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I'he cei-minulogy used to describe illnesses 
c;l used h!; building environmental factors can 
c a ~ ~ s e  c~~nfusion. Building-associated illness refers 
it:) all!, iilnrss caused by indoor environmental 
F~ccusb. LVL divi~ie buildi~lg-associated illness into 
IV\LJ isrsgories: sick building syndrome (SBS) and 
buiiding-ri-larril illilrss (BRL). Excluded from 
i k s c  ~,riri-goi.lc.s are illnesses  hat have a long 
l ; ~ l i ~ l "  p~~~-ii)cj (e.g., lung cancer caused by radon 
e-\pds~lsc j.  SBS ilescribss :I complex of vague, 
preciomin;lnrl;,: s~ihjeccivc' complaints consisting of 
ns~i~.ob; .hs\ , i \ j~~l  symproms such as memory loss, 
,?~~.. LLi~.x . -1. ., ic, ti~?prc.~sion, dizziness, and respiratory 

~,mp!t[inc.; sucll as chzsc dghnless, coughing, and 
\hoi.ti?e.j,: di L)rc3[11. Burning eyes, nose, throat, 
:inii :;i~lt~ses Lire S ~ I I ~ ~ L O I I I S  of inucous membrane 
irri:vcion rlidt are irrqurnt!y associatecl with 
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Abbt eviurions med 
BKI: Building-related illness 
HF: Humidifier fever 
HP: Hypersensitiviry pneumonitis 

HVAC: Heating, ventilation, and nir-condi- 
tioning 

SBS: Sick building syndrome 

"sick" building complaints. Itching and rashes 
may occur. However, the exact pathophysiologic 
nlechanisms explaining how environmental fac- 
tors cause "sick" building symptoms remain elrl- 
sive. Studies, both in the Unitecl States and in 
Europe, conducted over the past 20 years indi- 
cated that many of lhese buildings shared a com- 
mon problem of inadequate ventilation. Yet, data 
to support the hypothesis that inadequate venti- 
lacion in the absence of identifiable pathogenic 
levels of contaminants causes human ilInzss re- 
main sparse. Even more importantly, it has bezn 
difficult to demonstrate, in properly designed 
studies, objective evidence of causc and effect 
bztween the ubiquitous chzmical compounds 
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f0~11:d in all indoor environments and many of the 
ne~lrobz11~vi~)ral symptoms reportedly associated 
wirh SBS. ki~)wzvcl; a few well-designed studies 
suggcsr that ccrrain functions, such as short-tern1 
merncl); mrneiil cliiciency, and visuospatial func- 
litjiling; m t ~ y  be adversely affected by volatile 
organic compotlnds.'~ '' The term bz~ilding-related 
ill/it*sse,., I-efers r o  reasonably well characterized 
human illnssscs causscl by indoor environmental 
i~crt;rs ellac can be related to the clinical and 
~ . ~ i - . .  ,,ITCLL,.JI\  .... . . ,  illdings ill ihose building occupants 
\i.ith hcaich ~omplainrs, based on vali~iare~i prin- 
<iplcs of pathopllysiology. 

.i 'hs iie\~i-l~~pment of ou~breaks of SBS origi- 
il;lle~l \i.ith [lie insri~u~ion of building codes and 
ir.gl~ls~ii)i~s i i~~r ing  ; m i  after the Middle East oil 
c m b ~ ~ r p i  \ji' i973. Cons trucciun of nonresidential 
tiuildings is ~xgulared by federal and state codes 
ELI s D ~ L I C ~ ~  ge ;~ t? r  degree than for homes. Since 
~ h c  ~ ) i l  dnli>iirgt) af 1973, these regulations have 
~liaiiG;l[tii eightel; more energy-efficient buildings. 
-4s 2 rc.i~l1t. in the pas: 30 years wz have seen the 
rsp1;iccmcnc or nzicurally vzncilated buildings by 
buildings wi th  eight shells that are wholly or 
s~lhs13nrially depzndent on niechanical ventila- 
tion. kieatiiig, \icnrilntion, a ~ l d  air-conditioning 
(HC'AC) s;sr<m design, srruciural design, and 
materi~il rinishcs ar? specified to a large exqent by 
arc1iirc.i.e~. mc~hxnical engineers, and interior de- 
s12nc.r~ i; i;:i-er building codes and, at the same 
rime', provicic acsrhetic appeal along with struc- 
rar:~j inic.;ri~y. Unfortun;iczly~ building require- 
nit-nts llecc?;sai-y co promote the health of occu- 
panrs of t>aildings have historically been neglected 
i:1- si\;c.n niinin~al arwnrion. This switch to tightzr 
building5 c o ~ i ~ b i n t d  with a lack of knowledge of 
::nJ i~r~i-nrion LO the porrncial adverse health 
;rI;'c~h L J ~  incr'i'ccrive ventilation and indoor air 
co~:rarni!lsn~s l i u ~  spawned a marked increase in 
cnc I ! L I ~ L ) ~ ' ! -  ilt I ~ P O X I S  of hulnan illnesses linked 
co ;hi- indcic)r ~nvironrnznt.~-' ;Uihough the docu- 
mci~r:~rio~i uI' cc"~-~;ii~l cypes of' BRIs predates the 
cit\.ci~?pnic'i~t of SBS, other BRls, such as legion- 
cllosis, nave t>ccn ~ccognizi-ct only since the ad- 
\-en[ a f  cl-iis era 91 right, met:h~nically, ventilated 
bt~iidings. X'hc focus of this a;t~cle is BRls. 

Some crintnminants causing ill health have been 
idcnriiied wirhin buildings for decades (e.g., paint 
con rain in^ lcad and allergenic components of 
rni>lci spores). Indoor environmental contaminants 
cailsc BKI rhroilgh four major mechanisms: (1) 
immunologii.. ( 2 )  infectious, (3) toxic, and (4) 
ir.1-itanc. Because the agents causing BRl routinely 
cocsist, i t  is nor unusual to have hvo or more 

mechanisms of disease operating simultaneously 
within a problem building. The challenge is to 
identifj, the cause or causes of the health com- 
plaints of those who allege that they have becorne 
ill as a result of a building they occupy and then 
locate the source or sources. The first step in 
solving the mystery is to develop a solid under- 
standing of the mechanisms of BRIs and the 
offending agents associated with each mechanism. 
The purpose of this article is to provide such an 
understanding. 

