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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 scre~ning 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 alle1,ger. levels in the 
workplace. The results of these investigations are summarized in 
attachment 1. 

During the course of these studies it beca~e apparent that 
better characterization of the rat allergens was needed in order to 
identify the major source of the allergens (skin or urine), and to 
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 asaaya, 
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 anti9ena yere 
detected, but not between rat and guinea pig or mouse and gulnea 



pig antigen•. The finding that rat urine and epithelial antigen• 
can be detected separately iaplied that control technologie• ahould 
be design to control both source• of antigens. In addition, the 
cross-reactivity between rat and aouse antigens impli•• that 
exposure to one species may sensitize a person to both, and that 
the analysis of air saaples may be complicated by the presence of 
both species within a research facility. These reaults are 
summarized in attachments 2 and 3. 

In the cooperative agreement with NIEHS we had agreed to 
analyze samples collected at the Univeraity of Iowa where workers 
would be exposed to a variety of species of laboratory aniaala. 
When this cooperative agreement officially ended (Sept 1 89), we had 
not rece.ived 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 atudy of the 
development of IgE antibodies to labora~ories aniaal was begun as 
part of the cooperative agreement. These studies are continuing aa 
part of the agricultural initiative, and will require five years to 
complete. Publication of these results i• 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 Inhibition assay to monitor 
airborne allergen levels 

by Daniel M Lewis, PhD,1 Toni A Bledsoe. MS,' John M Dement, Ph0 2 

Occu~''ltional exposure 10 laboratory animals frequent· 
ly leads 10 the development of alleraies in nposed 
,..orkers. The incidmcc of laboratory 1nim1l 1ller1ies 
has been estimated 10 be between I I and 30 "9 of the 
exposed workers in the United S111n (2, 3). Occupa-
1ional 11ler1in can have a si1nific1n1 effect in terms 
of km time 11 work and can even cause people to 
chanae positions and/or vocations. Althou1h numer· 
ous studies have documented the prevalence of occu­
pational alleraies in aeneral, and laboratory animal 
allerain in panicular, Ins is known about the envi­
ronmental factors which innuence the development 
and expression or these diseases. The current study w1S 
undertaken 10 develop methods or moni1orin1 airborne 
levels or alleraens so 1h11 environmental controls could 
be applied 10 prevent or lessen alleraic reactions in 
workers exposed to laboratory animals. Previous 
studies have been reponed in which airborne levels of 
mouse and auinea pia alleraens were measured with 
I modification or the radioalleraosorbcnt Int (RASn. 
tll!rmed the RAST inhibition assay (4, 5). Althou1h 
these studia demonstrated 1h11 the RAST inhibition 
assay could be used 10 quantify airborne alleraen levels, 
they were performed usina only area samplina tech· 
niqun. We have invn1i111ed the u1ili1y of this assay 
10 detect airborne rat alleraen levels by both personal 
and area samplina, and we have anempce.:I 10 make 
a better delineation of the r11 alleraens in the air. 

Materials and methods 

Extracts of r11 epithelium and u1ine were prepared as 
previously deKribcd (5). Brieny. for epithelial extracts 
r11 pelts were lyophilized, defined by echer extraction 
in a Sox~let apparatus. 1round in a Wiley mill, and 
extracted IS a 5 -. suspension in 0.1 M phosphate buf· 
fer, pH 7.4. ovcrniaht at 4•C. The extract was dialyzed 
apinst 0.05 M ammonium bicarbonate, lyophilized, 
and stored 11 4•c until used. The urine e:uracts were 
prepared by dialysis apinst 0.05 M ammonium bicar-

• Division or ltapimory DiteaW Scudics, National ln11itutr 
for Occu111tional Slfay and Health, Morpntown, Wm 
Virainill, USA. 

1 Haith and Safa:, Offic:r, National tn11itute or Environ• 
mrmal Hrakh Scirncn, Rnnr.:t. Triaqlr Park, Nonh 
Carolina, USA. 
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bonate buffer, fihration throuah a 0.45 I' porosi1y fil. 
ter, and lyophilization. The extracts were coupled 10 
~yanoaen bromide 1c1iv11ed Sepharose-48 beads ac­
cordina 10 the manufacturer's recommendations CPhar­
macia, Piscataway, New Jersey). The extracts used in 
1he inhibition assay were dissolved in saline 11 an epi­
thelial protein concen1r11ion of 10 m1/ml and a uri­
nary protein concentration of 20 ma/ml, IS determined 
by the BioRad protein assay CBioRad Laboratories, 
Richmond, California). 

Air samples were collected with DuPont personal 
sample pumps 11 a now rate of 2 I/min and type 
FWS.O polyvinyl chloride membrane filtm. The fil. 
ters were extracted in 10 ml of 0.05 M ammonium bi­
carbonate, and the extract was lyophilized and redis• 
solved in 1.0 ml of sterile saline. 

The RAST procedure was performed as dek.Tibed 
(6) with the use of SO 11~ or a 10 "9 suspension of the 
alleraen-coupled Sepharose-48 beads per tube and 
iodine-125-labeled antihuman immunoalobulin E C11E> 
oblained from Pharmacia Oia&nostics. The RAST pro. 
cedure w1S used 10 screen the sera from workm ex­
posed 10 rats and identify those with hiah levels of laE 
antibodies to ra11ller1ens. Sera from five individuals 
were pooled and used as the reference serum for 1hr 
RAST inhibition assay. The rderena serum .x,ol con­
tained 160 IU1ml of l&E, and a I :5 dilution of rhc 
pool 11.·ould bind approximately 15 -. of the radioac· 
tivity in the standard RAST assay. 

