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Objectives The purpose of this study was to determine the factors affecting exposure to rat and mouse urinary
allergens.

Methods Ambient and personal air sampling was performed on a large scale in 7 laboratoly animal facilities.
Results Allergens were mainly present as large particles (25.8 pm). The higher the number of animals in a room, the
higher the allergen concentrations. Allergen levels were twice as high on Mondays as on other days due to the tasks
performed on Mondays. Filter tops on animal cages were associated with 6-17 times lower ambient allergen levels.
An inverse day-night rhythm for rats produced 210 times higher rat urinay allergen levels. Personal exposure to rat
and mouse urinary allergens differed between job titles but especially between facilities, probably because of
differences in task performance and technology. Task-specific sampling revealed that the highest personal exposure
levels occurred when contaminated bedding and high numbers of conscious animals were handled. The proportion of
time spent on these tasks determined the degree of allergen exposure to a large extent.
C O ~ C ~ U SThis
~ O study
~ S showed that the number of animals present in the room, use of filter top cages, and an inverse
day-night rhythm were important determinants of rat and mouse urinary allergens in ambient air. Personal exposure
to rat and mouse urinary allergens was predominantly determined by the task and site and, to a limited extent, by
ambient exposure levels. The presented determinantscan be used to develop exposure reduction strategiesand also to
aid epidemiologic studies of laboratory animal allergy.
Key terms aeroallergens,ambient air, job title, laboratory animals, task.

Laboratory animal workers are at high risk of developing
occupational allergy (1-8). Several studies (5,6,9) have
shown that the risk of developing laboratory animal allergy is related to the allergen exposure level. Exposure control can potentially decrease the risk of developing the
disease. Effective exposure control, however, requires
detailed knowledge of the most important determinants
of exposure (10, 11). When available, this kind of knowledge can b e used to estimate exposure levels in epidemiologic studies as well (12-14).
Rat and mouse urinary proteins are highly allergenic
(15-19) and are the most important allergens in airborne
dust in laboratory animal facilities (16, 19). In previous
studies associations have been found between ambient air
levels of urinary allergens and the number of animals in
the room (20-22), the bedding material used (20, 23),

the relative humidity in rooms (24), the use of filter top
cages (20), and the rate of ventilation (25). Little is known,
however, about the determinants of personal allergen exposure levels of laboratory animal workers.
A large epidemiologic study among approximately
600 laboratory animal workers started in 1992 (8,9). As
part of this epidemiologic study on laboratory animal all e y , ambient air sampling in animal rooms, and shift- and
task-based personal air sampling was performed. This
paper describes an analysis of potential determinants of
rat (RUA) and mouse (MUA) urinary aeroallergen exposure. Linear regression models were used to determine
the factors affecting RUA and MUA concentrations. In
contrast to the findings of other studies (20, 22, 26), air
samples were taken at more than 1 laboratory animal facility. Furthermore, this study had no experimental
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Elution and analysis of urinary aeroallergen to rat
and mouse
RUA and MUA were recovered from the filters by extraction at room temperature with 15 ml (Andersen samples),
4.5 ml (total dust samples), or 2 ml (inhalable dust samples) phosphate buffered saline (PBS, pH 7.4). The filters
were successively vortexed for 2 minutes, sonicated for 2
minutes, vortexed for 5 minutes, and sonicated for 2 minutes. The extract was centrifuged at 5000 g for 15 minutes, and the supernatant was collected and stored at
-20°C. The extracts of the Andersen samples (glass fiber
filters) were centrifuged twice. RUA and MUA were assayed by sandwich enzyme immunoassays that have been
described in detail elsewhere (29). Urine from Wistar rats
and Balb/c mice was used as standard preparations in the
immunoassays. The concentrations in the test samples
were expressed in nanograms of urinary protein equivalent (ng eq) per milliliter in which 1 ng eq was defined as
the amount giving the same assay result as 1 ng of protein
of the standard.
The detection limit was estimated by analyzing extracts of 126 blank filters. These filters underwent the
same procedures as the loaded filters except for actual air
sampling. The average allergen concentrations estimated
in these extracts was 0.026 (SD 0.028) ng eqlml for the
RUA assay and 0.018 (SD 0.023) ng eqlml for the MUA
assay. Only extracts of air samples with a concentration
higher than the mean concentration of these blanks + 2
SD were considered positive, which implied a detection
limit of 0.075 ng eqlml for the RUA and the MUA assay.
Due to differences in the sampling time and flow rate, the
detection limits were 0.030 ng eq/m3for the total dust samples from the ambient air, 0.23 ng eq/m3 for the personal
full-shift samples, and 0.94 ng eq/m3for the personal task
samples. Two-thirds of these detection limits were assigned to samples in which RUA or MUA were below the
limit of detection.

