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Summary:

The objective of this project was to develop an assay that
could be used to monitor airborne levels of allergens in the
workplace. A cooperative agreement with the National Institute of
Environmental Health Sciences (NIEHS) was developed to study the
levels and distribution of rat derived allergens in the NIEHS
facility in Research Triangle Park, North Carolina. This facility
uses a large number of rats in their toxicology and research
programs, and allergy to rats has become a problem for workers at
NIEHS. The assay developed, the radioallergosorbent (RAST)
inhibition assay, utilized sera from workers containing high levels
of IgE antibodies to rat allergens to detect the allergens in
extracts of dust samples. Development of the RAST inhibition assay
involved screening serum samples from exposed workers to identify
subjects with high IgE titers to the rat allergens, using a pool of
those sera to develop optimal conditions for the RAST inhibition
assay, using the RAST inhibition assay to evaluate sample
collection and extraction procedures, and finally "field testing"
the assay using airborne dust samples collected at the NIEHS
facility. Two sets of samples were collected; one using personal
samplers (which operate at relatively low flow rates) and one using
high volume area samplers. The results demonstrated that the assay
was sensitive enough to detect allergens on filters from personal
samplers, but that the high volume area samplers worked better in
that all samples collected had detectable allergen levels and that
the ratio of total allergen level to total dust level was more
consistent. These results confirmed that the assay could be
reliably used for analysis of airborne alierger levels in the
workplace. The results of these investigations are summarized in
attachment 1.

During the course of these studies it became apparent that
better characterization of the rat allergens was needed in order to
identify the major source of the allergens (skin or urine), and te
determine the cross-reactivity of rat allergens with other species
of rodents. Cross-reactivity studies were performed using three
different techniques; inhibition assays, cross absorption assays,
and biochemical analysis of the extracts. .The results of these
studies showed that rat urine and epithelial extracts share
antigens, but each contain unique antigens as well. In addition,
cross reactions between rat and mouse derived antigens were
detected, but not between rat and guinea pig or mouse and guinea



pig antigens. The finding that rat urine and epithelial antigens
can be detected separately implied that control technologies should
be design to control both sources of antigens. In addition, the
cross-reactivity between rat and mouse antigens implies that
exposure to one species may sensitize a person to both, and that
the analysis of air samples may be complicated by the presence of
both species within a research facility. These results are
summarized in attachments 2 and 3.

In the cooperative agreement with NIEHS we had agreed to
analyze samples collected at the University of Iowa where workers
would be exposed to a variety of species of laboratory animals.
When this cooperative agreement officially ended (Sept '89), we had
not received the samples from the University of Iowa needed to
complete that aspect of the study. Those samples have been
obtained and analyzed. For these samples RAST inhibition assays
for hamster and rabbit allergens were developed and used along with
the assays for the three rodent species mentioned above. The
results demonstrated that multiple allergens could be detected on
a single filter. In addition, a prospective study of the
development of IgE antibodies to laboratories animal was begun as
part of the cooperative agreement. These studies are continuing as
part of the agricultural initiative, and will require five years to
complete. Publication of these results is anticipated when the
study is completed.

Finally, the literature review done during the development and
execution of this project served as a basis for a portion of a
review paper that was recently published (attachment 4). This was
a review of the guidelines for investigation of occupational asthma
and included a discussion of environmental assessment using
immunochemical techniques to detect airborne allergens.
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Laboratory animal allergies

Use of the radioallergosorbent test lnhibilion' assay to monitor

airborne allergen levels

by Danie! M Lewis, PhD,' Toni A Bledsoe, MS,' John M Dement, PhD?

Occumational exposure to laboratory animals frequent-
ly leads to the development of allergies in exposed
workers. The incidence of laboratory animal allergies
has been estimated to be between 11 and 30 % of the
exposed workers in the United States (2, 3). Occupa-
tional allergies can have a significant effect in terms
of lcst time at work and can even cause people to
change positions and/or vocations. Although numer-
ous studies have documented the prevalence of occu-
pational allergies in general, and laboratory animal
allergies in particular, less is known about the envi-
ronmental factors which influence the development
and expression of these discases. The current study was
undertaken to develop methods of monitoring airborne
levels of allergens so that environmental controls could
be applied 10 prevent or lessen allergic reactions in
workers exposed to iaboratory animals. Previous
studies have been reportied in which airborne levels of
mouse and guinea pig allergens were measured with
a modification of the radioallergosorbent test (RAST),
termed the RAST inhibition assay (4, 5). Although
these studies demonstrated that the RAST inhibition
assay could be used to quantify airborne allergen levels,
they were performed using only area sampling tech-
niques. We have investigated the utility of this assay
to detect airborne rat allergen levels by both personal
and area sampling, and we have attempted to make
a better delineation of the rat allergens in the air.

Materials and methods

Extracts of rat epithelium and urine were prepared as
previously described (5). Briefly. for epithelial extracts
rat pelts were lyophilized, defatted by ether extraction
in a Soxhlet apparatus. ground in a Wiley mill, and
extracted as a S % suspension in 0.1 M phosphate buf-
fer, pH 7.4, overnight at 4°C. The extract was dialyzed
against 0.05 M ammonium bicarbonate, lyophilized,
and stored at 4°C until used. The urine extracts were
prepared by dialysis against 0.05 M ammonium bicar-
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bonate buffer, filtration through a 0.45 u porosity fil-
ter, and Ivophilization. The extracts were coupled to
cyanogen bromide activated Sepharose-4B beads ac-
cording to the manufacturer’s recommendations (Phar-
macia, Piscataway, New Jersey). The extracts used in
the inhibition assay were dissolved in saline at an epi-
thelial protein concentration of 10 mg/ml and a uri-
nary protein concentration of 20 mg/ml, as determined
by the BioRad protein assay (BioRad Laboratories,
Richmond, California).

Air samples were collected with DuPont personal
sample pumps at a flow rate of 2 I/min and type
FWS-D polyvinyl chloride membrane filters. The fil-
ters were extracted in 10 mi of 0.05 M ammonium bi-
carbonate, and the extract was iyophilized and redis-
solved in 1.0 m! of sterile saline.

