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* FOREWORD

'I'here are 51gmﬁcant problems assocrated wrth exposure to arrbome substances of |
biological origin in t.he mdoor envrronment It now seems clear that a: srcrmﬁcant percentage ‘
of the diseases associated. w1th mdoor air pollutmn are related to broaerosols and that the
disease$ can be more serious, and cause more drstress in terms of mortahty and morbrdrty
than those diseases attributed to the common outdoor air pollutants L A

This document is intended to represent a few of the known diseases assocrated wrth

: mhalatmn exposure to biological aerosols in the indoor environment. This review -

summanzes the data avaJlable on the nature of broaerosols and thexr health. effects methods »

of measurement standards for exposure approaches toward. developmg such standards, and -

remedral actions. The document i is not mtended to. cover all of the avaﬂable mformauon on~
,brologxcal aerosols but instead is desrgned to be an infroduction to a more complete and -
comprehensrve evaluatlon of biological : aerosols m the indoor environment to follow. -An
addmonal objectwe is to focus attentmn on areas of parhcular 1mportance where httle Or no

research 1is being conducted
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'PREFACE |

In October 1986 Congress passed the Superfund Amendments and Reauthorization Aet |
(SARA, PL 99-499) that includes Title IV—The Radon Gas and Indoor Air Qualny Research
Act. The Act dxrects that EPA undertake a comprehensrve mdoor air research program

Research program requu'ements under Superfund Title v are specific. They include
1dent1fymg, charactenzmg, and momtonng (measurmg) the sources and levels of indoor atr g
o pollution; developmg instruments for indoor air quality data -collectlon, and studymg.h;gh-nsk

; building types. The statute also requires research d1rected at ldentifying effects-of indoorair '
pollution on human health. In the area of ‘miﬁg'ation and control the following are required:-
development of measures to prevent or abate indoor air pollunon development of methods to
‘assess the potential for contammanon of new construcuon frorn soil gas, and exammanon of
de31gn measures for preventmg mdoor alr pollutlon EPA’s mdoor a1r research program is
 designed to be responsrve in every way to the leglslatmn ‘ .

In respondmg to the reqmrements of Title IV of the Superfund Amendments EPA ORD
has organized the Indoor Air Research Program around the followmg categories of research
(A) Sources of Indoor Air Pollunon B) Buﬂdmg D1agnos1s and Measurement Methods;
(C) Health Effects; (D) Exposure and Rxsk (Health Impact) Assessment a.nd (E) Bu1ld1ng

Systems and Indoor Air Quality Control Options. _, |
- EPA is dlrected to undertake this comprehenslve research and development effort not
v ‘only through in-house work but also in coordination w1th other Federal agencies, state and
llocal governments, and pnvate sector orgamzatxons having an interest in indoor air pollutron |

. The ultimate goal of SARA Tltle IV is the d1ssenunat10n of 1nformat10n to the pubhc
This activity mcludes the pubhcatxon of scxennﬁc and techmcal reports in the areas described

above. To support these research activities and other 1nterests as well, EPA pubhshes its .

-~ results in thé INDOOR AIR report series. Th1$ senes con51sts of five subject categories:

* Sources, Measurement, Health, Assessment and Control. Each report is pnnted ina hm1ted
quanuty Coples may be ordered wh1le supphes last from

U.S. Environmental Protectlcn Agency ,
Center for Envuonmental Research Information
26 West Martin Luther King Drive

- Cmcmnan OH 45268 :




When EPA sdppﬁes are depleted, copies may be ordered from:

National Technical Information Service
U.S. Department of Commerce
“ /5285 Port Royal Road
- Springfield, VA 22161
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* ABSTRACT |

g Biological aerosols have been recogmzed as indoor haza.rds for several hundred years.
Pasteur demonstrated that infectious dlseases are transnutted th:ough indoor air. Dust has
‘been a recognized allergen since the lmd 19th century Recently, however, the role of indoor
. air in transmission of infectious d1sease has been de—emphas]zed and the problems assocxated
Wlth other kinds of indoor bicaerosols have received only minimal public health attention.
This is in spite of the fact that we spend an average of 22 hours/day indoors. Influenza
causes 10,000 deaths.per year. The house dust mite is probably the smgle most important
eause of asthma among' children  and young adults Indoor allergens are thought to be
. responsible for as much as- 50% of the mc1dence of aciite asthma in adults under 50 yea:s
old. Microbial toxins are among the most toxic substances known to man with effects that
| “include acute toxicity symptoms, birth defects cancer, and, in some cases, death The

concentrations and health effects of these toxms are completely unknown for the vast majonty
of indoor environments. Volanle orgamc compounds are produced by all’ rmcroorganlsms
and accumulate in conﬁned spaces causmg odors and possxbly unknown health effects. *The

inature of these substances theu' health effects, and concentranons in mdoor env1ronments is

unknown
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1. SUMMARY AND CONCLUSIONS

1.1 BIOLOGICAL POLLUTANT S

‘Biological pollutants are agents that are denved from or are hvmg organisms. These
agents mclude v1ruses, bactena fung1, protozoa and thexr toxms and arthropod mammal
and bird anugens | ‘

-
i

1.1.1 Viruses

Viruses are the smallest of all life forrns and contain either RNA or DNA. They are

" heterogeneous and vary in size, morphology, chemical composmon, lhost range, and host
effects. Viruses have no physrology of thelr ‘own, but rather are obhgatory intracellular
parasites that mobilize host cell processes and lack the abﬂrty to reproduce on their own.
Viruses enter the host through the skm vra ammal brtes or open wounds, through the

" respiratory tract, the ahmentary tract, and the urogemtal tract. Those entermg through the
respiratory tract must be able to survive in air. ‘

Arrborne viruses almost always requue the presenee of someone with an active infection
in a state that includes coughing or sneezmg and less commonly, mf.,cted animals housed
indoors. Factors affectmg viral survival in air include temperature, relatwe or absolute
humidity, the presence of ultrav1olet hght the nature and size of the particle to which the
virus is attached and possibly the presence of other pollutants Some of the most common ‘

diseases produced by viruses are influenza, some common colds, measles'(rubeola), chlcken

"g—-u-y

pox, and rubella (German measles)

1.1.2 Bacteria | | |
Bacteria are prokaryotic (have no true nucleus) microorganisms characterized by a rigid,
polysacchande—nch cell wall; a smgle chromosome unbounded by a nuclear membrane; and
no mitochondria. Bactena are classified by cell shape (sphencal rod shaped, filamentous)
and arrangement (single, chains, clumps, palrs, tetrads), by reaction to the Gram stain, and
by biochemical and physiological reactions. Almost all bacteria require a source of

3 o
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carbohydrate Most bactena utilize nonlrvmg orgamc matter and are called saprophyuc or ‘
saprophytes Bacteria unhzmg hvmg tissue are known as parasrtes or are parasmc " Bacteria
able to uuhze both hvmg and non.hvmg matter as an energy supply are facultative paras1tes .
‘and those bacteria that survive only on living tissue are known as obligate parasites. .

| To transrmt infectious drsease, bactenal cells must remain ‘viable in air. The factors

: affecnng therr survival are similar to those for viruses. Some bacteria produce spores that are
5 highly resistant to environmental damage and are difficult to kill even with biocidal materials.
’Aerosol-transmrtted diseases caused by bactena include mfecnous drs&ses, hypersensmvrty

dlseases, and toxlcoses

1.1.3 Fungi | | |

. Fungi are eukaryotrc mxcroorgamsms with cells contarmng one or more orgamzed nucler'
'as well as other membrane—bound organelles Fungi may be umcellular or multtcellular ‘and
reproduce mamly by spores. Formally, fungl are classified into two groups based on sexual
reproducnon Zygomycetes (charactenzed by a resting’ zygospore) and learyornycetes
(characterized by a bmucleate multtcellular stage preceding nuclear fusron) Most of the
1mporta.nt fungi that are assocrated with indoor air quahty are in the kaaryomycetes group.

. The pnrnary source of mdoor atrborne fungal spores is the outdoor air.  Water is the
smgle most unportant factor in deterrmnmg whether saprophync fung1 w111 be found and
survive m a given indoor environment.

Most fungi are saprophyuc There are, however some facultative parasmc fungi and a
few obhgate parasites. . Some fungi and their metabolic by-products have had a maJor 1mpact
on humans. Antlblotrcs and mycotoxms are funga.l by-products and fung1 are used in the
producnon of some food items. A1rbome fung1 are responsrble for some mfecuous drseases

- hypersensitivity diseases, and toxicoses.

i

1.1. 4 Protozoa
Protozoa are pnrnanly unicellular orgamsms that can live wherever water and nutnents
are of sufﬁcrent quantity to support life. Many protozoa are parasmc Some protozoa.

(amoebae) are capable of i mgestmg gram-neganve bacteria, which remain allve within the

\




organism protected from envn'onmental stresses. TWo genera of the amoebae (Naegleria and

Acanthamoeba) have been 1mphmted in mdoor au-related hypersensmvny disease. .

1.1.5 Arthropods

Arthr0pods include mites, cockroaches, crickets, house flies, moths, and a vanety of
beetles. Many different species of mites are found i in the home. Live house dust mites are
found deep in carpets, furnishings, and bedding. The mite population of 2 home is closely

_related to the relative humidity in the house; the higher the humidity, the greater the mite
population. The major source of food for mites is human skin scales; however, mites also
depend on fungi for growth.

Coclcroaches are present in many homes and can increase to overwhelmmg nurnbers if
not contmlled Mites and cockroach allergens are suspected of causing hypersensitivity

~ reactions in asthmatics.

' 1.1.6 Mammals and Birds

Many different mammals and birds are kept in the home and work environment. Itis
estimated that approximately 100 million- domestic ammals reside in homes in the United
States today. The most common of the domestic animals is the cat. All of these amrnals shed
proteins and occasionally bactena or viruses into the environment. Animal effluent can cause'
respiratory a]lerg1es and, in rare cases, infectious disease. |

In most parts of the world, dogs are of much less 1rnportance than cats as the cause of
asthmatic attacks. Possibly 10% of all acute asthma in young adults is-related to cat allergen
exposure. Laboratory-animal allergy has become a serious occupatmnal ‘problem. Also,

individual cases of sensitization to pet rodents, producing rhinitis or contact urticaria, have

been documented. Sources of allergens include skin scales, saliva, urinary proteins, serum,

and feathers.




1.2 BIOAEROSOL-RELATED DISEASE
1.2.1 Infectlous Dlsease

- The potential for transrmttal of an infectious rmcroorgamsm m air is first dependent

upon the presence of the orgamsm in the envuonment The microorganism must also be able

. to survive and multrply in the environment, become au'borne in SufﬁClent concentratxon ‘and

~ remain v1able long enough to cause dlsease For mfecnon to occur the xmcroorgamsm must
be v1ru1ent Once a1rbome the rmcroorgamsm must come in contact with a susceptrble
human host. The susceptrblhty of the human host is related to the i 1mmune status of the host ‘
Factors that damage the immune system will i mcrease the risk. of mfecnon m the exposed '

| .person ' ' '

1.2 1.1 Human-Source Infectmns and Animal- Source Infectlons ,

Human-source infections or diseases usually rely on the human host fo: functton asa
Teservoir, amphﬁer and/or drssemmator These aerosol-transmitted diseases are generally
'resprratory infections whose syrnptoms include coughmg and sneezmg Axrbome human-
' source diseases rarely occur outdoors because of the large mass of air available to dilute the
‘ vaerosol and because of environmental factors hosnle to mrcroorganrsms

The: human-source infections that are currently consrdered important with respect to
indoor air qua.hty are influenza, common colds assocrated with some viruses, and
 tuberculosis. Other aerosol-trarismitted dlseases include measles, rubella, and chlcken pOX’
Chicken pox is. probably the most contagmus of these aerosol-transmrtted diseases. However, .
the measles virus is-so vrrulent that only 4 mfectrous umts/ mlnute released from an infected
~ host can initiate an epidemic: T ‘ ' |

Under certain circumstances SOme mlcroorgamsms usua.lly restricted to animal species
may infect humans. The best known of these diseases are Q—fever anthrax, and brucell051s,

: however the incidence of these dlseases is probably low.

1.2.1:2 Environmental-Source Infections .
Envrronmental-source infections result from exposure to inanimate reservorrs |

B contammated primarily with saprophytxc organisms.
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The pnmary fungal pathogens (stzoplasma, Cocczdzozdes and Bla.stomyces) grow and
reproduce in nature as soil saprophytes. These saprophytes produce mycelmm and spores as
fungi do. When the spores gain access to the human respiratory tract they can produce
disease. The opportunistic saprophytic pathogens normeny occupy natural environments and
cause infectious disease only when they penetrate susceptible human hosts. Susceptibility
requires some lack of immune system function. Some of the most common opponunistic
pathogens that cause air-borne disease are the bacteria Legionella pneumophila,
| Pseudomonas, and Acmetobaczer The best known opportumsnc fungal pathogen is

| Aspergzllus ﬁumgams This orga.msm produces toxrcoses and allerg1es and occuples both
natural and manmade environments. ‘

1.3 HYPERSENSITIVITY DISEASE

The hypersensmv1ty diseases are caused by individual unmunologrc sensitization to
- specific anngens Antigens are able to stimulate producnon of anubody or antigen reactive
cells and serve as specific ta.rgets for the annbody or sensitized cell. Proteins, lipoproteins,
glycoprotems polysacchandes hpopolysaccha.ndes, larger polypeptldes, and nucleic acids are
all potential antigens. There are three forms of immune response to indoor air biological
contaminants (antigens): 1mmunoglobuhn E (IgE) annbody response (immediate allergxc
Tesponse); immunoglobulin G (IgG) antibody response (only detected through serum
immunoassays); and T cell response (delayed allergic response).
| The hypersensitivity diseases most clearly associated with indoor air quality are asthma,
rh1nms, and hypersensmvrty pneumomhs ‘Asthma and rhinitis produceaan IgE antibody
response (1mmedlate) andaT cell response (delayed) It is estlmated that 30 to 45% of acute
asthma in children over 7 years old and in adults under 50 years of age can be attributed to
indoor allergen exposure. For some of the indoor mhaled allergens, the relanonshlp toa
disease is obvious to the patients (e g., cat allergens where the onset of rhinitis, asthma, or
conJuncuvms follows within 15 minutes of entering a house with a cat). Other a.llergen-
related hypersen51t1v1ty diseases are not as obvrous requmng challenge studies with specific

allergens and or epidemiological studies on random populanons. Biological agents known to




-~ produce antigensthat cause allergic rhinitis and asthma include fungi; aig'ae; higher plant |
| spores (pollen) andlother parts used ‘as food; and arthropod, avian, and mammalian effluent.

' Hypersensitivity‘ pneumonitis is an IgG antib‘ody response and T cell response. It is one | '
h of the most serious of the buﬂdmg-related ilinesses. This form of T cell response differs
from that of asthma and rhmms and i is believed to be caused by some bactena, fungi,
- protozoa, and bird and mamma.han sefum proteins. Because the disease is not expected to
occur in so-called" clean envu'onments (offices, homes) and in ea.rly stages nusdxagnosm is
probably common, the actual mcxdence of hypersensrtmty is unknown Unnl the antigen
source is removed, sensmzed mdmduals cannot rétum to that envu-onment Progresswe

irreversible lung damage may occur with contmued exposure to the ant1gen

" 1.4 BIOLOGICAL Toxms

B1010g1ca1 toxins’ may enter the mammahan systern by mgestmn absorpnon through the
skm ‘inhalation; and subcutaneous mtrapenton&l or intravenous injections. Toxic effects
can be acute and/or chromc The biological tonns are mamly cytotoxrc however, rnany are ',
also teratogemc mutagemc and/or carcinogenic. ‘The brologlcal toxins important in mdoor
air are bacterial toxins, mycotoxms and fungal volatile organic compounds

~ Bacteria produce both exotoxins and endotoxms The exotoxm produced by Closmdzum
bozulznum is responsible for the potentrally lethal form of food porsomng known as botulism.
The role of airborne exotoxms have not been stuched to any great extent. Endotoxms, known ‘

as "fever inducers", are a component of the outer membrane of: gram—negahve bactena that
cause acute pulmonary" changes-and local mﬂammatory responses in exposed individuals.

Mycotox.ms (fungal metabolites) have a range of toxic effects from mild acute tox1c1ty
to potent carcmogemcxty Myootoxms enter the body through the skin, gastromtestmal tract
or respuatory tract. Generally, the mycotoxins are cytotox1c Some mycotoxins are toxic
’ without metabolic conversion, whereas others require metabolic conversion to exert thexr
toxic effects. 4Thosle' requiring metabolic conversion usually affect the organs where the,
metabolism takes place, such as the liver. S | | o

All organisms produce and emlt volatile orgamc compounds v OCs) dunng growth
The effects of these volatile orgamcs are generally restricted to annoymg odors (srnelly socks
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body odor); owever, some compounds may produce s1gmﬁcant adverse health effects. It
has been suggested that fungal VOCs may contribute to some cases of "sick buﬂdxno

syndrome” or produce symptoms which mimic that condition.

5 AIR SAMPLE COLLECTION AND METHODS OF ANALYSIS

Air sampling can be done w1th the use of personal samplers or by using ambient
momtonng equipment (centnfugal force, inertial impaction, filtration, and electrostatic
impaction dev1ces) The most commonly used types of eqmpment are the inertial impactor
and filtration dev1ces | = .

‘When choosing a sampler for collection of a viable aerosol, the size of the particles, the
relative fmgﬂlty of the orgamsms, and the expected concentrations must be considered.

Some orgamsms must remain viable during samphng and analysis for identification.
Therefore, the media used for collection should not adversely affect viability. Culture plate
impactors, liquid impingers, membrane filter cassettes, and high-volume electrostatic devices

have been used to collect viable microorganisms. Viruses ‘'and infectious bacteria, fungi, and

- protozoa are usually sampled by methods that allow their culture both in vitro and in vivo.-

For very small particles (small fungus spores, thermophilic actinomycetes), suction devices
and isokinetic samplers should be used. Once the sample has been collected, it may be
examined by du'ect microscopy Wwithout prior stalmng (fungal spores) or with pnor staining
(bacteria).

Commonly used ‘methods for samphng aerosols for. microscopic 1dent1ﬁcauon are by
suction sht 1mpactors membmne filter cassette samplers, and rotating arm 1mpactors
Suction slit 1mpactors overestlmate small aerosolized pamdes in still air and underesumate
them in moving air. However samples can be collected over lorig periods of time for.
analysis using these devmes The most commonly used samplers in the United States for
outdoor bioaerosol collechons are the rotat.mg arm impactors.

Many of the allergens, anugens, and toxins that accumulate in ' the indoor environment

~are carned on particles that do not grow in culture and are not readily identifiable

microscopically. Collection of these particles from air must enable the particles themselves

or the soluble adhering material to be eluted for assay or assayed duectly from the samphng -
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medxum - For water-soluble matenals that are not hydrophobxc hqmd 1mpmgement may be =
used For endotoxins, smooth surface polycarbonate ﬁlters minimize the risk of permanent
adherence of the toxins to ﬁlter surfaces Limulus ('LAL) bloassays are necessaty to
determme the blolog1cal acnvny of the endotoxin. I-hgh-volume ﬁltrauon devices have been h
used for nute cat, and small mammal anugen collection. ' Proteins denved from these

sources can only be measured by unmunoassay

1.6 RESEARCH NEEDS | | |
~The quest ;for lmoWIedge related to indoor bioaerosols is essenually a quest for a means
- " to control the diseases they cause. | Although we have made some pro‘gress in collectins’ the
" existing knowledge that applies to th1s quest very little res&rch has been spec1ﬁcally directed. ’
_toward mdoor biological- aerosols and gaps remam that prevent an accurate assessment of the =
- risk to human health imposed by these aerosols. - The followmg are needed to more "
adequately understand the role of blologwal aerosols in the indoor environment and health.

« Field tests of available bioaerosol instruments for s}aﬁabmt‘y, sensitivity, and reliability.
'« Experimental deterrmnatlons of staUSncale appropnate samphng strateg1es
X 'Development of mtegrated samphng devices for v1ab1e aefosols.

e Development of. smgle instrument samplc collectlon devices suscepnble to multxple analysrs
approaches ' R
e An m—depth evaluanon of the role of vennlauon in the spread of mﬂuenza and other '
‘ a1rbome respuatory mfectrons and the effects of dﬂu’uon ventﬂatmn on the spread of such - \ |

d1seases A relatlvely stralghtforwa.rd epldermologrczl approach may be appropnate

e Dose-response relatlonslups for enwronmental exposures. Until these relationships have

_been established at least for the most common and important bioaerosols, guidelines for
determining safe levels cannot be set. These studies will require sophiéticated chamber
research, as well as collection of baseline air prevalence data, and carefully rde’signe:d -
investig,ationsw that include -air sampling as well as epidemiology of specific epidemicsfof

bioaerosol-related disease.




Baseline data on airborne prevalencefor comrnon and important bioaerosols. These data
are essentxal for estabhshmg rational guldehnes and for the development of dose-response
relatlonshlps Adequate eqmpment is currently avaﬂable to begin this effort on a -
nationwide basis.

Real—tlme sampling methods that will allow analy51s of mulnple types of bloaerosols from
a smgle sample. ‘ -
Immunologxcal and biochemical assays for a wide range of the most common bloaerosols
For many, basic research on the nature of antigens and/or toxms and development of
specific monoclonal antibodies, will be necessary.

Tme—dxscnmmatmg methods for samplmg viable microorganisms. At present, only short
term (mmutes) grab samples are p0551ble, makmg mapping of changing viable aerosol
concentrations cumbersome. Irnmunolog1ca1 assays do not substitute for these cultural

sampling methods. Immunologmal assays do not assess v1ab1hty, information requued for

: pathogen exposures.

Evaluation of complaint environments for multiple broaerosols as well as olher polliutants.
Itis becommg clear that bioaerosols interact with each other and with other air pollutants
to cause health effects In partlcular endotoxm appears to be important in connection
with exposure to sensmzmg agents, and envuonmental tobacco smoke may exacerbate
health effects from a variety of mfecuous, anngemc, and toxlc bioaerosols. In addition, - |
carefully designed chamber studies using animal models as well as people will be
necessary.

| Exammauon of antigenic cross-reacnv1ty patterns need to be exammed for the most

common environmental fungi and identification of widely prevalent (common) fungal
antigens that can be used to make monoclonal antibodies for clinical assessment and in
assays of air samples. These studies require the interaction of mycologists experienced in
"aeroniycoloéy" and immunologists experienced in developing immunoassays and
monoclonal antibodies. o SR |
Characterization of microbial volatlle orgamc compounds ‘with respect to sources, factors
controlling productlon, prevalence in the envuonment and health effects Charactcnzatlon

will require choosing appropnate strains of common env1ronmenta1 rmcroorgamsms and




' deagmng studies to evaluate conditions controlling VOC production as well as
"1dennﬁcat10n of VOCs: produced o | : o .
~ An assay system possibly based on monoclonal antibodies, that will qmckly detect spec1ﬁcr
toxins from both dust and air samples In addition, the many fung1 common m mdoor :
envuonments should be studied for toxm producuon concenn'auons of spec1ﬁc toxms

estimated wnh respect to spore lcvels assays de&gned to measure spec1ﬁc new toxins, and
assessment of health effects of these wmpounds

"

-
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». BACKGROUND INFORMATION

2.1 INTRODUCTION

Most Americans spend the majority of theu' lives in the indoor environment. For
many, the tJme spent indoors can be as long as 22 hours/day (Spengler and Sexton, 1983). It
is, therefore, not surpnsmg that the quahty of indoor air is at least as important to health as
the quahty of outdoor air. Consrderable effort over the last decade has focused on outdoor
exposure hrmts for many of the known hazardous nonb1olog1cal pollutants (Yocom et al.,
1971) Most research on indoor air quahty has focused on the same pollutants that are found

in outdoor air (e.g., mt.rogen oxldes, carbon monoxrde) and a few other nonbrologmal agents
that are susceptible to easy measurement (e.g., asbestos, radon), or hdve stimulated major
contro\;ersy (environmental tobacco smoke). It is important to note that research oh‘
nonbrologlcal pollutants is often designed to demonstrate whether or not measurzable health
effects occur, whereas resea.rch on b1oaerosols focuses on methods for measurement of
pollutants that have been known to cause serious health effects for hundreds of years.

Biological aerosols have been the subject of few coordinated research efforts designed to
measure risk or to establish standards for exposure ' However, the role of indoor exposure in
the spread of mfecttous drseases, mcludmg tuberculosis, influenza, measles, and whooping
cough, has been known for years. Some mformat10n is also available on the dose requlred to
cause these diseases Cnght 1980) coas

Over the last 20 years, there has been a steady increase in knowledgé ‘of the biological
sources that give rise to 1mrnunolog1cal sensmzatmn Tms mformatron has not only identified
specific health risks, but has estabhshed methods for mea.,unng some of the agents in homes
‘that are thought to cause hypersensmvrty d1sease For a few sensmzmg agents, it has been
possxble to propose spec1ﬁc levels of exposure that represent a risk for sensmzauon and for
symptom development (Platts—Nhlls and Chaprnan, 1987), but for most, insufficient data are
ava.ﬂable to propose risk or threshold levels No research has been directed to identifying the
health effects, prevalence or relative nsks of toxins and volatile irritants of brologrcal ongm

in indoor air.




2.2 HISTORICAL PERSPECTIVE OVERVIEW |

‘ Throughout the early days of human exrstence hygienic considerations were  of low ,
- priority. Although attempts were made to control bactenal or fungal damage to food supplies
(i.e., by drymg or saltmg), little attention was apphed to the condition of the house. Floor
‘coverings often consmted of straw or dirt, and refuse (including human waste) was allowed to

accumulate either within or 1mmed1ately adjacent to ‘indoor env1ronments ‘Given our

E knowledge of mite and fungal growth it seems inevitable that matenals in these houses rotted

and- became infested w1th rmtes and vermin. In fact, rats, mice, and arthropod infestations
. were continuing problems that were addressed only when food supphes were threatened.
Stately European houses of the 16th and 17th centuries became so foul after 6 months that it -

was cornrnon pracuce to move to allow cl&mng At least partly as a result of these indoor

condmons the average hfe expectancy remained near 25 years, and drsease (e g., whoopmg L

cough, smallpox, lague, tuberculosrs) regularly decunated maJor populauon centers. well mto
the 19th century ‘

221 Infectrous Disease ) _
- Gregory (1961) presents a fascmaung hlstory of the dlscovery of germs and their -

connection w1th human disease. He pomts out that Hlppocrates felt epidemic fevers were the

~ result of 1nha.lat10n of air infected with pollutants hostile to the human race. Accordrng to

Gregory (1961), Lucretius hypothesized, from observanons of the movement of dust motes in

a sunbeam, the existence of what he termed "atoms" ‘that carried disease. It was however
not until the 17th century that Leeuwenhoek developed hand-rnade lenses that allowed ,
bacteria to be seen for the first tune ‘He described yeasts mfusona ‘and a mold. That these

i rmcroscoptc creatures actually caused disease was not estabhshed until the mid 19th—century |
The last 25 years of the 19th century were consrdered the golden age of bacteriology. Koch's
postulates describing the steps necessary to estabhsh the cause-effect relatmnshrp between an
‘ agent and a disease were pubhshed 1n 1878 Before 1900 the ‘microbial agents responsrble
for cholera, tetanus, the black plague, leprosy, gonorrhea and tuberculosrs had been found
and v1ruses had been dlscovered (Gregory, 1961). -
In 1873, Cunmngham attempted to collect the agent causmg cholera from the air of

jails. He found many. fungus spores and pollen grains, but found no ‘correlation between the
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agents he saw and the incidence of cholera. In fact, most disease-producing bacteria are

“ relanvely fraglle in the airborne state, and can rarely be isolated. This problem continues

today. For example, Legzonella has not been isolated from air in any quanutauve fashion,

~ and establishing cnuse—effect relauonshlps between spec1ﬁc sources and disease is dependent

on hypothetical dispersion from the source (Muder et al 1986). Because of these sampling
problems, demonstration of the role of air in the transmission of infectious disease has
focused on elimination of any other form of contact between the infected and noninfected
person. Unequivocal evidence now exists that, among others, mﬂuen:z.a, some forms of the
common cold, measles, chicken pox, tuberculosxs, anthrax, Q—fever, bruce11051s, and a
variety of fungal infections are transmitted via the airborne route (Burge, 1989b)

~

2.2.2 Allergies

Eplsodes of disease and demlse, now recognized as allergic reactions, have been
recorded for over 5,000 years. For example, King Menes of Mempms died in about
3000 B.C. elther of anaphylaxis from the sting of a hornet, or was trampled by a
mppopotamus (hornet and h1ppo sharing the same ancient Egyptmn word). During the 16th,
17th, and 18th centuries, reactions were noted, mostly from foods, that were surely allergic
in nature and some surprisingly intuitive observations were made regardmg cause and effect.
During these centuries, cats, dogs, horses, feathers, and many foods were observed to cause
asthma. In the early 19th century, it was recogmzed that pollen caused hay fever, and that
dust from beaten carpets produced similar symptoms. ‘ '

The ﬁrst mold allerg1es were reported in 1924, and it was recogmzed that damp moldy

"--'"s-

homes were conducive to asthma Mites were observed m house dust if the 17th century,
and in the 18th century it was recogmzed that dust caused asthma In th? i9205, mites began
to be suspected as the cause of house dust asthma. - The first concrete evidence that patients
could be spe01ﬁca]1y sensitized to house dust came in the 1920s when wheal and flare
responses produced by skin testing with extracts of dust from the homes of sensitized
individuals were reported by Kern (1921) At that t1me, it was already known that cats,
horse hair, and molds could give rise to this form of sensitization. Expenments to identify

the house dust allergen continued until 1964 when Voorhorst and his colleagues in Holland
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: demonstrated the 1mportance of dust rmtes of the genus Dermarophagozdes (Voorhorst et al.,
1967, 1969) ‘

In the txme smce much progress has been made toward: recognmng specxﬁc causes of
asthma and hay fever, and in defining the mechanisms by which symptoms are ehcrted The )
wheal and flare skin test was developed for the dxagnosxs of allergies. In 1967 the Ishrzakas

‘ estabhshed that wheal and flare skm responses are mediated exclusively by antibodies of the
IgE 1sotype Thus it is now known that much of the acute sensmvrty to allergens can be

explamed by the productxon of IgE annbodres Spec1ﬁc for protems and glycoprotems derived
. from living orgamsms :

2.2.3 Toxms/Volatlles

~ Ergotism, a devastatmg dls&se cnused by mgestlon of a mycotoxm ‘was descnbed by
the Spartans in 430 B.C. The disease results in loss of penphera1 circulation, gangrene,, and .
death. Epidemics during the Middle Ages were Kknown as St. AnthOny’s Fire because
‘sufferers prayed to St. Anthony for relief. During 'the' last 30 years, more than |

o 200 mycotoxins have been discovered 1 in 150 dlfferent fung1 and more are characterized each

: year Nearly aJl mycotoxm research has centered on mgestmn and diseases of animals.
| (Kendrick, 1985). |
The odor assocxated w1th fungal growth is caused by the release of volatlle orgamc

'compounds These compounds vary dependmg on the substrate bemg used by the fungus.

