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Abstract

Allergic reactions are among the most common conditions
affecting the health of workers involved in the care and use
of research animals. Between 11 and 44% of the individuals
working with laboratory animals report work-related aller-
gic symptoms. Of those who become symptomatic, 4 to
22% may eventually develop occupational asthma that can
persist even after exposure ceases. Allergic symptoms con-
sist of rashes where animals are in contact with the skin,
nasal congestion and sneezing, itchy eyes, and asthma
(cough, wheezing, and chest tightness). The generation of
immunoglobulin E (IgE) antibodies is a prerequisite for the
production of allergic symptoms. The mechanism by which
IgE antibodies develop is becoming clearer. The propensity
to produce IgE is genetically determined, and pre-existing
allergy may be a risk factor for the development of labora-
tory animal allergy (LAA). However, exposure to animal
allergens is the major risk factor for the development of
LAA. Techniques to measure the airborne concentration of
laboratory animal allergens have been developed. Research
on animal allergens themselves indicates that many of the
mouse and rat urinary proteins belong to a family of pro-
teins called lipocalins, which share sequence homology
with antigens of the parasitic agent that causes schistoso-
miasis. The fact that parasite infections also trigger IgE
antibody responses may account for the development of
LAA in persons who have never had any previous allergy.
The prevention of LAA should be a major goal of an effec-
tive health and safety program in the animal research facil-
ity, and it can be accomplished by education and training of
employees, reduction of exposure (including the use of per-
sonal protective gear), and changes in facility design. Medi-
cal surveillance programs can also play a role in improving
health of individuals working with laboratory research ani-
mals. Early recognition of symptoms and evidence of sen-
sitization can lead to interventions to reduce exposure and
thereby avoid the long-term health consequences of LAA.
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Epidemiology of Laboratory Animal
Allergy (LAA1)

Estimates of the number of individuals exposed to labo-
ratory animals in their occupation vary considerably.
Bland and colleagues (1987) estimated that 90,000

individuals were exposed to laboratory animals in the
United States, and 32,000 workers were similarly exposed
in the United Kingdom. Seward (1999) estimated that
40,000 to 125,000 individuals are exposed to laboratory
animals in the United States.

The existence of different definitions of LAA used in
published studies (reported symptoms vs. laboratory evi-
dence of immunoglobulin E [IgE1]-mediated sensitivity)
leads to significant variability in the reported prevalence
(percentage of cases in the population) and incidence (per-
centage of new cases occurring in the population over a
given period of time) of this occupational problem. Preva-
lence rates may also be affected if symptomatic workers
discontinue work with laboratory animals. In addition, the
sample size included in the study influences the results. In
the United Kingdom, exposure to laboratory animals has
consistently ranked in the top three causes of occupational
asthma and comprises 5% of all cases reported to that coun-
try’s surveillance of work-related and occupational respira-
tory diseases program since 1989 (Gordon 2001). These
statistics are striking because laboratory animal workers
comprise only a small portion of the total UK work force. In
the United States, the National Institute of Occupational
Safety and Health has formally recognized LAA as an oc-
cupational hazard since 1989.

The first reported cases of allergic symptoms due to
laboratory animals occurred in the 1950s (Sorrel and Got-
tesman 1957). The high prevalence of this condition did not
become apparent until cross-sectional epidemiological stud-
ies were conducted in the 1970s and -80s (Cockcroft et al.
1981; Gross 1980; Lutsky and Neuman 1975; Schumacher
et al. 1981) (Table 1).
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Gross (1980) observed that symptoms of affected indi-
viduals usually began within 6 mo of exposure and rarely
occurred after 2 to 3 yr of employment. In that study, the
percentages of workers affected by specific species were as
follows: rats, 65%; rabbits, 72%; mice, 66%; and guinea
pigs, 33%. Nasal symptoms preceded chest symptoms in
45% of the individuals, whereas 55% experienced nasal and
chest symptoms simultaneously. Chest symptoms never oc-
curred in the absence of nasal symptoms.

