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ABSTRACT

J. LINDSEY CHALK. Laboratory animal allergy:
i ndustrial hygiene groundwork for a prospective

epi dem ol ogi ¢ study. (Under the direction of
DR JOHN M DEMENT)

Thi s paper discusses sone basic principles of allergy and asthm,
and provides an overview of |aboratory animal allergy and aeroallergen
quantitation methods. Laboratory ani mal worker exposures to total and
respirable particulate concentrations were determ ned from persona
sanpl es (both time-weighted average and task specific) and area
sanples. Al results were below threshold |init values for nuisance
dust (10 ng/M-total, 5 ng/M™-respirable) and hardwood dust (1 ng/M).
The highest particul ate exposures existed in the area on the clean side
of the automatic cage washers (0.97 ny/M-total, 0.05 ng/ M*-respirable,
TWAs) where hardwood beddi ng chips were di spensed into clean cages.

The respirable percent of the sanples varied widely (5 to 100%. The
air sanples collected will be analyzed by RAST inhibition for rat uri-
nary protein and rat dander, and will be used for dose determination in
a prospective study on the devel opnent of |aboratory animal allergy and
asthma. A system of dose calculation and data presentation i s suggest-
ed for the follow up epidemni ol ogy.
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I NTRODUCTI ON

The Status of Aeroallergen Sampling in LAA

This study was intended to address sonme of the questions raised by
current LAA (laboratory animal allergy) related research. Personal air
sanpling has not been used to quantitate an individual's breathing zone
exposure to allergenic material, nor have specific tasks involved with
ani mal work been evaluated for their exposure potential. Concentra-
tions of specific airborne allergens in |aboratory animal hol ding roons
have been neasured, but actual personal inhalation exposure is still a
matter of conjecture. In order for critera for a recommended standard
to be devel oped, exposures need to be linked to effects (or dose to
response). Only within the past few years has it been possible to
nmeasure aeroal | ergen dose neaningfully. Now that dose can be corre-
lated to a response, criteria for devel opment of a standard will be a

matter of exam ning the evidence to discover the cogent picture.

The NI EHS Proj ect
The dose-response correlation will be acconplished by a N EHS
(National Institute of Environmental Health Sciences)
clinical/epidemologic survey which incorporates the quantitative
results begun by this study and rel ates exposure to response data el u-
cidated by skin prick tests, RAST inhibition tests, and questionnaires.
Exposures are most meaningful if expressed as 8-hour tine-weighted

averages, and in addition to identifying average task-specific peak
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exposures (e.g., cage washing, necropsy, lavage, etc.), these para-
neters identify the higher risk jobs and tasks, thereby enhancing
accurate, quick recognition, evaluation and control of hazards. Also
the relationship of gravimetric results with RAST inhibition results
for specific antigens should be evaluated. A positive correlation my
be significant, since gravinetric sanpling and neasuring techniques are
much sinpler than the latter, but nay be useful as an index of allergen
activity. Particulate concentration may al so profoundly effect

the allergen activity in some hitherto unrecogni zed way.

oj ecti ves

The obj ectives of the present study were to: 1) determ ne per-
sonal exposures to total and respirable dusts in |aboratory aninal
handl i ng areas, 2) establish a hierarchy of tasks/jobs by hazard, or
dose intensity, for use in future industrial hygiene and epidemn ol ogic
studies, 3) investigate the total particulate / respirable particulate
rel ati onship of LAA-inducing aerosol, 4) identify interimcontrol stra-
tegies in view of the current data, and 5) provide prelimnary exposure

data to be used in a concomtant clinical/epidemologic study.
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LI TERATURE REVI EW

Theory and Mechani snms of Allergy and Asthna

Al'lergies and asthma are anong the nmost comon of all health
probl ens experienced in this country. It has been estimted that about
one out of e™ery six Anmericans suffers fromat |east one allergic
problem (48) The direct and indirect costs to these afflicted persons
exceeds $1.8 billion. The cost to Arericans and to Anerican industry
and business for approximately 35 mllion annual sick days and nore
than 90.5 million days of restricted activity each year is incal cu-
| abl e. (48) Despite explosive advances in recent years of our
under st andi ng, diagnosis, and treatnent of asthma and allergic
di seases, additional research is needed before the debilitating effects
of these disorders are brought under control

Al lergy may be defined as unfavorabl e physiol ogi c events nedi at ed
by a variety of different imunologic reactions. Allergic reactions
can involve any organ systemin the body. Allergy is a harnful hyper-
sensitivity to a specific substance; it is the antithesis of imunity.
The concept of immunity centers on the body's ability to recognize
foreign, "nonself" material, such as mcroorgani sms, pollen, and dust,
and react in such a way as to control or destroy the invading material.
However, when the sanme ordinarily protective system produces a harnful
reaction we refer to this as an allergic response

An "antigen" is any substance which elicits a reaction fromthe

I mmune system The immune systemrecogni zes structures on the antigen


NEATPAGEINFO:id=96434295-EEC1-4A77-A4E1-25C0B8B260C7


as being nonself and reacts agai nst them The reaction nay be nedi ated
by the action of cells (cell-mediated immunity) or by proteins in the
bl ood cal |l ed anti bodi es (hunoral inmunity).

Di scoveries in the early 1960's led to a hypothesis that is

currently one of the central dogmas of inmunol ogy today. This hypot he-
sis states that there are two distinct types of immunoconpetent white
bl ood cells: one which requires the thynus, a |ynph gland in the
chest, for devel opment and is responsible for cell-nediated i munity
(T-1ynmphocytes); and the other, devel oping independent fromthe thymus,
is responsible for the mediation of the antibody responses
(B-l1ynmphocytes). (18) Phagocytes, a third type of white blood cell
participate in the i mmune response. They are scavengers and incl ude
macr ophages, neutrophils, and eosinophils. T cells, B cells, and pha-
gocytes all originate in the bone marrow.

T cells can directly attack an antigen, and produce chenica
"medi ators" that attract or activate other parts of the i mmune system
Cell-nediated inmmunity is a najor factor in the rejection of
transpl anted organs, tissue grafts, and may be inportant in cancer pro-
tection. Bcells interact with T cells; they divide and change into
cells that can produce |arge nunbers of specific "antibodies" when they
react with an antigen and nay be assisted in this by T cells. The
anti bodi es produced are specific to the B cell that produced them
This illustrates why vaccination works by injecting dead or weakened
antigens which prime the i mmune systemfor a rapid response to a rea
at t ack.