A case of arsenic poisoning was descnbed in 1891 that was ultimately connected to fungal

volatiles. Arsenic. compounds in wall-paper prgment were transformed to tnmethyl arsine by

the achon of fungi (Foster, 1949) Remarmng research ‘has centered on the use of volatile v
. compounds as an aid in fungal taxonomy (Ha.hm et al 1975) and the identification of fungal

' B volatiles in foods (Kammsh et al., 1974)

224 Envu'onmental Control

Attempts to isolate infected people and increase ventﬂanon were made when it-was
'dlscovered that diseases such as tuberculosis could be transmitted through the air. The very
R high cexhngs and tall windows of pubhc buildings and prosperous homes of the 18th and 19th o

, century were an attexnpt to prov1de ventﬂanon to reduce human-source aerosols (both
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3.1 VIRUSES
3.1.1 Viral Morphology

Viruses are the smallest of all bioloéical entities. They are a heterogeneous group of
agents that vary in size, morphology, chemical composition, host rahge and host effects
(American Conference of Governmental ‘and Industrial Hygienists, 1989b). All are
submicroscopic (i.e., cannot be resolved with the light microscope). They range in size from
20 to 300 nm and have a nucleic acid core (either RNA or DNA) and a protein coat. Some -
viruses areuenclosed in a lipoprotein capsule. The complete virus parhcle is known as the

virion.

T

3.1.2 Viral Physmlogy

Viruses have no physiology of their own, but rather moblhze host cell processes. All -
~are obligate intracellular parasnes that lack the genetic information necessary for the synthesis
,of cellular systems They use host cell metabolic pathways and ribosomes to power their
reproductwe cycle. Viruses interact with cells in several ways: They may invade the cell
and produce no obvious effects; cause cell lysis and death; or become integrated in the host
cell DNA, altering the cell’s genetic makeup.

The actual life cycle of viruses involves several steps. First, the virus is absorbed or
attaches to the cell surface of the host. The host cell is then penemted by the entire virus
particle or just the viral genetic material. Prior to replication, the viral nucleic acid separates
from the coating materials. The genetic material then divides and new virus particles are
formed and released. S L e |

Viruses can enter the host through the skin via ammal bites or ope'ﬁ wounds; the
respu'atory tract, with site of deposition dependmg on the size of the partlcle carrying the
viruses; the alimentary tract; and the urogenital tract. Although many viruses primarily enter
through a single pathway, most can probably use all porrals of entry. Those that primarily
enter by the respiratory tract via air must be able to survive in au' Many viruses that are not
usually contracted from airborne exposure are fragile and do not live for long outside the
protective host environment. .

Viruses undergo evolutionary change, sometimes rather rapidly. Immunological

methods designed to protect against specific diseases require recognition of specific v1ra]
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‘ characters and become meffecnve over time. Viruses for which thrs phenomenon is

. especrally evident include influenza and human 1mmunodeﬁcxency virus (’HI'V) (the acqu1red -
, 1mmunodeﬁc1ency syndrome [AIDS] virus).

313 ViralEcology

As stated above, all viruses are obhgate mtracellular parasltes and, t.herefore never
grow or reproduce in environmental reservoxrs. "Thus, sources (humidifiers, cooling towers)
that may harbor bacterial and fungal infectious agents are never sources for viral infections.
Although some viruses are relanvely hearty and survive for hours or days in air and dust, it -
is important to remember that transmission of axrbome virus disease almost always requrres ._
~ the presence of someone with an active infection in a stage that includes coughing or
sneezing. | | o o

Factors affectmg viral survxval in air mclude temperature relatlve or absolute humrdlty,
ultraviolet light, and possibly other factors such as the presence of other pollutants In
: addmon the nature and s12e of pamcles on which viruses are carried are important factors in

viral survival (Goodlow and Leonard 1961 Buckland and Tyrrell 1962 ‘Gerone et al.,
1966; Karim et al., 1985) |

‘ 3.1. 4 Dlseases Caused by Alrbome Viruses

| Drseases caused by alrbome viruses include influenza, the common cold measles
,(rubeola), chlcken POX, rubella (German measles), and other less common entlttes Vu'uses
- are 1nfectlous agents: and do not cause hypersensmvny d1sease or toxic syndromes There are.
animal v1ruses, plant v1ruses, and bacterial viruses. Within each class, md1v1dual viruses are
usually specific for one or a small group, of hosts, recognizing specific sites on the
appropriate host cell. Thus, most animal viruses do not i‘nfect_humans.' ‘Exceptions, of

.course, do occur. Rabies, for example, attacks a wide range of mammals.
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3.2 BACTERIA
3.2.1 Bacterial Morphology
Bacteria are prokaryotic rmcroorgamsms charactenzed by a rigid, polysacchande-nch

cell wall, a single chromosome unbounded by a nuclear membrane, and no mitochondria or
other membrane-bound organelles. Individual bacterial cells range m size from ~11t0 35 pm.
Bacteria are classified by cell shape (spheneal rod—shaped, filament ous) and arrangement
(single, chams, clumps, pairs, tetrads), by reaction to the Gram stain, and by | biochemical
and physrologrml reactions. The Gram stain divides the bacteria into gram-positive (able to
| retain crystal violet stam) and grarn-negatlve (unable to retain crystal violet stain). The cell
walls of gram—negatrve bacteria contain a hpopolysacchande called endotoxin. Table 3-2
categonze§ some common environmental bacteria according to these characteristics.

'TABLE 3-2. MORPHOLOGICAL CHARACTERISTICS OF

SOME COMMON BACTERIA
Gram '

Genus Rx . Shape Arrangement
Staphylococcus + sphernical clumps
Streptococcus + spherical chains
Pseudomonas - rods single
Legionella — rods single
Bacillus + ‘tods single, chains
Mycobacterium + rods chains
Thermoactinomyces + filamentous -

Mycoplasma L - spherical, clumps
- filamentous

3.2.2 Bacterlal Physrology

Almost all bacteria require an environmental source of carbohydrate as opposed to
plants, whrch can make their own carbohydrates from carbon dioxide (CO,) and water Most
bacteria are saprophyt1c (saprophytes), that is, they utilize nonliving organic material.

Bacteria that invade l1v1ng trssues are parasmc (parasites). The parasitic bacteria are d1v1ded

into two groups (1) facultatwe, which can utilize both living and nonliving organic matenal

as food sources and (2) obligate, which must have living tissues to supply growth
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reqmrements Saprophytes and facultatwe parasrtes can grow in envu-onmental reservou's
andcanalsobegrown onculturemedxa

, To translmt mfecnous dlsease bactenal cells must remain vxable in air (Kethley, 1957).'
Bacterial surv1val in air is dependent on temperature relative hutmdrty, presence, :
wavelength, and intensity of ultraviolet light; and the szze and composition of the particle
 carrying the bacteria, allhteractiné with cha‘raeteﬁsﬁcs of the bacteria themselves. Some
 bacteria, including Bar:illus =species and sorne of the thermophilie actinomycetes, produce
_spores that are highly resistant to envn'onmental damage, and are dxfﬁcult to kill even with.
traditional brocxdal matenals and condmons

3. 2 3 Bactenal Ecology

Bactena are ubiquitous, but the specxes composmon of bactenal populanons dlffers in
different environments. In general, gram-neganve bactena are common in outdoor air,
espeerally in rural afeas where available leaf surface area is large (Nevalamen 1989) The
gram—negauve rod-shaped bactena form colomes on the surfaces of leaves and can live for
'long penods of time in this mlcroenvuonment In the indoor envu'onment gram-negatwe
rods may reside in water reservoirs of hurmchﬁers air condmoner drip pans, sumps, water ;
. pipes, and other moist areas (Nevalamen 1989 Fraser, 1984) and are abundant wherever
plant materials are handled (Clark et al., 1983a) Gram-posmve cocci colonize human skm
and mucous membranes (Spendlove and Fanmn 1983). In so-called clean indoor mr, |
'gram-posmve coccl are shed into the air w1th human slcm scales and respuatory droplet
‘emrssron (May and Pomeroy, . 1973) Bacillus species (gram-posmve) are common in many
' env1ronments ‘The. spore-formmg (endospore) Bacillus can survive long periods of dryness
low or elevated temperatures, and other envnronmental condmons that would be fatal to most
’ other bacteria (Sussman and Halvorson, 1966) The spore—formmg thermophlhc
: actmomycetes also survive under adverse circumstarices (Kalakoutskii and Agre, 1973)

’ These thermophlhc bacteria thnve in envn'onmental reservon's where the temperature is "
mamtamed above 50 °C. When t.hermopmhc actmomycetes gram-negative rods and/or
Bacillus species are observed to be dominant i in an mdoor environment, it 1s probable that
envuonmental Teservoirs in the envrronment are contarnmated This, of course, is an

over-mmphﬁcahon. However, unnl more research has been done on the indoor bacterial |
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populations and their sources, these genemhnes are useful in mterpretmg data collected in

indoor environments where complamts have prompted air quahty investigations.

3.2.4 Diseases Caused by Alrborne Bactena ‘.

Aerosol-transmitted diseases caused by bactena mclude mfecnous dlsease (e g .o

legionellosis), hypersensitivity disease (e. 85 hypersensitivity pneumonm 3), and toxicoses
(e.g., endotoxicosis) (see Chapter 4).

3.3 FUNGI
3.3.1 Fungal Morphology

Fungi are either unicellular or multicellular. The yeasts are a group of unicellular fungi‘ :
that reproduce primarily by budding. Most fungi exist, however, as long chains of cells
called hyphae. Hyphae are often massed into a m&celium. Some mycelia can differentiate
into one or more fruiting bodies (e.g., mushrooms) l ’ |

Most fungi reproduce by spores that are dlssemmated through the air. Spores can be’
either clones (asexual) of the ongmal plant or can result from genetic recombination (sexual).
Many fungi produce both kinds of spores during a single hfe cycle. However, most fungal
spores resulting from growth in mdoor env1ronments are a.>exual

Fungi are classified in many d1fferent ways. The layman descnptmn of fungus growth
is usually hmlted to mold or mildew. More formally, fungi are classified into two groups
based on thelr mode of sexual reproductmn Zygomycete (charactenz:.d. by a resting
zygospore resulting from nuclear fusion) and the Dikaryomycetes (characterized by a
binucleate multicellular stage preceding nuclear fusion). Most of the fungi that are of
importance in air quality, especially those associated with disease, belong to the -
Dikaryomycetes. This large group is further divided into two groups based on the form that
sexual spore production takes: the Ascomycetes, Which inchxde most of the common molds, .
form sexual spores within a sac; and the Ba51d10mycetes which includes the plant rusts,
smuts, and mushrooms, form asymmetrically shaped spore S externally on pegs ('Burge 1985
1989a). ‘
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3 3 2 Fungal Physxology 1
Unlike plant cell walls wh1ch are made of a glucose polymer called cellulose, the
~ fungal cell walls are made of polymers of acetyl glucosamine called chitin. ‘Furthermore,
fungi are heterotrophm That i is, unlike plants they do not have chlorophyll and are unable
to synthesxze m.rbohydrates from C02 and water. Most fungi aré saprophytic; however
_some are facultauve parasites. ‘A very few of the fungi are obligate parasrtes requmng hvmg
tlssue to complete thexr life cycle (Amsworth and Sussman, 1965) ‘ _
As fung1 grow, they produce ‘metabolic by-products that may affect mdoor air quality.
“ The fungi and their by-products have had a maJor impact on human kind. Anubloncs and
v mycotoxms are fungal metabolic by-products Fung1 are also used in the productmn of some.
food items. (e g., cheese soy sauce) and beverages (e g., beer, wme) (Kendnck 1985)

3.3.3 Funga.l Ecology

The outdoor air is the pnma.ry source for mdoor aerome fungus spores. Spores of the o

genus Cladosporzum usually dominate the air spora during dry weather over most of the ’ |
world During wet weather, ascospores and bas1dxospores may be predommant (Burge, 1985,
' 1989a Burge and Solomon, 1990) Agncultural actwmes provide a primary source for fungi |
in outdoor air. Crops that are harvested after the plant dies become well-colomzed with
saprophytes that in tum, become axrborne in mgh numbers dunng harvestmg operattons
The obligately parasitic plant pathogenic fung1 are only found in env1ronments where their -

, host organisms are present and also may. become atrborne when affected plants are handled
. (Chnstensen, 1975):- ‘ ' '

Water is the single’ most 1mportant factor that deterxmnes whether saprophync fungr w111 ’

be found in a given indoor environment. Almost any carbon-contzumng matenal can provrde -

a substrate for fungal growth However, this growth wrll not occur if water is not present.
‘Some carbon-contammg matena.ls are hygroscoplc and can absorb enough water from the air
(at relatwe humidities above 60%) to support fungal growth Condensanon on surfaces will .
-also provrde sufficient water. Of course, standmg water that contams a carbon source as well
. as flooded and/or water-soaked matena.ls wﬂl support fungal growth. Any envu'onment

| where organic material is stored or handled must be consrdered contammated ‘with respect to
both bacteria and fung1 : o .




Fungal aerosols as w1th bacteria, are always mixed with respect to viability so that
viable counts alone always underestimate total counts (Burge etal., 1977a) Factors
controlling au'bome survival of fungal spores include availability of water and intensity and:
wavelengths of ultraviolet light (Ingold 1971). In general thick-walled colored spores tend
to survive longer than colorless and/or thin-walled spores (Pathak and Pady, 1965).

“‘3 3. 4 stwses Caused by An'borne Fung1

Airborne fung1 cause mfecuous diseases, hypersensmvrty diseases, and tomcoses Some
fungal products may be irritants and contribute to sick bmldmg syndrome (see Chapter 4).

3.4 PROTOZOA
3.4.1 Protozoan Morphology

Protozoa are primarily unicellular organisms that live in water. Many are parasmc and
cause some serious human diseases. Amoebae are protozoans that are amorphous and change
shape by extruding pseudopods. Free-living amoebae are relatively small (8 to 20 pm),
unicellular, eukaryotic organisms that usually conta.m a single nucleus They divide by
simple binary fission. Two genera of free-hvmg amoebae have been 1rnphcated in- indoor
air-related illness: Naegleria and Acamhamoeba Naegleria is generally slug-like; the
anterior end is broader than the postenor end. Acanthamoeba is characterized by sprke-hke
cytoplasmic projections. Both move by means of pseudopodia. In addition to its infectious,.
trophozoite form, Naegleria can also be transfo.rr'ned into ﬂag,ellaie and cyst forms.
Transformation from the trophozoite to the ﬂagellate form usually ocourswhen the supporting
medium is diluted with water. The rapid motility of the ﬂagellate form is by méans of two
to four anterior flagella. When conditions are unfavorable, that is, when food and/or water is
unavailable, oxygen supply is inadequate, or the;environrnent is otherwise unsuitable,
Naegleria can encyst. The spherical cysts are 9 to 12 pm in diameter. A return to the

trophozoite or flagellar state occurs when conditions are once again favorable.
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‘ 3 4.2 Protozoan Physxology

The protozoa require environmental carbohydrates and are therefore heterotrophn: The .-
- mrbohydrates can be in the form of dissolved orgamc matenal or hvmg or dead cells. Some
protozoa are mpable of mgesung gram-neganve bactena mcludmg the Legzonella spe<:1es
These bacteria may remain alive and v1rulent within the amoebae, protected frorn

' environmental stresses including biocides..

3. 4.3 Protozoan Ecology o

The free-hvmg protozoa can hve wherever water and nutnents are present in sufﬁc1ent )
quanury Usually, bacteria are a necessary nutnent source. Protozoa can live at a relanvely '

- wide range of temperatures a.nd are found i m cold water hurmd1ﬁers as well as hot tubs -
(Edwards, 1980)

' 3.4.4 Diseases Caused by Protozoa .‘

. Amoebae of the genera Naegleria and Acanthamoeba have been implicated in
buﬂdmg-related hypersensm\nty disease and p0551b1y infection. If amoebae are ‘present in a .
" Teservoir, that reservou is contarmnated Given such contanunanon there is a potenual risk

- for sensitization and even infection. The number of amoebae requxred in a reservoir for

s1gn1ﬁcant risk depends on the dlssemmatmn mode.

3.5 ARTHROPODS
3.5.1 Mites ; .n
Mites are members of the class Arachruda and t.he order Acarina. Many different

‘species of rmtes are found in homes. The most important spe<:1es in temperate regmns are
Demzatophagozdes farmae D. pterarzyssmus and Euroglyphus maynei, although other species
may become locally dommant. Mxtes are not visible in dust because they are only about -

0.3 mm in length. L1ve house dust mites stay deep m51de ca.rpets fum1sh1ngs and bedding.
2 Originally these mites were often czlled bed mites. Now it is recogmzed that very h1gh
levels of mites can also be found in drapes, upholstered furniture, clothing, and carpets. . The ~

maJor food source for rmtes is human skm scales. However, they are also dependent on
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fungi for growth Optlmal growth requirements for mites are very similar to those
requirements for fung1 The levels of mites and mite allergens, primarily found in mite
feces, in homes are closely related to hurmdlty (Arhan 1977). In humid areas, nearly all
homes have mites and up to 90% have greater than the levels now considered to create a risk
for sensitization and asthma (e.g., Flonda Mernplus, Tennessee, New Orleans, Loursrana
southern England coastal Austraha, Sao Paulo, Brazil). Levels of mites in homes in these
areas range from 100 to 18,000 per gram of dust. In drier climates (e.g., Denver, Colorado;
the central part of northern California; inland Australia), levels of mites may be very low,

with 90% of the houses having less than 100 mites/g of dust. Fmally, there are areas where -

the climate is very humid in the summer and then becomes dry in the wmter “This pattern

_ effects much of the east coast and central Umted States. In these areas, mites often increase
rapidly during the late summer and decrease steadily over the winter. Detailed studies on
seasonal variations of mites and mite allergens in the United States have been reported from ‘
Cincinnati (Arlian et al., 1982) and Virginia (Platts-Mllls et al., 1987). Within each of these

geographic areas, mite prevalence varies between homes for reasons that are as yet unclear
g

3.5.2 Cockroaches

Cockroaches are members of the class Insecta of the order Blazzaria. Cockroaches are
present in many homes and can increase to overwhelrmng numbers if not extermmated |
aggressively, and it is now clear that in many inner city areas a srgmﬁcant propomon of
patients with asthma are sensitive to cockroach derived proteins (Bernton and Brown, 1967,
Twarog et al., 1977; Kang et al., 1979 Hulett and Dockhorn 1979). The German
cockroach (Blatella gemzamca) is probably the most common sensmzer fri-the United States.
Periplaneta americana (the American cockroach), Blarta orientalis, Pe;;laneta australisiae,
and Supella supelledium c¢an also become locally abundant and are probably sensitizing. All
of five commercial house dust preparations studied by enzyme—hnked immunosorbent assay
(ELISA) mlubmon were found to contain cockroach allergens (Mathews, 1989). In general,

cockroaches are not thought to be vectors of mfecuous dlsease

\
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3. 5.3 ‘Other Arthropods

- Many other msects live in houses and can become a source of allergens (e g crickets,

| house flies, moths and a variety of beetles) (Mathews 1989). Occupauonal exposure data

- have provided convmcmg evidence of the allergemc1ty of a wide variety of insects including
locusts crickets, grasshoppers cockroaches, beetles ‘moths, blow flies, sewer- flies, fruit
fhes, and the stinging msects However, heavy mfestanon is rare and only- occasional reports
of d1sease assoclatton have been made. Itis very drfﬁcult to prove for each of these cases |

 that exposure to that: source is cont:nbutmg to the drsease At present the only appropnate

" measure is to take careful medical histories and. skm test symptomauc individuals w1th |

R extracts of insects that are mdxcated by the hrstory '

36 MAMI\'IALSANDBIRDS

Mrcroorgamsms and arthropods are usually umnv1ted sources of mdoor broaerosols
However, in many homes creatures of various sorts are kept as pets. Itis esumated that
f approxrmately 100 million domestic animals reside in homes in the United States, the most-
" common being cats and dogs (Knysak, 1989). Other animals that share the indoor domeshc '
environment with humans include birds, small marnrnals (rmce harnsters, guinea plgs), and
snakes. Rodents are also found in laboratory facilities. All of these animals shed protems o
and occasionally bacteria or vrruses into the env1ronment Amma.l effluents can cause -
respiratory allergles and, in rare cases, infectious disease (e.g., lymphocyt\c chonomemngms

from virus shed in mouse unne, .Q-fever from sheep blood) As many as 30% of allerg1c

: ‘people may be sensmve to domestic animals (Barbee et al., 1981; Fontana et al., 1963

Ohman et al., 1977; Ohman 1978) and 57% of asthmatic chﬂdren are sensitive to at least |
one ammal species (Kjellman and Pettersson 1983). It is estimated that 11 to 30% of those
:exposed regularly to laboratory ‘animals expenence allergrc symptoms (Cockcroft etal.,
'1981b; Gross, 1980 Hook et al 1984 Lutsky a.nd Neuman 1975) Sources of ant1gens ,
include skin scales, sahva urinary protems, serum ‘and feathers Factors affectmg the -
abundance of these materials mclude numbers of ammals time spent mdoors venulauon

rates, and furnishings that can act as reservoirs (see Chapter 4).

)
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About 25% of the families in the United States have a cat, and it has been estimated

" that 2 million cat-allergic people live with cats despite their syrnptoms Possibly 10% of all

acute asthma in young adults is related to cat allergen exposure Cat allergens a<:cumu1ate in
furnishings, and it may take as long as 16 weeks for cat aﬂergen levels to fall after removal

of the cat (Wood et al., 1989). ‘

In most parts of the world, dogs are of much less importance than cats as a cause of
biological pollution. This probably reflects the fact that most dogs live, at least in part,
outside the house Acute aJlergrc reactions to dogs are certainly far less common than those
to cats, This may be because cats are more oomrnonly allowed in bedrooms, exposures are
often more intimate, and cat allergens rnay be m.ore‘ immunogenic or shed;more copiously
than dog allergens (Knysak, 1989). . h o

Rodents can be present in houses either as domestic pets or as pests, and are commonly
used in the laboratory semng Laboratory animal allergy has become a severe occupatmnal
problem. Rodents have a common property of I&kmg protein into their urine. This problem
is particularly well-defined in male rats but is common to all species. These urinary proteins
| appear to give rise to sensitization. Indlvrdual cases of extreme sensitization to pet rodents
are well recognized as causes of rhinitis or contact urticaria. In addition, rodent urinary
proteins are thought to contribute to asthma, predommantly among chrldren In areas of this
country where mice and rats are major pests, a significant propomon of allergic patients have
positive skin test to rodent urmary proteins. To date, there have been no eprd:.rmologrcal
surveys to confirm the importance of allergrc reactions to rodent urine as a risk factor for

asthma.
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4. BIOAEROSOL-RELATED DISEASES .

- 4, 1 INFECTIOUS DISEASE .- :
' More than 100 years have passed since Pasteur demonstrated that a.u'borne

n \nncroorgamsms can cause infectious disease (Gregory, 1961) Desp1te the avallablhty of

"information from the resea:rch of Pasteur and others, emphams on mfecuous disease '
‘prevemlon has focused on: human-to—human, direct-contact transmssmn This phﬂosophy
- assumes that the’ pnnmples of herd 1rnmun1t)r apply, and relies on immunization and isolation
‘as the pnmary means of preventlon (Patriarca et al., 1986). Herd 1mrnumty assumes that the
number of susceptible people and the nature and frequency of d1rect nonaerosol. contact ,
among them determmes the rate of spread of infectious disease (Fox et al 1971). For some.
'dxseases even though resultmg from potentxa]ly airborne vectors, these methods are
appropnate For example, sma]lpox a mghly virulent, potenually mrbome virus, has
ostensibly been eradicated by d1hgent immunization programs. However, highly virulent
airborne diseases, especially those caused. by unstable viruses, ate not likely to be controlled
until the dynamics of transmission are understood S ‘ ' |
The potential for transmittal of an mfecuous rmcroorgamsm via a1r is dependent on
several factors First, the d1sease-causmg rmcroorgamsm must be present in the environment
(reservmr) Second, the rmcroorgamsm must be able to sumve and muluply in that * =
env1ronment (amplification), and ﬁnally, the m.lcroorgamsms rnust become a1rbome in
sufﬁcxent concentrzmon and .remain v1ab1e long enough to produce dlsease (dlssemmatxorr)
(Feeley, 1985; Burge 1989b) _ )
For infection to occur, the orgamsm must be v1ru1ent and at lmst one suscepuble host |
must be present. V1rulence is determmed by both geneuc and envuonmental factors. Some.

m1croorgamsrns are mherently more virulent than others. For example, it appears that a

o smgle Mycobacrenwn tuberculoszs cell is adequate for infection (Houk, 1980; Riley, 1982), ’.

whereas several hundred Legionella orgamsms are probably necessary to cause disease
' (Meyer, 1983; Baskervﬂle et al 1981) Physmlogwal factors such as life cycle stage are
~also 1mportant. Some organisms are more virulent during very rap1d (log-phase) growth,

- whereas:other organisms are most infective during the slower, stationary phase.
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Environmental factors such as temperature, relative hurmdny, and radiation can chfeCt both.
vmbxhty and virulence. Each organism is different with respect to the effects of all of these

virulence factors (Kethley et al., 1957). ,

The susceptibility of the human host is related to the immune status of that person
(Burge, 1990). Contact with most infectious agents usually results in an immunity to that
organism for a given period of time, possibly for life. For these diseases, immunity can be
induced by immunization or inoculation with parts of the responsible organism. For other
diseases, especially those caused by organisms that change in virulence, immunization is
effective only for short periods. A disease of this latter type is influenza (Selby, 1976).

" Pactors that damage the immune system will increase the risk of mfeeuon in the
exposed person (Williams et al., 1976 Ga.rdner, 1982). In pamcular, these factors lower the
thresholds ‘at which pathogens that are ‘otherwise relatively innocuous can cause disease.
Immune system damage can be caused by disease (e.g., HIV infection), lmmunosuppresswe
agents (e.g., cytotoxic chermcals, large doses of steroid hormones) (Hesse et al., 1986), and
direct damage to cells that function as a part of the immune response within the respiratory
tract (Kark et al., 1982; Petitti and Friedman, 1985; Storch et al., 1979).

4.1.1 Human-Source Infections

The majority of human-source infections are probably t:ransmltted from person-to-person
by direct contact. Such infections do not stem from 2 bioaerosol problem and will not.be
considered in this review. However, some very common human-source infectious diseases
are transrmtted by air. Logical modes of control of these airborne d1seases may lie in the
area of mdoor air qualny (see:-Ghapter 6) ' i

"‘.3. ..Lz.' :

Human—source mfectlons usually rely on the human host to funct:ton as a reserv01r
amplifier, and/or disseminator. The virus or bacterium resides in the human (or ammal)
host, is amphﬁed in the host dunng incubation of the disease, and is disseminated from the
host in respu'atory or other secretions. In general aerosol-transnutted diseases are respiratory
infections that include coughing and sneezing among their symptoms (Rﬂey, 1982);.
however, the act of singing has been identified in the transmission of tuberculosis (Houk,
1980). Airborne human-source diseases rarely oceur outdoors because of the large mass of
air available to dilute the aerosol and hostile environmental factors (ulti'aviolet light, -

AL
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temperature extremes and hurmdlty extremes) In the indoor setting, rates of mfecuon

depend on the number and virulence of organisms (mfectrous dose) requn'ed to initiate

mfecuon the number of susceptxble hosts in the mdoor space, and the number of infectious

, doses in the air (Burge 1990) Low ventﬂauon rates in mdoor environments allow for

' accumulanon of mfecnous units, often in the presence of an accumulatlon of suscepnble

" people. v . |

The human-source mfectrons that are currently consrdered xmportant W1th respect to

mdoor air quahty are influenza, common colds associated w1th some viruses, measles,
rubella, chrcken pox, and tuberculos15 Inﬂuenza is an aerosol-transnutted virus disease
(nght, '1980), although it is still being studied as a direct contact disease by most
eepidemiologists (Longini etal., 1982)' It occurs in explosive epidemics, vvhich is -
characteristic of airborne transrmssmn, and coughing is a common symptom (allowing
;a1rborne spread) The virus is h1gh1y virulent so that only a small dose is necessary for

- mfecnon and the drsease is reproduced in volunteers and animals by aerosol more easrly than

by nasal instillation (nght 1980; Schulman 1968) “A contained eprdexmc aboard a

: Acommercral airliner was uneqmvomlly caused by air transxmssmn resultmg from a smgle

. active case of influenza and a period of inadequate venulatron (Moser et al., 19_79).