The RAST inhibition assay (I) was performed usiftt 
200 "' of eitner the reference alleraen or air sample 
e:mact mixed with 250 111 nf dituted reference serum 
and 50 111 of aller1en-coupled beads, the volume was 
brou1h1 up to 900 l'I with sample diluent (0.1 M pht'I· 
phate buffer. pH 7 .4, containina .a "e fetal calf serum. 
I "e Tween 20, and 0.01 "t NaN,). and the mixture 
was incubated O\·emi1ht at room temper~ture ona )ube 
rotator. The rubes were washed 1hree times, ~ 
labeled 1nti•l1E was added, and the tube was iilcublied 
overni1h1 at room temperature. After threeacldiliollal 
washes, rile radioactivity of the ,amptcs 11.·as drtff• 
mined in a pmma counter. The percenta(t of.in~ 
tionwas ca1cula1ed for each sample. anclilll~ 
curve was macle b): 1hr plottina ot the~ otthr petci 
rmaa,e or inhibilion api~sc .the ~rat1on of,,.. 
aein in the reference samples. llt rear~~ ~~. * a11er · con1erit prac11 ..,r,lt•i& ctac••• ... '' '·, '' ,,,, ,, ' ' ' ,\',''"'" 



e•prened as microarams of protein allcraen per cubic 
meter or air. 

AHUIII and dlscu11ion 

Initial studies •ere conducted co determine if the ell· 

1racu of rat alleraens coupled 10 the beads contained 
the appropriate aller1ens. For chis purpose, sera from 
36 individuals occupationally exposed 10 rats were as­
sayed with the use of the rea1en1s prepared in our 
laboratory and the commercially available RAST rea-
1en1s. There was complete concordance between these 
assays in 1h11 all the subjects •ere either ne111ive in 
both bsays or positive in both assays. In addition, with 
l1E-positive subjects che relative reactivity (percen1-
a1e of counts bound) was compuade in both assays 
(data not shown). The results frn-n :i!ese assays were 
used~~ ~ntify five individuals wi:'" '.1d relatively hi1h 
reacuvny an the RAST. additional serum was obtained 
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from thne subjffls, and a reference serum pool was 
es1ablished. 

A series of Hperiments was carried out to delermine 
the optimal conditions for the RAST inh!bf1ion assay. 
The volume of each of the reactants and the incuba· 
tion times and condi1ions 11.·ere dettrmined •hich save 
the best resulls. As show·n in fi1ure I, a linear rda­
lionship between 1he !o&it or 1he percen1a1e of counts 
bound and the protein con1en1 or the extracts wu ob-
1ained, correlation coefficients Cr) or 0.97 or better 
typically beina obtained. The lower limits or detection 
were es1ima1ed to be 0.6 11-11ml for the urinary allcr• 
aens, and 1.4 11-11ml for the epithelial alleracns. 

Air samples were collected from a variety or sites 
and assayed for aller1en content. In fiaure 2 1he con­
centration of urinary and epithelial allcrlfflS have been 
ploc1ed 11ainst each other. There •ere several samples 
in which only one or the aller1ens was detected. In ad­
dition the airborne levels or urinary and epithelial al­
ler1ens did noc correlate (r • 0.36). This findina would 
suuest 1ha1 there are an1i1ens that are unique to each 
extract. When these data were analyzed with respecc 
to the site of sample collection, the results were aen· 
erally as expecced. In other words, areas with the 
hi1hcs1 allcr1en levels were areas with either many ani­
mals (es. holdins rooms) or a hi&h dust exposure level 
Ce&, caae dumpin1 and clcanina areas). or intercst was 
the findin1 or delectable levels or the aller,ens in the 
locker room and work break room, ie, in 1he rooms 
where employees chan1cd their clothes or took work 
breaks. Thew results sugest that the allcr1ens may be 
carried on clothin& and distributed throuahout the 
worksi1e. 

In order 10 define the aller1ens contained in the ex­
tracts bener, a sample or the urine excracc was chro• 
ma101raphed on a Sephacryl S-300 column, and the 
major protein rraccions were as~.ayed ror rlkr1en con-
1em. As shown in fi1ure :!, 1he alh:rgenic accivity eluted 
in I\\O peaks indica1in1 that the urine contained at ~ 
111110 allersens. A sample or the epithelial ex1r1ct was 
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chromaroaraphcd, and 1he alleraenic ac1ivi1y was 
found 10 be 11idely dimibu1ed in lhe column eluare. 
This findin1 indica1n 1ha1 lhe epi1helium is a much 
more comple,i mi,uure of alleraens 1han lhe urine. II 
is hoped 1ha1, by usin1 more purified alleraens, we will 
be able 10 increase 1he sensi1ivi1y and specifici1y of rhe 
RAST inhibi1ion assay. 

