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Reduction of airborne allergenic urinary proteins
from laboratory rats

Susan Gordon, Rosemary D Tee, D Lowson, J Wallace, A J Newman Taylor

Abstract
Allergy and asthma caused by proteins of
laboratory animals, particularly rats and
mice, are the most important occupational
health hazards for the scientists and tech-
nicians who work with such animals. The
influence of different cage litters, cage design,
and stock density on measured rat urinary
aeroallergen (RUA) concentrations has been
examined in a room housing male rats, to
determine practical means to reduce allergen
concentration in animal laboratories. Eight
hour static air samples were taken at 2 I/mi
and the RUA concentrations measured by
radioallergosorbent test (RAST) inhibition.
High RUA concentrations occurred when the
animals were housed on wood based, contact
litter (geometric mean (GM) sawdust 7-79
pg/m'; woodchip 6-16 pg/m'). The use of non-
contact absorbent pads was associated with a
significant decrease in RUA concentrations
(GM 2-47 pg/m'; p < 0-0001). Rat urinary
aeroallergen concentrations fell more than
fourfold when the animals were housed on
woodbased, contact litter in filter top cages
rather than conventional open top cages (GM
filter top 0 33 pg/m'; open top 1-43 pg/in;
p < 0-0001). The number ofrats (stock density)
strongly influenced the RUA concentration
and a linear relation was found between the
log, allergen concentration and stock density
under these study conditions. The measure-
ment of airborne particle size on cleaning out
days showed that all litter types generated
similar sized particles: more than 80% of the
RUA was carried on particles larger than 8 pm
in diameter for all litter types. The findings
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suggest that the exposure ofanimal husbandry
personnel to RUA may be substantially
reduced by the avoidance of contact litter, the
use of filter top cages (where suitable), and by
keeping stock density to a minimum.

In 1986 in the United Kingdom, 11 000 animal
licence holders undertook 830 000 experiments
involving rats.' Cross sectional epidemiological
surveys have shown that about one third of people
exposed to laboratory animals experience allergic
symptoms ' and up to 10% have asthma,478 many of
whom may ultimately have to seek alternative
employment. Allergy to laboratory animals is an
important health hazard for both research scientists
and animal husbandry personnel. The risk of its
occurrence is probably related to airborne allergen
concentration and reducing exposure by the use of
respiratory protection has been shown to decrease
the incidence of disease.9 Laboratory animal allergy
and asthma are potentially preventable if exposure to
animal aeroallergens can be reduced sufficiently.

In 1988 regulations were introduced that require
employers to identify, assess, and minimise the risk
ofharmful substances hazardous to the health oftheir
employees (The Control of Substances Hazardous to
Health Regulations (COSHH)). A method suitable
for the measurement of aeroallergen concentration
was first described by Agarwal et al in 1981.'1 Several
groups have subsequently reported similar approa-
ches to estimate exposure to laboratory animal aller-
gens,"'6 but there have been no large controlled
studies of the effectiveness of simple methods to
reduce airborne animal allergen concentrations.
Urine is the major source of rat allergens.'7 We

have measured rat urine aeroallergen concentrations
under different husbandry conditions in a room
assigned specifically to this study to ascertain what
practical steps can be taken to reduce aeroallergen
concentrations.

Materials and methods
ANIMAL HUSBANDRY
Sixty male HSD/OLA Wistar rats (Harlan Olac Ltd,
Bicester, Oxon) around three months old were
housed according to Home Office code ofpractice'8 in
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a room (size 3-7 m x 2-3 m x 2-3 m) assigned solely
to this study (maximum stock density 3-1 male
rats/m3) and separate from other animal rooms.
Access to the room was restricted to the animal
technician responsible for the daily care of the
animals and the research scientist performing the
study. The room was ventilated at a rate of 18 air
changes per hour and kept at positive pressure to the
corridor. The temperature and relative humidity
were controlled between 18°C to 20°C and 50% to
60%.
Animals were checked daily and provided with

expanded laboratory diet (Bantin and Kingman Ltd,
Grimston, Hull) and water ad libitum. The soiled
bedding was changed twice weekly (cleaning out).
The animals in open top cages were put into clean
cages and the soiled bedding transferred to a recepta-
cle within the study room. The filter top cages were
removed from the room before cleaning out. The
floor was wet swept daily and washed after cleaning
out.

