ABSTRACT

RI CKY L. LANGEY. Fungi as a Cause of I|ndoor Air

Pollution : A Literature Review and Case Report. ( Under
The Direction of Dr. David Fraser)

Adverse health problens resulting fromindoor air
pol | uti on have beconme nore apparent over the |ast two
decades. Because of the Legionella outbreaks in the
1970's, biologic agents have been recognized as one of the
i mportant causes of indoor air pollution. Biologic agents
can cause either infections or allergies, and techni ques
for collection and handling of biologic sanples are
frequently unfamliar to the industrial hygenist.

This paper is a review of indoor air pollution due to
fungi and describes infections and allergies which may
occur in building occupants. An approach to investigating
sick building syndrone is al so described. Al so, an
exanpl e of sick building syndrome at a | ocal university

due to fungal contam nation is reported.
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I NTRODUCTI ON

Ever since man |learned to control fire, he has been
faced wth the potential health hazards associated with
I ndoor air pollution. Soot has been found on the ceilings
of prehistoric caves. It has been known for several years
that burning of fossil fuels has been associated with
outdoor air pollution and adverse health effects, but

research on the health effects of indoor air pollution
earnestly began in the late 1960's (1).

| ndoor air quality, unlike outdoor air quality, is
not directly regulated. Under the authority of the C ean
Air Act, the Environnental Protection Agency regul ates
outdoor air quality. The EPA has constructed a framework
for inplenenting anbient air quality standards (1) . It

al so has a set of regulations for controlling air

pol | uti on sources.

Six criteria pollutants have been established which
I ncl ude total suspended particul ates, sulfur dioxide,
carbon nonoxi de, |ead, nitrous oxides, and ozone. Recent
I nprovenents in the outdoor concentrations of these
pol l utants, except NO?., have been noted (1) .

However, as previously stated, no single agency has

responsibility for regulating indoor air quality even
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t hough the nunber of conplaints, especially fromoffice
bui | di ngs, has been increasing (2). From 1980 to md
1981, 139s of requests to the National Institute for
Qccupational Safety and Health (NIOSH) for health hazard
eval uations were fromworkers in nonindustrial settings
who felt their offices to be hazardous (3).

As the hazards from outdoor air pollution are being
decreased from better air pollution control devices and
the threat of legal suits to conpanies that exceed
standards set by the governnent, nore attention is being
paid to the problens of indoor air pollution. Research
has shown that individuals in nore devel oped countries are
spending |l ess of their tine outdoors. Thus i ndoor
concentrations of air pollutants may be the main
det ermi nant of exposure for many of these pollutants (4).
Table 1 shows the average hours spent per day in various

| ocations by adults in 44 U S. cities (1).

EXPOSURE TO | NDOOR Al R PCOLLUTANTS

As can be seen fromtable 1, we spend a great deal of
our tinme indoors. Although we consider a house or
buil ding a safe environnment fromthe outside el enents,
potential health risks also exist in many of these
dwel I i ngs. Wien eval uating health risks from exposure to
air pollution, one nust consider the dose that reaches the

target tissue and not just the pollutant contam nation in
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t he i ndoor or outdoor air. One can usually safely assune,
however, that the higher the concentrati on of poll utant,
the nore likely it is to cause an adverse effect.

Per sonal exposures to pollutants represent tine
wei ght ed aver age exposures fromdifferent | ocations (1).
The determ nants of i ndoor concentrati on depends upon nmany
factors, including the foll owi ng: outdoor | evel of the
pol | utant, i ndoor sources, the rate of exchange between
i ndoor and outdoor air, and other characteristics of the
structure and its furnishings (4).

Qut door pollutants may enter a buil ding through the
ventil ati on system or through open w ndows, doors, and
cracks in the structures. The i ndoor concentration of a
pol l utant from an out si de source depends upon the
concentrati on of the pollutant, the rate of air
infiltration, the reactivity of the contam nant, the
filter efficiency of the ventil ati on system and upon
particle size and shape (1).

Because of the oil enbargo and i ncreasi ng energy
prices during the 1970's, individuals and institutions
have been seeki ng ways to becone nobre energy efficient.
More than one third of the energy used in the U S is
consuned by buil dings (5). Conmmon approaches to decrease
t he use of energy has |l ed to adding insulation, reducing
air exchange rates, and fuel switching. This increased

efficiency has led to "tight" homes and buil di ngs, which
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has decreased the amount ot energy consunmed, but at the

expense of the confort and health of individuals (5,6).

SOURCES OF POLLUTANTS

The focus of this paper will be on nicroorgani sns,
fungi in particular, as a cause of indoor air pollution.
However, many other agents may cause simlar synptons and
will be briefly discussed. Since renedial action tends to
be nonspecific for the majority of cases of buil dings
related illnesses, principles applicable in dealing with
fungal related problens are also applicable in dealing
wi th other viable and nonvi abl e agents. |,

The 83 mllion housing units and hundreds of
t housands of office buildings in the U S. contain nunerous
sources of pollutants (1,4,5,6). Due to the energy
crisis, the construction of hones and buil di ngs has
decreased the average air exchange rate into these
facilities in order to save noney. These "tight" and
"super tight" hones have air exchange rates as low as 0.1
to 0.5 per hour, while nore conventional hones have
exchange rates between indoor and outdoor air around 1.0
per hour (1). Also, the Anerican Society of Heating,
Refrigeration, and Air Conditioning Engi neers has | owered
its recommendations for the anount of fresh air per person

for a typical open office setting (7).
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An often unrecogni zed source of indoor pollutionis
fromtransportation. It is estimated that about 5% of our
time is spent in transit, while the remainder of our day
Is spent at honme or in the office (1). In mass transit
systens, the occupant to air volume ratios are nmuch higher
than in nost indoor environnments. Thus, substanti al
exposure to pollutants may occur (1).

Table 2 is a listing of many of the pollutants that
have been found in indoor environments. Over 30 types of
organi ¢ chem cals have been detected in buildings (6) .
These contam nants can arise from sources | ocated outside
the building, the building materials, building naintenance

and cleaning materials, or the building inhabitant and the

products they use (8).

TI GHT (SI CK) BUI LDI NG SYNDROVE

The tight building syndrone, also often referred to
as the sick building syndrone, is characterized by a
significant number of building occupants expressing health
conplaints, in buildings not directly contam nated by
I ndustrial processes (2,4,5,8). These outbreaks have
usual ly occurred in "new, sealed" offices, but this is not
al ways the case. Likew se, the clinical picture may be
fairly uniform and a specific cause can be identified.

However, others may conplain of nonspecific synptons
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making it ditticult to pinpoint a source of contam nation
(4,6,9) .

The following is a partial |ist of synptons reported
I n investigations of sick building syndrone; aching
joints, nmuscle twitchings, back pain, hearing disturbance,
di zzi ness, dry skin, discolored skin, skinirritation or
I tching, heartburn, nausea, detectable odors, sinus
congestion, sneezing, chest tightness, wheezing, eye
irritation, problens wearing contact |ens, headache,
fatigue, drowsiness, sensation of too hot or cold (2,5).
The nost common conpl ai nts include eye, nose, and throat
irritation, headache, fatigue, sneezing, and difficulty
weari ng contacts.

Most individuals say that the severity of their
synptons increases during the day, and often over the
course of a week, but synptoms inprove when they |eave the
bui l ding or take a vacation (6). Even short breaks while
at work to different areas inside or outside the building

are often associated with noticeable inprovenent in

synpt ons.

FREQUENCY OF SI CK BUI LDI NG SYNDROVE

As stated, sick building syndrone involves an
excessive or a significant nunber of workers reporting
synpt ons. A certain background |evel of conplaints is to

be expected for any sanpling of office workers (10). In
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general , about 15-20% of workers in any office building
wi |l conplain of nonspecific symptonms (9, 10). Hence, the
syndrone is defined in the epidem ol ogi c sense as the
occurrence of synptonms above the background | evel.

Currently, nore than one half of the workplaces in
the United States are offices. It has been estinated that
30 percent of newly constructed and renodel ed offices have
signs of the tight building syndrone, and in those
bui | di ngs, between 10-30% of the occupants are affected
(11) . These statistics do not take into account the new
honmes and nobil e honmes that are being built for energy
efficiency (1).

No one knows for sure how common sick buil di ng
syndrone is, but based on a tel ephone survey of 600 office
workers in the United States, it is possible that 20% of
of fice workers are exposed to environnental conditions
descri bed as sick building syndrone (9). A recent New
Engl and study denonstrates how serious the problemcan be
(9). State government workers in Miine and New Hanpshire
took a survey to identify the extent of sick building
syndronme. Fifty-one percent of the workers were bothered
by stuffy air nost of the time, 16% at specific tines and
27% occasionally. Thirty percent of the workers said that
they had m ssed at | east one and up to ten days of work
during the previous year because of poor air quality.

Sixty-eight percent stated that poor air quality was
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causi ng a decrease in production and 24% sought nedi cal
attention for health problens related to poor air quality.
If this survey is any indication of the problemin the
total U.S., then mllions of days of work and potentially

billions of dollars are being unnecessarily wast ed.

Bl OLOG CAL AERGCSOLS

There are nunerous bi ol ogi cal agents that can be
transmtted by the aerosol route and that can cause
di sconfort or illness in man. For exanple, nolds, dust,
bacteria, viruses, fungi, danders, pollens, and insect
parts can all be transmtted by the air.

Viruses and bacteria cause about 69, 000 deat hs per
year due to respiratory illness in the U S. They are al so
the nost inportant cause of acute disabling illness with
an average of 1.22 disabling colds per person per year in
the United States (12).

Airborne allergenic agents are felt to be responsible
for mllions of disabling episodes of asthma and allergic
rhinitis that occur each year (12). The aerosol route is
also felt to be responsi ble for many of the hospital
acquired infections that occur each year

Pi ke has shown that nany of the agents causi ng
| aboratory acquired infections can be transmtted by the
aerosol route, which nay not be the usual nethod of

transm ssion (13). Even though the nethod of transm ssion
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for 809s of lab acquired infections is unknown, it is felt
that a mpjority of these are due to aerosol spread (13).

The nobst inportant single paraneter useful in
expl ai ning the behavior of an aerosol is its size (14).
Particle sizes may vary from10"'"' cmto 10 ~-'" cm and
particles less than 5-10 mcrons are usually consi dered
respirable (14).

Aerosol s may be conveniently classified into two
groups: Those >5 mcrons and those <5 mcrons. Particles
greater than 5 mcrons tend to be renoved in the
nasopharynx, while particles less than 5 mcrons can reach
the alveoli. The size of fungal species varies
consi derably, so they may be filtered out in the nose or
they may reach the al veoli.

At | east three nechani sns of deposition are known to
occur (15). Inpaction refers to a particle's failure to
turn corners and thus inpinge on the nucus surfaces of the
nose and pharynx. This nechanismis effective for renoval
of nost particles >3 mcrons in dianmeter. Sedinentation
Is the settling of particles due to gravity and is
i nportant for particles between 1-5 m crons.
Sedi nentati on occurs extensively in the small airways.
Diffusion is the random novenent of particles as a result
of their continuous bonbardment with nolecules of gas. It

occurs primarily with particles < 0.1 mcrons in diameter.
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Deposition by diffusion takes place usually in the
al veol i .

Many particles that are introduced do not settle at
all but are exhaled with the next breath. These particles
are often too snall to i npact or sedinent to a mmj or
extent but are too large for significant diffusion to

Sone factors involved in determning the respiratory
ri sk from aerosol exposure include; concentration of
vi abl e organi sns, the influences of air volune and
ventil ation rate, environnental factors such as
tenperature and hum dity, breathing rate, settling rate of

particles, particle size, virulence of the organism and

susceptibility of the host

FACTORS | NVOLVED | N THE DEVELOPVMENT OF DI SEASE FROM
M CROORGANI SMS
It was known for a while that certain bacteria,
viruses and fungi could be transmtted by the aerosol
route. However, quantitative data on indoor air pollution
and transm ssion of mcrobiologic agents is limted for
nost organisns (29). Wth the Legi onell a outbreak that
occurred during a convention in Philadel phia in 1975 and
t he subsequent detection of the organismin the water of

HVAC units, the inportance of m croorgani sns as a cause of

i ndoor air pollution cane to the forefront (30).
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After investigating nmany epi sodes of Sick Buil ding
Syndrone, it has been shown that fungi are one of the
m croorgani sns responsible for illness in building
occupants.

Characteristics of the host, agent, and environnent
all determ ne whether an individual will develop allergies
or infection from m croorgani sns. Host factors that are
I mportant include age, sex, ethnic group, genetics,
physi ol ogi ¢ and i mune status of the individual,
nutritional status, human behavi or, and preexisting
di sease. An individual has both specific and nonspecific
resi stance factors that protect himfrom di sease.
| ncl uded anong the nonspecific resistance factors are the
normal indi genous mcroflora, genetic factors, norphologic
integrity of the skin and nucus nenbranes, nutrition,
acute phase reactants, and hornones. Anong the specific
host resistance factors are inmunogl obulins, conplenent,
and cell nediated inmunity.

| nportant aspects of the infectious agent that nust
be considered are its phylogenetic class, reservoir, life
cycle, geographic distribution, latency, transmssibility,
and pat hogenicity. Pathogenicity or the ability to
establish an infective process depends on the organisms
i nvasi veness, evasiveness, and virul ence.

Envi ronnmental factors that nust be consi dered can be

classified into three broad categories of physical.
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bi ol ogi cal, Ei nd soci oeconom c. Physical factors such as
climate and geol ogy are inportant in determ ni ng whet her
an organismis likely to occur in an area. Bi ol ogic
factors include local flora, fauna, and hunman popul ati on.

Cccupati on, urbani zation, and sanitation are inportant

soci oeconom c factors that nmust be consi der ed.

TAXONOVY OF FUNG

Taxonomi sts initially divided the living world into
two ki ngdons; the nonnotil e, photosynthetic plants and the
notil e, nonphotosynthetic aninals (16). Traditionally,
fungi were classified as prinmtive plants. However, there
are many characteristics of fungi that are not shared by
pl ants. Because of the | ack of agreenent anong
taxonom sts on how to classify fungi and certain bacteri a,
a third ki ngdom was proposed in 1866 by Haeckel. This
ki ngdom the Protista, is distinguished fromthe plant and
ani mal ki ngdons by their relatively sinple organi zati on
(16). Controversy still exists in the classification of
life forns, and Whittaker has proposed five kingdons (17):
Monera (bacteria, actinonyces and bl ue green al gae),
Protista (protozoa and ot her unicell ul ar organi sns),
Fungi, Plantae, and Aninmalia. This |last classification
schenme will be used during this paper.

The classification of fungi is largely based on the

characteristics of the sexual spores and fruiting bodies
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present during the sexual stage of their life cycle (18,
19) . However, the sexual spores and fruiting bodies
(pei'fect life cycle) of many fungi are unknown. These
i nperfect fungi are classified on characteristics other
than their sexual stage, such as the norphol ogy of their
asexual spores and thalli (the whole fungus i ncl uding
nonsexual portions and specialized structures (18).

The Fungal (nyceteae) kingdom has three divisions:
Gymonycota, Mastigonycota, and Amasti gonycota. The
Amasti gonycota is the division of primary concern to hunman
heal th. Mdst fornms included in the Amastigonycota cl ass
produce extensive, well devel oped nycelia, consisting
either of septate or aseptate hyphae, although sone
single-celled organi sns are placed here (19). Five
cl asses. Zygonycetes, Trichonycetes, Asconycetes,

Basi di omycet es and Deut eronycetes, are included in this

di vi si on.

CHARACTERI STICS OF FUNG (16, 17, 18, 19,)
bener_al ... .. fiBst:ri_£)tj.jjn. |, --

Fungus is a general term enconpassing yeast, nolds,
and nmushroons. Yeast are oval, spherical (3-5 microns in
di ameter) or elongated cells which reproduce by budding.
Mol ds are characterized by tubul ar branching cells which
constitute a hypha. The hyphae are divided in nost fungi

by cross walls known as septa. The hypha is from 2-10
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mcrons in dianeter. As a thallus grows, its hyphae form
a mass of intertwi ning strands called a nycelium The
nmycelium forns the visible, usually dry col ony of nold
observed on natural substrate or on cul ture ned a.