The RAST procedure was performed as described
(6) with the use of 50 utof a 10 %e suspension of the
allergen-coupled Sepharose-4B beads per tube and
iodine-125-labeled antihuman immunoglobulin E (1E)
obrained from Pharmacia Diagnostics. The RAST pro.
cedure was used 10 screen the sera from workers ex-
posed 10 rats and identify those with high levels of IgE
antibodies to rat allergens. Sera from five individuals
were pooled and used as the reference serum for the
RAST inhibition assay. The reference serum pool con-
tained 160 IU/ml of IgE. and a 1:$ dilution of. lhe;
pool would bind approximately 15:% of the radioac:
tivity in the standard RAST assay. : ,

The RAST inhibition assay (1) was performed usmg
200 ul of either the reference allergen or air sample
extract mixed with 250 ul of diluted reference serum
and 50 ul of allergen-coupled beads. the volume was
brought up 10 900 ul with sample diluent (0.1 M phos-
phate buffer. pH 7.4, containing 4 ¥ fetal calf serum.
I'% Tween 20, and 0.01 ® NaN,), and the mixture
was incubated overnight at room iemperature
rotator. The tubes were washed thres times,
llbeled anti-IgE was added, and the mbe was | i

mined i m a nmmu coumer The per m
tion was cal uh:ed ror each su‘n




expressed as micrograms of protein allergen per cubic
meter of air.

Resulls and discussion

Initial studies were conducted to determine if the ex-
tracts of rat allergens coupled to the beads contained
the appropriate allergens. For this purpose, sera from
36 individuals occupationally exposed 10 rats were as-
sayed with the use of the reagents prepared in our
laboratory and the commercially available RAST rea-
gents. There was complete concordance between these
assays in that all the subjects were either negative in
both assays or positive in both assays. In addition, with
IgE-positive subjects the relative reactivity (percent-
age of counts bound) was comp2raile in both assays
(data not shown). The results from :hese assays were
used to identify five individuals wizz %24 relatively high
reactivity in the RAST, additional serum was obtained
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from these subjecis, and a reference serum pool was
established.

A series of experiments was carried out to determine
the optimal conditions for the RAST inhibition assay.
The volume of each of the reactants and the incuba-
tion times and conditions were determined which gave
the best results. As shown in figure 1, a linear rela-
tionship between the logit of the percentage of counts
bound and the protein content of the extracts was ob-
tained, correlation coefficients (r) of 0.97 or better
typically being obtained. The lower limits of detection
were estimated to be 0.6 ug/ml (or the urinary aller-
gens, and 1.4 ug/ml for the epithelial allergens.

Air samples were collected from a variety of sites
and assayed for allergen content. In figure 2 the con-
centration of urinary and epithelial allergens have been
plotied against each other. There were several samples
in which only one of the allergens was detected. In ad-
dition the airborne levels of urinary and epithelial al-
lergens did not correlate (r = 0.36). This finding would
suggest that there are antigens that are unique to each
extract. When these data were analyzed with respect
to the site of sample collection, the results were gen-
erally as expected. In other words, areas with the
highest allergen levels were areas with either many ani-
mals (eg, holding rooms) or a high dust exposure level
(eg. cage dumping and cleaning areas). Of interest was
the finding of detectable levels of the allergens in the
locker room and work break room, ie, in the rooms
where employees changed their clothes of took work
breaks. These results suggest that the allergens may be
carried on clothing and distributed throughout the
worksite,

In order 10 define the allergens contained in the ex-
tracts better, a sample of the urine extract was chro-
matographed on a Sephacryl $-300 column, and the
major protein (ractions were assayed for 2ilergen con-
tent. As shown in figure 2, the allergenic activity eluted
in two peaks indicating that the urine contzined at keast
two allergens. A sample of the epithelial extract was
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chromatographed, and the alergenic activily was
found to be widely distributed in the column eluate.
This finding indicates that the epithelium is a much
more complex mixture of allergens than the urine. It
is hoped that, by using more purified allergens, we will
be able 1o increase the sensitivity and specificity of the
RAST inhibition assay.

In summary, the results obtained to date indicate
that the RAST inhibition assay provides a very sensi-
tive method to detect airborne allergens of laboratory
animals. The use of serum from workers allergenic to
rats in this assay assures the specificity of the assay.
We have found that, by concentrating filter extracts
by lyophilization, we can detect as little as | ug of
allergen on a filter and thus allow for the use of per-
sonal samplers to monitor the work environment. Even
though we are continuing to attempt to improve the
sensitivity of the assay, the assay has proved to be
very reliable and consistent. Quantitative assessment
of the airborne allergen levels in the workplace should
allow for the development of control measures to
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reduce allergen levels either by changes in work prac-
tices or by engincering controls,
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Major Rat Allergens Causing Laboratory Animal Allergles

T. Bledsoce, K.8., (ASCP)* and D. lewis, Ph.D.
Bational Institute for ‘Occupational Safety and Health
Morgantown, W

.
»

Occupational allergies can result in lost time at work
and a change in position or vocation by the employes.
Studies concerning the nrevalence of laboratory animal
allergies (LAA) have estimated the incidence of LAA
among animal care workers to be eleven and thirty per
cent. The rat is the most frequently reported cause
of LAA (72.2%) and this study identifies the antigenic
components of two major sources of rat protein: rat
urine and rat epithelia. Pour epithidial protein
fractions and three urinary protein fractions were
identified by column chromatorgaphy. These fractions
'were determined to have marked antigenic activity by
the radicallergosorbent (RAST) inhibition assay. The
results demonstrated that the rat urinary and the rat
enithelial extracts had similiar antigenic components
but also each had antigenic components unique to itself.
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ABSTRACT

Occupational allergles can result In lost time at work
and a change In posltion or vocation by the employee.
Studles concerning the prevalence of laboratory animal
allergies (LAA) have estimated the Incldence of LAA
among animal care workers to be between eleven and
thirty percent. The rat Is the most frequently
reported cause of LAA (72.2%) and this study ldentifles
the antigenic components of two major sources of rat
proteln: rat urine and rat epithelia. Four eplthellal
fractions were Idantifled by column chromatography.
These fractions were determined to have marked
antigenic actlvity by the radloallergosorbent (RAST)
Inhibltlon assay. The results demonstrated that the
rat urinary and the rat eplthellal extracts had

simllar antigenic components but also each had
components unlque to itself.