At least 100,000 episodesand 13,000 excess 'deaths are attributable to influenza each -

“ year (Garibaldi, 1985 Schoenbaum 1987) Although mﬂuenza-related mortahty is hrghest
in the elderly, morbidity is- greatest in chrldren Some evxdence exists for the hypothesis that

,mﬂuenza ep1dem1cs begin in the schools (Monto, 1987) ‘Immunization programs for the
elderly population may decrease mortality,; but will not halt the spread of tlus setious and
costly disease. Dilution ventilation in' the school room is & control approach that deserves -
attention, but is ot popular because it confhcts with energy conservation pohcres _

‘There is stﬂl controversy over the mode of transrmssron (direct contact vs. aerosol) of

_ the common cold viruses. However Couch (1981) was able to expenmentally transmit the

. coxsackie virus between volunteers in a situation where direct contact was prevented Sxmﬂar '
drsagreement exists for the rh1nov1ruses with some mveshgators presentmg data for or
assuming direct contact (Longini et al., 1988) a.nd others for the aerosol route of mfectron

| (Dick et al., 1987). Colds are caused by many dlfferent v1ruses some of which do not

survive well in aer_osols, and are probably transmitted prrmanly by direct contact in most, ‘
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situations. Under condmons that favor aerosol survival, howev«sr airborne transmission can
occur. Some human-source infections, such as influenza, are most readily infective by lower
airway challenge, rather than nasal instillation, and are probably primarily airborne (Knight,
1980). o o |
At least 90,000,000 episodes of the common cold occur each year in the United States,
resulting in 200,000,000 days of restricted activity (Dixon, 1985). Attempts’to control this
common disease have relied on mterrupuon of direct-contact transnussmn (biocidal
handkerchiefs) or immunization. Neither of these methods have been effective. Brundage
et al. (1988) has demonstrated that inadequate ventilation may facilitate the;; spread of
adenovirus in army recruits. His study was not properly controlled, howeve:r, and should be
repeated.
Measles, rubella, and chicken pox, the common childhood diseases, are all aerosol- '
transmitted viral diseases (Habel, 1945) The measles virus is so virulent that only
4 infectious units/minute released from an infected host can initiate an ep1dem1c (Riley,,
1980). Resistance to measles requires either previous infection or vaccination. Because of its
virulence, measles usually infects all exposed susceptible hosts. ‘Therefore, those re:mamlng
sensitive are mostly very young chﬂdren and a few people born before active jmmunization
~ programs were instituted (Davis et al., 1986). Measles virus has been documented to travel
through venulatJon system components to infect distant susceptible people (Bloch et al.,
1985). In such a 51tuatlon, all suscepnble people usually become infected. Immunization

alone is unhkely to control this d15ease Potenually more effectlve measures have been

proposed mcludmg

. e

e
g
. dxsmfectmg air in hlgh-nsk enclosed spaces (such as schools) w1th ultraviolet light
(Riley, 1980),

« more effective control of recirculation patterns in clinical space:s (Davis et al., 1986)
_and ‘

« increasing fresh air ventilation rates (i.e., increasing percentages of outdoor air in

recirculation systems).




| Control by environmental intervention is only effective if the environtnent being ‘u'eated >is. the
'. only transmission site. It is not useful to treat air in a school if the disease is being -
transmitted on school buses. - Careful analysis of suspected sources is essenttal to effecuvely
control all envrronmentally uansrmtted diseases (Wells et al 1942),

_ Rubella, a mild disease in chﬂdren presents a srgmﬁcant risk- of birth defects when -
contracted by pregnant women.’ Most attempts at eontrol of rubella have centered on o
Aunmumzauon of school-age chrldren based on the assumptton that they spread the drseas,e at

' school and bnng it home to their pregnant mothers It-appears, however, that women are Just
‘as hkely to get the drs&se du'ectly from pubhc contact in poorly venulated spaces (e g,

- pubhc transportatton) (Langrnmr '1980).

- Chicken pox is probably the most contagious of infectious diseases and is transmitted |
| by air whenever an infected person coughs (Couch, 1981). Eptdemxcs have been recorded in
hospitals (Gustafson et al., 1982; Leclair et al., 1980; Tsujino et al 1984), and it has'been
: suggested that the disease may be spread through ventilation systems (Wells and Holla, -
1950). However the overall role of indoor air in the transmission of ch1cken POX is
-unknown, and control efforts have not been senously undertaken
Tubercu1031s another tughly contagrous disease, is transmltted through coughmg, ’

: sneezmg, and by talking and smgmg (Houk 1980 Riley, 1982). There have also been
R reported cases in which tuberculosrs was transmitted through ventﬂanon systems (Houk
’1980) The tuberculosis bactenum (Mycobacterium tuberculosis) i 1s h1ghly resistant to '
‘environmental stresses, probably survives for an extended time in the envrronment and could
be resuspended in an infective state from settled dust (Kent 1967) ‘Although it is unhkely
that air quahty control will prevent an’ eprdermc, transmlssron away from the mfected -
envrronment could be avoided by ehrmnatmg recirculation of ventﬂatlon air. It appears that
everyone who converts toa posmve tuberculosis skin test acts as a low level source of
infection at least ternporanly (Kent et al 1967). Transmrssmn from asymptomanc subjects
(that is, subjects with low-level tuberculoms mfecuons) could possibly be prevented by

maintaining a high level of outdoor air ventilation in high-risk environments




4.1.2 Enwronmental-Source Infections

Environmental-source infections result from exposure to reservoirs where saprophytlc
organisms are amplified and/or nonhuman (usua]ly mammahan), living reservoirs. Any
environment containing some kind of an organic carbon source, ava_ﬂable nitrogen, and water
can be home to one or more saprophytic orgamsms Fortunately, most of these organisms
cannot invade human tissue a.nd do not cause mfecuous dlsease Very few pnmanly |
saprophytic orgamsms can invade a normal h&lthy hurnan who posses',es an intact immune

system. However, a few saprophytes (usually those that are adapted for growth in

" environments in which temperatures are maintained in the range of human body temperature)

will attack minimally compromised md1v1dua.ls (e.g., those who are heavy 'smokers), and

" many will cause disease in severely compronused hosts (e.g., AIDS p'ments and patients who

are on 1mmunosuppress1ve medication to prevent nansplant re_;ecuon) The envnonmental

infectious agents can be divided into two general categones

(1) the primary fungal pathogens (including Histoplasma, Coccidioides, and
Blastomyces), and |

(2) the opportumsnc pathogens (mcludmg Legzonella ‘and many orgamsms that are
facultanve parasnes) ‘

The primary fungal pathogens grow and reproduce in pature as soil saprophytes,
producing mycelium and spores as ordinary fungi do. However, when spores of these fungi |
gain access to the human respxratory tract, they are able to adapt and grow. | m this unusual

environment, and produce: disease. Histoplasmosis, cryptococcosis, ooccxc}mdomycosm,

.........

blastomycosis, and sometimes sporotrichosis are fungal diseases of this sort In normal
people, these diseases are usually self-limiting. However, when immune system defects are
present, the diseases can be serious or. fatal. Although these diseases all have primary foci
that are outdoors, the outdoor aerosol can penetrate into mtenors, and especially where
debilitated people reside, they can present significant problems. ‘

sttoplasma is very common in the Americas, and re51des in soil enriched with bird
droppings. Primary focus of eXposure is outdoor air during disturbance of contaminated soil.

Indoor air exposure may occur when such soil is disturbed adjacent to open windows or air-
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intakes. In most cases, the disease, histoplasmosis is suhclinical (does not produce '

: nonc&ble symptoms) and self-limiting. However, it can be severe or fatal in
( immunocornpronused individuals. It i is estimated that 40,000, 000 people in the United States -
alone have had mstoplasmosxs and that there are 200, 000 new mfecuons each year (AJello

' 1971 Furcolow, 1958). ‘ A
Cryptococcm‘ neaformans is almost excluswely assoc1ated w1th plgeon dropplngs and -

~ may be the predonunant orgamsm in old, dry droppmgs in roosting areas (Emmons, 1955)

It does not compete well with other organisms and is rapidly overcome when soil is m:xed

- with infected dcbns. .Indoor exposure may occur. when old pigeon roostmo areas in attics are
disturbed. As w1th mstoplasmosm, the disease is usually subclinical and self-hrmnng in
normal people, but can ‘become severe and fatal in 1mmunocomprormsed patients. Because a
sensitive annbody assay is as yet unavaﬂable, accurate estimates of the 1nc1dence of this ‘
dxs&se are also not available. One estimate suggests that 15 000 cases occur each year in
New York City alone (Kaufman and Blumer, 1978) . , )

* Coccidioides grows in dry soﬂs (in the serm-and southwest Umted States and Mexico)
 with hlgh concentrations of carbomzed orgamc matenal and high salt concentrat.rons Spores |
,become airborne when contammated 5011 is disturbed. Eprdexmcs often occur durmg 7 '

sandstorms Most exposure occurs outdoors, ‘but spores may enter the mdoor environment.
Coccidioides may be the most v1rulent of the fungal pathogens A few spores are sufficient
to cause disease in a host w1th a normal 1rnrnune system whereas a masswe exposure w111
cause senous disease (Larsen et al 1985) RlSk factors for the development of serious or
fatal coccrdloxdornycosm have yet to be clearly established, although an immune defect is
suspectcd (Klrkland and Frerer 1985) Probably more than 100, 000 cases of

cocc1d101domyc051s occur per year m the Umted States, most of them concent:rated in the and,

" southwest _

, Blastomyces is endemxc in the castern United States. The organism inhabits wet soil -
'_ennched with ammal manure, cannot w1thstand drymg, and does not compete well wrth other o
~soil rmcroorgamsms (Klem et al 1986) prdemlcs of the dlscase (blastomycosrs) are

- usually assocxated with soil drsturbance 1nclud1ng constructlon activities (Kitchen et al.,

o 1977) Whether or not blastomyc051s CXIStS as a subclinical drsease is not known The -
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disease does not produce lung or serologrcal changes in recovered md1v1duals and no

‘accurate test is available to assess. rates of occurrence

The oppormmsnc pathogens are saprophytes that normally occupy natural environments,
but cause infectious disease when they penen'ate susceptrble human hosts. In these cases,
susceptibility implies some lowering of defenses rather than absence of specific protective
antibodies. Any factor (ie disease, smoking, alcohol or drug abuse, chemotherapy) that
damages the human immune system can render a person more susceptible to these disease
agents. In some sense, the pnma.ry fungal pathogens are opportumsﬁc in that they are serious
diseases only in those with some immune dysfunctlon The true opportumsts, however, do .

‘not apparently cause disease at all in people with normal immune system:'fa &Some common
opportumshc pathogens that cause airborne disease are the bacteria Legionella pnfumophzla
Pseudomonas, a.nd Acznetobacter many fungi, especrally those able to grow at elevated
temperatures; and a few protozoa )

Leg:onella is the most notonous of the opportunistic pathogens and has been extenswely
reviewed (Meyer, 1983; Winn, 1985 Davis and Wmn, 1987). Legionella is a common
environmental saprophyte, and it has been isolated from soil, water, and other outdoor
environmental reservoirs. In addition, it can contaminate air conditioning equipment, potable
water, humidiﬁers/nebnlizers and other respiratory therapy equipment, whirlpools/ spas,
sprinkler systems, and industrial coolants (Winn. 198‘\5; Davis and Winn, 1987; Doebbeling
and Wenzel, 1987; Burge, 1990). It causes two distinct clinical syndromes: a bacterial
pneumonia that carnes a low attack rate but high mortahty (Legionnaires’ drsease) (Fraser
et al., 1977), and a nonpneumomc disease with a high attack rate and raptd Tecovery (Pontlac ‘
fever) (Glick et al., 1978) Most Legzonella—related epldexmcs have been txaced to Legzonella
pneumophila serotype I, although other serotypes and other species hav::ﬁg{eren implicated in
jsolated cases and unusual eprdexmcs (Plouffe et al., 1983). Airborne transmission has been
clearly demonstrated (Baskervﬂle et al., 1981; Davis et al., 1982). Immune suppressron isa
risk factor for Legionnaires’ drsease, especrally suppression of lung defenses As with all
opportunistic diseases, normal healthy people are rarely at risk, whereas ‘patients with severe
immunosuppressive dlswse and those on unmunosuppresswe medication become infected with
apparently low dose exposure (Davis and Winn, 1987; Guiguet et al., 1987). In addition,

cigarette smoking and excess alcohol consumption appear to be risk factors (Storch et al.,
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1979) Legronnarres drscase is not rare. At least 4% of the American populauon has:
ann-LegzoneIIa antibodies (Wmn 1985) and more than 20,000 cornrnumty-acqmred cases
probably occur each year, with an addmonal 200,000 acqulred in hospitals (Meyer, 1983).
L Bactena other than Legtonella have been shown to cause pneurnoma in high-risk |
populatlons Pseudomonas and Acmetobacter may lnhablt respu'atory therapy: equrpment in .
medical facrhnes and hum1d1ﬁers in home and work environments (Gneble et al., 1970
Smith’ and Massanari, 1977; Kelsen and McGuckm 1980 Spendlove and Fanmn, 1983
Williams et al., 1976) Incidence of community-acquired drs&se related to these types of ‘
exposures are unknown Nosocomal infections from these types of sources are probably .
relanvely common . o
| Control of Legzonella and other bacterial saprophytes depends on prevenung
. accumulatlon of stagnant water in the mdoor envu'onment preventing entra.mment of coohng
tower effluent mto the indoor space, and mamtaxmng adequate temperature and/or
- chlonnanon of hot water systems especra.lly in hospitals. Potentxal health effects from the
use of these preveritive measures (e.g., effects from exposure to biocides, nsk of sca.ldmg
‘ from hot water) must be compared to the nsks associated with b1oaerosol exposure (Stanw1ck
1986) It should be noted that the risk of opportumstrc infections are low for. norrnal people
-The best lcnown opportumstlc fungal pathogen is Asperglllus Jumigatus. ‘The orgamsm
produces toxicoses and allergies, grows in mucus secretions in the human resprratory tract
and can invade hvmg nssue (Rlppon 1988) It is an ubiquitous fungus that occupies. natural
and man-made envuonments where srgmﬁcant heating occurs. (30 to 45 °C) (Emmons, 1962)
' Although A. ﬁ¢m1gatus 1s the most common fungal agent in cases of infectious disease, -
Rmald1 (1983) lists. 22 species that have been unphcated in human infectious .
drsease (Table 4-1) Accordmg to Rippon et al. (1965) many A.rpergzllus and Penicillium
species can become pathogenic. Pathogenesrs appmrs to be. related to temperature tolerance |
Solomon et al. (1978) recovered 10 species of thermotolerant aspergllh from air in a
" midwestern hospital in addition to representatwes of 10 other thermotolerant genera.
Human infection wrth the opportunistlc‘ fungi depends on_imrn'un‘e dysfunction, and '
diagnosis of invasive aspergi_llosis or ’fungosis should be considered indicative of underlying
disease. The number of spores requ1red to initiate infection is unknown. Probably, one

- viable spore is sufﬁcient in.a severely _cornpromised host,‘ ‘whereas a healthy normal person
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TABLE 4-1. ASPERGILLUS SPECIES IMPLICATED IN
‘ . CASES OF INFECTIOUS DISEASE

|
|

A. amstelodami | ] : ' A. nidulans
A. candidus A niger
A. carneus A niveus
;" conicu.ﬁ' A. ochraceus
A. deflectus A. oryzae

A. fischeri 'A. parasiticus
A. flavipes A. resmctus.u
A. flovus A sydowi .
A. fumigatus A. terreus -
A. ﬁaniéatus var ellipticus A. ustus

A. glaucus group - A. versicolor

Source: Rinaldi, 1983; Rippon, 1988

can resist ixrfection when exposed to millions of spores. Epidernics‘of aspergillosis in
hospitals have been traced to environmental oonta.minaﬁon of fire-proofing materials (Aisner
et al., 1976), renovation activities (Amow et al., 1978; Krasinski et al., 1985), road ,
construction, and contaminated air conditioners (Lentino et al., 1982). The risks of disease
resulting from the constant background of Aspergzllus in air is not known (Solomon et al.,
1978). The disease is of maJor concern in transplant facrhtres, for AIDS patients, and for .
patients on high-dose steroid therapy. Alt.hough Aspergillus is the mosﬁmtonous, many
other fungi can become invasive pathogens under similar crrcumstances " Candida is not
known to be commonly airborne, but it leads the list of opportunistic fungal pathogens,
followed by Aspergillus, Cryptococcus, and the zygornyc:etes’(e g., Mucor, Rhizopus), all of
which are commonly transmitted by a1r The incidence of opportumsnc fungal infection is
not known. The disease is often fatal. Control depends pnmanly on preventron of exposure.
Unfortunately, Aspergzllus and other fungi resrde in the human nose, and can probably cause

infection when inbaled into the lower alrways from this source (Walsh and Pizzo, 1988).
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4 1 3 Ammal-Source Infectlons

Under some circumstances, some microorganisms that regularly inhabit other animal
| species can infect humans via the airborne route of exposure (Spendlove and Panmn 1983) '
‘The best known of these are Q—fever, anthrax and brucellosrs however the mcrdences of
these diseases are probably quite low. ‘
j Q-fever is a nckettsral disease that is endermc in sheep Eprdermcs of this disease have
occurred in med1ca1 facﬂmes where sheep were berng used for research (Bayer, 1982
~ Meiklejohn et al 1981 Huebner, 1947, Schachter et al., 1971) and in rneat-handlmg plants ,
 (Feldman et al., 1950; Sigel et al., 1950):
‘Anthrax is also known as wool sorters dlsease because the endospores produced by
'Baczllus anthracis (the causative agent) can survive for long periods of time on the wool of
infected animals (Dahlgren et al., 1960; Young et al., 1970). Fortunately, the infective dose |
of this organism appears qurte high (> 1,300 units). ) _ 7
' Bruoellosrs is generally a drsease of dornesnc ammals however it can be contracted by
’ people in the rreat-packmg industry (Buchanan et al., 1974 Hendncks et al., 1962;

Huddleson and Munger_,v 1940, Kaufmann et al., 1980). A less we11¢krlown animal disease is -

lymphocytic choriomeningitis, a viral disease that occurs in rodents. The causative agent can
 be isolated from rodent unne and’ may become airborne if the urxne is disturbed. 'Epidemics -
have occurred in animal vivaria, -and sporadrc cases in homes may have resulted from

. exposure to urine from infected house mice (Couch 1981).

42 HYPERSENSITIVITY DISEASE

The hypersensmvrty dlseases are caused by mdrvrdual 1mmunologrc sensmzatron to
specrﬁc antigens, substances that can trigger an allergrc response Anugens or immunogens
are able.to. strrnulate production of anubody or antigen reactive cells and serve as specrﬁc
- .targets for the anubody or sensitized cell produced. Proteins, lipoproteins, glycoprotems
polysaccharides, hpopolysacchandes larger polypepudes and nucleic acids are all potent:al
antigens. Most antrgens are 5,000 to 50,000 daltons in molecular werght and. are soluble, a
necessary requirement for antlgemcny A number of smaller. hlghly reacuve molecules may - /

-.also be anUgenlc, provrded they are able to bind to larger carrier molecules. These small
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molecules are known as haptens. Common haptens include metal salts, isonicotinic acid

- hydrazide, trimellitic anhydride, and other highly reactive chemicals. Haptens usually cause

sensmzatton in occupational settings where exposure occurs over long penods of time. An |
important charactensnc of antigens, with the possible exception of some haptens, is that they |
do not elicit toxic effects in the absence of an immune response Thus, nonallc,rglc

mdmduals have no SIgmﬁmnt symptorns from exposure to dust even in homes with h.l"h
levels of dust mite, cock:roach cat, or fungal proteins. ’

Because antigens produce immunological changes i in allerg1c md1v1dua.ls, it is poss1b1e to
identify sensitization to spec1ﬁc antlgens Once an individual becomes sensmzed to a
parncular antigen, subsequent exposure produces an allergic response Forms of sensmzatlon
of concern for indoor air are specific immune responses involving either antlbc»dxes or.

T cells. Determmmg sensmzanon provides two kinds of mformatron First, it is an
indication that the individual has been,exposed to an antigen. Second, the form of
sensitization may act asa guide to the immunopathology of the associated disease.

There are three forms of immunity that have to be considered in the discussion of

indoor biological pollution: (1) lgE antibody response, (2) IgG antibody response, and

-. (3) T cell response. The IgE anubod1es produce immediate hypersensitivity when exposed to

~an unmunogen " 'These antibodies can be. detected by wheal and flare skin responses or by

serum assays. IgG ant1bod1es are an 1mportant part of protecnve immunity and are also
associated with some forms of hypersens1t1v1ty IgG Tesponses to ant1gen are only detected
through serum 1mrnunoassays T cell responses produce delayed hypersensmv1ty and in
clinical practlce are detected by 24 or 48 hour indurated erythernatous slcm responses.

The hypersensmvrty.drseases most clearly assocxated with indoor- a.u: guahty are asthma
and allergic rh1mtls and hypersensmvny pneumomns Asthma and rlumns are associated with
IgE annbody responses possibly, for some ant1gens IgG response; and a specxﬁc form of.

T cell response. Hypersensitivity pneumomns is also an 1IgG antibody and aT cell Tesponse.
However, the form of T cell response differs from that of asthma and rhinitis.

4.2.1 Rhinitis, Asthma, and Allerglc Bronchopulmonary ASperg111051s

Allergic rh:xmtts, allergic asthma, and allerg1c bronchopulmonary aspergillosis (ABPA)
result from interactions between anngens or allergens and IgE antibodies. They affect peopl'e
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who have the genenc tendency to develop IgE annbodxes usually in response to mhaled or
ingested allergens. . » ' : 7 ‘
v A]lergm rhinitis (hay fever) affects up to 20% of the population and, in some instances,
' exposure to the appropnate aJlergen may have an mmpacnatmg effect. Allerg1c rhinitis i is
- characterized by nasal itching, congesnon runny nose, sneezing, and watery eyes.
| An estimated 10 million people in the Umted States have asthma. In 1987, '
4,360 people died from asthma oompared to 2 891 people i in 1980 (U S. Department of
Health and Human Services, 1991). Asthma is charactenzed by chest ughtness, wheezmg,
: ,cough and shortness of bredth.. Symptoms’ may occur within an ‘hour of exposure to the
. allergens or may be. delayed in ‘onset for 4 to 12 hours. For many years it was assumed that
"airborne allergens caused asthma entirely by the release of h1starmne from mast cells in the
lung. This belief was held because inhaling a]lergen extracts produced a rapid asthmatic
response similar to. that produeed by histamine. However closer observauon of asthmanc v
individuals revealed that provomnon with allergen often produced a delayed or late a1rway
response as well as the unmed1ate response (Boou—Noord et al., 1972 Warner et al., 1978).
This late response is not seen with mstarmne and is associated W1th mcreased bronc‘mal
1rntab1hty, which can 1ast for days or weeks (Cartier et)al 1982). It is now beheved that
this late broncmal response is caused by inflammatory cells other than histamine, in addmon
to possible epithelial damage i in the aeray (U.S. Department of Health and Human Servxces,

©.1991). In keepmg with this, it has been shown that prolonged avoidarice of exposure to .

house dust can lead to ma.rked reductmns in nonspec1ﬁc bronchial reacnv1ty (Kerrebijn, 1970
Platts -Mills et al., 1982; Charpm etal., 1988) Chronic exposure to- low levels-of mdoor _
: allergens over days or weeks might be more unportant than a'larger a.mount overa short ===~ """ |
| The size of antlgen-contalmng parncles does not appeur to be cnuea.l for developrnent of
IgE-medlated dlsease Appronmately 5% of parhcles as large as 15 or 20 pm w111 enter the
'bronchlal tree (Task Group on Lung Dynarmcs, 1966 Svartengren et al., 1987).

' Allergic bronchopulmonary aspergﬂ1051s isa dxsease of asthmaﬁcs where a fungus (often ‘
" Aspergillus) colomzes the mucus ‘secretions 1n me lung. Symptomsgare similar to pneumorua. : :

Patients develop both IgE and IgG antibodies against the Aspe":ciﬁe colonizing fungus. The
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disease is apparently related to host factors rather than intensity of expdsure to viable spores
(Slavin, 1983). ' o

4.2.1.1 Causative Agents

B1ologxcal agents known to produce anﬁgens that cause allergic rhinitis and asthma
include fungi, algae, pollen, plant parts used as food, arthropods, and avian and mammalian
effluents. Probably any protein or glycoprotein derived from any ﬁﬁng organism can be |
allergenic if a predisposed person is appropnately exposed. . Some antigens that are
considered of primary importance ep1dexmolog1cally in indoor air have bﬁ identified and
characterized. However, with respect to the different kinds of poss1b1e anngens in the indoor
environments, most remain unknown.

It is estimated that 30 to 45% of attacks of acute asthma in children over 7-years old
and in adults under 50 years of age can be attrxbuted to indoor allergen exposure (Pollart
et al., 1989a; Gelber et al., 1990). Of the 2 mxlhon estlmated annual emergency room v151ts
for asthma, as many as 400,000 of these cases can be attributed to exposure to indoor
allergens. | ‘ | '

For sensitizing agents (allergens) there are two separate groups of individuals potentially
at risk: C '

(1) those individuals who are exposed to a level of antigen that is considered sufficient
to give rise to sensitization, and

P

(2) those individuals who are sensitized and continue to be exposed and develop

e R

SYMPptOmS. - i '~

For some of the major sources of indoor biological pollution, reducing exposure is not
simple and, therefore, it has been difficult to obtain clear results showing that avoidance
improves the disease (Korsgaard 1982; Bur.r et al., 1980). There are, however, at least three
studies showing improvement in asthma in m1te-allerg1c md1v1duals when exposure was
decreased (Murray and Ferguson, 1983; Mitchell et al 1985 Walshaw and Evans, 1986).

For most allergens, little is known about-the actual dose-response relationship. To
determine the dose-response relationship, the allergen must first be 1dent1ﬁed and standard . -
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- assays must be developed Eprdermologlcal surveys, mcludmg field measurements and
. assessment of disease rates, may also assist in deﬁmng the dose-response relatronslup It '
should be noted, however that any ﬁxed threshold is snmply a statistical value for exposure
above which a given propornon of the populanon would be expected to develop sensmzauon
and if exposure continues, a propomon of the sensitized 1nd1v1duals will develop symptoms _
All fungi that have been used in skm-testmg surveys have been shown to elicit reacuons ;
in some fraction of the allergrc (IgE producmg) population. This probably means that all
vftmgr are potentla]ly anngemc, and patterns of exposure may control the unportance of each
in allergic disease (Burge, 1985) Resea.rch on the biochemical characteristics of antigenic

* - material derived from the fung1 is lnmted Semipurified antigens have been produced from

- YAltemarw alternata (Y unginger et al., 1980), Cladosponum herbarum (Aukrust and Borch

- 1979), and Aspergzllus ﬁamgatus (Ktm and Chaparas '1978). - Other fungi ‘have been
‘extracted and the antigenic materials have been concentrated (Horner et al., 1988; Homer

etal, 1989; Dav15 et al., 1988) Some antigenic cross-reacttvrty may exist between drfferent. )

fung1 (Agarwal et al., 1982; O’ Nexl et al., 1988) However, in many cases batch and strain’

variability has not been considered.. The overwhelmmg numbers of fung1 to wh1ch people are
commonly exposed in the indoor env1ronment the mtr1n51c va.nablhty of fung1 in culture, and
.  the fungal enzymes always present dunng extraction procedures make the task of
identification of even the major allergens formidable (Burge, l989a)
Several of the important allergens of dust mites have been punﬁed cloned, and
-'sequenced (Platts-Mﬂls and Chapman, 1987; Chua et al 1988). Some mite allergens are )
' predommantly found in mite feces and a:e now known to be dxgesttve enzymes.- Structuraily, -
the main allergens are glycoprotems with a molecular weight of 15 ,000°to0 30, 000 -

A - (Platts-Mills and Chapman, 1987; Yasueda et al 1989) Another unportant charactenstlc is
| that they are rapldly soluble in salt water. ,

| | There are multiple studies on the relat10nsh1p between exposure to the dust mite and

 sensitization (Korsgaaxd 1983; Peat et al., 1989; Sporik et al., 1990; Platts-Mills et al.,
1986a Wood et al., 1989) Based on this mformatlon, the followmg ‘provisional standa.rds
have been proposed for exposure/allergrcrresponse by an international workshop:
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» 2 pg Group I allergen/g of dust represents a nsk for development of sensmzanon and
bronchxal reactivity, and ,

« 10 pg Group I allergen/g of dust present a risk for the development of acute asthma
(Platts-Mills and de Weck, 1989).

From studies on large numbers of samples, it has been concluded that 100 mites/g of
dust is equivalent to 2 pg of Gronp I allergen. It has been suggested that if all houses in an
area contain >2 pg Group I mite allergen/g of dust, then the susceptible individuals, perhaps
as many as 30% of the population, will become sensmzed It is esumated that 10% of the
population of the United States is sensmzed to mite anugen ‘ . |

The occurrence of respiratory symptoms from the inhalation of other msect-denved
material has been well documented for more than a half century and may be a more prevalent
problem than rs currently appreciated. Much of the data on insect allergies is occupational.
Locusts, crickets, grasshoppers, and cockroaches are grown for a variety of purposes (usually
laboratory) and have induced sensmzatlon in workers. Beetles moths, butterﬂres and flies
~ have also been implicated in occupational allergies resulting from inhalation (Mathews,

1989). o - |

Domestically, cockroaches are probably the most potent insect source for airborne
allergens. Occupants of the poorer sections of large cities are more at risk of this kind of
exposure, and cockroach anngen probably replaces mite anngen as the most 1mportant inducer
of childhood asthma in this envn'onment (Bernton and Brown 1967 Mendoza and Snyder
1970; Schulaner, 1970) The German cockroach (Blarella gemzamca) appears to be the most
prominent sensitizer in the‘Umted States, but others may produce 1mmun;log1c Tesponses as
well. Several different protems between 70,000 and 75, 000 daltons have been identified as
important cockroach allergens (Stankus and O’Neil, 1988). In contrast to rmtes, cockroach
feces is apparently not the pnmary source of anngemc material. Cast skins and vvhole body ‘
extracts appear to be more potent sources (R1chman et al., 1984); however levels of antigen
that induce sensitization or produce symptoms remain unknown.

Other insects that cause sensitization in homes are the cat flea (Rolfsen et al., ‘1987),
mushroom flies (Truitt, 1951), silk worm secretion (silk) (Devvair et al., 1985), and many
others (Mathews, 1989). People who maintain fish in tanks may develop sensitivity to -
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chironomids lrept as fish food (Bdur etal, 1982). In the case of chironomid sensitization' |
10 dlfferent hemoglobms have been found to be allergemc It may be that, as is the case for

fungi, any insect to which people are appropnately exposed over a long penod of time can
 induce sensitization. ' = :

Allergic reactions to ani_méLdérived allergens (danders) are frec’;,uentand have been

known for many years. The allergic reactions result from exposure to domesﬁc animalsorto -

laboratory animals, especially rodents. In’ Sweden more than 5% of unselected chlldren
were found to be sensitive to- ammal allergens (K_Jellman and Pettersson 1983) As many as’

o 30% of individuals frequently .exposed to laboratory animals in vwana expenence symptoms

(Cockcroft et al., 1981b Gross 1980 Lutsky and Neuman, 1975). ‘

I 1971 the first punﬁcanon of a cat allergen established that this protem was present
in saliva. The protem wlnch is now de31gnated Felis domesncus T (Feld D, is a ‘

37 000 dalton freely soluble glycoprotem and has been identifiable for 15 Yyears by a
conventional antiserum (Leitermann and Ohman 1984 Ohman et al., 1987 Chapman et al.,

: 1987) Possibly 10% of all acute asthma in young adults is related to cat allergen exposure
of panents who have IgE antxbodxes for cat proteins (Pollart et al., 1989a _Gelber et al., -
1990) It has been suggested that a threshold level of 8 pg cat allergenjg of dust may be |
sufﬁcxent to produce sensmzauon (Gelber et al. 1990) Approximately 2 mﬂhon Arnencans
who are allerg1c to cats hve ina house with 2 mt ' )

Canzs Jamilliaris 1 (Can FI has been proposed as the major dog a]lergen (Schou and
Lowenstem 1990 de Groot et al , 1990). Urine, serum, and saliva (which contains serum
protems) all contam potent allergens_(Vlander et al., 1983). Although breed-specific
allergens have been hypothesized, it appears that Vasiation"in reactivity tG different caine.