In Cockcroft and colleagues’ (1981) evaluation, 49 of
179 individuals were symptomatic with mainly nasal symp-
toms. Skin testing was conducted and revealed a good cor-
relation between the presence of rhinitis and positive skin
tests to relevant laboratory animal allergens. Five individu-
als had positive skin tests to laboratory animal allergens but
were asymptomatic.

In Schumacher and colleagues’ (1981) study, of the 39
individuals who experienced respiratory symptoms or skin
rashes, one third reported severe symptoms. Virtually all of
these individuals had demonstrable sensitivity by positive
skin tests to laboratory animal allergens.

Slovak and Hill (1981) examined 146 workers of whom
48 (30%) had a history of symptoms related to their labo-
ratory animal exposure. Of the 48, 22 had positive skin tests
and demonstrated rhinitis symptoms that progressed to
asthma.

In a similar study of workers in the pharmaceutical in-
dustry in the United Kingdom, Beeson et al. (1983) reported
that of the 15 workers with LAA, slightly more than half (8)
had positive skin tests to animal allergens. Sixty-seven per-
cent of the individuals were sensitive to allergens other than
laboratory animals.

In Agrup and colleagues’ (1986) evaluation, there was a

high level of frequency of self-reported symptoms, but the
number of individuals with symptoms was reduced when
they were interviewed by clinicians. Nineteen of the 30
laboratory technicians with reported symptoms had positive
skin tests or in vitro tests indicating sensitivity to laboratory
animal allergens.

Laboratory animal exposure results in significant lost
time from work. More than one third of individuals working
at the US National Institutes of Health reported lost time
from work due to their symptoms from laboratory animal
allergy sensitivity (Bland et al. 1986). According to com-
pleted questionnaires, 131 of 549 individuals (23.9%) re-
ported symptoms due to their occupational exposure to
laboratory animals.

In perhaps the highest prevalence rate reported, Ven-
ables et al. (1988) found that 44% of 133 pharmaceutical
workers in the United Kingdom had laboratory animal sen-
sitivity. In a review of pooled data from reported studies,
Hunskaar and Fosse (1990) found an overall prevalence of
LAA of 20.9% in 4988 individuals. Subsequently, in a large
series conducted in Japan (Aoyama et al. 1992), 1304 of
5641 (23.1%) workers had symptoms related to their labo-
ratory exposure. This survey was conducted among 137
research facilities, 76 medical schools, 57 research insti-
tutes, and four breeding facilities. Rhinitis was the most
common symptom. Seventy percent of individuals devel-
oped symptoms within 3 yr of exposure. The survey re-
vealed sensitivity to a variety of animals for which the
percentages of affected workers were as follows: sensitivity
to guinea pigs, 31% of workers; to mice, 26.1%; to rats,
24.9%; to cats, 30.1%; to dogs, 24.9%; and to non-
human primates, 23.6%. It is important to note that virtually
any laboratory animal can cause occupational allergy al-

Table 1 Reported cases of allergic symptoms of individuals working with laboratory animalsa

Study (year)b Country

Facilities

Workers

No.
evaluated

No. with
allergic
symptoms (%)No. Type

Lutsky and Newman (1975) United States 39c 1293 181 (14%)
Gross (1980) United States Research 393 59 (15%)
Cockcroft (1981) United Kingdom Reseach 179 49 (27%)
Schumacher et al. (1981) Australia Research 121 39 (32%)
Slovak and Hill (1981) United Kingdom Pharmaceutical research 146 48 (30%)
Beeson et al. (1983) United Kingdom Pharmaceutical research 62 15 (22%)
Agrup et al. (1986) Sweden Research 101 30 (30%)
Bland (1986) United States Research 549 131 (23.9%)
Venebles et al. (1988) United Kingdom Pharmaceutical 133 59 (44%)

aModified from Bush RK. 2001. Mechanisms and etiology of laboratory animal allergy. ILAR J 42:4-11.
bSee text for complete references.
cFacilities that received questionnaires included 23 medical and veterinary schools, 9 research institutes, 5 pharmaceutical firms, and 2
commercial laboratory animal-producing facilities.
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though the mammals listed above are the most commonly
involved.