Statistical analyses
Potential determinants of the exposure were included in
classical linear regression models (SAS, version 6.09, procedure GLM) to help define factors affecting the RUA
and MUA concentrationsin ambient and personal air samples. Determinants which did not contribute to the model
(P>O.l) were excluded from the model. In the analyses,
the logarithm of the RUA and MUA concentrations was
used to stabilize the variance. Continuous (eg, the number
of animals) and dummy [eg, the use of filter top cages
(yes;no)] variables were used as independent variables in
the empirical models. The logarithm of the number of animals was used to obtain a linear relationship with the RUA
and MUA concentrations. Residuals, partial regression
plots and influence statistics (Cook's D) were inspected
to evaluate possible violation of the assumptions. The
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models presented had normally distributed residuals, and
there was no evidence of any leverage that affected the
estimated contribution of the various determinants of exposure.

Results
Ambient-air dust sampling was performed in 16 of the 21
zones in a total of 40 rooms. The remaining 5 zones were
not accessible for our ambient-air sampling equipment
because of possible contamination of the animals. Some
characteristics of the animal rooms are given in table 1.
The average number of animals was 128 in the rat rooms
and 404 in the mouse rooms. At site C, the filter top cages
were used in 1 mouse and 1 rat room. In 1 rat room at site
G, infrared lights were used to achieve an inverse daynight rhythm. The ventilation rate in all the animal rooms
was in between 10-25 air changes per hour, except for
the animal rooms at site A, B,, ,,,,E,, ,, and F, where
the ventilation rate was more than 25 air changes per hour.
Furthermore, the average temperature of the air in the room
was 22 (range 19-25)"C, and the average relative humidity was 58 (range 37-73%. Of the 152 total dust
samples from the ambient air, 83 were collected in rat
rooms, 61 in mouse rooms, and 8 in rooms in which both
rats and mice were present. The median RUA concentration in the rat rooms was 0.90 ng eq/m3 versus 0.020 ng
eq/m3in the mouse rooms. The median MUA concentration in the mouse rooms was 7.2 ng eq/m3 versus 0.020
ng eq/m3in the rat room. Fifty-one percent of the samples
in the rat rooms had no detectable MUA level, and in the
mouse rooms the RUA could not be detected in 85% of
the air samples.
Regression analysis revealed that the logarithm of the
number of animals in the room explained most of the variability in the logarithm of the RUA and MUA concentrations. Other important determinants were the use of filter
top cages, the use of infrared lights, and the day of the
week the sample was taken (tables 2 and 3). The presented models explained 66% and 80% of the variability of
RUA and MUA levels in the ambient air, respectively. No
additional variability in the RUA and MUA levels could
be explained by the other variables, such as volume, ventilation rate, temperature, and humidity of the room. Doubling the number of rats or mice would increase the RUA
or MUA levels 1.6 and 1.8 times, respectively. The estimated RUA concentration was approximately 8 times
higher in a rat room housing the maximum number of rats
observed (N=416) compared with a similar rat room housing the minimum number of rats observed (22). For mouse
rooms this difference was even larger, approximately 14
times. In rooms with filter tops on the cages the RUA and
MUA levels were approximately 6 and 17 times lower

Hollander eta1

Table 2. Analysis of variance model of ambient rat urinary
aeroallergen (RUA) concentrations on various animal room characteristics [outcome variable: log1O(RUA concentration)]. (residual
SD = 0.58)
df

SS

Source
Model
4
Error
146
Characteristic
Log (number
of rats in room) 1
Monday versus
Tuesday-Friday 1
Filtertop on cages 1
Infrared light
in roomc
1

MS

F

R2

P

pa (SE)

97.4 24.4 70.6 0.0001 0.659
50.4 0.35

,

79.0b

229 0.0001

.

