above 2% (Table IV). How- 
ever, serum levels of IgG antibodies to MUP did cor- 
relate with the frequency of exposure to mice, with a 
greater proportion of the more heavily exposed per- 
sons having higher levels of IgG antibodies (Table 
V). This relationship between frequency of exposure 
and serum levels of IgG antibodies was also reflected 
by analysis of groups of workers, among whom the 
animal technicians had the highest levels of IgG an- 
tibodies. 

Atopy and symptoms of allergy to mice 

Of the 13 1 subjects exposed to mice, 40 had his- 
tories of seasonal rhinitis. There was a statistically 
significant positive correlation between a history of 
seasonal allergic rhinitis and nasal symptoms from 
mice and between seasonal rhinitis and reactions to 
mouse bites and scratches (p = 0.002 and 0.01, re- 
spectively; data not shown). * Relationships between a 
history of seasonal rhinitis and either eye symptoms 
or chest symptoms on exposure to mice were not 
statistically significant. 

Subjects with a history of seasonal rhinitis also 
tended to have higher serum levels of IgE antibodies 
to mouse urinary protein and to purified mouse pelt 
allergens (p = 0.0005 and 0.002, respectively; data 
not shown).* There was also an association between 
seasonal rhinitis and positive prick-test responses to 
purified allergens from CBA/H mouse urine and pelt 
(p < 0.002, data not shown).* This was supported by 
the finding that positive prick-test responses to three 
pollen allergens important in the area-perennial rye 

*Data available as tables on application to M. J. S 

grass, Bermuda grass, and plantain extracts-each 
correlated with positive prick-test responses to puri- 
fied mouse urine allergens. Positive prick-test re- 
sponses to perennial rye, Bermuda grass, and plantain 
pollen were all significantly more frequent in subjects 
with symptoms of rhinitis on exposure to mice (Table 
VI). Eye symptoms from exposure to mice were also 
more prevalent in subjects with positive prick-test re- 
sponses to rye grass, Bermuda grass, or plantain ex- 
tracts (Table VII). Skin-test responses to purified al- 
lergens from both CBA/H mouse urine and CBA/H 
pelt also correlated with positive skin test responses to 
rye grass extract. Positive skin-test responses to the 
pollen allergens and a history of seasonal rhinitis were 
equivalent in their association with the occurrence of 
nasal symptoms from exposure to mice, and a combi- 
nation of positive skin-test responses to pollen al- 
lergens and a history of seasonal rhinitis did not show 
a stronger association with symptoms of allergy to 
mice. 

Symptoms from mice or positive skin tests to 
mouse allergens did not correlate significantly with a 
family history of allergic rhinitis, asthma, or eczema 
or with the albeit infrequent positive skin-test re- 
sponses to allergens from cat and dog dander, Alter- 
naria, or D. pteronyssinus. 

HLA antigens 

HLA-DRW6 occurred significantly less frequently 
in subjects with positive skin-test responses to 
BALB/c MUP than in the panel (p = 0.05) and oc- 
curred insignificantly less frequently in comparison 
with its incidence in the BALB/c skin test-negative 
subjects (Table VIII). Similarly, the incidence of 
HLA-DRW6 was significantly decreased in subjects 
with positive skin-test responses to C57BL MUP in 
comparison with the panel (p < 0.05) and was insig- 
nificantly decreased in comparison with subjects with 
negative skin-test responses to this protein. HLA-B5 
occurred more frequently in subjects with positive 
skin-test responses to C57BL MUP than in the refer- 
ence panel (p < 0.05) or in the skin test-negative 
subjects, although the latter difference was not sig- 
nificant. HLA typing did not reveal statistically sig- 
nificant differences between subjects with and without 
nasal symptoms from exposure to mice in any of the 
loci studied. 