Antibodies are the mediators of hunoral imunity. They are

defined as proteins that are formed by the host in response to an anti-
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gen and react specifically with that antigen. The special group of
five classes of proteins conprising the antibodies are called the
"i mmunogl obulins": 1gG I1gA I1gM 1IgD, and IgE 1gGis the nost abun-
dant inmmunogl obulin and includes the primary serum antibodi es agai nst
bacteria, viruses, and exogenous toxins. 1gG antibodies are at times
involved with certain phagocytes to facilitate phagocytosis. 1gGis
the only class of antibodies that crosses the human placenta to becone
the principle antibody of the newborn. IgA antibodies, found mainly in
body secretions such as saliva, tears, and nasal secretions, serve as a
first line of defense against inhaled or ingested m croorganisns.
IgDs function is not well understood. IgMis large and bi nds nost
efficiently to antigens and to "Cl". Cl is the first conmponent of the
"conpl enent systent, a group of blood enzynes that play a vital role in
imunity and will be discussed shortly. 1gG can also activate the
conpl enent system |gE (reagenic) antibodies were discovered in 1921
by Prausnitz and Kustner when they determi ned that serum coul d transfer
cut aneous sensitivity, but were not isolated until 1966. Mdst IgE is
on the surface of basophils and nmast cells, not free in blood serum
(see Figure 1). Antigens that bind to IgE on these cells are called
"al | ergens”. Exanples include airborne pollens, fungi, and ani na
dander. Thus, nost of the allergic reactions that plague many people
are due to IgE

The |ysosomes of tissue mast cells and circulating basophils con-
tain nmost of the histamne in the human body. H stam ne, which regu-
| ates the permeability of capillaries, is released with other mediators
when antigens bind to the IgE on basophils and nast cells. This is the

beginning of the allergic reaction. The released mediators then begin

their harnmful work: fluid |eaks into extravascul ar spaces, snmooth
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Figure 1. NORMVAL | MMUNOGLOBULI N LEVELS

d ass Serum concentration (ng/n)
| 4G 12.5
| gA 2.2
I gM 1.1
| gD 0.02
i gE 0. 00004

Ref erence: Merrett, 1981


NEATPAGEINFO:id=836C9B46-DEBE-4273-BEEC-9CC20090D7BA


nuscl e has spasns, phagocytic cells are attracted, and platelets are
acti vat ed.

The conpl enent system may enhance the effects of antibodies or may
directly interact with mcrobes. It is the primary hunoral response to
the binding of antigen and antibody, and one of the principal causes of
i nflammation induced by the imune system (20). The main functions of
the conplement systemin killing bacteria are 1) the attraction of pha-
gocytes, 2) the increased adherence of phagocytes to antigens, and 3)
cell lysis. Late in the nineteenth century Bordet first described the
conpl ement system This series of proteins has conme to be known as the
"classic" pathway, since in 1954 an alternate, but related pathway was
described by Pillener and his col | eagues. The alternate pathway is
triggered in the absence of antibodies but the results are the same:
an anplification loop, inflammation and host defense effects, and ulti-
mate destruction of the invasive material.

Earlier it was pointed out that the imune pathways that function
as the protective mechanisms can al so cause injury. The nost widely
used classification of the hypersensitivity, or allergic, reaction has
four groups. Type | is applicable to LAA and will be discussed |ast.
Type |11, cytotoxic hypersensitivity, occurs when circulating antibodies
devel op against a cell menbrane or an antigen associated with a cel
nenbrane. Autoi mrune hemol ytic anem a and drug-induced henol ytic ane-
ma are exanples, where antibodies to red cells or antibodies to a drug
bound to a red cell may be found. A transfusion with an inconpatible
blood type will also incite a Type Il reaction. The conpl enent system

is often involved with the cytotoxic reaction, usually activated by 19G
or IgM
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Type II1, imrune conplex hypersensitivity, occurs fromhours to
several days after exposure to antigen. In this case, antibodies conn
bine with soluble antigens in blood, formng i mmune conpl exes. The
I mmune conpl exes pass into extravascul ar spaces, and deposit in the
wal I's of blood vessels or kidneys. The conpl enent systemis also
involved in producing the disease state. An exanple of this type of
reaction is serum sickness-- a reaction to an injection of an ani mal
serum

Type IV, delayed hypersensitivity, is cell-mediated, whereas Types
I, I'l, and Il are hunoral responses. This type of reaction reaches
its peak about two days after exposure. Here T cells react directly
with the antigen, initiating a conplex process of cell production and
rel ease of |ynphokines which bring nore cells into the reaction to
attack the invader. Exanples of the Type IV reaction can be found in
tuberculin immunity, graft rejection, and contact dermatitis, such as
poi son ivy.

Type |, inmmediate hypersensitivity, goes by many nanes
(anaphyl actic or reagin-dependent hypersensitivity, etc.) and is the
i mmune response that is synonynous with allergy. Wthin seconds or
m nutes of exposure to antigen, this mechani sm produces its effect;
exanmpl es of Type | reactions include hay fever, some asthma and hives,
some food and drug reactions, insect-sting reactions, and anaphyl actic
shock (a severe, potentially fatal reaction). The bridging of two
adj acent I gE antibodies on the surface of a mast cell or basophi
triggers a series of intracellular events resulting in the release of
numerous preformed inflammtory nediators, such as histamne, and the

synthesis of new nediators, such as slowreacting substances (the
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| eukotrienes), platelet activating factor, and prostagl andins. These
substances cause edemn, spasm of snooth muscle, granulocyte attraction
activation of platelets, and increased production of nucous.

The first necessary step in developing an allergy is exposure to
the antigen, which may be a pollen, dust, a nmold, animl dander, aninal
urinary protein, or sonme other substance. IgE antibodies specific to
the antigen are formed, usually having a nol ecul ar wei ght of about
190,.000; IgE is a nonomer of two short and two | ong pol ypeptide
chains-- the basic building block of all immunoglobulins. The prin-
ciple site of IgE synthesis is the |ynphatic tissue of the respiratory
and gastrointestinal systems, but especially the tonsils and adenoi ds.
IgE is found in a | ower concentration in the blood than any other imu-
nogl obulin class. Evidently IgE synthesis by B cells is under carefu
and constant regul ation by both hel per and suppressor T cells with
suppression usually predominating. It is thought by some that allergic
di seases represent a "breakthrough" phenonenon in which the suppressive
mechani sms that normally keep I gE levels |ow are abrogated (4).

Up to 500,000 IgE antibodies can attach to a mast cell or
basophil. In humans nmast cells far outnunber basophils; mast cells are
found primarily in tissues such as the skin, the respiratory tract, and
the gastrointestinal tract, while basophils are found in the bl ood.
Wien the allergic subject encounters the specific antigen again, it
binds only to the specific antibodies now sitting on the surfaces of
cells, bridging them This signals the cell to release its granules of
chem cal nmediators, which leads to symptoms such as wheezing, sneezing,
runny eyes, itching, abdom nal pain, wetching, or diarrhea. The

medi ators lead to tissue injury either by direct effect on bl ood
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vessels, nerve fibers, snooth nuscles in the lungs, or by attracting
ot her damage-producing cells to the site. Mediators rel eased from
human mast cells and basophils include: 1) histam ne--causes itching,
constriction of bronchial tube smooth nuscle, and increase of blood
vessel permeability, 2) slowreacting substance of anaphyl axis
(SRS-A)-- the nost powerful constrictor of human bronchial tube snooth
muscl e known, 3) eosinophil chenotactic factor of anaphylaxis (ECF-A)--
attracts eosinophils, 4) platelet activating factor (PAF)-- stinulates
the rel ease of secondary mediators fromplatelets and causes pl atel et
aggregation (33), 5) neutrophil chemotactic factor (NCF)--attracts
neutrophils, 6) superoxide (Qp")-- possibly deteriorates the nucous
menbrane, as in severe asthma, 7) bradykinin-- a potent bl ood-vesse
dilator, 8) prostaglandi ns—tissue reactions such as bronchodilation
and bronchoconstriction. Some mediators are preformed while others are
new y synthesi zed fol |l owi ng basophil or mast cell nenbrane activation.
O the preformed mediators, sonme are eluted rapidly from granul es
others slowmy; of the newy formed nediators, some are formed within
the mast cell or basophil, others are generated secondarily by other
cells or fromextracellular fluid. Mediators are still being investi-
gated and defined. It is inportant to recognize that these harnfu
cells and chem cals are intended for protecting the body, and do, in a
normal i mMmune response

The allergic response may be conplicated by ear inflanmation or
sinusitis, but the nost common allergic condition is allergic rhinitis,
inflammation of the nasal nucous menbranes. Although never fatal, rhi-
nitis significantly inpairs normal function of the sufferer, often

causi ng absences fromwork and school. Type | allergic response can
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range frommld effects to life-threatening;, other Type | disorders
i nclude bronchial asthma, anaphylaxis, and urticaria.