- breeds results from concentrahon d1fferences between shared allergens (Knysak 1989)

_ Unne and posmbly saliva are the primary allergen sources for rodents. Two major.

, Aallergens have been purified frorn‘rat urine; one pnmanly confined to male rats (Longbottoni,
1980). Two major mouse allergens have been isolated; one from urine (Lorusso et al., 1986)

and one from dander (Price and. Longbottorn 1987) Three antrgens have been recovered 7

from gmnea p1gs two from urine and one from other sources (Walls and Longbottom 1983 |

Walls et al., 1985) As with the fung1 and msects it appears that any . mammahan efﬂuent

can act as an allergen.
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4.2.1.2 Diagnosis of Immedxate Hypersensitivity

Patients with allergic diseases, such as hay fever, pexenma.l rhinitis, anaphylaxis, and
many cases of asthma, produce skin responses with a wheal (or hive) and surrounding flare
(redness) when an extract of the causative allergen is mtroduced mto their skin. The reaction
occurs usually within 10 mmutes hence the term nnmedlate hypersensmwty Evaluanon
of the mgmﬁcance of the skm test response depends on

e the quality and strength of the exﬁact, |
o the techmque of skin testmg, and S

« the criteria used for 1dent1fymg a posmve respome

There are well-established techniques for preparing‘ and storing exl:ractﬁ and eva.luating

their strength in v1vo and in vitro (Aas et al 1978; Dreborg and Einarsson, 1990).
Recently, monoclonal antibodies have allowed much 51mp1er purification and assay. of Feld I,
acat allergen (Chapman et al., 1988) However until spec1ﬁc allergens are cha.ractenzed |
and assays are developed to accurately measure them in extracts, allergen standardization will
remain a szgmﬁmnt problem.

Two general types of skm tests are commonly used: the epicutaneous (scratch, prick)
test and the mt:adermal test. Skin testing for immediate hypersen51t1v1ty carries the risk that
patients may rapldly develop generahzed hives, hypotension, and/or airway obstruction (i.e.,
anaphylaxis). However, the risk of fatal a.naphylact1c reactions followmg epicutaneous or
prick tests 1s so low that it can reasonably be 1gnored By contrast, mtraderrnal tests,
particularly 1f carried out without a screening prick test carry a s1gmﬁcant risk of fatality
(though even this is less than 1:2,000,000) (Lockey et al., 1987). Thus, skin testing should
only be carried out by individuals familiar with the test and in the presence of a physxcmn.
Resuscitation equipment should also be readily available. Int:aderma.l testing should only be
considered after negative epicutaneous tests. )

The primary objective of skin testing is to identify whether the individual being tested
has made an immune response. Criteria for reliability of skin testing include repeatability
and correlauon with other methods of testmg (1 e., challenge tests Or serum assays)
(Platts-Mills et al., 1982). : | -
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o v antibody-dependent mechanisms and cellular immune responses (cell mediated 1mmumty) It

PR

For some of the mdoor mhaled allergens the relauonslup to a drsease is obvious to the -
l exposed mdmduals This is parucularly SO for cat allergens where the onset of rhrmus
asthma, or conJuncuvms may follow wrthm 5 to 15 minutes of entenng a house w1th a cat |
“ For other allergens, the relationship is less obvmus For these allergens formally
: estabhshmg the relatronshtp can be achxeved with challenge studies to determine whether ‘
exposure to a specific allergen will produce rhinitis or asthma. Epidemiological studies on
random populauons may assist in showing that sensitivity or exposure to a specific allergen is
common among md1v1duals wnh the disease. Documented cases showmg an 1mprovement or
| subsrdence of symptoms once subJects have been removed from exposure may ‘also strongly
support the relattonshrp of exposure and drs&se (Platts -Mills et al., 1982; Kerrebr_]n, 1970;
Charpm et al 1988) '

4. 2 2 Hypersensntmty Pneumomtls , o
Hypersensrtmty pneurnomtts (HP), also ca]led allerg1c alveohtts reflects both .

is characterized by recurrent pneumoma with fever cough chest tightness, and lung

) ‘mﬁltrates ‘Progressive, irreversible lung damage may occur with contmued exposure to
antigens. High levels of IgG antibodies directed against the musal anttgen are produced and

‘can be used as 2 dlagnosuc tool in attempttng to make connectlons between the env1ronmental
exposure and a spec1ﬁc dtsease (ka 1983) '

4. 2 2. 1 Causatlve Agents ' _

~Any orgamc dust capable of penetratmg the lower a.u'ways and present in Iugh

: concentranons can probably cause HP (Salvaggro 1987 Pepys 1969). 1In addition, many of
the agents known to be important in HP are, in themselves, ad_tuvants (agents ‘capable. of

| sumulatmg the immune system) For example, the thermophlhc actmomycetes which’ are
common causes of HP eptdermcs, have been shown to’ have adjuvant activity (Bice et al.,
1977) Most anttgen exposures are mixed with respect to orgamsms It may be that
°xposure to, for example, fungal spores, is only hkely to cause HP in the presence of a
known adjuvant, such as endotoxm Btolog1ca] agents t.hat produce antigens known to cause

HP mclude bacteria, fung1, protozoa, blrds, and mammals In fact all the brologrcal agents
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with the exception of the arthrdpods and phnt pollen, that have been‘ shown to produee :
antigens stimulating IgE-mediated dise. -+, have also been 1mphcated in HP.

The classic form of HP is called farmer’s lung disease, and is caused by inhalation of
the minute spores produced by the thermophilic actinomycetes (€.g., Micropolyspora faeni,
Thermoactinomyces vulgaris) (Kobayasm et al., 1963; LaBerge and Stahmarin, 1966; Gregory
et al., 1963; Gregory and Lacey, 1963; Lacey and Lacey, 1964). These organisms are
abundant in organic material during degradanon by other microorganisms (other bacteria,
fungi). Bagassosis (HP resulting from exposure to moldy sugarcane bagasse) (Buechner
et al., 1958; Salvaggio et al., 1966) and mush.room worker’s lung (HP fmm exposure to
moldy composting material) (Bringhurst et al., 1959) are also mediated by the therrnop}uhc
actmomycetes Thermophlhc actinomycetes have also caused HP when present in water-
spray cooling systems (Banaszak et al., 1970), water in ventilation ductwork (Hales and
Rubin, 1979), home humidifiers "(Fink et al., 1971; Sweset et al., 1971 Burke et al., 1977),
car air conditioners (Kumar et al., 1981), dust m air ducts (Wexss and Soleymani, 1971),
console humidifiers (T ourville et al., 1972), and evaporative air coolers (Mannkovmh and
Hill, 1975). Glycopeptide and protein anugens have been purified from the thermophilic
actinomycetes, although purification and complete characterization has not been achieved
(LaBerge and Stahmann, 1966; Pepys and Jenkins, 1965; Wenzel and Emanuel, 1965;
Edwards, 1972; Fletcher et al., 1970).

Other kinds of bactena have also been suspected to cause HP. Humidifiers
contanunated w1th Flavobactenum (Rylander et al., 1978), Baczllus sereus (Kohler et al.,
1976), and Baczllus subtzlzs (Parrott and Blyth 1980) have been 1mp11cated in HP epidemics.
Bacillus subrilis was also suspected as the causatwe agent m wood dust HP (Johnson et al.,

1980).

Suberosis, Sequoiosis, and cheese worker’s limg are forms of occupational HP outside
the farming environment. Penicillium species have been involved in a number of HP cases
and epidemics (Bernstein et al., 1983; Carnpbell et al., ]983 Fergusson et al., 1984; Solley
and Hyatt 1980 van Assendelft et al., 1985). Aspergtllus species have been less frequently
implicated in the development of HP (Blyth, 1978; Patterson et al., 1974; Vincken and
Roels, 1984; Yocum et al., 1976) Other fung1 that have been reported to cause HP include
Cryptostrama carzzcale (Emanuel et al., 1966), Phoma vzolacea (Green, 1972), Merulius -
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~ Iacrymans (O Bnen et al 1978), Cephalosporzum (Patterson et al., 1981), Alternarza
(Schiueter et al 1972), and Trzchasporon curaneum (Smmazu et al 1984) Most of these
'fungt have spores that are less than 5 pm in aerodynarmc diameter.
' In addition to other drseases, the free-hvmg amoebae can produce HP by excrenng
anngens into water. ‘In one report Naeglerza was implicated as the’ causanve agent in a case
- of hurmdlﬁer fever (Edwards et al 1976 Baxter, 1982; Cockeroft et. al 1981a).
Parakeets (Edwards and Luntz 1974 Lee et al., 1983), chickens (Korn et al 1968),
turkeys (Boyer et al., 1974), and doves (Cunmngham etal., 1976) have all been shown to
precipitate "bird fancrer s lung or HP assomated with bird serum protems, although
- plgeon-brwder s disease is the best studied (Rwd et al 1965 ‘Stiehm et al 1966; Sttehm :
et al 1967). Prgeon brwder S drsease has been reviewed by Chnstensen et al. ( 1975) and
, Schlmdt et al. (1988). As with- other biological anngen-producers any serum protems from
* any bird could probably cause HP in an appropriate host w1th appropriate exposure. Mulnple
antigens appear to be respons1b1e for pigeon breeder’s dtsease Some antlgens appear '
- pnmanly related to exposure, whereas others appear only in the sera of symptomanc
 individuals (Berrens and Guikers, 1972; Berrens and Maesen, 1972a; Berrens and Maesen, |
1972b). At least five. rnajor anngens have been 1dent1ﬁed and described (Edwards et al.,
1970; Bdwards et al., 1969; Fredricks and Tebo, 1975 Tebo et al 1977).
‘Mammals produce protems that can cause HP if aerosohzed appropnately in the -
K presence of suscepttble hosts Most cases of HP associated w1th mammalian proterns occur in
occupattonal environments. Laboratory ammal handlers especially those handhng rats, are |
occasionally affected (Salvagglo 1987). . Hypersensmv1ty pneumonms assocrated with
_ household mamrnahan pets has not been reported " R o
" Therrnophlhc actmomycetes although common on natural substrates in the outdoor -
- environment (soil, compost), are not common in air and are rarely recovered from mdoor a1r
unless a contaminated reservou'/dtssemmator is present Based on analyses of srtuauons
known to cause HP, it appws that massive exposure to appropnately sized antrgens is
necessary for the development of HP. For example dau'y farmers that use moldy hay i in’
" closed barns late in the season are more hkely to contract the disease than hog or cattle
ranchers who do not handle contammated organic material in enclosed spaces (ka 1983).

Hypersensrtmty pneurnomﬁs then, is probably a disease of the mdoor envuonment
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Preliminary evidence indicates that coexposure to an antigen and endotoxin may be more
sensitizing than exposure to an antigen alone. Certamly, g,ram-negative bacteria are aIWays
present where dead plant materials are handled. Although high levels of antrgens are |
important for sensitization, it is probable that very low antigen levels will subsequently
induce symptoms and present a risk of contmumg lung damage. -

Risk factors for development of HP are unknown, but may mvolw., a defect in the
cellular immune system. Pigeon breeders with active disease were shown in one study to |
have depressed T suppressor-cell activity when compared with comparably exposed,
asymptomauc breeders (Keller et al.; 1984). The attack rate can be low: ‘in spite of large
populauons receiving high levels of exposure to smtable anugens further suggestmg some
specific host risk factor. The role of these factors may be different when exposure to
antigens is coupled with exposure to endotoxms Elevated attack rates m some situations may
be explained by this phenomenon

Because the disease is not expected to occur in so-called clean environments (offices;
homes), and in early stages misdiagnosis is probably common, the actual incidence of HP is
unknown. It is estimated that 7% of British farmers have farmer’s lung (Boyd, 1971; Grant -
et al., 1972). Epidemiologic studres in other environments have not been undertaken
Among clearly exposed populatlons attack rates can be as hlgh as 15 to 21% in offices and

among pigeon breeders, respectrvely (Banaszak et al., 1970, Caldwell et al., 1973, Emanuel
et al., 1964). ' |

4.2.2.2 Detection of Sensitization |

Serurn IgG antibodigsas: detected by the prec1p1tm test, are produced in nea.rly all
people w1t.h symptoms and in poss1b1y 50% of exposed people without symptoms (ka et al
1972). The antigen-specific IgG ELISA is 2 more sensitive and quanntatwe a.,say that may
be used to determine differences in levels of antrbody in exposed asymptomatic and
symptomatic people. However, this use has not been reported Of course, these studres are
only possible where a specific causative antigen has been identified. Tests of cell-mediated
immunity (e.g., pulmonary lymphocyte blastogene51s) define more clearly the differences
between syrnptomatrc and asymtomatic exposed populatmns suggestmg a primary role for.

cellular immune systems in the pathogenesis of the disease (Moore et al., 1980). Challenges
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(mhalanon of antigen aerosols) with known or suspected anngens can be used to reproduce

symptoms and to relate disease to- spec1ﬁc antrgen sources.

| .3 BIOLOGICAL TOXINS

Toxins can enter the mammahan system by mgesuon absorptxon through the skm,

‘ mhalanon and subcutaneous mn'apentoneal or mtravenous injection. “Toxic effects can be
acute and/or chronic. The toxin may exert its. effect ona cellular level at the pnmary site of
entry (slnn lung, esophagus stomach), on orga.us where nontomc precursors are metabolized
(kidney, liver, bladder), or systemrcally (neurotoxrcxty) Most of. t.he brologlcal toxms are

cytotoxrc at relanvely low doses.- Many are also teratogenic, mutagemc and/or carcmogemc

" The bactenal toxms have been consrdered pnmanly 1mportant as part of mfectmus dlsease

syndromes (e.g., tetanus) or as mgested poisons (e.g., botuhsm) Mycotoxms (fungal toxms)
have been pnrnanly studied as mgested porsons (e.g., ergotism, aflatoxin carcinogenesis).

| "However it is becoming clear that, when inhaled, mycotoxins may be responsible, either

directly or in conJunctlon with other agents for some of the diseases assocrated w1th mdoor
.a1r quality. Three major kinds of blologlcal toxins will be con51dered here the bactenal |

E endotoxms the mycotoxms and fungal volanle orgamc compounds

-

4 3 1 Bacterxal Toxins

" Bacterial toxms are of two types: exotoxms and endotoxms Exotoxins are bactenal
. metabohtes that are excreted into the envrronment The toxm produced by*C‘losmdzwn

| batulznum, respon51b1e for the senous form of food porsomng known as botilism, 1s a
’bactenal exotoxm - Exotoxins Have not been studled ‘with respect to aerosol exposures or

therr presence in the envrronrnent

Endotoxms have been the focus of mtenswe study for many years, especrally with
respect-to theu: role in infectious disease (Westphal et al., 1977; Westphal et al., 1983).
Endotoxins are a component of the outer membrane of gram-negative bactena and are known

in pure form, as hpopolysacchandes (LPS) L1P°P01)’sacc:handes are composed of three
Cregiomst Lo ‘ ) . |




e the O-spemﬁc polysacchande cham that is specrﬁc for each type of bactenum
 the R-specific core polysacchande that is relanvely similar among bacterxa and
« lipid A, which has both constant and variable regions. |

The lipid A part of the molecule is respon51ble for the toxic effects, “whereas the
polysaccharide parts constitute the anngens hpopolysacchandes are stable and re51st routine
autoclaving. In the environment, endotoxins may be part of whole cells, large membrane
fragments, or in macromolecular aggregates of about 1 mﬂhon da.ltons (American Conference
of Governmental and Industrial Hygienists, .1989b).

Endotoxins are primarily known as pyrogens (fever-mducers) and are hlghly toxic. In
addition to fever, they cause acute pulmonary changes and local inflammatory responses
(Ellakkani et al., 1984; Lantz et al., 1985). Endotoxins are also nonspecific immune system
stimulants and may be anticarcinogenic (American Conference of Governmental and Industrial
Hygienists, 1989b; Enterline et al., 1985). Environmental exposure to endotoxins occurs in
occupational environments where organic materials conta.mmated with gram—nega.tive bacteria
are handled. Byssinosis (pulmonary disease related to exposure‘to cotton dust) has been
extensively studied with respect to the role of endotoxin (Castellan et al., 1987; Rylander -
et al., 1985; Ellakkani et al., 1984; Cinkotai et al., 1977 Kennedy et al., 1987). Poult:ry

and swine confinement bu11d1ngs (Clark et al., 1983b), composung facilities (Clark et al.,
z 1983a), gram elevators (DeLucca et al., 1984), and errvu'onments where gram-negatwe
bacterxa are used in manufacturing processes (Palchak et al., 1988) all present a significant
risk for exposure to endotoxin aerosols. In addmon, hurmdrﬁcanon equipment, including
home humidifiers, are frequently . contammated wrth gram-negatwe bactena and hence, w1th
endotoxms Some evidence mdlcates that symptoms assocrated with the operanon of
contammated humidifiers result from endotoxin exposure and du'ect activation of the
inflammatory process via the alternate complement pathway rather than through the agency of
an antigen (Rylander et al., 1978; Rylander and Haghnd 1984). Alternatively, the endotoxin
might be acting as an adjuvant. These hypotheses might explain the frequently high attack
‘rate that has been reported in some epidemics of humidifier fever as compared to the much
lower rates that prevail for farmer’s lung disease and the frequent lack of association of

precipitating antibodies to suspected source matenal in exposed people Endotoxm may be an
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auxrlrary factor m nnmunolog1c sensmzauon for asthrna as well although tlus hypothesrs
remains speculative (Michel et al., 1989);

- Doses of endotoxin that have caused symptoms in the envuonment are unknown

) Measured levels in the environment range from 0 to >100 pg/m3, w1th 0.1t05 yg/mL

m&sured in contammated hurmdrﬁers assocxated wrth (disease (Rylander and Haghnd 1984)
Quantitative: endotoxin data must be mterpreted wrth caution because values are strongly
dependent on the method of assay The assays for endotoxins that are currently available are

comparatwe rather than absolute and do not allow compansons between laboratories (Mllton :
etal, 1990)

4.3.2 Mycotoxms
Most fung1 produce metabohtes that have a range of toxic effects rangmg frorn mild

" acute toncrty to potent’ carcmogemcxty (Sha.nk 1981; Rodncks et al. 1977) Taxa such as

Penicillium, Fusarzum, and Aspergtllus rnembers of which produce toxms that have dramatzc
acute effects (e. g., aﬂatoxms, antrbrotxcs tnchothecenes), have been extensrvely surveyed for
toxin productlon ‘whereas other taxa have not been well studred (Burge 1987) Some fungal

- toxins are toxic wﬂhout metabolic actIvrty (e-8., T-2 toxin); whereas others require metabohc

conversmn for tox1c1ty (e.g., aflatoxin B,). Pungal toxins that require conversron often

L exhrbrt their toxic potentml in target organs able to effect the metabolic conversron (e. g-»

liver). Although little studied, lung tissue can appa.rently convert aﬂatoxm B), and probably

other mycotoxms, to therr toxic form. Most of the mycotoxms are cytotoxrc as measured in

~ cell culture in the range of 0.1 t0'10 pg. of. toxm/mL of culture fluid.

Mycotoxms can enter the body. through the skm (Rlley et al., 1985), gastroxntestmal

. n-act (Shank 1981), or respu'atory tract (Wrcklow and Shotwell 1983). Mycotoxms become

airborne or aerosolized on substrate matenal adsorbed onto dust particles or spore/ mycehal
surfaces or as an mtnnsrc part of ‘spores or mycehal fragments (chklow and Shotwell,

. 1983). Therefore, the toxins are mmed on a wide range of partlcle sizes with drfferent

degrees of penetrability into the"respimtor'y tract. The smallest particles may reach alyeoli in

~ significant mass, larger particles may deposit in the conducting airways, and the largest'are
probably held i in the nose or trachea and subsequently swallowed Respirable dust particles

that remain on lung surfaces for some-time present a greater dose drrectly to lung tissue with
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a resultant increase in the risk of local tissue damage and possible neoplasm developrnent
(Baxter et al., 1981). In addition, inflammation has been shown to be a cofactor in
carcinogenesis so that toxins borne on potentially inﬂammatory dusts (e.g., grain dusts and
other particles containing endotoxin) may be 'ca.rcinogenic in very low doses (doPico et al., .
1977). :

Acute toxic effects from airborne mycotoxins are rarely reported, but do occur. Severe
acute toxic effeets have been reported from: exposure to a massively contaminated return air
duct containing the trichothecene-producing fungus Stachybon'ys‘arrd (Croft et al., 1986).
"Yellow rain," a biological warfare agent‘ used in southeast Asia was thought to be
- concentrated tnchothecenes (Muoeha et al., 1983) Tremorgemc mycoto'uns produced by

Aspergillus fwmga.rus may have caused occupatmnal symptoms in a sawmﬂl envuonrnent
“ (Land et al., 1987) Acute symptoms expenenced by grain handlers may be, in part, due to
the mycotoxms as well as lectins and other toxtc agents m gram dust (doP1co et al., 1977
1982, 1983; Dashek et al., 1983 Palmgren et al., 1983 Enarson et al., 1985). It has been
suggested that some of the symptoms mmu"kmg sick buﬂd.mg syndrome (headache, dizziness,
‘nausea, fatigue) may be due to exposure to aJ.rborne tnchothecenes Mycotoxms m}é also be
responsible for the pathogeness of invasive fungus diseases such as asperg111051s the toxin
paving the way for fungus i mvas1on (Elchner and Mullbacher, 1984)

Chronic exposure to an'borne mycotoxins also represents a 51gmﬁcant health risk.
Cancer, probably assocrated w1th low-level mycotoxm exposure, has been reported in peanut |
handlers (Burg et al., 1981 1982), mycotoxm researchers (Deger, 1976), and in several
farm—related cases (Dvorackova and P1chova 1986). Reports of "leukemia houses are
thought to be the result of aﬂatoxm exposure (Wray and O’ Steen, 1975?' Three cases of
pulmonary interstitial ﬁbr051s have been reported where aflatoxin B, wzts“hrﬁneasured in lung
tissue on autopsy (Dvorackova and Pichova, 1986).

Analysis of air samples for mycotoxins is usually restncted to the aflatoxins, or
occasionally, the trichothecenes. Aflatoxins have been recovered from a.1rbome grain dust in
levels*exceeding 1,800 parts per billion (Burg et al., 1981; Burg and Shotwell, 1984; Dashek
et al., 1983; Palmgren et al., 1983; Sorenson et al., ‘1‘9‘81) | For aﬂdtoxins, particles less
than 5 pm appear to carry the preponderance of toxm (Sorenson et al. ]981) Qampling‘
methods used for airborne toxins were not designed for parucles less than 0.1 pm, and toxins
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on these small parncles have not been studled More 1mportantly, cons1denng the hxgh

potennal for synerglsm between toxins, most studies have examined only smgle toxms Itis

clear that many fungi produce multiple toxins and that many different toxigenic fung1 may
inhabit specific envn'onments ‘The potential for exposure to unknown toxins must be
assessed For example, farmers harvesung com. are not on.ly exposed to aﬂatoxms and »
_trichothecenes, but to more than 1010 fungus spores per cubic meter of air, mcludmc known
toxin producers such as Altemana Cladosponum, Penicillium, and Aspergxllus Acute or
chronic exposure to any mixed m1crobxal aerosol presents some nsk of toxin- exposure.

-

| 4 3. 3 Fungal Volatlle Orgamc Compounds
o In addmon to }ugher molecular weight toxins, all orgamsms exude volatile orgamc
: compounds (V OCs) dunng growth Although these VOCs are gases, due to thexr source,

: they are closely mvolved with broaerosol-related problexns Some of these’ brologrcal volatiles

impart charactenstlc odors to the environment. Examples of such odors include body odor v

produced by human occupants of i mtenor spaces dirty sock odor from bacterial growth on

damp, sweaty clothlng and carpetmg, and the moldy smell characteristic of some basements '

Some of the VOCs that have been reported from fungi grown on: natural" substrate
(wheat meal) include 3-methylbutanol, 3—octanone, 3—octanol 1-octen-3-0l, l-octanol and -
cis-2-octen-1-ol (Kaminski et al., 1972; Kaminski et al 1974) Penicillium specxes grown

_on potato dextrose agar produces thujopsene, 3-octanone nerohdol l-octen-3-ol phenylethyl

alcohol, 3 octenol, 1 5-octad1en 3-one 1 5-octad1en-3-ol 2-methoxy-3-1sopropyl-pyrazme
© 2- methyhsobomeol 2-methyl-1 -propanol 2-methyl—2-pentenal,, 3 methyl— -butanol
‘_ naphtalene; damascenone, and octanolc acid (Halim et al., 1975; Karahadxan et al. 1985)

Penicillium chrysogenum grown on malt extract agar produces many of these same

 compounds and, in addition, many compounds that have been reported from building

matenals off-gassing in the' mdoor environment (unpubhshed data). Some of these reported

compounds (e.g., aceta.ldehyde heptane 2-heptanone 2-hexanone 2—pentanone etc.) may

~ produce srgmﬁcant adverse health effects at sufﬁcxently high concentranons Others produce

- strong odors (e g., decanoic acxd hexan01c acrd methanethxol) In addmon fungi are able .
to metabohze toxic sohds into a. gaseous state. For example, some fungi can convert arsenic

compounds into tnmethyl arsine (’Foster, 1949) and have resulted in arsenic’ poisoning. Many
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fungal VOCs produce muéoué membrane irritation and may be involved in or produce
symptoms (headache, nausea, dizziness) that mimic the sick building syndrome.

- Unfortunately, very little research has been done to characterize microbial VOCs, assess the1r
exposures, Or evaluate thexr potennal health effects ‘

- P, * " .o e
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5. BIOAEROSOL INVESTIGATIONS

Bloaerosol mvesngauons whether for research purposes or to solve specxﬁc problems
rely on a knowledge of the principles of aeroblology, air samplmg technology and analysrs
as well as epxdermology, and a thorough farmhanty wrth the nature of bioaerosols.
Unfortunately, this combmauon of lcnowledge cannot be obtamed in any smgle d1sc1plme
" Those who do broacrosol research eﬁ’ectwely operate m a team enwronment Research

mvestrgators approach questions related to bloacrosols drfferenﬂy than field mvesngators
g However the same faCtors must be consrdered

« investigative strategy,
« sample collection techniques,
 sample analysis rnethods,v and

« data analysis and interpretation approaches.

'5 1 Investigative Strategles

Nonblolog1cal pollutants in the work place are easy to assess, relative to b1olog1cal x
pollutants Methods for aerosols, and standards or gtudehnes are available that allow
interpretation of collected data (American Conference of Governmental and Industnal
Hygienists, 1984). . For: l:uoaerosols this srmphﬁed sxtuatron is rarely the case:: Because
available sampling methods have intrinsic d1fferences and require skilled and nme-mtenswe )
' ‘analy51s little background data exlsts on mdoor broaerosols and no guidelines have been |
Vpubhshed Thus, relat1ve1y intensive mvestxgatrons are usually requrred and drfﬁcult
decisions must be made with respect 0 samphng strategy _

‘The total air envn'onment in any situation cannot be sampled Rather, a statmucally
adequate sample must be collected and overall patterns of exposure must be mferred
A neeessary or suitable size sample has not been determined for bioaerosols. Such a
determination would require that muluple duphczte samples be taken with several dlfferent
»kmds of equipment. The samples would also have to be taken at many sites in. the

—
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environment and over a time period that included all the potential variability of the predicted

aerosols.

5.1.1 Studylng Indoor Microbial Ecology with ReSpect to A1r P«ollutmn

At the most basic level, indoor bicaerosols may be considered as an ecosystem " In this
case, human exposure is not the concem but rather factors controllmg population dynarmcs
- of sources, the dynamics of dissemination, and the dynatmcs and biology of airborne

populations are the concern. These studies provide the bas1s for all bxoaerosol mvesugatlons.
. A few of the factors that must be considered are | |

o the role of environmental factors (substrate, climate) on microbial survival, growth,
reproduction, and metabolism; ‘ :

o factors controlling dissemin-atien‘ from reservoirs; and
. the taxonomy of environmental microbes (Dummck and Akers, 1969).

5.1.2 Documenting Exposure/Dose/Symptom Relationships

To set standards or develop guidelines for mterpretanon of bioaerosol data, exposure-
response information is necessary. These data may be generated in the laboratory from |
animal or human exposure studies, or ep1dermolog1cally, by collecting baseline data and
evaluating symptoms in a wide variety of environments. Documenting exposure requires air
sampling and assessment of particle size as well as other exposure parameters.

Questionnaires and/or msmal exams may be used to evaluate symptoxgls..(Su et al., 1990;
Burge and Garrison, 1989).

.... ——

5.1.3 Documenting Unusual Exposure Situations

Documenting unusual exposure situations is the simplest approach to evaluaﬂng

bioaerosol exposures and is usually appropriate for problem-solving investigations done in
response to epidemics of disease or building-related symptoms. Field investigations designed
to approach specific buﬂdmg-related problems may be divided into two steps: a careful
analysis of the biological status of the environment and an evaluation of the environmental _
data with respect to health risks. o | |




Ideally, air samplmg should be used to assess a.trbome exposure levels Studres that
mclude air samphng need to be desrgned with appropriate controls, and need to mclude
enough. sarnples so that reasonably valid mterpretanons may be made. Mrmrnally, it is

, essenual to have duphcate samples in the envuonment of syrnptornauc people asymptomauc
| people i in the same environment, and samples of the outdoor air near air intakes. Samplmg
before and after drsturbmg potential reservou's/amphﬁers is also extremely useful.
7 A second approach involves searchmg for potentxal reservorrs/amphﬁers assessing
4contammat10n (v1sually or through assay techmques), and either provrdmg logical hypotheses
for dxssemmatlon/exposure or conducting air sampling in assocxatlon with postulated
dissemination conditions and companng air sample results to those obtamed w1th samples
‘from the potenua.l source. Concludmg that an unusual exposure s1tuauon exists is- relatwely
strarghtforward if thh levels of an orgamsm anngen, or toxin are found in indoor air and
_ ~ ‘not outdoors or in other control situations. Unfortunately, provmg the negative case is
_rarely, if ever, poss1ble even when sampling protocols are rnulufaceted and extensive
* (American Conference of Governrnental: and Industnal Hygremsts, l989b). .