0.72 (0.05)

1.3b
4.5b

3.8 0.0519
13.1 0.0004

.
.

0.26 (0.13)
-0.77 (0.21)

4.Zb

12.2 0.0010

.

1.05 (0.30)

For the estimation of the geometric mean for a given set of conditions, the
background level (0.023 ng eq/m3) should be multiplied by IO(pxfactors)
(eg,
80 rats in open cages with normal lights will give an estimated RUA
+0.26x1-0 7 7 x O + 1.05xO) 0.023 =
concentration on a Monday of 10(072XI~a(80)
0.98 ng eq/m3.
bType Ill SS.
lnfrared lights were used to achieve an inverse day-night rhythm.
a

Table 3. Analysis of variance model of ambient mouse urinary
aeroallergen (MUA) concentrations on various animal room characteristics [outcome variable: loglO(MUA concentration)]. (residual SD = 0.52)

Source
Model
3 163.9 54.6 199.4
Error
146 40.0 0.27
Characteristics
Log (number
560
of mice in room) 1 153.6b
Mondayversus
Tuesday-Friday 1
2.6b
9.6
Filtertop on cages 1 11.5b
42.0

.

0.0001 0.804

Table 5. Analysis of variance model of the personal shift rat urinary aeroallergen (RUA) concentrations [outcome variable:
logIO(RUA concentration)]. (residual SD = 0.72)
df
Source
Model
11
Error
239
Characteristic
Job title
4
Animal caretaker
Animal technician
Scientific assistant
Scientist
Supervisor
Site
6
A
B

Monday versus
Tuesday-Friday

1

Monday versus
Tuesday-Friday

. 0.36 (0.11)
. -1.24 (0.19)

For the estimation of the geometric mean for a given set of conditions, the
(eg,
background level (0.040 ng eq/m3) should be multiplied by 10(PXbCtorS)
290 mice in open cages will give an estimated MUAconcentration on a
Monday of 10(082';tQa(2g0)+036d-l
2 4 ~ 0~
) (0.040
= 9.6 ng eq/m3.
bType Ill SS.
a

Rat (N=4)
Mean (%)

Range

36.2 3.3 6.1
128.2 0.54
6Jb

3.1

P

R2

p(SE)

0.0001 0.22

.

0.018
. 0.38 (0.24)

. 0.02 (0.26)
. -0.33 (0.33)

. 0.17 (0.24)
0
23.7b

7.4

0.0001

. -0.54 (0.94)
. 0.60 (0.57)

4.4b

8.3

0.0045

. 0.37 (0.13)

Table 6. Analysis of variance model of the personal shift mouse
urinary aeroallergen (MUA) concentrations [outcome variable:
loglO(MUA concentration)]. (residual SD = 0.87)

Aerodynamic
diameter
(W)

0.0023
0.0001

F

For the estimation of the geometric mean for a given set of conditions, the
background level (0.15 ng eq/m3) should be multiplied by 10(PxfactorS)
(eg,
an animal caretaker at site B will have an estimated RUA concentration on a
7 x '=) 3.4 ng eq/m3.
Monday of 1 0 ( 0 ~ 3 8 + 0 ~ + 0x 30.15
bType Ill SS.

Table 4. Mean and ranges of the distribution of allergen particles, presented as a percentage of the total urinary aeroallergen
concentration.