INTRODUCTION

e |t IS estimated that thirty-flve thousand animal care
workers, aboratory techniclans, sclentists, and
veterinarians In the United States are regularly exposed to
lab animals.

e The Incldence of ilaboratory animal allergles (LAA) In the
United States has been estimated to be batween eleven and
thirty percent, or one In flve exposed workers.

e The majority of the exposed workers become symptomatic
between six and twenty-four months of workplace exposure,

e | AA can be defined as an allergic disorder generally
charactorized by rhinitls and conjunctivitis but may also be
accompanied by rash, urticarla, asthma, and cough.

¢ Flve specles comprise 99% of lab animais:
rats, mice, guinea pigs, rabbits, and hamsters.

e The number of types of animals to which workers are
exposed generally correlate with the probabllity of LAA.

e The rat Is the most frequently reported cause of LAA
(72 %).

e Sources of allergens are In shed dander, hair, sallva,
gerum, urine, and tissues (l.e. eplthelial).



LABORATORY ANIMAL ALLERGENS STUDY

RAST Class Guinea Pig Hamster Mouse Rabblt Rat

4 0 0 1 1 1
3 0 1 o) 0 4
2 2 1 3 6 3
1 0 1 0 4
1/0 2 2 0] 1 4
0 138 136 136 133 128
% Posltlve = 2.9% 2.9% 3.6% 6.0% 8.6%

140 serum samples from the University of lowa were screened
for specific {gE actlvity to the above speciles.

Rat was the most frequent cause of LAA (8.6%).



METHODS

This study Identlfles the antlgenic compaonents of rat
epithelia and rat urine by the following procedures:

1. Eplthellal Extract Preparation

2.
3.
4,

Urinary Extract Preparation
Column Chromatography

SDS Acrylamide Gel and Two-Dimenslonal
Electrophoresls

RAST Inhibltion: using pooled RAST Class 4
rat sensitive sera.



EPITHELIAL EXTRACT PREPARATION

Pelts: Freeze-dried and Defatted
Ground with Wiley Miil
Extracted 24 hours In PBS, pH 7.4
Flitered through .80 um + prefliter, .45 um, and .20 um
Dialyzed vs. 0.05 M NH4HCOS3
Centrifuged and Lyophliized
Redissolved In Blcarbonate Buffer, pH 8.3
Coupled to CNBr Sepharose-4B Beads
Stored at 4 C In Tris-HC| Buffer, pH 8.0 with Azide

URINARY EXTRACT PREPARATION

Urine: Centrifuged and Sediment discarded
Dlalyzed vs. 0.05 M NH4HCO3
Centrifuged and Sediment discarded
Flitered through .80 um + prefliter, .45 um, and .20 um

' Lyophllized
Redlssolved In Blcarboriate Buffer, pH 8.3
Coupled to CNBr Sepharose-4B Beads
Stored at 4 C In Tris-HC! BUffer.x pH 8.0 with z




RAST INHIBITION PROTOCOL

50 ul Beads + 250 ul 1:5 Diluted Serum + 200 ul Extract
Incubate overnight at room temperature on tube rotator
Wash three times with RAST Buffer
Counted In a gamma counter
Calculate Percent Count Bound and Percent Inhibitlon

Sciid phase

Ag
Q IQE

Reaqnmc Ab)
Soluble A/ \C:g
00 O
Oo oo
0 O
o

FIG. 1. Diagrammatic representation of the first stage of
RAST inhibition procedure. There is competition between
solubie and solid-phase allergens for the available IgE anti-
bodies. -Ag, Antigen; Ab, antibody. Used with permission

’  from G. J. Glejch, J. B. Larson, R. T. Jones, and H. Baer, J.
Allergy Clin. Immunol. 53:158-169. 1974.



EPITHELIAL & URINARY ALLERGEN EXTRACT
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Chromatograph of eplthellal & urinary extract showing
major proteln fractlons & % Inhibition for each fraction.
% Inhibition was not performed for Urin, Fraction V due
to Insufficlent sample volume.




URINARY EXTRACT RESULTS

e Two peaks of maximum allergenic activity were seen in
in the column effluent In the proteln slze ranges:
74 kd and 12-25 kd.

e The 3rd peak observed In the column effluent was
divided Into Fractions Ill and IV,

e |[nhibitlon was observed as Urlne Fraction | (21%),
Fractlon Il (62%), Fractlon Ill (81%), and Fractlon
IV (82%).

e Fractions Il & IV contalns proteln In the size range
of the rat urine major ailergenic component: two
partially cross-reacting forms: alpha-2 euglobulin
(16-18 kd) & preaibumin (20-21 kd).

SDS Gel & Two-Dimenslonal Electrophoresis:

e Urlne extract: observed proteln concentrated In
the 60-74 kd and 12-25 kd ranges.

e Fraction I: observed proteln concentrated In the
50-74 kd range.

e Fractlion Il: observad proteln concentrated In the
50-74 kd and 25 kd ranges.

. Fractions Ill & IV: observed proteln concentrated
In the 12-25 kd range Incireased and protein
concentrated In the > 25 kd range decreased.



EPITHELIAL EXTRACT RESULTS

e Four peaks of maximum allergenic actlvity were seen In
the column effluent In the proteln size ranges: > 87 kd
(kllodalton), 687 kd, 25 kd, and < 13 kd.

e Inhibitlon was observed as Eplthel. Fraction | (45%),
Fraction Il (80%), Fraction lil (52%), and Fraction 1V
(52%).