5.2 AIR SAI\IPLE COLLECTION TECHNOLOGY

Air. sarnplmg for blologrcal aerosols is usually done to esumate the potenual for human
, exposure. Occasmnally, bioaerosol sampling- is done for legal reasons. In both cases, but
eSpecra.lly in the latter, it is essermal that the samplmg procedures can wrthstand legal k
'challenge This' means that either the best available samphng strategy,. mstrumentauon and
methods for analysrs must be used or one must be able to document the valrdrty of using less
efficient or less rehable methods. -
Samphng can be either personal or arnbtent Personal samphng (1 e., samphng near. the .
. breathing zone of affected mdwrduals) would be ideal.: However personal samplers that
. rehably estimate most microbial aerosols have yet to be developed (Amencan Conference of
Governmental and Industrial Hygremsts 1989a) Ambient samph.ng 1s most often used for
both m1crob1a1 and antigen aerosols Ambient samphng, if properly done, reflects average
exposures for all occupants but can underesumate mdmdual doses. ‘To be effective, ambrent

samphng must be done at all the levels and srtes where people work or live and over 2 time
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period that covers potential cyclic changes in the aerosols and acuvn:y pattems of the peOple ;
(American Conference of Governmemal and Industrial Hygxerusts 19894)

Air sampling may be performed elther over short periods (grab samples) or over longer |
periods (average or integrated samples); Grab samples usually represent 5 minutes or less of
sampling time, whereas integrated samples are collected over a longer exposure period. All
of the methods commonly used for viable microorganisms collect grab 'samples. It is difficult
to maintain viability and/or prevent growth of viable microorganisms over longer sarnpling
periods. | . ‘. |

sze-selectlve samphng has always been consrdered 1mportant for bmaerosol—related
stiudies because lung deposmon has been considered necessary for efﬁment transmission of
. infectious dlsease However, upper a:rway deposmon of allergens clea.rly causes dxsease |
(Wilson et al., 1973). Except in research situations, most microbial samples can be collected
as a unit on a single-stage sampling device. At most, two. stages are useful for determining
the so-called "respirable” fraction of the aerosol. | |

Accuracy and precision are factors that apply to all aerosol sampling methods. .
Accuracy is the amount by which the measured value deviates from the true value, gfrecmon
is the standard deviation of repeated measurements of the same variable. Accuracy is
difficult to assess for most bioaerosols. For chermcals accuracy of a particular method is
measured by usmg another method and comparing results Chamber studies that prov1de a
continuously stable aerosol are necessary for most bioaerosols. Precision can be assessed by.
increasing the number of measurements ata parﬁcula.r site usmg the sarne methodology.

‘?"z‘c“") 2

5.2.1 Principles of Aerosol Sampling —

R

The term aerosol technically refers to the complex of particles‘suspended in a gaseous
medium, although the popularly used definition is synonymous with "particle”. Bioaerosols,
then, are airborne particles with a biological origin that follow the physucal rules for any
aerosal. Principles of aerosol sampling have been reviewed elsewhere (Edmonds, 1979).
Aerosols can be collected using gravitation, centrlfugal force | inerﬁal llnpacﬁon, ﬁitration,
and electrostatic impaction (American Conference of Gove.rnmental and Industrial Hygremsts
1989a; Burge and Solomon 1987) The most commonly used modahtlcs for collection of

bioaerosols are inertial impaction and filtration. Regardless of the samphng mode, when
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selecting sampling devices for biological aerosols, the efficiency with which particles are '(
removed or collected from the air, the efﬁcrency with which viability is protected and the
overall efficiency must be con&dered (Amerm.n Conference of Govemmental and Industnal |
Hygienists, 19892). . . | . \
, Inertial 1mpactors collect samples by drawmg air through an orifice usmg suctron (e. g ,
the sxeve-plate sht and cenmfugal impactors) or by rotating collecung surfaces rapidly .
through the alr (e. g rotorods).. Suctlon devices reqmre that the a.mbtent airflow be du'ected
. into the sampler onﬁce and that the rate of suction be equal to the ambient a1r speed. This" |
is called 1sok1netrc samplmg - Wherm suction samplmg is-not 1sokmet1c patterns of particle _»
-collection change. For example, 1f suction speed 1s greater than air Speed small particles
- will tend to be vacuumed from the air and will be over-represented in the sample (May,
1967; May, 1980). Similar kmds of effects occur if the sampler onﬁce is not directed =~
f towards the airﬂow In the extreme case where the orifice is at right angles to the ambient . .‘ '
aJrﬂow smaller particles are hkely to be preferentially sampled at all suction- speeds (Akers .
and Won, 1969). In general in most mdoor environments, an isokinetic -sampling condmon -
can be ignored if. the aerosol of interest is less than 10 pm and samphng rates (arrﬂow _
- .through the samplmg onﬁce) are low. Errors may be mtroduced when larger aerosols are’ |
being sampled. Many common allergens mcludmg all pollen and many fungus spores, are .
| larger than 10 pm. ‘ ‘
~ Onece the part1c1es are in the sampler impaction efﬁcrency depends on the inertia of the
particle as it hits the impaction surface I.arger particles have more mertra at a given partrcle

.. speed and are more hkely to unpact ‘Thus, although suction samplers Teadily draw- small

: spores into the sampling: onﬁce larger particles-are more likely to impact on collectron ‘
: surfaces and be counted. Only a few samplers have been well charactenzed w1th respect both N
‘to aerosol-collectlon efﬁcrency a.nd partlcle-retneval efﬁcrency ~Those that have not should”
' 'lrbe used with care o o
‘ Frltrauon devices also rely on suctron for collection of the aerosol Once in the dev1ce
theoreucally, filtration samplers are 100% efﬁcrent at trapping part1cles larger than the rated
filter pore size. Therefore, 1f suction conditions are chosen appropnately, very hrgh sampling -

-efficiency 'may be obtained using ﬁltrauon




The wxdth of the collection surface controls the efﬁcrency of small particle collection for ‘ 3
the rotating impactors. Unless the collection surfaces are well under 1 mm in dlameter, small
particles are poorly collected by these devices (Edmonds 1972).

5.2.2 Samplmg for Vlable Mlcroorgamsms |
Some organisms must remain v1ab1e dunng samplmg and analysis procedures. Many

infectious agents, mcludmg all bacteria and many fungi, are only identifiable in the living |

state. Factors that affect viability in the air of these kinds of aerosols are covered elsewhere

" in this document However, the process of sample collecuon, handhng, and analysis also
affects viability or culturabrhty

u Sample collection can damage living cells in many ways including mechanical effects
caused by 1mpactxon and desiccation, as demonstrated by a decrease in bacterial recovery
when slit-to-agar distance is decreased in a slit sampler, or when the slit width is decreased.
The speed at which the particle hits the agar surface is increased by both of these changes and

- the losses are presumed due to mechanical breakage of thecells (Goldberg and Shechmerster,

1951). The effects of changes in relative humidity on microorganisms are complex and

A ,poorly studied. It has been shown that bacterial cells collected on a dry filter rapldly

ﬂ
Q R ad

T des;cwe with' resulnngagss in* V1ab1hty (Wolochow, 1958). In addition, rehydratron of

aerosols of bactena and viruses may cause cell damage (Hatch and Dimmick, 1966 Akers
et al., 1966) Neither of these effects have been well studied for fungi.

It should be apparent that the medxa into which cells are collected should not adversely
impact viability. Wetting agents, growth inhibitors, anubactenal, and/or‘anufungal agents all
have adverse effécts on some'organisms (Burge et al., 1977b). In add}éo%“ culture media
must be chosen that either will support the growth of the organism directly, or will protect its
viability until transfer to appropnate media can be undertaken In general, rich media (e. g.,
nutrient or casein soy peptone agar for bacteria, ‘malt extract agar for fungi) are used in air
samplers. However use of minimal media may allow stressed organisms to recover, and
recoveries w111 vary depending on the culture medmm used (Akers and Won, 1969) The
culrural samphng data is in the form colony-fonmng umts rather than spores or cells unless
dl.lunon methods (e.g:, liquid 1mp1ngers) are used. There is no way of knowing how many

original cells contributed to a single colony on a culture plate impactor. ‘ )

-
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Culture plate impactors (preswded with hvmg cellsfer-”viruses), liquid impingers g

- membrane filter cassettes, and high-volume electrostatm devrces have been used to collect
viable xmcroorgamsms Viruses, infectious bacteria,. fungr, and protozoa are usually sampled

by methods that allow their culture both in vitro and in vivo.- Therefore viability is of -
concern. Although viruses are subrmcromc, they usually travel through the air on larger
parhcles and the same sampling devices may be used as for larger bactena and -fungi.

‘ Bactena also tend to travel on rafts (masses of organic matenal) Indoor human-source |
bacteria generally travel on pamcles larger than 20 y.m The thermophtlrc acnnomycetes and
the fungi, on the other hand appea.r to travel as srngle spores and may be as small as 1 to
2 pm. ) '

) When choosmg a sampler for collechon of a parucular vrable aerosol the 51ze of the ,
particles, the relative fragthty of the orgamsms and the expected concentrations should be _- ; |

considered. ' For very small particles (small fungus spores,‘ thermophilic actmomycetes),
suction devices and isoln'netic sampling should be used and impaction' efﬁciency‘ within the

sampler should be well charactenzed Larger parhcles also require isokinetic condmons 1f ‘

- suction samphng is used. However, xmpactmn efﬁcrency becomes somewhat less ofa.

" concern.

A ‘hypot.hetical "order of decreasing fragility” for common indobr‘microbial aerosols is
likely protozoa> vegetauve bactenal cells> v1ruses > fungal spores > bacterial endospores
(mcludmg thermophﬂrc acttnomycete spores) Therefore relauvely gentle methods should be
'used for protozoa and vegetative bactena whereas more aggressrve techniques may be used
for fungal spores and bactenal endospores In practice, the same sampling devices are

generally used for all ‘and careful consideration-of the relatwe potennal for loss of vxabthty
: must be taken when the more fragrle orgamsrns are sampled s
| Intercellular mterachons are well known for fungi and have also been reported for
bactena It is clear that the more fungal spores that impact on an agar surface the fewer will |
, gerrmnate -and produce a recogmzable colony. Therefore, it is essennal to select samplmg
. rates and volumes that will not overload the samplmg surface when using a culture plate
1rnpactor ‘In addmon it should be noted that some fung1 and acttnomycetes can produce
drffusrble antibiotics that will kill many bacteria and some fung1 When sampling dense

‘aerosols of any type, it is probably adwsable to use a method where drlutton culture can-
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easily be used to minimize damage from these compounds (e.g., liquid impingers or filter
cassettes). ‘ |

5.2.3 Sampling for Microscopically Identifiable Organisms

Both bacteria and fungi can be sampled by methods that allow for direct microscopic
examination. These methods produce total counts of mdmdual cells in contrast to viable
colony-forming units. Commonly used methods mclude suction slit 1mpactors, membrane
filter cassette samplers, and rotating arm impactors. The suction sampler readily
overestlmates small aerosolized particles in still air, and underestimates them in air moving
faster than the sampler flow rate (May, 1967) However, be<.ause v1ab111ty 1s not a concern,
samples can be collected over long periods of time for analysis by direct microscopy. Thus,
one slit impactor collects a time-discriminated sarnple over a 7-day period (the Burkard
version of the Hirst spore trap). Filter cassettes can be used at low flow rates over an entire

work shift, allowing integrated 8-hour exposure assessments to be made. |

The rotating arm impactors are the most commonly used samplers in the Umted States
for outdoor bioaerosols (with emphasis on pollen). They are highly efﬁcu.nt at collecting
particles in the size range of most po]len and are easy to use. However if the collecting
surface is >1.5-pm wide, they are less than 5% efﬁcxent for fungal spores smaller than 5 um
(Edmonds 1972). In dense viral aerosols where mfectmty is not of concern, it is also
possible to collect the samples ona membrane filter for subsequent examination by electron |
microscopy. Some interest has centered on the use of filter cassettes with subsequent direct
microscopic examination for total bactena and/or fungi or with elution and culture. Bacteria
must be stained for microscopic analysis. However, these methods appear;to underestimate
both viable and nonviable aerosol concentrations. They are useful for er'.i':('"lo'.'toxins, and

possibly for other toxins and allergens, provided sample volumes are of sufficient size. %

5.2.4 Sampling for Amorphous Partlcles
Many of the allergens, anngens and toxins that may accumulate in the indoor
environment are carried on particles that do not grow in culture and are not readily
identifiable microscopically. Collection of these particles from air, although requiring

adherence to the same aerosol collection rules that apply to other particles, also must enable
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| the particles themselyes, the soluble adhering material, or"other associatedv mateﬁal to be .
eluted for assay or assayed "directly from the sampling medmm For water soluble materials
* that are’ not hydrophobtc liquid impingement is a- possible chorce Most mveshgators
however use some kind of filter medmm ina suction sampler For endotoxms smooth
surface polycarbonate filters minimize the nsk of pennanent adherence of the toxins to filter
surfaces (M.tlton etal, 1990). Adherence of other matenals to filters has not been carefullyl
tested. ' “
| - Mite, cat, and small mammal anngens have all been collected from indoor air usmg
'mgh-volume ﬁlttauon dewces (Swanson et al., 1985 Platts-Mills et al., 1989). The suction
rate used i in these dev1ces is h1gh and small particles are preferenually collected It 1s also
probable that the high suction rate changes the envuonment by, in effect cleamng the dir.
These two factors make mgh-volume ﬁltranon samphng in mdoor air a quahtatwe rather than |
a quantrtatrve procedure. )

5 2.5 Samphng for Volatlle Aerosols

Both fungi and bacteria produce volatile compounds that are odonferous and may cause
irritation and other: health risks. Samplmg for these compounds requtres prior lcnowledge of
their nature. Water soluble volatiles are collectible with a hquxd impinger. Vanous .
adsorbents (e 8., charcoal, tenax) may be used for some volatiles. Cold ‘traps (i.e., hquld
mtrogen) are used to collect a total volatﬂe component. These methods however have not

yet been apphed to rmcrobxal volatiles in. other than research settmgs
5.2. 6 Source Samphng . : s |
. Source sampling involves collectmg materials frorn suspected reservoirs for analy51s A
usmg any of the methods discussed ‘below (e.g., culture, rmcroscopxc observation, '
1mmunoassay, blologlcal assay, or chemical assays) Reservorrs that are commonly assessed
| mclude house dust, fluid reservoirs, soft materials, and surfaces. ,
' - House dust m1te allergens, coclcroach allergens fung1, and bacteria are commonly
: assayed from samples of house dust collected with vacuum devices (Gravesen 1978;
Platts Mills et al., 1986b). In general pnnc1ples of aerosol collection have been 1gnored in

~ these studtes Results are presented as.antlgen, m1tes, or colony-forming units of fungi or
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bacteria per gram of dust Unfortunately, the size of parucle., collected as well as the
location within the reservoir (1 e., carpeting) is controlled by the amount of suction at the
vacuum orifice, and the size of parncles retained depends on the pore size of the collection’
bag. As a result, although individual studies using a single vacuum device allow compansorls
from site to site, studies using different collection devices are not comparahle Also, results -
using poorly characterized collectors do not accurately represent the 'potem:ial for exposure.

Sampling from fluid \reservou's entails collectmg the sample (water/slime) in a bottle or
syringe for subsequent analys1s Where water samples are concerned, a reasonably valid
sample can be obtained if the Teservoir is ‘well mixed prior to sample collection. Slime that
collects on wet surfaces can be scraped into a collection container. These samples are likely
to represent local conditions; however, multiple sites should be sampled to aésess reliability.

Soft materials such as carpeting and other fabncs, ﬁber;,lass and wall paper, ‘and other
paper materials may be collected for rmcroscopm examination or elution for other assay
- methods. Obtzumng a representatwe sample isa cons1derable challenge Often one collects
parts of these materials supporting visible fung1 growth only for determination of the kind of
fungi and not the quantity present.

Where removable, hard materials can be taken to the laboratory for analys1s Usually,
however, scrapings must be collected (from areas of obvxous growth) or in situ surface
samples must be taken. Transparent tape pressed agamst ‘obvious contaminated surfaces.
allows stralghtforward microscopic examination. The tape can be dissolved with acetone
without damaomg collected spores. Surface cultures can be obtained either using sterile
swabs or contact plates Ne1t.her of these methods is quantitative, although they are often
used by mexpenenced investigaors to evaluate levels of con‘tammatmn Obtammgr
representauve sample, especially of organisms growing on the surface (rather than havmg
settled), is nearly impossible. Table 5-1 bneﬂy summarizes samphng modalities commonly

used to evaluate biological contarmnanon of the mdoor environment.

53 AIR- AND SOURCE-SAMPLE ANALYSIS METHODS

Although sample collection principles are common to both biological and nenbiological

aerosols, analysis methods are quite different and require procedures specific to each different
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TABLE 5-1. SUMN[ARY OF SAMPLING MODALIT[ES USEFUL

FOR INDOOR BIOAEROSOLS
Method - Viruses ~ Bacteria . Fungi Pollenv Antigens Toxins '
- Impaction - X X X -
Impingement X - X ' )
Direct Visualization . ' -
Impaction o - X X
Filtration . x x X X
. Impingement X x. A
Chemical Assay - . | R
Filtaion = .- X X
Impingement - -, o X X

bioaerosol. Bioaerosbl analysis methods fall into five general categories: direct‘nﬁeroscopy,

,culture, immunoassay, bioassays, and chemical analysis. ,

'7 5. 3 1 Direct thmscopy

Fung1 spores can be counted rmcroscoprmlly from ‘any sample that either is collected-
onto an optlcally suitable surface (tra.nsparent tape, rmcroscope slide, plastrc rotorod), onto a -
ksurface that can be made transpa.rent (some filter media), or into a medxum that can »

' subsequently be ﬁltered (e.g:, a hqurd impinger). Many fungal spores are 1dent1ﬁab1e using
rmcroscopxc exammatlon without staining.- ‘Bacteria, including Legionella, are countable:
microscopically only if stamed ‘The type of stam used depends on the chemxcal nature of the =+
orgamsm (e. g acndme orange fluorescent stmnmg for bacteria, ba51c fuschsm or ,
phenosaffranin stains for pollen) (Palmgren et al., 1986; Muilenberg, 1989), or the anugemc
composition (e.g., fluorescent antibody stains used for Legzonella) (Winn, 1985). Most :

 particle collection methods can be used with subsequent stmmng, prov1d1ng the unpactmn

‘ rnedmm (often silicone grease), when present, does not mterfere with the- stammg Although

,pollen can readﬂy be sta.med after 1mpacuon m grease on a rotorod. or Burkard trap slide, -

: acridine orange and ﬂuorescent annbody stains do not penetrate well through a layer of

grease. For these, filter collecuon media or hqmd collechon are more appropnate
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Scanning electron microscopy (SEM) must be used to visualize viruses. Although
useful for determmmg surface charactensncs, SEM does not usually ugmﬁcamly add to the
information necessary for bactenal or fungal spore 1denuﬁcanon

Although attempts have been made to count spores and pollen using digitized ‘
microscopic images fed into computer programs, so far these methods are 1mpract1cal because
of the enormous morphologlcal va.nabrhty in most bioaerosols. Likewise, particle counters
including those using advanced laser techmques do not allow differentiation between the
bioaerosol fraction and the total particulate fraction in air samples.

it Tl
P 2

5.3.2 Culture D o

Many viable organisms (fungi and bacteria) that are collected by impaction on a culture
plate surface can reproduce and produce visible colonies. Each colony may represent one or
more original cells, so that one colony is called a colony-forrnmg unit. This is in contrast to

liquid impingers, where cells are usually separated into single units before culture. Culture

" plate impaction methods will always underestimate actual airborne cell counts both because of

this possrble multiple cell bias and because not all airborne cells are ever viable and no s1ngle -

. medium will support. the growth of all orgamsms The condmons of nncubatlon must be

appropriate and the culture medium must not be overloaded.

For au‘ sampling, relatively rich culture media are: generally used. These media usually-
contain necessary carbohydrates ina snnple form (e g., glucose) and amino acids in a natural
form (e.g., peptone, blood, soy digests, etc.). On these media most healthy organisms will
grow, g1ven time. The orgamsms actually recovered, however are those. that grow the most
rapidly. Organisms that"have"been damaged before sampling (1 e., stressed organisms) often
begin growth very slowly and are overrun on rich media. For these, very restrictive-and
dilute culrure media, which slow the growth of all organisms, should be used. If an
organism that is able to utilize an unusual carbon source is suspected,, a culture medium
providing only that source may allow that organism to compete more successfully. For
example, Stachybotrys atra, a relétively common toxigenic fungus, grows very slowly in
culture and may not be efficiently recovered when other organisms are also present in a
sample. However, S. atra can utilize pure cellulose and culture media containing cellulose as

the sole carbohydrate source provide a competitive advantage to Stachybotrys.
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Another means for reducmg competmon between organisms is to add brocrdes that
prevent the growth of partrcular orgamsms Streptomycm and rose bengal are often added to
media desrgned to recover fungi from environments heavily contaminated with bacteria. It :
7 should be noted that rose bengal becomes a general biocide and will kill fungr as well as
bacteria, if it becomes hght-acnvated (Burge etal., 1977).

Culturing of viruses requires that living cells be present on t.he culture medium. For
bactenal viruses, bacteria are spread on the plate before the’ viruses are introduced. For
human viruses, human cell cultures are requ1red Vrruses are usually incubated at 37 °C
(Fields, 1986) o t

~ Bacteria can usually grow on nutnent medla although some are fasndrous and require

highly specific and complex conditions (e. g., Legzanella) Most bacteria will grow at 30 °C,
a few are thermophrhc and some can grow at room temperature and below Incubation
temperatures for bactena depend on the source. Bactena that apparently were growing.ina
" cold water reservorr should be mcubated at room temperature Human source bacteria are ~
' often incubated at 35 °C. The thermophrhc bactefia, including the actmomycetes require a
temperature of 56 to 60 °C. Identification of bacterial taxa requires Grarn-stzunmg,
rmcroscoprc exammauon and several phys1olog1ca1 tests (e gy productmn of oxidase and
catalase) -For some bactena (mcludmg Legwnella), fluorescent annbodres are avarlable and

- can be used to rmcroscoprcalIy 1dent1fy spemes (American Conference of Govemmental and
Industnal Hygremsts 1989b). - ,

- Fungi will also grow on a.rnﬁcral nutnent media. Fungal culture medium is usually
more acidic than that preferred by most bacteria.. Media that will support the growth of |
many envuonmental bacteria:are usually not: good for fungr and vice versa;: Most- fungi grow -

best at room temperature A few can compete well at colder temperatures (psychrophrles)
B Most of the fung1 that are able to invade human trssue are thermotolerant (i.e., they can grow
at a wide range of temperatures) A few fungr are thermophrhc, requiring temperatures in
. excess of 45 °C for growth (Cooney and Emerson, 1964) Fungr are identified by their gross |
appearance in culture and by the morphology of spore producnon (Bamett and Hunter, 1987)
'Amoebae can be grown in culture if t.hey are prov1ded wrth a hv1ng nutrient source
‘ (usually bacteria). It is thought that amoebae ingest Legwnella, which remains alive and

* infectious msrde the amoebal cell and is protected from the action of btocrdes Amoebae are
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identified by their morphology and ability to cause disease when injected into a suitable host.
Fluorescent antlbodxes are also. avarlable for identifying some amoeba specxes

5.3.3 Immunoassay

Proteins derived from such sources as cats, cockroaches, and dust mites can be
measured by immunoassay. Most immunoassays are based on extraction of the water-soluble
fraction of a specific anugen source (i.e., each 1mmunoass.ay is specific for the antigens used
to develop the assay). For example, mite anngen assays are specific only for mite antigens
that are soluble in the systems used, and that will attach to the solid phase used Recent
developments allow assays of antigen materials electncally transferred to ;sohd substrate
without initial water extraction (immunoblotting) (Hoyer et al., 1990) Three types of

immunoassays are currently available:

(1) Radioallergosorbent test (RAST) or ELISA inhibition assays,
(2) direct RAST or ELISA assays, and o

(3) immunoblot assays.

The RAST and ELISA inhibition assays involve coating a solid phase, usually paper
discs, cellulose beads, or microtiter plates, with a water entract of a known anﬁgen source’
and mixing the same antrgen (in a series of dilutions) or an unknown sample wrth human
serum that contains antibodies against the spec1ﬁc antigen. The serum/antrgen mixture is
incubated with the solid phase, and the solid phase is examined for human anubodxes using an
anti-human arntibody labelled. thh a racholsotope (RAST) or an enzyme (ELISA) (Agarwal
et al., 1981; Jensen et al., '1989; Swanson et al., 1985). These techmques only require an
allergen extract and serum from one or a group of individuals who are highly allergic to the
relevant allergen. However, these assays are very difficult to standardize and, because the
units are arbitrary, the results for one allergen cannot be compared with those for another '
allergen. - '

Direct RAST and ELISA assays depend on the blochermcal putnﬁcatlon of specific
antigens from a given source and the development of monoclonal antibodies against each

specific antigen. The monoclonal antibody is then attached to the solid phase, incubated with
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~ both lmown quantmes of the relevant anugen and w1th unlcnown samples and then mcubated

, W1th a second monoclonal to the same anugen labelled as for the inhibition assays. “The

assumptron is that the quanuty of one protem will act as a guide to the presence of that
source. It is implied that the protein bemg measured isina reasonably constant relauonshxp
to other proteins from the same source. In addmon it is necessary that the protem being
assayed be reasonably stable under the condmons of collecuon and storage There are two -
: mam advantages of specific allergen assays.’ F1rst because the assays can be adapted to give

* results i in absolute units. (1.e., mxcrograms), the results for one protein can be. compared wrth
protems from another allergen source. Second the reagents are sufﬁcrently srmple to allow *
| oomplete standardization of the assay.- Thus measurements of specxﬁc major allergens can be
, made in micrograms and standardized relative to a natxonal or international standard. There
are now at least three allergens where meesurements have been made over a period of -

10 years or-more usmg a consistent standardization system the cat allergen Fel d I ( Cat D,
~ the ragweed pollen allergen Amb a I (— Anugen E), and the dust mite allergen Der p I |
- (Ohman et al., 1987 King and Norman, 1962 Chapman and Platts-Mills,  1980). Ongmally,
these assays were dependent on polyclonal antisera. Recently, _they have been made easrer to |

| standardrze and simpler to perform by the introduction of monoclonal antibodies ‘
(Chapman et al., 1987; Luczynska et al., 1989 Pollart et al 1989b) There are deﬁnlte
problems w1th using a smgle allergen as a marker for the multiple proteins denved froma
complex~ source such as dust mites or cockroaches. However, assays of smgle allergens
represent enormous advantages in terrns of standa.rdrzauon srmphcrty, and cost. At present

' these are the only assays that. offer the possibility of estabhshlng threshold or risk levels for -
exposure assocrated with d1sease T e ;
Immunoblottmg techniques, which are currently n the expenmental stage, utilize the
‘'same monoclonal antrbod1es (or polyclonal where necessary) as the direct RAST and ELISA
| techmques but do not require extra.cuon of antigen sources before assay. Extracuon
procedures can denature antigens and change their relative concentranons. Immunoblotting
‘irivolves elecu'iczlly tran'sferring proteins directly from air sample filter material or source
“onto mtrocellulose membranes The membranes are then incubated with the monoclonals and '

secondary anubodres labelled wrth enzymes The enzymes react with substrate to form a
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colored precipitate which is visible to the eye and can be optically scanned for quantitation
(Hoyer et al., 1990). '

5.3.4 Bioassays and Chemical Analysrs

Most commonly used assays for endotoxin depend on the fact that endotoxin causes a
dose-dependent gel reaction in horseshoe crab (Limulus) amoebocytes. Three general types of
Limulus (LAL) assays are available (Iacobs 1989) the gel-clot method, the turlndrrnetnc-
Kinetic assay, and the chromogenic assay. The gel-clot method is simple, more or less
qualitative, and depends on the formation of gel in a tube. The turbidimetric-kinetic assay
evaluates the rate of the gel reaction, as measured by carefully controlled densitometer .
readings. The chromogenic assay depends on the production of a pigment released from a
substrate by the clotting enzyme of LAL. Recent developments have included mathernatrcal
approaches to assay analyms that make the LAL assay more sensitive and reliable
(Milton et al., 1990) The assays also measure cell-bound endotoxins less well than free .
endotoxins. Unfortunately, in many cases, most exposures to endotoxins may be related to
. intact bacterial cells. For example, although cotton dust is known to contain high levels of
gram-negative bacteria as well as endotoxin, human symptoms correlate more closely w1th
bacterial levels than with measured endotoxin levels. For this reason, assessment of gram-
negative bacterial levels may be an appropriate surrogate until more accurate methods for
measuring endotoxins have been developed

Bioassays are necessary to determine pathogenicity of spec1ﬁc strains of mfecnous i
viruses, bacteria, and fung1 Sentinel ammals have been used to document the presence of -
infectious Legionella. Environmental 1solates of sttaplasma do not do well in culture until
they have been passed through a living organism.

Thin layer or high pressure hqurd chromatography are used for the detection of many
mycotoxins, mcludmg the aﬂatoxms and the macrocychc trichothecenes (e.g., satratoxms)
(Shank, 1981). Gas/hqmd chrornatography and mass spmtroscopy (GC/MS), used for the
Fusarium toxins, is being mvesngated as a tool for endotoxin analy51s and is the method of
choice for volatile orgamc compounds denved from xmcroblal growth All of these methods
are readﬂy apphcable to air samples but have not been thenswely used.
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- Attempts have been made to biochemically *fingerprint" specific bacterial taxa and to-
use pyrolysis and GC/MS to. 1dent1fy the ﬁngerpnnted compounds. - The number of mdlvxdual
taxa that have been studied with respect to these methods is extremely small. In addition,

| s1gmﬁ<=mt varizbility in ﬁngcrpnnt compounds exists between strains of a smgle taxon
| (Sonesson etal., 1988). ‘

]5-_17 -




6. CONTROL OF BIbAEROSOL—]NDUCED DISEASE

Very little actual research has gone into addressmg the conu'ol of broaerosol-mduced
disease, except in the area of immunization. A large amount of literature is available on
immunization to prevent infectious disease (Ruben, 1987) and immunotherapy for the control
of atopic disease (Ohman, 1989). These topics will not be discussed here. Other approaches |
that are used, often in the absence of direct evidence of their efﬁcacy, may be grouped as
fo]lows (Amencan Conference of Governmental and Industnal Hygremsts, 1989b):

. bmldrng design that provrdes for bloaerosol control

« maintenance of indoor spaces so that contamination does not occur, and

« remedial actions to control existing contamination.