In summary, 1he resuhs ob1ained 10 dare indicare 
1ha1 1he RAST inhibilion assay provides a very sensi-
1ive merhod 10 detec1 airborne alleraens of labora1ory 
animals. The use of serum from workers allergenic 10 
rais in 1his assay assures 1he specifici1y of 1he assay. 
We have found 1ha1, by concen1ra1in1 filler u1rac1s 
by lyophiliza1ion, we can deiect as linle as I 111 of 
allergen on a filler and 1hus allow for 1he use or per­
sonal samplers 10 moni1or 1he work environmenl. Even 
lhough we are con1inuin1 10 allempl 10 improve 1he 
sensi1ivi1y of 1he assay, 1he assay has proved 10 be 
very reliable and consisren1. Quanti1a1ive assessmenl 
of 1he airborne illtrgen levels in 1he workplace sho11ld 
allow for the developmen1 of conrrol measures 10 
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reduct aller1en levels ei1hcr by ,hanf" in 11ork prai:• 

1ices or by en1ineerin1 conuols. 
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Major a.t Aller9ena cauei."9 Laboratory AliiMl Aller91H 

T. aledeoe, N.S., (ASCP)• and D. Levie, Ph.D. 
National lnetitute for ·Occupational Safety and Health 
11or9antown, W 

Occupational aller9iH can reault in loet ti• at work 
and a chant• ln podtion or vocation by the eaplOJN• 
StudiH concernint the :,reval•nc• of laboratory aniNl 
allervi•• (LAA) have eetillated the incidence of LAA 
aao119 aniMl care worker• to be eleven and thirty per 
cent. The rat h the aoat frequently reported cauH 
of I.AA (72.21) and thia atucly identifi•• the anti9enic 
coap>nent.a of two Mjor aourc•• ~f rat proteins rat 
urine an4 rat epithelia. Pour epitMHal protein 
fraction• and tbrN uri.ftary protein fraction• W11re 
identified by col..- chroaator9aph7. !MM fractiona 

'were deterained to Mve aarked antitenic activity by 
·the radioaller90eorbent (MST) inbil>ition HNy. The 
reaulta cleaonatrated thAt the rat urinary and the rat 
e:,ithelial eatracta Md aiailiar antitenic coaponent• 
but aleo each Md anti,enic coaponenta unique to itaelf. 

Vol a. Na. J MAY/1'Mf. ltlO CL.NCI&. LMOIIA'NIIY rm lat 



ABSTRACT 
Occupatlonal allergles can result In lost time at work 
and a change In position or vocation by the employee. 
Studies concerning the prevalence of laboratory anlmal 
allerglea (LAA) have estimated the Incidence of LAA 
among anlmal care workers to be between eleven and 
thirty percent. 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 eplthella. Four eplthellal 
fractions were Identified by column chromatography. 
These fractions were determined to have marked 
antigenic actlvl ty by the radloallergosorbent (RAST) 
Inhibition assay. The results demonstrated that the 
rat urinary and the rat eplthellal extracts had 
slmllar antigenic components but also each had 
components unique to Itself. 



INTRODUCTION 

• It Is estimated that thirty-five thousand animal care 
workers, laboratory technicians, scientists, and 
veterinarians In the United States are regularly exposed to 
lab animals. 

• The Incidence of laboratory animal allergies (LAA) In the 
United States has been estimated to be between eleven and 
thirty percent, or one In five exposed workers. 

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

• LAA can be defined as an allergic disorder generally 
charactorlzed by rhinitis and conjunctivitis but may also be 
accompanied by rash, urticaria, asthma, and cough. 

• Five species comprise 99~ of lab animals: 
rats, mice, guinea pigs, rabbits, and hamsters. 

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

• The rat Is the most frequently reported cause of LAA 
(72 ~). 

• Sources of allergens are In shed dander, hair, sallva, 
serum, urine, and tissues (I.e. epithelial). 



RAST Class Guln911 Pig Hamster Mouse Rabbit Rat 

--------~-------------------------------------~~--~~---
4 0 0 1 1 1 

3 0 1 0 0 4 

2 2 1 3 6 3 

1 0 0 1 0 4 

1/0 2 2 0 1 4 

0 136 138 136 133 128 

-------------------------------------------------------
s Positive • 2.9S 2.9S a.es s.os a.es 

140 serum samples from the University of Iowa were screened 
for specific lgE activity to the above species. 

Rat was the moat frequent cause of LAA (8.8S). 



METHODS 

This study Identifies the antigenic components of rat 
eplthella and rat urine by the followlng procedures: 

1. Eplthellal Extract Preparation 

2. Urinary Extract Preparation 

3. Column Chromatography 

4. SOS Acrylamlde Gel and Two-Dimensional 
Electrophoresls 

5. RAST Inhibition: using pooled RAST Class 4 
rat sensitive sere. 



EPITHELIAL EXTRACT PREPARATION 

Pelts: Freeze-dried and Defatted 

Ground with WIiey MIii 

Extracted 24 hours In PBS, pH 7.4 

FIitered through .80 um + prefllter, .45 um, and .20 um 

Dlalyzed vs. 0.06 M NH4HC03 

Centrifuged and Lyophlllzed 

Redlssolved In Bicarbonate Buffer, pH 8.3 

Coupled to CNBr Sepharose-4B Beads 

Stored at 4 C In Trls-HCI Buffer, pH 8.0 with Azlde 

URINARY EXTRACT PREPARATION 

Urine: Centrifuged and Sediment discarded 

Dlalyzed vs. 0.06 M NH4H003 

Centrifuged and Sediment discarded 

FIitered through .80 um + prefllter, .45 um, and .20 um 

Lyophlllzed 

Redlssolved In Bicarbonate Buffer, pH 8.3 

Coup(ed to CNBr Sepharose-4B Beads 

Stored at 4 C In Trls-HQI Buffer, pH 8.0 With ~i,~t 



RAST INHIBITION PROTOCOL 

50 ul Beads + 250 ul 1:5 DIiuted Serum+ 200 ul Extract 

Incubate overnight at room temperature on tube rotator 

Wash three times wl th RAST Buffer 

Counted In a gamma counter 

Calculate Percent Count Bound and Percent Inhibition 

Solid phase 
Ag 

o~Re~~fc~ 
+O 

Soluble A~ ~ ~ 
0 00 ~~ 
00 0 ~ 

0 0 \___)f 
0 0 

FIG. 1. Diagrammatic representation of the fint stap,ef 
RAST inhibition procedure. There is competition between 
solubte and solid-phase alleraens for the available laB anti­
bodies .. Ag, Antigen: Ab, antibody. Uaed with panlillion 

' from G. J. Gleich, J.B. Larson, R. T. Jones, and H~,,.._., J. 
Allergy Clin. lmmunol. SJ:158-169. 1974. · 
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URINARY EXTRACT RESULTS 
• Two peaks of maximum allergenlc activity were seen In 

In the column effluent In the protein size ranges: 
74 kd and 12-26 kd. 