The fungi have several distinguishing features from
bacteri a. Fungi possess rigid cell walls conposed of

certai n polysacchai'ides such as chitin and mannan . The
cytopl asm ¢ nenbrane of fungi contain sterols. Al fungi
repr oduce asexually and nbst can reproduce sexually.
Fungi may be unicellular or multicellular. Al fungi are
het erotrophi c, requiring organic foodstuffs, and npbst are
obl i gat e aer obes. See Tabl e 3.
ar"jdH o rbornb1):i. s>c our xon

VWAt er and soil are two principal reservoirs for
fungal populations. High humdity is required for fungal
growt h and spore germ nati on.

ddinmactic conditions are i nportant in the
di stri bution of airborne fungal spores throughout the air,
as well as in the return of the spores to soil, water, or
ground. All atnospheric air contains certain varieties
and anpbunts of fungal spores. The concentrati on of the
spores differs according to location, altitude, tine of
day, season of year, condition of surroundi ng area,

tenperature, humdity, rain, snow, sunshine, w ndspeed,

etc .
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Most airborne fungi are found as spores or hyphal
fragments. All fungi that cause allergies are airborne
fungi. The npbst common ai rborne fungi belong to the
genera O adosporium Alternaria, Aspergillus, Penicillium
Hel m nt hospori um Auerobasi dium Phoma, N grospora,
Rhi zopus, Micor, Epicoccum Stanphylium Curvularia,
Fusarium Scopul ariopsis, Cephal asporium Chaetom um
Tri choderma, Streptonyces, Candida, Cryptococcus, and

Rhodot orul a (20) .

Fenl™orjl..lrtiQn

In addition to growh by api cal extension and
branching, all fungi reproduce by asexual and nost by

sexual processes.

1 - Asexual reproduction

Three nechani snms of asexual (vegetative) reproduction
are known: 1) sporulation, followed by germnation of the
spores; 2) budding; and 3) fragnmentation of hyphae (15).
Asexual reproduction involves the formation of a new clone
wi thout invol venent of gametes and without nuclear fusion.

Asexual spores are sonmetines referred to as conidia
that format the tips and sides of hyphae. Qthers devel op
w t hi n hyphae. The asexual spores aid in the
i dentification of some species. These spores may be small
single cell mcroconidia or large single or multicelled
macroconidia.  The shape and arrangement of the conidia
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are characteristic for a given spore (16, 21). There are
several types of asexual spores (Table)

Budding is the primary asexual reproduction process
in yeast, although some divide by fission. As the bud
bul ges out fromthe nother cell, the nucleus fromthe
mot her cell divides and passes into the bud. Cell wall
material then is laid down between the nother and daughter
cell, and the daughter cell eventually breaks away (16) .

The third nechani smof vegetative reproduction is by
fragnmentati on of hyphae . New col onies are capabl e of
being forned fromthese fragments.

2 - Sexual Reproduction

For nost species of fungi, except mushroons,
sexual spores are produced |ess freguently and | ess
abundant |y than asexual spores. They nay be produced only
under special conditions and not detected on usual culture
(22,18) .

Sexual reproduction can be acconplished in several
different ways. The basic steps involved are the
followng: 1) The haploid nucleus of a male penetrates
the cytoplasmof the female. 2) The nuclei of both fuse
to forma diploid zygote nucleus, and 3) by meiosis - the
di ploid nucleus gives rise to four haploid nuclei (16).

One type of sexual spore is formed by fertilization
of the contents of a female structure (oosphere) by male
sperm  The resulting spore is known as an o0ospore.
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Anot her type of sexual reproduction occurs when the tips
of two hyphae come together and their contents fuse. A
zygospore is formed fromthis process. Wien the sexua

spores are formed in a sac called an ascus, the spores are
cal I ed ascospores, \Wen the sexual spores are fornmed in a

structure known as a basidium the spores are known as
basi dospores (18).

Charac:terij5l i c¢s _ and lo*uX)- EACLI:tij3.D_h'f f'".ir Q3.0 9 urSiSsl,
I mMmbDor t ance &- ¢

The identification of fungi depends on several
factors. Anong these are the shape, size, texture, color,
nunber of cells, and thickness of the cell walls of the
spores. Other features often exam ned are the fungal
colony characteristics on growh nedia, the tenperature,
pH, light, nutritional requirenents, presence of septae,
and nycelial structure. Mre specialized antigenic tests
can also be used to identify the fungi (22).

The major classes of fungi that are pathogenic to man
are the Zygonycetes, Asconycetes, Basidonycetes, and the
Deut eromyctes (13, 17, 18). Al except the Deuteronycetes
have sexual and asexual spores. The Deuteronycetes, or
Fungi Inperfecti, lack a sexual stage of reproduction

The Zygonycetes are often referred to as bread nol ds.
Most produce wel | devel oped hyphae that [ack septae (17,
18, 22).  Asexual spores include conidia, chlamydospores,
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and sporangi ospores (15, 17). Sone are dinorphic, and
sexual reproduction is by fusion of hyphal tips formng
zygospores (18, 22). Exanples of human pat hogens i ncl ude
Rhi zopus, Absidia, Micor, and Basi di obol us (22),

The Asconycetes are characterized by well devel oped
nycelia that are septate (1V, 18, 19). Sexual
reproduction is by formation of a diploid ascus and after
mei osi s, eight haploid ascospores are forned. Asexual
reproduction is by externally born spores (conidia) fornmed
on nornmal hyphae (18, 22). Yeast forns reproduce by
ei ther budding or fission (18). Exanples of human
di seases caused by this class include histopl asnosi s,
bl ast omycosi s, candi di asis, dernmatophytosis, and sone
mycet omas (17).

The Basi domycetes include those fungi with which the
| ayman is nmost famliar such as mushroons, puffballs,
stinkhorns, bracket and jelly fungi, rusts, and snuts.
They are characterized by septate hyphae and the presence
of sexual spores, basidiospores, formed on the surface of
a specialized structure called the basidium (17, 18, 19,
22). Asexual reproduction may occur by various neans,
i ncluding the production of conidia (18, 22). An exanple
of a human di sease produced by these fungi is
cryptococcosi s.

The Deut eronycetes include fungi in which sexual

reproduction has not been shown to occur. Asexua
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reproduction is by conidia. A few yeast belong in this
category, but nost fungi have well devel oped septate
hyphae (18, 22). If upon further study, a fungus in this
group is found to have a sexual stage, then it is
recl assified and placed in another class. Mst of the
human pat hogens occur in this class. For exanmpl e,
Alternaria, Penicillium Aspergillus, C adosporium
Candi da, Hel m nt hosporium Fusarium diocladi um
St enphyl i um Phoma, Scopul ari opsi s, Epi coccum
Trichoderma, Nigrospora, Trichospora, Pityrosporum
M crosporum Trichophyton, and Cocci di oi des are included

in this class (17, 18, 20).

I NDOOR CONTAM NATI ON BY FUNG

Fungi are ubi quitous organi sns and can be found nost
anywhere they are sought. G ven a carbon, nitrogen, and
wat er source, fungi wll grow under very extrene
conditions and in very unusual places. The air in any
"cl ean house" contains hundreds of types of biological and
nonbi ol ogi cal particles (23).

Most i ndoor contamni nation results from outdoor
sources and may build up to concentrations high enough to
adversely affect the health of nman (2, 23). | ndoor
bui | dup of bioaerosols results frommterial being shed

and accunul ati ng i ndoors and actual growth on interior

structures (2 3) .
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The penetrati on of bioaerosols into a building seens
to depend nost on the extent of mass flow via w ndows and
doors (2, 24). Additional ventilatory factors that are
i nportant include the incident wi nd speed and direction,
negati ve pressurization either by fans and exhaust stacks,
and airl eak between structural cracks (2, 24). Wndows
and doors al so contri bute to bioaerosol entry into a
bui | di ng.

Fungi will grow indoors if given a carbon and water
source, Arelative hunmidity |level greater than 70% i s
optimal for fungal growth. Nunerous sources in a building
will support the growth of fungi by produci ng standing
water reservoirs. Hum difiers, evaporative coolers, self-
defrosting refrigerators, and flush toilets all have a
potential for becom ng contam nated. Water disasters such
as leaks in the roof or ruptured water pipes, often wll
al | ow abundant fungal

growh in carpet, furniture, or wood (2). Many of the
appl i ances nenti oned above are in contact with a noving
stream of air which can pick up snall particul ates and

spray theminto a room or throughout a buil ding dependi ng

on the ventilation system

Anot her commobn source of nblds in the i ndoor
environnent is house dust (24, 25, 26). House dust is a
conpl ex m xture of organic and i norgani c conpounds,

including many biological agents (24). In a study by
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Gravesen at. al., roons with carpets had hi gher dust
l evel s than roons wi thout carpets (25). It has been
denonstrated that schools with carpets have an i ncreased
frequency of students with allergic synptons than school s
wi t hout carpets (27) . Indoor surface contam nation by
bi ol ogi cal organi sms i s dangerous usually only when the
particles beconme airborne (24) . However, practically any
human or aninmal activity inside a building can el evate the
background | evel .

Vol unetric fungal spore studies in donestic interiors
gi ve counts that range from 1- 6000 per cubic neter with
maxi mum | evel s usually bel ow 1600 per cubic neter (2).
| ndoor | evels of fungi usually average about 40-5030 of
outdoor levels (2). d adosporium species are the taxa
nost frequently recovered both outdoors and indoors in the
United States during the sunmmer. Levels are al ways nore
abundant outdoors (2). On the other hand, Penicillium
isolates usually domnate in the winter and are often nore
frequent indoors than outdoors . Qutdoor factors that
appear to affect the i ndoor nold | evel include marked
shade, narked | evels of organic debris near the hone, and
nat ural or unkept property.

There are no set guidelines or |evels that one can
use to state whether a building has an excess anount of
bi ol ogical nmaterial in the air. As noted earlier, a w de

range of fungi/m-' can be detected in donestic interiors.
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If the interior is used specifically for handling or
processing biological material, then substantially higher
counts can be found. For exanple, barns with noldy hay
may have levels of mllions of spores/m"' (2)

A conraittee on bi oaerosols has presuned a nor nal
concentration of culturable spores to be 100-200 col ony
formng units (CFU) per m-~ and 200 CFU/ m' of nonvi abl e
spores (28). They suggest that if | evels greater than
800- 1000 CFU m-'~ in affected areas, and if |ess than 800-
1000 CFU m' in nonaffected | ocati ons are found, then
consi der cleaning the office, inspecting the HVAC system
and conti nue | ooking for the source. If elevated | evels
of nonvi abl e spores (above outdoor |evels) are found or
el evated | evel s of any single spore type are found i ndoors

but not outdoors, then attenpt to identify the source

(28)

ADVERSE EFFECTS OF FUNG ON MAN

Fungi can adversely affect the well being of man in

at least six different ways: (22)

1 - Infection - invasion of the body
a - superficial - on the skin, hair or nails
b - superficial - on the nmucus nenbranes or genitalia
c - localized, deep invasion of tissue

d w despread systeni c i nvasi on of the body

2 - Allergic fungal disease
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3 - Poisoning by eating toxic fung

4 - Poisoning by mycotoxins produced by fungi grow ng on
stored food

5 - Starvation due to spoilage of stored food by fung

6 - Starvation fromcrop failure due to fungal disease
This paper will first look at fungi as a cause of

infection, then as a cause of allergic disease.

AN OVERVI EW OF FUNGAL | NFECTI ONS

Infections due to fungi can be divided into four
groups, differing in the level of tissue invasion. These
four groups include the follow ng: (16)

1) System c or deep nycoses which involve the internal
organs. They often dissem nate w dely and i nvade

different ti ssues.

2) The subcut aneous nycoses i nvol ve the skin,
subcut aneous tissue, fascia and bone.

Z) The cutaneous nmycoses involve hair, nails, and the
epi derm s. The responsible  fungi are known as

der nat ophyt es.

4)  The superficial nycoses involve only the hair and the
nost supei'ficial layers of the skin

I n nost indoor occupations, fungi are rarely the
cause of serious infections. However, conditions exist in

certain indoor occupations that have the potential to
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expose individuals to pathogenic fungi which possibly may
lead to a serious infection.

Most m croorgani sns studied in the |aboratory have

caused accidental |ab acquired infections. Dr. Pike has
anal yzed over 3900 cases of |ab acquired infections (31)
O these cases 353 were due to fungi. Coccidioi donycosis,
H st opl asnosi s and Bl astonycosis, fungal infections which
can often be life threatening , accounted for al nost 50S6
of these cases,

Because the deep nycoses have caused | ab acquired
infection and are potentially fatal diseases, these wl|
be exam ned in sone detail. In general, the deep mycoses
are caused by saprophytic fungi (an organismthat nornally
exi sts on dead organic material) in the soil, and
i nhal ati on of spores is usually the main route of
infection. The earliest |esions are usually pul nonary,
and the initial acute pneunonitis is often self limted.
In their subsequent chronic stage, the diseases often
begi n insidiously and progress slowy and are
characterized by granul omatous |esions (16). Fungi may
spread via the blood stream and produce netastatic |esions

in other parts of the body.

The subcut aneous nycoses are caused by saprophytic
fungi in soil and on plants. Infection often occurs by
direct inplantation of spores or mycelial fragnments into a
wound (16, 21). The disease begins insidiously, slowy
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progresses and is characterized by |ocalized subcutaneous
abscesses and granul onas (15). The infection may extend
directly into adjacent tissue or may be spread by

| ynphatic channels. Rarely, it may spread systemcally.
The cutaneous nycoses are obligate parasites of nan

and animals and only rarely soil saprophytes. The
der mat ophytes tend to produce inflammtory |esions of the
skin. The hair and nails are also frequently invol ved.
Part of the inflammatory |lesion may be allergic in nature
(16, 21) .

The superficial mycoses are |ocalized along hair
shafts and in the nonviable |layers of the skin. The
infections are rarely of clinical significance (16).

| NDOCR | NFECTI ONS DUE TO FUNGQ

Fungi can cause infections by many routes, but this
paper is mainly concerned with airborne spread of the
agents and will focus on certain fungi that have caused
"indoor infections" by this route. Even though the deep
mycoses are rarely associated wth indoor infections, they
have been responsible for infections in diagnostic |abs.

| nfectious fungi, with the exception of the
der mat ophytes are usual |y saprophytic. Those fungi that
cause infection, do so by becomng adapted to the host so
that they are able to grow and produce disease (38) .
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Oten, these infections occur in a host who has an
i mmunol ogi ¢ abnornality.

O the infectious nycoses that can be spread by the
aerosol route, the ones of main concern are the follow ng:
Cryptococcus, Histoplasma, Blastomyces, Coccidioides,
Aspergillus, and Sporothrix . Oher fungi may cause
I nfections, but primarily via contact or inoculation,
therefore, they will not be included in this paper.

Cryptococcus is a nenber of the class Basi donycetes
and is a spherical to oval budding yeast-like organism(4-
20 microns in diameter) with a pol ysaccharide capsul e (16,
21, 39). Hi gh concentrations of this organismare found
I n pi geon droppings and other avian excreta and in soi
contam nated by this material. Inhalation of yeast cells
s assunmed to cause pulnmonary infection with subsequent
spread via the hematogenous system Cryptococcus has a
predil ection for the central nervous system It is
assuned that many infections are subclinical and that nost
i nfections occur in imunoconprom sed hosts (16, 39)
However, healthy individuals can becone infected, and
often these cases are associated with heavy exposure to
dust (39) .

Crypt ococcus has occurred in certain occupations
within fertilizer, flour or textile mlls. Al so,

i ndi vidual s that have worked in dusty barns, corn cribs
and a dusty toy store have becone infected.