In another survey from Australia, Bryant and colleagues
(1995) reported that 73 of 138 exposed individuals had
symptoms of LAA. Of these individuals, 92% had positive
skin tests to laboratory animal allergens; 23% of asymp-
tomatic individuals also had positive skin tests to laboratory
animal allergens. Bronchial hyper-responsiveness, a marker
of asthma, was present in 21% of exposed individuals com-
pared with 8% in a nonexposed control population.

From the United Kingdom, where good occupational
disease reporting is available for workers in the laboratory
animal field, 44% of 32,000 individuals indicated they had
symptoms related to their work exposure in 1988. By 1994,
this number had decreased to 31%. However, when skin
testing was performed in those symptomatic individuals in
1988, only 13% had positive skin tests. In 1994, 10% had
positive skin tests (S. Gordon, personal communication,
1999). In a recently reported preliminary study from the
University of Wisconsin, 29 of 147 (19.7%) workers ex-
posed to laboratory animal allergens in a research facility
related allergic symptoms to their work exposure (Patel et
al. 2000). However, of the 147 workers, only 12% had
positive skin tests that correlated with histories suggestive
of LAA.

As can be seen, prevalence and incidence rates may vary
considerably based on whether a questionnaire is used to
establish the presence of LAA or whether laboratory testing
is required. The low prevalence of skin tests or in vitro tests
showing IgE sensitivity may be related in part to the poor
quality of skin testing and testing reagents available. None-
theless, LAA does represent a significant health risk for the
population of exposed individuals. Furthermore, few data
are available on the number of individuals who end their
employment due to LAA. Failure to capture this population
in epidemiological studies could result in a significantly
lower estimate of true prevalence or incidence (Monsó et al.
2000).

The overall prevalence of LAA varies from 11 to 44%
(Seward 1999). The prevalence of asthma due to LAA
ranges from 4 to 22% (Seward 1999). The wide range in
these prevalence figures reflects the vigor with which the
diagnosis of LAA was established (positive response to
questionnaires vs. confirmatory medical evaluations).
Nonetheless, LAA is common in the workplace where ani-
mals are used for research purposes.

In a study at a pharmaceutical company involving work-
ers exposed to laboratory animals, the incidence of labora-
tory animal allergy was as high as 10.3% (Fisher et al.
1998). After the institution of a comprehensive prevention
program, including environmental control measures and the
use of personal protective equipment (PPE1) to reduce al-
lergen exposure, the incidence decreased to 0. This decrease
suggests that LAA is a preventable workplace hazard.

Workers who develop allergies to one animal species
are at risk of developing allergy to other species (Goodno
and Stave 2002). A work environment that may protect

against the symptoms of an initial or primary allergy to one
species may still leave workers at risk for subsequent al-
lergy to another. Prevention of the initial allergy is the most
successful approach to prevention of sequent allergy to
other animals, but all aspects of the worker’s exposure
should be considered.

Symptoms of LLA

Symptoms of LAA are the result of the release of biochemi-
cal mediators and the generation of inflammation in the
tissues induced by the IgE response. The nature and inten-
sity of the symptoms are dependent on the level of exposure
to the laboratory animal allergen by the individual. Once the
worker has become sensitized (developed IgE antibodies to
laboratory animal allergens), symptoms generally occur
rapidly (within minutes) of exposure. Continued daily ex-
posure can result in chronic symptoms that may require
daily treatment. These symptoms can range from mild skin
reactions to severe asthma. The most common symptoms
are related to allergic reactions involving the nose and eyes
(Aoyama et al. 1992; Cullinan et al. 1994) and are known as
allergic rhinitis and allergic conjunctivitis, respectively. Na-
sal symptoms include congestion, runny nose, sneezing, and
itching; ocular symptoms include redness and itchy watery
eyes. Up to 80% of workers with LAA report nasal symp-
toms (Bush et al. 1998).

Skin reactions include hives at the site of contact with
animal urine or dander as the result of scratches. Other
rashes include maculopapular (measles-like) rashes, which
are typically quite itchy and occur in about 40% of symp-
tomatic individuals (Bush et al. 1998).