Static (area) and personal air samples were collec-
ted as described later to evaluate the change in RUA
concentrations when three animal husbandry
procedures likely to influence allergen concentra-
tions were altered.

measurements were compared with those collected
in the presence of 30 rats in the stock density
experiment series.

(3) Stock density
To assess the influence of stock density on RUA
concentrations, fifteen rats were removed from the
room each week, reducing the stock density from 3-1
male rats/m3 to no male rats/m' over five weeks. All
the animals were housed on woodchip bedding in
solid bottom, open top cages in racks.

AIR SAMPLING
Personal air samplers (AFC 123, Casella London
Ltd, London) were used to collect static (area) and
personal air samples. Samples were collected at
2 1/min with 25 mm diameter seven holed sampling
heads (Casella London Ltd) on to polytetra-
fluoroethylene (PTFE) filters (1-2 pm pore size;
Sartorius Instruments Ltd, GB-Belmont, Surrey).

Static (area) samples
Four sampling pumps were placed around the room
at an average height of 1 8 m. Figure 1 shows the
position of the sampling pumps in relation to the

(1) Litter type
Comparisons were made between the use of contact
(woodchip and sawdust) and non-contact (absorbent
pads) litter types.
Animals were housed in open top cages (Type RC

1, North Kent Plastics, Erith, Kent) in racks, five rats
a cage, at a height of 03-1 7 m above the floor.
Absorbent pads (Beta-sorb multilayer tray liners
250 mm x 650 mm divided in two; Beta Medical and
Scientific (Datesand Ltd), Sale), woodchip (graded
shavings; Datesand Ltd), or sawdust (woodflakes,
grade 6; Datesand Ltd) litter were used sequentially
for two weeks each. Both the wood based sawdust and
woodchip litter were described as dust free by the
manufacturer. The animals were directly in contact
with the wood based litter but were separated from
the absorbent pads by a grille floor (RC 1 with grid
bottom). The room was left unoccupied by animals
for two days between experiments to enable a
baseline measurement to be taken.

(2) Cage design
Thirty rats were housed three per cage on woodchip
bedding in solid bottom, open top, and filter top
cages (Techniplast, Varese, Italy). The filters for the
cages were made from 100% polyester and retained
87% of 1-5 pm particles at a Frazier air permeability
of 350 cubic feet per metre. The filter top cages were
placed directly on the floor due to the unavailability
of a suitable rack.
To evaluate the effect of cage design, these
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Figure I Plan of study room showing position of air
samplers (pumps PI to P4) in relation to animals and
ventilation. The ventilation was at ceiling height.
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ventilation system. Eight hour samples were collec-
ted except immediately before the introduction ofthe
rats after husbandry changes when four hourly
baseline samples were taken.

Personal samples
The animal technician wore the personal sampler
while cleaning out the rats. The sampler was swit-
ched off immediately after the task was completed, a
total sampling time of about 20 minutes.

Particle sizing
To determine the particle size of the dust generated
on cleaning out days, an eight stage Marple cascade
impactor (Sierra Instruments, distributed by
Schaeffer Instruments Ltd, Oxon) was used as a
static sampler. Eight hour samples were collected at
2 1/min on to glycerol gelatin (Sigma Chemical
Co, Dorset) coated Mylar membranes (Schaeffer
Instruments Ltd) according to the manufacturer's
recommendations. Samples were collected in the
presence of 60 rats housed on both types of wood
based, in contact litter and the absorbent pads. One
measurement was taken per litter type.

Elution offilters
All filters were eluted in 2 ml 0 1 M NH4HCO, (pH
7 0-7 5) with 0 5% v/v Tween 20 for two hours'9;
PTFE filters in Sterilin RT-30 tubes (7-4 x 1 1 cm)
(distributed by Al Laboratory Supplies, London) by
vortexing at 2 x 1 hour intervals, and Mylar filters by
rocking and rolling in sealed 6 ml plastic Sterilin
containers (12 x 50 mm; Al Laboratory Supplies).
Filter eluates were freeze dried and reconstituted
before assay.