SDS Gel & Two-Dimenslonal Electrophoresis:

e Eplthellal Extract: observed protelns with moblllity
simliar to a gamma proteln with migration toward the
( +) pole.

e Fraction I: observed protein concentrated In the
> 74 kd, 37 kd, and 25 kd ranges.

e Fractlon Il: observed proteln concentrated In
the 74 kd range Increased.

e Fraction Ill: observed proteln concentrated In
the 12-256 kd and the < 12 kd ranges Increased.

e Fractlon |V: proteln bands not detected by SDS
or two-dimenslonal electrophoresis; protein
concentration may have been below method
detectlon Iimit or protein did not migrate
toward the ( - ) pole ( gamma protein) .



SUMMARY

e The cross-sectional lab animal allergy study illustrated
rat allergens as the most prevalent cause of lab
animal allergies among anlmal care workers.

e Both rat eplthella and rat urine exhlblted major aller-
genly aatlvity In the proteln slze ranges of 67 kd
(albumin) & 12-25 kd (prealbumin & alpha-2 seuglobulin).

e Urlne Il & IV demonstrated the greatest allergenic
actlvity (681% & 62% |) and contalned proteln In the size
range of rat urine major allergenic component:
prealbumin and alpha-2 suglobulin,

e Eplthellal extract demonstrated the presence of protein
with mobllity simllar to gamma protsin.

e Rat epithella demonstrated widely distributed

allergenic actlvity while urine allergenic actlvity was
primarlly limlted to two slze ranges.

e Rat epithella and rat urine contaln similar protein
components but eplthelia appears to be more complex.



Attachment 3



CROSS-REACTIVITY OF LABGRATORY ANIMAL ALLERGENS: INTER
AND INTRA SPECIES STUDIES

Lewis, Daniel M. [1]

Bledsoe, T.A. [1]
(1] National instituts for Occupational Safety and Health, Morgantown, USA

OBJECTIVE: The objective of this study was to determine the
cross-reactivity of sllergens prepared from the pelts and urine of
cats and mice. Partislly purified allergens from rat urine and
pelts were analyzed to determine if there were antigens unique to
each source.

METHODS: Aqueous extracts of freeze-dried, defatted pelts of
rats snd mice wers prepared as a source of epithelial allergens,
and dialyzed urine was use as a source of urinary allergens. The
allergens were coupled to cyanogen bromide activated Sepharosae 4B
beads (solid phased allergens), or diluted in phosphate buffer
containing 1% bovine serum albumin and 0.1% Tween 20 (soluble
sllergen). Cross-reactivity was assessed by radiosllergosorbent
test (RAST) inhibition assay, and by cross absorption studies.

RESULTS: Using & pool of sera from workers primarily exposed to
rats we found that the sers reacted equally well in s RAST assay
with rat urine and epithelisl sllergens and with mouse urine
epithelisl allergens. To determine if this was due to cross-
reacting antibodies, RAST inhibition studies were preformed. The
rat epithelial and vrine antigens wsre weakly cross reactive with
mouse epithelial - .tigens, but not with the mouse urine antigens.
Similar studies comparing rat urine and epithelisl allergens with
each other revealed that there was a high degrse of cross-
reactivity. Cross sbsorption studies with solid phased urine or
epithelisl sllergens did not completely remove cross rescting anti-
bodies. To better determine if the urine and epithelial extracts
contained unique as well as common antigens, the extracts were
chromatographed on Sephacryl $-200 and the various fractions tested
in RAST inhibition. The results showad that thers are antigens
common to both urine and epithelium, and antigens unique to each
source.

CONCLUSIONS: In an earlier study of the airborme distribution
of allergens within a resesrch facility we found that rat urine and
epithelial allergens could be detected separately, and that sers
from exposed workers contained similar levels of IgE antidbodies to
both types of rat and mouse allergens. The results of this study
indicate that there ic cross-reactivity between rat and mouse
epithelial sllergens, and thus exposure to one of these species may
lead to sensitization to both. In addition we found that while rat
urine and epithelium share antigens there acre antigens unique to
each source. This finding helps explain our eariier odservation
that the sirdorne distribution of rat allergens is different for
epithelial and urinsry allecgens. ‘



INTRODUCTION

Occupational exposure to laboratory animals is
frequently associated with the development of allergies.
The prevalence of allergy to laboratory animals has been
estimated to be between 11 and 30% among animal
caretakers and laboratory workers. revious studies
which have evaluated the prevalence of allergy to
particular species of laboratory animals have not yielded
consistent results, but laboratory rodents; rats, mice
and guinea pigs; are frequently identified as problems.
Within these species the urine and epithelium (pelt) are
the major sources of allergenic proteins.

In earlier studies we found that sera from workers
primarily exposed to rats contained IgE antibodies to rat
and mouse epithelial and urine allergens. To determine
if these distinct or cross-reactive antibodies, we
investigated the allergens of rats, mice, and guinea pigs
to determine both the cross-reactivity between species
and between the urine and epithelial derived allergens.



TABLE 1

RAST Analysis of Selected Sera
Serum * Allergen**
Source GP Epi GPUr MEpi MUr REpi RUr
Serum Pool 4.6°*° 4.3 115 10.0 112 129
Subject 1 10.1 82 36 4.1 96 79
Subject 2 17.4 6.5 213 18.3 272 240
Subject 3 52 nd 11.8 10.1 146 118

* . Serum pool was from five rat sensitive individuals whose primary exposure was
to rats.

Subject 1 was a guinea pig sensitive subject who avoided guinea pigs but did
have exposure to rats. Subjects 2 and 3 had frequent exposurez
to both rats and guinea pigs but not mice.

** . Abreviations: GP Epi = guinea pig epithelial antigen
GP Ur = guinea pig urine antigen
M Epi = mouse epithelial antigen
M Ur = mouse urine antigen
R Epi = rat epithelial antigen
R Ur = rat urine antigen

**¢ . Results expressed as RAST Score which was calculated by dividing the
percent counts bound by antigen coated beads by the percent counts bound by HSA
coated beads.