NEATPAGEINFO:id=708170C1-ECAD-4C82-B31D-86DA05EF4B10


- - _ =

Cocci di odes is a dinorphic nmenber of the class
Deut eronycetes (40). In infected tissue, it appears
primarily as spherules that range from5-50 mcrons in
size. These spherules are filled wth nany endospores
ranging in size from2-5 mcrons (15). Coccidioi donycosis
occurs usually in the South Western United States and is
often called San Joaquin or Valley Fever.

| nfection devel ops when arthrospores (2x5 m crons)
are inhaled and reach the lungs. Entry into the host
| eads to conversion of these spores into spherules (38).
| n 50Ss of infected persons, the di sease renains
asynmptomatic (16, 21). About 40% of individuals devel op
an acute pneunonitis, often with pleurisy, and 3-5% of
these may devel op skin eruptions. The lesion is primrily
granul omatous in nature and 1-5% of people develop a
chronic pul nonary cavitary disease resenbling tuberculosis
(15, 21). Rarely, systemc spread may al so occur

Qut breaks have occurred in archaeol ogi sts and anong
farm workers exposed to the soil. However, |aboratory
personnel have often becone infected fromthe arthrospores
and many deat hs have occurred (31).

Hi stoplasma is a dinorphic fungus occurring in vivo
as a typical oval yeast (2-4 microns in length) within
macr ophages (21). Histoplasma is a menber of the class

Asconycet es.
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Because of epidem ol ogi ¢ studies on student nurses in
the 1940's for TB, it was noted that individuals often had
pul monary cal cifications on chest x-ray but negative TB
skin tests. Subsequent skin testing with other antigens
and soil studies concluded that Hi stoplasma capsal stum was

responsi ble for many cases of pul nonary calcification
(16) .

H stop J asms capsulatumis a conmon soil organism and
I nhal ation of spores is responsible for infection. It is
felt that bats may also serve as a carrier of this fungus
in their intestinal tract. The infection may be
| napparent, may appear as a primary acute pul nonary
di sease, may appear in a chronic cavitary form, or it may
rarely dissimnate throughout the body (15, 21, 41), The
I nocul um or dose inhaled and the inmmunol ogic status of the
host are factors that determ ne the severity of the
di sease.

Farmers, gardeners, nursery men, mlitary personnel
and spel unkers are individuals likely to contract this
di sease. Many |ab infections have been due to inhalation
of cultured spores (31). Epidemcs have been associ at ed
with bird roost, caves, cellars, chicken houses, cleaning
or demolition of old buildings, farnms, soil, and trees
(41) .

Bl ast onmycosis is due to the di morphic fungus
Bl ast onyces dermatit2des. It belongs to the class


NEATPAGEINFO:id=B90E0C82-C52D-4CBF-BDA4-C5A7C6E21256


. . YV ’ —~ 29

Asconmycetes and grows as a buddi ng yeast in human tissues.
I nfections occur by inhalation of spores 3-5 mcrons in
size or by direct inoculation into the tissue.

The natural reservoir remains unresol ved (42). The
substrate for growth appears to be organic debris close to
the soil. Infection apparently begins in the |ung and
spreads henmat ogenously. Destructive | esions are often
noted in many organs. Skin lesions may result either from
di rect inocul ati on or henmat ogenous spread. The
asynmptomatic or mld self-limted form of pul nonary
di sease rarely occurs as with the other deep nycoses.

The di sease occurs frequently in individuals that
wor k out doors, but no well defined association with
occupation is known (42) . There have been at |east five
reported outbreaks of Bl astonycosis. Al individuals
I nvol ved had contact with the soil or organic debris.
Al so, several |ab acquired infections have occurred (31).

Al t hough not generally consi dered deep-seated
nycoses, both Aspergillus and Sporothrix may rarely cause
severe infections, especially in i munoconprom sed
patients. Pul nonary sporotrichosis is a rare disease,
whil e Aspergillus usually causes an allergic disease
i nstead of an infection.

Sporotrichosis is caused by the dinorphic fungus
Sporothrz X scherr>cki 2 . It occurs as 2x5 mcron cigar

shaped budding yeast fornms in tissue. Sporothrix belongs


NEATPAGEINFO:id=3B0C858E-4AED-4885-9C80-F0FD68BAB5F1


30

to the class Deuteronycetes. The organi sm s natural

habitat is the soil, sphagnum nbss and ot her pl ant

mat eri al ] -

Most cases of sporotrichosis are due to direct
i nocul ation, but cases of pulnonary sporotrichosis have
occurred (38, 4 3). Pulnonary sporotrichosis usually
presents as an upper lobe infiltrate and may cavitate.
| nhal ation of spores occurs in areas that allow | arge
amounts of fungal growh or in areas where the fungus has

grown, sporulated and then dried, allow ng dispersal of

t he spores.

Persons at risk are primarily foresters, gardeners,
construction workers, farnmers, and children (43).
Children often play with plant material and soil infected
wi t h Sporothri x.

Aspergillus is usually associated with allergic
di seases but nmay cause infections, especially in
i mmunoconpron sed hosts. Aspergillus either belongs to
the class Asconycetes or Deuteronycetes, depending on the
speci es. Most aspergilli are not dinorphic, growng only
in nycelial form(16) . W furffigatus accounts for over 90%
of all infections due to Aspergillus. Spores are 2-5
mcrons in diameter, and the fungus is capable of grow ng
over a wide tenperature range (44). Inhalation of spores
can lead to three types of pul nonary aspergill osis:

Dal lergic  bronchopul nonary aspergillosis wth only
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m nimal tissue invasion, 2) active invasive granul ona
giving rise to necrotizing pneunonitis and occasi onal
di ssemination (this formoccurs primarily in
i mmunoconprom sed patients), and 3) "fungus ball" growth
in a preexisting cavity w thout invasion of |ung
parenchynma (32).

Agri cul tural workers, cane sugar processors, or
cl eaners exposed to spores in rye flour are often exposed
to high concentrations of this organism (44).
| mmunosuppr essed hospitalized patients often can devel op
i nfections fromthis organism and often the source is
external to the hospital (23, 38, 45).

There are a few other fungi that rarely can be
transmtted by the aerosol route and cause seri ous
i nfections, however the host usually has sone type of
underlying netabolic (diabetes nellitus) or inmunol ogic
di sorder. Wth the AIDS epidem c, many mn croorgani sns
t hat were previously considered i nnocuous have been found
to produce di sease. Al of the organisnms previously
nmenti oned can cause an infection in healthy individuals,
thus they are covered in nore detail.

Many fungi can produce superficial infections,
especially by direct contact. However, these infections
represent very unusual cases of indoor air pollution.

Exceptions may include individuals handling aninals and
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contact wth dressing roomfloors that are contam nated by

fungi (athlete's foot).

DI AGNOSI S OF FUNGAL | NFECTI ONS

The di agnosis of infections fromfungi can be roughly
broken down into three broad categories: (1) history,
physi cal exam and chest x-ray, (2) culture and
hi st opat hol ogy, and (3) serological and i nmmunol ogic
testi ng.

The patient's history often gives clues to the
di agnosi s. For exanple, in a patient with a cough, fever,
chest pain and recent travel to the San Joaquin Vall ey,
the possibility of cocci di oi donycosis should be
consi dered. Al so the occupational history may give clues
to potential exposures. If several enployees working in
t he sane area becone ill and are found to have the sane
di sease, then the physician should suspect the sane agent
in acowrker with simlar synmptons. A good history wll
often point to the right diagnosis.

The physical examis rarely diagnostic. However,
certain lesions, in conjunction with the patient's
hi story, may point to a fungal infection. For exanple,
eryt hema nodosum or erythema nmultiforne, along with
hepat ospl enonegal y may be noted in histoplasnosis (46).
Lesions that follow the |ynphatic channels are often seen

in sporotrichosis (16, 47). Cryptococcus is a cause of
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chronic neningitis wth signs and synptons of fever,
headache, di sorientation, and papill edema (21, 39).

Lesi ons may occur throughout the body if the fungus
di ssenm nates, and these nmay be noted on physical exam or
by X-ray exam nation. As nenti oned previ ously,
hi st opl asnbsi s can cause calcificati ons on chest x—+ray
t hat may appear simlar to tubercul osis.

Hi st opat hol ogi ¢ examnmi nati on of sputum pus, or tissue
may identify a fungus as the cause of a patient's ill ness.
Speci al stains may be needed to detect certain fungi. For
exanpl e, sporotrichosis is difficult to detect by
conventi onal histologic stains (43). Once stai ned, the
shape of the hyphae, spores, or yeast-forns is used to
identify the organism (48). The denonstrati on by
hi st ol ogi ¢ exam nati on of fungi i nvading tissue is
i ndicati ve of an i nfecti ous process.

The standard net hod of di aghosing an infection is by
cul turing urine, pus, blood, other body fluids, or tissue
sanpl es on different types of nedi a. Sabouraud's gl ucose
agar is frequently used to culture fungi (16, 21). Fungi
tend to grow sl ower than bacteria, and by addi ng drugs,
mai ntaining a |l ow pH and | ow tenperature, bacteri al
contam nants are prevented fromgrow ng (16). Fungal

cultures are often i ncubated at different tenperatures to

get both yeast and nycelial forms. Col onial norphology is

an i nportant identifying characteristic and nay vary
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dependi ng on the growth nedia (48). Once grown,
m croscopi c evaluation of the colony is done to identify
shape and si ze of the spores and hyphae. In certain
conditions, the recovery of fungi by culture may not
indicate an infection, but rather only fungal col onization
or possibly contam nation of the nedia.

If unable to classify the genus and speci es by
nor phol ogy al one, then biochenical tests can be done to
determ ne the identification of the organism (46). These
bi ochemi cal tests often invol ve substrate utilizati on.

More recently serol ogic and i nmunol ogi ¢ testi ng has

been devel oped to eval uate exposure to fungi (46, 48, 49,

50). Three serologic tests are frequently used to
di agnose f ungal i nfections. These i ncl ude
i mmunodi f f usi on, conpl enent fi xati on, and aggl utination
tests (48)

I mmunodi f f usi on techni ques detect the reaction of
anti gen and anti body by the precipitation reaction (51).
I mmunodi ffusion is one of the sinplest and nost direct
neans of denonstrating antigen-anti body reactions in the
clinical | aboratory. Reactions nmay be cl assified as
si ngl e or doubl e i munodi f fusi on dependi ng upon the
novenent of the reactants. Basically, two circular wells
are made in an agar dish. Wthin one well is placed the
patient's serum and in the other well is placed the

fungal anti gen. If the patient has specific antibodies to


NEATPAGEINFO:id=43155124-FB53-4FB4-9342-227837FD5880


t hat fungal antigen, the i mune conplexes will form and
precipitate, and a line will be visible in the agar.
However, this test is not positive in all cases of

infection (41, 48, 49, 50).

In a conmpl enent fixation test, the fixation of
conpl enent occurs during the interaction of antigen and
anti body (51, 52). The anti gen-anti body conpl ex uses up
t he conpl enent. Wien anti body coated red cells are then
added to the solution, these wll be | ysed by any
remai ni ng conpl enent. The anpbunt of renmai ni ng conpl enent
or red cell lysis is inversely proportional to the
concentration of antigen-anti body conplex. Rising titers
i ndi cate progressive infection, while decreasing titers
i ndicate regression. As noted with i nmunodi ffusion, this
test may not be positive in all patients with infection.

Aggl uti nati on reactions involve cluming of antigenic
particles by anti bodies (51, 52). The reacti on may be
classified as direct or indirect. I n the sinple direct
techni que, a cell or insoluble particulate antigen is
agglutinated directly by anti body. I ndirect agglutination
refers to agglutination of antigen-coated cells or inert
particles which are passive carriers of sol uble antigens.
The aggl uti nati on techni que detects the presence of
speci fic anti body. The titer of agglutinating anti body is
neasured by taking a given concentrati on of target

particle and m xi ng with progressively nore dilute
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sol uti ons of anti body. The final dilution at which

clunmpi ng occurs is referred to as the specific anti body

= [ = — - - >

Skin testing, using antigens derived from certain
fungi has been used in the diagnosis of infection. Skin
testi ng has been devel oped for hi stopl asnosi s,
cocci di odonycosi s, and aspergillosis (41, 44, 46, 50).
However, negative skin tests nmay occur in individuals with
overwhel m ng i nfecti ons, and cross reactivity between

antigens nay give fal se positive skin tests (16, 50).

TREATMENT OF FUNGAL | NFECTI ONS

Di ssem nati on of fungi within the host is often fatal
if untreated. Localized infections nay occasionally
reoccur w thout treatnent. Wlether or not to treat nmay be
a difficult decision. Therapy is probably indicated if
synptons persist, if evidence suggests | ocal progression
of disease, if the patient is an infant, has a concurrent
illness, an i nmune i npairnent, or belongs to a raci al
group predi sposed to handling the infection poorly (45,
50) .

Surgery as well as chenotherapy may be indicated in
the patient. Surgical excision may be useful in sone
cases with residual pul nonary, cutaneous, or bony | esions.
Chenot herapy is usually consi dered part of the therapy

when surgery i s contenpl at ed.
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It has only been since 1959 that effective antifungal
agents were devel oped (15). Today, there are still only a
few anti fungal drugs avail able for treatnent of
infections. For the treatnent of deep nycotic infections,
Amphotericin B has been the mainstay. It is effective
agai nst all of the deep nycotic agents and nost ot her
fungi that may becone invasive in the host. However it is
not effective agai nst the superficial nycoses (16).
Amphotericin B, |like sone other antifungal agents, is
derived from vari ous species of Streptomyces. It works by
bi nding to ergosterol in the plasnma nenbrane, thus
di srupting the fungal cell (16, 21)

Newer anti fungal drugs such as Fl ucyt osi ne,
Ket oconazol e, and M conozol e have been used al one or in
conjunction with Anphotericin B to treat deep seated
fungal infections (53). As with other drugs, adverse
effects fromthese are nultiple and potentially serious,
so one must nonitor the henatol ogic and netabolic systens

careful ly

AN OVERVI EW OF ALLERG C DI SEASES

Nuner ous agents in the i ndoor environnent can cause
allergies. Included in this group are pollens, fungi,
al gae, actinonycetes, arthropod fragnents, dust, and

pum ces (24). A large nunber of indoor particles reflects

influx fromthe outside environnent.
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Nurmer ous factors are inportant in the devel opnent of
all ergi es, anong which a history of atopy is very
I nportant. Atopy is a termthat refers to the famlia
occurrence of comon allergic di sease and i nmedi ate
all ergi es acquired by natural sensitization to connpn
all ergens. Sone factors in the devel opnent of atopy
i ncl ude: season of the year, famly history of allergies,
geographic and racial factors, nucosal perneability, and
I mmunol ogi ¢ di sorders (54). Subjects are classified
according to the degree of reaction to a battery of common
all ergens (55) . Atopic siibjects are nore predi sposed to
occupational sensitization and allergic reactions to
numer ous agents than subjects that are not atopic.

Al l ergic reactions can occur in many organ systens
such as the eyes, skin, nose, airways, and al veoli.
Al lergies affect 175S (35 mllion) of the population in the
United States (56). The overall preval ence of asthma is
39s, but it is felt to be increasing in frequency. Atopic
dermatitis occurs in 6.9 persons per 1000 (55). Twenty
percent of the popul ati on experi ence sone form of
urticaria or angi oedema at sone tinme in their life, and
ani mal allergy preval ence ranges from 11-32% (56).
Allergic rhinitis occurs in 10-12% of the popul ation (57).

O her allergies to foods, insects, and drugs affect tens

of thousands of i ndivi dual s.
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Asthma and allergic rhinitis are the third | eadi ng
cause of limted activity in persons |ess than 45 years of
age , and annual work | oss due to these problens is
reported at 5 mllion days (55). In the United States, it
is felt that 1% of all cases of asthma may be
occupationally related, while up to 20% of workers in
various occupations in the United Ki ngdom have asthma (56,
58, ) .

Al l ergic reactions of the airways nay be broadly
classified according to their site of involvenent and
nature of reaction into four groups: allergic rhinitis
i nvol ving the nosej the airways (allergic asthma); the
ai rways and adj acent al veol ar spaces (allergic asthma with
pul nronary eosi nophilia); and al veoli or peripheral
bronchi ol es (hypersensitivity pneunonitis (24) . A
description of these as they relate to fungi will be
di scussed | ater.

Organic as well as inorgani c agents can cause
irritation or allergic sensitization of the skin.
All ergic skin reactions nmay result from direct
sensitization by an agent or froma secondary response to
an infection within the body. Exanples of the latter
include the id reaction, erythena nodosum erythema
mul tiforme, urticaria, and annul ar erythema (22).