IMMUNOLOGIC MECHANISMS 
Hypersensitivity pneumonitis and 
humidifier fever 

Hypersensitivity pneunionitis (HP) or extrinsic 
allergic alveolitis presents in one of three forms: 
acute, ~nsidious, and intermediatz. The acute 
form is iirst seen as recurring episodes of pneu- 
monia with pulmonary infiltrates associated with 
fever, myalgia, cough, chest tightness, and dys- 
pnea. The insidious form develops over a period 
of years and initially is often asymptomatic. A 
clinical picture of progressive cough, dyspnea, and 
fatigue, gradually progressing to end-stage pulmo- 
nary fibrosis and restrictive lung disease, charac- 
terizes this form of HP. The least common form, 
that of an intermediate presentation, has charac- 
teristics of both acute and insidious HP. Antigens 
associated with fungi, bacteria, protozoa, insects, 
and possibly chemicals and endotoxin have been 
related causally to HP in buiidings.The antigens 
that cause HP are typically associated with par- 
ticles of 1 to 5 pn; in diameter, the size that can 
enter the distal airways. Although large amounts 
of antigen are needed to sensitize susceptible 
individuals, only minute amounts are needed sub- 
sequently to produce exacerbations of HP. Con- 
sequently, those affected by this illness must be 
removed completely from environments that place 
them at risk of exposure to the relevant antigen. 
Nonspecific SBS symptoms are almost always 
present in others in the contaminated environ- 
ment who are not affected with HP but arc 
exposed to the antigen.' Precipitins can be found 
in a relatively large number of those who do not 
have HP but are exposed to the antigen." 

The diagnosis of HP is made when history, 
results of physical examination, and laboratory 
findings are consistent with the disease. The latter 1 
consist of spirometry, arterial blood gases, lung 
volumes, diffusing capacity measurements, anci if 
necessary, exercise challenge testing to demon- 
strate the characteristic restrictive defect. These 
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arc often accon~panicd by serum precipitins (IgG) 
to the causative antigens, identified by the 
Ouchterlony technique or ELISA. However, 50% 
or more of exposed individuals who are free of 
symptoms may de.monstrate precipitins. As a re- 
sult, the presence of precipitins is only supportive 

not diagnostic. Lung biopsy specimens may 
. . show granulomas and interstitial fibrosis, which 

can also be detected by a chest roentgenogram in 
the latter stages of this disease. High-resolution 
computed tomographic scans of the chest are 
more sensitive and significantly more expensive 
than routine chest roentgenography and may be 
useful if routine chest roentgenography fails to 
identify interstitial fibrosis. A positive inhalation 
challenge test response to the causative antigen 
would confirm the diagnosis, but this test sllould 
only be performed by those skiIled in this tech- 
nique because it can be dangerous. 

Steroids can have a beneficial effect early in the 
disease before the developme~it of pulmonary 
tibrosis. Because of the significant risk to those 
who have HP  and are re-exposed to the antigen, 
the  presence of a ~ z y  measurable antigen in the 
environment precludes a return of the affected 
person to the contaminated area. Contaminatec! 
reservoirs for the pathogenic organisms or anti- 
gens are usually associated with water or water 
damage (e.2.. HVAC condenser pans, humidifier 
resrn~oirs, and water-damaged furnishings or 
building struct~~res).  In epidemic situations, if the 
source cannot be located, part or all of the build- 
ing may need to be abandoned. 

Humidifier fever (HF) is first seen as a respi- 
ratory flulike illness with fever, chills, myalgia, and 
rnalaise without the prominent pullnonary symp- 
toms. such as cough, which are seen in cases of 
IHP. ldike tlP, HF has been associated with indoor 
air cont:~mination by biological agents. Although 
the exact pathophysiologic mechanisms remain 
unclear. some cases may be caused by inhaled 
endotosin. This illness, which is not as severe as 
FIP. develops within 4 to 8 hours of exposure 
(frsq~lently on Mondays in the workplace), often 
resolves as the work week progresses, and recurs 
the following Monday. Abnormal chest roent- 
yenograms are usually not a feature 01 HF, and 
attack rates in HF outbreaks (approximately 
100% in some cases) are generally much higher 
than those for HP. Because of its silnilarity in 
sxpression to virus-induced respiratory ''flu" and 
the relatively mild nature of HF, many affected 
j~~ciividuals are misdiagnosed or do  not even con- 
sult a pl~ysician. One of the most notable cases 

occurred in the General Services Administr;~tion 
building in Washington, D.C.. in 1986.'' More 
than 50,000 mold spores per cubic foot were 
found in that building's indoor air, which is com- 
parable to the degree of contamination in a 
chicken coup. Serum im~nunologic responses have 
been found to mic.robiaLantigens in those working 
in contaminated areas associated with HF', but the 
response to inhalation cha1Iengc with these anti- 
gens has been inconsistent."- '-' Inhillation cllal- 
lenge with endotoxin produced HF-like effects in 
approximately 50% of unexposed volunteers." 

The distinction behveen HP and FIEI tiowever: 
may nct be simple. Chest roentgenograms show- 
ing pulmonary fibrosis can be Found in isolated 
cases of I-IF but are usually norma1 in outbreaits.'-' 
Also, outbreaks of acute HP have been associated 
with high attack rates and fewer abnormal chest 
roentgenograms.'"inally, the pheno~nenon of a 
Monday peak of sympton~atology in I-IF has been 
noted in the United Kingdom but not in the 
United States.I7 Consequently> HP and HF 
may both belong to the group of organic dust 
toxic syndromes with somewhat varying mecha- 
nisms that cause variations in disease presen- 
tation. 