IgE levels 

Among the 25 subjects with positive prick-test re- 
sponses to CBA/H mouse urinary protein, 23 (92%) 
had total IgE levels of 25 U/ml or greater and 10 
(40%) had levels over 200 U/ml, whereas 61% and 
18% of the 106 subjects with negative mouse urinary 



TABLE Vi. Incidence of positive skin-test responses to pollen allergens in subjects with nasai 
symptoms from mouse exposure 

Nasal symptoms 
from mice 

Modxate or severe 

Now or mild 

P vi. tie 

X’ 

Perennial rye 
wheal diameter 

4mm 
or larger 14 mm 

6 3 

IS 106 

0.0001 

18.1 

Bermuda grass 
wheal diameter 

4mm 
or larger ‘4 mm 

5 3 

3 11X 
2 x , (, .i:i- 

Plantain 
wheal diameter 

_-_._.. ..__ --..__ 

4mm 
or larger -4mm 

ll_...__l- 

: !I 

1 !‘( 

i i !NMl 

*Fi>l-er’s exact test 

TABLE VII. Relationships between prick-test responses to perennial rye pollen extract and eye 
symptoms from mouse exposure and prick-test responses to CBA/H MUP and P4 allergens 

______ 
Wheel response to Wheat response to 

Eye symptoms MUP allergen P4 aliergen 
Wheal 

response to 4mm 4mm 
perennial rye* Yes No or larger 14 mm or larger I 4mm 

. . 

4 mm or larger 6 15 5 I5 h ! .: 
-<4 nm 8 86 4 37 7 ‘L: 

P value 0.004 0 .oo I ! I.0023 
X2 8.26 10.7 9.26 

*Correlations were also found between eye symptoms and responses to Bermuda grass (x2 = 13.7) and to plantaln I x2 io !,I 

TABLE VIII. Incidence of HLA-B5, HLA-B15, and HLA-DRW6 in subjects with positive prick-test 
responses to urinary proteins from CBA/H, BALBlc, and C57BL mice 

CBA/H 

Positive Negative 

4 (14.1%) 6 
21 48 

NS 
I (6.7%) 6 

15 39 
NS 

Prick-test response 

BALBlc 

Positive Negative 

4 (21 .O%) 6 
19 50 

NS 
0 ! 

I4 40 
NS(O.05, 

C57BL 

Positive Negative 

5 (26.3%) 5 
I9 50 

NS(O.03) 
II 7 

IS 39 
NS(0.04) 

Normal panel 

7.1 (9.4%) 
74x 

7x i2O.fJ%i 
IJO 

n == number of subjects; NS = not significant. 

*Significance of differences between incidences of HLA antigens in the positive and negative skin-test groups Significanef: ot dift’erences 
b&veen the positive skin test group and the normal panel are in parentheses. 

protein skin tests had levels of total IgE above 25 and 
200 U/ml, respectively (x2 = 10.6, p = 0.005). 

DISCUSSION 
Symptoms of rhinitis, conjunctivitis, and asthma 

occurring after exposure to mouse rooms and wheal 
reactions to mouse bites and scratches were frequent 
among workers who were periodically exposed to 
mice, affecting 32% of those exposed. One third of 

symptomatic subjects assessed their symptoms to be 
moderate or severe, and nearly all in this group had 
positive responses to prick tests with purified mouse 
allergens. Symptoms in subjects with negative skin 
tests to mouse allergens were usually mild, suggesting 
that allergens of murine origin were the main cause of 
symptoms in the mouse laboratories. As further evi- 
dence of the importance of type I hypersensitivity to 
mouse allergens, symptoms and positive skin tests 
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correlated significantly with the presence in sera of 
IgE antibodies to purified mouse allergens. 

Although all exposed subjects were skin tested with 
crude pelt extract as well as with purified urine and 
pelt components in the expectation that more subjects 
would respond to the crude extract, it was found that 
the incidence of positive responses to crude allergens 
was lower than that of responses to purified materials. 
Since this was probably a reflection of increased po- 
tency of purified materials without loss of major al- 
lergens, many analyses presented in this article were 
of data from testing with purified urine allergens, 
which were more frequently positive than were tests 
with both crude and purified pelt extract. Minor pelt 
allergens could have been lost in purification of the 
crude pelt extract, but it was not possible to support 
this hypothesis from the available data. Although 
RAST with MUP or P4 allergens probably did not 
recognize antibodies to all mouse allergens, skin test- 
ing and RAST data in this article complement the 
previous findings” of the importance of urine compo- 
nents as allergens in mouse laboratories. 

Several subjects reacted to only one or two MUP 
preparations from the three strains of mice, suggest- 
ing the possibility of strain-specific allergens. These 
data alone were inconclusive, but differences in the 
MUP from the three strains shown by isoelectric 
focusing in another study4, do support this possibility. 
Previous findings of cross-antigenicity among MUP 
from the three strains4 do not exclude the possibility 
that some individuals could have acquired allergic 
reactivity to minor noncrossreactive antigens. 

