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Comparison of methods to
assess airborne rat and mouse

allergen levels. I. Analysis of
air samples

Airborne laboratory-animal allergens can be measured by several

methods, but little is known about the effects of important

differences in methodology. Therefore, methods used in

research projects in The Netherlands, the UK, and Sweden were

compared. Seventy-four sets of three parallel inhalable dust

samples were taken by a single operator in animal facilities in

the three countries, and analyzed in parallel by the three

institutes for rat and mouse urinary allergen. Rat-allergen levels

measured by RAST inhibition (UK) were 3000 and 1700 times

higher than levels measured by enzyme immunoassay (EIA)-

sandwich methods with polyclonal rabbit (The Netherlands) or

monoclonal mouse (Sweden) antibodies, while the difference

between the two EIA-sandwich methods was much smaller: a

factor of 2.2. For mouse allergen, an inhibition radioimmuno-

assay (RIA) with rabbit antimouse antibodies (UK) gave 4.6 and

5.9 times higher concentrations than sandwich EIAs with rabbit

polyclonal antibodies (Sweden and The Netherlands), while the

difference between the two sandwich EIAs was, on average,

1.6-fold. Thus, although levels of rat and mouse aeroallergens

are signi®cantly correlated, the assay type gives large differences

in absolute concentrations, and interlaboratory technical differ-

ences affect even the same assay type. Conversion factors can

aid comparison between studies, and, in the long term, assay

standardization is desirable.

Abbreviations. NHLI: National Heart and Lung Institute (UK);

WAU: Wageningen Agricultural University (The Netherlands);

NIWL: National Institute for Working Life (Sweden); EIA: enzyme

immunoassay; RAST: radioallergosorbent test; RIA: radioimmuno-

assay; MUA: mouse urinary allergen; RUA: rat urinary allergen;

BSA: bovine serum albumin; HSA: human serum albumin;

PBS: phosphate-buffered saline; PTFE: polytetra¯uoroethylene

(Te¯on); CI: con®dence interval.
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Laboratory animal workers are at high risk of developing

laboratory-animal allergy (LAA) (1, 2). The risk increases

with the level of allergen exposure as measured by

immunoassays (3±5), which can also be used to identify

determinants of laboratory-animal allergen exposure (6±15).

Yet, allergen concentrations should be compared with care

(16). The reported allergen levels may differ for methodo-

logical reasons: sampling equipment, extraction methods,

reference allergens, antibodies, and the design of the

immunoassay used.

Therefore, we compared methods to measure rat urinary

aeroallergens (RUA) (13, 17, 18) and mouse urinary aeroaller-

gens (MUA) (18±20) in inhalable dust samples as part of the

concerted action program, ``Epidemiology of occupational

allergic asthma and exposure to bioaerosols'', supported by

the European Union. These methods have been applied in

epidemiologic and other studies by three European research

groups at the National Heart and Lung Institute, London, UK

(NHLI) (4, 9±12, 16, 21); Wageningen Agricultural University

(WAU), The Netherlands (5, 18); and the National Institute

for Working Life, Solna, Sweden (NIWL) (13, 16, 20).

Material and methods

Parallel ambient air inhalable dust samples were taken in

The Netherlands (3335=105), the UK (3314=42), and

Sweden (3325=75) (Fig. 1). Samples were taken in triplicate

in rat rooms, mouse rooms, and cage-cleaning rooms.

Additionally, 3318 (54) blank ®lters were collected by

mounting them in sampling heads, packing them in the

same way as the test ®lters, and taking them to the sites of

sampling, but not unpacking them. Sampling was performed

by one operator (J.T.) using portable pumps at 2 l/min

air¯ow, following in each country the current method of the

participating institution (Table 1). For each set, the three

sampling heads were randomly placed approximately 15 cm

apart on the sampling stand. Sampling time varied between

40 min and 20 h (mean 460 min) to provide a suf®ciently

wide range of RUA and MUA concentrations. Each institu-

tion received one ®lter from each set (74 test samples plus 18

blanks=92), without knowing its type and origin, and eluted

and assayed them within 3±6 months after sampling for both

rat and mouse allergens, following its published procedures

(13, 17±20) (Table 1).