Asthma 

Asthma most recently has D e ~ n  defined as a 
lung disease with (1) airway obstruction that is 
reversible (but not completeIy so in some pa- 

. 

tients) either spontaneously or with treatment: (2) 
airway inflammation; arzd (3) airway hyperrespon- 
sive~less to a variety of stimuli.'" The inflarnma- 
tion found in the ailways of patients with asfhrna 
is chronic. Thus by definition. for Inanv patients 
with asthma, symptonls are chronic or 1-ecurrent. 
The prevaIence of nsthnla in thc United States 
has been estimated at 4.3% of the populatic~n.'" 
and approximately 15% of asthma is thought to 
be related to the workplace (i.e.. occupational 
asthmaz0). The prevalence of and mortality rates 
for all forms of asthma have increased by 29% 
between 1980 and 1987. In 1988. asthma-related 
health care expenditures excecded S4 billion in 
the United States alone.'' The reasons for the 
increasing morbidity ancl mortality rates. cie:;pite 
the availability of safer and Inore effective n-~edi- 
cations, are eompIex but likely include inadequate 
diagnosis, insufficient treatment (including pa- 
tient education and prevention), and inadequate 
financial resources. 

Irritants and allergens (immune mechanisms) 
constitute the major precipitating factors for 
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TABiE 1. Porenrial sources of selected indoor air contaminants 
-- 

Contaminznr Sources 
- 

VC)C'h Pcrfu~ncs Paints, stains, varnishes, strippers 
Hairsprays Wood preservatives 
Furniture polish Dry cleaned cloths, moth repellants 
Cleaning solvrnts Air fresheners 
Hobby and c ra l~  supplies Stored fuels and automotive products 
Pesticides Contaminated water 
Carpet dyes and fibers Plastics 
Glues, adhesives, sealants 

1; ~ J I  - 111:11~l~:liyd: Particleboard, interior grade plywood Urea formaldehyde foam insulation 
Cabineu); furniture Carpet, fabrics 

i'csriciilc5 Insecticides (including termiticidzs) Fungicides, disinfectants 
Rodenticides Herbicides (from outdoor use) 

l<irri~gc.n clio:&cic. Improperly operating gas or oil furnacelhot Unvented gas heater/kerosene heater 
warst heater, fireplace, wood stove Tobacco products, gas cookstove 

Vehicle exhaust 
S~~ifui- ciic)?iiil;. Colnbus~ion 01 sulfi~r-containing fuels 

(priniarily, kerosene heaters) 
I-> < ; L,L Fireplace, woodstove Tobacco products 

Ullvz~lted gas heater Unvented kerosene heater 
k< 1's Tobacco products 
i~i~)lc)gic;il conrilminunrs Carpels Bacteria, fungi, protozoa 

Plants, animals, birds, human beings Standing water 
Pilluii~s, bedding, house dust Humidifiers, evaporative cuolers 
Wet 01. dan~p materials 

Sl,!dlri~d I'l-a~n~ in~lt~duc.rion LO indoor ail- cjualiry-a self-paced learning module. Environmental Protection Agency, 1991. 
I :A ). \,t.)lxrilc t~ig:lrlic co~npouncls; HSP, rcspirablr particulates; ETS, environmental tobacco smoke. 

~ i~ ih i l l a  ia iilJoar t.nvironn~rnts ('Fable I). Occa- 
siansli! in accupa~ional seltings pharmacologic 
riicchanisins m;ry play a role (e.g., agents that block 
ri-izprcir-5, i r l i l u ~ ~  nonin~munologic degranulation 
o i  m:ist cells. or ac~ivat r  complen~ent)." Regard- 
li-3s of C ~ U S ? .  ~schnli i  is first seen clinically with 
iii?. or ihc. ri~iii,\\,ing signs or symptoms: cough, 
ciispnr:t. c t i < ~ i  i igfi~n~'ss,  fiicigue, and wheezing. 
: - ~ C C : I L L ~  ~b, i ic i~;ng r!,pically occurs only with more 
sz\i-rc 1-li1.u a!. iiliscruction, recurring cough or chest 
iighrl~es?; rn:O be rhr. only presenting sign or  symp- 
rcwi. Ch:~racrcrisric;~Ily~ both aIlcrgic (IgE) and 
no~i:~llcrg.ic. s r i m ~ ~ l i  will pro\/oke asthma in the  ma- 
j,j~-iri ul' psilc-111s with :rschma. And bod1 allergic 
; I ~ I L !  nijnul1i.rsic st i~ll~il i  abound in the indoor en- 
\.iro!liil<n[ (?'able i j .  Consciluently, indoor air 
cju;~lic). ill t!orh 1.esidencia1 ancl nonresidential en- 
vil-~>nmc.ncs can piay a nlzjor role in thc health and 
\\r.li-being of nlailj.patisnts with asthma. 

Parcicu1a1-ly in residences, antigens o r  allergens 
; I S S L ~ C ~ ; ~ ~ C L I  ~vi th  biological con[aminants such as  
rnijI~ls. anirni~l dander, and fecal particles of dust 
!nites ;:~rd cockroaches can sensitize genetically 
b ~ ~ s ~ . t ' p ~ i b l ~  inh~ibi~anrs .  Even pollen can enter the 

residential environment through open windows 
and doors and present a potential hazard. Re- 
exposure to allergens to  which someone with 
asthma is already sensitized produces increased 
bronchospasm arid lower ailway inflammation. 
The  resulting inflamrnatiori often results in a 
heightznecl sensitivity not only to that allergen but 
also to other unrelated allergens and irritants. 
Indoor irritants include cigarette smoke, airborne 
particulates from wood burning (e.g., in a stove o r  
fireplace), sulfur dioxide, ozone, and volatile or- 
ganic compounds that are emitted as gases from 
household and industrial cleaning products, fur- 
niture, carpets, and other finishing materials. 151- 
nally, upper and lower respiratory tract infections 
caused by indoor exposure to viruses and bacteria 
may precipitate acute asthma exacerbations and 
may contribute to the development of asthma.", '3 

Consequently, proactively minimizing allergenic, 
irritant, and infectious contaminants indoors 
should reduce the  risk of asthma exacerbations 
and dec-rease nonspecific airway hyperresponsive- 
ness in patients with asthma.'* A proactive ap- 
proach aimed at  minimizing allergen exposure 
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indoors could also reduce the risk of devel- 
oping asthma for genetically susceptible indi- 
viduals. 