Q her organ systens may be involved with allergic

reactions. However, allergies due to fungi primarily
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involve the lungs, skin, the eyes, and possibly the

gastrointestinal tract (22).

MECHANI SMS OF ALLERG C REACTI ONS

The anount of tissue danmage has conventionally
di stingui shed reactions due to normal protective inmunity
fromallergic reactions. Four types of allergic reactions
were classified by Gell et. al. in 1953 (51, 59). These
reactions are the follow ng: Type | (anaphylactic), type
Il (cytotoxic), type IIl (arthus), and type IV (del ayed
hypersensitivity)

Type | reactions are i mmedi ate and depend on | gE
bound to mast cells and basophils. After antigen binds to
the I gE anti bodi es, these cells rel ease nunerous
phar macol ogi ¢ substances. Snoboth nuscle contraction,
i ncreased vascul ar perneability, and bronchial spasns are
exanpl es of reactions that frequently occur. Hay fever,
allergic rhinitis, asthma, and occasionally anaphyl axi s
are exanples of clinical diseases due to type |I reactions
(51, 59) .

Type |1 reactions occur when anti gens present on cel
menbr anes react to 1gG or I gManti bodies. Cell damage
often occurs fromthis type of reaction, and it is
frequently known as anti body dependent cell nedi ated

cytotoxicity. Aut oi mmune henolytic anem a, |eukopenia.
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and t hronbocytopenia may result froma Type |l drug
reacti on due to quinidine. .

Type |1l reactions, often known as arthus reactions,
are due to the formati on of conpl enent binding antigen-1gG
anti body conpl exes. Rel ease of | ysosonmal products and
activation of conplenent conponents |eads to tissue
damage. All ergic bronchopul nonary aspergill osis and
hypersensitivity pneunonitis are two di seases whose
nmechani sm of damage is nediated by type Il reactions.

Type IV or cell nediated i nmune reactions result from
the interactions between actively sensitized | ynphocytes
and specific antigens. These | ynphocytes rel ease
| ynphoki nes which are biologically active and nediate a
| ocal inflammuatory reaction. Antibody and conpl enent are
not involved in these reactions. Exanpl es of these

reactions include tuberculosis and al so hypersensitivity

pneunonit is .

FUNG AS A CAUSE OF ALLERAG C DI SEASE

Fungi nmay cause allergies that, although rarely
serious, are often debilitating. Mdst fungal allergies
i nvol ve the respiratory tract, and these wll be
considered in nore detail. Initial evidence establishing

fungi as a cause of respiratory allergy was obtained by

Prince in the 1920's (60) . Numer ous studies since this
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time have contributed to our current understandi ng on
frlri'-j 1,ino.i 1 1i:r gic disease .

In the natural environnent, nan is potentially
exposed to nore than 100 different species of fungi, nmany
of which are present in the indoor environnent (51).
There i s no doubt that factors other than the nere
exi stence and anmount of fungi play an inportant role in
fungal allergy. For exanple, the size of the spore is
highly inportant. It is generally thought particles
greater than five mcrons are filtered out in the upper
respiratory tract and particles less than five mcrons can
reach the alveoli. This is an oversinplification, because
if the person is a nouth breather, then particles greater
then twenty mcrons nay penetrate into the bronchiol es
(62) .

Fromair sanpling of nold parts, Lowenstein states
t hat spores conprise greater than 90% of the particles of
rel evant size (26). It has al so been shown that spores
and mycelia contain several distinct antigens. Attenpts
to define fungal all ergens, however, are still

prelimnary, and standards for testing and reagent

preparation are not fully devel oped.
Preval ence of type | allergy to nolds ranges from 2-
30?6 (62) . This discrepancy may partly be explained by the

overall quality of the extracts used for skin testing and
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the ignorance of nolds as a possible factor in respiratory
allergy. (26) .

The Deut eronycetes is the class of fungi nost
i mportant as a cause of respiratory disease in nman (20).
The four genera C adosporium Alternaria, Penicillium and
Aspergil lus represent the nost conmon all ergenic nolds
based on skin reactivity (20, 37). These genera are al so
associated with the highest percentage of fungal spore
counts obtained by air sanpling (23). About 85% of people

with nold allergies will react with one of these

al | ergens.

The respiratory allergic conditions which nay be due
to fungi include allergic rhinitis, asthna, allergic
br onchopul nonary aspergillosis, hypersensitivity
pneunonitis, and humdifier fever. Each will be briefly
described. The main clinical problemis the extent to
which a nold sensitive person's synptons can be attributed
to nolds (37). This is because exposure to nolds is a
conti nuum wi t hout definite seasonal end points. |ndoor
spores are present throughout the year, and | evels
i ncrease when human activity is present.

Al'lergic rhinitis consists of paroxysnms of sneezing,
nasal itching and congestion, clear rhinorrhea, palatal
itching, and if severe, conjunctival irritation, redness
and tearing, ear fullness, and pressure sensation in the

cheeks and forehead (57). The synptons nay be seasonal or
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perenni al dependi ng on the presence of environnent al

allergens. IgE nediated rhinitis may be caused by a w de
variety of allergens including pollens, nolds, dander,

mtes, excreta, etc. About 10-12%of the United States
popul ation suffer fromallergic rhinitis, two thirds of

whi ch occurs before age 30 (57). Nasal synptons from
fungi are usually less intense than in pollen hayfever,

persist for |onger periods of tinme, and are nore or |ess
intermttent in nature, but show ng acute exacerbation
after heavy exposure (53).

As an exanple of rhinitis problens associated with
mol ds, a study of nasal hypersensitivity in wood furniture
wor kers by Vil hel nsson, et al, found that 3% of the
wor kers had allergy to nolds and 2% to wood dust (64),
However, up to 16% of workers in the furniture factory had
nasal perennial hypersensitivity, so for the majority of
cases, the etiology of their synptons was not determ ned.

Asthma is often defined as reversible obstructi on of
the airways. This airway narrow ng may be due to
contraction of airway snooth nuscle, edema of the
bronchi al nmucosa, or accumnul ation of bronchial secretions
or any conbi nation of these. An acute asthmatic reaction
is believed to be an | gE nedi ated reaction, but a del ayed
| gG nedi ated reaction nmay cause a |late asthmatic event.

Serum studies in 102 adult patients presenting to an
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emergency roomby Dr. Platt MIIls, showed that 90Ss had | gE
antibody to one or nore major indoor allergens (65).

For nore than 60 years, nolds have been considered a
cause of asthma (56). It has been shown that fungal
spores of Alternaria and Penicilliumboth can cause
asthma, even though there is a large difference in the
size of the spores (57). The shape of spores nay be very
different, their aerodynam c behavior is inportant in
determ ni ng whet her they can reach the |ower respiratory
tract.

Even t hough we know fungi can cause asthma, we don't
know how often it happens. There have been reports of
fungi growing within humdifiers and air conditioners
| eadi ng to exacerbations of asthma (10, 24).
| dentification of nold aeroallergens is the main problem
to progress. Detailed information on the kind and anount
of antigen in the air and at different times and pl aces,
and reliable standard allergen extracts for diagnostic
testing are required before we can fully correlate signs
of asthma with fungal exposure (55).

Hypersensitivity pneunonitis is an allergic lung
di sease that results fromsensitization and recurrent
exposure to certain antigens. The di sease i s
characterized by nononucl ear inflammtion of the termna

bronchi ol es and al veoli which tends to form granul onas,

and may progress to fibrosis. The acute illness presents
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with fever, chills, dry cough, malaise and dyspnea four to
ei ght hours after allergen exposure. Infiltrates may be
seen on chest x-ray, and physiol ogi c changes can be found
I n pul nonary function that suggests a restrictive
di sorder. Acute attacks usually clear in one to four
days. Repeat acute attacks or chronic exposure may result
in pul monary fibrosis.

Numer ous m croorgani snms, including fungi, can cause
hypersensitivity pneunonitis (58, 59, 70). Farners are
t he occupational group nmost involved with up to 8-9% of
farners affected in sone countries (70). Reports of
fungal contam nated hot tubs or HVAC systens |eading to
hypersensitivity pneunonitis in office workers are
becom ng nore frequent (32, 34, 71, 72).

| mmunol ogically, this disease has been considered a
classic Type 3 reaction, but recently, evidence of Type 4
i nvol venent has been noted (73). Serumprecipitating 1gG
anti bodies to inhaled organic antigens can be found in
over 908s of individuals with clinical disease.

Al'l ergi c bronchopul nonary aspergillosis (ABPA) is an
allergic pulnonary reaction to inhaled HSpsrg i11 as
fum gatas. The di sease is characterized as definite,
probabl e, or possible based on the followi ng criteri a;
COPD, positive skin test with Aspergillus extract, high
total serumIgE |levels, typical roentgenographic findings

with central bronchiectasis, general malaise wth fever
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and/ or wei ght |oss, productive cough with typical sput“™
pl ugs and/ or hyphae and/or henoptysis, high peripheral

bl ood eosi nophil counts Q 600 per n'') , positive
preci pitins against Aspergillus and/or positive specific
anti-Aspergillus IgE (74). Disease is certain if criteria
one through four and three of the last four are present.

Disease is probable if criteria one through three and four

of the last five are present, and disease is possible if

criteria one through two and three of the last six are
present .

The i mmunopat hogenesi s of ABPA is thought to involve
type | and Type IIIl reactions. During the acute ill ness,
airway obstruction is predom nant but over time, signs of
interstitial fibrosis occur (73).

Al though flsperg 111 as fam gatas is wdely distributed,
ABPA rarely occurs in the United States. It occurs
usually in atopic people with a history of asthna.
| ndi vidual s that work at sewage conposting run a risk of
heavy exposure to Aspergillus (44).

Hum difier fever is a recently described entity,
probably allergic in nature, that has been reported in
of fice workers exposed to contam nants in humdification
systens (10, 24, 45). The disease presents with flu-1Iike
synptons of headache, |ethargy, nyalgia, arthralgia,
fever, shortness of breath, and occurring four to eight

hours after exposure and resolving wusually wthin 24
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hours, regardl ess of continuing exposure. Synptons recur
on reexposure after an absence of several days from work.
Lung function studies during an acute attack show a

restrictive pattern that inmproves during the working week.

The diffusion coefficient is reduced during acute illness
and arterial desaturation may occur. The chest x-ray is
normal in the acute stage of di sease and even after

several years of synptoms, thus differentiating this

di sorder from hypersensitivity pneunonitis.

The cause is felt to be an antigen or antigens found
in the humdifier (24). Precipitins to different
m croorgani sms can be found in the serum of affected
I ndi vidual s, but antibodies nmay be seen in asynptomatic
exposed i ndividual s al so. However, serologic testing is
not felt to be a reliable nethod of determ ning the cause
of the condition because inhalation challenge testing with
extracts of organisns to which individuals have

precipitins fail to produce system c synptons

DI AGNOSI S OF ALLERG C DI SEASES DUE TO FUNG

As wth the diagnosis of infectious diseases due to
fungi, the diagnosis of allergic disease is multi-faceted.
The requirements for good diagnostic tests are that they
be standardi zed, accurate, reproducible, inexpensive, easy

to perform and present mniml risk to the patient.
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Unf ortunately, no test presently fulfills all these
requi rement s. - > —

The initial evaluation of any disease is taking a
good history. Synptoms such as cough, wheezing, runny
nose, nasal congestion, paroxysns of sneezing, itchy nose
and pal ate, tightness of the chest, shortness of breath,
onset of synptons in relationship to work or environnental
exposure, and rash are typical of allergic reactions.

Next, a physical exam nation should be perforned.
Typi cal signs often include pale, swollen nasal nucosa
with watery secretions, eyelid edema, and red conjunctiva
in allergic rhinitis. Wth asthma, tachypnea, wheezi ng,
rapi d pul se, pul sus paradoxus, hyperresonant |[ung fields,
di m ni shed breath sounds, wheezes and rhonchi may be
noted. In hypersensitivity pneunonitis fever, chills, dry
cough, tachypnea, cyanosis, and rales are often noted four
to eight hours after exposure to environnmental fungi that
the patient has becone sensitized to. I n ABPA fever,
bronchospasm cough and expectoration of rusty brown nmucus
pl ugs are often not ed.

Confirmation of clinical suspicions frequently relies
upon | aboratory testing. Tests frequently obtained
include a conplete blood count with differential, chest x-
ray, pulnonary function testing, nasal swabs for

eosi nophils, and serum I gE | evels.
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Infiltrates are often seen on chest x-ray, especially
with hypersensitivity pneunonitis and ABPA. Nasal swabs
of ten show eosinophilia with allergic rhinitis. Conplete
bl ood counts frequently show el evation in the eosinophi
count and often el evated serumI|IgE |l evels are present in
the all ergi c patient. -

Pul nronary function testing is frequently used to
evaluate the respiratory status of the individual. In
ast hma and the early course of ABPA, evidence of
obstruction is frequently noted. In hypersensitivity
pneunonitis and late in ABPA, evidence of restriction is
frequently not ed.

More sensitive and specific "imunol ogic" tests have
been developed to aid in the diagnhosis of allergic
di sease.. Anpbng these, both in vivo and in vitro
procedures exist. The in vivo tests include skin tests
and provocative chall enge studies. Anong the in vitro
procedures, radioallergosorbent test (RAST), enzyne |inked
I mmunosor bent assay (ELISA), histam ne rel ease from
basophi | s, and i mrunodiffusion tests are frequently used
to diagnose fungal allergies (51, 75). A brief review of
each foll ows.

Skin testing involves placing a suspected all ergen
onto the skin after a scratch into the epiderm s is nade
(scratch test) or placing the allergen on the skin

initially and then a point of a needle is passed through
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the drop, and the skin is pricked (prick test).
Qccasionally, an allergen is injected intradermally under
the skin simlar to tuberculin testing. An interaction
between the allergen and IgE fixed to mast cells in the
skin with |iberation of chem cal nediators occurs (75,
78) . Hi stam ne released fromthe nmast cell s causes
vasodi l ation (erythema or flare). Localized edema results
fromincreased vascul ar perneability (wheal). Skin
testing is usually positive in nost individuals with type
| allergy. A saline control, and a histam ne control are
usually included in the battery of allergens which are
tested. The skin tests are graded on a scale from 0-4+
depending on the presence and size of the wheal and flare.
When done correctly, the saline control is O and results
greater than or equal to 2+ are usually consi dered
positive. See Table

Both fal se negative and fal se positive reactions may
occur, therefore, the skin tests nust be correlated with
the history. Wien di scordance between the history and
skin tests is noted, inhalation challenge or in vitro
testing may be used to evaluate the inportance of skin
test reactivity.

Two types of challenge test are in use. The first
| nvol ves nasal provocation testing, and the second

i nvol ves pul monary provocation testing.
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Nasal provocation tests are considered research tools
at the present. Uses include evaluating the effectiveness
of i mmunot herapy, correlating results of other in vivo and
in vitro tests, identifying new all ergens, and
substituting for bronchial challenge tests (75).

Bronchi al provocation testing is used to evaluate the
role of fungal allergens as the cause of an individual's
respiratory synptons. The results of post chall enge
pul nonary function testing are used to determ ne whether a
patient has a positive reaction. A drop of .>. 20% from
baseline in the FEVI, FEF 25-75, or flowrate is
consi dered a positive reaction. Also, an increase in
airway resistance of >50So or a fall in specific airway
conductance of >.35SS is considered a positive reaction.
Many probl ens nust be consi dered when eval uati ng
provocation testing. Included are false positive
reactions, difficulty standardi zi ng the techni ques,
deci ding what constitutes a positive reaction, tinme and
expense involved, inability of patients to cooperate
fully, and the frequent adverse reactions that may occur,
sone potentially life threatening. However, as technical
aspects inprove, provocation testing will be increasingly
used to confirm suspected all ergens as the cause of
al I ergi c synpt omat ol ogy.