The separate effects of elution method and immunoassay

were studied by exchanging ®lter extracts produced at WAU

(n=74) and NIWL (n=74), which were reanalyzed approxi-

mately 9 months after the ®rst analysis. Both institutions

simultaneously reanalyzed the retained extracts to control

for insuf®cient reproducibility or effects of more prolonged

storage.

The detection limit of each method has been described

elsewhere (13, 17±20) (Table 1). These limits and the mean

sampled volume (0.92 m3) were used to calculate detection

limits per m3. Statistical analyses were performed with SAS

software (version 6.09). Median RUA and MUA levels were

calculated, because distributions were not clearly normal or

log-normal. Agreement between methods was determined

by calculating the geometric mean of the ratio among

allergen levels detected by different methods in parallel

samples (22), in which both methods gave detectable levels,

and a 95% con®dence interval (CI) for the mean ratio was

calculated for each comparison.

Figure 1. Study design.

Hollander et al . Measurement of aeroallergens

Allergy 54, / 142±149 | 143



T
a
b

le
1
.

E
ss

e
n

ti
a
l

fe
a
tu

re
s

o
f

a
n

d
d

if
fe

re
n

ce
s

b
e
tw

e
e
n

m
e
th

o
d

s
d

e
ve

lo
p

e
d

b
y

th
re

e
in

st
it

u
ti

o
n

s
to

m
e
a
su

re
a
ir

b
o

rn
e

ra
t

a
n

d
m

o
u

se
u

ri
n

a
ry

a
ll

e
rg

e
n

le
ve

ls

In
st

it
u

ti
o

n
N

H
LI

W
A

U
N

IW
L

S
a
m

p
li

n
g

m
e
th

o
d

In
h

a
la

b
le

d
u

st
sa

m
p

le
r

Se
ve

n
-h

o
le

IO
M

IO
M

P
T
FE

®
lt

e
r,

p
o

re
si

ze
1
.2

m
m

1
.0

m
m

1
.0

m
m

E
lu

ti
o

n
m

e
th

o
d

B
u

ff
e
r

2
m

l
0
.1

M
N

H
4
H

C
O

3
p

lu
s

0
.5

%
T
w

e
e
n

2
0

2
m

l
0
.1

5
M

P
B

S
1

m
l

0
.1

5
M

P
B

S
p

lu
s

0
.5

%
T
w

e
e
n

2
0

M
e
th

o
d

(e
xt

ra
ct

s
w

e
re

a
ll

st
o

re
d

a
t

±2
0
8C

)
V

o
rt

e
xe

d
,

a
n

d
a
ft

e
r

2
h

,
ce

n
tr

if
u

g
e
d

a
n

d
ly

o
p

h
il

iz
e
d

.
R

e
co

n
st

it
u

te
d

in

P
B

S
p

lu
s

0
.3

%
w

/v
H

SA
b

e
fo

re
a
ss

a
y

to
g

e
t

1
0
-f

o
ld

co
n

ce
n

tr
a
te

d
e
xt

ra
ct

V
o

rt
e
xe

d
2

m
in

,
so

n
ic

a
te

d
2

m
in

,
vo

rt
e
xe

d

5
m

in
,

so
n

ic
a
te

d
2

m
in

,
ce

n
tr

if
u

g
e
d

R
o

ta
ti

o
n