Additional health risk factors exist in nonresi- 
dential indoor environments, especially those in 
which persons spend a significant amount of time, 
such as schools or workplaces. Commercial office 
buildings, schoois, hospitals, and larger residential 
buildings (~c.g., rctircment homes, high-rise apart- 
ment buildings) generally depend on mechanical 
ventilation, I-IVAC systems, to provicle fresh air 
and clean the large amount of indoor air that is 
recirculated. Poorly designed or  maintained 
HVAC systems are c~rnmon. '~  Typically, these 
buildings are designed with tight structural enve- 
lopes to conserve energy. Additional sources of 
potential environmental contamination abound in 
nonresidential buildings: office machine~y (vola- 
tile organic compounds), manufacturing products 
and processcs (volatile organic con~pounds, par- 
ticulates, acids and bases, metals), nearby traffic 
as  manufacturing plants (particulates, carbon ox- 
ides, nitrogen oxides, sulfur dioxide), and the 
I-IVAC system itself (microbial growth, fiberglass 
liners). .l'hese factors can all result in a concen- 
trating effect o:E contaminants indoors, potentially 
exposing those. with susceptible ainvays (e.g., pa- 
tients with asthma, allergic rhinitis, or  recurring 
sinusitis) to sti~nuli that may exacerbate their 
discase. Numerous books and articles have been 
u.ritten about the causes of occupational asthma, 
which is usually a BRI ca~~secl by various chemical 
:~nd biological contaminants (Tables 11 and 111). 

r 7 I he diagnosis of asthma is frequently made on 
the basis of the clinical presentation of wheezing 
o r  the signs and symptoms of less seve.re broncho- 
spasm noted earlier. Complicatior~s of asthma 
such as recurring bronchitis, pneumonia, and even 
croup (in younger children) may also suggest its 
cliagnosis. Pulmonaly function testing, most fre- 
qncntly spirometry? can confirm the diagnosis. 
t~iowever, spirometly results are often normal in 
patients with mild and sometimes moderate 
asthm:~. because ainvay obstruction may be inter- 
rnitti.ntl occurring only when stimuli relevant for 
that individual arc present. In these cases inhala- 
tion challenge testing for nonspecific bronchial 
hyperresponsiveness with methacholine, cold air, 
or histamine may he helpful. Challenge testing 
with specific allergens or irritants is usually only 
performed in a research setting or medical spe- 
cialist's office for certain occupational situations. 
Skin lescing or  blood testing for specific IgE can 
be very helpful, because as many as 75% to 85% 

of patients with asthma may have a significant 
allergic component to their illness."' 

The preferred treatment of asthma is to mini- 
mize exposure to stimuli that can trigger bro~lcho- 
spasm and increased inflammation. For this ma.- 
son, the identification of all allergens and irritants 
relevant for the patient with asthma becomes a 
key to successful therapy. Because asthlna triggers 
are ubiquitous (both outdoors and indoors) and 
because airway inflammation in the patient with 
asthma often persists for years, pharniacotherapy 
with antiinflammatory and bronchodilator agenrs 
may be reiluried to permit an optimal quality of  
life. However, the availability of ailtiasthma drugs 
should never diminish the effort to minimize 
exposure to relevarat etiologic agents. This is par- 
ticularly applicable to some forms of occupational 
asthma, which can progress to fixed obstructive 
airway disease with continued sxposurr. Only 
recently has immunotherapy been clearly shown 
to provide significant benefit to some patients 
with an allergic component to their asthma.'" 
Expert diagnosis and the management of pharms- 
cotherapy, relevant environmental stimuli, and, if 
indicated, irnmunotherapy can provide marked 
improvement in the quality of life and productiv- 
ity of patients with asthma. Comtersely, subo-pci- 
ma1 management of asthma is likely to result in a 
diminished quality of life for the i~lclividual with 
asthma and contribute to the undesirable t r c d  
in asthma ~norbidity, mortality rate-s. and C O S ~  

that we have been experiencing for the past 
decade. 

Allergic rhinitis and conjunctivitis 

Upper airway allergy, which affects 20% of thc 
1J.S. population," often presents with any combi- 
nation of nasal pruritus, obstructictn. srl-ous rhin- 
orrhea, and sneezing. Ocher symptums of uppi'r 
ailway inflammation include sinus headaches. rc- 
curring scralchy throat, hoarseness. cough, rnu~itn 
breathing and ear pain or plugging. I f  thcrc is 
conjunctival involvement, colnlolaints map include 
itching, watering, redness, or puffiness of the eyes 
Physical examination findings often support thcsc 
colnplaints but may be normal. TI12 causzs of 
upper airway inflammation are virtually identical 
to those in the lower ainvays. Like patients with 
asthma, many individuals with upper ai~x\,a\; al- 
lergy find that both allergic and nonalirrgic 
stimuli can aggravate their symptoms. However. 
upper airway occupational disease has been rc- 
ported much less frequently than occupa:ior~al 
asthma. This probably relatcs to a laclc of atti:n- 
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- - rUBLE l l .  Causes of occupational asthma and  disease mechanisms: Animal, plant, and 
iungal prorsins 