• The 3rd peak observed In the column effluent was 
divided Into Fractions 111 and IV. 

• Inhibition was observed as Urine Fraction I (21%), 
Fraction II (52%), Fraction Ill (61%), and Fraction 
IV (62%). 

• Fractions Ill & IV contains protein In the size range 
of the rat urine major allergenic component: two 
partially cross-reacting forms: alpha-2 euglobulln 
(16-18 kd) & preaibumln (20-21 kd). 

SOS Gel & Two-Dlmenslonal Electrophoresls: 

• Urine extract: observed protein concentrated In 
the 60-7 4 kd and 12-26 kd ranges. 

• Fraction I: observed protein concentrated In the 
60-7 4 kd range. 

• Fraction II: observed protein concentrated In the 
50-7 4 kd and 25 kd ranges. 

• Fractions Ill & IV: observed protein concentrated 
In the 12-25 kd range Increased and>protel~ 
concentrated In the > 26 kd ranee decreased. 



EPITHELIAL EXTRACT RESULTS 
• Four peaks of maximum allergenic activity were seen In 

the column effluent In the protein size ranges: > 67 kd 
(kllodalton), 67 kd, 25 kd, and < 13 kd. 

• Inhibition was observed as Eplthel. Fraction I ( 46%), 
Fraction II (60%), Fraction Ill (52%), and Fraction IV 
(52%). 

SOS Gel & Two-Dimensional Electrophoresis: 

• Eplthellal Extract: observed proteins with moblllty 
slmllar to a gamma protein with migration toward the 
( + ) pole. 

• Fraction I: observed protein concentrated In the 
> 7 4 kd, 37 kd, and 25 kd ranges. 

• Fraction II: observed protein concentrated In 
the 7 4 kd range Increased. 

• Fraction Ill: observed protein concentrated In 
the 12-25 kd and the < 12 kd ranges Increased. 

• Fraction IV: protein bands not detected by SOS 
or two-dlmenslonal electrophoresls; protein 
concentration may have been below method 
detection· 11m1t or protein did not migrate 
toward the ( - ) pole ( gamma protein) . 



SUMMARY 
• The cross-sectlonal lab animal allergy study Illustrated 

rat allergens as the most prevalent cause of lab 
animal allergies among anlmal care workers. 

• Both rat eplthella and rat urine exhibited major aller­
genic activity In the protein size ranges of 67 kd 
(albumin) & 12-26 kd (prealbumln & alpha-2 euglobulln). 

• Urine Ill & IV demonstrated the greatest allergenlf' 
activity (61~ & 62~ I) and contained protein In the size 
range of rat urine major allergenic component: 
prealbumln and alpha-2 euglobulln. 

• Eplthellal extract demonstrated the presence of protein 
with moblllty similar to gamma protein. 

• Rat eplthella demonstrated widely distributed 
allergenic activity while urine allergenlc activity was 
primarily limited to two size ranges. 

• Rat eplthella and rat urine contain similar protein 
components but eplthella appears to be more complex. 
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CROSS-REACTIVITY OF LABORATORY AIIMAL ALLERGENS: INTER 
AND INTRA SPECIES STIDES 

Lewis, Daniel M. 111 
Bledsoe, T.A. (1] 
(1) National Institute for Occupational Safety and Health, Morgantown, USA 

OBJECTIVE: The objective of thi• •tudy wa• to detet"lline the 
cross-reactivity of allergen• prepared froa the pelt• and urine of 
rats and mice. Partially purified allergen• froa rat urine and 
pelts were analyzed to determine if there were antigen• unique to 
each source. 

METHODS: Aqueou• ext.racts of freeze-dried, defatted pelt• of 
rat• snd mice were ~repared a• a source of epithelial allergen•, 
and dialyzed urine wa• use a• a source of urinary aller1ens. The 
allergens were coupled to cyanogen bromide activated Sepharoso 48 
bead• (solid phased allergen~). or diluted in pho•phate buffer 
containing 1~ bovine senia albuain and O.l~ ?ween 20 <•oluble 
aller1en>. Cros•-reactivity wa• a•••ssed by radioallergo•orbent 
test (RAST) inhibition a•say, and by cross ab8orption studi ... 

RESULTS: Using a pool of sera froa workers primarily expoHd to 
rats we found that the sera reacted equally well in a RAST ... a, 
with rat urine and epithelial allergeft8 and with IIOU8e urine 
epithelial allergen•. To deteraine if thb was due to croH­
reactlng antibodle•, RAST inhibition •tudie• were preformed. The 
rat epithelial and urine antigen• were weakly cro•• reactive with 
mou•e epithelial~ .tigena, but not with the mou•e.urlne antigen•. 
Slailar studi .. coaparing rat urine and epithelial allergen• ulth 
each other revealed that there was a high degrN of croH­
reactivity. Cro•• ab•orption studies with •olid phased urine or 
epithelial allergena did not C0111Pletel1 r11110ve cro•• reacting anti­
bodies. To better deteraine if the urine and epithelial extract• 
contained unique .. wll a• coaon anti1en9, the extract• were 
chromatographed on SephacCTl S-200 and the variou• fractiOll8 teated 
in RAST inhibition. The re11111t• showed that there are anti1ena 
coaaon to both urine and eplthe1.iua, and anti1ena unique to each 
source. 