1
h

,
®

lt
e
r

d
is

ca
rd

e
d

,
a
n

d
1
%

w
/v

B
SA

a
d

d
e
d

R
U

A
im

m
u

n
o

a
ss

a
y

Im
m

u
n

o
a
ss

a
y

R
A

ST
in

h
ib

it
io

n
E
IA

sa
n

d
w

ic
h

E
IA

sa
n

d
w

ic
h

R
a
t

u
ri

n
e

st
a
n

d
a
rd

Fr
o

m
m

a
le

,
p

o
st

p
u

b
e
rt

a
l

W
is

ta
r

ra
ts

Fr
o

m
yo

u
n

g
/o

ld
a
n

d
m

a
le

/f
e
m

a
le

W
is

ta
r

ra
ts

R
a
t

n
1
.0

2
fr

o
m

3
±4

-m
o

n
th

-o
ld

m
a
le

Sp
ra

g
u

e
D

a
w

le
y

ra
ts

A
n

ti
b

o
d

ie
s

Ig
E

p
o

o
l

o
f

e
ig

h
t

ra
t-

a
ll

e
rg

ic
w

o
rk

e
rs

P
o

ly
cl

o
n

a
l

a
n

ti
b

o
d

ie
s

a
g

a
in

st
R

U
A

M
o

n
o

cl
o

n
a
l

a
n

ti
b

o
d

ie
s

a
g

a
in

st
R

a
t

n
1
.0

2

D
e
te

ct
io

n
li

m
it

a
ss

a
y

5
0

n
g

d
ry

w
e
ig

h
t

(1
6
.5

n
g

p
ro

te
in

)/
m

l
0
.0

7
5

n
g

p
ro

te
in

/m
l

0
.1

0
n

g
p

ro
te

in
/m

l
(u

n
a
m

p
li
®

e
d

p
ro

to
co

l)

D
e
te

ct
io

n
li

m
it

m
e
th

o
d

*
1
0

n
g

p
e
r

®
lt

e
r

(1
0
.9

n
g

/m
3
)

0
.1

5
n

g
p

e
r

®
lt

e
r

(0
.1

6
n

g
/m

3
)

0
.1

0
n

g
p

e
r

®
lt

e
r

(0
.1

1
n

g
/m

3
)

(3
.3

n
g

p
e
r

®
lt

e
r

[3
.6

n
g

/m
3
]

a
s

p
ro

te
in

)

Sp
e
ci

®
ci

ty
R

a
t

u
ri

n
e

a
ll

e
rg

e
n

s
R

a
t

u
ri

n
e

p
ro

te
in

s
R

a
t

n
1
.0

2

R
e
p

ro
d

u
ci

b
il

it
y

In
te

ra
ss

a
y

C
V

*
*

7
.0

%
In

te
ra

ss
a
y

C
V

*
*

1
2
.9

%
±

M
U

A
im

m
u

n
o

a
ss

a
y

Im
m

u
n

o
a
ss

a
y

C
o

m
p

e
ti

ti
ve

in
h

ib
it

io
n

R
IA

E
IA

sa
n

d
w

ic
h

E
IA

sa
n

d
w

ic
h

M
o

u
se

u
ri

n
e

st
a
n

d
a
rd

Fr
o

m
m

a
le

,
p

o
st

p
u

b
e
rt

a
l

m
ic

e
Fr

o
m

yo
u

n
g

/o
ld

a
n

d
m

a
le

/f
e
m

a
le

B
a
lb

/c
m

ic
e

M
u

s
m

1
fr

o
m

p
o

st
p

u
b

e
rt

a
l

m
a
le

N
M

R
I

m
ic

e

A
n

ti
b

o
d

ie
s

P
o

ly
cl

o
n

a
l

a
n

ti
b

o
d

ie
s

a
g

a
in

st
M

U
A

P
o

ly
cl

o
n

a
l

a
n

ti
b

o
d

ie
s

a
g

a
in

st
M

U
A

P
o

ly
cl

o
n

a
l

a
n

ti
b

o
d

ie
s

a
g

a
in

st
M

u
s

m
1

D
e
te

ct
io

n
li

m
it

a
ss

a
y

0
.5

n
g

d
ry

w
e
ig

h
t

(0
.0

9
n

g
p

ro
te

in
)/

m
l

0
.0

7
5

n
g

p
ro

te
in

/m
l

0
.1

0
n

g
p

ro
te

in
/m

l

D
e
te

ct
io

n
li

m
it

m
e
th

o
d

*
{

4
.0

n
g

p
e
r

®
lt

e
r

(4
.3

n
g

/m
3
)