The skin prick test is the nost comon diagnostic procedure used
to denonstrate i medi ate hypersensitivity. A drop of antigen con-
centrate is placed on the skin, then the skin is pricked with a needle.
The degree of sensitivity is correlated by the wheal -and-flare response
after 15 minutes. If the skin prick test is negative, intradernal
injection of antigen may be used to denonstrate sensitivity. Al though
not a precise indicator of allergic conditions, the radi oi munosorbent
test (RIST) may be used to neasure total IgE. The radi oal | ergosor bent
test (RAST), which nmeasures antigen-specific IgE is nore hel pful
Both methods can measure IgE levels to 1 ng/m. The RAST test will be
di scussed in nore depth later.

Al lergies are controlled by a conbination of genetic and nongene-
tic factors. One nmay inherit a tendency to be allergic, and usually
sonmeone suffering froman allergic disease has a close relative who
al so has sone allergic disease.

Advances in drug therapy have resulted in much relief for allergy
and asthnma sufferers. However, side effects and erratic responses to
the drugs do occur, since, as nmany drugs, they are nostly devel oped
t hrough experiment and observation of their effect on synptoms, rather
than with a detailed know edge of the nolecular activity taking place
In vivo. |nmmunosuppression-- the suppression of the imune system by
drugs or irradiation-- is also under investigation. |munotherapy, or
desensitization, often referred to as "allergy shots", is also an
effective treatment. This technique is one of gradually increasing the

amount of injected allergen which is known to trigger the allergic
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response of the patient. Originally this was thought to reduce or eli-
mnate IgE, but it has been determned that 1gGis proliferated and

bl ocks the antigen fromreacting with IgE, thus avoiding an allergic
reaction.

Al though difficult to define, asthma is a special aspect of
allergic reaction that warrants sone discussion. Asthma is a condition
characterized by widespread narrowi ng of the bronchial airways, which
changes in severity over short periods of time either spontaneously or
under treatnent, and is not due to cardiovascul ar disease. During an
attack, the asthmatic suffers shortness of breath and wheezing.
Bronchodil ator drugs offer relief in nost cases. There are many and
vari ed causes of asthma. Allergy can be a sufficient but not an exclu-
sive cause of asthma. Some causes involve an allergic reaction
(extrinsic asthma) and for others no outside factor such as an allergen
can be deternmined (intrinsic asthma). MIlions of Anericans suffer
fromasthma. Asthma and allergic diseases are the |eading chronic
di sorders in children under 17. |If asthma attacks are seasonal and
appear to be related to allergy, skin tests are often enployed to help
determ ne the causal allergen and to help in treatment planning.

Ai rway obstruction can be present even when the asthmatic has no
synptons. During an asthmatic attack, the snooth nuscle of the
bronchi ol es constrict and narrow the airway. The bronchiole |inings
t hensel ves becone swollen and filled with eosinophils. Excess mucous
I's produced, further plugging the airways. Breathing becomes forced,
and the rush of air through narrowed airways and the vibration of
micous there produces wheezing sounds. Though the anatomical changes

are wel | described, the underlying mechanismis still not well
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understood. It appears that all the layers of the airway wall have
physical alterations. The size of the bronchial snooth nuscles of
asthmatics is increased, possibly due to prolonged constriction or
sinply to increased susceptibility to contraction. Allergen-induced
asthma usual 'y causes an inmedi ate decrease in lung function, which my
be followed by a secondary phase of bronchoconstriction developing 4 to
6 hours later. Rarely does the |ate reaction devel op wthout the ime-
di ate reaction.

In an acute asthma attack, the trapped air due to narrowed airway
passages causes uneven ventilation and perfusion which |eads to
decreased arterial blood oxygen (hypoxem a). Hyperventilation first
decreases carbon dioxide in the blood then the CO2 |evel increases as
obstruction worsens. Severe asthma attacks can be |ife-threatening.

Al so, the overinflation of the lungs and the increased pressures
required for inhalation in an asthma attack put considerable stress on
the cardi ovascul ar system

Hi stamine plays a role in asthma, but antihistamni nes, which are so
hel pful in controlling hay fever, are usually ineffective in treating
ast hnma. However, inmmunot herapy and drug therapy are used widely with
consi derabl e success. Subjects sensitive to a specific allergen wll
find their synptoms greatly reduced with removal of the antigen, but
controlling the environnent is often difficult. So it is with allergic

and asthmatic subjects whose synptoms are triggered by |aboratory ani-

mal s.

Laboratory Aninmal Allergy
Wth a working know edge of the theory and mechanisns of allergy

and asthma attention may now be focused on the problemof |aboratory
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aninmal allergy (LAA). LAA nay be described as an allergic disorder
characterized by conjunctivitis, rhinitis, urticaria, or asthma, or a
conbi nation of these synptoms, and is causally related to exposure to
allergens derived fromlaboratory aninals. The syndronme has the typi-
cal characteristics of an I gE mediated condition, but can trigger a
type I'll (arthus-type) asthma attack hours after exposure. Although
the list of animals used by scientific and medical workers is endless,
five species conprise 99% of |aboratory animals in use today: rats,
mce, guinea pigs, rabbits, and hansters. Personnel in contact with

| aboratory aninmals are a diverse occupational group with a w de range
of soci oeconom ¢ and educational background. Included are veteri-
narians, physicians, dentists, senior scientists, animl research tech-
ni ci ans, l|aboratory technicians, geneticists, breeders, and ani nal
caretakers. A typical enployee having acquired LAA has been descri bed
as a person of either sex, a scientific or technical worker wth

| aboratory animals, 23 to 32 years of age, with a famly history of
atopy, one who has devel oped LAA within three years of the start of
close contact with |aboratory animals, exhibits an i medi ate hypersen-
sitivity (Type |I) reaction in less than 10 mnutes, has at least 3 cli-
ni cal synptoms, such as rhinitis, asthma, and cough, and may be
allergic to nore than one species (25).

Al though allergy acquired fromlaboratory ani mals has been docu-
mented for over a century, it has only recently cone to be considered a
significant occupational disease. In Geat Britain aninmal asthma is
now a prescribed industrial disease under national industrial injuries

laws, entitling the affected worker to conpensation fromcentra

governnent funds (8,10,26). It has been estimated that 35,000 workers
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and scientists in the United States are regularly exposed to |aboratory
animals, and that there are 4,700-8,600 cases of LAA and 2, 400-3, 700

| aboratory animal asthmatics in the UK alone (13). Many of these

enpl oyees changed jobs or specific animal contact. Many others resigned
enpl oynent. There is apparently no uniformpolicy regarding the
problemof allergy to laboratory animals in US animal facilities.