COIICLUSIOIS: In an earlier atudy of the airborne dbtribution 
of allergena within a research facility we found that rat urine and 
epithelial allergena could be detected •eparately, 1111d that Hn 
froa exposed writer• contained •lailar level• of I&I antibo4iee to 
both typH of rat and IIOUH allergen•. The re1111lU of thle •tudJ' 
indicate that there le cro••-reactlvity bet.....a rat and IIOU8e 
epithelial allergene, and thu• expo1111re to oaa of then e,ecle• UJ' 
lead to eeft8itt.ation to both. In addition we found that lllblle rat 
urine and epltbeliua •bare antqene tbere ue ant11 .. unique to 
each •ource. rill• findiq help• explain our earlier ouervation 
that the airborne di•trlbutlon of rat allerg ... 1• d1ffel'9ftt for 
epithelial and urinaCT aUergeu, 



INTRODUCTION 

Occupational exposure to laboratory animals ,s 
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. Previous 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 lgE 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 or Selected Sera 

Serum• Allergen .. 
Source GPEpi GP Ur MEpi MUr R Epi R Ur 

Serum Pool 4.6··· 4 .. 1 11.S 10.0 11.2 12.9 
Subject 1 10.1 8.2 3.6 4.1 9.6 1.9 
Subject 2 17.4 6.5 21.3 18.3 27.2 24.0 
Subject 3 5.2 nd 11.8 10.1 14.6 11.8 

• - Serum pool was &om five rat sensitive individuals whose primary exposure was 
to rats. 

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

• • - Abreviations: GP Epi • guinea pig epithelial antigen 
GP Ur • guinea pig urine anti1en 
M Epi • mouse epithelial anti1en 
M Ur • mouse urine antigen 
R Epi • rat epithelial anti1en 
R Ur • rat urine anti1en 

••• - Results expressed as RAST Score which was calculated by diYidina··the 
percent counts bound by anti1en coated beads by the percent counts bound by HSA 
coated beads. 

CONCLUSION: Sera from workers whose primary exposures were to ratsiand 
guinea pigs had comparable levels of IaE antibodies to mice alleraens. These :. 
results sugest that the antibodies were crou-reactive to rodent aller1em. 



RAST Inhibition 13rotocol 

50 µ1 beads + 250 µ I serum + 200 µ I extract 

Incubate overnight at room temp. 
on tube rotator 

Wash 3X with RAST buffer 

Add 1-125 anti-lgE 

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 Epithelium 
Rat Urine 
Rat Epithelium 
G.P. Urine 
G.P. Epithelium 

Mouse Urine 
260• 
10,000 
114 
3185 
no inhibition 
no inhibition 

Mouse Epitheliud 
no inhibition 
271 
526 
68 
no inhibition 
no inhibition 

• - 50% Inhibition Concentration (ug protein/ml) 



Guinea Pig Cross Reactivity Studies 

Inhibitor 
G.P. Urine 
G.P. Epithelium 
Rat Urine 
Rat Epithelium 
Mouse Urine 
Mouse Epithelium 

G.P. Urine 
110• 
1585 
no inhibition 
no inhibition 
no inhibition 
no inhibition 

G,P, Epithelium 
21 
10 
no inhibition 
4400 
no inhibition 
no inhibition 

• - 50% Inhibition Concentration (ug protein/ml) 

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 to cross react. 

~c 



Rat Cross Reactivity Studies 

Inhibitor 
Rat Urine 
Rat Epithelium 
Mouse Urine 
Mouse Epithelium 
G.P. Urine 
G.P. Epithelium 

Rat Urine 
141• 
267 
no inhibition 
6671 
no inhibition 
no inhibition 

Rat Epithelial 
71 
2470 
no inhibition 
no inhibition 
no inhibition 
no inhibition 

• - 50% Inhibition Concentration (ug protein/ml) 

~onclusion: The mouse and guinea pig antigens did not cross 
,vith the rat derived antigens significantly. The rat 
tpithalial and urine antigens do appear to cross react. 
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Cross Absorption Protocol 

1.0 ml serum + allergen coated beads 
Incubate overnight 

Recover serum 

Perform direct RAST with serum 

Absorbents used: 
Rat urine coated beads 

Rat epithelium coated beads 
Human serum albumin coated beads 



Cross Absorption Studies 
Percent Activity Remaining 

35.--~.~~~~~~~~~~~~~~~~~~~~--, 

30 

25 

20 

15 

10 

5 

Anti-Epithelium Anti-Urine 

Antigens used for absorption 

.. Epithelial Beads .. Urine Beads 

~onclusion: Results indicate that epithelial and urine 
,eads were equally effective in absorbing a.nflbodlea to 
ipithellal antigens, but epithelial beada were leaa 
,ffective in absorbing anti-urine antibodies. 
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Urine Standard Curve 

a UrlN Extract 
3 

• Epllllilllll ldracl 

I : 
-· 

I.: --· .. ·-· 
..• 

. ---

l-2 
---· ---., 

-3 

.--4"'-------"~----~~---~-----' 
I 10 1111 UQI lcm> 

,,.,. ... CNI. ,..,.., 

Eplthallal S tandlrd Curve 3--------------­
• E .. MIII ldracl 

2 a UrlN rx .... .. .. 
-· o··-" 

_ ... ·"• . . 