The development of symptoms of mouse allergy 
usually began in the first year of employment, and 
subjects who had been exposed to mice for 2 yr or 
longer did not have a greater incidence of symptoms 
than those exposed for briefer periods. There was also 
no demonstrable effect of extent of heavy exposure on 
the occurrence of symptoms, since employees who 
visited mouse rooms infrequently had a risk of becom- 
ing allergic to mice similar to that of employees heav- 
ily exposed on a daily basis. These findings suggested 
that development of allergy to mice was determined 
by constitutional predisposing factors affecting a pro- 
portion of the population regardless of the frequency 
of exposure to airborne mouse allergens in mouse 
rooms beyond 10 days per year. 

Predisposition to mouse allergy was related to the 
coexistence of atopic disease. Thus symptoms of 
mouse allergy and positive skin-test responses to 
mouse allergens were significantly correlated with a 
personal history of seasonal rhinitis and positive 
prick-test responses to perennial rye, Bermuda grass, 
and plantain pollen extracts. The tendency for high 

serum levels of IgE to be associated with mouse al- 
lergy may be explained by the association of high IgE 
levels with the presence in serum of mouse allergen- 
specific IgE antibodies; this tendency is also consis- 
tent with an atopic defect as an explanation for sus- 
ceptibility to sensitization by mouse allergens. The 
relationship between mouse allergy and atopic disease 
confirms the suggestive findings of Rajka’” and 
Newman-Taylor et al.’ and may be similar to the as- 
sociation between atopy and other occupational respi- 
ratory allergies, including sensitivity to proteolytic 
enzyme detergents.‘O-‘” green coffee beans,“” and lo- 
cust antigens. 24 Gross’” has also shown positive corre- 
lations between hypersensitivity to laboratory animals 
and allergy to common airborne allergens in Chicago. 
In contrast to the results of Gross, our findings 
showed a low incidence of sensitivity to cat and dog 
dander and no correlations between sensitivity to 
household pets and sensitivity to laboratory animals; 
this may have been because of pre-employment ex- 
clusion of pet-sensitive applicants for technical posi- 
tions at our institute or because pets in Chicago may 
be kept indoors more frequently than those in Mel- 
bourne, where the climate is more temperate. In an- 
other study of allergy to laboratory animals, Slovak 
and HillZ6 could not correlate the prevalence of symp- 
tomatic allergy to one of several laboratory animals 
with prevalence of atopy, as defined by a positive 
prick test to at least one of several aeroallergens, in- 
cluding housedust. 

Although seasonal rhinitis and positive skin tests to 
pollen allergens correlated equally well with mouse 
allergy, screening of prospective employees in mouse 
laboratories by questionnaire methods could be im- 
proved by use of pollen skin tests in their pre-em- 
ployment assessments to minimize need for compen- 
sation for occupational disability. This is suggested 
because employees who had been screened for atopy 
before employment by questionnaire only were found 
during the survey to have an incidence of atopic dis- 
ease similar to that in the unscreened employees. 
Some individuals may have developed atopy since 
their commencement of employment, but this sug- 
gests the postulate that atopy developed preferentially 
in subjects allergic to mice. It is more likely that many 
atopic individuals may have failed to recollect atopic 
symptoms at the pre-employment interview. On the 
other hand, although correlation between pollen skin- 
test responses and symptoms of mouse allergy was 
statistically significant, many pollen test-positive in- 
dividuals did not develop symptoms, indicating that 
pollen skin testing for screening purposes could pre- 
clude employment of a person who could work among 
mice without becoming sensitized. Furthermore, many 
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subjects who developed positive responses to mouse 
allergen skin tests did not have seasonal rhinitis. 

Population studies of associations between allergic 
diseases and HLA antigens have revealed associations 
with several antigens.27 particularly HLA-B8.2Xp”’ 
Lack of agreement between results from the present 
stuc:y and previous reports could be due to the small 
saIrple size of this study, hence our findings would 
neel to be confirmed by larger surveys of allergy in 
morose laboratories. Nevertheless, the negative asso- 
ciation between HLA-DRW6 and positive skin tests 
to mouse allergens is of interest. Genes with a sup- 
pre ,sive immunoregulatory function (Is genes) have 
been demonstrated in animals”” and have been postu- 
lated as a suppressive regulator of IgE antibody func- 
tion in man.‘” If negative associations between 
DKW6 and allergy can be confirmed by other studies, 
th ! allele may provide a marker of linkage with Is 
fer~es. 