While 103 of 155 surveyed animal research facilities required a

preenpl oyment nedical examnation, only six of these included hypersen-
sitivity screening (26). The attention to and know edge of LAA has,
neverthel ess, been growi ng steadily. Exanples in the literature
include an LAA case discussed by Sorrell and Gottesman in 1957 (41), 10
cases in Sweden discussed by Rajka in 1961 (35), and a review of the
LAA problem by Patterson in 1964 (34). This attention to LAA and new
know edge pertaining to it has virtually exploded in the last ten
years, due in part to the advancenent of the radioallergosorbent test
(RAST), which will be discussed. Despite the mounting numbers of ani-
mal allergy case histories reported in the |iterature (17) and the

know edge explosion, allergy texts have barely begun to lend nore than
a perfunctory comment on the topic (32,28).

Nunerous studies of the prevalence of LAA have energed (6, 38,21
24,8,25,31,12), and wth themmany of the patterns of LAA are becomng
defined. It appears that 15-30%of exposed workers suffer from LAA
However it is likely that the problemis greater than it appears, since
job mgration and active avoidance of animal exposure jobs doubtless
occur. The study performed by Davies and MArdle found that nearly
half of those who worked with |aboratory aninals and devel oped symptons
had to stop work permanently or tenporarily. The frequencies of
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hayfever, eczema, and bronchitis were not el evated anmong exposed

wor kers, but asthma, nasal synptons and eye synptoms were el evated
(13). Urine has been found to be an inportant source of allergens
(30,46), and does not appear to be strain specific (27). Atopy, or
predisposition (by famlial or personal history of asthma or allergy),
skin testing, and RAST scores all seemquite dissociated fromthe deve-
| opment of post-enploynent allergy, but closely associated with the
devel opment of asthma due to LAA (13,31,12). The practical value of

pre-enpl oyment hypersensitivity screening, therefore, appears to be

somewhat |imted.

Slovak and Hi |l proposed that LAA occurs in two distinct forns:
regi onal LAA syndrome and progressive LAA syndrone (38). In this
model , regional LAA is characterized by rhinitis with negative skin
prick tests, and progressive LAA consists of rhinitis |eading
progressively to asthma with positive prick tests. Atopes appear not
to be at special risk of developing LAA but if they do it is nore
likely to progress to asthma. Slovak and Hi Il suggest the need for a
prospective study of LAA to establish the incidence and preval ence of
LAA. They state, "Such a study could be definitive, especially if it
were designed to run alongside a properly constituted occupationa
hygi ene survey, so that some quantitative correlation could be made
with incidence and preval ence. Only then would it be possible to offer
an opinion on the establishnent of hygiene standards...." Such pro-
spective studies will allow specific reconmendations to be nmade about
the protective efficacy of specific designs for cages, animal roons,

experimental roons, ventilation systems, and other protective equip-

ment .
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Quantitation of Antigen Exposures

Since the problemof LAA cannot be contained in a purely clinica
or medical arena, contributions are required fromthe field of
industrial hygiene. A brief overview of the history of aerobiologic
nmeasur ement techni ques foll ows.

Early investigations of pollen in the nineteenth century enpha-
sized an approach utilizing the principle of gravitational settling of
particles upon adhesive-coated slides. Such methods were severely
limted for deriving quantitative results since the tendency of a par-
ticle to cross airflow streaniines is al nost exclusively a function of
its size (40). Nevertheless, traditional reliance on gravitationa
collection was reinforced in 1946 when a covered slide support proposed
by Durham (14) was adopted as a standard pollen sanpler. Such sanplers
owe their usefulness to low cost, durability, and power source indepen-
dence. Though attenpts have been nade to derive air volune by this
met hod, particles enunerated on gravity slides or open culture plates
represent an unknown and incal cul abl e volune of air.

I mpaction type sanplers have al so been used, in which the collec~
tion surface acts upon the air nass, rather than vice versa. This
group of devices includes the Rotorod sanmpler, which has two upright
arns rotating at about 2,500 rpmon a small notor. The arnms are coated
wi th adhesive and m croscopically exam ned after collection. They are
most useful for collection of particles larger than 5-10 urn. These
sanplers are |ess susceptible to anisokinetic sampling error than suc-
tion type inpactors.

Suction type inpactors force inpaction of small particles by draw

ing air through specially designed flow channel s which cause the air to
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undergo rapid directional changes. Exanples of such instruments
include the Andersen sieve inpingers, cascade inpactors, and the Hrst
automatic spore trap.

Filter sanplers, especially H-Vol fiber filter sampling, is often
used as well. Though high volume and a large filter are advantageous,
m croscopi ¢ inspection is difficult. Menbrane filters lend thenselves
better to morphol ogi cal exam nation.

As industrial hygienists have participated more in the occupation-
al health and clinical work support, a broader range of devices has
been put to use, including electrostatic collectors, thermal precipita-
tors, and elutriators (7). Personal sanplers using porous nmenbrane
filters and/or size selective cyclones have gained wder usage, and are
the choice of this study. These sanplers provide a truer picture of
actual human inhal ation exposure.

Laboratory animal derived aeroal | ergens present a broad particle
size distribution and diverse morphology. This picture is supplenmented
by a nondescript, conplex mxture of wood chip bedding, animal feed,
dust, and mcroorgani sms. Gavimetric and RAST (described below) are
the nost effective means of quantifying animal-derived allergens, since
the allergens are not viable and bioanplification is therefore not
possibl e, and since mcroscopic inspectionis tedious, difficult, and

only vaguely quantitative.

In the 1960's a remarkabl e serol ogical assay was introduced for in
vitro measurenent of IgE antibodies: the RAST (radioallergosorbent

test). RAST greatly facilitated fundamental research in allergy, but
launched a growi ng controversy as a replacement for the time-honored


NEATPAGEINFO:id=A67D89B7-E5F9-4B10-8F70-FA685A91D102


19

Prausnitz-Kustner (P-K) skin test (29,2,1,5). Wrk continues as
investigators refine and perfect the RAST and its applications to LAA
A vast amount of new i munol ogic infornmation on aninmal allergens has
been generated in the last ten years. RAST tests using urinary pro-
teins frommce, rats, guinea pigs, and rabbits have been devel oped and
used in the diagnosis of LAA (15). A variation on the RAST, called the
"mni-RAST", was devel oped which in some cases allows the use of nuch

| ess al | ergen without conpromising sensitivity (19).

But what 2" the RAST, and how does it work? The test for antibody

content of a serumnust first be understood. The serum antibody con-
tent can be assessed by its ability to bind to antigen which has been
insol ubilized either by coupling to an imunoadsorbent or by physica
adsorption to a plastic tube; the bound i munogl obulin may then be
estimated by addition of a radiolabelled anti-Ilg raised in another spe-
cies. That is, a patient's serumis added to a plastic tube coated
with antigen; the antibodies will bind to the antigen and renaining
serum proteins can be readily washed away. Bound anti body can now be
estimated by addition of radiolabelled purified anti-human Ig; after
rinsing out excess unbound reagent, the radioactivity of the tube wll
be a measure of the antibody content of the patient's serum The
distribution of antibody in different 1g classes can be deternined by
using specific antisera. In the RAST test for IgE antibodies in
allergic patients, the allergen (e.g., rat urinary protein extract) is
covalently coupled to a paper disc which is then treated with patient's
serum The anount of specific IgE bound to the paper is then estimated
by addition of |abelled anti-IgE (Figure 2).