. 0.82 (0.03)

MS

a

Source
Model
9
Error
161
Characteristic
Job title
3
Animal caretaker
Animal technician
Scientific assistant
Scientist
Supervisor
Site
5
A
B
C
D
E

0.0001

SS

Mouse (N = 6)
Mean (%)

Range

1

11.6b

14.4

0.0002

. 0.65 (0.17)

For the estimation of the geometric mean for a given set of conditions, the
(ea.
backaround level (0.15 no eo/m3) should be multi~liedbv 10(Px@CtorS)
an anha1 caretaker at site^ will have an estimated'RUA cbncentration'G a
+I
3 + 0 6 5 1 ) x 0.15 = 27.3 ng eq/m3.
Monday of
bType Ill SS.
a

Total allergen
concentration
(ng eq/m3)
a

0.57

0.13-4.90

14.8

Four stages of the Andersen samplerwere grouped.

3.637.8

t h a n t h e l e v e l s f o u n d in s i m i l a r r o o m s w i t h o u t f i l t e r tops
o n t h e cages. T h e RUA a n d MUA l e v e l s w e r e a p p r o x i m a t e l y t w i c e as h i g h o n M o n d a y s t h a n o n t h e o t h e r days
o f t h e week. Furthermore, in t h e r a t r o o m s where rats w e r e
Scand J Work Environ Health 1998, "0124, no 3
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kept with an inverse day-night rhythm, the RUA levels
were about 11 times higher than the RUA levels found in
normal rat rooms.
Table 4 shows the size distribution of the dust particles carrying allergens. The RUA values were carried on
particles larger than 5.8 pm in diameter, and 78% of the
total allergen level in a sample was found on particles with
a diameter larger than 9 pm. The majority of the MUA
values was also found on particles larger than 5.8 pm in
diameter (72%).
Of the 287 4- to 8-hour personal inhalable dust samples, 116 were collected during work with only rats, 36
during work with only mice, and 135 during work with
rats and mice. The personal dust concentrations were low
and showed little variation over time and between jobs
(range 0.1 1-0.64 mg/m3), whereas the variability of the
aeroallergen concentrations was large. The median RUA
and MUA concentrations of all the samples were 0.76 ng
eq/m3 and 6.4 ng eq/m< respectively. The variability in
the RUA and MUA exposure was large with a 175- and
1400-fold difference between the 5th and 95th percentiles of the distributions, respectively. Of the large variability in both the RUA and MUA concentrations, 22% was
explained by job title, site, and day of the week the sample was taken (tables 5 and 6). The animal technicians
and supervisors had similar median RUA exposure levels of 0.77 and 0.65 ng eq/m3.For the scientists and scientific assistants more than half of the samples were below the detection limit. For MUA the highest exposure
levels were found for the animal technicians (median 12.1
ng eq/m3) and caretakers (median 6.4 ng eq/m3), and the
lowest exposure levels were found for the supervisors
(median 0.58 ng eq/m3).For the scientists only 2 air samples were collected during work with mice. Site explained
most of the variability in the RUA and MUA exposure,
giving a 100- and 23-fold difference in the estimated RUA
and MUA exposure between the sites with the lowest and
highest exposure. The RUA and MUA levels of the personal shift samples were higher on Mondays than on the
other days of the week, 2.3 and 4.5 times, respectively.