I , .-·· .. I .. -···· 

-3~--~-~~~--~-~-..... 
I ID 100 1CDI UDIJ ........ c ... , .... 



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. 



Attachment 4 



In: Journal of Allergy and Clinical Immunology 84(5): 795 - 805 1989 
Guidelines for the Epidemiologic Assessment ' 
of Occupational Asthma 

Report of the Subcommittee on the Epidemiologic 
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Dan Lewis, PhD,•• and Thomas Matte, MD• .. 

Physician reporting of cases of communicable dis­
ease has played an important role in detection and 
control of disease outbreaks. 1 A similar expectation 
exists for physician reporting of occupational dis­
eases, including occupational asthma. 1ne diagnosis 
of a single case of occupational asthma may be a 
sentinel event that reveals the need to search for other 
cases, as well as remediable underlying causes. 2 As 
stated by Rotstein et al.,J such an occurrence may: 
"(I) provide the impetus for epidcmiologic 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 health problem exists that is 
in some measure attributable to workplace exposures. 
An epidemiologic survey will be needed to quantitate 
the magnitude of 11 work-related health problem, 
whether the magnitude is expressed as disease prev­
alence, incidence, or some ocher measure. An epi­
demiologic study m.:y ideritify personal risk fa<:ton 
that explain why certain persons have manifested a 
disease as a consequence of their occupational ex­
posurc(s). Resultant recommendations for conbOI of 
exposures in the workplace may facilitate manage­
ment of the index case and affected co-workers, and 
help prevent the oc1~urrcnce of additional cases. 

INITIAL INVESTIGATION 
The epiderr.iologic study most suited to the initial 

investigation of suspected occupational asthma is that 

From the •Natiollal Oceanic and Almolphcric Adminillrlllion and 
Ille •Dcpanmcnc of Family and Communic)' Medicine, EMNm 
Vir1ini1 Medical School, Norfolk, Vir,ini1, and die National 
lnllillllC for Occupational Safe!)' and Heald!. 00Morpniown. 
We11 Viraini1, and ••• Atlanca. Ocor1ia. 
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described by Mienincn' as the "census-sample" study. 
Herc, the investigator first conducts a survey ( or "cen­
sus," in Mienincn's tenninology) to detennine a study 
population's disease experience or to identify the pres­
ence e;f some characteristic suggestive of the disease 
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 
funher infonnation 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 no1 truly have the diKase. 

For example, in a study of occuaptional asthma. an 
initial survey might be conducted of all workers by 
quc~tionnairc, to classify each respondent with respect 
ta symptoms suggestive of asthma (i.e.. episodic 
wheezing, chest tightness, or shonnc11 of breath). A 
second survey would be conducted on all potential 
cues and a sample of the underlying population to 
ucenain additional information. This information 
might include physiologic tests that detenninc whether 
undel'lyh1g 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 alleraens. Al­
though noc specifically identified as such. this ap­
proach haa 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. P 

1ne "census-sample" approach appeals to.common 
sense. The initial survey is used not to provide.defin­
itive diagnoses, but only to identify workm with 
symptoms that wamnt funher evaluation.' Best. use 
is made of researchers' time and resourc ... because 
they are noc spenc evaluating in detail a~· 
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TABLE I. Sensitivity and specificity of symptoms, as well as symptom•baNd definition• of Hthma, 
for positive MTC 

Symptom I dellnltloft Senlltlvlty Specificity 

Wheeze. regardless or ocher 611229 • 29% 991/1163 • 15.., 
sympcoms 

Brea1hlcs1,ntss. regardlcs; of 82/229 ~ »., 96411163 • 82~ 
other sympcoms 

Whee,e and breathlessness 391229 = 17% 1107/1163 • 95.., 
Wheeze or brealhless.ness 1101229 '"'48% 84811163 • 73~ 
Any respiratory symptom 1491229 = 65% 68011163 • 58% 
Asthma diagnosis 

Brooks" 491229 = 20% 1067111153 • 92~ 
Cook!IOII,,. 4312:?9 = 19% 10201116:1 • 88% 
Any reponed 28/229 = 12% 1131/ 1163 • 971' 
Physician diagnosed 231229 = IO'I, 1148/ ! 163 • 9"I 

Adapted from Enanon D\, ct al. Am Rev Respir Dis 1987;136:65. 

used as the s,andard, leading the authors to state that 
"bronchial hyperresponsiveness in epidemiologic sur­
veys is limited at present in idemifying subjects with 
asthma."211 

This lack of a unifonnly accepted gold standard 
precludes measurement of the true i;e,nsitivity and 
specificity of any test for asthma. However. "sensi­
tivity" and "specificity" are still 4.:0mmonly 11sed 
in reporting comparisons between 1wi0 imperfect 
tests, in which one is used as a proxy foc the 
standard. A limited number of studies hsve specificed 
independent-albeit imperfect-operational stan• 
dards for evnluating ,heir qucs1io11naires. 