Nunerous in vitro |aboratory techni ques to di agnose

allergic or imunologic disorders exist. A Dbrief
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di scussi on on Radi oal | ergosorbent test (RAST) and enzyne
I i nked i munosor bent assay (ELISA) wll foll ow
| mmunodi f f usi on net hods were di scussed in the section on
i nfections. Funderberg et. al. and Newman et. al. provide
excellent reviews on the field of in vitro tests (51, 75).
Because i nmmunodi ffusi on nmeasures 1gG |1gM and | gA,
ot her nmet hods were devel oped to neasure IgD and I gE, which
are present in nmuch | ower concentrations in the blood. O
t he newer nethods, RAST and ELI SA are frequently used to
detect the presence of specific IgE to fungal allergens.

However, as with nost tests, each has its advantages and

di sadvant ages.

For RAST testing, allergens are coupled to a matri x.
The patient's serumis then added to the matrix-allergen
conpl ex and then incubated. After washing, radio-I|abel ed
| odi ne-125 anti-human I gE is added. After washing, the
remai ni ng bound 1-125 is neasured in a ganmma counter and
is a neasure of the amount of specific serumIgE anti body
to the allergen. This method can detect one nanogram of
speci fic I gE anti body.

Problens with RAST testing for fungal allergies
i nclude: difficulty coupling the nold allergens to the
matri x; conpetitive inhibition from other classes of
i mmunogl obulins; and the failure of RAST to discrimnate
bet ween nonoval ent and pol yval ent all ergens. Monoval ent

all ergens do not cause histamne release and therefore
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escape detection by skin tests, provocation tests, or
hi stam ne rel ease tests, but are detected by RAST.

Anot her problem w th RAST testing is | ack of

st andardi zati on of the conmmercial tests.

ELI SA all ows for the nmeasurenent of either antigen or
anti body. To neasure anti body, usually the antigen is
fixed onto a solid phase matrix. Then the patient's serum
I's added, and an anti-i mmunogl obulin tagged with enzyne is
| ater added. |If antibody is present in the patient's
serum then a color change will be noted after a substrate
I s added which reacts with the enzyne. The anount of
col or change can be guantitated by spectrophotonetry, and
I's proportional to the anount of IgE antibody in the
patient's serum

ELI SA requires | ess sophisticated equi pnent, |ess
skill ed personnel, no radi ati on exposure, and has the
potential for automation as conpared to RAST testing.
However RAST is nore sensitive and subject to | ess
interference than the ELI SA nethod (75). O her problens
with ELISA include difficulty in defining the end point of
the reaction, nonspecific background enzyne activity, and

difficulty in labeling and purifying the enzyme conjugate.

TREATMENT OF ALLERGA C DI SEASES

MIlions of people suffer from allergic disease and

treatment is necessary to relieve their synptons. Even
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t hough no single nodality is conpletely effective in
relieving synptons, three nethods exi st which, when used
singly or in conbination, offer much relief. The three
nodes of treatnent today i nclude avoi dance or
environnmental control, pharnmacot herapy, and i mmunot her apy.

In the case of fungi, as wth other all ergens,
avoi dance is the nost efficacious form of therapy.
Because fungi are so prevalent in the environnent,
however, avoidance is often difficult. Ml d sensitive
i ndi vi dual s should stay away from dense foliage and
decayi ng vegetation in wooded areas in the spring and fall
and shoul d not cut grass or rake |eaves (77).

| ndoor noi sture, darkness, and accunul ati on of dust
pronote fungal growh. To control dust, renoval of
stuffed furniture and toys, thorough, frequent cleaning of
carpets, and encasing mattresses in allergic proof covers
is recommended. Filters on furnaces and air conditioners
shoul d be cleaned. Electrostatic air filters and Hepa
filters effectively filter nmold spores fromthe indoor air
(78). Dark and danp areas such as basements and attics
need careful cleaning and dehum dification to elimnate
any fungal growth. Likew se, kitchens and bat hroons nust
be well aerated and cl eaned. Basenent walls and fl oors
shoul d be painted with noisture proof seal ants.

Dehum di fi cati on should be used continuously in danp

ar eas.
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Phar macot herapy or drug treatnent is frequently used
to relieve allergic synptons. Anong t he drugs,
anti hi stam nes, oral or topical decongest ants,
corticosteroids, theophylline, Beta-adrenergic agonists,
and cronol yn sodium are the nobst frequently used. The
mechani sm of action differs anong these agents.

Ant i hi st am nes work through conpetitive inhibition of
hi stam ne and are effective in reducing sneezing, itching,
and rhi norrhea. Several classes of anti histam nes exi st,
and if no benefit is noted fromone cl ass, another cl ass
of anti hi stam nes can be tried. Side effects from
anti hi stam nes may i ncl ude sedati on, nervousness, dry
nmout h, bl urred vision, decreased nental acuity, and
i nsomi a.

Decongestants, whether oral or topical, are usually
al pha- adrener gi ¢ agoni sts and act by stinul ati ng
constriction of the snoboth nmnuscl es of the nasal nucosal
vessel s. Side effects may i nclude el evati on of bl ood
pressure, nervousness, and restl essness. A rebound
phenonenon known as rhinitis nedi canentosa, which is
characterized by a marked increase in nasal swelling and
congestion, nay occur after prolonged nasal topical use.
Decongestants ore often given in conbination with
anti hi st am nes.

Corticosteroids, whether oral or aerosolized, have

been found very wuseful in severe cases of allergic
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rhinitis or asthna. The nechani sm of action, only partly
under st ood, depends on their antiinflammtory activity and
on their ability to potentiate the effect of adrenergic
drugs on adenyl cycl ase. However, severe side effects
occur wth prol onged use, and they should not be
considered prinmary agents in the treatnent of allergic
synpt ons.

Theophyl | ine i s a phosphodi esterase i nhibitor and
acts by increasing the cAMP and cGW ratio, resulting in
bronchi al dilation and inhibition of mast cell rel ease of
medi ators. This drug is currently used in the treatnent
of asthnma as an oral agent. Serum | evels shoul d be
noni t ored because toxicity may occur at |evels above the
t herapeutic range of 10-20 m crograns per milliliter.
Certain drugs and cigarette snoking can affect the
met abol i sm of theophylline.

Bet a- adrenergi ¢ drugs cause bronchodil ati on by
activating the Beta receptors in bronchial snooth nuscles
and decreasing nedi ator release frommast cells. Drugs
whi ch are Beta—2 selective are preferred because of the
side effects that nmay occur wth nonsel ective Bet a-
agoni st . These agents formthe cornerstone of asthnma
treatnment (77).

A recently introduced drug, cronoplyn sodiumis
effective in the treatnent of allergic synptons. This

drug works by prevention of nediator release from mast
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cells, nodul ati on of sone types of reflex induced
bronchoconstricti on, and aneliorati on of nonspecific
bronchi al hyperactivity in sone asthmatics (77). Cronolyn
sodiumis not effective in acute attacks of allergic
synptoms, but it is useful as a prophylactic drug.

The third basic treatnent of allergic disease is
i nmunot herapy. After a conplete history, physical
exam nati on, and appropriate skin testing has been
perforned, aer@allergens that may be an inportant cause of
the patients synptons can be identified. Extracts of
these all ergens can then be prepared for inmunotherapy.

| mmunot her apy i nvol ves the subcut aneous injection of
dilutions of the extract usually into the patients upper
arm Over tinme, the strength of the extract is gradually
i ncreased until a nmai ntai nence dose is reached. Once this
mai nt enance dose is reached, the frequency of injections
is decreased until it is given nonthly. |nmunotherapy is
continued for two to four years unless the patient has no
relief of synptons. In that case, reeval uation of the
pati ent shoul d be done.

I mmunot herapy is felt to work by inducing the
formati on of bl ocking anti bodi es of the 1gG class (79).
This 1 gG bl ocki ng anti body thus is specific for the
injected allergen and will bind circulating all ergen
Wi thout initiating a type | reacti on upon environment al

exposure to that all ergen.
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It is still difficult to evaluate the success of
i mmunot herapy for fungal allergy for several reasons. One
is that the potency of the extracts is unreliable. Al so,
spore specific fractions that may be inportant in nold
sensitive patients are often not included in the extract.
Third, it is often difficult for the average allergist to
identify the clinically relevant fungi

| mmunot herapy is not without risk. Occasionally
system ¢ synptons and anaphyl axi s have resulted when a
| ar ge dose was given, or the injection was into a bl ood
vessel . Local reactions are common such as swel |ing,
erythema, and itching at the site of injection, and
patients should be observed for at |east twenty m nutes

after injection in case a system c reaction may devel op

FUNGAL SAMPLI NG EQUI PMENT

One of the difficulties in evaluating sick building
syndrones i s determ ning when, where, what, and how one
shoul d sanmpl e for biological contam nants. Sone feel that
bi ol ogi cal sanpling should be done if |ocal sources of
nonm crobial irritants have been rul ed out and individuals
have clinical synmptons consistent with exposure to
bi ol ogi ¢ agents (80, 81). If sanmpling is to be done, then
sel ection of the sanmpling device is the next step.
Met hods devel oped i ncl ude both qualitati ve and

quantitative analysis. Many of the devices used for
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fungal sanpling have been previously used to coll ect
pol l ens. Particles nust be deposited onto surfaces before
their enuneration, either mcroscopically or in culture
(82). This step poses problens reflecting the aerodynani c
behavi or of airborne particles, which depends upon the
particle shape and size as well as atnospheric conditions.

Most net hods for fungal sanpling use one of the
foll ow ng approaches: Fall out, inpaction on narrow
surfaces, filtration, and acceleration with inpingenent of
particles at fl ow channel bends (82).

Gravitational fall out nethods have been used for
Nnuner ous years to coll ect airborne organi sns.
Gravitational nethods are sinple, requiring no power
source and easy to naintain. Particles are coll ected on
a slide and are counted and expressed as a count per
square centineter (83), The recovery of airborne agents
often parallels the clinical events. However, nunerous
limtations exist including the effects of w nd speed,
direction, and air turbul ence on the deposition of
particles. Recoveries tend to be biased towards the
collection of large particles, |leading to the near
exclusion of snall particles. Also, the inability to
determi ne the volune of air that contributes particles for
the sanmple is a linmtation of this nmethod (82).

A second techni que invol ves the inpaction of

particles on narrow surfaces. The probability of particle
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i npaction varies with its termnal velocity and rel ative
air speed, and inversely with the width of the target.
| npaction efficiency increases with particle size and w nd
speed. Follow ng inpaction, particles are counted by a
m Ccr oscope. - o

Exanpl es of such devices that work by this techni que
include flag sanplers, rotorods, rotobars, and rotodi sks
(83). However, disadvantages with these devices incl ude
dependence on w nd speed, frequent changi ng of the
coll ection surface due to particle buildup , and
limtation collecting agents snmaller than 5-8 m crons.

Filtration involves the collection of particles as
t hey pass through a filter. Generally, air is drawn
t hrough the filter by a punp for a neasured period of
tine. The particles can be either viewed directly by

m croscopi ¢ exam nation of cleared filters or the filter
can be cultured. Problens noted with these devi ces
i nclude the necessity for a totalizing anenoneter if data
are to have volunetric inplications, the effect of the
filter digesting agent on the fungi, and the alignnent of
the intake with the air flow to avoid | oss of sanpling
efficiency .

The fourth type of sanpling involves inpingenent.
This is a two stage process involving aspiration of
measured anmounts of air into a device and raising this

input and its entrained particles to critical velocity
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just before sharp bends in the fl ow channel are reached
(82). The probability of capture varies with the particle
si ze, acquired speed, acuteness of the turn and adhesi ve
properties of the inmpingenent point (82). Particles with
stop di stances exceedi ng the avail abl e cl earance w ||
inpinge in the wells at points suitable for collection
(82). An advantage to this nethod is that of high
collection efficiency of snmall particles.

| mpi ngenent coll ection surfaces involve either liquid
or solid nmedia. Liquid inmpingers are used for short term
relatively | ow volune, calmair sanpling in encl osed
spaces. Because of shear stress in this process, danmage
to the organi sns nay occur. After filtrati on of the
catch, particles may be viewed mn croscopically or
cul t ur ed.

Solid surface coll ection occurs via the inpi ngenent
of particles on sem solid or an adhesi ve coated solid
surface. This net hod has been used to determ ne total
nunber of cells, size distribution, total viable cells and
vari ati on of concentration per unit of tine during a | ong
sanpling period (83). Exanpl es of devices include spore
traps, slit sanplers, and sieve inpingers.

The Andersen sieve inpinger (inpactor) is generally
accepted as the standard i nstrunent for coll ecti on of

ai rborne viable particles in environnents where the

concentration of biologic aerosols is normally |Iow (80,
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81). The princi ple behind sieve inpingers is that the
i nterposition of perforated plates with different pore
dianeters in a fl ow channel pronotes accel erati on and
i Mpi ngenent of viable particles so that the resulting
colonies are optimally separated by size ( 82).

Thr oughput of 1 ft""' per mnute of air is nmintained.

After incubation of petri di shes which have been used to
collect the particles, counts of colony form ng units are

made, and the nunber of organisns per cubic neter in air

can be cal cul at ed.

SAMPLI NG Al RBORNE FUNG : | MPORTANT CONSI DERATI ONS

Once the sanpling device, usually an Ander sen
i npact or, has been chosen, several other consi derations
are necessary before begi nning to sanple. An inportant
factor is the proper calibration of the equi pnent.
Sanmpl ers nmust be cali brated according to the nmanufacturers
recommendati ons and shoul d be checked daily when in use.
Di si nfecti on of the equi pnent is necessary to avoid
cont am nati on of the sanpl e.

The proper size culture plates and nedi a shoul d be
used when sanmpling for viable organi sns. Standard nedi a
are avail able for the commpbn organi sns but special nedi a
preparati on nay be necessary if an unusual organismis

suspect ed. Culture nedia should be checked for sterility
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and ability to support growh of the suspected organi sm
which i s suspected (80, 81). |,

Once col l ected, the sanple nust be handl ed and
processed carefully in order to avoid contam nati on.
I ncubation at different tenperatures should be perforned
to check for the presence of fungi, bacteria, and
t hermophil i ¢ actinonmycetes. The total nunber of col ony
formng units can then be counted and estinmates of the
concentration of organisns in the air can be nade if the
flow rate and duration of sanpling are known.

A sanpling strategy should be devised to determ ne
the |ikely source of contam nation so that corrective
measures can be undertaken. Air sanples should be
col l ected near potential sources such as HVAC systens,
of fice furnishings, and portable appliances. It is often
hel pful to neasure outdoor |evels of the suspected agent,
since indoor particles may arise from outdoor sites.

Duplicate or triplicate sanples should be obtained at
suspected | ocations. Also, sanpling of control sites is
useful to conpare the total nunber of organi sns between
the sites. One can then conpare the preval ance of
enpl oyee synptons at control and suspected sites and
correlate this with the nicrobial counts.

It is also inportant to obtain sanples at the
appropriate time. For exanple, sanpling before and after

HVAC systens are turned on may detect a large difference
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in the concentration of organisms, and enployee synptons

may be tenporally rel ated.

EXAMPLES OF | NDOOR Al R POLLUTI ON DUE TO FUNG

There has been an increasing nunber of cases of sick
bui | ding syndrone attributed to biologic agents recently.
Nunmer ous state and federal agencies have investigated
cases of biologically contamnated offices. Form 1971 to
1987, NI OSH has investigated around 450 conpl aints of poor
i ndoor air quality in a wide variety of office settings
(84). Five percent of their investigations have involved
sone type of mcrobiologic contam nation. Several of
t hose bi ol ogi cal outbreaks involved fungi (85). Many of
t hese buildings had a history of flooding episodes and
mechani cal systens plagued with pools of standing stagnant

wat er (85)

The California Indoor Air Quality Programis an
effort to determ ne the extent and nature of indoor air
problenms in California. Biological contam nation was felt
to be the cause of 16% of the conplaints, and nobst cases
were related to problenms with internal noisture (86).

Arnow et al investigated synptons of hypersensitivity
pneunonitis in three office workers in a southwestern
bui I di ng conplex (71). Nunerous fungi were isolated from

the air cooling system of the building. Numer ous


NEATPAGEINFO:id=365F1EFE-EAB1-4993-BF2A-25ACD474ADB6


synptomatic and asynptomatic  subjects had positive
precipitins to the fungi.