AEROALLERGEN ASSAY
Preparation of reagents
Urine was collected daily from four month old male
Wistar rats using a metabolic cage (Techniplast).
The pooled urine was filtered (Whatman, Grade 1),
concentrated, dialysed against distilled water, and
lyophilised.
Paper discs (6 mm; Schleicher and Schuell, dis-

tributed by Anderman Company Ltd, Kingston-
Upon-Thames) were activated with cyanogen
bromide (Sigma Chemical Company). Three mg

lyophilised rat urine was coupled per 300 mg of
activated discs by the method of Ceska et al.'0

RAST inhibition assay
The RUA concentration of the air samples was
determined by RAST inhibition. Briefly, pooled sera
from 15 patients allergic to rat urine (diluted 1:16
with 0-1 M phosphate buffered saline (PBS) contain-
ing 0-3% w/v human serum albumin and 0 1% w/v
sodium azide) (50 p1) were incubated ovemight in
duplicate with an equal volume of air sample or rat

urine standard (0 0 and 1-0 mg/ml to 10 ng/ml in 10-
fold dilutions). A rat urine RAST was then per-
formed on the inhibited samples and bound IgE
detected using '25I labelled anti-IgE (Pharmacia,
Uppsala, Sweden).
The standard curve percentage inhibition (p) data

adhered to previously described criteria2" and was
therefore logit transformed using loge (p/[l-p]).
When plotted against log concentration, a straight
line could be fitted and from it the rat urine concen-
tration ([RU] mg/ml) of the air samples interpolated.
The RUA concentration was then calculated as:

RUA (ug/m3) = [RU] x reconstituted volume (ml)
vol of air sampled (m3)

The limit of detection for the assay was 50 ng/ml.

STATISTICAL ANALYSIS
All statistical analyses were made on the log transfor-
mation (loge) of the allergen measurements with the
statistical package SAS.
A three factor analysis of variance (ANOVA) was

used initially. This tested for differences between
mean RUA concentrations due to litter type, pump
position, and the influence of cleaning out and non-
cleaning out days. Tukey's studentised range test was
used to provide more detailed information about the
differences between the means. A two way analysis of
variance was also used to test for differences in RUA
concentrations due to cage design and pump posi-
tion. Evidence was sought for interaction of effects in
both of the analyses.

Analysis of covariance was used to describe the
allergen concentrations by the number of rats in the
animal house, pump position, and whether or not it
was a cleaning out day.

Results
LITTER TYPE
Figure 2 shows the RUA concentrations measured in
the presence of 60 rats housed on absorbent pads,
woodchip, and sawdust bedding. The baseline values
of 0 07, 0-19, and 0-78 pg/m' (theGM of the concen-
trations recorded when the room was empty) were
subtracted from the absorbent pad, woodchip, and
sawdust litter results respectively.
The highest RUA concentrations measured were

when animals were housed on wood based, in contact
litter and the lowest with absorbent pads (GM
woodchip 6 16 pg/M3; sawdust 7-79 ug/m3; absor-
bent pads 2-47 pg/M3i). The difference between the
contact and non-contact litter types was significant
(p < 0-0001). The difference between the means of
the sawdust and absorbent pads was 1-15 ug/m', and
between woodchip and absorbent pads 0-91 pg/M3.
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Figure 2 Comparison of litter type. Rat urinary
aeroallergen concentrations measured when 60 rats were
housed on woodchip and sawdust in contact litter, and
absorbent pad, non-contact litter. The measurements made on

cleaning out days are shown as open circles. The geometric
mean (GM) is indicated.

Effect ofpump position
Some differences were found between the RUA
concentrations measured by the individual pumps (p
< 0 02). Tukey's studentised range test showed
differences between pumps 1 and 2 and 1 and 3. The
mean RUA concentrations measured (for all bedding
types) for pumps 1, 4, 3, and 2 were 6-63, 5.33, 4-63,
and 4-57 yg/mi.