Asthma may affect 4 to 22% of symptomatic workers
exposed to laboratory animals. Symptoms of asthma consist
of cough, wheezing, and shortness of breath. It is important
to recognize that symptoms related to laboratory animal
exposure may continue for several hours or longer after
exposure to the animals ceases. In addition, individuals may
experience symptoms of asthma when exercising and when
exposed to cold air, dust particles, or strong odors. This
phenomenon, known as nonspecific airway hyper-
responsiveness, occurs in other situations of allergen-
induced asthma.

Systemic allergic reactions, known as anaphylaxis, can
occur (albeit rarely) as a result of an animal bite (Teasdale
et al. 1993) or from puncture wounds (e.g., needles con-
taminated with animal proteins) (Watt and McSharry 1996).
These reactions can manifest by generalized itching, hives
(urticaria), swelling (angioedema) of the lips, eyes, and/or
extremities, respiratory distress due to edema of the larynx,
hypotension (shock), or acute asthma attacks. These reac-
tions are potentially fatal. Occasionally, a milder form of
systemic reaction can manifest in which the allergic indi-
vidual develops a maculopapular rash or hives under pro-
tective clothing as a result of a respiratory exposure to
laboratory animal allergens.
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Time from the onset of exposure to development of
symptoms is variable but generally is within 3 yr of begin-
ning employment. Approximately one third of individuals
will develop symptoms in the first year and 70% within 3 yr.
Workers who do not devleop symptoms in the first 3 yr
remain at risk. In a study from the United Kingdom, the
mean duration of employment before the onset of nasal
symptoms was 214 days, 335 days for skin symptoms, and
365 for the development of chest symptoms (asthma) (Cul-
linan et al. 1994). Again, this estimate is quite variable
depending on the individual study reported (Seward 1999).

Risk Factors for the Development of LAA

Epidemiological studies have been useful in determining
factors that may lead to the development of LAA. The most
important risk factor for an individual is the level of expo-
sure to laboratory animal allergens. Methods have been de-
veloped that allow quantitative estimates of the exposure to
laboratory animal allergens (Gordon 2001; Harrison 2001).

Some questions still exist as to whether individuals with
coexisting allergies to substances outside the laboratory
have an increased risk of developing LAA, although the
majority of reported studies suggests it is an important risk
factor. In the study by Gross (1980), one third of workers
had no prior allergic disease before developing LAA. Sch-
umacher and colleagues (1981) correlated the development
of LAA with the presence of atopy (defined as positive skin
test to one or more inhalant allergens). Slovak and Hill
(1981) documented that atopy predisposes individuals to the
development of asthma related to their animal exposure.
Several other studies (e.g., Aoyama et al. 1992; Bland, et al.
1986; Botham et al. 1995; Bryant et al. 1995; Cullinan et al.
1999; Fisher et al. 1998; Fuortes et al. 1996) indicate that
atopy is a risk factor for the development of LAA. In con-
trast, Heederik et al. (1999) found atopy to be a risk factor
only for individuals exposed at low levels; and Renström et
al. (1994) believe that atopy is not a significant risk factor
but that total IgE level is. These latter investigators are from
the same research group and share the same subject pool. In
a review (Bush et al. 1998) based on the studies cited above,
it was concluded that in individuals with a history of work-
related symptoms and objective evidence of allergy as dem-
onstrated by a positive skin test or in vitro test, the odds
ratio for developing LAA was 3.35 in atopics compared
with nonatopic workers.

Recent studies from Canada (Gautrin et al. 2000, 2001)
showed that apprentices working in animal health technol-
ogy facilities were at greater risk for developing LAA if
they (1) were atopic, (2) had respiratory symptoms in the
pollen season, (3) were sensitized to cat or dog allergens, (4)
had baseline airway hyper-responsiveness, and/or (5) had
an increasing number of hours of contact with laboratory
animals.