W hel nreson et al chose five furniture industries to
investigate the incidence of workers with nasal allergies
(64). Qut of a total of 15% of workers with allergic
synptonms, 2% of individuals had allergy to nolds and 2%to
wood dust as determ ned by skin tests and nasal
provocati on test. However, a high frequency of
preci pitating antibody agai nst nolds was found in the wood
workers, in both synmptomatic and asynptomatic workers.

Nuner ous ot her industries that work with organic
materi al s have been associated with outbreaks of allergic
di seases (69, 87, 88). Many di seases are often naned
for the organic material handl ed. For exanple, malt
wor ker's lung and cheese worker's lung are due to fungal
contam nation of malt and cheese respectively.

It is often hard to control fungal growh in many
i ndustries that work with organic naterial, therefore
elimnation of allergic disease in these industries wll
be difficult. As an exanple, in the pork and poultry
produci ng i ndustries, pathogenic organisnms are often found
in swine confinenent and poultry buil di ngs. Aerosol
exposure is highly likely to occur in these buildings
(89). In other industries, such as antibiotic, bakery,
cheese, and wi ne manufacturing, fungi are a necessary part

of the process and thus exposure is practically assured.


NEATPAGEINFO:id=C1A61F7F-F849-4A65-A923-2B67FBF82BBE


67

Of concern to parents are reports of sick building
syndrone due to biological agents in school houses (often

dubbed sick school syndrone) (90). Studi es of school s

have shown nunerous types of fungi, just as with nost
honmes (25, 91, 92, 93). In certain schools, the nunber of
nol d spores is Il ess than in | ocal houses (91). Good

housekeepi ng, the control of water danmge, mai ntenance of
ventil ati on systens, and t he avoi dance of carpets may

decr ease the m cr obi al cont am nati on i n school houses

(25)

I NVESTI GATI ON OF S| CK BUI LDI NG SYNDROVE

Si ck buil di ng syndrones are becom ng nore preval ent,
especially since the energy crisis in the early 1970' s.
However, determ ning the eti ol ogy of workers' conpl aints
is often difficult and frequently unsuccessful. Sever al
reasons, i ncluding the highly charged enoti ons of
enpl oyees, the conmplexity of the buil di ngs and often
i nconcl usi ve epi dem ol ogi c and i ndustrial hygi ene sanpling
hel p explain this difficulty. Since 1971, NI OSH has
i nvesti gated over 450 conplaints of indoor air quality
(84). Many of the foll owi ng recommendati ons have been
taken fromtheir guidelines on investigating i ndoor air
qual ity probl ens.

The naj or goal s of any envi ronnment al heal t h

i nvestigation are to determ ne whether the environnent is
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safe, to deternmine the cause of health conplaints, to
identify interventions to alleviate the existing problem
and to prevent future problenms (94). Kreiss and Hodgson
di scuss three ways to investigate indoor air pollution
(2). They break the approach into three areas:
I ndustrial hygi ene, epidem ol ogy, and ventil ati on
engi neeri ng.

The industrial hygi ene approach, which invol ves
identification of potential hazardous processes and
exposures followed by sanmpling for physical or chem cal
agents, frequently fails in determning the etiol ogy.
Numer ous chenical s have been detected, but usually at | ow
concentrations, far bel ow occupati onal exposure standards
(1, 4,5, 6).

If the industrial hygienist cannot pinpoint a source
for the conplaints, epidemology is often turned to for
cl ues. Epidem ol ogy, the study of disease in popul ations,
can be useful to the investigation by identifying patterns
whi ch suggest new hypot heses and | ead to appropriate
envi ronmental sanpling strategies (94). Epidem ol ogy can
describe the conplaints as functions of tine, place, and
persons, and can assess social factors and health outcones
which are not within the traditional industrial hygiene
eval uation. Epidem ology and statistical analysis may be

required to estimate the relative contribution of nultiple
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chem cal, physical, and social factors in causing
envi ronnent al probl ens.

Defined criteria, which depend upon the conpl ai nts,
are used to establish a case definition. Then, cases can
be conpared by roons, floors, or to other buildings to see
if a difference exists. By this approach, certain clues
may becone apparent, and suggest either the likely source
or the areas where additional sanpling and i nvesti gati on
ar e needed.

Baker descri bes six steps in the epidemn ol ogi c

i nvestigation of a building (94).

1 - Establish existence and extent of the problem

2 - Look for patterns by tinme, place, person

3 —Fornmul ate hypothesis to direct further study

4 = Systematically eval uate occupants

5 - Analyze multifactorial problens

6 - Present findings

Epi dem ol ogi ¢ net hods al so have limtations.

Frequently, too few people are in the building to reliably
deterni ne the associ ati on bet ween specific exposure and
heal t h outcones. Al so, epidem ol ogi c studi es often cannot
tell whet her adverse environnental conditions |l ed to
i ncreased conmpl ai nts or whether health problens | ed to an

i ncreased awareness of the environnent. Fur t her nor e,
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bi ases nmy be present and may affect the validity of the
st udy.

If no source is |l ocated, then evaluati on of the
ventil ati on system gui ded by epi dem ol ogi ¢ and i ndustri al
hygi ene findings is perforned. Frequently, contam nation
of the HVAC systemis found. Limtations in fresh air
i ntake are frequently noted, and adjustnents can be nade
which will often sol ve the problem | nadequate
ventilation is by far the | argest problem noted in N OCsH
i nvestigations of indoor air pollution (84). In many
cases where no source is determ ned, increasing the fresh
air intake has decreased the nunber of conplaints.

NI OSH has suggested the foll owi ng gui deli nes for
i nvestigating indoor air quality problens (84). Wil e not
speci fic for fungal investigations, these nethods may hel p
pi npoi nt areas that can contri bute to fungal growth and
t hat nmay need correction.

A - Initial Assessnent
1 - Docunentation of conplaints (interview or

questi onnaire)

a) What health conpl ai nts have been experi enced?

b) When was the first tinme they were noticed?

c) Was there any specific incident or event that
was linked with the initial onset of the
conpl ai nts?

d) How often do they occur?
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e) How |l ong do they | ast?
f) Are there any particular tines during the day
t hey occur?
g) Do they occur in particul ar areas?
h) Are there any specific activities, tasks, or
unusual circunstances that acconpany the problenf?

i) When do the health conplaints go away?

At this point, you can devel op a case definition and
det er ni ne how many people are involved. A graphic display
of the floor plan and the cases can be nmade to see if any
patterns energe. It is often hel pful to have a control

buil ding to conpare with.

2 - Building Characterization
a) Wiat is the building' s age, basic construction,
nunber of floors, nunber of square feet per
fl oor, types of wi ndows and do they open?
b) Who is responsible for the functioning of the
bui |l di ng' s systens?
c) Who is responsible for cleaning the interior
of the building? How often is cleaning done?
d) Have there been any nmjor renovations or
operati ng changes? What were they? Wen did
t hey occur?

e) Does the building have sprayed or foam
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r)
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i nsul ati on? Wen was it applied?

VWhat type of heating systemis used?
VWhat type of cooling systemis used?

VWhat type of humidification systemis used?
How is the total ventilation system operated?
What floors and roons are served by each

syst ent?

VWhat type of filtration systemis used? How
often is it changed/ nmai nt enanced?

How much fresh air is being introduced into
the ventil ation systen? Does this anbunt neet
system speci ficati ons?

Where are the fresh air inlets and are they
functi oni ng properly?
Are there any possi bl e sources of contam nation
located in the general vicinity of the air
inlets?

How |l i kely are contamnm nants to be drawn into
the air inlets due to prevailing w nds and

i nversi ons?

How does exhaust air | eave the buil di ng?

Is the buil ding being used for the sane

pur pose(s) for which it was desi gned?

What type of activities are buil ding occupants
engaged i n?

What processes or activities are present in
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the building that may serve as cont am nant

sources? How are they vented?

The building conposition and ventilation system wi ||

often provide i nportant clues |eading to a sol uti on,

3 - A wal kt hrough survey is perforned to ensure the
accuracy of the interview and to assess the
overall condition of the building and to determ ne
t hat systens are functioni ng properly. Exanmpl es
of sonme probl em areas i ncl ude:

a) specific equi pnent giving off funes or heat

b) i nmproper cl eani ng procedures | eavi ng residues

c) filters and wet areas in the ventilation system
may not be cl eaned frequently enough or
i nproperly draining

d) the air intake nay be |located next to the air
exhaust

e) i nadequate nakeup air

f) the ventilating system may be out of bal ance or

the tenperature control may be i nadequate

If at this point no specific problem can be found,

then further investigation should done.

B

I nt er nedi at e Assessnent
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1 - Eval uate
a) COi-: levels
b) tenperature
c) humdity a <
d) provision of adequate anobunts of outside air

2 - Additional evaluation of point source of
contam nants nay be necessary

3 - Elimnate or control all known and potenti al
sources of chem cal contam nants

4 - Elimnate or control all known and potenti al
sources of m crobi al contam nants

C - Concl usi ons and Fol |l owup Assessnents.

It is inmportant to follow up to nmake sure your

recommendati ons were foll owed and were successful.

The above steps are recomended to eval uate
conpl aints of indoor air pollution. Early recognition of
a problemwith a tinely and systenmati c eval uati on are key
factors to a quick, effective resolution and will reassure

enpl oyees that action is being undertaken.

PREVENTI ON AND CONTROL OF FUNG | N THE | NDOCOR ENVI RONMENT

One of the chief problens concerned wi th biol ogi cal

exposures in the i ndoor environnent is the "threshold

| evel . " I ndi vidual sensitivity may vary and no |evels
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have been est abli shed for biol ogical organisns, in
contrast to industrial chenical exposures. j

Because sick building syndrone is a public health
concern, many | evels of responsibility are i nvol ved.
I ndi vi dual wor kers, buil di ng managers, architects,
contractors, manufacturers, and the governnent all have a
responsi bility to provide a safe working environnent.
Strategies for reducing risk to exposed popul ati ons nust
be based on def ensi bl e exposure-response rel ati ons, so
that the cost effecti veness of control options can be
eval uated on the basis of reduction in popul ati on
exposures (5).

To prevent unnecessary financial burden on enpl oyees
or enpl oyers by recomendi ng unnecessary environnent al
changes, we must denand strict criteria for the di agnosis
of allergy or infection (65). The mnimal criteria for
nold all ergy should be that fungi are abundant in the
i ndoor air, that the enpl oyees have I gE anti body to the
sane all ergen, and that the enpl oyees have i ncreased
synptons on exposure to the all ergen. The presence of
i nfecti on caused by the sane fungus in two or nore
enpl oyees shoul d suggest the work place as the common
— > L - e e _ _ -

There are three perspectives in dealing wth sick
bui | di ng syndrone: contam nati on cl eanup, preventi ve

mai nt enance, and preventive design (96). The foll ow ng


NEATPAGEINFO:id=9964F994-8B12-4A5D-911B-9D65641BFC68


76

recommendati ons for mcrobial contam nation preventi on and
control are conpiled from numerous sources (23, 84, 85,
o5, o7, o8s) . - .

1 - Repair all external and internal |eaks pronptly and
permanent|y.

2 - Avoid stagnant water accumul ati on under cooling coils
in air handler units. Proper inclination and conti nuous
drai nage of drain pans is necessary.

3 - Cooling coils should be run at a tenperature | ow
enough to pernit adequate dehumidification so that spores
and substrate i npacted on coils nay be washed away in
condensat e wat er .

4 - Maintain relative humdity at | ess than 60Sg i n al
occupi ed spaces and |low air velocity pl enuns.

5 - Use only steam not water, as the noisture source for
hum difiers in the ventil ati ons system Hunidifiers
utilizing recircul ated water are not recomended. The use
of portable cold nist vaporizers is discouraged, since
they are readily contaninated with nicroorgani smns.

6 - Use filters in air handling units that have a noderate
to high efficiency (80-90% . Prefilters should be used to
clear the air prior to passage over the higher efficiency
filters .

7 —Exercise caution in locating outdoor intake vents to

avoid entry of mcrobial aerosols from cooling tower

draft, sanitary, and other exhaust vents.
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8 - Devel op a preventi ve mai nt enance programto avoid
sline buildup in cooling towers and drai n pans.

9 - The buil ding should be operated so that the inside
pressure is slightly positive with respect to the outside.
10 - Discard carpet, furniture, ceiling tiles, and other
porous furni shings that are contani nated with mnicrobi al
agent s.

11 — A r handling units should be constructed so that
equi pnent nmai nt enance personnel have easy and direct
access to both heat exchange conponents and drai n pans.

12 - Keep hot water tenperatures above 120° F.

13 - Choose an HVAC systemthat fits the building s size
and anti ci pated use.

14 - Fit the HVAC systemwi th regul ati on generators that
are flexible enough to adjust to the varying air pressures
they will be subjected to by intake and outtake vents.

15 - Intake vents should be | ocated where they w |
receive the | argest supply of fresh air.

16 - At a mninum outdoor air should be provided in
conditioned air at a rate of 10 to 2.5 liters/second (20
and 5 CFM per occupant for snpbki ng and nonsnoki ng
envi ronnents respectively.

17 - |If the source of contani nant appears to be fromthe
outside, then closing doors and wi ndows is useful. The

reduced fresh air nust be supplenented by a carefully

filtered air source.
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18 - Maintain a dust free environnent by good
housekeepi ng, avoiding stuffed furniture, house pl ants,
and pet s.

19 - Antimnm crobial agents nmay be necessary to funi gate
nol dy itens that cannot be di scarded.

20 - Animal or vegetable matter should be stored under dry

conditions to prevent nol di ng.

21 - In industries where dusty organic natter is
processed, mcrobial spores are frequently released. In
such situations, | ocal exhaust ventil ati on and gener al

dilution ventil ation are often effective,
22 - |If the source cannot be eradicated or if engi neering
controls are i nadequate, use of personal protective

equi pnrent nay becone necessary.
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, CASE REPORT

backpr ouj j d.

As nentioned in the literature, sick buil ding
syndrone i s becom ng nore preval ent. Biol ogi cal agents,
i ncl udi ng fungi, have been responsible for many cases.
The opportunity arose to investigate worker conplaints in
a building at a local university. It appears that fungi
may have been responsi ble for sone of the workers'
synpt cms

The buil ding was constructed in the early part of the
twentieth century and has undergone nunerous renovati ons.
It has three floors and currently functions as both office
space and class roons for the liberal arts. There are no
| aboratories in this building. See Figures 1-3.

In 1984, a steamleak occurred in the ceiling of room
05. However, the | eak was not detected until January,
1985. During 1984, room 105 had under gone renovation, and
a change in its ventilation system |In Novenber, 1984,
bl ack nold was noted growi ng on the floor, nolding, and
around two doors in room 105. A cl eanup was undert aken
| ater that nonth, and cracks were seal ed. Fungal sanpling
was perfornmed, and very heavy growth was found on the day

of cl eanup. Over the next several nonths, four people
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quit working in room 106 due to an "unheal t hy

envi ronnmnent . -

I n Novenber, 1985, a nold problemin the ceiling
tiles of room06 was brought to the attention of canpus
safety. It had devel oped approxi mately one year earlier
I n Decenmber, 1985, aerosol sanpling in the interstitial
space between room 06 and 105 detected heavy fungal growth
w th Aspergillus species. Also Penicilliumspecies and
Aspergi |l lus species were detected in heavy concentration
in room 106.

New duct work was installed in this area in Decenber,
1985, and the nunber of conplaints decreased. In April,
1986, an odor and black mold growing on a wall behind a
radiator in room 106 was det ect ed.

In Cctober, 1986, canpus safety notified the Enpl oyee
Heal th Service of workers in room 09 conpl ai ni ng of

respiratory synptons which the enployees felt were work
rel ated. Four individuals were evaluated in the health

clinic, and results of the history and physi cal
exam nation were consistent with an allergic condition as
the cause of their synptons. As a result of this
exam nation, questionnaires were sent to all enployees in
roomO09 to determne if other individuals had simlar
conpl aints (see Appendix | questionnaire).