CONCLUSION: Sera from workers whose primary exposures were to rats and
guinea pigs had comparable levels of IgE antibodies to micz allergens. These
results suggest that the antibodies were cross-reactive to rodent allergens.



RAST Inhibition Protocol

50 ul beads + 250 (1| serum + 200 .| extract

Incubate overnight at room temp.
on tube rotator

Wash 3X with RAST buffer
Add I-125 anti-IgE
Incubate overnight

Wash 3X with RAST Buffer

Count in gamma counter

Calculate percent counts bound
and percent inhibition



Mouse Cross Reactivity Studies

Inhibitor Mouse Urine Mouse Epitheliur
Mouse Urine 260+ no inhibition
Mouse Epithelium 10,000 271

Rat Urine 114 526

Rat Epithelium 3185 68

G.P. Urine no inhibition no inhibition

G.P. Epithelium no inhibition no inhibition

* - 50% Inhibition Concentration (ug protein/m!)
\
\

Eonclusion Guinea pig antigens did not cross react with
ouse antigens, but the rat derived antigens did. Of :
he mouse epithelial and urine antigens did not cross |
ignificantly.

-




Guinea Pig Cross Reactivity Studies

Inhibitor G.P. Urine G.P. Epithelium
G.P. Urine 110- 21

G.P. Epithelium 15685 10

Rat Urine no inhibition no inhibition
Rat Epithelium no inhibition 4400

Mouse Urine no inhibition no inhibition
Mouse Epithelium no inhibition no inhibition

* - 50% Inhibition Concentration (ug protein/mi)

Conclusion: Rat and mouse antigens do not appear to cross
react with guinea pig derived antigens. The guinea pig
epithelial and urine antigens do appear tc cross react.




Rat Cross Reactivity Studies

Inhibitor Rat Urine
Rat Urine 141+

Rat Epithelium 267

Mouse Urine no inhibition
Mouse Epithelium 6671

G.P. Urine no inhibition
G.P. Epithelium no inhibition

Rat Epithelial
71

2470

no inhibition
no inhibition
no inhibition
no inhibition

* = 50% Inhibition Concentration (ug protein/mi)

39nclusion: The mouse and guinea pig antigens did not cross
m?h the rat derived antigens significantly. The rat
spithalial and urine antigens do appear to cross react.



Cross Absorption Protocol

1.0 ml serum + allergen coated beads
Incubate overnight

Recover serum

Perform direct RAST with serum

Absorbants used:
Rat urine coated beads
Rat epithelium coated beads
Human serum albumin coated beads
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Cross Absorption Studies

Percent Activity Remaining

Anti-Epithelium Anti-Urine
Antigens used for absorption

I Epithelial Beads Urine Beads

Sonclusion:  Results indicate that epithelial and urine

)eads

were equally effective in absorbing antibodies to

pithelial antigens, but epithelial beads were less

ffect
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Studies of the Cross Reactions of
Rat Urine and Epithelial Antigens

Conclusion: Comparison of the standard curve made using
either rat urine or rat epithelial beads shows that with
epithelial beads parallel lines of inhibition are obtained
with both type of antigen. However, using urine beads
the inhibition curves are not parallel. This suggests

that the urine contains antigens not found in the

epithelial antigen extract.



CONCLUSIONS

The results of this study indicate that there is cross
reactivity between rat and mouse allergens. Thus exposure
to one of these species may lead to sensitization to both.
The guinea pig allergens do not appear to cross react with
either rat or mouse allergens.

The analysis of the cross reactivity of rat urine and
epithelium reveals that while there are antigens common to
both, the urine contains antigens not found in the
epithelium. The gel filtration studies suggest that the
epithelium contains antigens not found in the urine, but the
cross absorption studies do not confirm this.
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Guidelines for the Epidemiologic Assessment

of Occupational Asthma

Report of the Subcommittee on the Epidemiologic
Assessment of Occupational Asthma, Occupational

Lung Disease Committee

Alexander Blair Smith, MD,* Chairperson, Robert M. Castellan, MD,**
Dan Lewis, PnD,** and Thomas Matte, MD***

Physician reporting of cases of communicable dis-
case has played an important role in detection and
control of discase outbreaks.' A similar expectation
exists for physician reporting of occupational dis-
cases, including occupational asthma. The diagnosis
of a singic case of occupational asthma may be a
sentinel event that reveals the need to search for other
cases, as well as remediable underlying causes.? As
stated by Rutstein et al.,’ such an occurrence may:
*(1) provide the impetus for epidemiologic or indus-
trial hygiene studies, or (2) serve as a warning signal
that materials substitution, engineering control, per-
sonal protection, or medical care may be required.”
Also, other purposes may be served by consequent
epidemiologic and industrial hygiene studies. An ep-
idemiologic survey may be needed to convince re-
sponsible parties that a heaith problem exists that is
in some measure attributable to workplace exposures.
An epidemiologic survey will be needed to quantitate
the magnitude of a work-related health problem,
whether the magnitude is expressed as disease prev-
alence, incidence, or some other measure. An epi-
demiologic study may identify personal risk factors
that explain why certain persons have manifested a
discase as a consequence of their occupational ex-
posure(s). Resultant recommendations for control of
exposures in the workplace may facilitate manage-
ment of the index case and affected co-workers, and
help prevent the ocrurrence of additional cases.