73le occurrence of high serum levels of IgG an- 
tibodies to mouse allergens was more directly related 
to evels of exposure to mice than was occurrence of 
high serum levels of 1gE antibodies. In comparison 
with 1gE antibodies, levels of IgG antibodies were 
le>? well related to symptoms of mouse allergy, and 
increased levels of IgG antibodies were found in most 
of the heavily exposed individuals. This suggests that 
production of allergen-specific IgG antibodies may 
no: be controlled by the same constitutional factors 
th,lt influence mouse allergen-specific IgE antibod- 
ies. There was no evidence to suggest that any of the 
sul>Jects developed hypersensitivity pneumonitis, and 
on epidemiologic grounds, the levels of IgG antibod- 
ie? observed did not appear to be pathogenic. Con- 
versely. there was no evidence that high levels of IgG 
antibodies were negatively associated with allergy to 
m’ce. so that these naturally acquired antibodies could 
not be shown to be protective against sensitization to 
mouse allergens. 

We are grateful to Ann Dunstone and Robert Finlay for 
technical assistance. and to Steven White and Cole Thies for 
c.~mputational assistance. 

REFERENCES 

I Lutsky Il. Neuman 1: Laboratory animal dander allergy. I. An 
occupational disease. Ann Allergy 35:201, 1975. 

2. Newman-Taylor A, Longbottom JL, Pepys J: Respiratory al- 
lergy to urine proteins of rats and mice. Lancet 2:847, 1977. 

.? Siraganian RP, Sandberg AL: Characterization of mouse al- 
lergens. J ALL.ERGY CLIN IMMUNOL 63:435, 1979. 

4. Schumacher MJ: Characterization of allergens from urine and 
pelts of laboratory mice. Mol Immunol 17:1087, 1980. 

f Lincoln TA, Bolton NE, Garrett AS: Occupational allergy to 
animal dander and sera. J Occup Med 16:465, 1974. 

6. Ceska M. Erikbson R. Varga JM: Radlclllnmuii~)s~~rbent assay 
of allergens. J AL.LERC;Y CUN IMMIINOI 49:1, IO:‘_. 

7. Ada GL, Nossal GJV. Pye J: Antigens m immuntt). Ii1 DI\- 
tribution of iodinated antigens following mJe~li!n, rnto rat+ \ la 
the hind footpads. Aust J Exp Biol Med Sci 42:295, lYh3 

8. Schumacher MJ, Jeffery SE: Effect ot yuantlt? and qual~ry ot 
IgG antibodies on blocking of allergemc histamrnc relt’a\c in 
vitro. Int Arch Allergy Appl Immunoi S&:38. i’i:‘i 

9. Schumacher MJ. Farr RS. McClatchy JK. hlrndrn I’ Prirnar) 
interaction between antibody and componrnt~ <>I -~lr~~t~riti. 
II. Antibodies m sera from normal. ,I!icrgic and 
immunoglobulin-deticient children. J ,‘ri u 1 K;,‘, I ; IU !\!u\ WI 
56:54. 1975. 

IO. Minden P. Farr RS: Binding betw;err c<mq-t)nrnts ~11 the 
tubercle bacillus and humoral antihndrz; .I IZ\i-, Clt~i 130:9.3 I , 
1969 

11. Boyum A: Isolatmn of leukocytes from humall nlc~d. t urther 
observations. Methylcellulose. dextran and ti,~ll ;!s crythr+ 
cyte-aggregating agents. Stand J Clir; I .th In> ,:\I i \;uppi\ 97: 
31. 1968. 

12. Nelson DL. Strober !&T, Abelson LD. Bund~ i$M, Mann DL 
Dihtribution of alloantigens on human l-c, :,:cq-nor-bearmg 
lymphocytes: the presence ot B ccl1 all(,antrpen> c)n slg- 
positive hut not slg-negative lymphocyn:~ lmmunoi 118: 
943. 1977. 

13. Grier JO, Abelson LA. Mann DL. \rns)\ Dti. Joim\on AH: 
Enrichment of B lymphocytes usmg goat antr hum,m 1-t ah’ 1: 
Tissue Antigens l&236. 1977. 