The 278 task-specific personal inhalable dust samples
included 46 4- to 8-hour shift samples that entailed only 1
task. Altogether 155 samples were collected during work
with rats, 82 during work with mice, and 41 during work
with both rats and mice. The exposure levels by task are
given in table 7. Respectively, 62% and 18% of the samples had no detectable RUA or MUA levels. The tasks of
changing rats into new cages and cleaning out cages were
associated with the highest exposure to RUA. During all
other tasks the median RUA levels were below the detection limit. Tasks that involved the handling of contaminated bedding or experiments with large numbers of conscious mice were associated with the highest exposure to
MUA. During changing mice into new cages, the handling of mice, feeding, and biotechnological work, intermediate levels of MUA were found. Tasks entailing indirect contact with mice, like cage washing and cleaning
animal rooms, were associated with the lowest MUA exposure. Regression analysis revealed that task, site, and
the interaction between task and site explained 56% and
51% of the variability in the RUA and MUA levels, respectively (RUA: F=10.5, df=21, P=0.001, residual
SD=0.48; MUA: F=5.6, df=19, P=0.001, residual
SD=0.67). In these analyses the tasks of feeding and handling animals were grouped, as well as the tasks of room
or cage washing, biotechnological work, and experiments.
This grouping resulted in a total of 4 tasks. Again, cleaning out cages was associated with the highest RUA and
MUA exposure, although clear differences in exposure
between sites were observed for this task. The interaction
between site and task explained a large amount of the
variability in RUA and MUA exposure (approximately
20% in both models).
Table 8 shows the average proportion of time spent
on the various tasks during contact with rats or mice, tissues, feces, or urine. Animal caretakers worked the most
of all workers with rats or mice. During approximately
80% of their time spent working with animals they were
involved in feeding, cleaning rooms or cages, and moving animals to new cages. Animal technicians, scientists,

Table 7. Geometric mean (GM), geometric standard deviation (GSD), and range of airborne RUA and MUA task-specific personal
exposure levels (ng eq/m3)(N=196for RUA exposure, N=123for MUA exposure). ( N D = number of samples below the detection limit)
Task

Rat
N

Cleaning out cages
Changing into new cages
Feeding
Handling animals
Experiments2
Experiments1
Biotechnical work
Cage wash
Cleaning rooms
a

29
35
20
34
7
25
23
8
15

ND

GM
(ng eq/rn3)"

Mouse
GSD

12

10
11
22
5
20
21
7
13

ng eq = ng protein equivalent
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Range

N

ND

GM
(ng eq/rn3)"

GSD

Range

Hollander et a1

Table 8. Proportionaof time spent on various tasks during contact with rats or mice or with tissues, feces or urine from rats or mice and

hours per week working with laboratory animals.
Job title

Animal caretaker
Animal technician
Scientific assistant
Scientist
Supervisor
a

Cleaning
rooms

19
10
6
<1
22

Change to
new cages
2

il
9
2
<I

Cleaning
cages

19
7
<1
<I
6

Cage
washing

14
5
tl
11
14

Feeding

24
17
3
3
15

Handling
animals

8
10
4
29
17

Biotechnical
work

2
33
9
19
4

Experiments 1

2
12
47
40
<1

Hours perweek
working with
laboratoly animalsb

27
16
5
5
3

This proportion does not add up to 100% for each job title because a small proportion was spent on miscellaneous tasks.
This figure was derived from the health-exposure questionnaire which was distributed to all the workers of the participating facilities (8)

and scientific assistants worked fewer hours per week with
mice or rats, and their work with laboratory animals consisted of more than 50% of handling animals, biotechnological work, and experiments on anesthetized animals.
Normally, supervisors have no direct contact with animals,
but, due to leaves of absence of other workers, they had
to take over the other workers' tasks occasionally (ie, an
average of 3 hours per week).

Discussion
Large differences in RUA and MUA concentrations were
found in the ambient air when various animal rooms were
compared. The number of animals in the room explained
more than 50% of the variability in the allergen concentrations. Other important exposure determinants of the
ambient exposure levels were the activity of the animals
and the use of filter top cages. The use of an inverse day
or night rhythm, which makes rats more active during
workhours, resulted in considerably higher RUA levels in
the rooms. These observations under field conditions are
consistent with findings from other, mostly experimental
studies, where the aeroallergen concentrations in rooms
increased when the animals were disturbed (23,26,30).
The use of filter top cages seems to be a useful control
measure, also under field conditions, to reduce the allergen level in the ambient air of the rooms. In rat and mouse
rooms where filter tops were used, the RUA and MUA
concentrations were 6 and 17 times lower, respectively,
than in similar rooms without filter top cages. This finding is consistent with the results of an experimental study
(20), in which the RUA concentration of the ambient air
was reduced by filter tops to levels similar to those found
in the same room in the absence of rats.
As observed in some other studies, animal caretakers
had the highest personal RUA and MUA exposure because they spent the largest proportion of their worktime
on cleaning out cages, which involves handling
contaminated bedding material, and handling large numbers of conscious animals (31-33). On Mondays the
ambient air levels and the personal RUA and MUA levels