INITIAL INVESTIGATION

The epidemiologic study most suited to the initial
investigation of suspected occupational asthma is that

From the *National Oceanic and Atmospheric Administraiion and
the *Depanment of Family and Community Medicine, Eastemn
Virginia Medical School, Norfolk, Virginis, and the National
Institute for Occupational Safety and Health, **Morganiown,
West Virginia, and ***Atlania, Georgia.
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described by Miettinen* as the “census-sample” study.
Here, the investigator first conducts a survey (or “‘cen-
sus,” in Miettinen’s terminology) to determine a study
population’s disease experience or to identify the pres-
ence of some characteristic suggestive of the discase
in question. The investigator then conducts a detailed
survey or examination of persons identified as cases
and of a sample of the underlying population to obtain
further information on the personal and environmental
correlates of the disease. If potential cases are iden-
tified by a characteristic suggestive but not diagnostic
of the disease, results of appropriate diagnostic tests
should reduce false-positive classification of potential
cases that do not truly have the disease,

For example, in a study of occuaptional asthma. an
initial survey might be conducted of all workers by
questionnaire, to classify cach respondent with respect
to symptoms suggestive of asthma (i.e., episodic
wheezing, chest tightness, or shortness of breath). A
second survey would be conducted on ail potential
cases and a sample of the underlying population to
ascertain additional information. This information
might include physiologic tests that determine whether
undetlyii:;g symptoms are attributable to asthma and
tests that examine the temporal relationship of symp-
toms to precipitating circumstances at work, Other
occupational correlates may be used, such as tests that
measure sensitization to general environmental anti-
gens and measure potential workplace allergens. Al-
though not specifically identified as such, this ap-
proach has been used in many published ‘studies, al-
though in some studies the second survey of a sample
from the underlying population may appear to have
been omitted.’’

The “census-sample” approach appeals to common
sense. The initial survey is used not to provide defin-
itive diagnoses, but only to identify workers with
symptoms that warrant further ‘cvaluation.”: Best use
is made of researchers’ time and resources because
they are not spent evaluating in detail a preponderance
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TABLE {. Sensitivity and specificity of symptoms, as weil as symptom-based definitions of asthma,

for positive MTC

Symptom/definition

Sensitivity

Specificity

Wheeze, regardless of other
symptoms

67/229 = 29%

991/1163 = 85%

Breathlessness. regardless of 82/229 -~ 30% 964/116) = 82%
other symptoms
Wheeze and breathlessness 39/229 = 17% 1107/1163 = 95%
Wheeze or breathlessness 1104229 = 48% 848/1163 = 73%
Any respiratory symptom 149/229 = 65% 680/1163 = $8%
Asthma diagnosis
Brooks* 49/229 = 20% 1067/1163 = 92%
Cookson™ 43/229 = 19% 1020/1163 = 88%
Any reported 28/229 = 12% 1131/1163 = 97%
Physician diagnosed 23/229 = 10% 1148/1163 = 9%

Adapted from Enarson DA, et al. Am Rev Respir Dis 1987;136:65.

used as the siandard, leading the authors to state that
“bronchial hyperresponsiveness in epidemiologic sur-
veys is limited at present in identifying subjects with
asthma.”™™

This lack of a uniformly accepted gold standard
precludes measurement of the true sensitivity and
specificity of any test for astbma. However, “sensi-
tivity” and “specificity” are still commonly nused
in reporting comparisons between two imperfeci
tests, in which one is used as a proxy for the
standard. A limited number of studies have specificed
independent —albeit imperfect—operational  stan-
dards for evaluating iheir questionnaires.

High sensitivity and specificity are both desirable
in any test, but in many instances. high sensitivity
compromises specificity and vice versa. Given the
screening function that questionnaires serve in epi-
demiologic studies, high sensitivity should take prior-
ity in the design of questionnaires on occupational
asthma. Unfortunately, limitations in study design or
i~ e data reported often prevent a direct assessment
of .2 sensitivity and specificity of respiratory symp-
tm . as elicited by questionnaire. These limitations
includz a failure 1o apply the standard to a sample of
those screening negative by the questionnaire and the
use of an additional questionnaire to refine the initial
screen.” ' 12 Other studies are found in which the
standard has incorporated to an unknown extent the
results of the test to which it is being compared.”
Finally, because work.::;g populations tend to differ
from commu.ity populations in the distribution of
relevant covarizies and other discases, evaluations of
questionnaires in community populations may not pre-
dict their performance in worker groups.

In studies that compare symptoms elicited by ques-
tionnaire to more objective, independent corretates of

asthma, investigators gencrally have chosen tests of
nonspecific bronchial hyperresponsiveness (NSBH),
such as methacholine inhalation challenge (MIC), as
the standard against which the sensitivity and speci-
ficity of questionnaire items are assessed. Because
NSBH is belicved to be sensitive but not spec-fic for
identifying asthma, use of NSBH as a standarg can
result in underestimating the sensitivity of the ques-
tionnaire for the disease, as opposed to its sensitivity
for NSBH as a surrcgate for the disease.** Further-
more, the choice of criteria for a positive test of NSBH
and the choice of questionnaire responses used to de-
finc occupational asthma will both influence apparent
questionnaire performance.

Studies can be found in which questionnaire re-
sponses comrelate well with bronchial hyperrespon-
siveness. However, the preponderance of the limited
published evidence suggests that questionnaires func-
tion more poorly than an advocate for the *“‘census-
sample” study of occupational asthma would hope.
Dales et al.,' using a French translation of the ATS-
DLD questionnaire, studied 200 Canadian insulation
workers. The sensitivity and specificity of “wheeze,"
“whecze with dyspnea,” and a “history of asthma."
were assessed against methacholine challenge. A non-
stringent criterion for 8 positive test was a PC,y (pro-
vocative concentration causing a 15% decline in
FEV)) of less than 16 mg/ml. The sensitivity of
“wheeze” for a positive methacholine challenge was
26%, "wheeze with dyspnea”™ was 10%, and of a “his-
tory of asthma” was 7%. The specificities were 87%,
93%, and 97%, respectively. The sensitivity of
“cough” and of “cough with sputum” was greater than
that of “wheeze"” (45% and 33%, respectively); with
correspondingly lesser specificity. -This: latter obser-
vation suggested that the positive methacholine tests
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struction have been most commonly used in epide-
miologic studies of occupational asthma: standard spi-
rometry performed before and after a work shift, and
ambulatoiy mouitoring of peak expiratory flow rates
over a period of weeks.