14. Mackay 1R. Tait BD: HLA assocration with cbnnuc :Icttve 
hepatitis, in Rose NR, Bigazzi PE. Warner YiL. editor\. (ie- 
netic control of autoimmune disea$e hic:t \,I,&. i97X. 

Elsevicr North-Holland. p. 27 
15. Mittal KK, Mickey MR. Smgal DP. Terasakl t’l. Serotypmg 

for homotransplantation. XVIII. Refinement ,>f microdroplet 
lymphocyte cytotoxicity test. Transplantation 6:913. 196X. 

16 Tcrasaki PI. Vredeboe DL. Mickey MR. Sri-otyp~ng l’or 
homotransplantation. X. Survival of 1% gralted kldne\<, sub 
sequent to typing. Transplantation 5: 1057, ! %^ 

17. Bodmer JG. Pickbourne P. Richards S: la \enllog;#. II: B~)dmer 
WF. Batchelor JR. Bodmer JG. Fzstcn%tcn: H, Morris PJ. 
editors: Histocompatibility testing 1977. Copenhagen. 1978. 
Munksgaard International Bookseller\ and l’nhli~brr~ I.td., p. 
35. 

18, Cochran WG: Some methods for strenptbcnmc :bc ,‘ommon x’ 
teats. Biometrics 10:417. 1954 

19. Rajka G: Ten cabes of occupational itypersen~mviti~ 1:) Iabora- 
tory animals. Acta Allergol 16:16X. 1961. 

20. Ncwhouae ML. Tagg B, Pocock %I. Mcllw;tn At..‘. AI- cp~de- 
miological study of workers producmg ens! ~ritl u ,i<hq.! pow- 
ders. Lancet 1:6X9. 1970. 

21, Slavin RG. Lewis CR: Sensitlvit) to c!:~:mc addiilvrs !n 
laundry dctergcnt workers. I 41 i! ~(~1 :‘I :\ 111~1 NOI 

48:262, 197 I. 
21. U’eill H, U’addell LC, Ziskind M. A stud! o! drinker\ r:uposed 

to detergent enzymes. JAMA 217:425 197 j 
23. Karr RM, Lehrer SB, Butcher BT. Salvayg~o JE: Coffee 

workers’ asthma: a clmical appralsat using the ra&oallcrgosor- 
bent test. J ALLERGY CLIN LMMUNO~. 62:147. 197%. 

23. Burge PS. Edge G, O’Brien IM, Harries MC;. Hawkin\ R. 
Pepya J: Occupational asthma in ,t research crntre breeding 
locusts. Clin Allergy l&355. 1980. 

25, Gross NJ: Allergy to laboratory animals: rp&miolog:~~, clim- 
cal. and physiologic aspects. and a trial c,t cromolyn in ila 
management. J AI LLKGY CLIN Ihl~l’so~ 61r:iYX. 19x0 



318 Schumacher et al. 

26. Slovak AJM, Hill RN: Laboratory animal allergy: a clinical 
survey of an exposed population. Br J Ind Med 38:38, 1981. 

27. de Week AL: HLA and allergy. Monogr Allergy 11:3, 1977. 
28. Thorsby E, Lie SO: Relationship between the HL-A system 

and susceptibility to diseases. Transplant Proc 3: 130.5, 1971. 
29. Marsh DG: Allergy: a model for studying the genetics of 

human immune response, in Johansson SGO, Strandberg K, 
Uvnas B, editors: Nobel symposium No. 33: Molecular and 
biological aspects of the acute allergic reactions. New York, 
1976, Plenum Press, p 23. 

30. Turner MW, Brostoff J, Wells RS, Soothill JF: Histocompati- 

J. ALLERGY CLIN. IMMUNOL. 
OCTOBER 1981 

bility antigens in atopy with special reference to eczema and 
hay fever. Monogr Allergy 11:19, 1977. 

31. Marsh DG, Hsu SH, Hussain R, Meyers DA, Friedhoff LR. 
Bias WB: Genetics of human immune response to allergens. J 
ALLERGY CLIN IMMUNOL 65322, 1980. 

32. Monks MJ, Faux JA, Ting A, Morris PJ, Lane DJ: HLA-A, B 
and C and HLA-DR antigens in intrinsic and allergic asthma. 
Ciin Allergy 10:173, 1980. 

33. Benacerraf B, Germain RN: The immune response genes of the 
major histocompatibility complex. Immunol Rev 38:70, 1978. 