But how is antigen measured? This is done by a slightly different

test called "RAST inhibition". The binding of radioactively |abelled
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Figure 3. Principle of radioi nmunoassay (sinplified by assumng a \/ery
highly avid antibody and one conbining site per antibody
nmol ecul e).
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A If we add 15 nol of radiolabelled Ag to 10 nol of Ab, 5 nol of
Ag will be free and 10 bound to Ab. The ratio of the counts of
free to bound will be 1:2.

B) If we now add 15 mol of unlabelled Ag plus 15 nol radio Ag to
the Ab, again only 10 nol of total Ag will be bound, but since
the Ab cannot distinguish |abelled fromunlabelled Ag, half wll
be radioactive. The remaining antigen will be free and the
ratio free: bound radioactivity changes to 2:1. This ratio wl|

vary with the amount of unlabelled Ag added and this enables a
calibration curve to be constructed.

Ref erence: Roitt, 1980
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antigen to a limted fixed amount of antibody can be partially inhi-
bited by addition of unlabelled antigen and the extent of this inhibi-
tion can be used as a neasure of the unlabelled material added (Figure
3) (36). Methods vary in the means used to separate free antigen from
that bound to anti body.

Wth the devel opnent of nethods for |abelling antigens to a high
specific activity, very low concentrations down to the 10-12 g/nl |evel
can be detected. A disadvantage for sone applications is that these
met hods cannot distinguish active protein molecules from biologically
inactive fragments which still retain antigenic determ nants.
Nevert hel ess, RAST has been a great aid to inmmunol ogy, and nore speci-
fically, to the investigation of LAA

The first attenpts to quantify animal allergens in the workplace
were nade at Oak Ridge National Laboratory in Tennessee in 1974 (24).
Three techni ques were used for nouse-derived allergens: norphol ogic
identification in air sanples collected on MIlipore filters, quan-
tification of dust and extractable protein nitrogen determ ned by the
m cro- Kj el dahl technique in dust collected in the same way, and double
diffusion in agar gel using rabbit antisera to nouse serum dander, and
urine. The results of the first two nethods showed a positive correl a-
tion with the size of the animal population in the area, but the tech-
niques were not specific with regard to allergen. The |ast technique
was mainly qualitative, but did seemto indicate strong allergenicity
of urine as conpared to serumand the |ow allergenicity of food and

beddi ng. The study also illumnated the allergenic inportance of

soluble material on dander.
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Then in 1979 a RAST inhibition technique was used to denonstrate
mouse allergen in the dust froma mouse-inhabited room (37), though
again, airborne allergen concentrations were not quantified.

Finally, in 1981 researchers at the Allergic D seases Research
Laboratory of the Mayo inic in Rochester, Mnnesota, adapted the RAST
i nhibition technique to measure airborne allergens (3). This involved
collection of ragweed pollen or Alternaria fungal spores on the filter
sheet of a H-Vol air sanpler. Particles greater than 0.3 urn diameter
were captured and eluted, then dialyzed and |yophilized. The el uates
were reconstituted and assayed for specific allergen activity by a RAST
i nhibition assay. Their results showed a positive correlation with
pol | en and spore counts by traditional norphologic identification
About a year later the same |aboratory published the results of
appl ying the technique to the |aboratory animal allergy problem (45).

Ai rborne nmouse pelt and urine allergen concentrations were investigated
in a nouse-care room and inmrunol ogy | aboratory and were found to range
from1.8 to 825 ng/ M, varying with the number of animals in the room
and the degree of work activity. This was acconplished using a high-
volune air sanpler to collect the air sanples on fiber filter sheets.

In a recent study on three guinea-pig-derived allergens (42),
urine, pelt, and albumn, the first two were found to be cross-reactive
while the albumn allergen was not. Hi-Vol air sanples were collected
in the animal housing room a research |aboratory, a library, and out-
side. Quinea pig urine allergen activity was detected in all indoor
sanpl es by RAST inhibition, pelt allergen activity was detected in the
fornmer two indoor sanples, and no guinea pig albumn was detected in

the air sanples. Sizing of airborne particles with an Andersen cascade
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i npact or denonstrated that nmost of the allergen activity was associated
with particles of a dianmeter greater than 5 umand less than 0.8 urn.
The study inplicated urine as being the major source of guinea pig

al | ergens, and showed that it is present in airborne particles snal
enough to penetrate the | ower respiratory tract when inhal ed.

Anot her inportant recent study extending the know edge of |abora-
tory animal -derived aeroallergens in the work environment was published
in 1983 by a group of researchers in the UK (16). That study enpl oyed
air sanplers drawing air at 2 Lpmfor 5 hours in four different roons,
each roomdevoted primarily to a different species of animal, then RAST
i nhibition assay of the sanples. Their nethods appeared reliable, and
so were extended to the evaluation of the effects of air change rates
and humdity on airborne allergen levels in the rat room Their find-
ings, in general, denonstrated that reducing the air changes increased
al lergen levels, while increasing the humdity from54%to 77% caused a
significant reduction in allergen |evels.

I'n an unpublished paper presented at the Inhaled Particles Confer-
ence in Septenber 1985, M Corn, et al, reported the results of an air
sanpling study for rat derived allergens (11). This study eval uated
particle size distributions in an aninmal facility, as well as tota
particulate. Uinary and salivary antigen was quantified by indirect
ELI SA (enzyne-|inked inmmunosorbent assay), rather than RAST inhibition
Personal sanples yielded airborne antigen concentrations about one
order of magnitude higher than corresponding area sanples, but since
the extraction efficiencies of the antigenic proteins were unknown, the

results were lower limt estimates of concentrations. Cher

Interesting observations fromthe study were that 1) antigen to par-
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ticulate weight-to-weight ratio appeared to be approxi mately 1/1, 000
(possibly the | owest known nmass ratio of active chem cal/contam nant
airborne particulate to carrier), 2) changes in antigen concentration
l evel s and total particulate levels did not coincide, and 3) approxi-
mately 70% of the antigen by weight was associated with respirable par-
ticles. Their study did not isolate sanples by specific tasks.

Recent literature has shown more industrial hygiene involvement in
the problemof LAA: the potential value of a powered, air-purifying
hel met type respirator to protect |aboratory animal workers has been
exam ned (39), and the first attenpt has recently been made at a viable
volunetric air sanpler designed specifically for inmunochem ca

aeroal l ergen quantitation (43).


NEATPAGEINFO:id=463112B4-A8A9-46A7-B90B-CF51BD09EAAA


METHODS

Description of Facilities Studied

The south canmpus facility of NIEHS at Research Triangle Park was
the site of all air sanpling except the |avage sanples, which were
col lected at the north canpus. The building consists of five modules,
most of which consist of five stories including the basement, with
interstitial space between all floors. Several conpletely separate
ventilation systems provide all |aboratories, surgical suites, and ani-
mal areas with about 15 air changes per hour of single-pass filtered
air. The animal areas and the surgical suite rooms are in the basenent
of C and D Mddules (see Figure 4) and are on ventilation systens
separate fromany |aboratory or office areas. Animal breeding and
holding roomair is also preceded by a HEPA filter for the protection
of the animals. Air diffusers are centrally located in the ceiling of
ani mal roonms and nost | aboratories, while exhaust vents are | ocated | ow
on the walls. Animal area air is strictly regulated at 72 plus or
mnus 2 °C, and 50% plus or minus 5% RH

Hol di ng and breedi ng rooms each have two doors. One opens froma
regul ated clean corridor under positive pressure with respect to the
room where clean cages, equipnent, and food for animal husbandry is
obtained; the other door opens to a "dirty", or "return" corridor, un-
der negative pressure with respect to the room where soiled cages and
trash are left for subsequent renoval. The contents of soiled cages

are dunped in hoppers in the cage wash area and |oaded in the cage
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washi ng machines. The cl ean cages emerge in the higher pressure clean
side, are filled with bedding, and the cycle is repeated. Water
bottles, racks, filter bonnets, and other equipnent are circulated in
the sane fashion.