0
.1

5
n

g
p

e
r

®
lt

e
r

(0
.1

6
n

g
/m

3
)

0
.1

0
n

g
p

e
r

®
lt

e
r

(0
.1

1
n

g
/m

3
)

(0
.7

2
n

g
p

e
r

®
lt

e
r

[0
.8

n
g

/m
3
]

a
s

p
ro

te
in

)

Sp
e
ci

®
ci

ty
M

o
u

se
u

ri
n

e
p

ro
te

in
s

M
o

u
se

u
ri

n
e

p
ro

te
in

s
M

u
s

m
1

R
e
p

ro
d

u
ci

b
il

it
y

In
te

ra
ss

a
y

C
V

*
*

2
0
%

In
te

ra
ss

a
y

C
V

*
*

1
2
.9

%
±

*
E
xp

re
ss

e
d

in
re

la
ti

o
n

to
0
.9

2
m

3
,

a
ve

ra
g

e
vo

lu
m

e
o

f
a
ir

sa
m

p
le

d
.

*
*
C

V
:

co
e
f®

ci
e
n

t
o

f
va

ri
a
ti

o
n

.
{S

a
m

p
le

s
le

ss
th

a
n

d
e
te

ct
io

n
li

m
it

in
N

H
LI

M
U

A
a
ss

a
y

w
e
re

a
ss

ig
n

e
d

va
lu

e
o

f
1
.8

n
g

p
e
r

®
lt

e
r

(1
9
).

Hollander et al . Measurement of aeroallergens

144 | Allergy 54, / 142±149



Results

Descriptive statistics

Table 2 shows the descriptive statistics of the RUA and

MUA levels found by the three methods. Some of the 74

samples were missing due to problems with elution or

because of insuf®cient extract. The allergen concentrations

measured at NHLI were considerably higher than the

concentrations found in parallel samples by the other

institutions (Table 2). These differences were most pro-

nounced, i.e., several orders of magnitude, for RUA, and

were observed for all samples, irrespective of the country

where they had been taken.

The frequency of detection and nominal RUA and MUA

levels in test samples and blank ®lters are shown in

Table 3. The methods of NHLI and NIWL were more

sensitive and detected aeroallergens in both rat and mouse

rooms more frequently than the methods of WAU. The

levels detected with all RUA methods in rat rooms were

considerably higher than those in mouse rooms and vice

versa. All methods detected allergen on some blank ®lters,

particularly the NHLI RUA method, but blank ®lter values

were orders of magnitude lower than values from test

samples.

RUA and MUA methods

Samples with RUA or MUA concentrations above the

detection limit were used to compare the three methods.

The number in each comparison varied, because ratios were

calculated only when the methods of both institutions gave

Table 2. Median and range of RUA and MUA levels (ng/m3) found in ambient air dust samples taken in facilities
provided for study by three participating institutions. Levels are strati®ed by institution analyzing ®lters

Filter source Samples taken in NHLI Samples taken in WAU Samples taken in NIWL

Method n Median (ng/m3) Range n Median (ng/m3) Range n median (ng/m3) range

RUA

NHLI* 13 11 000 172±52 900 35 3730 ,10.9±47 200 25 775 ,10.9±21 700

WAU 13 0.37 ,0.16±15.0 35 0.86 ,0.16±31.9 25 ,0.16 ,0.16±3.6

NIWL 14 1.95 ,0.11±11.8 35 2.0 ,0.11±43.4 25 0.71 ,0.11±11.6

MUA

NHLI* 10 9.92 0.89±162 21 11.0 0.8±4610 20 9.37 0.74±82.5

WAU 13 ,0.16 ,0.16±32.6 34 1.1 ,0.16±1560 25 ,0.16 ,0.16±3.0

NIWL 14 0.24 ,0.11±71.5 35 2.8 0.13±446 25 0.36 ,0.11±6.1

*To compare values adjusted for protein content, multiply NHLI RUA by 0.35 and NHLI MUA by 0.17 (see Table 1).