The level of an individual’s exposure to laboratory ani-
mal allergens certainly is a major factor in determining

whether the worker develops LAA. Although most studies
have shown that individuals who have coexisting allergies
to other inhalant allergens are more at risk, some studies
report different results. Of note is the study by Hollander et
al. (1996), who found that sensitivity to mites or pollens was
not associated with risk for developing LAA; however, sen-
sitivity to cats and dogs was associated. Analysis of all
available data suggests that pre-existing atopy is an impor-
tant factor contributing to the development of LAA.

In many of these studies, the relation between atopy and
the development of LAA suggests that a genetic predispo-
sition to form IgE antibodies is a significant risk factor. The
exact genetic cause has not yet been identified. Smoking has
also been associated as a risk factor for the development of
LAA. However, as with atopy, controversial data have
arisen. Venables and colleagues (1988) reported a positive
association between cigarette smoking and the development
of LAA, as did Fuortes et al. (1996), and Cullinan et al.
(1999). In contrast, Agrup et al. (1986) and Heederik et al.
(1999) found no effect. Of note is the study by Fuortes et al.
(1997), who reported that individuals with a smoking his-
tory had significantly greater declines in pulmonary func-
tion compared with nonsmokers. This finding would be an
expected effect of tobacco smoke exposure in addition to
the exposure to the laboratory animals. Tobacco smoke has
been shown to elevate serum IgE levels. This increase could
predispose an individual to an increased risk for LAA, al-
though this possibility has not been proven.

Mechanism of LAA

LAA is a form of occupational allergic disease. Such aller-
gic diseases are classified as immediate hypersensitivity re-
actions, or type 1, according to Gell and Combs (Shearer
and Fleischer 1998). Immediate hypersensitivity reactions
involve the production of IgE antibodies, which are formed
in response to a variety of protein or glycoprotein antigens
of which LAA is a typical example. Generation of IgE
antibodies requires the central role of CD4+ T-helper lym-
phocytes. In the development of LAA, exposure to the al-
lergens (antigens capable of eliciting any IgE antibody
responses), such as mouse or rat urinary proteins, largely
occurs through inhalation of these proteins into the lung.
Some exposure may also occur through skin contact.

Development of IgE Antibodies

The first step in the process of the development of LAA
consists of the production of IgE antibodies to the animal
proteins or glycoproteins. This initial step is termed “sen-
sitization.” The allergens are taken up by antigen-presenting
cells in the lung, which include monocytes, alveolar mac-
rophages, and dendritic cells (Kiekhaefer et al. 2001). Den-
dritic cells and Langerhans cells in the skin serve a similar
function and possess the properties necessary for the pre-
sentation of antigens to T-lymphocytes. For the antigen to
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be recognized by the T-cell, it must first be processed into
small peptide fragments and presented on the surface of the
antigen-presenting cell in association with major histocom-
patibility (MHC1) class II proteins (Whitton 1998). Anti-
gen-presenting cells capture and internalize the protein.
They migrate to draining lymph nodes where the processed
peptides are presented on the surface of the cell in associa-
tion with the MHC class II molecules. Naive T-cells,
through a T-cell receptor that has specificity for a particular
antigenic peptide, recognize the complex of the antigen and
the MHC class II molecules. For the naive T-cell to become
activated, certain costimulatory signals are also necessary.
The most common of these interactions is between the B7
molecule (B7.1 or B7.2) on the antigen-presenting cell and
its counter ligand, CD28, on the T-cell (Figure 1) (Whitton
1998). The activated T-cell can then undergo multiple
rounds of replication, which requires autologous production
of the cytokine interleukin (IL1)-2 and the surface expres-
sion of the IL-2 receptor, CD25. Initially, a multipotential
population of T-cells (Th0) are produced. There are two
types of effector cells, each with the potential to generate a
selective and mutually exclusive array of cytokines, which
dictate the type of immune response that may occur. The
Th1-type lymphocytes preferentially secrete IL-2, inter-
feron-gamma (IFN�1), and tumor necrosis factor-�; and
Th2-type cells produce IL-4, IL-5, IL-9, and IL-13 (Mos-
mann et al. 1986; Swain 1999) (Figure 1).