Large narrow racks on wheels line the walls and formrows in ani-
mal breeding and hol ding rooms. The racks have six shelves, but the
top shelf is rarely used. Approximately 25 clear plastic cages are
stored per rack, each with a HEPA filter bonnet, or cap. Food and
water is available to the animals froma hol der which fits between the
cage and the filter. The rat population in a given holding roomis
usual I y about 200-250 aninals, having 3 to 5 rats per cage. Breeding
rooms generally have a nuch |arger popul ation. Bedding is changed
efery 3 or 4 days, along with food and water. Qther species are bred
or stored in the same facility, usually in roons dedicated to one spe-
ci es.

Most experimentation with animals occurs in the surgical suite
roons, which are in the basenent of the sane nodul es. When animals are
taken to other parts of the facility (i.e., user laboratories) they are
not returned.

The bedding used is a carefully regulated mxture of beech, maple,
and birch wood chips. From85 to 90% by wei ght of the bedding par-
ticles are required to remain between the sieve sizes of 0.03 and 0.09
inches after a 5-minute shake. Both animal feed and bedding are
aut ocl aved and pneunmatical ly delivered froma warehouse to the clean
side of the washroom for dispensing. The applicable TLV for airborne

particulate in the clean side of the washroomis 1 ng/M' for hardwood
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dust, while the TLV for nuisance dust (10 ng/M' total, 5 ng/ M

respirable) would apply to all other areas.

Air Sanpling/ Anal ysis Methods

Due to the extremely Iow | evel s of particulate found in many areas
where air sanples were to be collected, a filter medi umwas needed
whi ch woul d provide gravimetric stability. Prelimnary tests showed
that accurate neasurenments were needed for as low as a 10 ug wei ght
change or better. Gass fiber filters and mxed cellul ose ester
filters appeared to provide an accuracy of only plus or mnus 100 ug at
best, while polyvinyl chloride (PVC) filters provided an accuracy of up
to plus or mnus 1 ug. An extremely small pore size was desired, since
antigenic material may be carried by particles of any size. The MSA
(Mne Safety Appliances Conpany) type FWS-D pol yvinyl chloride menbrane
filter (P/IN 459733, 37 nmdianeter) was used for this study owing to
its small pore size (0.5 mcron) and wei ght stability wth changing
anbient humdity conditions. These filters ranged in weight from about
12 to 17 my.

A CAHN 26 el ectrobal ance was used to weigh all sanples. Wile set
at the 50 ng range for all sanples, the approximte [ower limt of
nmeasurenent for the balance was 1 ug. All filters were desiccated at
| east 24 hours prior to preweighing and postweighing. Triplicate gra-
vimetric controls were weighed for all sanples. In two cases, when the
sanpl e wei ght was | ess than the average of the three corresponding
controls, the resulting weight and concentration is reported as zero.
|f one of the three controls appeared to be an out-lying datum it was

thrown out at the discretion of the investigator
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All air sanples were collected with DuPont constant flow persona
sanpl e punps (model # P2500) at 2 Lpmfor total particulate sanples and
1.7 Lpmfor respirable sanples. All filters were assenbled with cellu-
| ose support pads in three-piece polystyrene filter holders
(cassettes). Each respirable sanple was col lected through a MSA 10 cm
nylon cyclone separator with a particle cut size of 10 umaerodynanic
diameter. Punp calibrations were performed before and after each
sanpling period (unless they occurred on the same day) by the bubble
buret method with an in-line filter, and an in-line cyclone for
respirable particulate sampling. The pre- and post-sanpling flowrates
were averaged, and the vol umes were corrected for tenperature and

pressure as fol | ows:

Ve = [spl time(mn) X ave flowate(Lpm] X
CPIPs] X [Ts/T]

wher e

Vc = corrected vol ume

P = barometric gressure, day of sanmpling,
mHg (the Princo U S. Signal Corps

type baroneter readings were corrected

for tenperature and l|atitude)

Standard pressure, 760 mHg

Standard tenperature, 298 °K

anbi ent tenperature (usually 295 "K)

Ps =
Ts =
T =
After postweighing, each filter (excluding most controls) were put
in 50 m centrifuge tubes, sealed wth teflon tape, |abeled, and stored
at less than 0 °C. These sanples woul d be anal yzed by RAST inhibition
assay at a later date. Inorder to limt the scope of this study al
sanples were to be RAST tested for two specific rat-derived antigens
only: urinary protein and dander. Therefore, all air sanples were
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collected during work with rats. Rats used in this facility were
al most exclusively "CD' or "F-344" rats.

Two "blanks", unweighed filters, were put directly into tubes and
sealed. Three to five controls fromvarious areas, which exhibited the
typical slight weight change, were also sealed and frozen to examne
the effects of contamnation during weighing or diffusion contanination
(the cassette plugs were removed during sampling time for most
controls). Gther controls were as fol lows: an outside air sanple
taken fromthe roof of the facility; an industrial hygiene |aboratory
air sanple, where animals are never used, two floors above the anim
areas and on a separate ventilation supply; and a nouse roomair

sanple, to test for holding roomcross contamnation, as different spe-
cies are usually housed in different roons.

Sampling Strategy

Three basic types of sanples were collected. Area sanples were
col I ected to gather information on ambient concentrations of con-
tamnants in various areas, which has inplications for casual, or
indirect animal exposure, especially to persons in areas where con-
centration peaks in animal-derived air contamnation are expected.
Secondly, 8-hour time-weighted average concentrations were obtained for
the most common and intense exposures, based upon observations and ana-
lysis of a wide diversity of animal-related work performed by enployees
at the NLEHS facility. Time-weighted averages were calcul ated assum ng
zero exposure for the remainder of the time for an 8-hour shift.
Thirdly, specific work "tasks" were sanpled. Atask is a well-defined
undertaking of usually short duration (less than a full 8-hour shift)


NEATPAGEINFO:id=CE706A80-8CB8-4B28-8FF3-CC6923928E0B


gy

32

in which a peak exposure to airborne animal-derived allergen con-
centrations may be expected for a given enployee. A task may be

somet hing done routinely several times a day, very infrequently or
conpl etely sporadically and irregularly; it may last only a few mnutes
(e.g., guillotine 8 rats) or much longer than a full shift (e.g., a 19

hour neuroendocrinol ogy experiment on |ive, active canulated rats).
Tasks, |ike TWA samples, were identified through observations and ana-
lysis of a wide range of animal-related work performed by the personne
enpl oyed at this facility. Tasks for which particul ate exposures were
determned (shown in Table 1) were chosen by considering a multiplicity
of factors, such as intensity of exposure, universality of exposure,
availability/practicality (very rare, brief, or sporadic tasks proved
too difficult to nonitor), and nature or type of exposure.