Spirometry “shift” siudies. In a modification of the
*stop-resume work test” traditionally used to assess
work-related allergy, acute work-related decrements
in ventilatory function were first documented in an
epidemiologic study by measuring spirometry just be-
fore and after a Monday work shift among cotton
workers.”® Since then, spirometric measur¢ient of
forced expiratory volume in 1 second (FEV)), forced
vital capacity (FVC), and their ratio have become the
most commonly used and standardized tests of lung
function, both in the clinical laboratory and in epi-
demiologic field studies. Standard spirometry is easily
performed in only a few minutes and is very repro-
ducibie. The required instrumentation is relatively in-
expensive and portable.”” Much of the utility of the
FEV, and FVC derive from understanding sources of
variability and controlling those that might confound
or obscure test results.

Variability of spirometry measurements results from
measurement ervor and from true biologic variation."?
Measurement error can be effectively minimized by
consistently following generally accepted recommen-
dations for standardization of spirometry instrumen-
tation: and procedures.*® Thus, proper spirometry test-
ing should include quality equipment, frequent cali-
bration, leak checks, and BTPS correction factors to
minimize measurement crrors. At least three accept-
able maximal expirations should be recorded for each
subject, and these should be properly measured using
standard methods. Quality assurance programs built
into automated spirometers are no substitute for visual
inspection of all spirograms for acceptability.” Spi-
rometer temperatures should be carefully controlled
at ficld study test sites to avoid the variable effect of
spirometer temperatire on BTPS-corrected FEV, re-
sults, < ¢!

In addition to measurement errors attributable to
instrumentation or technique, true diumnal variation in
airflow may serve to obscure the airway effect of an
exposure in the workplace.** Even with optimal spi-
rometry testing, some amount of variability exists in
repeated measures on the same individual in the ab-
sence of airway insuit. Jver short intervals of labo-
ratory testing in relatively healthy subjects, mean in-
trasubject coefficients of variation for FVC and FEV,
have generally been found to be on the order of 3%
or less,* with only slightly greater values found under
field testing conditions.“ There is good evidence,
however, that these parameters are not so reproducible
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among subjeciz with chronic “fixed” obstruction in
which coefficients of variation for FEV, and FVC have
been on the order of 10%.* “ Understanding this
residual variability is critical to an appropriate inter-
pretation of spirometry results from *shift” studies.
Therefore, arbitrary exclusion of spirometry data that
do not meet recommended reproducibility standards
may bias results.*’ This is particularly true in short-
term longitudinal studies used to assess the acute ven-
tilatory effects of exposures in the workplace over the
period of one work shift (so-called “shift" studies).

The Occupational Safety and Health Administration
(OSHA) currently requires “shift” testing of cotton
workers to identify those who experience an FEV,
decrement of 5% or more.” commonly referred to as
cotton dust “rcactors.” However, this degree of FEV,
change is best used as a sensitive screening tool and
nceds repeat testing for confirmation.”’ In fact, 14%
of a large population of unexposed workers had FEV,
reductions at least this large over the course of their
workshift.** A more common criterion categorizing
FEV, shift-related declines of at least 10% over a
workshift is largely empirically based. but may be
justifiable for relatively healthy workers on the basis
of intrasubject cocfficients of variation for FEV, dis-
cussed earlier.” Furthermore, using the traditional sta-
tistical approach of defining an “abnormal™ range as
the lowest 5% of a gaussian distribution of “normal™
values,™ the 10% criterion fits well with “shift”
study results from a large population of unexposed
workers.*

A recent publication states that “there is no gener-.
agreement on what decrement of function over a wora
shift is necessary to make a diagnosis of occupatioral
asthma.™® Any chosen criteria for determining ihe
“significance” of a decline are unlikely to be optimal
for all purposes in all situations, and a theoretic dis-
cussion of a rational means for selection of a criterion
to identify occupational asthma has been published.”
In another vein, it is possible that with further eval-
uation of how best to express the difference between
two FEV, tests on the same individual, use of absolute
change rather than percentage change will prove su-
perior, particularly for epidemiologic studies in which
subjects are not as closcly studied as they may be in
the clinical setting.*

Although useful, the “shift” study approach has
major limitations. Shift testing for epidemiologic stud-
ies is often donc on only one day. Thus. particularly
for industrial processes that are intermittent.in nature.
a representative exposure may not occur on:the day
of testing. Beyond that potential pitfall, many workers
with occupational asthma may have 2 relatively fixed
impairment of airway function from repeated expo-
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short time course of responses to nonspecific chal-
lenges. responses can be delayed, prolonged, and dif-
ficult to reverse with bronchodilators.’ ¢ False-
negative tests may result from inappropriate selection
of the form of challenge agent, whereas false-positive
data may result from challenge with unrealistically
high doses that cause imitative bronchoconstriction.
If considered only from an ethical perspective, use of
specific challenges should remain largely restricted to
the clinical evaluation of individual cases because ex-
posures involve administration of potential sensitizers.

ENVIRONMENTAL ASSESSMENT

The environmental assessment serves a number
of distinct purposes. It may be conducted to respond
to specific complaints, to evaluate worker exposures
to specific agents, to determine compliance with
specific recognized workplace exposure standards,
and to evaluate the cffectiveness of engineering
controls.®

Furthermore, the environmental assessment should
assist in the design of environmental exposure control
rechnologies. Occupational exposures can be con-
trolled by application of engineering controls, proper
design of work practices, and use of personal protec-
tive equipment. These measures may be applied at or
near the source of exposure, at the actual point of
exposure to worker(s), or within the general work-
place environment. Engineering measures applied at
the source of the hazardous exposure, including ma-
terials substitution, process/equipment modification,
isolation or automation, and local exhaust ventilation,
are generally preferred and provide the most effective
means of control. Controls that may be applied to
hazards that have escaped into the workplace envi-
ronment include dilution ventilation, dust suppres-
sion, and housekeeping. Controls that may be applied
to individual workers include the use of remote control
rooms, isolation booths, fresh-air showers, work prac-
tices, and personal protective equipment. in general,
a combination of all three types of control measures
is required to provide worker protection. Process and
workplace monitoring devices, personal exposure
monitoring, and medical monitoring are important
mechanisms for providing feedback conceming the
effectiveness of the controls in use. Ongoing moni-
toring and maintenance of controls to ensure proper
use and operating conditions, and the education and
commitment of both workers and management to oc-
cupational health, are also important elements of an
effective control program.”