The particular type of immune response that is gener-

ated depends on a variety of factors, including the type and
dose of antigen, the differential expression of B7.2 versus
B7.1 costimulatory molecules, and the cytokine milieu pres-
ent during the initial priming of the T-cells (Jaffar et al.
1999; Tsuyuki et al.1997). The most important factor ap-
pears to be the presence of particular cytokines. The Th2
cells are induced by the presence of IL-4, and Th1 cells are
induced in the presence of IL-12. Elicitation of a Th2 re-
sponse is the typical feature of immediate-type allergic dis-
eases (Holt 1999). The genes that control the Th2-type of
response have not been fully elucidated at present. How-
ever, clear-cut genetic influences do exist based on data
from population studies.

A small portion of Th2 cells develop into memory T-
cells, which can circulate for long periods of time. Subse-
quent exposure to the initial sensitizing antigen elicits a
vigorous and rapid response from these memory T cells.
Thus, once established, a Th2-response can continue for
many years or be rekindled by subsequent re-exposure to
the allergen that generated the initial response (Holt 1999).

The production of cytokines by Th2-type cells leads to
the production of specific IgE antibodies. IL-4, which is a
necessary signal to B lymphocytes, induces the synthesis of
IgE antibodies by B-cells. A similar function has also been
attributed to IL-13, which has approximately 30% homol-
ogy with IL-4 and shares many of its biological activities. In
contrast, IFN� suppresses the formation of IgE antibody
production. IgE antibody production, therefore, represents
an excess of IL-4 and IL-13 and a relative absence of IFN�.
Although not fully elucidated, current theory holds that al-
lergic disease results from a relative lack of production of
IFN� by individuals who have the atopic trait.

IgE antibody has unique biological characteristics. It is
found in low concentrations in serum compared with im-
munoglobulins IgG, IgM, and IgA. IgE has the unique prop-
erty of binding, through its Fc portion, to receptors found on
mast cells and basophils. These cells, which contain hista-
mine and other biochemical mediators, are found in abun-
dance in tissues that are the site of allergic reactions. These
sites include the skin, conjunctiva, respiratory system, and
gastrointestinal tract.

Interaction between the specific allergen, such as rat or
mouse urinary protein, triggers the release of preformed
mediators, such as histamine, and the generation of other
vasoactive biochemical mediators, such as leukotrienes and
prostaglandins from mast cells and basophils. Furthermore,
the release of chemokines, such as RANTES (regulated
upon activation normal T- cell expressed and secreted) and
eotaxin, results in the recruitment of inflammatory cells
(particularly eosinophils) into the tissues. There, further
release of leukotrienes and other mediators results in the
typical inflammation seen in allergic reactions during the
late-phase response. The biochemical mediators and inflam-
matory cells contribute to the allergic symptoms. Over time
these events may lead to chronic disease states, such as
asthma.

In summary, the mechanism underlying LAA involves a

Figure 1 Antigen presentation to naive T-cells requires (1) rec-
ognition of antigen (AG)/major histocompatibility (MHC) com-
plex by T-cell receptor (TCR), and (2) costimulatory signals
provided through the interaction of CD28 and B7. Differentiation
of T-precursor cells into Th1 or Th2 effector cells is influenced by
the presence of interleukin (IL)-4 and IL-12. Th2-type cells con-
tribute to antigen-induced airway inflammation through the gen-
eration of IL-4, IL-5, IL-9, and IL-13. Reprinted with permission
from Kiekhaefer CM, Kelly EA, Jarjour NN. 2001. Antigen-
induced airway disease. In: Bush RK, ed. Environmental Asthma.
New York: Marcel Dekker. p 13-31.
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complex series of events. Genetic factors may play a role in
governing the ability of the individual to generate an aller-
gic response. Through airborne or skin contact, the allergens
produced by laboratory animals lead to their uptake by an-
tigen-processing and -presenting cells. These cells in turn
interact with T-lymphocytes and in the appropriate cytokine
milieu lead to the generation of Th2 CD4+ T-helper cells.
The Th2-cells then elaborate cytokines, such as IL-4 and
IL-13, that are involved in the production of IgE. The pro-
duction of IL-5 results in maturation and enhances the re-
cruitment of eosinophils into sites of allergic reactions in the
tissues. Finally, the interaction of allergens and IgE results
in the immediate and late-phase allergic response that leads
to the production of symptoms.