Al personal sanples, whether "task" or "TWA", were collected in
duplicate, sinultaneously collecting total and respirable particulate
on each nonitored enployee with both filters on the same |apel, the
side of the subject's favored dexterity. This systemyiel ded
"matching" total/respirable sanples, elimnating all confounding fac-
tors of exposure except particle size separation. Therefore,
"respirabl e percent” of all such sanples was reportable. Mst task
sanples, due to the irregular or infrequent nature of the tasks, were
collected for multiple periods on different people; the filters were
the same and the exposure was cunul ative. In such cases, the sanples
were returned to freezer storage, along with their corresponding
controls, between periods of collection. An attenpt was made to
achieve at |east 5 hours of sanpling time for all task sanples.

Three control s were designated for each personal sanple pair and

area sanple. \Were nultiple sanples were collected in one area on the
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Table 1. Tasks for which particulate exposures were
determned, and a sunmary of their activities.

TASK AREA('S) PERFORMVED

Cage unl oading washroom clean side

clean corridors

washroom return

Cage | oadi ng
dirty corridors

Ani nal care

Care/ breeding breeding roons

Surgi cal surgery suite
i mpl ants
Kill, necropsy, user |aboratory

ti ssue work

Live rat exper- user |aboratory
I mentation

Wéi ghi ng hol di ng room

Lavage surgery suite

Met abol i ¢ cage hol ding room
experinents

ani mal hol di ng roons

ACTI VI TI ES | NVOLVED

unl oad cl ean cages, bottles,
racks, etc.

stack cages, racks

distribute cages, food and
wat er

clean up, hose down fl oor

dunp and | oad soiled cages,
etc.

retrieve sane fromreturn
corridors

cl ean up, hose down floor

change bedding, water, feed
cl ean up, nop

change bedding, water, feed
weani ng, check plugs
clean up, nop

inject aninals

surgically insert/renmove
i npl ant capsul es

cl ean up, nop

sacrifice, necropsy, tissue
I sol ation and wel ghi ng

bl eedi ng canul ated live rats

wei ghing rats on electronic
bal ance

kill rats by injection

canul ate, hook up for |avage
i sol ate lungs

clean up

gavage rats

col l ect excrement from netabol'

ic cage receptacles
wei gh animals, food

33
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same day, only one set of three controls was used. For persona
sanpl es, controls were placed in the roomnost frequented by the
enpl oyee.

Smoking was not allowed in any areas sanpled other than the
breakroom however it was not enforced in the |ocker rooms or receiving
until the time of the second sanple in those areas.

Mil tiple sanples were collected for nost area sanples and for a

few task and TWA sanpl es.
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RESULTS/ DI SCUSSI ON

Air Sanpling Results

Three | ogical groups relative to |aboratory animal-derived antigen
exposure emerged fromthe overal| picture of air sanpling: 1) aninmal
husbandry-rel ated exposures in animl areas, 2) anina
surgery/ mani pul ation- related exposures usually in adjacent rooms to
the animal hol ding and breeding rooms, in the same nodul es and on the
same floor as the animal areas, and 3) user activity centered in the
investigator's own |aboratory. (For data sunmaries, refer to Tables 2,
3, and 4.) Although work with nmetabolic cages was perforned in hus-
bandry roons, it was usually performed by highly educated investigators
and invol ved extensive manipulation of animals and their excrenent;
therefore it was grouped in the second category.

The highest particul ate exposure by far existed in the clean side
of the washroom This was due to the aerosolization of autoclaved,
fresh bedding as it was automatically dropped in a continuous curtain
Into washed cages passing underneath, and fresh feed which was
di spensed into stainless steel containers froma height of severa
feet. The total dust time-weighted average for this area, 0.97 ng/M,
was very near the threshold limt value of 1 ng/M for hardwoods. The
variability of some sanple results in certain areas reflect the range
of day to day activity, such as in the return side of the wash
room Qher factors affecting the results included the nunber of

animls, their activity level, the presence or absence of filter bonnets
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Table 2. Particulate Concentrations of Area Sanples

Among Laboratory Animal Wrkers

CONCENTRATI ON | NDI VI DUAL
(ug/ MB) No. of  CONCENTRATI ONS

AREA Mean St Dev Sanpl es (ug/ M\)
Husbandry

1 washroom clean side 2354 378 2 2621, 2087

2 washroom return sidei 78 56 2 117 38

3 breakroom 70 41 2 99, 41

4 ani mal hol di ng room 35 29 3 59, 42, 3

5 return corridor 18 5 2 21, 14

6 nen's | ocker room 14 13 2 23, 4

7 clean side corridor 11 16 2 22, 0

8 receiving 10 1 2 11, ©

9 breeding room 8 7 3 12, 11, 0O

Average of 4 & 9 21 24 6
Surgery Suites

1 lavage 55 1 55

2 metabolic cages 31 16 2 42, 19

3 surgical inplanting 12 16 2 23, 0

Al 28 21 5
User Laboratories

Al 26 20 4 53, 29, 16, 6
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Table 3. Particul ate Exposure Anong Laboratory

TASK

Cage unl oadi ng
Cage | oading
Ani mal care
Car e/ breedi ng

Kill, necropsy,
ti ssue work

Sur gi ca
i mpl ants

Wi ghing rats

Live rat exper-
i mentation

Lavage

Met abol i ¢ cage

wor k

Mean + St Cev

276

272+83

181

149

105

78

29

29

27

Ani mal Workers:

3038 (174)

(27)

1(62)

(21)

(74)

(44)

CONCENTRATI ON

Tm“&wMeMmNHm@&mW@WWWB

6

10

23

12

50

42

100

79

TASK Sanpl es

of

(1Y)
(1)
2(1L)
(1)
1(1L)

1(]0

1(1L)
1(1L)

1(1L)
1(1L)

I NDI VI DUAL

5(5)
6(6)
3,4(3) 331,213(62)
4(4)

1(1)
2(2)

2(2)

1(1)

3(3)

4(4)
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over the cages, snoking in the area, and enployee work practices. Al
five TWAs nmeasured were |ower than their corresponding task sanples, as
expected. The respirable percent of the sanples ranged from5 to 100%

there was no clear pattern in these val ues.

Control of Antigen Exposure

Effective controls of human exposure to animal allergens in the
husbandry areas are comonly enployed al ready; they exist for the pur-
pose of animal and human health protection. These controls include
filter caps for individual cages, the wearing of surgical masks by
enpl oyees, a reasonable roomair exchange rate, frequent bedding
change, and personal protective equipment such as gloves, coveralls,
hair covers, and shoe covers. Tighter filter caps for aerosol reduc-
tion woul d anplify two of their inherent disadvantages, nanely, reduced
gaseous exchange and extra labor (22). Increasing the ventilation
exchange rate woul d be uneconom cal and upset an already delicate air
pressure bal ance systemused in many facilities. Administrative
controls, such as worker rotation or transfer, is to a large degree the
problemprecipitating this study, and consequently can in no way he
consi dered a proper control.