6.1 BUILDING DESIGN

Buildings, including those for both public and private use, can be designed to prevent ‘
penetration of outside aerosols to the. indoor environment and to minimize the establishment
of indoor sources of biocontaminants. The purpose of the ASHRAE Standard 62-1989
(American Socrety of Heatmg, Refngeratmg and Arr—Condmomng Enmneers, 1989) is to
specify minimum vennlatron rates and indoor air qualrty that will be acceptable to human
procedures for obtaining acceptable indoor air qualrty into two catégories «the ventilation rate
procedure that specifies specific ventilation rates for given environments (Section 4.1) and
the indoor air quality procedure (Section 4. 2) that requires control of known and specrﬁable
| contaminants. Also specrﬁed are desrgn cntena that are aimed at preventing penetranon of
the outdoor aerosol and contamination of the venulatron system jtself and controlling relative
humidity (see Chapter 5). Although supported by very little expenmental or eprdemrologrcal
data, the standards, when applied to buildings without significant indoor sources, other than
human occupants wrll go far in provrdrng adequate air quality with respect to human source

aerosols (Brundage et al., 1988) and problems related to relative humldrty (Arundel et al.,
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1986 Carpenter etal., 1985) Unfortunately, the standards are rarely applied to domestic |
buﬂdmgs and the use of the mdoor air quahty procedures do not work for _bioaerosols | _
because there are no standa.rds to use as guidelines. However, some control of re51dent1al air
; qua.hty can be obtained by the use of central or room arr-condmomng (Spiegelman and
 Friedman, 1968; Solomon et al., 1980; Carpenter et al., 1985). Air-conditioning allows

* homes to be closed, preventing penetratron of outdoor -aerosols, and acts to reduce relative
hum1d1ty '

-

6 2 BUILDING MAINTENANCE

"Evenifa bmldmg is properly desxgned lack of adequate mamtenance will mevxtably
* result in bloaerosol problems. Buﬂdmgs must be maintained free of leaks and excessive
morsture Filters cannot be allowed to build up a layer of organic matenal that will support
the growth of fung1 or bactena (Burge and Garrison, 1989; Baxter 1982) Air conditioners,
as well as controlling b1oaerosols may act as sources 1f not properly mamtamed (Banaszak '
et al., 1970) Unfortunately, mamtenance of home arr-condmoners is rarely sunple |
Hum1d1ﬁers whether centrally mstalled or console are always ¢ contammated wrth
| xmcroorgamsms and often prov1de a built-in dissemination mechamsm A relauvely large
~ amount of hterature has been developed on the role of hurmdlﬁcauon in outbreaks of |
mfectlous dxsease HP, and sick building syndrome (Burge et al., 1987; anegan et al.,
1984; Krerss and Hodgson, 1984; Krexss, 1989) Less clear are methods for prevenung '
j conta.mmatlon and dissemination of orgamsms and antrgens from these reservoxrs | .
Dust control measures may also help to prevent blologmal conta.mmanon of the' mdoor .
environment. . ngh-efﬁcxencyvacuummg of carpeting may help to prevent explosron of mite
populations (Walshaw and Evans, 1986; Arhan etal., 198‘-2).;‘1.in‘1iting indoor food and

water sources for cockroaches can prevent severe infestations in some parts of the country.

6 3 REMEDIAL ACTIONS

Once contamination has occurred several approaches may be taken to- nd the

envuonment of the pollutant: alr cleamng, air dlsmfectxon and source control Air cleaning
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or particle removal is a function of the efficiency of the removal apparatus (e.g., filter,
electrostatic precipitator), the rate of flow ﬂrrough the device, and the Strencrths and rates of
emission of sources in the envrronment To date, msufﬁcxent research has been conducted to
allow a predxcnon of the effecuveness of air cleamng in the presence of active sources |
(Nelson et al., 1988). However, it probably more efficiently removes small particles that
remain a.u‘borne for long penods of time. Also of concern is the downﬂow from the cleaner,

‘whrch can dlsturb setﬂed dust and entrained antlgens and mrcroorgamsms

The use of uln'avrolet light has been studied as a means of removmg mfectrous agents
from the indoor environment (Perkins et al., 1947; Rentschler and Nagy,? 1942; R11ey and
Kaufman, 1971; Wells et al., 1942). Ultraviolet radiation is dangerous and human contact
should be avoided. Also, ultraviolet lights only emit the app1opnate wavelengths when
completely clean. Placing units in ductwork to kill recirculated orgamsms works only so
long as dust has not accumulated on the bulb surfaces. , '

m Germicidal sprays have also been proposed for killing infectious organisms in a_tr
(Kethley et al., 1956). These methods are not practical for occupied environments and all
residual disinfectant must be removed before occupancy is resumed. Biocides should never -
be sprayed into ventilation systems in occupied buildings.

Source control involves removing the contaminated substrate from the environment,
removing the contamination, or killing organisms‘without removal. The first is usually the
most effective, although often not always practical -Immediate removal of soft materials that
have come in contact with contammated water is usually recommended because soft material
that is 1mpregnated with fungal or bacterial growth is not retrievable. Removmg hvmo
antigen sources (household pets) is by far the best method for control oﬁvthe contamination
they produce Contamination can often be removed from hard surfaces. The |
rccommendaﬂon that smooth—surfaced flooring be used in bedrooms to prevent house dust
accumulation is a case in point. Dust can be removed from smooth floors by vacuuming or
wet mopping, whereas it mevuably accumulates in carpetmg Fmally, biocides can be used
to kill organisms, although few biocides safe for use in occupred environments will prevent
recurrence of contamination (Amencan Conference of Governmental and Industnal
Hygienists, 1989b). |

6-3




7. REFERENCES

Aas, K.; Backnnn A Belm L; Weeke, B. (1978) Standard:.mnon ‘of nllcrgen extracts wuh appropriate
methods: the comhmed use of skin pnck tstmg and radxo-allcrgosorbmt tests. Allergy (COpe.nhagen)
- 33: 130-137 ‘ : .

Aga:wal M. K.; Yunginger, J. W.; Swanson, M. C., Reed C.E. (1981)Anxmmxmochcm1cal rncthod to
. measumaMosphenc allergens J. Allergy Clin. Immunol 68: 194-200

Agarwnl M. K.; Jones, R T.; Yunginger, J. W. (1982) Shared allergcxnc and antigenic determmants in
" Abternaria and Stanphylan extracts.J. Allergy Clin. Immunol. 70: 437444,

Ainsworth, G. C.; Susman, A:S., eds. (1965) The fungx an advanced treatise, v. l the ﬁmgal cell New York
NY: Academic Press.

_ Aisner, J.; Schimpff, S. C.; Bennett, J. E., Young, V. M.; chrnik P. H.'(1976) Aspagzum infections in
.cancer patients: assocxmonthhﬁmpmoﬁngmatcnalsmanewhospxtal JAMA J. Am.Med Assoc
235: 411-412. ‘ .

P Ajello, L. (1971) The medxcal mycological lcebcrg HSMH.A Health Rep. 86 437-448

Akers, A. B.; Won,W D. (1969) Assay oflxvmg airborne xmcroorgamsms In Dimmick, R. L.; Akers,A B.,
. eds. Anxntroductmn to experimental acroblology New York, NY: Wiley-lntcrscxcnce, pp. 55-99.

~ Akcrs, T G.; Bond S.; Goldberg, L. 3. (1966) Effect of tcmpemmre and relanve humxdxty on sumval of ‘
. - .. - airbomne Columbm SK groupvu'uss ‘Appl. Microbiol.” 14: 361-364.

Alexopoulos C. 1. (1962) Introductory mycology. 2nd ed New York NY John Wiley & Sons, Inc.

' American Conference of Govcmmental Industrial Hyglcmsts (1984) TLVs: Threshold limit va.lus for chcxmml
substances and physical agents in the work environment and biological exposure indices with intended
chang&s for 1984-85. Cmcmnan OH: Amerxun Confercnce of Govcrnmmtal and Industnal Hygxemsts

Amencan Conference of Governmental lndustnal Hygxemsts (1989a) Air snrnphng instruments for evaluation of _

atmospheric: contaminants.- 7th ed: Cmcmnan OH: American Conference of Governmental and Industrial .
Hygienists. . \ -

American Conference of Governmental Industrial Hyglemsts (1989b) Guidelines for the asé&mcnt of
bioaerosols in the indoor envu'onmcnt Cincinnati, OH: American Confetencc of Governmental Industnal
Hygxansts .

American Society of Heanng, Refngexaung and Au-Condmomng Engineers, Inc (1989) Ventilation for

acceptable indoor air quality. Atlanta, GA: American Society of Heating, Refngeranng and -
Au-Condmonmg Engmeers Inc.; ASHRAE standard no. 62-1989.

Arlian, L. G. (1977) Humidity as a factor regu]anng feedmg and water balance of thé house dust mites
Dermatophagoides farinae and D. pzeronyssmus (Acari: Pymglyphxdae) J. Med. Entomol. 14 484-488,

Axllan L. G.; Bemstein, I. L.; Gallagher, J S. (1982) The prevalence of house dust mites, Demxatophagozdes
SPP: and associated envu'onmcnta.l conditions in homes in. Ohio. J. Allergy Clm Immunol. 69: 527-532.

A




Amow, P. M.; Andersen, R. L.; Mainous, P. D.; Smith, E. J. (1978) Pulmonary aspergillosis during hospital
renovation. Am. Rev. Respir. Dis. 118: 49-53. '

Artenstein, M. S.; Miller, W. S. (1966) Air sampling for respiratory disease agents in Army recruits. Bacteriél._ v
Rev. 30: 571-575. ' .

Arnumdel, A. V.; Sterling, E. M.; Biggin, J. H.; Sterling, T. D. (1986) Indirect health effects of relative
humidity in indoor eavironments. Environ. Health Perspect. 65: 351-361.

Aukrust, L.; Borch, S. M. (1979) Pa.rtial pugiﬁcation and chamcteri_mtion of two Cladosporium herbarum
allergens. Int. Arch. Allergy Appl. Immunol. 60: 68-79.

Banaszak, E. F.; Thiede, W. H.; Fink, J. N. (1970) Hypersensitivity pneumonitis due to contamination of an air
conditioner. N. Engl. J. Med. 283: 271-276. ‘

Barbes, R. A.; Brown, W. G.; Kaltenborn, W.; Halonen, M. (1981) Allergen skin-test redctivity in a community

population sample: correlation with age, histamine skin reactions, and total serum jmmunoglobulin E.

J. Allergy Clin. Immunol. 68: 15-19. ' -

Barnett, H. L.; Hunter, B. B., eds. (1987) Illustrated genera of imperfect fingi. 4th ed. New York, NY:
MacMillan Publishing Co. ‘

Baskerville, A.; Fitzgeorge, R. B.; Broster, M.; Hambleton, P.; Dennis, P. 3. (1981) Expc:rimﬁtal transmission
of Legionnasires’ disease by exposure to aerosols of Legionella pneumophila. Lancet (8260/61):
1389-1390. ‘ C

Baur, X.; Dewair, M.; Fruhmann, G.; Aschauer, H.; Pfletschinger, J.; Braunitzer, G. (1982) Hypersensitivity to
chironomids (non-biting midges): localization of the antigenic determinants within certain polypeptide
sequences of hemoglobins (erythrocruorins) of Chironomus thummi thummi (Diptera). J. Allergy Clin.
Immunol. 69: 66-76. ‘ ,

Baxter, P. . (1982) An outbreak of allergic-type Symptoms among staff of an elementary school: a hazard of
moldy sir filters? Atlanta, GA: U. S. Centers for Disease Control, Center for Environmental Health.

Baxter, C. S.; ch,‘H. E.; Burg, W. R. (1981) A pr‘ospective'amilysis of the poténtiﬁl risk associated with
inhalation of aflatoxin-contaminated grain dusts. Food Cosmet. Toxicol. 19: 765-769. '

Bayer, R. A. (1982) Q fever as an occupational illness at the National Institutes of Health. Public Health Rep.
97: 58-60. o 2ot ek . o ‘ | mm
Bemstein, R. S.; Sorenson, W. G.; Garabrant, D.; Reaux, C.; Treitman, R. D. (1983) Exposum to respirable,
airborne Penicillium from a contaminated ventilation system: clinical, environmental and epidemiological
aspects. Am. Ind. Hyg. Assoc. J. 44: 161-169. ‘ ‘ ; L

Bemnton, H. S.; Brown, H. (1967) Cockroach allergy TI: the relation of infestation to sensitization. South.
Med. J. 60: 852-855.

Berrens, L.; Guikers, C. L. H. (1972) An immunochemical study of ﬁigebn—brwdet’s disease: III. the interaction
of pigeon intestinal enzyme with human serum and a study of seram inhibitors. Int. Arch. Allergy Appl.
Immunol. 43: 337-346. ’ ‘ C ‘ ‘

Berrens, L..; Maesen, F. P. V. (19723) An immunochemical study of pigeon-breeder’s disease: I. the aselective
antigens. Int. Arch. Allergy Appl. Immunol. 43: 289-304.

7-2




Berrens, L:; Masen, F. P. V. (1972b) An immunochemical study of pxgeon-breeder s dxseasc II. the specific
anngcns Int Arch Allcrgy Appl. Immunol. 43: 327-336 )
Bice, D. E.; McCarron, K.; Hoffman, E. 0.; Sa.lvagglo, J. (1977) Adjuvant properus of chropolyspora faem '
: Int. Arch. Allcrgy Appl. Immunol. 55: 267-274

Blnckley, C. H. (1873) Expcnmental mau-chs on the causes and nature of catarrhm; acsuvus (hay-fever or
hay-asthma). London, Umted Kingdom: Banlhere, Tindall and Cox. '

" Bloch, A. B.; Orenstem,WA Ewing, W. M.; SpmnWH.,MalhsonGF chmann,KL..Hmman
A. R. (1985) Measles outbresk in a pediatric practice: mrbome transmission in an office scttmg
Pedmzms 75. 676-683. : ‘

Blyth, W. (1978) The occurrence and pature of a.lveolms-mducmg substanc& in A.rpergzllw clavatus. Clm Exp
Imnmnol 32. 272-282... . ‘ ‘ . ‘ :
F .
Booxj-Noord H.; de Vries, K.; Sluiter, H. I One, N. G. M (1972) Late bronchml obstructxve reaction to
expenmcntal mhalauon of house dust exuact Clin. Allcrgy 2: 43-61.

) Boyd, D H A (1971) The mcxdence offarmcrs hmg in Calthnss Scot Med J 16 261-262

Boyer, R. S.; Klock, L. E.; Schmidt, C. D.; Hyland, L.; Maxwell, K.; Gardzer, R. M.; Renzetti, A. D., Jr.
(1974) Hypexsensmvxty lungdxseesemthe turkey raxsmg mdustry Am. Rev. Respir. Dis. 109: 630—635'

Brmghurst L.S; Byme, R N Gershon—Cohcn, J. (1959) prxratory dxs&se of mnshroom workers farmer s
lung. JAMAJ Am. Med Assoc 171: 15-18. )

. Brown, F.; Wilson, G., eds. (1984) Volume4 vu'olcgy In: Wilson, G Miles, A Parker, M ‘T., eds. Topley :

and Wilson's pnncxples of bacteriology, vxrology and immunity. 7th ed Balnmore MD: Williams &
Wilkins. :

Brundage,] F Scott, R M.; Lednar, W. M.; Smxth D. W Mxllcr,R N. (1988) Buxldmg~assocmted risk of .
" febrile acute respuatorydxseasesmArmy trainees. JAMA J. Am. Med. Assoc 259: 2108-2112

Buchanan, T. M.; Hendricks, S. L Patton, C. M.; Feldman R. A. (1974) Brucellosxs in the Umted States,
'1960~1972: an abattoir-associated disease. Part II. Epidemiology and evidence for acquired i xmmumty
Medxcme (Ba.lnmore) 53: 427-435.

Buckland, F. E.; Tyrxcll ‘D.A. L (1962) Loss of mfecuvxty on drymg various viruses. Nature (London) -
) " 195: 1063-1064. . . -

: Buechncr, H. A.; Prevatt, A. L.; Thompson, J.; Blitz, O. (1958) Bagassos:s a review, with further hxstorxml
data, studies of pulmonary function, and results of adrenal steroid therapy. Am. J. Med. 25: 234-247.

Burg, W. R.; Shotwell, O. L. (1984) Aflatoxin levels in airborne dust generated from contammated corn during
- harvest and at an elevator in 1980. J. Assoc. Off. Anal. Chem. 67 309-312

Burg, w. R., Shotwell, 0 I... Salmnan B. E. (1981) Measurcmcnts ofaxr’oorne aﬂatoxms during the handlmg ;
' ofconmmnatedoorn Am.Ind.Hyg Assoc. J. 42: 1-11.

Burg, w. R Shotwell, 0 L Saltzman, B. E. (1982) Measurements of m‘borne aﬂatoxms durmg the handlmg ‘
. of 1979 contammawd corm. Am Ind. Hyg. Assoc. J. 43: 580—586 ,

Burge, H. A. (1985) Fungus allergens. Clin. Rev. Allergy 3: 319-329.

73




Burge, H. A. (1987) Toxigenic potential of indoor microbial aerosols. In: Sandhu, S. S.; DeMarini, D. M.;
Mass, M. 1.; Moore, M. M.; Mumford, J. L., eds. Short-term bioassays in the analysis of complex
environmental mixtures V: proceedings of a symposium; October 1986; Durham, NC. New York, NY:
Plenum Press; pp. 391-397. o ‘ ‘ : :

Burge, H. A. (1989#) Airbomé allcigénic fungi: clésSiﬁtétibn, ndrﬂenclat‘u‘rc,‘ and dkstribution. Immunol. Aller;gy‘
Clin. North Am. 9: 307-319. :

Burge, H. A. (1989b) Indoor air and infectious disease. In: Cone, J. E.; Hodgson, M. J., eds. Problem
buildings: building-associated illness and the sick building syndrome. Occup. Med.: State of the Art Rev.
4: T13-721. S o ‘ \

Burge, H. A. (1990) Risks associated with indoor infectious aerosols. Toxicol. Ind.‘ Health 6: 263-274.

Burge, H. A.; Garrison, R. P. (1989) Bioaerosol investigations: Columbia Plaza. Morgantown, WV: U. S.
Department of Health and Human Services, National Institute of Occupational Safety and Health,
Division of Respiratory Disease Studies; contract no. 200-86-2921. Available from: NTIS, Springfield,
VA; PB91-108191. - - . , .

Burge, H. A.; Solomon, W. R. (1987) Sampling and analysis of biclogical acrosols. Atmos. Environ.
21: 451-456. | E

Burge, H. A.; Solomon, W. R. (1990) Outdoor allergens. Clin. Rev. Allergy: in press.

Burge, H. P.; Boise, J. R.; Rutherford, J. A.; Solomon, W. R. (19775) Com;ﬁaraﬁve recoveries of airborne
* fungus spores by viable and mon-viable modes of volumetric collection. Mycopathologia 61: 27-33.
.Burge, H. P.; Solomon, W. R.; Boise, J.R. (1977b) Cdmparative mcﬁ‘ts‘o‘f cight popular media in aerometric
studies of fungi. J. Allergy Clin. Immunol. 60: 199-203. @

Burge, S.; Hedge, A.; Wilson, S.; Bass, J. H.; Robertson, A. (1987) Sick building syndrome: a study of 4373
office workers. Ann. Occup. Hyg. 31: 493-504.

Burge, H. A.; Hoyer, M. E.; Sélomon, W. R.; Simmons, E. G.; Gallup, J. (1989) Quality control factors for
Alternaria allergens. Mycotaxon 34: 55-63.

Burke, G. W.; Carrington, C. B.; Strauss, R.; Fink, J. N.; Gaensler, E. A. (1977) Allergic alveolitis caused by
home humidifiers: unusual clinical features and electron microscopic findings. JAMA J. Am. Med.
Assoc. 238: 2705-2708. ‘ S , ol

Burr, M. L.; Dean, B. V.; Merrett, T. G.; Neale, E.; St. Leger, A. S, Ver‘rier-J‘ones',:i AR, (1980) Effects of ‘
anti-mite measures on children with mite-sensitive asthma: a controlled trial. Thorax 35: 506-512.

Caldwell, J. R.; Pearce, D. E.; Spencer, C.; Leder, R.; Waldman, R. H. (1973) Ilmmologic mechanisms in
hypersensitivity pneumonitis: 1. evidence for cell-mediated immunity and complement fixation in pigeon
breeders’ disease. J. Allergy Clin. Immunol. 52: 225-230. : -

Campbell, J. A.; Kryda, M. J.; Treuhaft, M. W.; Marx, J. J., Jr; Roberts, R. C. (1983) Cheese worker's
hyperseasitivity pneumonitis. Am. Rev. Respir. Dis. 127: 495-496.

Carpenter, G. B.; Win, G. H.; Furumizo, R. T.; Massey, D. G.; Ortiz, A. A. (1985) Air conditioning and
house dust mite. J. Allergy Clin. Immunol. 75: 121. ‘

T4




Cartier, A.; Thomsan, N. C.; Frith, P. A.’; Roberts, R.; Hargmve,’F; E. .(1982‘) Ancrgcn-induced'incrcasé'.in -
- bronchial responsiveness to histamine: relationship to the late asthmatic response and change in airway
- caliber. J. Allergy Clin. Immunol. 70: 170-177. ' : ; o .

- Castellan, R. M.; Olenchock, §. A.; Kinsley, K. B.; Hankinson, J. L. (1987) Inhaled endotoxin and decreased
' spirometric values: an exposure-response relation for cotton dust. N. Engl. J. Med. 317: 605-610.

' Chapman, M. D.; Plans-Mills, T. A. E. (1980) Purification and characterization of the major allergen from
Dermatophagoides pteronyssinus-antigen P,..J. Immunol. 125; §87-592. : -

Chapman, M. D.; Heymann, P. W.; Wilkins, S. R.; Brown, M. 1.5 Platts-Mills, T. A. E. (1987) Monoclonal _
- immunoassays for major dust mite (Dermataphagoides) allergens, Der pland Der f1, and quantitative
analysis of the allergen content of mite and house dust extracts. J. Allergy Clin. Immunol. 80: 184-194. °

' Chapman, M. D.}"Aaiberse, R..C.; Brown, M. J.; Platts-Mills, T. A. E. (1988) Monocional antibodies to the
- ' major feline allergen Fel d I: 1. single step affinity purification of Fel 4.1, N-terminal sequence analysis,
+ and development of a sensitive two-site immmunoassay to assess Fel d I exposure. J. Immunol. '
140: 812-818. ' o S S

Charpin, D.; Kleisbauer, J.-P.; Lanteaume, A.; Razzouk, H.; Vervlogt, D.; Toumi, M.; Fai-aj,‘ F.; Charpin, I
(1988) Asthma and allergy to house-dust mites in populations living in high altitudes. Chest 93: 758-761. -

B vChativgny, M. A.; Dimmick, R. L. (1979) Transport of aztosdls in the inn'ainuml enVimnﬁxexit. In: chmonds,
o R. L.; ed. Aerobiology: the ecological systems approach. Stroudsburg, PA: Dowden, Hutchinson &
Ross, Inc.; pp. 95-109. (US/IBP synthesis series 10). ., . -

Christensen, C. M. (1975) Airborne fungus sporis, plaﬁt diséase, aud respiratory allergy. In: Molds, mushrooms, °
- and mycotoxins. Minneapolis, MN: University of Minnesota Press; pp. 114-142, 252. . ,

Christensen, L. T.; Schmidt, C. D,; Robbins, L. (1975) Pigeon breeders’ disease—a prevalence study and
‘ review. Clin. Allergy 5: 417-430. . : . . ’ .

Chua, K. Y,;'xstcwart; G. A.; Thomas, W. R.; Simpson, R. J.; Dilwoffh, R.J.; 'Plo'm, T. M.; Turger, K. J.
(1988) Sequence analysis of cDNA coding for a major house dust mite allergen, Der p I: homology with
Cysteine proteases. J. Exp. Med. 167: 175-182. .o '

Cinkotai, F. F.; Lockwoéd, M. G.§~Rylander, R. (1977) Airborne ﬁ:icro—c;rganisms and px;cvalencé of byssin_otié
- Symptoms in cotton mills. Am. Ind. Hyg. Assoc. J. 38: 554-559. Co ’

Clark, C. S.; Rylander, R.; Larsson; L. (1983a) Levels of gram-negative bacteria, Asp'ergillm- Jumigatus, dust,
. and endotoxin at compost plants. Appl. Environ. Microbiol. 45: 1501-1505.

,>Clark,v S.; Rylander, R.; Larsson, L. (1983b) Airborne bacteria, endotoxin and fungi in dust in poultry and swine
~ confinement buildings. Am. Ind. Hyg. Assoc. J. 44: 537-541.

Cockeroft, A.; Edwards, 1.; Bevan, C.; Campbell, I.; Collins, G.; Houston, K.; Jenkins, D.; Latham, S.;

Saunders, M.; Trotman, D. (19812) An investigation ‘of operating theatre staff exposed to humidifier

fever antigens. Br. J. Ind. Med. 38: 144-151. o - .

Cockeroft, A.; McCarthy, P.; Edwards, J.; Andersson, N. (1981b) Allergy in laboratory animal workers. Lancet
(8224): 827-830. SR . o : - -

Cooney, D. G.; Emerson, R. (1964) Thermophilic Vfrtmgi: an account of their biology, activities, and . i
' . classification. San Francisco, CA: W. H. Freeman and Company. -

75




) ” .

Couch, R. B. (1981) Viruses and indoor air pollution. Bull. N. Y. Acad. Med. 57: 907-921.

Croft, W. A.; Jarvis, B. B.; Yatawara, C. S. (1986) Airborne outbreak of trichothecene toxicosis. Atmos.
Environ. 20: 549-552. ‘ : o

Cunningham, A. S.; Fink, J. N.; Schiueter, D. P. (1976) Childhood hypersensitivity pneimonitis due to dove
antigens. Pediatrics 58: 436-442. . .

Dahlgren, C. M.; Buchanan, L. M.; Decker, H. M.; Freed, S. W.; Phillips, C. R.; Brachman, P. S.
(1960) Bacillus anthracis aerosols in goat hair processing mills. Am. J. Hyg. 72: 24-31.

Dashek, W. V.; Eadie, T.; Llewellyn, G. C.; Olenchock, S. A.; Wirtz, G. H. (1983) Thin layer
* chromatographic analysis of possible aflatoxins within grain dusts. JAOCS J. Am. Oil Chem. Soc.
60: 563-566. - . ‘ o :
Davis, G. S.; Winn, W, C., Jr. (1987) Legionnaires’ disease: rwpxmtory infections ca.g{éd"by ngioneua
" bacteriz. Clin. Chest Med. 8: 419-439. .
. Davis, B. D.; Dulbecco, R.; Eisen, H. N.; G'msburg, H. S. (1980) Virology. In: Microbiology. 3rd ed. New
York, NY: Harper and Row; sec. 5. .

Davis, G. S.; Winn, W. C., Jr.; Gump, D. W.; Craighead, J. E.; Beaty, H. N. (1982) Legionnaires’ pneumonia
after aerosol exposure in guinea pigs and rats. Am. Rev. Respir. Dis. 126: 1050-1057.
Davis, R. M.; Orenstein, W. A.; Frazk, I. A, Jr.; Sacks, J. I.; Dales, L. G.; Preblud, S. R.; Bart, K. 1.;
© Williams, N. M.; Hinman, A. R. (1986) Transmission of measles in medical settings: 1980 through
1984. JAMA J. Am. Med. Assoc. 255: 1295-1298.

Davis, W. E.; Homer, W. E.; Salvaggio, 1. E.; Lehirer, S. B. (1988) Basidiospore allergens: apalysis of
Coprinus quadrifidus spore, cap, and stalk extracts. Clin. Allergy 18: 261-267.

de Groot, H.; Goei, K. G. H.; Aalberse, R. C. (1950) Monoclonal antibodies directed to three dog allergens. ‘
J. Allergy Clin. Immunol. 85: 279. o

Deger, G. E. (1976) Aflatoxin—human colon carcinogenesis? Ann. Intern. Med. 85: 204.

DeLucea, A. J., II; Godshall, M. A.; Palmgren, M. S. (1984) Gram-negative bac.terial' ‘endotoxinsrin grain -
elevator dusts. Am. Ind. Hyg. Assoc. J. 45: 336-339.

A <R

Ll

Dewair, M.; Baur, X.; Ziegler, K. (1985) Use of immunoblot technique for detection of byman IgE and IgG
antibodies to individual silk proteins. J. Allergy Clin. Immunol. 76: 537-542. _

Dick, E. C.; Jeanings, L. C.; Mink, K. A.; Wartgow, C. D.; Inhom, S. L. (1987) Aerosol transmission of
chinovirus colds. J. Infect. Dis. 156: 442-448.

Dimmick, R. L.; Akers, A. B., eds. (1969) An introduction to experimental aerobiology. New York, NY:
—Wiley-Interscience. :

Dixon, R. E. (1985) Economic costs of respiratory tract infections in the United States. Am. J. Med. 78(suppl.
6B): 45-51. " .

Doebbeling, B. N.; Wenzel, R. P. (1987) The epidemiolbgy of i,egionella ‘pnewnophila“infec:tions. Semin.
Respir. Infect. 2: 206-221. : .




3

doPico, G. A Reddan W Flaherty D Tsxatxs.A Peters, M. E.; Rao P.; Ra.nkm J. (1977) Respiratory .
abnormalities among gmnhandlers a clinical, physxologxc, and xmmnnologm smdy Am. Rev. pru
Dis. 115 915-927. :

| donco, G. A.; Flaherty, D.; Bhansali, P Chavaje, N. (1982) Grain fever syndrome induced by mhalanon of
' au'borne grain-dust. J. Allergy Clin. Immunol. 69 435-443 ‘
donco, G A.; Reddan, W Anderson, S.; Flaherty D.; Smalley, E. (1983) Acute effects of gmn dust exposure
during a work shift. Am. Rev. R@n’ Dis. 128:. 399-404.

