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Objectives: The purpose of thisstudy wasto deter mine exposurelevelsin thelaboratory during
different tasksand evaluate the effectiveness of safety equipment used to reduce per sonal expo-
sure.

Methods: Personal and stationary air samples were collected during different tasks in a
laboratory animal facility in which several allergen reduction strategies had been implemented.
Mouse urinary allergen concentrations were measured using a polyclonal sandwich enzyme-
linked immunosor bent assay. Sera from the personnel (n = 29) were analysed every 6 months
for the presence of specific antibodies against mouse and rat urinary allergens, and the staff
answered questionnaires on work-related symptoms, exposure and use of respiratory protec-
tion.

Results: The highest airborne mouse aller gen levelswer e measur ed during manual emptying
of cages, during changing of cages on an unventilated table and during handling of male
animals on an unventilated table. Automatic emptying and cleaning of cages resulted in low
airborneallergen levelsin the working room. Using a ventilated cage-changing wagon reduced
the allergen exposure level from 77 to 17 ng/m3. The housing of animalsin ventilated cabinets,
with air exhausted through the cabinet, effectively prevented the release of allergens into the
ambient air. The handling of animalson ventilated benchesand the use of a centralized vacuum
cleaner resulted in alow exposure level. Only two subjects developed specificimmunoglobulin
E of >0.35 kU/I, of whom onewasreduced to negative after increased use of respiratory protec-
tion.

Conclusions: Effective reduction of exposure to allergens can be achieved by several strat-
egies, which together appear to minimize sensitization to rodents.
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INTRODUCTION asthma. The reaction is known to occur through
either inhalation of or skin contact with animal aller-
gens.

The major allergens from the mouse and rat are
lipocalin proteins produced by the liver and excreted
in the urine. Excretion is under hormonal control, and
levels of the protein complex Mus m 1 is 4-fold
higher in urine from mature male mice than from
female mice (Hastie et al., 1979; Lorusson et al.,
1986; Price, 1987).

The allergens are found on particles over a consid-

Allergy to mice in |aboratory workers was described
in 1957 (Sorell and Gottesman, 1957), and patients
with allergies to guinea pigs, rats, rabbits and mice
were reported in 1961 (Rajka, 1961). Since then,
alergy to laboratory animals (LAA) has become a
well-known occupational disease in personnel
exposed to them (Hunskaar and Fosse, 1990). The
prevalence rate of LAA among laboratory animal
workers is often reported to be 10-30% (Hunskaar
and Fosse, 1990; Renstrom et al., 1995). The LAA

syndrome has been defined as an alergic disorder
characterized by conjunctivitis, rhinitis, urticaria and
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erable size range, including those >10 pm in aerody-
namic diameter (Platt-Mills et al., 1986; Price and
Longbottom, 1988; Sakaguchi et al., 1989; Hollander
et al., 1998). Contact with contaminated bedding
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seems to be a major source of alergen exposure
(Gordon et al., 1992).

Personal exposure to rat and mouse urinary aller-
gens differs between jobs, but more so between facil-
ities, probably because of differences in task
performance and technology (Hollander et al., 1998).
Reduction of exposure to allergen can be achieved by
the use of ventilated systems both for housing and
handling animals. The exposure is reduced 20-fold
when the handling of ratsis performed in aventilated
cabinet compared with handling on an open bench
(Gordon et al., 1997). The exposure is reduced when
the cage changing is performed on a ventilated
changing table (Kacergis et al., 1996) and the
ambient allergen level is reduced through housing
mice in individually ventilated cages with negative
air exhaust pressure (Reeb-Whitaker et al., 1999).

An exposure-response relationship between the
prevalence rate of sensitization to rat allergens and
exposure intensity has been observed (Hollander et
al., 1997; Heederik et al., 1999), and a 10-fold reduc-
tion of aeroallergen exposure has been proposed as
clinically meaningful (Reeb-Whitaker et al., 1999).

Prevention of LAA is crucia because of the poten-
tial for adverse impact on both health and career.
Levels of alergen exposure are clearly task related,
and changes in processes to reduce exposure to aler-
gens can involve building layout, anima housing,
cage changing and cleaning methods.