A few days after the questionnaires were distributed,

a walk through survey of room09 was performed. At this
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MATERI ALS AND METHODS
WX LECT. O PESE LU n-igl 1 E

The questionnaire (Appendix |I) was distributed to the
135 full and part-tinme enployees on all three floors of
the affected building. A control building |ocated severa
bl ocks di stance fromthe affected buil di ng was
conveniently chosen, and the questionnaire distributed to
80 individuals. The questionnaire was sent out once to
the control building, but three tines to the affected
bui | di ng.

Approxi mately one year |ater, a second questionnaire
(Appendi x 2) was distributed to 139 full and part-tine
i ndividuals in the affected buil ding. This nunber
i ncl udes individuals who took the first questionnaire and
i ndi vidual s that were not working in the affected building
at the tine the first questionnaire was sent out. An
additional 17 questionnaires were sent to the 18 faculty
and staff that had left the affected building after the
first questionnaire was distributed. One individual's

address coul d not be found. The questionnaire was sent

out twice to every individual
During the interval between the first and second
questionnaire, nodification of the ventilation systemto

room 103 and 105 was performed. Al so, a thorough cleaning

of room 09 was undert aken.
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Numer ous sanples for fungi were taken both inside and
outside the building. An Andersen two stage inpactor wth
a flowrate of one cubic foot per mnute was used. The
first stage had an orifice of 1.5 mllimeters, and the
second stage had an orifice of 0.4 mllineters. The
| ength of collection was usually either five or ten
m nutes. Fungi were collected on Sabouraud's agar plates.
After incubation primarily at 35° C.,.the nunber of colony

form ng units was count ed. ;

Dust _ sji.m 1i ng"

Dust sanples were collected fromroom Q09 at two
| ocations. Additional sanples were collected from an
adj acent building which was built at the sane tine as the
affected building, and fromthe Environnmental Safety
buil ding, which is | ocated several blocks fromthe
af fect ed buil di ng.

Dust sanples were collected with a high vol une sanpl e
punp, using a preweighed five mcron PVC filter. Flow
rates ranged from 11.37 to 11.8 liters/m nute, and
sanpling time ranged from3 to 4.5 hours. Results are

reported in mlligrans per cubic neter.
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Initially, gross col ony norphol ogy on Sabour auds agar
was used to identify the |li kely genus of fungi. Four
di fferent col ony nor phol ogies were identified fromthe

sanmpl i ng. The fungi were frozen and approxi mately one and

a half years, | ater, speciation was att enpt ed.
B.iLP.HE 3.il.I.M8. xB.L.3:iS.y.l.Q... and d.iidniJ.B.QEl..y.Q), £1..8. 30.EB-.yE. yi.d"s
were identified. However, a Penicillium and anot her

Cl adospori um coul d not be speciated due to difficulty in

growi ng the organi sns.

Fungal _giltracts.

Extracts fromthe fungi identified were prepared for
skin testing by the D vision of Mycol ogy at the
uni versity. The antigens that were used for skin testing
were derived fromthe spore fracti on of each fungus and
were filter sterilized. The carbohydrate content of the
final extracts was t hen determ ned. A di |l ut ed

concentrati on was used for skin testing.

Skin testi nci

Skin prick testing was offered to all enployees in
the affected building. After several announcenents, 35
i ndi vi dual s volunteered for testing. The tests were
perfornmed by allergists fromthe university. N ne

all ergens and two controls were placed on the vol ar aspect


NEATPAGEINFO:id=E90EA5FB-3A36-4D62-9770-DF6E240AB620


81

time, we were notified of enployees in roomOl with
simlar synptons. At this point, the decision was nade to
survey the entire buil ding.

The ventilation systemdiffers among the roons in the
bui | di ng. The second floor was placed on a central system
in the late 1960's. In the early 1980's, room 06, 106,
and 010 were connected to central but separate HVAC units.
Sonme of the other roons, including 09, have w ndow unit
air conditioners, but many do not. Wndows can still be
opened in these roons. No water circulates within the

centr al syst ens. . =

othesis <6nd otat 1 st 1 ca.l. Hncilysis

Because fungal contam nation had been detected
earlier in one area of the building, and because fungi
could be responsible for allergic synptons, the working
hypot hesi s was that fungal contam nation was responsible
for the workers' conplaints. To evaluate this hypothesis,
questionnaires were sent out, fungal sanpling was done,
and skin and i mmunol ogic testing was perforned. Either
chi-square or Fisher's exact nethod was used to eval uate
t he questionnaire responses depending on the cell sanple
size. A P-value of i0.05 was considered statistically

significant. For skin test results, sinple percentage

conparisons were made anong the floors in the affected
bui | di Nng.
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NMATERI ALS AND NMETHODS

The questionnaire (Appendix |I) was distributed to the
135 full and part-tine enpl oyees on all three floors of
the affected building. A control building | ocated several
bl ocks di stance fromthe affected buil di ng was
conveni ently chosen, and the questionnaire distributed to
80 i ndividuals. The questionnaire was sent out once to
the control building, but three tines to the affected
bui | di ng.

Approxi mately one year |ater, a second questionnaire
(Appendi x 2) was distributed to 139 full and part-tine
i ndividuals in the affected buil ding. This nunber
i ncludes individuals who took the first questionnaire and
i ndividuals that were not working in the affected buil ding
at the tinme the first questionnaire was sent out. An
addi tional 17 questionnaires were sent to the 18 faculty
and staff that had left the affected building after the
first questionnaire was distributed. One individual's
address could not be found. The questionnaire was sent
out twice to every individual

During the interval between the first and second

qguestionnaire, nodification of the ventilation systemto

room 103 and 106 was perforned. Also, a thorough cleaning

of room 09 was undert aken.

of the forearm at the site of a 2.5 mllinmeter prick,
which was nade with a four pronged skin prick instrument.
The all ergens included the four fungi that were
cultured fromthe affected buil ding, a comerci al
Aspergillus m x preparation, dust mte antigen, oak,
ragweed, and rye antigens. The controls were histan ne
and normal saline. The area of the wheal and flare was
cal cul ated and conpared to the controls. A significant

response was considered to be a wheal 19nmin area and a

flare "16 mmin area after correcting for the saline

reacti on.

[f21(ifunodif-feli5ion

Bl ood sanmpl es were obtai ned from each of the 35
i ndi vidual s. The sanples were centrifuged for ten mnutes
and the serumwas renoved. Doubl e inmrunodiffusion in agar
(Quchterl ony anal ysis) was perfornmed on fourteen
individuals identified as nonatopic by their history, but
having positive prick tests. A sanple of the patient's
serumwas placed in a central well. Surrounding this
central well were five other wells in which a sanple of
the fungal extracts was placed. Lines of precipitation

were searched for which would indicate the presence of 1gG
antibody to the fungi in the individual's blood.
RESULTS

ijuBT sanDj . es
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Room 09 in the affected building was sanpl ed for

approximately four hours at a flow of 11.37 liters/mnute

for a total volune of 2701.7 liters. The dust

concentration was 0.07 ng/m "' . Another area was sanpled in

roomO09 for 3.75 hours at a flow of 11.8 liters/mnute. A
total volume of 2664.8 liters was sanpled, and the dust
concentration was 0.08 ng/ m--".

An area in the sister building adjacent to the

affected building was sanpl ed for approximately 3 hours at

a flowrate of 11.8 liters/mnute for a total vol une of
2181 liters. The dust concentration was 0.05 mg/m ~"".

A third building was sanpled at two sites. At the
out si de | oadi ng dock of this building, a total volunme of
2730.8 liters was sanpl ed, and the dust concentration was
0.1 mg/m'. At an inside office within the building,
2881.7 liters of air was sanpl ed, and the dust

concentration was 0.07 ng/m-""

Nuner ous fungal sanples were obtained in the areas

wher e peopl e were conplaining. Al so, fungal sanpling was

performed in the sister building for conparison. See

The nunber ot col onies grow ng on the top and bottom

plates was nanually counted, but only the bottom plate
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count was used in calculating the colony formng units per

cubi c neter.

The table shows a several fold higher nunber of
colony formng units per cubic neter in the roons with the
enpl oyee conpl aints as conpared to the adjacent buil ding.
In 1984 and 1985, Aspergillus was the predoni nant organi sm
isolated fromroom 106. In | ater sanples, C adosporium
was the dom nant genus isol ated throughout the buil ding.
However, Penicilliumand Aspergillus were also coll ected
later, but in |ower concentrations. The identification of
t he col oni es was by gross norphol ogi c appear ance.

From March 9 t hrough March 13, 1987, a thorough
cl eani ng was perfornmed in room 09. The carpet was
renoved, all the books were renoved and cl eaned, and the
wal | s were thoroughly washed. A seal ant was placed on the
fl oor, however one person conpl ai ned strongly about the
odor fromthe sealant. As can be seen in table 1, a
marked fall in the fungal count could be noted, especially
on April 2, 1987.

However, during sampling in the mddle of April,
mar ked i ncreases in fungal counts were noted in room 06,
09, and 106. It can also be noted that the outdoor funga
counts were very high during the |ater days of April and

may have contributed to the higher counts noted in the

above roons.
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In July, 1987, the ventilation systemto room 106 was
mar kedl y upgraded. High efficiency filters were
installed, and bag filters were added. The nunber of
CFU m "' dropped markedly after the changes were nade.
Li kew se, the nunber of conplaints reported decreased from
this area. Individuals that occupied room09 transferred
to a different building and verbally reported i nprovenent
in their synptons.

A foll omup questionnaire was sent out approxi mately
one year after the initial survey and will be di scussed

bel ow. See Appendi x 2.

P.ssults of U ..!esti Dnnai. re

For the first survey, 128 people were sent
guestionnaires. Eighteen graduate students in room Ol did
not receive the questionnaires due to secretari al
m sunderstanding in this area. One hundred six responses
were received fromthe affected building for a response
rate of 82 . 8SS . O 80 questionnaires mailed to the control
bui I di ng, 48 individuals responded for a rate of 60%

Forty of 48 individuals on the ground fl oor
(excl udi ng graduate students in one area) returned
questionnaires for a response rate of 87.5% On the first
floor, the response rate was 54% and on the second fl oor,

the response rate was 70%
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O the respondents fromthe affected building 46 were
mal e, 53 were female, and 7 were unknown. In the control
building, 9 were nmale, 15 were fenal e, and 19 were
unknown. O the conbi ned responses from both buil di ngs,
13% conpl ai ned of shortness of breath, 42% conpl ai ned of
cough at work, 29% conpl ai ned of eye synptons, 11%
conpl ai ned of chronic cough or asthma, 15% conpl ai ned of
rash, 32% had a history of allergy, 27% had a famly
hi story of allergies, and 25% conpl ai ned of synptons due
to their worksite. In the affected, building, 68.8% were
nonatopic. In the control building, 65.7% were non
at opi c.

VWhen the affected buil di ng was conpared to the
control building, there was no statistically significant
di fference noted in the foll ow ng vari abl es: ast hma,
pri or personal history of allergy, famly history of
all ergy, or overall conplaints of work rel ated probl ens.
However, a statistically significant difference was noted
in the | ocation of the enpl oyees' conpl aints. The
individuals in the affected buil ding noted that synptons
occurred three tines nore frequently at work than at hone.

Si nce the second floor is on a different ventil ati on
system than the ground and first floors, the results of
t he questi onnaire were conpared between the ground and

first floors conbined to the second fl oor and contr ol

bui | di ng conbi ned. Again, no difference was noted in a
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personal history of Jillergies or famly history of

all ergi es. However, individuals on the ground and first
fl oors were alnost four tines as likely to conpl ain of
synptons occurring at work and two tines as likely to

conpl ain of work rel ated probl ens, especially red or
irritated eyes and sneezi ng.

When conparing individual floors and the control
bui l ding, no statistically significant difference can be
seen for history of asthma, prior history of allergies, or
family history of allergies. However, the proportion of
indi viduals with total nunber of work related synptons is
significantly different for the ground and first fl oor as
conpared to the other areas. See Tabl e 5.

Wien the roons with the npst conplaints (01, 06, 09,
106) were conpared to all other roons in the affected and
control area, no difference was noted in the individuals'
hi story of asthma, prior history of allergy, or famly
hi story of allergy. However, those with synptons fromthe

probl em roons were far nore likely to have synptons at

work and to have synptons they felt were work rel ated.
Based on the questionnaire results and skin test
results, nodifications of the ventil ati on system were
per f or ned. About one year after the initial
qgquestionnaire, a repeat questionnaire (Appendi x 2) was
distributed to all individuals in the affected buil di ng

and to seventeen of eighteen individuals that had left the
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bui |l di ng. The purpose of the followp was to see if the
ventil ation changes had i nproved the indoor air quality.

A total of 51 questionnaires was returned. Results
fromthe 51 responses are as follows: 13% conpl ai ned of
probl ens with shortness of breath, 35% w th sneezi ng or
coughing, 27% w th eye synptons, 15%wth a famly history
of asthma, 18% w th skin rash, 41% with allergies and 18%
with work rel ated probl ens, Ei ghteen percent of the
respondents were snokers. There was no significant
difference in the percentage of asthna or allergy by
floor. Individuals on floor O and 1 were nore likely to
conpl ain of work related problens then on floor 2 and nore
likely to have synptons while at work than individuals on
floor 2. There was no correlation in the length of tine
an individual worked in the affected building and the
l'i keli hood of having synptons.

Only 20 individuals out of the 51 total responses
participated in the first questionnaire. O these 20
individuals, 5 no | onger worked in the affected buil ding.
Only 3 individuals noted any change in their synptons.
Two noted an inprovenent in their synptons and one
i ndi vidual noted a worsening in her synptons. Both of the
I ndi vi duals that noted an i nprovenent were no | onger
working in the affected building. The sevent een ot her

i ndi vidual s noted no change in their synptons.
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To exclude any bias that nmay be present due to
differences in atopy, the 31 "new' workers in the affected
bui |l di ng were conpared to the 20 "ol d" workers. No
di fference was noted in their personal history of allergy.
Al so, there was no difference in overall nunber of work
rel ated conpl ai nts between the "ol d and new' workers.
However J there was a statistically significant difference
in the frequency of allergic type synptons in the old
wor kers as conpared to the new. The "ol d" workers were
twice as likely to have allergic synptons as the "new'

o r ker s

Eh<iji_ J3 t?st\nci Hesui .t 5 |,

Only individual s in the affected buil di ng
partici pated in skin testing. | ndividuals included
graduat e students, faculty, and staff. G aduate students
spent much less tine in the affected building than staff
or faculty.

Thirty-six individuals participated in this part of
the study. El even were tested fromthe ground fl oor,
fifteen fromthe first floor, and ten fromthe second
floor. There were ten nmales and twenty-five fenmales in
t he study.

A brief history was taken before skin testing
(Appendix 3). Only five individuals were snokers at the

tine of the study. Eleven individuals reported a history
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of allergy either to nedicines or pollens. Twenty-four
i ndi vi dual s reported no atopic history. Seventeen of
t hese were fenal e.

VWheal and fl are responses were recorded on all except
six individuals. I n the first six individuals, the
anti gens were placed too cl ose together on the forearm
and sone of the flare reactions ran together. Thus, none
of the flare reactions were recorded in this group.

If the individual's saline area is subtracted from
t he area of each of the other antigens, then we can
excl ude the underlyi ng nonspeci fic reacti on whi ch may
occur from adm ni stering the prick. Then, any area
remaining that is >9 mmin wheal size is considered highly
signi ficant.

Results of the testing show that nine individuals had
a significant reaction to dust mte antigen. Fifteen
i ndi vidual s had a positive reaction to Aspergillus. Six
i ndi vidual s had a positive reaction to d adosporium I,
whil e ei ght individuals reacted to d adosporiumll. Six
i ndi viduals had a positive reaction to Penicillium

O the individuals with a history of atopy, six out
of el even (547?6) had a positive reaction to one of the
fungi. I n the nonatopics, fourteen out of twenty-four
(5829 tested positive to one of the fungi. For dust

nmtes, six out of twenty-four (2596) nonatopics had a
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positive reaction, while four of eleven atopic had a
positive reaction (3636)

Resul ts conparing skin test reactions by floor to
atopic status are shown in Table 7, As noted, the first
fl oor had the highest nunber of nonatopics wth positive

skin test. Most of the individuals were fromroom 106.