Dreborg, S. K. G.; Emarsson R. (1990) Does bxologwal units (BU/ML) con'elate to major allergen conumt”
1. Allctgy Clm Imnmnol -85: 151.

- Dvorackova, I chhova, V. (1986) Pulmonary mtet;unal ﬁbroszs with evxdmce of aflatoxin B, in lung nssue
J. To:uool. Envmm Health 18' 153 157.- = .

. Edmonds, R. L. (1972) Collectmn efﬁcxmcy -of rotorod samplcrs for samplmg fungus spores in the atmosphere
Plant Dis. Rep 56 704-708. ‘ v

" Edmonds, R. L., ed. (1979) Aerobiology: the ecologxcal systems ayproach Stroudsburg, PA: Dowden, -
Hmchmson & Ros, Inc (US/IBP synthesis series 10). -

Edwards 1. H. (1972) The 1solanon of annga:s ;ssocmted with farmer's lung Clin. Exp. Immunol.
-11: 341-355. .

Edwards J. H. (1980) Microbial and ummmological mvsuganons and remedial action after an outbmk of ‘
. humidifier fever. Br J. Ind. Med. 37: 55-62 “

Edwards, C.; Luntz, G. (1974) Budgengar—fancxcr s lung a rcport of a faral case. Br. J. Dis. Chwt 68: 57-64.

Edwards J. H.; Fink, J. N.; Barbonak 3.7 (1969) Emtmn of pigeon serum proteins in pigeon droppings.
* Proc. Soc. Exp Bml Med 132 907-911. ,

Edwa:ds J. H Barboriak, J. J.; ka J. N (1970) Antxgms mpxgeonbreed:rs dxsease Immunology
19 729-734 .

Edwards, J. H:; anﬁths AT Mulhns, 1. (1976) Protozna as sources of anngen in "hurmdxﬁer fever Nature -
(London) 264 438-439

_ Eichner, R. D.; Mullbacher, A.. (1984) Hypothm fungal toxms are mvolved in aspergxllosw and AIDS. Aust.
1. Exp onl Med. Sci. 62: 479-484 ' )

El]akknm M. A Alanc,Y C.; Weyel D. A., Mammdar S., Karol, M H. (1984)Pulmonaryreacuonsto
mhaled cotton dust:: an animal model for byssmosxs Toxicol. Appl. Pharmacol. 74: 267-284

Emanuel, D. A.; Wenzel, F. J.; Bowerman, C 1.; Lawton, B R (1964) Farmer's lung: chmcal pat.hologxc and
mmmologxc study of twmty—four patients, Am. J. Med. 37: 392-401

,Emanuel D Al Wenzel F. J Luwton B. R. (1966) Pneumonitis dne to Cryptostroma corucale (maple—bark
S dxsease) N. Engl. J. Med 274: 1413-1418 .

Emmons, C. W (1955) SaprophyUC sources of Cr)p:ococcm' neofom-zans assocmted with the pxgeon (Columba
© livia). Am. J. Hyg 62 227-232

77




Emmons, C. W. (1962) Narural occurrence of opportumsnc ﬁmgx qu Invest 11: 1026 1034

Enarson, D. A.; Vedal, S.; -Yeung, (1985) R3p1d declme in FI.V in grain handlers: relation to level of
dust exposure. Am. Rev. Respir. Dis. 132: 814-817. . _

England, A. C., IIT; Fraser, D. W.; Plikaytis, B. D.; Tsai, T. F.; Storch, G.; Broome, C. V. (1981) Sporadic
legionellosis in the United States: the first thousand cases. Ann. Intern. Med. 94: 164-170.

Enterline, P. E.; Keleti, G Sykora, J. L.; Lange, 1. H. (1985) E.ndoto*uns. cotton dust, and cancer. Lancet
(8461): 934-935.

Feeley, J. C. (1985) Impact of indoor air pathogens on human health. In: Gammege, R. B.; Kaye, S. V:, eds.
Indoor air and human health. Chelses, MI: Lewis Publishers, Inc.; pp. 183-187.

Feldman, H. A.; leverman, A. C Adair, C. V. (1950) An epxdexmc of Q fevcr among employees ofa
rendermg plant in Syracuse, New York. J Clin. Invest. 29 812

Fergusson, R. J.; Milne, L. J. R.; Cmmpton G K. (1984) Pcmcxllmm allergxc alveolms faulty mstallauon of
central heating. 'I'horax 39: 294-298.

Fields, B. N., ed. (1986) Fundsment.a.l vu'ology New York, NY Raven Press.

Fink, J. N. (1983) Hypersensitivity pneumonitis. In: dedleton E., Jr.; Reed, C. E.; Ellis, E. F., eds. Allergy:
principles and practice, v. 2. 2nd ed. St. Loms, MO: The C. V. Mosby Company, pp. 1085-1099.

Fink, J. N. (1988) Hypersensitivity pneumonitis. In: Mlddleton, E., Jr.; Rwd C. E.; Ellis, E. F.; Adkmson,
N. F., Jr.; Yunginger, J. W., eds. Allergy: principles and practxce,v II. 3rd ed. St. Louis, MO: The
C V. Mosby Company; PP- 1237-1252

Fink, J. N.; Resnick, A. J.; Salvaggio, J. (1971) Presence of thermopl.uhc actmomycete.s in residential heatmg
systems. Appl. M1crobxol 22 730-731.

Fink, J. N.; Schlueter, D. P.; Sosman, A. J.; Unger, G. F.; Barbonak B J A R1mm A AL Arkms,] A
Dhal:wal K. S (1972) Chmcal survey of pigeon breeders Chest 62 277-281.

Finnegan, M. J Pickering, C. A. C.; Burge, P. S. (1984) The sick bmldmg syndrome prevalem,e studies.
Br. Med. J. 289: 1573-1575. )

Fletcher, S. M.; Rondle, C. J::M«g Murray, I. G. (1970) The extracellular antigens of. Mrtrapoly.spora Jfaeni:
their significance in farmer’s Iung disease. J. Hyg. 68: 401-409. &*

Fontana, V. J.; Wittig, H.; Holt, L. E., Jr. (1963) Observations on the specificity of the ‘skin test: the incidence
of positive skin tests in allergic and nonallergic children. J. Allergy 34: 348-353.

Foster, J. W. (1949) Chemical activities of fungi. New York, NY: Academic Press, Inc.
Fox, J. P.; Elveback, L.; Scott, W.; Gatewood, L.; Ackex:man, E. (1971)‘ Herd immunity: basic concept and
relevs.nce to public heelth mmmmmon pracnces Am 1. prdemxol 94 179-189

Fraser, D. W. (1984) Sources of leg10ne110515 In: Thomsberry C Balows, A.; Feeley 1. C., Jakubowskx w.,
eds. Legionella: proceedings of the 2nd international symposiurn. Washington, DC: American Socxety for
Mlcrobxology, PP- 277-280




Fredricks, W. W., Tebo, T H. (1975) Anantxgen of pxgeon breeders’ dxsease Fed Proc Fed Am. Soc Exp
Biol. 34:984. . - )

Furcolow M L. (1958) Reeent studies on the epxdennology of lnstoplasmosxs Ann. N. Y. Acad Scx
72: 127-163.. ' : .

: Gnrdner, D E. (1982) Use of expenmental urbome mfeenons for momtormg altered host defenses Environ.
Henlth Perspect 43: 99-107. : _

Ganbdch R. A. (1985) prdexmology of community-acquired reepxratory tract infections in adults mcxdenee ‘
: enology, and impact. Am. J. Med. 78(suppl. 6B): 32—37

Gelber, L.; Pollart, S.; Chapman, M.; Seltzer, L.; Platts- M.tlls T. (1990) SerumlgE antibodies md allergen
exposure as risk.factors for acute asthma_ In: World eonferenoe on lung health; May; Boston, MA. Am
Rev. Rspxr Dis. 141 (4, pt. 2) A146

| ~ Gerone, P. J.; Couch, R. B.; Keefer, G. V. Doughs R. G., Derrmbaeher, E. B., Knight, V. (1966)
- . Assessment of expenmental and nntural viral aerosols Bacteriol. Rev. 30: 576-588

Glick, T. H.; Gl'cgg. M. B.; Berman, B:;. Mnlhson G.; Rhods Ww. W, Jr., Kaseanoff I (1978y Ponuac fever,

. an epidemic of unknown etiology in a bealth departma:t. I chmcal and epxdexmologlc aspects. Am J
prdemxol 107 149-160.

Goldberg, L. 1.; Shechmeister, I. L. (1951) Studies on the experuneutal epxdexmology of res-puatory mfectxons
+ V. evaluation of factors related to slit mmphng of air-borne bacteria. J. Infect. Dis. 88: 243-247

Goodlow, R. J.; Leopard, F. A (1961) Vmbxhty and infectivity of xmeroorgamsms in expenmental au'borne

‘ mfecuon ‘Bacteriol. Rev. 25: 182~187 .

Grant, I. W. B.; Blyth, W., Wardrop, V. E.; Gordon, R. M.; Pearson, J. C. G Ma.lr, A. (1972) Preva.lence of
o farmerslung ancot.land. a pilot survey. Br. Med. J. (5799): 530—534

Gravesen, S. (1978) Idennﬁcatlon and prevalenoe of culturable ‘mesophilic rmcrofung1 in house dust from 100
: Damsh homes eompanson between airborne and dust-bound fungi. Allergy (Copenhagen) 33: 268-2‘72

Green, W. F. (1972) Precipitins against a fungu.s Phoma violacea, isolated from a mouldy shower curtain in sera -

from patieats with suspected allergic mterstmnl pneumomms. Med J Aust, 1: 696-698
» Greene, W. H.; Andriole, V. T.. .(1980) An outbreak of nosooomxal invasive aspergxllosxs In 20th interscience .
conference on antimicrobial agents and.chemotherapy; September; New Orleans, LA. Washmgton, DC:
Amencan Socrety for Microbiology; nbstmct no.. 546. .
Gregory, P. H. (1957) Electrostanc chnrges on spores of fung; in air. Nature (London) 180: 330.

Gregory, P. H (1961) The mxcrobxology of the atmosphere London, Unn.ed ngdom Leonard Hxll [Books]
. Limited.

Gregory, P. H. (1973) The mxcroblology of the atmosphere 2nd ed. New York NY: John Wlley & Sons.

Gregory, P. H.; Lacey, M. E. (1963) Mycological examination of dust from mouldy hay assocxated with
: farmer s lung dxsease J. Gen. Mxerobxol 30: 75-88 ’

Gregory, P. H Lacey, M. E.; Festenstein, G. N.; Skinner, F. A (1963) Microbial and bxochermcal changes
v dunng the mouldmg of hay. J ‘Gea. chrobxol 33: 147-174.




Grieble, H. G.; Colton, F. R.; Bird, T. J.; Toxgo, A.; Griffith, L. G. (1970) Fine-particle humxdxﬁers source of
Pseudomonas aeruginosa infections in a respiratory-disease unit. N. Engl. J Med. 282: 531-5

Gross, N. J. (1980) Allergy to laboratory animals: epidemiologic, clinical, and physiologic aspects, and a trial of
cromolyn in its management. J. Allergy Clin. Immunol. 66: 158-165.

Guiguet, M.; Pierre, J.; Brun, P.; Berthelot, G.; Gottot, S.; beert, C.; Valleron, A. J. (1987) prdt.xmolomcal
survey of a major outbreak of nosocomial legionellosis. Int. J. Epidemiol. 16: 466-471. ‘
Gustafson, T. L.; l_a.vely, G. B.; Brawner, E. R., Jr.; Hutcheson, R. H., Jr.; Wright, P. F.; Schaffner,
(1982) An outbreak of airborne nosocoxmal vancella Pediatrics 70: 550-556.

Habel, K (15945) Mumps and ch.tckenpox as an'-bome dxs&ses Am J. Med. Scx 209 75-78.

Hales, C. A.; Rubin, R. H. (1979) Case records of the Massachusetts General Hospxtal. case 47- 197‘?
[a 34—yw.r—old manthh recurrent pulmonary mﬁltra.tes] N Engl J Med. 301: 1168 1174.
j et
Halim, A. F.; Nmso, J A., Collms R. P. (1975) Odorous consutuens of Pemallzum chumbens Mpycologia
67: 1158-1 165.

Hatch, M. T; Dxmmck R. L (1966) Physxologlcal rwponses of axrborne Taacterxa to slnfts in relative humidity.
Bacteriol. Rev 30: 597-603

Hendricks, S. L.; Borts, 1. H.; Hereen, R. H.; Hausler, W. J.; Held, J. R. (1962) Bmce11051s outbrn.ak in an
Towa packmg house. Am. J. Pubhc Health 52: 1166-1178. o

Hesse, U. J.; Fryd, D. S.; Chatterjee, S. N.; Sxmmons,R L.; Sutherland, D E. R.; Najarian, J. S. (1986)
Pulmonary mfecuOns The Minnesota randomized prospecnve trial of cycloworme vs

azathioprine-antilymphocyte globuhn for immunosuppression in renal allograft recipients. Arch. Surg.
121: 1056~ 1060

Hook, W. A.; Powers, K.; eragama.n R. P. (1984) Skin tests and blood leukocyte histamine release of patients
with allergxes to laboratory ammals J. Allergy Clin. Immunol 73: 457-465

Horner, W. E.; l'bancz, M. D.; Lehrer, S B (1989) Immunopnnt analysxs of Calvatxa c:yathxfarmzs allergens
1. reactivity with md1v1dual sera. J. Allergy Clm Immunol 83: 784-792.

Houk, V. N. (1980) Spread of tuberculosis via recxrculated air in a naval vessel: the Byrd study In: Kundsm, -
R. B., ed. Airborne contagmn Ann N. Y. Acad Sci. 353: 10-24. :;g
- ""ilﬁh
Hoyer, M.; Arscott P.; Burge, H., Klapper, D.; Solomon, W.; Baker, J.R, Ir. (1990) Detection and
quantitation of airborne ragweed allergens usmg a new unmunoblotnng techmque J. Allergy Clin.
Immunol. 85: 227.

Huddleson, 1. F.; Munger, M. (1940) A study of an epxde:mc of brucellosis due to Brucella melxtexxs:s Am. J
Public Health 30: 944-954

Huebner, R. J. (1947) Report of an outbreak of Q fever at the National Insntute of Health' I epxdexmologlcal
features. Am. J. Public Health 37: 431-440.

Hulett, A. C.; Dockhomn, R. J. (1979) House dust, mite (D. farinae) and cockroach allergy in 2 midwestern
population. Ann. Allergy 42: 160-165.

+ 7-10




Tbanez, M. D.; Hormer, W. E.; Liengswangswong, V.; Sastre, J.; Lehrer, S. B. (1988) Identification and
analysis of basxdxospom allcrgcns from puffbalis. J. Allcrgy Clin. Immunol. 82: 787-795

Ingold C. T. (1971) Fungal spom their hberancn and dlspexsal Oxford Umted ngdom Clamndon Press '

Ishxmka K.; Ishizaka, T. (1967) Idmuﬁeanon of ‘1E-ant1bodx&s as a carrier of mgmxc actnnty J Immunol
99: 1187-1198. ]

. Jacobs, R. R. (1989) Axrborne endotoxms an asocmnon thh occupauonal lung dxsuse Appl Ind. Hyg. "
4(2): 50-56 ' . . , .
Jensen, J.; Poulsen, L. K.; Mygind, K.; Weeke; E. R.; Weeke, B (1989) Immunochemical estimations for
allergenic activities from outdoor acro-allcrgens, collected by a Mgh-volume au' sampler Allergy .
(Copenhngm) 44: 52-59 ' \

_-Johnson, C.L Bcrnstem,l :L.; Gallagher, 1.8 Bonvemre, P. F.; Brooks, S. M (1980) Famxhal
o hypersensxtmty pneumomns induced by Bacillus :ubtxlxs. Am. Rev. Respir. Dis. 122: 339-348

Jokhk W.K.; lelett,H P.; Amos, D. B., eds. (1984) Basic vu-ology and chmoal vu'ology In stser
‘ microbiology. 18th ed Norwalk, CI' Appleton-Cmmry-Crofts sections IV-V.

Kalakoutskii, L. V.; Agre, N. S. (1973) Endospores of actmomyeets dormancy and gcrminaﬁon In: Sykes, G.;
: Skinner, F. A., eds. Actinomycetales: characteristics and practical importance. New York, NY: '
* Academic Press; pp. 179-195. (The Society for Apphed Bacteriology symposmm series no. 2)

Kammsln E Libbey, L. M.: Stawxckx S Wasovncz, E. (1972) Idennﬁcancn of the predommant volanle -
compounds produced by Aspergillus ﬂaw.v Appl. Microbiol. 24: 721-726.

Kammskx E.; Stamclo S., Wasowicz, E. (1974) Vo]snle ﬂavor compounds produced by molds of A:pergzllu.r,
‘ Pemczllxum, and Fungx unpe»fecn Appl. chrobxol 27: 1001-1004 ' :

: Kang, B.; Vellody, D.; Homburgcr, H.; Yungmger, 1. W (1979) Cockroach cause of allergic asthma its
’ specxﬁcxty and mnmmologxc pmﬁle J. Allergy Clin. hmnunol 63: 80-86.

Karahadian, C.; Joscphson D. B Lmdsay, R. C (1985) Volatile compounds from Pencillium sp. contnbutmg
’ ' musty-arthy notes to Bne and Camembert chewe ﬂavors J. Agnc Food Chem. 33 339-343.

Karim, Y. G.; ljaz, M. K.; Sattar S Al Johnson I.nsscnburg, C. M. (1985) Effect of relative hunudxty on the
axrbome survival of rhinovirus-14.: .Can. J. chrobxol 31: 1058-1061. '

Kark 1.Dg Lebmsh M.; Rannon, L. (1982) Cigarette smokmgasanskfactor for epxdczmc A(H,N,) influenza
T myoungmeo N. Engl. J Med. 307 1042-1046. ©

AKaufman L.; Blumer, S (1978) Cryptococcosns the awakeumg giant. In: Proceedmgs of the fourth international
- conference on the mycoses: the black and white yeasts; June 1977; Brasilia, Brazil. Washmgton, DC: Pan
. Amenean Henlth Organization; scientific publication no. 356; pp. 176-182.

KaufmannAF Fox,MD Boyce,JM Anderson, D. C Pom:rME Martone,WJ Patton, C. M.

(1980) Airborne spread of brucellosxs. In: Kundan R. B ed. Airbome contagmn Ann. N. Y. Acad.
Scx. 353: 105- 114

Keller, R. H.; Swartz, §.; Schlueter, D. P.; Bar-Sels, S.; Fink, J. N. (1984) Immunoregulation in
hypersensitivity pneumonitis: phenotypic and functxoml studies of bronchoalveolar lavage lymphocytes
Am. Rev. Respir. st 130: 766-771‘

7




Kelsen, S. G.; McGuckin, M. (1980) The role of airbome bacteria in the contamination of fine particle
" pebulizers and the development of nosocomial pneumonia. Ana. N. Y. Acad. Sci. 353: 218-229.

Kendrick, B. (1985) The fifth kingdom. Watefloo, dN, Canada: Myéologue Publications.

Keanedy, S. M.; Chnsuam, D. C.; Eisen, E. A, Wegman, D. H.; Greaves, L. A.; Olenchock, S. A.; Ye,
T.-T.; Lu, P.-L. (1987) Cotton dust and endotoxin exposure-response rélationships in cotton textile
workers. Am. Rev. Respir. Dis. 135: 194-200.

Kent, D. C. (1967) Tuberculosis as a military epidemic disease and its control by the Navy Tuberculosis Control
Program. Dis. Chest 52: 588-594. ‘ ‘

Kent, D. C.; Reid, D.; Sokolowski, J. W.; Houk, V. N. (1967) Tuberculin conversion: the iceberg of
tuberculous pathogenesis. Arch. Environ. Health 14: 580-584. . :

Kem, R. A. (1921) Dust seasitization in- bronchial asthma. Med. Clin. North Am. 5 751};;§__8.

Kerrebijn, K. F.. (1970) Endogenous factors in childhood CNSLD: methodological aspects in population studies.
In: Orie, N. G. M.; van der Lende, R., eds. Bronchitis ITI: proceedings of the third international
symposium on bronchitis; September 1969; Groningen, The Netherlands. Assen, The Netherlands: Royal
Vangorcum; pp. 38-48. ‘

Kethley, T. W.; Fincher, E. L.; Cown, W. B. (1956) A system for the evaluation of acrial disinfectants. Appl.
Microbiol. 4: 237-243. .

Kethley, T. W.; Fincher, E. L.; Cown, W. B. (1957) The effect of sampling method ﬁpon the apparent résponse
of airborne bacteria to temperature and relative humidity. J. Infect. Dis. 100: 97-102.

Kim, S. J.; Chaparas, S. D. (1978) Charactéﬁzxtioﬁ of anugens from Aspergillus fumigatus: L. pmpz&ation of
antigens from organisms grown in completely synthetic medium. Am. Rev. Respir. Dis. 118: 547-551.

Kingston, D.; Warhurst, D. C. (1969) Isolation of amoebae from the air. J. Med. Microbiol. 2: 27-36.

Kirkland, T. N.; Fierer, J. (1985) Genetic control of resistance to Coccidioides immitis: a single gene that is
expressed in spleen cells determines resistance. J. Immunol. 135: 548-352.

Kitchen, M. S.; Reiber, C. D.; Eastin, G. B. (1977) An urban epidemic of North American blastomycosis. Am.
Rev. Respir. Dis. 115: 1063-1066.

Kjellman, B.; Pettersson, R. (1983)<Fee problem of furred pets in childhood atopic dxsga:s?g_:;faﬂure of an
information program. Allergy (Copeahagen) 38: 65-73. SR :

P2

‘ “ ‘ & '

Klein, B. S.; Vergeront, J. M.; Weeks, R. J.; Kumar, U. N.; Mathai, G.; Va}key, B.; Kaufman, L.; Bradsher,
R. W.: Stoebig, J. F.; Davis, 1. P. (1986) Isolation of Blastormyces dermatitidis in soil associated with a
large outbreak of blastomycosis in Wisconsin. N. Engl. J. Med. 314: 529-534.

Knight, V. (1980)‘Vimses as 8g¢‘:ntsw of airborne contagion. In: Kundsin, R. B., ed. Airborne contagion. Ann.
N~Y. Acad. Sci. 353: 147-156.

Knysak, D. (1989) Animal aeroallergens. Immunol. Allergy Clin. North Am. 9: 357-364. | -

Kobayashi, M.; Stahmann, M. A.; Rankin, J.; Dickie, H. A. (1963) Anfigéns in moldy hay as the cause of
farmer's lung. Proc. Soc. Exp. Biol. Med. 113: 472-476.

7-12 .




‘ Kohler, P. F. Gms G.; Salvaggxo, J Hawkins, J (1976) Humidifier: Iung: hyperseusmvxty pneumomns
related to thermomlemnt bactenal aerosols. Chest 69: 294-296. ‘

- Kom, D S.; Florman. A.L; Gn'bctz 1. (1968) Recum:nt poeumonitis thh hyperscnsmvxty to hm litter. JAMA
J. Am. Med. Assoc. 205(1): 4445.

Korsgaaxd, J. (1982) Prcventxve measures in house-dust allcrgy Am. Rev. Respxr Dis. 125 80-84.

Korsgaard, J. (1983) Mxte asthma and residency: a ease-control study on the unpact of exposure to house-dust
- mites in dwclhngs A.m. Rev. prxr Dis. 128: ?31-235

Kmsmsh K.,Holman R. S.; Hanns B.; Greco, M. A Gmﬁ' M Bhogal, M (1985)Nosoco:malfungal
' m.fectxon during hospxtal movehon Infect. Control 6: 278-282

Kreiss, K. (1989) The epidemiology of bmldmg-related complmnts and illness. Occup. Med. 4 575-592.

Kmss K.; Hodgson, M. J. (1984) Bmldmgassocm!edepxdcmxcs In: Walsh, P.1; Dudney. C. §.; Copenhaver, '
E. D eds. Indoorurqnalxty BocaRa.ton FL: CRC Press, Inc.; pp. 87-106

Kneg, N. R.; Holt, J. G., eds. (1984) Be_tgey s manual of systemanc bactenology, v. 1. Baltunore, MD:.
o Willmms&lehns o _ ' R

Kumar, P.; Ma.ner,R Leech, S. H. (1981) Hypcrscnmnvuy pneumomnsdueto contammanon ofawm '
" . conditioner. N. Engl J Med. 305 1531 1532

I..chrge, D. E; Stahmann M. A. (1966) Anugens from moldy hay mvolvedmfarmers lnng Proc Soc. Exp
Biol. Med. 121: 458-462. ;

Iacey, i I Lacey, M. E. (1964) Spoxe conccntranons in the air. offarm bmldmgs Trans. Br. Mycol Soc.
47 547-552. .

“Land, C. J. ‘Hult vK., Fuchs, R.; Hageﬁaetg S.; Dmdstmih, H (1987) Tremotgeﬁxc mycotoﬁuns ﬁnm .
© Aspergillus ﬁmugaxus asa possfnle occupanonal health problem in sawmills. Appl Environ. chmbxol
. 53:787-790. -

_ Langmuir, A, D (1980) Changmg conccpts of airborne infection of acute oontagmus diseases: a reconmderatxon
: - of classic epidemiologic theories. Ann. N Y. Acad. Sc1 353: 35-44. ‘

I..a.ntz, R..C.; Birch, K. Hmton D E., Burrell R. (1985) Moxphomemc changs of the lung mduwd by .
' xnhaled bactetml endotoxin. Exp Mol. Pathol. 43- 305-320.

Lnrsen R. A, Jacobson I A Moms,A H ‘Benowitz, B. A (1985) Acutempu'axory fmlu:eesusedby

‘primary pulmonary coccxdxoxdomycos;s two case reports and a review of the Incramxe Am. Rev. Rspu'
... Dis. 1312 797-799 _

Leclaxr J. M.; Zaia, J. A.; Levxn M. I Congdon,R G.; Goldmann D. A. (1980) Axrbome tmnsxmmon of
c}uckmpox in a hospital. N. Engl }. Med. 302: 450-453 .

Lee, T. H.; Wraith, D. G.; Bennet:,C 0.; Benﬂey,A P. (1983) Budgerigar fznmcrslung the persxstmce of

" budgerigar precipitins and the recovery of lung funcuon after cessation of avian exposure Clxn Allergy -
13: 197-202 ‘

lzxtcrmann K.; Ohmnn J. L., Jr. (1984) Cat allergen 1 blochexmcal anugemc, and allergemc propetnw AR
' L AllcrgyClm Immunol 74 147-153 ‘

73




1enhart, S. W.; Olenchock, S. A.; Cole, E. C. (1982) Viable sampling for airborne bacteria in a poultry
processing plant. J. Toxicol. Environ. Health 10: 613-619. o

Lentino, J. R.; Rosenkranz, M. A.; Michaels, J. A.; Kurup, V. P.; Rose, H. D.; Rytel, M. W. (1§82)
Nosocomial aspergillosis: a retrospective review of airborne disease secondary to road construction and
contaminated air conditioners. Am. J. Epidemiol. 116: 430-437.

Lockey, R. F.; Beﬁedict, L. M.; Turkeltaub, P. C, Eukantz, S. C. (1987) Fatalities from immunotherapy (IT) ‘
‘ and skin testing (ST). J. Allergy Clin. Immunol. 79: 660-677. ' ' .
Longbottom, J. L. (1980) Purification and characterization of allergens from the urines of mice and rats. In:
Ochling, A.; Mathov, E.; Glazer, 1.; Arbesman, C., eds. Advances in allergology and clinical -
immunology. Oxford, United Kingdom: Pergamon Press; pp. 483-490. ‘

Longini, I. M., Jr.; Koopman, J. S.;‘Monto, A. S, fox, 1P. (1§82) Estimating iﬁouseﬁold and community
~ transmission parameters for influenza. Am. J. Epidemiol. 115: 736-751. 544 :

Longini, I. M., Jr.; Koopman, J. S.; Haber, M.; Cotsonis, G. A. (1988) Statistical inference for infectious
diseases: risk-specific household and community transmission parameters. Am. J. Epidemiol.
128: 845-859. ’ ‘

Lorusso, 1. R.; Moffat, S.; Ohman, J. L., Jr. (1986) Immunologic and biochemical properties of the major
" mouse urinary allergen (Mus m 1). J. Allergy Clin. Immmol. 78: 928-937. :

Luczynska, C. M.; Arruda, L. K.; Platts-Mills, T. A. E.; Miller, J. D.; Lopez, M.; Chapman, M. D. (1989),
’ A two-site monoclonal antibody ELISA for the quantification of the major Dermatophagoides spp.
allergens, Der p I and Der f1. J. Immunol. Methods 118: 227-235. :

Lundholm, 1. M. (1982) Comparison of methods for quantitative determinations of airborne bacteria and
evaluation of total viable counts. Appl. Envu-on Microbiol. 44: 179-183. : :

Lutsky, T. L; Neushan, L. (1975) Laboratory animal dander allergy: 1. an occupational disease. Ann. Allergy |
35: 201-205. »

Marinkovich, V. A.; Hill, A. (1975) Hypersensitivity alveolitis. JAMA J. Am. Med. Assoc. 231: 944-947.

Mathews, K. P. (1989) Inhalant insect-derived allergens. Immunol. Allergy Clin. North Am. 9: 321-338.

May, K. R. (1967) Physical aspects of sampling airborne microbes. In: Gregory, P. H.; Monteith, J. L., eds.
Airborne microbes: seventzefith symposium of the Society for General Microbiﬁ?ﬁ; April; London,
United Kingdom. London, United Kingdom: Cambridge University Press; pp. 68-80.

May, K. R. (1980) Assessment of ‘viablg airborne particles. In: Mercer, T. T.; Moxrow, P E.; Stober, W.‘, eds.
Assessment of airborne particles. Springfield, IL: Charles C. Thomas; pp. 480-494. '

May, K. R.; Pomeroy, N. P. (1973) Bacterial dispersion from the body surface. In: Hers, J. F. Ph.; Winkler,
K. C., eds. Airborne transmission and airborne infection: concepts and methods presented at the IVth
international symposium on aerobiology; Enschede, The Netherlands. New York, NY: John Wiley and
Sons; pp. 426-432. ‘ C

Meiklejohn, G.; Reimer, L. G.; Graves, P. S.; Helmick, C. (1981) Cryptic epidemic of Q fever in a medical
’ school. J. Infect. Dis. 144: 107-113.

e | - 7-14




' Meadoza, I.; Sayder, R D. (1970) Cockmach smsm\nty in clnldrcn wuh bronchlal asthma Ann Allcrgy
28: 159—163 '

Meyer, R. D. (1983) Legionella infections: a revie\y of five yenrs of mea:ch Rev. Infe;t. Dis. 5: 258-278.