- -- 

Mechanism 

Agent Occupational exposure Ir Im Ph 

Bakers, millers, textile mill workers, 
grain Ilandlers 

- -  - 

.&~iin.~I pru!c.ins -C 

I ~ L L I I ~ C I -  c.~crcta, secretions, serum Animal breeders, laboratory workers, 
Cr>\i.~, pigs, poul~ry. deer, mice, hamsters, veterinarians, farmers, hunters, 

rabbirs. i-ars, bars, guinea pigs, eggs egg processors 
IIISCCT L ~ L L S C >  aliJ p;lrts + 

hlca l  viol.ms, mi~cs ,  silk filatures, bees, Breeders, sewel-age workers, beekeepers, 
IOSLISLS,  cc~ch-oachc's. Aies (caddis, screw- laboratory workers, flight crews, 
\\orln, scwcl; fruit, river, house), nlo~hs, enlomologists, sericulturists 
L.r,;.l.; . \ L  t5, 1lL.c.  lll0th 

S<;i a111~11al.s 
i f i ~ b .  .;lirimp, .~;ca-squil.t body fluid, marine Breeders, processors 

s p ~ i n g ~ .  Ilu!:;~. shrimp meal, mother-of- 
[IGlr; . . \'cF:i:lbli ~n; i~cri ;~ls  

Dulrs. ~luurs  
VChcac: r?~cl buc!;\vheat, 
CLILL,II~ JLISC 
c ' . '  Jfiln LIL~SI ,  soybi-ans. 
b~!c'hivhcst, ric'c' 

Fruits, sc.;.ds. Ic.aves, pollen 
Gricn coil'cc. castor bz;,ns, roas~ed  colfee, Proccssors, seamen, florists, agricultural 

LI'I il's LL)II$LIC, baby brearh, weeping workers, food processors, tobacco 
112, ~ X ) I I < I ~ S ,  spices; tobacco, processors, brewery chemists, tea 
h ~ p s ,  [?;I workers 

\\'oi)d ~ U S L S ,  iSIr>1CIS 
V\;csrci.n reJ and easrern white cedar, Carpenters, sawyers, cabinetmakers, 

il:lliiolnia rcd\vood, African maple, construction workers 
ICcjsa~. silupbcii.h, mahogany, oak, African 
~;.hl.~\\~ii)Li, cedar of Lebanon, Iroko, 
Cc.n~r:tl -4nlcrican walnut 

 fill^> lilL2> 

l h ~ c i l ! ~ ~ s  siibrilk. papain, bl-onlelain, pepsin, Detergent and pharmaceutical manufacturers, 
hug ir;:bbln, pansrrn~ic extracts food processors 

i i  ~ i m s  
(2 urn ;~iii i i> ilnd tragacanth Printers, gum manufacturers f 

Fi!lig:~l pl-urciris 
~ . ~ L I s ~ I L ) ~ ) I ~ ~ s  Soup processor, grower f 
. - ~ ~ : ~ ~ ~ ~ ~ ~ ~ : ~ ~ i ~ ~ , ~ ~ l s ~ ~ ~ t ~ i l l r i ~  spp. Poultry vendor ? 
l:cu~g;~i :IJI~\*~;ISC Baker I 

!~~i,~~ci~:dli~/tt~ L L ~ ~ X J - L ~ ; ~ I O ) I  Greenhouse worker ? 
~ ~ .-p----pp.- -- 

Fr,:m S:,I\syyi~j J .  Pscl~og~lizric mcchsnisms i11 occupa[ional fiyperstnsitivity stares. Immunol Clin N o ~ t h  Am 1992;12:;'16. 
[ I -  lirilaln: 111:. imm~~nologic;  W I ,  phnrmarologie; +, yes; j', maybe. 

(Ion ic:, iind subszqucnt  diagnosis o f  this problem 
t-li;cs~lsi- CII' irs perceived lower morbidity r a t e  
csnlpnreil \\.irh ssrhmu, ra ther  t h a n  a lower 
i-il~.iilenc.~; in :~clclicion, rhc affected worker  may  be 
marc r e i u c r ~ n r  r i i  repor r  annoying symptoms, 
~ h i i h  a r c  t;,lcrable: rarher  rhan  risk his or h e r  
.jl)b.~" 

Lliagnosis ijf ~tllergic rhiniris and conjunctivitis 

parallels the process f o r  asthma. A compatible 
clinical history together  with physicaI signs con- 
sistent with this disorder a n d  appropriate  labora- 
tory findings (skin or blood testing, nasal smear of 
secretions, or cytologic evaluation f o r  eosinophiIs 
a n d  basophils, a n d  occasionally nasal challenge) 
confirm the  diagnosis. The mainstay of treatnlent 
f o r  most  pat ients  with allerglc rhinitis or conjunc- 
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TABLE Ill. Causes of occupational asthma and potential mechanisms: Pharmaceuticals, chemicals, 
metals, and  miscellaneous agents 

Mechanism 

Agent Occupational exposure Ir Irn Ph 

Pharmaceuticals 
Antibiotics and related compounds Pharmaceutical workers 

including penicillins (G-MA, ampicillin, 
bcnzylpenicillin), phenylglycine, 
acid chloride, tetracycline, spirarnycin, 
sulfonamidcs 

Other pharmaceuticals 
Psyllium 
Glycyl co~npound (salbutamol 

intermediate) 
Methyldopa, anlproliurn, HC1 
Cimctidine 
Organic dyes and inks 

Sterilizing agents 
Chloramirle, sulphone chloramide. 

hssachlorophene 
jtnorgailic chemicals 

Metal h m e s  and salts including 
platinum, nickel, chromium, 
cobalt, aluminum fluoride, 
vanadium, zinc, stainless stecl 
welding fumes 

Ammonium persulfate 
Organic chemicals 

Acrylatcs (niethacrylate and 
cyanoacrylates) 

Anlines fdiamines, ethanolamines, 
r en-arnines) 

Isocyftnates (TDI, MDI, HDI, IPDI) 
Anhydrides (phthalic, trimelliiic, 

te~rachIorophtl~aiic, hirnic) 
Adrpic acid 
Azohisl'orm;:mide 
Formaldehyde (including urea 

fr~rrnaldehyde j 
l~~scct icide jorganophosphatesj 
Pleriglass dust 
Polyvinyl chloride 
Styrene 