In an effort to prevent LAA, a comprehensive
programme to reduce exposure to alergens was
developed in a major pharmaceutical company. The
programme included:

e building design;

e animal housing in ventilated cabinets;

« ventilated wagon for cage changing;

e centralized vacuum cleaner;

¢ machine for remova of contaminated bedding
and cleaning of cages;

« handling of animals on ventilated benches;

¢ removal of contaminated exhaust filters directly
into a plastic bag;

« medical examination of the staff every 6 months.

Objective

The purpose of this study was to determine expo-
sure levels in the laboratory during different tasks
and evaluate the effectiveness of safety equipment
used to reduce personal exposure.

MATERIALSAND METHODS

Air sampling

Air sampleswere collected on 25 mm Teflon filters
(FALPO2500, 1.0 pm pore size; Millipore, Sundbyberg
Sweden) in IOM filter cassettes (SKC, Blandford

Forum, Dorset, UK) using portable pumps at 2 I/min
airflow. Airflow through the filter was measured
before and after sampling.

Static samples (30—150 min sampling time) were
collected:

¢ in the animal housing room beside (2040 cm)
the ventilated cabinets (90-120 min sampling
time);

e in an airlock between two laboratories (30-150
min sampling time);

« near the cage emptying/cleaning machine (30—60
min sampling time).

Personal task samples were collected during:

e cage changing on trolley (78-92 min);

e cage changing using a ventilated cage-changing
wagon (60-68 min);

¢ handling of animals on ventilated benches (32—
90 min);

¢ handling of animals outside ventilated benches
(4570 min);

e cleaning of floor in animal rooms and laboratory
(1517 min);

« manua emptying of cages in ventilated funnel
(8-34 min);

¢ removal of contaminated exhaust filters (25-45
min).

During these tasks, the personnel carried the pumps
in a belt with the sampler head fastened in the
breathing zone.

Extraction of material from air-sampler filters

The filters were eluted on the day sampled in 1 ml
of 15 mM phosphate-buffered saline, 0.5% v/v
Tween 20 (Kebo Lab, Lund, Sweden), 0.15% v/v
Kathon CG (Rohm and Haas, Landskrona, Sweden)
during rotation for 2 h. The filter was then discarded,
10 mg (1% w/v) of human serum abumin was added
for protein stabilization, and the eluates were stored
at —20°C until analysis.

Allergen analysis

Levels of mouse urinary allergen in the samples
were measured as described previously (Renstrom et
al., 2001), using a polyclonal sandwich enzyme-
linked immunosorbent assay (ELISA). Samples with
low alergen content were analysed in the ELISA
using assay signa amplification (AMPAK, Dako-
patts AB, Alvsd, Sweden) according to the manufac-
turer’ s recommendations.

The analytical limit of detection for the samples
was 20 pg of mouse urinary alergen (MUA) per ml.
For statistical reasons, samples below detection limit
were given the nominal value 10 pg/ml. The
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Fig. 1. Part of the facilities for activities that involve the use of |aboratory animals.

geometric and the arithmetic mean detection limit of
airborne allergen in the 67 samples was 0.2 ng/ms,

Building design

The design of buildings housing laboratory
animalsisan important element in attempts to reduce
the spread of allergen and the incidence of allergy
among staff working with animals and to prevent
microbiological contamination of the animals within
the facility.

The activities that involve the use of laboratory
animals in the investigated company are isolated
from the rest of the research facilities (Fig. 1).

e Changing rooms are provided with ventilated
lockers specifically designed to reduce contamina-
tion of street clothes. The changing rooms also
have adequate washing and showering facilities.

¢ Thefacilities are designed so that clean equipment
(cages, cabinets) is transferred from ‘clean’ areas
to ‘dirty’ areas.

¢ The airflow pattern has a distribution of air from
clean areas into dirty areas to prevent the release
of material into the clean areas.