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 questior.naires serve in epi­
demiologic studies, high sensitivity should take prior­
ity in the design of questionnaires on occupational 
asthma. Unfortunately, limitation& in study design or 
i!" '.,e data reported often prevent a direct assessment 
Jf 1•,, sensitivity and specif.city of respiratory symp­
t, •rr, as elicited by questionnaire. These limitations 
inclu~ a failure to apply the standard 10 a sample of 
those screening negative by the questionnaire and the 
use of an additional questionnaire to refine the initial 
screen.'· u. u Other studies are found in which the 
~tandard has incorporated lo an linknown extent the 
results of the test 10 which it is being compared. ZJ 

Finally, because won..,;,g populatiom: tend to differ 
from commi.: 1i1y populations in the distribution of 
relevant covarii,1es and 01her di5cases, evaluations or 
questionnaires in community populations may not pre­
dict their performance in worltet groups. 

ln studies that compare symptoms elicited by ques­
tionnaire 10 more objecti~. independent com:lates of 

asthma, investigators generally have chosen tests of 
nonspecific bronchial hyperresponsiveness (NSBH). 
such as methacholine inhalation chaJlenge (MIC). as 
the standatd against which the sensitivity and speci­
ficity of questionnaire items are assessed. Because 
NSBH is believed to be sensitive but not sper;ftc for 
identifying asthma. use or NSBH IS I standaro ~an 
result in underestimaling the sensitivity of the ques­
tionnaire for the disease, as opposed to its sensitivity 
for NSBH as a surrogate for the disease.=• Furtl-er­
more. the choice or criteria for a positive test of NSBH 
and the choice of questionnaire responses used 10 de­
fine occupational asthma will both inftuence apparent 
questionnaire perfonnance. 

Studies can be found in which questionnaire re• 
sponscs correlate 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 woulci hope. 
Dales et al.," using a French translation of the ATS­
OLD questionnaire, studied 200 Canadian insulation 
workers. The sensitivity and specificity of "'Wheeze," 
"wheeze with dyspnea," and a "history of asthma." 
were assessed asainst methacholine ch11len1e, A non­
stringent criterion for a positive test wu a PC., (pro­

vocative concentrition causing a 1.5'.l> decline in 
FEV,) of less than 16 m1lml. The sensitivity of 
"wheeze" for a positive mclhacholinc, challenge was 
26'.l>, "wheeze with dyspnea" wu IO'l>, and of a "his• 
tory of asthma" wu 7'1o. The specificities were 87~. 
93%, and 97%, respectively. The sensitivity of 
"cough" and of "couah with 1f*tum'' "'as ~ter dlan 
that of "wheeze" (4.S'lll;lftf:I 33._,, respectively), .. "'it~ 
correspondingly lesser -~i~clty. This J~. ~r~j 
vation su1ge1tec1 that the 'posiI~ve ~~1nct1e1tS · 
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struc1ion have been most commonly used in epide• 
miologic studies of occupational 11Slhma: standard spi­
rometry performed before and after a work shift, and 
ambula101y moraitoring of peak expiratory flow rates 
over a period of weeks. 

Spirom,iry "shift" studin. In a modification or the 
"stop-resume work lest" traditionally used to assess 
work-related allergy, acute work-related decrements 
in ven1ila1ory function were first documented in an 
epidcmiologic study by measuring spirometry just be· 
fore and after a Monday work shirt among Colton 
workers.,. Since then, spirometric measui'cment of 
forced expiratory volume in I second ( FEV,), forced 
viral capacity ( FVC), and their ratio have become the 
most commonly used and standardized 1es1s of lung 
function, bo1h in the clinical labontory and in epi­
demiologic field studies. Standard spirometry is easily 
performed in only a few minutes and is very repro­
ducible. The required instrumentation is relatively in• 
expensive and portable. >7 Much of Che 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 error and from true biologic variation. •z 
Measurement error can be: effectively minimized by 
consistently following generally accepted recommen­
dations for standardization of spiromctry instrumen­
tation and procedures.,. Thus, proper spirome1ry test­
ing should include quality equipment, frequent cali­
bration, leak checks, and BTPS correction factors to 
minimize measurement errors. 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 spirome1ers are no substitute for visual 
inspection or all spirograms for acceptability.,, Spi· 
rometer temperatures should be carefully controlled 
at field study test sites to avoid Che variable effect of 
spirometer temperature on BTPS-corrccted FEV I re• 
suits.""·•• 

In addition to measurement erron attributable to 
instrumentation or technique, true diurnal variation in 
airflow may serve to obscure the airway effect or an 
exposure in the workplace.•1 Even with optimal spi· 
rome1ry testing, some amount or variability exists in 
repeated measures on the same individual in lhe ab­
sence or airway insult. ,)ver short intervals of labo­
ratory testin1 h1 relatively healthy subjects, mean in· 
truubject coefficients or variation for FVC and FEV, 
have senenlly been round to be on the order or JIJI, 
or less,•> with only slightly 1reater values found under 
field 1es1in1 conditions... There is &ood evidence, 
however, that these paramcten arc nol so reproducible 

·. · ..... · .... :··· 
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amona subject& with chronic "filed" obstruction in 
which coefficients of variation for FEV I and FVC ha,·e 
been on the order or IOe.li.•'· • Undcntandins Ibis 
residual variability is critical 10 an appropriate inter• 
pretation of spirometry results from "shift" ~tudies. 
Therefore, arbitrary exclusion of spiromeiry data that 
do no1 meet recommended reproducibili1y standards 
may bias results. •7 This is particularly true in short· 
tenn lon1itudinal studies used 10 assess the acute ven• 
1ila1ory effects of ei1posurcs in the workplace over !he 
period of one work shift (so-called "shift" studies). 

The Occupational Safety and Heallh Administration 
(OSHA) currently requires "shift" 1es1in1 ot' cotton 
workers 10 identify those who experience an FEV 1 

decrement of 5% or more ... commonly referred 10 as 
Colton dust "reactors." However, this degree or FEV 1 

change is best used as a sensitive screenin1 tool and 
needs repeat testing for confinnation.n In fact, 14% 
or a large population of unexposed worken had FEV 1 

reductions al least this large over the coune of their 
workshift ... A more common criterion cate1orizin1 
FEV I shift•rela1ed declines of 11 least l()C.f, over a 
workshift is largely empirically based. but may be 
justifiable for relatively healthy worken on the basis 
of intrasubject coefficients of variation for FEV I dis­
cussed earlier. z, Funhermore, using the traditional sta• 
1is1ical approach of defining an "abnonnaJ" ran1e as 
the lowest S'lli of a gaussian distribution or "normal .. 
values,• 1he 10% criterion fits well wilh "shift" 
study results from a bqe population of unexposed 
worken ... 