Table 3. RUA and MUA levels (ng/m3) found on ®lters taken in rat rooms, mouse rooms, and on blank
®lters by methods of three institutions

Filter source Rat rooms Mouse rooms Blank ®lters

Method n nd*

Median

(ng/m3)

Positive test

result (%)** n nd*

Median

(ng/m3)

Positive test

result (%)** n nd* Range (ng/m3)

RUA

NHLI** 38 1 6960 97 21 2 330 90 18 10 ,10.9±1400

WAU 38 9 0.62 76 22 20 ,0.16 9 17 16 ,0.16±0.45

NIWL 38 1 2.1 97 22 17 ,0.11 23 18 15 ,0.11±0.78

MUA

NHLI** 29 11 6.64 62 13 1 15.9 92 10 7 ,4.3±6.1

WAU 38 27 ,0.16 29 21 7 3.0 67 16 15 ,0.16±0.47

NIWL 38 12 0.29 68 22 3 17.3 86 18 17 ,0.11±0.20

*nd, number of samples below detection limit; **(n±nd)/n%.
**To compare values adjusted for protein content, multiply NHLI RUA by 0.35 and NHLI MUA by 0.17 (see Table 1).
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c

b

a

Figure 2. Relative differences (ratios) between rat urinary allergen (RUA)

concentrations measured by different institutions in parallel airborne

dust samples. Ratios for RUA levels found by two institutions are

plotted against geometric mean of two values. Dotted lines give

geometric mean of ratios for comparison between RUA levels measured

at National Heart and Lung Institute (NHLI) and Wageningen

Agricultural University (WAU) (2a), NHLI and National Institute for

Working Life (NIWL) (2b), and NIWL and WAU (2c). To compare values

adjusted for protein content, multiply NHLI RUA by 0.35 and NHLI

MUA by 0.17 (see Table 1).

a

b

c

Figure 3. Relative difference (ratio) plotted against geometric mean of

mouse urinary allergen (MUA) levels measured by methods of three

institutions: NHLI, WAU, and NIWL. Format as in Fig. 2. Multiply

NHLI RUA by 0.35 and NHLI MUA by 0.17 to convert for calculations

using dry weight on ®lter.

Hollander et al . Measurement of aeroallergens
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detectable values. Close agreement between methods would

have resulted in a distribution of ratios of around 1. RUA

concentrations found at NHLI were 3000 (95% CI 1900±

4900; n=40) and 1700 (95% CI 1200±2500; n=56) times

higher than those measured at WAU and NIWL, respectively

(Fig. 2a,b). The geometric mean of the ratios between RUA

levels measured by NIWL and WAU was much smaller: 2.2

(95% CI 1.6±3.1; n=38) (Fig. 2c). MUA concentrations

measured at NHLI were also higher than those measured

at WAU (4.6 times, 95% CI 2.3±9.1; n=21) and NIWL (5.9

times, 95% CI 3.5±9.8; n=34) (Fig. 3a,b), but the differences

were much smaller than for RUA. The mean difference

between MUA results obtained by NIWL and WAU was

smaller: 1.6 (95% CI 1.0±2.5; n=32) (Fig. 3c). The MUA

methods agreed best at levels of approximately 3±100 ng/m3.

Stability of allergen extracts

The second analysis by WAU of its own extracts showed

RUA allergen levels that were, on average, 63% (95% CI 53±

71%; n=35) and MUA allergen levels 38% (95% CI 30±50%;

n=28) of the previously obtained values. The NIWL second

analysis results were, on average, 77% (95% CI 71±91%;

n=50) and 109% (95% CI 100±120%; n=57) of the initial

RUA and MUA levels, respectively. Thus, extracts prepared

at WAU appeared to be less stable over time than those

prepared at NIWL.