« All personnel are required to change into labora-
tory trousers, shirt and shoes upon entering the
facility. When entering a laboratory connected to
animal housing rooms, personnel put on an addi-
tional coloured long-sleeved laboratory coat, hair
covering, gloves and shoes dedicated for the area.

« Emptying and cleaning of cages and ventilated
cabinets are done in dedicated areas.
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Fig. 2. Ventilated cabinet.

Animal housing room

The animals are housed in ventilated cabinetsin an
attempt to reduce the spread of allergens. In the venti-
lated cabinets, the animals are kept in plastic open-
top cages (MAK I11), with 10 micein each cage. The
bedding material consists of non-autoclaved aspen
chip. The ventilated cabinets (B&K Universa,
Nittedal, Norway) can hold a maximum of 20 MAK
[l cages, placed on open shelves in five rows, with
four cages per shelf (Fig. 2).

Theanimal housing roomsare5.45 x 3.15 x 2.65m
(length x width x height), giving a volume of 45 m3
and space for six ventilated cabinets. Air is supplied
into the room in the middle of the ceiling and all
exhaust air is taken out through the ventilated cabi-
nets, 126 m3h per cabinet, giving a room air
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Fig. 3. Cage-changing wagon.

exchange rate of 16.8 per h. The exhaust is extracted
from the cabinet directly into the building air exhaust
system.

The relative humidity in the air was maintained at
50 + 5%, noted to reduce allergen levels in the air
(Jones et al., 1995), and the air temperature is main-
tained at 22 + 1°C.

Cage changing

Bedding was changed twice a week. Previously,
personnel transferred mice from soiled to clean cages
and stacked the used cages on an unventilated table.
Every time a cage is stacked into another, contami-
nated air is pushed out from the cage underneath and
changing of cages is therefore a task that generates
high levels of exposure to alergens (Kacergis et al.,
1996).

To reduce exposure during changing of cages, a
ventilated cage-changing wagon (Fredrikssons Verk-
stads AB, Vadstena, Sweden) was developed. The
equipment is portable and can hold one stack with
clean cages and one stack with soiled cages, with 24
cages in a full stack. The upper cages are adjustable
to maintain the same height, in order to prevent
musculoskeletal disorders. Air is extracted (250 m3/h)
through a perforated frame around the top of the stack
of soiled cages and the animal is thus placed in an
airstream away from the operator (Fig. 3).

All animal housing rooms are equipped with an
exhaust outlet to which the portable ventilated cage-
changing wagon can be connected.

Cleaning of floors

Traditionally floor cleaning has been carried out by
dry sweeping or by using a portable vacuum cleaner.
Portable vacuum cleaners without high-efficiency
particulate air filtration on the exhaust may contribute
to airborne dust by leakage through the filter. Port-

o

Fig. 4. Ventilated bench with downward airflow.

able vacuum cleaners may also contribute to airborne
dust by disturbance of floor dust.

To minimizethe spread of allergens, floors arefirst
cleaned using a centralized vacuum cleaner that
deliversdust into aclosed pipe conveyor with deposi-
tion into a closed container. After vacuuming, floors
are wiped using amoist mop.

Emptying and cleaning of cages

Dirty cages aretransported to adedicated emptying
and cleaning area. Emptying and cleaning of dirty
cageswastraditionally carried out by manually tipping
dirty bedding into aventilated funnel. The funnel was
connected to a closed transport system, delivering
bedding to a sealed container. The cages were then
washed, dried and filled with new bedding material.

To reduce personnel exposure during the removal
of contaminated bedding and cleaning of cages, an
automatic cage-handling machine (Fredrikssons Verk-
stads AB, Vadstena, Sweden) was developed. The
machine removes cages from the stack of soiled
cages and then empties, cleans and dries them, and
finaly fills the clean cages with new bedding mate-
rial and stacks them on trolleys. The machine is
placed behind a wall of glass in the emptying and
cleaning area.

Handling of animalsin laboratories

In an attempt to reduce the spread of allergens,
animals are transported into the laboratory in venti-
lated cabinets. In all laboratories it is possible to
connect the cabinet to an exhaust outlet. Cages are
placed on alaboratory bench and animal s are handled
on aventilated bench equipped with a safety hood.