Pharmaceutical workers; nurzes 

Printers, nurses, ECG techn~cians 

Abattoir, kitchen, and hospital workers 

Chemical industry workers, metal refiners, 
platers, grinders, welders 

Chemical, electronic, plastic, rubbe1 
workers; photographers; 
beauticians; fur handlers 

Manutacturers, painters, roamers 
Epoxy resin workers 

Plywood particle makers, biomedical 
workers, nianufacturers 

Fmm Salvaggio J. Pathogenetic mechanisms in occupational hypersensitivity states. Immunol Clin North Am 1907:12:71Y-Y. 
Ir .  irl.iiant; h?~. immunologic; P ~ L ,  pharmacologic; +, yes ?: maybe; TDI, toluene 2, 4-dihoqanate: HDl. hesarr~ethyle~~e 

diisocvanatr. 

tivitis currcn tly consists of antihistamines, decon- 
gcstants,  copical steroids, a n d  topical cromolyn. 
(Nedocromil  is n o t  currently approved f o r  treat- 
ing allergic rhinitis o r  conjunctivitis.) Relevant  
effective environmental control  a n d  immuno- 
t h e r a p y  when appropriate, can contr ibute  signifi- 
cantly t o  ameliorating the symptoms of disease 
and impl-oving the quality of life. 

Urticaria, eczema, and dermatitis 

Certain types of rashes, typically those tha t  a r e  
r e d  and/or  itchy, may  b e  associated with exposure 
t o  indoor  environmental  contaminants. A cause  
can  often be identified f o r  acu te  urticaria. T l ~ c  
causative factors  of chronic urticaria tie., hiv-s 
persisting for  Inore than  G weeks) remain  indeter-  

minate 80% or more of the time:'" Contact  urci- 
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TABLE lir. Examples of epidemic disease resulting from indoor aerosols 
.- .- .- ~~- 

Numbers Percent Reference 
Dtsease Source Type of structure affected attack rate numbers 

I I I I ~ C L C ~  person 
Wool, lags 
Go:il hair 
1nfec~c.d turlieys 
Ini'ec~ed turkeys 
Slaughr?~zd an~mals 
Brucelld laboratory 
Co~run spinning 

Commercial aircraft 38 
Textile l'actory 50 (deaths) 
Textile hctory 5 (4 deaths) 
Rendering plan1 27 
Abattoir 28 
Abattoir 387 
Scllool building 45 
Cottoll mill 86 

t'iciil~~r~-h;igic. icr,er ~"cllirnal escretci Laboratory 113 ND 84 
'I'i!bcrculo>is Iofecrcd persoil U.S. naval vessel i40 T U  tubel-culin 45.5 47 

reactions 
7 active cases 2.3.'; ND 

h.ic;islL.i Iniccrecl person or Grade school 60 children 6.9 3, 48 
\~cnrilarion sysrcm 

l.L~gid~~cllL.:~s~s .Ail--coniliriunin f ublic building 135 29-95$ 53 
(Pu111i:i~. h e r )  syslcm 

~ _ C ~ C ~ I I ~ ~ ~ O S ~ ~  Vzlltilntio~l sysrun~ Hospital 39 1.7-3.4i 54 

I.'r,lnl i.losc~. I h l t 4 .  C I  al. rUn J Epicie~niol 1979;IlC):l-6. 
\'!;. !<LI ~ i ; , c ; l  

: ' i ' . i ~ ~ . ~ i l : , ~ ~ ~ i .  

i l j ?p"~~~ l ing  ori I < ~ ~ r i i r r i  or 1~112th or exposure. 

csria iilay J?\.dop as a result of skin exposure ro 
~nililal dand?r (e.g.:  pccting a cat), to pollen (e.g., 
r~iliil~g in ri-ic grass,), or to dust mite and mold 
:1nnge11s ( e . ~ . .  youi~g cllild crawling 01- playing on 
ihc ~iciurj. inh;llt.~l allzrgens, such as pollens and 
inaliisl LLLII Asii C ~ L I S Z  urticaria. Eczema and con- 
i . , , . L  . - . ~ i  c~nl;~riris . ~ . ofrcn prcsent with 1 combination 
.)i irchiilg, s~ai ir lg~ erythema, papules, or vesicles. 
,,.. ,lirurlic iniiilnlnliirioll from poorly controlled tler- 
ni:irlris m:~y I-rsulr in hypopigmenration. hyperpig- 
niciltaiii>x:, GI- iicheniticarion. 

:iilsl-gzns in [he envirunmenr can also cause 
:irc~l-~ic ~ C L C ~ Y  or co11t;icc dermatitis, either 
iliccl~~gli ioIii;icT wirh the sliiu or tI1rough inhala- 

ll.::cJ. :~ lllclour allclgens causing eczema include 
~ n ~ m i l i  daildi-I., mold, dust mite, and even pollen, 
if presenr in sufficient concentrations indoors. 
Ccmracr dcrmarit-is can develop from exposure to 
numi-ruus cllzmicals found indoors associated 
wirli liouhe de.clning and finishirig products, com- 
pucc'rs, prinrers, copying machines, and paper 
praciucrs. .4niirhzr indoor source of contact aller- 
2c.n.; is cl~~rlling collranlil~arzd with the resin from 
.i?il~r.s plrlr~rs (poison ivy, oak, anil sumac). Irritant 
psiriculaces, lllosr notably n~ineral wool and fi- 
brous glass (often relzaszd by damaged or im- 

p~-operly installed insulation) can cause 3 very 
pruritic papular rash on exposed areas of skin." If 
such material is deposited on the eye, ~t can cause 
severe conjunctivitis and corneal ulcerations. Oc- 
cupational dermatitis, a significantly undzl-diag- 
nosed disorder, develops after exposure to aller- 
gens or irritants in the ~orkplace .~ '  Treatment 
consists of reducing or eliminating the expos~~re of 
the affected individual to all stinluli causing the 
dermatitis and frequently the ilse of topica1 or 
systemic steroids. Immunotherapy has nor. been 
found to be effective for these disorders, ~xc;cept 
possibly for reactions to fizis species. However, 
side effects from this desensitization procedure 
occur so commonly that they make episodic rreat- 
ment of exacerbations of the dermatitis preferable 
to long-term desensitization therapy with the ex- 
tracr." 