One i ndi vidual on the second fl oor was cl assified as
a nonatopic, even though his history was possibly
suggestive of atopy. If he was classified as atopic, then
33% of the individuals with no history of allergy on the
second fl oor woul d have positive skin test, and this is

simlar to the upper limts of fungal skin test reactivity

reported by Gravesen (62).

J. (Timunoa :i. 11 usi on

None of the fourteen individual nonatopics wth
positive skin tests had evidence of 1gG antibody in their
serum by this technique. Even after increasing the anount

of antigen in the wells, no lines of precipitation were

det ect ed.

DI SCUSSI ON

It is inportant to address the health conpl aints of
wor kers, because they nmay point to a serious environnental
probl em The conduction of an investigation should be

wel | thought out and should focus on |likely problens

initially.
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INn this study, definite evidence of fungal growth
whi ch presunably was secondary to a break in a pipe was
found in room 106. This was the area of the initial
conpl aints. After the | eak resolved and the walls in room
106 cl eaned, the nunber of conplaints narkedly decreased,
al t hough the problem may not have been corrected.

When an all ergi c probl em was suggested by the four
i ndi viduals in room 09, further fungal sanpling and
conparison to levels in another building were perforned.
There was evi dence of higher fungal counts in the affected

building than in the control area. However, the source
coul d not be determn ned. An outdoor source, as noted by
the large increase in the fungal count starting in the
spring, probably was a significant contri butor.

The questi onnaire results showed evi dence of
i ncreased worker conplaints on the ground and first fl oor
as conpared to the second fl oor and control buil ding,
suggesting that there truly was sonet hing occurri ng on
these fl oors, adversely affecting enpl oyees. Also, the 20
"ol d" workers were nore likely to have all ergic synptons
than the 31 "new' workers, even though no difference was
found in the rate of atopy. This suggests sensitization
may have occurred in the "ol d" workers due to their
wor ksite. Since no correl ati on between synptons and
length of work was noted, this al so suggests that changes

made in the ventilation system may have prevented
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sensitization in the "new' workers by decreasi ng the
f ungal burden.

Knowi ng t he design of the building' s ventil ati on
system may hel p pi npoint a source, since different roons
or floors may have different rates of synptons, and nay be
on different ventil ati on systens. For exanple, in this
study, individuals on the second floor were on a different
ventil ati on system and had nmany fewer conpl ai nts than
i ndi viduals in other areas. |If changes are nade in the
ventilati on system then a foll owp questi onnaire can
determne if the changes were successful in inproving
enpl oyee conpl ai nts.

Skin testing and serologic testing may al so be usef ul
tools to see if individuals have becone sensitized. This
study shows a high rate of sensitization, especially anpbng
the first floor participants. This is in contrast to the
2-30% i nci dence of type | fungal allergy in the genera
popul ati on (62). Even though i ndividuals can becone
sensitized to fungi in many different environnents, it is
unlikely that 80?b of individuals with no predisposition to
devel op all ergies would have positive skin test results to
fungi isolated fromthe affected building if they did not
have a commpbn source of exposure. This source was nost
likely the affected buil di ng.

Sonme problens noted in performng this study were the

m sunder standing or poor cooperation anong secretarial
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staff to distribute questionnaires to all the students.
Al so, the lack of interest in participating in a study
when one i s not bothered by synptons was al so a problem

There was a fear anbpng sone i ndi vi dual s of
participating in skin testing or giving bl ood, especially
on a voluntary basis. Now, with the AIDS crisis, it nmay
be difficult to explain to sone individuals that one
cannot contract di seases by donating bl ood.

Anot her probl em encount ered was expl ai ni ng to
mai nt enance workers with a mi ni mal know edge of bi ol ogy
the di fference between sensitizati on and a si npl e dose-
response effect . Many of the workers were unaware that
fungi could cause allergic synptons, and that once
sensiti zed exposure to snmall nunbers of organi sns can | ead
to reoccurrence of synptons.

It is difficult to draw any definite concl usi ons
about the success of the ventil ati on changes because of
the small nunber of i ndividuals that answered both the
initial and foll owup questi onnaire. Even though | ower
fungal counts were noted after the ventilation change in
room 106, no definite source was deterni ned and possi bly
the problem nay reoccur in other areas.

Room 09 was t horoughly cl eaned, and the individuals
located in this area were noved to anot her buil di ng.
Verbally, many reported an i nprovenent in their synptons,

but they declined to participate in the foll owp survey.
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By fungal sanpling, it was shown that the anount of
cont anm nati on was decreased by thorough cl eani ng of the
area. However, cleaning nust be nmi ntai ned on a regul ar
basis to prevent future contam nati on.

If the personnel, noney, technical resources, and
tine woul d have been avail abl e, a nore thorough
i nvesti gati on could have been perforned. A better
approach to investigating the affected buil di ng woul d have
i ncl uded desi gnati ng a si ngl e i ndi vidual as the
coor di nat or .

A better sanpling strategy woul d have i ncl uded total
m crobi al counts and i ncubati on of the culture plates at
di fferent tenperatures to detect the presence of
t hernmophilic organi sne. Qutside sanpling should have been
done concurrently with all indoor sanpling. This may have
led to the identification of the source. A regul ar
schedul e of sanmpling at certain | ocati ons and specific
ti mes shoul d have been undertaken. Al so, sanpling
i medi ately before and after changes in the ventil ati on
system shoul d have been perf ornmed.

The questi onnaire should have been distri buted the
sane nunber of tines to each buil ding, and a foll owp
questi onnai re should have been sent to the control
bui | di ng. Questions on snoking shoul d have been i ncl uded

in the initial questionnaire.
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Ideally, individuals in both buildings should have
been skin tested and nonetary conpensati on nade avail abl e
in order to increase the participation rate if necessary.
Al so, skin testing should have been properly perforned so
t hat both wheal and flare reactions could have been
rec orded.

The fungi isolated fromthe building should have been
rapi dly speciated, instead of frozen for one and a half
years.

Wth the difficulties noted above in performng an
i nvestigation of sick building syndronme at a | arge
uni versity, what should a small plant or office building
do when faced with a simlar problen? A nultifaceted
approach invol ving occupati onal physicians, industrial
hygi eni sts, plant engi neers, m crobiol ogists and possibly
an allergist would be ideal. However, this is unlikely to
be the case. A sinple approach would be to docunent an
excess nunber of conplaints. Then, one should eval uate
t he area for obvious sources of contam nation. |If none
are found, then increasing the ventilation nay alleviate
the problem If at this point symptons are still present,
then consultation with either the State OSHA office or
private or university environnental consultants may be the
nost cost effective means of solving the problem

Empl oyees in the area shoul d be kept informed of the

progress of the investigation and renedial actions being
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under t aken.

enpl oyees and

can be avoi ded.

In this way,

managenent as wel |

pot enti al

pr obl ens bet ween

as potential |aw suits
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APPENDI X 1

Bui | di ng: Room Nunber :

Name :

Soci al Security Nunber:

1. Do you have problenms with shortness of breath? |If
yes, expl ain.

2. Do you cough or sneeze at work?

3. Do your eyes water at work?

4. Do you have a history of asthma or chronic cough? |If
yes, explain .

5. Do you have a problemw th skin rashes? If yes,
expl ai n.

6. Do you have a history of allergies? If yes, explain.

7. If you answered yes to the above synptons, when are
t hey worse? What makes them better?

8. Is there a famly history of allergy or asthm?

9. Are there any problens you are having that you feel

are work related? |If yes, explain
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APPENDI X 2 "

QUESTI ONNAI RE

=uUJl Lol NG NANE=
SSH#  ROONV PHONE NUINVBER

1) Do you have problenms with shortness of breath? Yes
No If yes, explain

2) Do you cough or sneeze at work? Yes No

3) Do your eyes water, itch, or burn at work? Yes No

4) Do you have a history of asthma or chronic cough?
Yes No If yes, explain

5) Do you have a problemwth skin rashes? Yes No
If yes, explain

6) Do you have a history of allergies (including anti-
bi otics)? Yes No If yes, explain

7) If you have answered yes to any of the above synptons,

when do they bother you the nost?

Wiat makes them better ?

8) Is there a famly history of allergy or asthma? Yes
No If yes, explain

9) Are there any nedical problenms you are having that you
feel are work related? Yes No |If yes, explain

10) Have you been a tobacco snmoker within the |ast 2

years? Yes No

11) How | ong have you worked in the West Duke Buil di ng?

102
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I ndlVidualbwhe . J, onnai re

B)-MB:SKM L O{IISH eIt QL i 520000 8L S8 0508, 910800 Oy HIH L yn. S 2
12) Since the initial questionnaire in Novenber, 1986
have you devel oped all ergi es or asthm? Yes No
I f yes, pl ease expl ai n
13) For individuals with synptons such as sneezi ng,
cough, itching or burning eyes, have you noticed your
synptons to have inproved, becone worse, or not
changed si nce Novenber, 19867
Pl ease expl ain
14) What nonth did you note a change in your synptons?
15) a) |If you do not currently work in the Wst Duke
Bui | di ng, have your synptons changed? Yes No
b) Did the synptons change before or after |eaving
t he buil di ng?

c) What nonth did you | eave the buil ding?
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APPENDI X 3

S S #H:

Dat e: - =

Pl ease answer the foll owi ng questions.

What nedi cations are you currently taking?

Do you snoke? Y N If yes, for how | ong?

How many packs per day?

How | ong have you worked in the Wst Buil di ng?

Have you had any ot her problens that have occurred

since the initial survey? |If yes, please explain.
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BASEMENT PLAN

SCALE' wer uar a
S0 9 10 Is

WEST DUKE BLDG 7202

DATE ' 11-81

00I
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(A

" ALAI

6 7 106

FI RST FLOOR PLAN

SCALE ' wvr-ui fr\
|

a + 10 ra

VEST DUKE BLDG 7202

DATE | 11-01

01

K

NO
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f O5A

SECOND FLOOR PLAN

SCALE? yWr rvisa
t 0

owon

WEST DUKE BLDG 7202

DATE ' 12-81

3
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- - ; TABLE i"* , -

AVel™agqsydurs Spent Foer Doy In VHZI.9ys L.G.ei19Lds.. div.. Adul .Lj; In
"N i ]IS M Cities *

Locat i on Ell1.B 1.2V.sd tlftn. EfnP.l..y.YS.y y.Q!ITEN d-y.y.sgwijv;.tya
At hone 13.4 (55.8)* 15.4 (64.2) 20.5 (85.4)
At wor k 6.7 (27.9) 5.2 (21.7) - (0)

In transit 1.6 (6.7) 1.3 (5.4) 1.0 (4.2)
Qut si de \ 0.7 (2.9) 0.3 (1.3) 0.4 (1.7)

| nsi de ot her

structures 1.6 (6.7) 1.8 (7.5 2.1 (8.8)

"*adapted from (1) .

"Percentage of 24 h.
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Tabl e 2-
riB !®1% Xnc1pal. J. ridoor  f-"tjl 1 utan
Respirabl e particles
NGO, NO- |, - ;

(el

co: - > ;. " '

I nfectious, allergenic, irritating biological materials

For mal dehyde
Radon and radon daughters
Vol atil e organi c conpounds:
Benzene, styrene, tetrachl oroethyl ene;

di chl or obenzene; nethyl ene chl ori de;

chl or of orm
Seni vol ati | e organi cs:

Chl ori nat ed hydrocarbons, DDT, heptachl or,
Sem vol atil e organics: polycyclic conpounds

benzo (a)pyrene, polychlorinated bi phenol s

Asbest os

"Adapted from (1)

chl or dane
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3itjror-

Cell V olume
(mcrons-"")

Nucl eus

Cyt oplasmc
menbr ane

Cell wall

Met abol i sm

Sensitivity to
chenot her a-

peuti c agents

Di nor phi sm

"' Adapted from (16)

S

TABLE 3-'
sr HB lul
Yeast : 20- 50
Mol ds: Not defi nabl e

because of indefinite
shape and si ze

Eukaryoti c

Sterol s present

d ucans; mannans;
chitin, glucan- and
mannan- protein com
pl exes

No muram c aci d
pepti des, teichoic
aci ds, or di ani no-

pinelic acid

Het er ot r ophi c,
aerobic, facultative
anaer obes; no

known aut otrophs

or obligate
anaer obes

110

bacteri a

Bact i

Pr okaryotic

St er ol s absent

(except for Myco-
pl asma grown on
st erol s)

Muram ¢ acid pep-—
tides; teichoic

aci ds; sone have

di am nopi nelic acid
r esi dues
No chitin,

or

gl ucans,

mMmannans

bl i gate and
facultati ve aerobes
and anaer obes;

het er ot rophi ¢ and
aut ot r ophi c

Sensitive to OhAten sensi ti ve

pol yenes and gri seo-

ful vi n(der mat ophytes) tetracycline,

not sensitive to

sul f onamni des, peni -
cillins, tetracy-
clines, chloram
pheni col , streptony-
cin

A di sti ngui shi ng
feature of many
spec i es

to penicillins,
chl or -

pheni col, strepto-

mycin Ar e not

sensitive to gri seo-
ful vin or polyenes

Absent


NEATPAGEINFO:id=642981BF-43F8-455A-B720-05C76249662F


TABLE 4'» . ;

Asexual Spores Forned by Fungi

Conidia This termis used soneti nes

i shapes,

generically for all asexual spores, or
soneti mes nore specifically for spores
borne singly or in clusters al ong
sides or at tips of hyphae or of
speci ali zed hyphal branches (conidio

- phores). Hi ghly diversified in
size, color, and septati on.
Large(usual ly mul ti nucl ear) and snal
(usual ly uni nuclear) conidia are
cal |l ed macroconi dia and m croconi di a,
respecti vel y.

Art hrospores Cylindrical cells forned by doubl e

Bl ast ospores

Chl anydospor es

Spor angi ospor es

""Adapted from (16)

septati on of hyphae. I ndi vi dua
spores are released by fragnentation
of hyphae, i.e., by disjunction.

Buds that arise fromyeast and yeast
-li ke cells.

Thi ck-wal | ed, round spores fornmed from
term nal or intercal ated hyphal cells.

Spores within sac-like structures
(sporangi a) at ends of hyphae or of
speci al hyphal branches

(sporangi ophores). Characteristically
forned by species of Phyconycetes.
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1/ 7/ 86

1/ 17/ 86

1/ 21/ 86

3/ 27/ 87

4/ 2/ 87

4/ 16/ 87

4/ 23/ 87

5/ 21/ 87

5/ 22/ 87

8/ 13/ 87

*Dupl i cate sanpl es taken.

to count) col onies,

"" <s) = sister

TABLE 5°'

\ OGi n)
09
09

010

09
106
112 (s)*

09
106
112(s)

09
06
106

out door

<tlnDALI I

af fected buil di ng

106
o6

out door s
106

out door s
105

out door s
106

then only the other

bui | di ng.

Al plates had TNTC cl ol ni es

112

EE. y/mi""

*170

194

109
76
42

20
56
28

358*
146
TNTC

*353

310
141

712
130

TNTC
131

510
33

| f one plate had TNTC (too numnerous

pl ate was report ed.

"Average counts may represent sanpling over different tine

per.i
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Quen; t

Conpl ai nt Q

S. 0. B.* 12 .8
Cough/ sneeze 50
Eyes 31
Rash 22
Ast hma 10
Al l ergy Hx 37.5
Fam |y Hx 35
Wor k probl em 39

"Results are expressed i n percentages.

*S., O B. - short ness of breath.

Tabl e 6

onnair

F* 1 Dor"

12

36

30

16

24

24

39

e Results

13

19

17

27

34

13

cont r ol

44

25

17

12.5

33

21

18
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£ 1<in

i- .1. oor
irirouna
Tot al nunber tested
Total nunmber with work
rel ated synptons
Nunmber with positive

skin test to fungi

'-1r B x.
Tot al nunber tested
Tot al nunber wi th work
rel ated synptons
Nunmber with positive

skin test to fungi

Tot al nunber tested

Total nunber with work
rel ated synptons

Nunmber with positive

skin test to fungi

TABLE

'"r BBt

7
Reisui 1
HLL.It..m 1,
5 6
5 5
3 CB0% 3 (50SS)
9
e
2 (40SS) 7 (789
1 9
[0} 3
1 (1009 4 (449
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