Differences due to elution method

Second analysis of extracts prepared at WAU and NIWL after

exchange of extracts revealed that in both the monoclonal

sandwich assay of NIWL and the polyclonal sandwich assay

of WAU the extracts made at NIWL gave higher results for

both RUA and MUA than extracts from parallel ®lters that

had been eluted at WAU. For pairs of ®lters with detectable

levels of allergen in both laboratories, the ratios (NIWL/

WAU) were, on average, 10 (95% CI 6.8±14.6; n=46) for RUA,

and 5.1 (95% CI 3.7±7.1; n=67) for MUA. Thus, ®lter

extraction at NIWL appeared to be more ef®cient.

Differences due to immunoassay

Within the same series of secondary measurements, a

comparison was made between values provided by the

NIWL and WAU assays for duplicate samples from the same

®lter extracts. Of the assays for RUA, the WAU assay gave,

on average, 4.1 times (95% CI 3.4±4.9; n=59) higher results

for each center's extracts than the assay of NIWL. This

suggests that the WAU immunoassay for RUA detected

more allergen than the NIWL assay. In contrast, the

difference between the values provided by the two MUA

immunoassays was small and not consistent, with an

average NIWL/WAU ratio of 1.1 (95% CI 0.91±1.3; n=68).

Discussion

At present, there is no standard method for measuring

laboratory animal allergen in airborne dust samples. The

present study aimed to compare methods currently available

for the measurement of airborne rat and mouse allergens.

The methods had been independently developed for speci®c

studies by three research groups and used to investigate the

exposure±response relationship between exposure to aller-

gen and the development of LAA. This study showed that

results obtained by different methods give similar relative

values but that absolute concentrations showed large

differences. Some of the main determinants causing these

differences could be identi®ed, while a more detailed

analysis is presented in an accompanying paper (23).

In theory, differences could be due to dust-sampling

method, ®lter elution, storage in the laboratory, or im-

munoassay. This study did not attempt to evaluate the effect

of dust sampling because this has been studied by others (24,

25). All three institutions sampled the inhalable dust

fraction. Although they did use different makes of sampling

head, this is not estimated to make more than a 1.2-fold

difference in total dust collected. However, sampling heads

designed to collect different dust fractions would be

expected to give large differences.

It has been shown previously that the addition of

detergent increases the recovery of rat urinary allergen from

PTFE and glass-®ber ®lters (26), especially at low levels of

allergen, when most of the allergen load is likely to be deeply

embedded in the ®lter. There have been similar ®ndings for

grass pollen (27) and for other biologically relevant compo-

nents such as endotoxins, the size of the effect probably

depending on solubility (28±30). In the present study, the

elution factors which varied were use of a detergent, amount

of agitation, and duration of elution. The ®lter-exchange

study by NIWL and WAU con®rmed that the use of a

detergent increases allergen yield by one order of magnitude.

NHLI did not join in this study but used detergent and had

the longest duration of elution (Table 1).

Extensive agitation of PTFE ®lters is not needed for the

ef®cient elution of rat urinary allergen (26). Furthermore, rat

urinary allergens may not be stable if sonicated (S. Gordon,
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unpublished observation); therefore, prolonged sonication

for 4 min, as used by WAU, especially in the absence of

added protein, may destroy allergen and reduce the yield.

Another factor explaining the low yields at WAU is the

halving in allergen yield after storage of frozen extracts for

approximately 9 months. WAU, unlike NHLI and NIWL, did

not store its extracts with added detergent or protein, which

may prevent adherence of proteins to vial walls and pipette

tips.

An important ®nding of this study is that air samples need

to be processed in the same way before immunoassay in

order to make meaningful comparisons between air samples

taken at different times or in different working areas.

Otherwise, erroneous conclusions could be drawn about, for

example, the effectiveness of control measures. The varia-

tions due to elution and storage methods discussed above

were of a magnitude suf®cient to explain most of the

differences observed between the MUA levels measured by

the three centers. The MUA immunoassays were similar,

each employing rabbit polyclonal antibody, but there may be

a small assay effect, which is discussed further in the

companion paper (23).