Infections 

Some of the same structural, mechanical, and 
ambient factors responsible fol- the development 
of irritant and immunologic BRls have been 
linked to infectious epidemics (Table IV), particu- 
larly those associated with rnechai~ical ventilation 
systems. Legionella przeumophrlu, a ubiquitous 
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gram-negative rod, can produce two patterns of 
illness: pneumonia and one resembling HF. A 
contaminant source associated with a building has 
almost always been identified in outbreaks of 
L. j>izer~n?opI~ila pneumonia (legi~nnairzs' dis- 
ease), first identified at the Bellevue Stratford 
Hotel in Philadelphia in 1976 during a convention 
of legionnaires. The ensuing pneumonia, accom- 
panied by gastrointestinal, kidney, or central ner- 
vous system disease, can be fatal (16% of the 182 
cases in the Bellevue Stratford outbreak). The 
incubation period is 5 to 6 days, and oiily a 
relatively small number of those exposed to high 
concentrations of these organisms become ill. 
Certain characteristics disting~iish those at in- 
creased risk for death: age greater than 50 years, 
chronic obstructiire puImonary disease, smoking, 
cliabetes mellitus, alcohol abuse, immunosuppres- 
sion, the need for intubation, and eniploynlent in 
a water towe 1.. 17' 3-1 L. pnez~~7zophila pneumonia is a 
relatively frequently underdiagnosed disease. An 
estimated 511,000 to 100,000 cases occur annually, 
representing 1% to 27% of conimunity-acquired 
pneumonias and approximately 10,000 deaths. 
The L.eIpiotzelkr bacteria is transmittecl almost ex- 
clusively by the airborne route from contaminated 
watel- sources, such as cooling towers, humidifiers, 
whirlpools, industrial cooling systems: soil, and 
c\ren showerheads. One investigator has proposed 
that or.opharyngea1 colonization with Legiot~ella, 
follo\ved b\; aspiration or ingestion, is another 
possible route of infection." The diagnosis is 
made when an  epidemic consistent with the dis- 
ease is accompanied by any findings indicating 
recent infection with L. piler.mzophila: (1) a four- 
ft>ld increase in serotype-specific (matching or- 
ganisms from the contaminated source, usually 
scl-otype I) IgG antibody titer or a rise in titer 
greater than 1 : 256, (2) docu~nentation of bactel-ia 
in tissuc with direct immunofluorescence, or (3 )  
culture of organisms from body fluids or tissue 
matching the serotype of those contaminating the 
indoor environment or suspected water reservoir. 
Treatment primarily co~isists of administration of 
a macrolide or other appropriate antibiotic plus 
supportive therapy. 

Another Legionelln syndrome is Pontiac fever, 
named for the city in Michigan where it was first 
clisccvrred. In 1968, 144 persons working in the 
Cotllity Health Building in Pontiac, Michigan, had 
infection accompanied by fever, chills, myalgia, 
and headaches lasting 3 to 5 days. Although the 
attack rate approximated 10076, there were no 
deaths, and all persons recovered without se- 

quelae. The incubation period was 12 to 36 hours. 
The majority of those affected showi.d evidence 01 
seroconver~ ion .~~  

Legionella bacteria are ubiquitous. Risk fiact:oi-s 
for colonization have been identified in residences 
and hospitals: low water temperature, electric 
heaters, vertical versus horizontal water tanlis. 
convoIuted pluinbii~g systems, blind sump znds, 
and acculnulation of sedinient and scale in tanks. 
Disease has been caused by clissemination of the 
organism from contaminated cooling towel-s and 
hot water systems in commercial buildings. Once 
a contaminated source has been associatecl aiith 
human illness, even t h o ~ ~ g h  the soul-cc is rcrnovcd 
or effectively treated, regular biocidal Lreatnlent 
may be indicated to prevent recurrences. 

Outbreaks of viral infections (varicr1Ja.'- influ- 
enza,'" measles'". "I) have been traced to cnntarni- 
nated HVAC systems. Of potentially more wide- 
spread significance. two studies have documel-~ted 
that occupants of buildings vzntilatzd pretlon~i- 
nnntly or exclusively by mechanical system:; have a 
higher rate of absenteeism and a 2!h-Pold incrcasc 
in fi-equency of acute upper respirato~y tract in- 
fections compared with those in naturally venti- 
lated buildings.". "' Overcrowding of an a r m  to- 
gether with reduced clearance of microbes bc- 
cause of poor effective ventilation (ventilation at 
the occupant's breathing zone) coulil snllancc thc 
Likelihood of outbreaks of infection by increasing 
exposure of the occupants to higher concentra- 
tions of infectious agents. This could contrihutc to 
the increased occurrence of infectious diseases 
such as sinusitis, otitis media, pha~yngitis. bron- 
chitis, and pneumonia in overcrowded arc;ls in- 
cloors and during seasonal respiratory tract infec- 
tion epidemics. Those with preexisting ail-\\;a): 
inflanrmation, caused by allel.~ens or irritants. 
wouId be at increased risk of int'ecric~n. 