One inportant control nethod which is often overlooked may be
enpl oyee work practices. Rats helong to a group of animal species
whi ch cause a high emssion of particles and mcroorganisns (47). It
|5 evident that the concentration of aerosol depends partly on animl
density and activity patterns (44,47). When filter top cages are not
used the floor in the roons with rats will be covered with a dense

|ayer of particles in the morning, due to their high [evel of nocturna
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activity. This is the time of |owest airborne concentrations. Were
filter tops are not in use, the floor shoul d be washed first before
working in the roomrather than washing the floor after working in the
room to avoid stirring up the dust. Cleaning and other work in the
rodent roons should be done in the early morning when the reduced aero-
sol concentrations constitute less threat to enployee health. Any

di sturbance of animals will result in renewed aerosol em ssions
released to the room If the worker is aware of this fact he wll to
some extent be able to control the emssion by his quiet work and beha-
vior towards the animals. This can apply to laboratory investigators
as well.

The surgical masks which are routinely used in animal facilities
are meant for animal protection rather than human protection, and can-
not be considered a protective device as they are not approved for
exposure even to dust and mist. Despite this fact, numerous allergy
sufferers were observed using these masks for protection. Only twce
were respirators approved for dust observed to be used, but even then
they were worn in such a way as to void the approval. Allergy suf-
ferers should as a last resort have respirators approved for dust,
perhaps with high-efficiency filters, made available to themand shoul d

be trained intheir [imtations and proper use. Imunotherapy has also
been an effective means of relief in sonme cases where source control is

not feasible.
No conventional lamnar flow or funnel systems attached to cages

filter racks, or ventilated cage racks successfully protect husbandry,

housekeeping, or other animal workers fromaninal-derived aeroal | ergens
as many animal manipulations nust be done outside of the containnent.
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Only devices or systems which provide some formof physical or air
barrier separating animals frompersonnel can constitute a viable engi-
neering control. Unfortunately, this does not presently appear to be
econom cal |y feasible when |arge numbers of animals are concerned.

Al'so, ventilation is required for manipulation operations such as cage

cl eaning, sacrifice, and necropsy.
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RECOMVENDATI ONS FOR FUTURE STUDI ES

RAST test results (in ng/MB of specific antigen) for samples
col lected during this study may vary wdely and may not correspond
closely with particulate results. The fol | owing systemfor assigning
exposure levels for rat-exposed workers for this and other simlar
cohort studies is suggested.

Every task, TWA, and area sanple w |l have an average concentra-
tion for each specific antigen tested (urine and pelt, in this case).
The highest assay result of each specific antigen can be assigned a
"severity index" of 1, a "full dose", and the others assigned propor-
tionally. Each sanple could then be described by a severity index for

each specific allergen assay. For exanple, if four sanples were taken,
the results and severity indices may appear as follows:

SANMPLE RAT DANDER/ RAT URI NE/
SEVERI TY SEVERI TY

Met abol i ¢ cage- task 900 ng/M8 [ 0.75 2700 ng/ M8 / 1.00

Met abol i ¢ cage- area 70 ng/M3 /[ 0.06 270 ng/M8 / 0.10

User- TWA . 300 ng/MB / 0.25 490 ng/MB | 0.18

Surgical inplanting- task 1200 ng/M8 / 1.00 540 ng/M8 |/ 0.20

As the prospective cohort study proceeds, the epidem ol ogist wll
want to periodically calculate the cunulative doses of the exposed
group. The data fromthe questionnaire nust elucidate certain infor-
mation fromthe participants: what particular tasks wth animals are

performed, how many hours per day/week each task is perforned, and the
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synptomat ol ogy at the given point in tine. For each antigen assayed
and for each participant, the severity indices of the tasks they are
involved in may be nultiplied by their corresponding duration of expo-
sure and then totaled. To derive a person's dose after, say, three
years, their total severity-hours may be divided by the nunber of work
hours in a year. The highest possible exposure then would be "3",
meaning a 1,200 ng/M' exposure (for rat dander, in our exanple) full
time for 3 years, or 3 severity-years. A lower index, such as 2.0
woul d indicate a 67% of maximum possibl e exposure averaged over three
years (800 ng/M for 3 years, full-time), or areal dose equivalent to
2 full years at 1,200 ng/M'. A severity-year systemcan be easily
translated back to real dose by multiplying the index by the "ful

dose" concentration. Then a table or graph may be set up showi ng the
progress of disease in the sanple popul ations by increments of time
(Figure 5A), or by accumul ated dose (Figure 5B).

Some confounding factors may be easily corrected for. Suppose
that the severity index for an 8-hour TWA for holding roomwork is
0.50. It is known that in developing the 0.50 index, certain factors
were true: 200 to 250 rats occupied the roomon the average, the air
exchange rate was 15 changes per hour, the room di mensions were about
10 feet by 20 feet, etc. If the individual whose exposure is being
investigated worked in a roomwth 50%nore rats, or where the ven-
tilation was substandard, or in a crowded and small room etc., the
0.50 index may be adjusted accordingly. Exactly how much to adjust is
unknown and deserves further study. A'so, tasks performed for which
there is no severity index my be assigned the same or a simlar index
to one with simlar factors surrounding the exposure, and for which an

i ndex i s determ ned.
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Many ot her confounding factors, such as age, sex, atopy, pre-
exi sting pul monary disease, smoking, socio-economc strata, etc., may
be adjusted for by matching controls or by appropriately stratified
anal ysis. Qther inportant confounding factors may be controlled by
selecting a control group of individuals who do simlar work in the
same facility, but not animal related. This may control for chenica
exposures and enpl oyee questionnaire bias, and other more subtle fac-
tors.

O her interferences nust be controlled clinically. Participants
who are strongly allergic to non-animl derived allergens found in the
atmosphere of their work area mght be excluded fromthe study, since
this could mask a progressive allergic reaction to rats. Participants
shoul d be tested by skin prick for some commwn allergens, such as house
dust and ragweed as wel | as other allergens potentially found in
| aboratory animal-related work environments, such as birch, maple, and
beech, the hardwood constituents of bedding at this facility.

To better evaluate the potential for physiological inpairnment of
aerosol s generated in |aboratory animal work, several of the air
sanpl es shoul d be exam ned by RAST test for house dust, ragweed
al lergen, the bedding hardwoods, and bacterial endotoxins. Endotoxins
are pyrogenic |ipopol ysaccharide-protein conpl exes contained in cel
wal |'s of gramnegative bacteria, including non-infectious gramnegative
bacteria, which are released only on bacterial [ysis. Endotoxins have
been shown to be airhorne in significant concentrations anong some
poul try workers (9, 23).

After accumul ated doses are calculated and |evel of synptonatol ogy
of allergy or asthma is known fromquestionnaires and clinical find-

ings, the incidence or progression of the disease may be eval uated.
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CONCLUSI ONS

Total and respirable particul ate concentrations have now been
determned for nmost common |aboratory animal worker exposures using
standard industrial hygiene air sanpling techniques. These results
show that the clean side of the cage and rack washi ng operation have by
far the highest concentrations, due to the generation of dust from
falling animal feed and bedding. Wde variability of results is seen
in some areas. This may be explained by several factors, such as hum -
dity, snoking in the area, volume of animals in the area and their
activity, the degree of worker-animl contact and manipul ation, and
enpl oyee work practices. Inproved enpl oyee work practices and proper
personal protective equi pment may be the nost pragmatic means of
allergy and asthma protection. The RAST test results of the air
sanpl es shoul d prove invaluable for followng the incidence and
progression of |aboratory animal allergy and asthma, and determning
the relationship of dose to synptons.

Further air sanpling is required to narrow the confidence [imts

of concentrations corresponding to specific tasks and other sanples,
and to find particulate concentrations associated with animal species

other than the rat.
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