Michel, O.; Le Bon, B.; Duchatean, J.; Vertongen, F.; Sergysels, R. (1989) Domestic endotoxin éxposure in
asthma. In: Scientific meenng of the contact group *Respiratory Physiopathology” of the *National Fund-
for Scientific Research, * mvued papets on: inhalation pathology; June; Leuven, Belgmm Eur.

Rspn' 1. 2. 1019-1020 ' o

Milton, D. K.; Gere, R. J.; Feldman H. A; vaes,l A. (1990) Endotoxm measurernent: acrosol samphng
- and application. ofa new Limulus method. Am. Ind. Hyg. Assoc J. 51: 331-337.

Mirocha, C. J.; Pawlosky, R.-A.; Chatterjee, K.; Watson, . S.; Hayes, W. (1983) Analysis for Fusarium toxins in
. various samples. implicated i in. bxologwal ‘warfare in Southeast Asia. J. Asoc Off Anal. Chexn.
66: 1485-1499. ‘

. Mitchell, E. B.; Wilkins, S.; McCallum Deighton, I.; Plnns-Mﬂls, T. A. E. (1985) Reduction of house dust
: . mite allergen levels in the home: use of the acaricide, pirimiphos methyl. Clin. Allergy 15: 235-240. -

Monto, A. S. (1987) Influenza: quannfymg morbidity and mortality. Am. 1. Med 82(suppl. 6A): 20-25.

* Moore, V. L.; Pedersen, G. M.; Hauser, W. C.; Fink, J. N. (1980) A study of lung lavage materials in patients
with hypersensitivity pneumonitis: in vitro msponse to mitogen and antigen in pigeon breeders’ disease.
J. Allcrgy Clin. Immunol. 65: 365-370

Moser, M. R.; Bender, T. R.; Margolis, H. S.; Noble, G. R. Kendal, A. P.; Ritter, D G (1979) Anoutbreak
: of mﬂucnm aboard a commetcxal axrhner Am. J. prdcxmol 110 1-6. :

' Muder, R. R.; Yu, V. L.; Woo, A. H. (1986) Mode of transmission of Legionella pneunwphxla a cnucal
review. Arch. Intern. Med. 146 1607-1612

‘ Mmlcnbcrg, M. L. (1989) Aeroalletgcn assessment by mcmscopy and cultm'e Immunol Allergy Clm North
Am. 9: 245-268. v

: Murray, A. B Ferguson, A. C. (1983) Dust-fme bedrooms in the treatment of asthmatic chxldren with house
dust or house dust. mxte allergy: a controlled trial. Pediatrics 71: 418-42.2

Nelson ‘H. S.; ersch S. R.; Ohman J.L., Jr., Platts-Mllls T A.E; Reed C. E.; Solomon, W. R. (1988)
Recommzndanons for the use of residential: ur-cleamng dcvxcs in the treatment of allcrgxc mpuatory
dxseas&s J. Allcrgy Chn Immunol 82 661-669.

Nevalamen A. (1989) Bactenal aerosols i m mdoor air, Helsmh Pxnland National Pubhc leth Insutute

O‘Bnen, L. M.; Bull, J.; Creamer, B.; Scpulveda R.; Hnms. M.; Burge, P. S.; Pcpys, J. (1978) Asthma and
extrinsic allergic alveolitis duc to Merulius lacrymans. Clin. Allergy 8: 535-542 )

O’Neil, C. E.; Hughﬁ,l' M.; Butcher, B. T.; Salvaggio, J. E.; Lehrer, S. B. (1988) Basidiospore extracts:
‘ evidence for common anngemclallerganc detcnmnxnts Int. Arch. Allergy Appl. Immunol. 85: 161 166.

Ohman J L., Jr (1978) Allergymman&used by exposuratomammals J. Am. Vet Med. Assoc
’ 172: 1403-1406.




o -

Page, F. C. (1976) An illustrated key to freshwater and soil amochas. Sci. Publ. Freshwater Biol. Assoc.

0hm§n, L., I (1989)“‘Aller‘gcn immunotherapy in asthma: evidence for efficacy. 1. Allergy Clin. Immunol.
84: 133-140. : ‘

Ohman, J. L., Ir.; Kendall, S.; Lowell, F. C. (1977) IgE antibody to cat allergens in an allergic population.
J. Allergy Clin. Immunol. 60: 317-323. .

LY .

Ohman, J. L., Jr.; Lorusso, 1. R.; Lewis, S. (1987) Cat allcrgen content of comm&cial house dust extracts:

comparison with dust extracts from cat-containing environment. J. Allergy Clin. Immunol. 79: 955-95%..  ~

(34): 1-155.

Palchak, R. B.; Cohen, R.; Ainslie, M.; Hoemer, C. L. (1988) Airborne endotoxin associated with
industrial-scale production of protein products in gram-negative bacteria. Am. Ind. Hyg. Assoc. J.
49: 420-421. ’ v

AL e

P;ngm. M. S.; Lee, L. S.; Delucca, A. J., II; Ciegler, A. (1983) Preliminary smdy‘il_ﬁf-rﬁjcoﬂom and
mycotoxins in grain dust from New Orleans area-grain elevators. Am. Ind. Hyg.’Assoc. J. 44: 485-488.

Palmgren, U.; Strom, G.; Blomquist; G.; Malmberg, P. (1986) Collection of airborne micro-organisms on
Nuclepore filters, estimation and analysis—CAMNEA method. J. Appl. Bacteriol. 61: 401-406.

Parrott, W. F.; Blyth, W. (1980) Another causal factor in the production of humidifier fever. J. Soc. Occup
Med. 30: 63-68. ‘ S

Pathak, V. K.; Pady, S. M. (1965) Numbers and viability of certain airborne fungus spores. Mycologia
57: 301-310. | ‘ '

Patriarca, P. A.; Weber, J. A, Parker, R. A.; Orenstein, W. A.; Hall, W. N.; Kendal, A. P.; Schonberger, -
L. B. (1986) Risk factors for outbreaks of influenza in nursing homes: a case-control study. Am. L
Epidemiol. 124: 114-119. . '

Patterson, R.; Sommers, H.; Fink, J. N. (1974) Farmer’s lung following inhalation of Aspergillus flavus growing
in mouldy corn. Clin. Allergy 4: 79-86. ] ‘

Patterson, R.; ka. 1. N.: Miles, W. B.; Basich, J. E.; Schieuter, D.B.; Tinkelman,'D. G.; lilobex;ts. M.
(1981) Hypersensitivity lung disease presumptively due to Cephalosporium in homes contaminated by
sewage flooding or by himidifier water. J. Allergy Clin. Immunol. 68: 128-132.

Peat, J. K.; Salome, C. M. SEag%ick, C. S.; Kemrebijn, 1. Woolcock, A. J. (1989) Alpréspective study of

bronchial hyperresponsiveness aud respiratory symptoms ina population of Alstralian schoolchildren.
Clin. Exp. Allergy 19: 299-306. : '

Pepys, J. (1969) Hypersensitivity diseases of the lungs due to fungl and organic dusts. In: Kallos, P.; Hasek, M.;
Inderbitzin, T. M.; Miescher, P. A.; Waksman, B. H., eds. Monographs in allergy, vol. 4. Basel,
Switzerland: S. Karger. 4

Pepys, J.; Jeakins, P. A. (1965) Precipitin (F.L.H.) test in farmer’s lung. Thorax 20: 21-35.

Perkins, J. E.; Bahlke, A. M.;‘ Silverman, H. F. (1‘947)‘ Effect of ultra-violet irradiation of classrooms on spread
 of measles in large rural central §chools: preliminary report. Am. J. Public Health 37: 529-537.

Petitti, D. B.; Friedman, G. D. (1985) Respiratory morbidity in smokers of low- and high-yield cigarettes. Prev.
Med. 14: 217-225. o ‘ | -

- 716




les-Mxlls T. A. E; Chxpman, M. D. (1987) Dust mites: unnmnology, allergm dxsuse, and envxmnmental
contml J Allergy Clin. lmmunol 80: 755‘775

' PlattsMills, T. A. E.; de Weck, A. L. (1989) Dust mite: allergcns and asthms—s worldwide problem I. Allergy
Clin. Immumol. 83: 416-427. | ,

Plnns-Mxlls T.A.E; Tovey, E.R.; Mitchell, E. B.; Mosmro, H., Nock P Wﬂhns S.R. (1982) Reducuon' ™
of bronchial hyperreactivity during prolonged allergeu avoxd.mee Lancet (8300) 675-677. - o .

Plans-Mxlls T. A. E.; Heymann, P. W., Chapman, M. D.; Hayden, M L.; Wilkins, S. R. (1986a)
Cms-reaenng and species-specific determinants on a major allergen from Damawphagoxde:
pteronyssinus and D. farinae: development of & radioimmunoassay for mngen P, equivaleat in house dust
and dust mite extracts. J. Allergy Clm Immunol 78 398-407 :

ans-Mms T. A. E.; Heymann, P. W.; Longbottom, J. L.; Wilkizs, §. R. (1986b) Airborne allergens o
assocmedthhasthma parnclesxmean'ymgdustnnteandmdlergensmensmedvmhacasmde
1mpactor 1 Allergy Clin. Immnnol. 7. 850-857. .

Plaus-Mxlls T A.E.; nydm M. L Chapman, M. D.; Wilkins, S R. (1987) Seasonal variation m ‘dust mite
' and grass-pollen allergens in dust froxn the houses of patxents with asthma. J. Allergy Clin. lmmunol
79: 781-791 :

Platts-Mills, T. A. E.; Chapman M. D.; Heymam, P. W.; Luczynska, C. M. (1989) Mmcms of sirborne .
- allergen usmg Immunoassays. Immnnol Allergy Clin. North Am. 9: 269-283

Plouffe, J. F.: Para, M. F.; Maher, W. E.; Hackman, B.; Webster, L. (1983) Subtypes of Legionella' '
pneumophxla scrogroup 1 associated with dxfferent attack rates. Lancet (8351): 649-650.

Pollart, S. M Chapman, M. D.; Fioceo, G P Rose, G.; Platts Mxlls T. A. E (1989a) Epldemmlogy of acute
asthma. 1gE antibodies to common mha.la.nt allergens as a risk factor for emergency room visits. -
1. Allergy Clin. Immunol 83: 875-882 - ‘

Pollart, S. M.; Platts-Mills, T. A. E.;. Chapman, M. D. (l989b) Idennﬁennon, quanuﬁcanon and punﬁcauon of - ‘
cockroach (CR) allergens usmg rnonoclonal antibodies (mAb) J. Allergy Clin. Irnmunol. 83: 293

Pnce, J. A Longbottom, J. L. (1987) Allergy to mice. 1. Idenuﬁcanon of two major mouse allergens (Ag 1 and
Ag 3) and investigation of their possible origin. Clin. Allergy 17: 43-53

_Reed, C. E.; Sosman; A.; Barbee, R..A. (1965) ngeon-breeders lung a newly observed interstitial pulmonary
_ disease. JAMA J. Am.Med. Assoc. 193(4) 261-265 ‘

Rentschler, H. C., Nagy, R. (1942) Bactenmdal action of ultraviolet rarlmnon on air-borne orgamsms
. N Bactenol 44 85-94. - )

s

Richman, P. G.,Khan H. A, Turkeltaub P C Ma.lveanx,F J., Baer, H. (1984) The important sources of
German cockroach allergens as determmed by RAST amlyss J. Allergy Clin. Imnmnol 73: 590-595.

Rxley, E. C. (1980) The role of veutxlanon in the spread of meesles in an elementary school Ann. N.'Y. Acad.
- Sci. 353: 25-34. '

Rxley, R. L. (1982) Indoor airborne mfecuon. Emnron Int. 8: 317-320.

Rxley. R.L.; Kaufman J. E (197 1) Air dxsmfecuon in corndors by upper air irradiation with ultraviolet. Arch. -
Environ. Hedth 22 551-553.

7-17




s

Riley, R. T. Kcﬁippaincn, B. W.; Norred, W. P. (1985) Penetration of aflatoxins through isolated human -
epidermis. J. Toxicol. Environ. Health 15: 769-777.

Rinaldi, M. G. (1983) Invasive aspergillosis. Rev. Infect. Dis. 5: 1061-1077.
Rippon, J. W. (1982) Medical mymlogy: the pathogenic fungi and the pathbgenic actinomycetes. 2nd ed.
Philadelphia, PA: W. B. Saunders Compaay. o

Rippon, J. W. (1988) Medical mycology: the pathogenic fungi and the pathogenic actinomycetes. 3rd ed.
Philadelphia, PA: W. B. Saunders Company.

Rippon, J. W.; Conway, T. P.; Domes, A. L. (1965) Pathogenic potential of Aspergillus and Penicillium
species. J. Infect. Dis. 115: 27-32. : v

Rodricks, J. V.; Hesseltine, C. W.; Mehiman, M. A. (1977) Mycotoxins in human and animal health. Park

Forest South, IL: Pathotox Publishers, Inc.
Rolfsen, W.; Schroder, H.; Tibell, C.; Tibell, M. (1987) Detection of specific IgE antibc‘xﬁes towards cat flea
(Crenocephalides felis felis) in patients with suspected cat allergy. Allergy (Copenhagen) 42: 177-181.

Ruben, F. L. (1987) Prevention and control of influenza: role of vaccine. Am. J. Med. 82(suppl. 6A): 31-34.
Rylander, R.; Haglind, P. (1984) Airborne endotoxins and humidifier disease. Clin. Allergy 14: 109-112.

Rylander, R.; Haglind, P.; Lundholm, M.; Mattsby, I.; Stengvist, K. (1978) Humidifier fever and endotoxin
exposure. Clin. Allergy 8: 511-516.

Rylander, R.; Haglind, P.; Limdholm, M. (1985) Endotoxin in cotton dust and respiratory function decrement

among cotton workers in an experimental cardroom. Am. Rev. Respir. Dis. 131: 209-213.

Salvaggio, J. E. (1987) Robert A. Cooke memorial lecture: hypcrsmsitivitj' pneumonitis. J. Allergy Clin.
Immunol. 79: 558-571. v

Salvaggio, J. E.; Buechner, H. A.; Seabury, J. H.; Arquembourg, P. (1966) Bagassosis: I. precipitins against
extracts of crude bagasse in the serum of patients. Ann. Intem. Med. 64: 748-758.

Schachter, J.; Sung, M.; Meyer, K. F. (1971) Potential danger of Q fever in a university hospital environment.
3. Infect. Dis. 123: 301-304. - ‘

Schlichting, H. E., Jr. (1969) The importance of airborne algae and protozoa. 1. Air PofiutControl Assoc.
19: 946-951.

Schiueter, D. P.; Fink, J. N.; Hensley, G. T. (1972) Wood-piilp workers® disease: & hypegéensitivity
pneumonitis caused by Alternaria. Ann. Intern. Med. 77: 907-914.

Schmidt, C. D.; Jensen, R. L.; Christensen, L. T.; Crapo, R. O.; Davis, J. J. (1988) Longitudinal pulmonary
function changes in pigeon breeders. Chest 93: 359-363.

Schoenbaum, S. C. (1987) Economic impﬁct of influenza: the individual’s perspective. Am. J. Med. 82(suppl.
6A): 26-30.

Schou, C.; Lowenstein, H. (1990) Purification and charactéﬁmtioxi of the important dog allergen Can fl
(Ag 13). J. Allergy Clin. I:qmnnol. 85: 170. : '

' 7-18




. Schulaner, F A, (1970) Sensxtmty to the eockmach in thme gmups of aliergic chxldren Pedmnm 45: 465-466. ’

Schulman 1L (l968)'l'heuscofmm1mal model zosmdy msmxssxonofmﬂucnzavxmsmfecnon Am J
Public Health 58: 2092- ~ . ‘

Schumcher, M. J.; Jeffery, S. E (1976) anhxhty of Altemarxa alrermta bxochemxml and mmxmologxcal
: chm&msncs of culture filtrates from seven isolates. J. Allergy Clin. Immunol. 58: 263-277

Scully R.E., ed. (1979) Case records. of the Mtss:.chusetts Genenal Hospitai: Weekly chmeopahologmal
' exemses, case 47-1979. N. Engl J. Med. 301: 1168-1174.

Sclby. P., ed. (1976) Inﬂumn. virus, vaccmes, znd strazegy New York, NY Academic Prss

: Slnnk R. C., ed. (1981) Mycotoxms and‘N-mtmso compotmds envxmmmnsks BocaRnon FL: CRC
' Press, hc 2v

'Sh.l.ma.zn. K.; Ando M.; Sakata, T., Yoalnda, K; Anh S. (1984) Hypcrscasnvxty pnemnomns induced by
Tndw.spamnananam Am.szRespqus 130: 407-411 :

‘ ngel M. M., Scott, T. F. M.; Heale, W.; Janton, O. H. (1950) Q fever ina wool md hair pmng plmt
) - Am. 1. Pubhc Health 40: 524—532. , S

A Sh\nn R. G. (1983) Alln'glc bmnchopu.lmonn-y aspagﬂlosxs In.dedletun,E. Jr.,Raed C. E,; Ellis, E. F.,
eds Allergy: pnncxplesandpm:txce, v. 2. ?.nded. St. Louis, MO Tth. V. Mosby Company,
pp. 1067-1083.

~ Smith, P W.; an R. M. (1977) Room bhumidifiers as the source of Aanaabaaer mfecnons ‘JAMA 1.
: Am. Med. Assoc. 237: 795-797

Snmth P. H. A; Mnr N. S.; Sharpe, M E.; Holt, J. G.,eds (lQSG)Bergeysmnualofsystmanc
baczcnology, V. 2. Baltxmoxe MD Williams & -Wilkins.

’Solley, G. O Hyatt, R. E. (1980) Hypetsensm\nty pnammmns mdnud by Pemallwm q:ecxs J. Allergy Chn.
B Immnnol 65 65-70.

i

Solomon, W. R.; Burge, H. P.; Boise, J. R. (1978) Au'bome Aspergxllm; funngams lcvels outsxdc and within a
‘ lnrge chmal ceater. J. Allergy Chn Imnmnol 62: 56-60.

. Solomon, W. R.; Burge, H. A.; Boxse, J. R. .(1980) Exclusxon of pamculne a.llcrgms by wmdow air
condmcners. J. Allcrgy Clm Immunol. 65::305-308. ... . -

Sonwson, A. Larsson, L.; Fox, A. Westcrdahl G.; Odham, G. (1988) Determmmon of q:vmmmtal levels
of peptidogiycan and lipopolysaccharide using gas chromatography with negative-ion chemical-ionization
mass spectrometry utilizing bacterul amino acxds and hydroxy fatty acids as blomarkus J. Chmmamgr
431: 1-15. :

Sorenson, W. G.; Simpson, J. P.;’ Peach, M. J., IT; Thedell, T. D.; Olenchock,s A. (1981) Aflatoxin in A
~ respirable corn. dust petticles. J Toxxcol Emnron. ‘Health 7: 669-672. ‘

Spendlove, J. C.; Fannin, K. F. (1983) Source, sxgmﬁcance, and contml of mdoor nncmbnl acrosols: humm
health aspects. Public Health Rep. 98: 29-244 .

'."*Spengler, J. D Sexton, K. (1983) Indoor air polluuon a pubhc henlth pcrzrpecuvc Science (Washmgton DC)
221: 9-17 :

7-19




Spiegelmsn, J.; Friedman, H. (1968) The effect of central air filtration and nr conditioning on pollcn and
microbial contamination. J. Allergy 42: 193-202.

Sporik, R.; Holgate, S. T.; Platts-Mills, T. A. E.; Cogswell, J. J. (1990) Exposure to house-dust mite allergen
(Der p 1) and the development of asthma in childhood: a prospective study. N. Engl. J. Med.
323: 502-507.

Stankus, R. P., O’Neil, C. E. (1988) Anngunc!dlergemc chmctcnznnm: of Amcnam and German cockroach
extracts. J. Allergy Clin. Immunol. 81: 563-570.

Stanwick, R. S. (1986) Balancing the risks: Legionella pneumophxla pneumonia and tap water scalds in the home.
Csn. Med. Assoc. J. 135: 1251-1252.

Stiehm, E. R. Rmd,C E..Bubee R. A; Tooley.W H (1966)ngeonbreedcrs d:scasemchﬂdm
1. Pediatr. (St. Louis) 69: 980.

Stichm, E. R.; Reed, c. E.; Tooley, W. H. (1967) Pigebn breedcr’s lung in children. E_ediatrics 39: 904-915.

Storch, G.; Baine, W. B.; Fraser, D. W Broome. C V. Clegg. H. W, IL; Cohen, M. L Goings, S. A. 1;
Politi, B. D.; Terranova, W. A.; Tsai, T. F.; Plikaytis, B. D.; Shepard, C. C.; Bennett, J. V. (1979)

Sporadic commumity-gcquired' Legionnaires® disease in the Umted States: a ase-control study. Ann.
Intern. Med. 90: 596-600.

Su, H. J.; Burge, H. A.; Spengler, J. D. (1950) Indoor saprophytic aerosols and respiratory health. J. Allergy
' Clin. Immumol. 85: 248. ‘ "

Susmzn, A. S Hﬂvorson, H. 0. (1966) Spom thexr dormancy and ge:rmmanon New York, NY: Harper &
Row

Svartengren, M.; Falk, R.; Linnman, L.; Phxhpson, K.; Camnet, P. (1987) Deposmon of large p.mxcles in’
‘ human lung. Exp. LungRs 12 75-88 v

Swanson, M C.; Agarwal, M. K., Reed C.E. (1985) An mmtmochcmxal approach to indoor m-rodlergcn
quantitation with a new volumetric air sampler: studies with mite, roach, cat, mouse, and guinea pig
antigens. J Allergy Clin. Immunol 76 724—729 .

Swest, L.C; Andcrson J. A.; Callies, Q. C., Coat& E. 0 Jr. (1971) Hyperscnsmvxty pncum«:mtxs relatedto
: a home furnace humidifier. J. Allergy Clin. Immnnol 48: 171-178.

Task Group on Lung Dynumcs (1966) Depomtxon and retention models for internal do«.nmctry of the human
rupxratory tract. Health Phys 12: 173-207

Tebo, T. H.; Moore, V. L.; Fink, J. N (1977) Antxgens in pxgeon breeder’s dxsease the use of pigeon droppmg
antigens in detecting antibody activity. Clm. Allergy 7: 103-108

Tourville, D. R.; Wc:ss. W. 1.; Wertlake, P. T.; Leudemann, G. M. (1972) Hypersensitivity. pncumomtxs duc to
contamination of home hmmdxﬁcr J. Allergy Clin. Immmumol. 49: 245-251.

Truitt, G. W. (1951) The mushroom fly as a cause of bronchial asthma. Ann. Allergy 9: 513-516.

Tsujino, G.; Sako, M.; Takahashi, M. (1984) Vancella infection in a children’s hospital: prevention by vaccmc
and an episode of urbome transmission. Biken J. 27: 129-132.

- 720

e




-U.8: Department of Health and Human Services. (1991) Gmdelmes for the dmgnosxs and management of asthma

‘ Vnndet M.; Valovirts, E.; Vanto, T.; Koivikko, A. (1983) Cmss-reacnvxty of czt and dog allergen extracts:

TWarog. F.1; chone, F. ].; Strunk, R. S.; So, J Coltm H.R. (1977)1mmedmehypersensmv1tyto
cockroach isolation and punﬁcanon of the ma_yor anngens J. Allergy Clin. Immunol. 59: 154-160

Bethesda, MD: Public Health Semce, Nanonal Instxtuf.es of Health, National Asthma Educauon
" - Program; publication no. 91-3042 ‘

van Assendelft, A. H. W.; Ramo. M “Turkia, V. (1985) Fuel chxp-mduced hypersmsmvxty pneumomns caused
-by Penicillium specxes Chest 87. 394-396.-

~

RAST inhibition studies with special referenee to the allergemc activity in- sahva and urine, Int Arch.
Allergy Appl. Immxmol 71 ?52-260

Vmckm w.; Roels P, (1984) Hypetsa:smvxty pneumomns due to A.tperglllus ﬁamgarm in compost Thorax . .
39: 74-75 : , _ ‘ | |

Voorhorst, R.; Spleksma F. Th. M.; Vaxekamp H.; l.awpen M. J., Lyklema, A. W, (1967) The house-dust
‘mite (Dermatophagoides pteronyssinus) and the allergens it pmduees Identxty ‘with the house-dust
allergen. J. Allergy 39: 325-339 , o

' Voorhorst R. Spieksma, F. Th. M.; Varekamp N. (1969) Hou.se-dnst atopy and the house-dust mite

Dermatophagoides pteronyssinus (Trouessart 1897) Leiden, The Netheriands: Staﬂeu s Scientific
Pubhshmg Company.

- Walls, A. F.; Longbottom, J. L. (1983) Quanmanve xmnmnoeleetmphoreuc analyms of rat allergen extmcts fur,

" urine and sahva studied by crossed redxo-xmnmnoelectmphoms Allergy (Copazhagen) 38: 501-512.

" Walls, A. F.; Newman Taylor. Al Longbottom, L (1985) Allergy to gumea pigs: II. identification of

specific allergens in guinea pig dust by crossed mdto-xmmmoelectrophoms and mvwnganon of the
possxble ongm Clin. Allergy 15 535-546

Walsh, T. J.; Plzo p. A (1988) Nosocomial fungal infections: a classxﬁeanon for hospxtal-acqmred fungal

mfecuons and mycoses ansmg from endogenous ﬂora or reactivation. Annu. Rev. Microbiol.
© 42: 517-545. . _

Wa.lshaw M J.; Evans, C. C. (1986) Allergen avmdance in house dust mite seasitive adult asthma Q.1 Med
58: 199-215.

:

Warner, J. 0., Pnce, J.F.; Soothxll J. F Hey, E. N (1978) Controlled trial of hyposcnsmsmon to
: De:ma:aphagoxds pteronyssmus in chxldren with asthma. Lancet (8096) 912-915. '

Weiss, N. S Soleymam Y. (1971) Hypersensmvxty lung dxsease caused by contarmnanon of a an mr-condmonmg
system. Ann. Allergy 29: 154-156.

‘ Wells, M. W.; Holla W. A..(1950) Venulatxon in the ﬂow of measles and chxckenpox through a commumty

progress report, January 1, 1946 to June 15, 1949, airborne infection study, thchster County
~ Department of Health. JAMA I Am. Med. Assoc. 142 1337-1344.

Wells, W. F.; Wells, M. W.; Wilder, T. S (1942) The eavironmental control of epxdemxc contagxon I. an
epndezmologm study of radiant disinfection of au' m day schools. Awm. J. Hyg. 35: 97-121

Weazel, F. J.; Emanuel, D. A. (1965) Expenmenta.l studies offarmersllmg N. Y State J. Med
65:.3032-3037..

- 12




Westphal, O.; Westphal, U.; Somumer, T. (1977) The history of pyrogen rescarch. In: Schlessinger, D., ed.
Microbiology—977. Washington, DC: American Society for Microbiology; pp. 22.1-238.

Westphal, O.; Jam, K.; Himmelspach, K. (1983) Chemistry and immunochemistry of bacterial
lipopolysaccharides as cell wall antigens and endotoxins. Prog. Allergy 33: 9-39.

Wicklow, D. T.; Shotwell, O. L. (1983) Intrafungal distribution of aflatoxins armong conidia and sclerotia of
Aspergillus flavus and Aspergillus parasiticus. Can. J. Microbiol. 29: 1-5. .

Williams, D. M.; Knck, J. A Reniiﬁgfdn, J. 8. ‘(1976‘:) Pulmonary infection in the éompromised bost: part 1.
Am. Rev. Respir. Dis. 114: 359-394.

Wilson, A. F.; Novey, H. S.; Berke, R. A Surprenant, E. L. (1973) Deposition of inhaled pollen and i)ollen
extract in human airways. N. Engl. J. Med. 288: 1056-10358. ‘

Wing, W. C., Jr. (1985) Legionella sad legionnaires® disease:  review with emphasis om environmental ‘studies
and Iaboratory diagnosis. Crit. Rev. Clin. Lab. Sci. 21: 323-381.

Wolochiow, H. (1958) The membrane filter technique for estimating sumbers of viable basteria: some observed
‘ limitations with certain species. Appl. Microbiol. 6: 201-206.

Wood, R. A.; Chapman, M. D.; Adkinson, N. F., Jr.; Eggleston, P. A. (1989) The effect of cat removal on
allergen content in household-dust samples. J. Allergy Clin. Immamol. 83: 730-734.

Wray, B. B.; O'Steen, K. G. (1975) Mycotoin-producing fungi from house associated with leukemia. Arch.
Eaviron. Health 30: 571-573. L .

Yasueda, H.; Mita, H.; Yui, Y.; Shida, T. (1989) Comparative analysis of physicochernical and immunochemical
properties of the two major allergens from Dermatophagoides pteronyssinus and the corresponding
allergens from Dermatophagoides farinae. Int. Arch. Allergy Appl. Immumol. 88: 402-407.

Yocom, J. E.; Clmk, W. L.; Cote, W. A. (1971) Indoor/outdoor air qliality relationships. J. Air Pollut. Control
Assoc. 21: 251-259. ‘ ‘ '

Yocum, M. W.; Saltzman, A. R.; Strong, D. M.; Donaldson, J. C.; Ward, G. W, Jr.; Walsh, F. M.; Cobb,
0. M., Jr.; Elliott, R. C. (1976) Extrinsic allergic alveolitis after Aspergillus fumigatus inhalation:
evidence of a type IV immunologic pathogenesis. Am. J. Med. 61: 939-945.

Young, L. S.; Feeley, J. C.; Brachman, P. S. (1970) Vaporized formaldehyde treatment of a textile mill
contaminated with Bacillus anthracis. Arch. Environ. Health 20: 400-403. | o ‘i
Yunginger, 3. W.; Jones, R. T.; Nesheim, M. E.; Geller, M. (1980) Studies on Alternaria allergens:
I0. isolation of a major allergenic fraction (ALT-1). J. Allergy Clin. Immunol. 66: 138-147.