The environmental assessment should be conducted
by an experienced industrial hygienist. However, the
physician should be knowledgeable of potential work-
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place hazards. and should be prepared to assist in
identifying pertinent physical or chemical exposures
that must be evaluated. In general, the environmental
evaluation will require that the investigative team be-
come familiar with all processes. Chemical and phys-
ical agents must be inventoried, job activities and
work practices reviewed, sources of air contaminants
and physica! agents identified, and existing control
measures studied (i.e., process enclosures and shield-
ing, local and general exhaust ventilation, and im-
position of barriers through the use of personal pro-
tective equipment).” ”* If personal protective equip-
ment is used, then a program of training and
maintenance in the use of equipment should be in
place, and use of personal protective equipment. when
necesssary, should be mandated by management and
not optional on the part of the employee.

In regard to the conduct of the environmental sur-
vey, it is the industrial hygienist who must determine
how, when, where, how long, and how many envi-
ronmental samples should be obtained. It is particu-
larly important to know if the device(s) and/or
method(s) are specific for the contaminari(s) to be
measured and what other substances interfere with the
procedure(s). Issues of reliability and validity arise
just as in the epidemiologic study. More than 200
chemical and physical agents have been implicated as
causes of occupational asthma.* It is therefore neither
practical nor feasible to recommend in this general
discussion specific sampling strategies for all such
workplace contaminants known to be associated with
occupational asthma. It is appropriate to state that
sampling should be conducted in accordance with ac-
cepted standard methodologies where available, and
that the samples be analyzed in accordance with ac-
cepted standard analytic procedures.

Immunochemical assessment. It should be recog-
nized that new, useful techniques evolve that do not
gain immediate understanding or acceptance. Immu-
nochemical assessment of exposures to biological sub-
stances in the workplace, such as animal- and plant-
derived proteins, comprise a set of such procedures
and will be briefly reviewed.

The application of immunochemical techniques for
the detection and quantification of acroallergens in the
workplace holds promise as an effective means to
enhance the environmental assessment. The basic con-
cerns that need to be considered in using this meth-
odology include sample collection, extraction, and
analysis. In general, the collection and extraction
methodologies are similar to what would be done for
a variety of types of materials, but,:because allergens:
can provoke a reaction at concentrations at which dust
levels are low, some added precautions are necessary.
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should not be selected merely because they
have voluntcered to participate in the
study. Reasons for refusal to participate
should be examined when possible.
Although personal characteristics such as
atopy should be determined, the investi-
gator must bear in mind that in a cross-
sectional study, no conclusive inference
can be drawn about personal characteristics
and risk for developing discase.

. Researchers should recognize that in an

employce population, a discase with a high
incidence may nonetheless have a low
prevalence if mean duration of discase is
short. The severely ill may no longer be
present at the worksite. Therefore, efforts
should be made to identify not just all cur-
rent employees, but former employees as
well. Attempts should be made to ascertain
their reasons for leaving employment.
Such fotlowup of former workers may en-
able investigators to speculate whether
prevalence measures derived from the ini-
tial study under- or over-represent the true
magnitude of discase.

II. The questionnaire.

A.

Experience does not currently warrant rec-
ommendation of a single “best” question-
naire for assessment of occupational
asthma.

. It is advisable to include questions from

available, published questionnaires to ask
about asthma symptoms because such
questions have already been largely “de-
bugged” in terms of ease of understanding
and lack of ambiguity.

. When choosing questions to assess work-

relatedness of symptoms, it is best to allow
for a variety of temporal patterns in rela-
tions to work (e.g., weeknight symptoms,
Monday moming symptoms, etc.), espe-
cially if the suspect asthma-causing agent
is a low molecular weight compound likely
to cause late reactions.

. The experience reviewed with the MRC

and ATS-DLD questionnaires suggests tiat
a single symptom like wheezing may not
have the desired sensitivity. It is therefore
preferable to use more than one symptom
in combination with work relatedness to
screen workers for further evaluation.

. In order to assess the validity of a ques-

tionnaire for occupational asthma, a stan-
dard must be chosen that is independent of
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the questionnaire itseif and is applied to
both those with a positive and negative
questionnaire screen. Symptoms and phys-
iologic changes should be described sep-
arately, so that the relationship between
outcome variables may be examined as
well as the relationship of each outcome
with the independent variable(s). *‘Clini-
cal” diagnoses translated into case defini-
tions tend to incorporate, to an unknown
and/or unrecognized extent, the results of
the tests under consideration and should be
avoided.

. Investigators who are not using previously

published questionnaires should publish
any questions used in their analysis.

. Various combinations of symptoms used as

criteria for a positive “screen” on the ques-
tionnaire should be assessed.

II1. Pulmonary function testing.
A. Whenever feasible in the epidemiologic as-

sessment of occupational asthma, objective
pulmonary function testing on more than
one occasion should be used to document
variable airways obstruction that is tem-
porally related to workplace exposure.

. Questionnaire responses that describe the

temporal pattern of asthma symptoms
shov'.” be considered in deciding whether
a single “shift study™ spirometry survey
will be likely to succeed in documenting
most work-related airway responses, or
whether longer term serial monitoring of
peak flow should be done. If necessary,
consideration should be given to making
observations during and after a week or
longer away from work.

. Cument widely used criteria for docu-

menting variable airways obstruction in-
clude a 10% or greater reduction in FEV,
over a single work shift or a 20% or greater
reduction in peak flow over the course of
a single day. Other criteria may ‘be used,
but should be justified with supporting
statements. :

. When spirometry is used, American Tho-

racic Society recommendations for stan-
dardization should be followed. The in-
vestigator should limit unintentional bias
by equivalent pulmonary function testing
of both study and sontrol subjects.

. Airways “hyperreactivity” can. be docy-

mented with nonspecific _bronchial chal-
lenge testing, but should not be strictly
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