Effect of cleaning out
Differences were found in the RUA concentrations
measured on cleaning out and non-cleaning out days
(p < 0 04). The mean RUA concentrations (for all
pumps and all bedding types) on cleaning out days
was 6 14 pg/M3 and on non-cleaning out days
4-86 pg/M3.
No evidence was found for interaction of pump

position, cleaning out, and litter type.

Particle size
Table 1 shows the distribution of allergen particles.
Because of the large differences between the total
amounts of allergen captured for each litter type, the
allergen captured on each stage has been expressed as
a percentage of the total.

Greater than 80% of the allergen generated on
cleaning out days was carried on particles larger than
8 um diameter regardless of the litter used. Slight
differences were found in the distribution ofparticles
generated by the different litter; 63% of the allergen
generated by the woodchip was carried on particles
> 10 ym compared with 55% for sawdust and 48%
for absorbent pads. Also, there was some evidence
that the absorbent pads produced more allergenic
particles less than 1 gm than the other wood based
litters.

CAGE DESIGN
Figure 3 shows the concentrations measured in the
presence of30 rats housed on woodchip litter in open
top and enclosed filter top cages. For the purpose of
comparison, the measurements made on the cleaning
out days for the open top cages have been omitted as
the cleaning out occurred within the study room.
Two data points from the filter top group were less
than the baseline value of 0-16 pg/m' and were
therefore removed from further analyses.
A highly significant difference in aeroallergen

concentration was found when filter top cages were
used (p < 0 0001). The GM RUA decreased from
1-43 pg/m' with open top cages to 0 33 pg/M3 with
filter top cages.

Effect ofpump position
No significant differences were found in the RUA
concentrations recorded by individual pumps.
No interaction between cage design and pump was

seen.

STOCK DENSITY
Reducing the number of rats in the room decreased
the RUA concentrations measured (fig 4A). The GM
aeroallergen concentrations recorded in the presence
of 3-1, 2X3, 1-5, 08 male rats per m3 were 8-09, 3.59,

Table I Distribution of allergen particles for sawdust (S),
absorbent pads (AP), and woodchip (W) litter during
cleaning out. The allergen collected on each stage is expressed
as a percentage of the total allergen

Allergen particle
distribution (%)

Aerodynamic diameter (pum) S AP W

Stage:
1 >19 29-9 210 33-1
2 12-10 25-0 27-1 30 2
3 10-8 32-0 336 191
4 8-0-4-5 7-8 3-2 90
5 45-29 33 83 2-1
6 2-9-1-1 0 0 1-1 5-1
7 1*1-0-7 05 2-9 06
8 07-04 07 1-5 07
back up <0-4 0-8 2-0 0-2

Total allergen (Ug/M3) 19-8 4-5 16-2
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Discussion
Edwards et al"5 showed that it was possible to
influence the amount of animal allergens becoming
airborne by increasing ventilation rate and relative
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Figure 3 Comparison of cage design. Rat urinary
aeroallergen concentrations measured when 30 rats were
housed on woodchip bedding in filter top and open top cages,
excluding those measurements made on cleaning out daysfor
the open top cages. The geometric mean (GM) is indicated.

1 84, and 0-85 ug/m3 respectively. Rat urine
aeroallergen could still be detected when the room
had been left unoccupied for one week (GM 0-12
/"g/m3).
Effect ofpump position
Analysis of covariance showed no significant
difference between the amounts measured by the
four pumps.