A recent publication slates that ''there is no 1ene~M 
agreement on what decrement or function o,·er a wor'a 

shift is necessary lo make a diagnosis of occupatior.;aJ 
asthma."'° Any chosen criteria ror determinin1 1he 
"significance" of a decline are unlikely 10 be optimal 
for all purposes in all situations. and a theoretic dis• 
cussion of a rational means for selection of I criterion 
lo identify occupational asthma bu been published." 
In another vein, it is possible that with further eval­
uation of how best to expre11 the difference between 
two FEY I tests on the same individual, use or absolute 
change rather than percentaae chance will prove su­
perior, particularly for epidemioqic studin i!l 11·hlch 
subjects are not as closely studied as they may be in 
the clinical se11in1. n 

Although useful, the "shift" study approach has 
major limi1a1ions. Shift &cslina for epidemiolo,ic stud· 
ies is often done on only one day. Thus, particularly 
ror industrial processes 1ha1 uc intennittcn& in ~re. 
a represcntllive exposure miy nol ~r •. ~ •• ~',itay 
of tct1in1, Beyond that potential pitfall, many wan 
with occupational uthma may have I relatively ftqcf 
impainncnt of airway function from repeated e•~fi 
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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 irritative bronchoconstriction. 
If considered only from an ethical perspective. use of 
specific challenges should remain larg.:ly 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 effectiveness of engineering 
controls. 70 

Furthermore, the environmental assessment should 
assist in the design of environmental exposure control 
technologies. 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 workcr(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 l.rf: important 
mechanisms for providing feedback concerning 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, arc also important clements of an 
effective control program. 11 

The environmental assessment should be conducted 
by an experienced industrial hygienist. However, thf: 
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 physical 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). 11· " 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 
ncccsssary. 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 dcvicc(s) and/or 
method(s) arc specific for the contaminar;,i(s) to be 
measured and what other substances interfere with the 
proccdurc(s). Issue$ of reliability and validity arise 
just as in the cpidemiologic 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 strategics for all such 
workplace i:ontaminants 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. 

lmmunochtmical asstssmtlll. It should be recog­
nized that new, useful techniques evolve that do not 
gain immediate understanding or acceptance. lmmu­
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 biiefly reviewed. 

The application of immunochemical techniques for 
the detection and quantification of acroallcrgcns in the 
workplace holds promise as an effective means to 
enhance the environmental assessment. 'The basic con­
cerns that need to be coosidered in using this meth­
odology include s.amplc collection, extraction, and 
analysis. In general, the collection and extraction 
methodologies arc 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 arc low, some added precautions are necessary. 
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should not be selected merely because they 
have volunteered to panicipate in the 
study. Reasons for refusal to panicipate 
should be examined when possible. 

E. Although personal characteristics such as 
atopy should be detennined. 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 disease. 

F. Researchers should recognize that in an 
employee population, a disease with a high 
incidence may nonetheless have a low 
prevalence if mean duration of disease is 
short. The ~erely ill may no longer be 
present at the worlcsite. Therefore, efforts 
should be made to identify not just all cur­
rent employees, but fonner employees as 
well. Attempts should be made to ascenain 
their reasons for leaving employment. 
Such followup of fonner workers may en­
able investigators to speculate whether 
prevalence measures derived from the ini­
tial study under- or over-represent the true 
magnitude of disease. 

II. The questionnaire. 
A. Experience does not currently warrant rec­

ommendation of a single "best" question­
naire for assessment of occupational 
asthma. 

8. 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 tenns of ease of understanding 
and lack of ambiguity. 

C. When choosing questions to assess work­
relatedness of symptoms, it is best to allow 
for a variety of tt,mporal patterns in rela­
tions to work: (e.g., weeknight symptoms, 
Monday morning symptoms, etc.), espe­
cially if the suspect uthma-causing agent 
is a low molecular weight compound likely 
to cause late reactions. 

D. The experience ~icwed with the MRC · 
and ATS-OLD questionnaires suggests that 
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. 

E. 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 itself 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 rend to incorporate, to an unknown 
and/or unrecognized extent, the results of 
the tests under consideration and should be 
avoided. 

F. Investigators who arc not using previously 
published questionnaires should publish 
any questions used in their analysis. 

G. Various combinations of symptoms used as 
criteria for a positive "screen" on the ques­
tionnaire should be assessed. 

Ill. Pulmonary function testing. 
A. Whenever feasible in the epidemiologic as­

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

B. Questionnaire responses that describe the 
temporal pattern of asthma symptoms 
sh01•'.' 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. 
con.sideration should be given to making 
observations during and after a week or 
longer away from work. 

C. Current widely used criteria for docu­
menting variable airways obstruction in­
clude a IO% or greater reduction in FEV1 

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 
starements. 

D. When spirometry is used, American Tho" 
racic So!:iety recommendations for stan­
dardization should be followed. The in­
vestigator should limit unintentional bias 
by equivalent pulmonary function testing 
of both study and tontrol subjects. 

E. Airways "hyperrcac1ivity" can be docl.1-
mented wiih nonspecific bronchial chaJ· 
lenge testing, but should not be strictly 
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