Ventilated benches (e.g. from addVise AB, Mamé,
Sweden) create a vertical downward principa flow
field, with extraction through a horizontal perforated
plate and airflow past the operator. If a high level
of safety is required, the ventilated bench can be
equipped with a safety hood open at the top in order
to make the vertical flow field more stable (Fig. 4).
The animal is thus placed in an airstream that passes
away from the operator.
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Removal of contaminated exhaust filters

The facilities for working with animals have no
recirculation of extracted air. All exhaust air from
laboratories and animal housing rooms are filtered
before being emitted outdoors.

The exhaust air system has alarge number of filters
in need of regular maintenance. Service staff respon-
sible for filter changes can be exposed to high levels
of allergens, so to minimize the exposure, filters are
withdrawn directly into plastic bags. Service staff
also wear full-face masks and protective clothing
during the removal of contaminated filters.

Analysis of specific immunoglobulin E (IgE) to rat
and mouse urinary protein in serum

Staff (n = 29) were tested every 6 months from the
commencement of the study in 1997 or from the
beginning of employment, and until the end of the
study or until leaving the company, from oneto seven
occasions (mean = 4).

Specific IgE against rat and mouse urinary allergen
(RUA-IgE and MUA-IgE) was analysed in serum as
described previously (Heederik et al., 1999), with the
following alterations: standards and serawere diluted
in phosphate-buffered saline without the addition of
normal human serum. For RUA-IgE, a pool of 38
sera with known specific IgE concentrations was
used as a standard, and for MUA-IgE, a pool of
26 sera was used. Both pools were calibrated against
the CAP FEIA® tests for rat and mouse urinary aller-
gens, respectively (Pharmacia, Uppsala, Sweden),
giving afinal concentration of 13 kU/I for RUA-IgE
and 6 kU/I for MUA-IgE. The standard curves ranged
from 0.01 to 1 kU/l and sera were diluted 10-fold,
giving adetection limit of 0.1 kU/I.

Questionnaire

All subjects answered questions every 6 months on
their medical history, including details of any work-
related symptoms that had occurred.

Subjects

Of the 29 subjects, seven were animal technicians,
13 were laboratory technicians and the rest were
researchers, PhD students and service technicians.

The animal technicians change animal cages and
clean the floors in animal rooms and laboratories
twice a week. Occasionally they take part in animal
examinations, which are performed on ventilated
benches.

The laboratory technicians perform surgery and
administration of medicina products to the animals.
Most of this work is performed on ventilated
benches, but some specific work tasks are performed
close to the breathing zone. PhD students have a
similar exposure situation as the laboratory techni-
cians.

Service technicians handle the automatic cage
emptying/cleaning machine.

Most subjects were currently working with mice
(27, median 40 h/month) and some with rats (16,
median 8 h/month). Eighteen of the 29 subjects had
been exposed to rodents prior to the start of the study.

RESULTS

The results of the airborne alergen analysis are
shown in Table 1. The highest airborne mouse
urinary allergen levels were measured during the
manual emptying of cages, handling of male animals
and changing of cages on an unventilated table.

Allergen levels were significantly lower: (i) during
cage changing using the ventilated changing wagon
(17 ng/m3) than during changing on an unventilated
table (77 ng/m3), P = 0.009; and (ii) when the auto-
matic cage-handling machine was used (0.5 ng/m3in
the working room, 6.8 ng/m? in the loading zone)
compared with manual emptying of cages (367
ng/md).

The mean allergen exposure was low (2 ng/m3)
during handling of 40-80 female animals on venti-
lated benches equipped with a safety hood and when
the work was carried out close to the perforated plate.
Allergen exposure during handling of 50-120 male
animals outside of or 30 cm above the perforated
plate in the ventilated bench without a safety hood
was high (87-94 ng/md).

The mean exposure to mouse allergen during
removal of contaminated exhaust filterswas 13 ng/ms,
and was 5 ng/m3 during cleaning of floors using
central vacuum cleaning and moist mopping.