were significantly elevated when compared with the levels on the other days of the week, mainly due to cleaning
activities.
Cleaning tasks, feeding, and handling animals were
related to high allergen exposures. Within task categories, large differences in task-specific exposures between
sites were obser~ed.This finding suggests that unaccounted for site-specific detenninants might play a role. Differences in cleaning technology (exhaust ventilation near
cleaning tables) and feeding technology between sites are
the most likely explanations for the large variation that
could be attributed to a site effect within task categories.
The influence of determinants of exposure on full-shift
personal exposure measurements could not be determined
directly. Workers often performed a task in more than 1
room with different room characteristics (ventilation, etc)
and animal densities. Several tasks (cleaning cages,
cage washing, biotechnological work, and experiments)
were not performed in the animal rooms. As a result, determinants of personal exposure differ to some extent from
the determinants of ambient exposure in animal rooms.
Other unmeasured factors may also contribute to the differences in personal exposure levels, such as the level of
contamination of the bedding material, personal behavior
of the worker, and type and varying levels of local ventilation equipment or other exposure control equipment.
These results indicate that lowering ambient allergen exposure levels in animal rooms will have only limited impact on the personal exposure of some categories of workers, especially animal caretakers and animal technicians.
It seems important to focus preventive strategies more on
the determinants of (full-shift or task-specific) personal
exposure.
This assumption is also supported by other observations. The average personal exposure levels of the highest exposed tasks were approximately 10 times higher than
the average ambient air levels found in the animal rooms,
probably because cleaning tasks, feeding, and animal handling contributed the most to the personal exposure levels. The factor 10 is probably an underestimation of the
true difference because only filters were assayed. The dust
captured on the cone of the sampling head was not included in the biochemical analysis. The ambient
Scand J Work Environ Health 1998, vol24, no 3
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exposure levels were overestimated when compared with
the levels in inhalable dust samples, because dust was sarnpled according to the total dust convention (34).
The large influence of site is similar to results found
in some other industries (10, 12), but it is in contrast to
the findings of another study in laboratory animal facilities (35). In the latter study, job title explained a much
larger percentage of the variability in RUA levels than
differences between sites. A possible explanation is the
larger number of sites sampled in this study (35).
Empirical modeling as used has several limitations. A
large proportion of the variance in personal RUA and
MUA levels remained unexplained in the linear models
because of factors not accounted for in this study. In addition, the evaluation was restricted to explanatory variables with sufficient variation. An important difference with
other studies (20,22,26) is that our study was performed
at different sites, which should account for sufficient variation in the various variables. Despite the large number
of sites in our study, we could not find any association
between ambient air allergen concentrations and the rate
of ventilation and relative humidity in the room, a finding
which is in contrast to those of other studies (24,25,36).
The reasons for these discrepancies are not clear, but they
could be associated with the limited influence of ventilation when compared with the influence of other strong
determinants of exposure or the dependence between the
ventilation rate and other determinants of exposure.
RUA and MUA were found mainly on particles larger
than 5.8 pm, a finding consistent with findings of other
studies (20,23,30, 37,38). These particles are probably
deposited in the nose and upper airways (39).
In another paper (9) we described a relationship between exposure to RUA and the prevalence rate of rat allergy. At low "time-multiplied exposure" levels (4-hour
weekly nanograms of urinary protein equivalent per cubic meter) 9% of the "atopic" workers had an allergy to
rats. Among the "nonatopic" workers, allergy to rats was
not present in the lowest exposure group. Such a low
"time-multiplied exposure" level would already be
reached by changing rats for about 9 minutes per week or
being in an average rat room for slightly more than 1hour.
Consequently, a considerable reduction in exposure is
necessary for this group of sensitive workers (ie, "atopic"
workers) to be able to work under normal conditions with
a low risk of developing occupational allergy.
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