Elution and storage effects do not explain all the

differences in RUA levels, and the remaining differences

must be attributable to differences in immunoassay. This is

explored further in the companion paper (23). When elution

and storage effects were controlled, the monoclonal im-

munoassay (NIWL) detected less RUA than the rabbit

polyclonal immunoassay (WAU). This is not surprising,

since a monoclonal assay is designed to detect only one

component, in this case, the major allergen Rat n 1.02 (13),

whereas rat-room air is complex, containing many major

and minor allergens. Assays using experimentally induced

animal polyclonal antibodies (as at WAU) or human

polyclonal antibodies from occupational sensitization (as

at NHLI) would be expected to capture a greater range of

antibodies. It is of interest that the greater yield of allergen

from ®lters by NIWL (and NHLI) methods appeared to

outweigh the narrow speci®city of the monoclonal technol-

ogy, because the RUA levels measured by NIWL in parallel

®lters were consistently higher than those reported by WAU

(Fig. 2c).

There are also arithmetic factors which differ between the

immunoassays. Both the WAU and NIWL results were

expressed in relation to the protein content of the standard

employed. However, the NHLI results were not corrected for

protein and were simply expressed as dry weight. This is

primarily because carbohydrate or glycosylated allergens in

the dust or standard urine extract may contribute to the

inhibition seen in the UK assays, but also because the

protein content of dust samples is usually much lower than

that of urine (31). As the protein content of the NHLI RUA

and MUA extracts was 35.4% and 17.0%, respectively, the

NHLI values should be reduced by multiplying by 0.35 and

0.17 if comparison of the protein content of the ®lters is

required.

Allergen was detected on blank ®lters by each method,

most frequently in the NHLI assays. This phenomenon has

been noted before, particularly for mouse (19). However, the

positive values for blank ®lters were consistently some

orders of magnitude lower than for test ®lters. Since these

®lters were taken into the animal-house environment but

not exposed, this effect may re¯ect minor contamination of

sampling heads or ®lters. Alternatively, these may be false

positives due to inherent problems in the detection of low

levels of allergen caused by a shallow standard curve at low

concentrations.

The assays were, as expected, immunologically speci®c,

detecting RUA in rat rooms and MUA in mouse rooms. All

three systems also detected RUA in mouse rooms and vice

versa, although at much lower levels than in the homo-

logous rooms (Table 3). The NHLI assay had a greater

number of nonhomologous positives. The most likely

explanations are residual allergen from prior occupation of

the room by the other species, and contamination through

doors, on staff clothing, or via ventilation. Contamination of

sampling heads or in the analyzing laboratories is less likely,

since that should have equally affected the results for the

blank ®lters. Cross-reaction between species in all assays

was minimal (23).

In the absence of a ``gold standard'', centers will continue

to use the assay which appears best for their purposes. There

are reasons not addressed in this study for choosing one

assay rather than another. Monoclonal technology, as used

by NIWL for the RUA assay, offers good reproducibility, so

that comparisons can be made at very different time periods.

Techniques using human IgE pools, as used by NHLI in the

project contributing to this study, can be expected to

measure allergens of clinical relevance, while assays using

other antibody sources always require further validation.

These issues aside, this comparative study has shown that

identical air samples would give different results depending

on the assay technology employed.

These differences are by orders of magnitude and would

clearly be important if quantitative comparisons between

workplaces or over time were to be made without taking

account of sample processing, storage, assay, and arithmetic

assumptions. The three methods, however, gave rankings
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similar to the air samples (Figs. 2 and 3), so that internal

comparisons within studies are valid whatever assay is used

and semiquantitative approaches ± for example, using

percentiles of the exposure distribution ± may also be valid.

In principle, the use of conversion factors, obtainable, for

example, from the results of this study, could make data

from allergen measurements comparable between studies.

For future work, however, standardization of assays is

desirable.
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