The mean allergen levels were very low (0.2 ng/m3)
in the airlock entrance to the laboratories and animal
rooms, even when the levels in the laboratory were
45-212 ng/m3. The dlergen levels were below the
detection limit (<0.2 ng/m3) in undisturbed animal
housing rooms, equipped with ventilated cabinets
with air exhausted through the cabinet.

IgE against laboratory animal allergens

On a few serum sample occasions, two subjects
had detectable levels of serum-specific IgE against
MUA. However, thelevelswere <0.35 kU/I, whichis
the CAP-FEIA cut-off limit for sensitization. One of
them had elevated levels twice and symptoms when
working with male mice outside a ventilated bench.
However, since starting to use respiratory protection
(Dustmaster DM4, 3M), levels of specific IgE against
MUA were negative and no symptoms have been
seen.

Eight subjects had elevated serum-specific IgE
against RUA on one or several occasions during the
sampling period. However, only three of them were
working with rats during this period, none of whom
reported any symptoms. Only two subjects had IgE
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levels (RUA) >0.35 kU/I. One subject has left the
company and the other started using respiratory
protection—a face mask with a P3 filter (3M 9332,
3M, Sollentuna, Sweden)—and had undetectable
serum-specific IgE against RUA in the following
serum sample.

Of the atopy tested subjects (n = 27), six subjects
(22%) were positive in a Phadiatop test or had total
IgE levels >100 kU/I.

Symptoms

Only five subjects (18%) reported symptoms when
working with mice. Two of them were PhD students
and the other three were laboratory technicians;
among all of them, three regularly used respiratory
protection, successfully avoiding symptoms. Respir-
atory protection (facial mask) was used regularly by
28% of the subjects and occasionally by 52%.

DISCUSSION

The results demonstrate that the introduction of
a comprehensive programme has the potential to
significantly reduce allergen levels.

The airflow patterns with distribution of air from a
clean area into a dirty area has effectively prevented

Table 1. Levels of airborne mouse urinary allergen (MUA)

H. Thulinet al.

the release of allergens from the dirty area (labora-
tory) into the clean area (airlock entrance).

An excellent barrier effect for allergens has been
achieved by the housing of the animals in ventilated
cabinets with air exhausted through the cabinet. The
dlergen level in undisturbed animal housing rooms
was as low asin the airlock between laboratories.

Cage changing causes for a high level of exposure
to alergens and is an ergonomic risk factor. The use
of aventilated cage-changing wagon reduced alergen
exposure from 77 to 17 ng/m3 and also improved
the ergonomic work posture. The personnel have
reported a clear improvement and a reduced stress of
the neck and upper extremities (data not shown). To
prevent microbial cross-contamination, each labora-
tory with attached animal rooms is equipped with its
own cage-changing device.

Cleaning floors by sweeping and vacuuming cause
amajor increase of particles in the air (Kacergis et
al., 1996). The use of a centralized vacuum cleaner,
followed by moist mopping, resulted in a low expo-
sure level during this operation.

The activity that generated the highest exposure
level to allergens was the manual emptying of cages.
Theintroduction of an automatic machine for emptying
and cleaning of cages has eliminated the manual

Area, situation, no. of samples ng MUA/m3, ng MUA/m3, Below assay ng MUA/m3, % male No. of handled
geometric  arithmetic detection range animals  cagesor mice
mean mean limit, n
Airlock between two labs, n=8, S 0.2 0.4 2 <0.2-1.1
Animal housing, n=5, S <0.2 <0.2 3 <0.2-0.25 40-50 280-640 mice
Cage changing
Unventilated table, n=5, P 77.3 77.9 0 65.1-88.0 0 89-101 cages
Inventilated changingwagon,n=5,P 17.2 17.4 0 14.0-20.8 0 81-97 cages
Cleaning of floors using central 44 6.5 0 0.7-11.8
vacuuming, n =4, P
Manual emptying of cages, n=4, P 367 472 0 111-931 121-355 cages
Automated emptying, loading and 05 0.7 1 <0.2-1.8 20-160 cages
cleaning of cages, in the working room
outside the machine’s containment,
n=539S
Automated emptying, loading and 6.8 7.8 0 4.1-16.8 20-160 cages
cleaning of cages, in the zone where
stack of cagesisloaded to the machine,
n=58S
Handling of animalsin laboratory
Closeto the perforated plateinavent. 2.1 33 0 0.6-9.8 0 40-80 mice
bench with safety hood, n =6, P
Outside vent. bench, animals20cm  87.2 107 0 34.8-220 100 50-100 mice
from breathing zone, n =9, P
30 cm above the perforated plateina 94.3 113 0 45.3-212 100 84-120 mice
vent. bench without safety hood,
animals 20 cm from breathing zone,
n=57P
Removal of contaminated exhaust filters, 13.1 14.7 0 5.8-29.0
n=6,P