Effect of cleaning out
The model was fitted without the pumps as a factor
and the relation between the loge allergen concentra-
tion and number of rats was found to be linear for
both cleaning out and non-cleaning out days. There
was no significant difference between the slopes of
the lines (fig 4B). The allergen concentrations in the
study room could be described by the following
equation where N = number of rats and D = 1 on
non-cleaning out days and 0 on cleaning out days:

Allergen concentration = exp (-1-2158 +
00621 x N - 04210 x D)

PERSONAL AIR SAMPLING
Table 2 shows the data collected during the routine
care of the animals. The exposure associated with the
removal of soiled wood based, in contact litter was
nearly 10 times greater than that with soiled absor-
bent pads. Personal exposure decreased as the num-
ber of rats cleaned out decreased. When compared
with the mean static RUA concentrations measured
with the different litter types shown in fig 2 the
personal exposure when cleaning out wood based
litters was around 10-fold greater and fourfold
greater for absorbent pads.
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Table 2 Summary ofpersonal air sampling results. Samples
were collected during the cleaning out ofvarying numbers of
rats housed on different litter types

Rat urinary
No air aeroallergen

Litter type No rats samples GM* (pg/m3)
Absorbent pads 60 2 8-4
Woodchip 60 2 77-4
Sawdust 60 3 77.9
Woodchip 60 2 71-6
Woodchip 45 2 59-2
Woodchip 30 2 431

*GM = geometric mean.

humidity, although significant reductions were

achieved only under conditions that were uncomfor-
table to work in and detrimental to the health of the
animals. We have found that it is possible to reduce
significantly the concentration of rat urinary protein
in air by simple and practical changes to husbandry
procedures.

Highly significant reductions in rat allergen con-

centrations were achieved by replacing wood based
in contact litter with non-contact absorbent pads,
highlighting the important part that litter plays as a

vehicle for allergen dissemination especially when in
direct contact with the animals.
No major differences were found in the allergenic

particle sizes generated on cleaning out days by the
three litter types. Greater than 80% of the allergen
was carried on particles larger than 8 pm, in
agreement with observations from other studies.'222
The use of filter top cages reduced RUA concen-

trations to values similar to those when the room was

unoccupied by rats. It is possible that some leakage of
allergen through the filter occurred before the litter
was changed as two of the four measurements that
were more than pg/m3 were recorded immediately
after a weekend. The values of the filter top cages on
cleaning out days were not removed from the analysis
and the efficiency of the filter top cages might
therefore be underestimated due to allergen leakage
at this time. A strong smell of ammonia was noticea-
ble in the room after prolonged use and if filter top
cages were to be used long term it would be recom-

mended that the cages be additionally ventilated.
Lincoln et al23 noted a further benefit of filter top
cages in that they greatly reduce the risk of cross

infection.
Like Swanson et al,22 we have shown that stock

density influences rat allergen concentrations. Under
the conditions ofour study we found a linear relation
between the log, allergen concentration and rat
numbers, and allergen concentrations generated dur-
ing cleaning out and non-cleaning out days could be
described mathematically. Stock density remains the
simplest way of controlling allergen concentrations

and emphasises the importance of keeping stock
densities to a minimum.

Several groups have previously measured rat
aeroallergen and have described concentrations that
have varied by as much as three orders ofmagnitude,
ranging from ng/m' to yg/m'.11-13 2224 Interpretation
and direct comparisons ofthe results are difficult due
to differences in husbandry conditions, elution tech-
niques, and assay procedures. We have recently
shown that aeroallergen yield can be increased 100-
fold by including 0-5% v/v Tween 20 in the elution
buffer.'9 Our results are similar to those of Edwards
et al" who also used Tween 20 in the filter elution
buffer and RAST inhibition to measure the allergen
content. A common finding between all groups is that
personal exposure when working directly with
animals can be three to 10 times that of the static or
background concentration of the room.11-13
Our results show that rat urine aeroallergen con-

centrations can be significantly reduced by reducing
the stock density of rat housing areas and by the use
of filter top cages or, where these cannot be
employed, by replacing contact litter with non-con-
tact absorbent litter. Reduction of airborne rat urine
protein concentrations in animal houses will almost
certainly be associated with a decrease in incidence of
disease as Reed et al found with humidifier con-
taminants.25 Extensive prospective studies are now
required to define further the relation between
occupational exposure to animal proteins and the
incidence of disease. Effective sampling can clearly
be achieved at low flow rates anid can provide a
powerful technique with which the hazards of
exposure to animal allergens can be assessed and
minimised.

We thank Mr Mark Divitini for computing assistance
and the animal technician, without whose help and
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