Biocontaminants shed by animals ;is I7ioaerosois 
fsom the respiratory tract, liidc? fecal dl-oppings. 
and urine can contaminate indoor ail. and sur- 
faces in structures housing a~~intals  or those 
nearby. Lilcewise, structures in which animal 
products are processed (e.g., abattoirs. rendering 
plants, dairies, and textile mills) can spre.ad inkc- 
tious agents and antigens. Indoor tl-ansinission o-f 
viruses, bacteria, and Rickettsin organisms causing 
adverse effects on human occupants has been well 
documented for anthrax in textilc mills. psittacosis 
in rendering plants, brucellosis in abattoirs, histo- 
plasniosis in chicken coops, and rickettsia1 diszase 
(Q fever) in buildings housing infectcd sheep, 
goats, and 
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hl!.~.oh;ii-!crd inlccrions have dramatically in- 
i.rcasct1 in the. pasc 3 years in [he .TJnitcd Statcs, 
[>;i~-[i~~illariy ~ i i o b ~  c-;lused by stl-sins resistant to 
~ L C \  ; .~LIS~!  ci'kc~ivc' 3iltibiotic~. T L ~ O  well-doc~l- 
~II :~LL.J  ourli~.cal<s of ~ubsrculosis, one in a shelter 
ic)r [hi. honlsless in Seattle, Washington14' and 
i l ~ i i '  on a N:i\,!- ship," implicate venrilation systems 
in the sprcacl oi disckise. Sapl-ophytic bacteria and 
,. . 
~ . L L I . I ~ I .  2:s \\.cil LIS pocsntiitlly pachogenic ones, are  
;:CI.:;IS~\.~ i1-1 1.11e sir lile breathe and can become 
<\.ell n1oi.s ~.vnccntr;l~:t'd in poorly ventilated in- 
cic:~r i~- i~i ln lc '~ l~s .  Tllsse contaminated environ- 
rnCllri place l a r~c :  subgroups of our population at  
< \ . c~ l  ~I.L-LIIL.I-  1.i~1i: rhr vcl-y y o ~ ~ n g ,  the elderly, the  
iniil-111. rlias~* pri-disposed to hypersensitivity, and 
~li%.rl;i' \i ill? i11li~lu110Clefi~ie11~y diseases including 
: ~ ~ L ~ L I ~ T C C ~  in1111 ~lllocicficii.ncy syndrome. 

- - i I~l i i )~~gh r l ~ r  1ne~Ilanis1ns causing l lu~~la i l  ill- 
n i S S  iiitcr i,.<posurc LO tu.xins f o ~ ~ n d  indoors are 
;;eil~.~ail): wcli ~~nclcrstood, sornk of the irritant 
111echlinisris :ire nor. A toxin is a poison that by 
i~seli. in ccinlbin;~~ioll with another agent, or  
~llroilgh lucrub~ilism prucluces a dele~zrious effect 
in :I I?ioloci~:~i S\SCCITL:'~ Pesticides, cornbustion by- 
~ I - ~ ) J L I ~ ~ L  ; l r i i ~ l ~ g ~ ~ ~ ~ ,  and nlycoco.dns are ex- 
:implcs or' rci:ii~ts. lri-itzunts aften induce their ill 
~.ffc.crb b~i.:ictx uf pH extremes, as desiccants 
ircn:o\i. \vartr from rissues), or  through sense 
ol-er.v~~ ~ '~ \c ' r<~ i rn~~la r ion .  Rcspirarory tract and con- 
r; i<i  il-r~r;inrs c:lu be c a m m a n l ~ ~  found in construc- 
[ion itnil ~inisllirrg rnaczrials, cleaning products, 
of~ic ' i  ~q:l ipll l i l i~ by-products, cigal-ett~ smoke, 
<ombustion ~l.oitui.ts, a11d i111y illaterial producing 
a scrons OLILII-. Somc p~~ac t i c ione~s  have attempted 
r l i  iioi, c \ .~ .n  less \\.ell-dcnncct ui- poorly validated 
:nci.i~anism.s Eci cuncruversiai jbecause of a laclc of 
ci<rj:iric \,~~li~i;lcion) '.disc.asrs" such ;IS inultiple 
~.li.~~-;;,ii.;~l iznsiriviry syndrome ;~ncl immune dys- 
ri 's~~l:~tiii~;.- 0 ~ h ~ i - s  have propagated concepts 
i-i:sc-d i > r i  scientiiicull!~ valid constructs chat ad- 
\ C ! - ~ L \  hcairh cfrcc.rs, such as miscarriage, are 
i ~ : i ! S i ' J  i?! ii'i-Ltill environnli.ncal factors, such as 
i_.lci.:i-,i~i~;~g~lcri~. radiation i'l-ijm video displsy ter- 
1ili11.11h. kio\\s\ CI, c;li-eh~l c.p;tli.miologic srudies to 
ciciic CLI !it;! s~!pporc a ca~~se-and-eifect  relation- 
-:liip ni:!n!; L)T cfizsr proposed disorders." Al- 
~hi rug i~  [hcl.c .is c\:iilc'll~'~' rhat inhaled mycotoxins 
citrl i;lLlsC ;~cl\risc' he;iIcll the concept 
riia! rllis prcii~lum is \\;icJc.spreacl is nut supported 
b! CliI-l-cilI biic~l~ii i i '  c'viiience. Thesc inore contro- 
\.Ci-?:.i~l s~~iijccrs ;IIY iiiscuss~d in depth in other 
2r~ii.li.s 01 chis s!lnposium. 

ilici:; ;lrc i-~r~blishzcl,  scientificaily validated 
Iic:iitIi probl~lns: C ~ L I S ~  by agznts that can be 
;i~ciililitci, IIILISLII-CL~,  t111d cl~~antifizd in rhe indoor 

environment. Agents causing BRI do so by  on^: of 
four ~ilechanisms: irritation, intoxication, il-lduc- 
tion of immunologically mediated inflamniation, 
and infection. This article has focused primarily on 
infectious and immunologically mediated mecha- 
nisms. Removal or  reduction of the concentration 
of these agents from the environlnent of those ad- 
versely affected should be the primary focus of 
treatment, along wirh pharmacologic management 
of the resultant adverse health effects. However, 
more emphasis needs to  be placed on producing 
and maintaining a hygienic indoor er~virvnment by 
aN experts contributing to the construction and 
management of buildings. 'This can only be 
achieved through a proactive approach that seri- 
ously considers and addresses thz mtilritude of fac- 
tors that can result in building contamination. 
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