S = stationary samples, P = personal samples.
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emptying of cages. Theairborne alergen levelsinthe
working room where the automatic cage-handling
machine is placed were very low (0.5 ng/md) and in
the machine's loading zone the level was 7 ng/mé.
Also, the operator does not have to be present in the
working room near the machine during the whole
emptying and cleaning operation.

The machine also prevents occurrence of musculo-
skeletal disorders, since the manual handling of cages
is eliminated.

The highest exposure level after introduction of the
comprehensive programme was found during the
close handling of male animals. Note that the level of
the protein complex Mus m 1 is4-fold higher in urine
from mature male mice than from female mice. Inci-
dentally, the handling of female animals on ventilated
benches equipped with a safety hood and with the
work carried out close to the perforated plate resulted
inalow exposure level.

It was not possible to handle male animals on a
ventilated bench equipped with a safety hood, and
because special examination of the animals was
necessary, they had to be handled 30 cm above the
perforated plate. One of the people performing this
work had specific IgE below the detection limit in all
six serum samples but was positivein askin prick test
for mouse alergens 1985, and therefore wears a
protective filtered-air hood (Dustmaster DM4, 3M,
Sollentuna, Sweden) that prevents expression of
symptoms. This person can visit the clean areain the
animal facilities without respiratory protection and
without showing any symptoms.

Anocther person performing this work had detect-
able specific IgE against MUA on two occasions
(0.15 and 0.16 kU/I), and reported rhinitis and irrita-
tion in the eyes. Serum-specific IgE against MUA
was undetectable and no symptoms were reported
after the worker started to use respiratory protection
(Dustmaster DM4).

One subject with specific IgE levels (RUA) >0.35
kU/I reduced IgE levels to below the detection limit
after starting to use respiratory protection (3M 9332).

These results indicate a possible effect of respira-
tory protection, and these individuals and similar
future cases should be followed up carefully.

The possibility of detecting specific IgE levels at
very low concentrations is important and may be
used as an ‘early marker’ for the development of
sensitization, perhaps even before any symptoms
have become evident.

Service staff are often exposed to chemicals and
other factorsthat may affect health. Inthisfacility the
working environment has been improved, e.g. filters
are withdrawn directly into plastic bags during the
removal of contaminated filters. The level of expo-
sure to allergens during the removal of filterswasin
the same order of magnitude as cage changing using
ventilated equipment.

CONCLUSIONS

Effective reduction of exposure to mouse allergens
and an improved working environment can be
achieved by the use of ventilated systems and equip-
ment for housing and handling animals and for
handling cages.

The use of automated remova of contaminated
bedding and cleaning of cages has eliminated the
manual emptying of cages that generates high
allergen exposure, and the use of a ventilated cage-
changing wagon has reduced the work exposure to
alergensfrom 77 to 17 ng/m3.

The housing of animals in ventilated cabinets
effectively prevented the release of allergensinto the
ambient air. The allergen exposure during handling
of femae animals close to the perforated plate in
ventilated benches equipped with a safety hood was
low, while close-range handling of male animals
outside of or 30 cm above the perforated plate in a
ventilated bench without a safety hood was associ-
ated with high levels of allergen exposure.

The design of the building, isolating the |aboratory
animal work and with the air flowing from clean
areas into dirty areas, has prevented the release of
allergenic material from dirty areas into clean areas.
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