The Allergens

The role of the IgE antibodies in health is not completely
understood. However, it is of interest that in the case of
parasitic infections, specific IgE antibodies to parasite an-
tigens arise in response to organisms that have a tissue
migration phase. Interactions between parasitic antigens and
IgE result in the degranulation of mast cells and recruitment
of eosinophils into the site of the parasitic infection. Eo-
sinophils have the capacity to kill parasites, such as schis-
tosomes, in cultures. It is especially interesting to note that
many of the allergens involved in laboratory animal aller-
gies, such as mouse and rat urinary proteins and rabbit
allergens (Baker et al. 2001), belong to a family of proteins
termed lipocalins (proteins involved in the transport of low

molecular weight compounds, such as urinary odorants in-
volved in the sexual activity of rodents), which share se-
quence homology with schistosome antigens (Virtanen et al.
1999). This molecular mimicry between the urinary protein
allergens of the mouse and rat and their close relation to
schistosome allergens may account, in part, for the potency
of these antigens in eliciting an IgE response in susceptible
individuals (Virtanen et al. 1999).

Most major laboratory animal allergens have been iden-
tified and characterized (Table 2). The allergens from rats
and mice cause most difficulty because they are the animals
most often used in research facilities. At least three distinct
mouse allergens have been identified and characterized
(Price and Longbottom 1990; Robertson et al. 1996; Sch-
umacher 1980; Siragenian and Sandberg 1979). The major
mouse allergen Mus m 1, or mouse urinary protein, is a
protein with a molecular weight of 19 kD. This allergen is
found in the hair follicles and dander in addition to the
urine. It is produced in liver cells, and males excrete four
times more of the allergen than females. A second allergen,
Mus m 2, is a 16 kD molecular protein found in the hair and
dander but not in the urine. Mouse albumin is also allergenic
in about 30% of mouse sensitive individuals.

Two rat allergens have been identified in the urine, sa-
liva, and pellet (Bayard et al. 1996; Walls and Longbottom
1985). Rat n 1A was originally thought to be prealbumin,
but more recent studies have demonstrated that both aller-
gens are variants of an �2u-globulin. Rat n 1B is also pro-
duced in the liver and is also androgen dependent. It can be
produced by the salivary, mammary, and other exocrine
glands (Bayard et al. 1996; Gordon et al. 2001b; Mancini et

Table 2 Laboratory animal allergensa

Animal Allergen MWb (kD) Source Biological function

Mouse Mus m 1 (prealbumin) 19 Hair, dander, urine Lipocalin-odorant binding protein
(Mus musculus) Mus m 2 16 Hair, dander Unknown

Albumin Serum Serum protein
Rat Rat n 1A/Rat n 1B 18.7 Hair, dander Lipocalin-pheromone binding protein

(Rattus norvegicus) (�2u-globulin) Urine, saliva
Albumin Serum

Guinea pig Cav p 1 Hair, dander, urine Unknown
(Cavia porcellus) Cav p 2 Hair, dander, urine

Rabbit Ag 1 (Price and 17 Hair, dander, saliva Possible lipocalin
(Oryctolagus cuniculus) Longbottom 1990c) Hair, dander, urine

Ag 2 (Warner and
Longbottom 1991)

Cat Fel d 1 38 Hair, dander, saliva Unknown
(Felis domesticus) Albumin Serum Serum protein

Dog Can f 1 25 Hair, dander, saliva Lipocalin cysteine protease inhibitor
(Canis familiaris) Can f 2 19 Hair, dander, saliva Lipocalin

Albumin Serum Serum protein

aAdapted from Wood RA. 2001. Laboratory animal allergens. ILAR J 42:12-16.
bMW, molecular weight.
cSee text for complete references.
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