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Introduction
Building-related asthma has been in-

frequently reported. Three case reports of
office building-related asthma with a clear
work-related pattem exist, and all were
related to humidifiers or the biocides used
in humidifiers.1-2 Epidemic asthma oc-
curred in a printing factory in association
with a contaminated humidifier.3 Reports
of another building-related allergic dis-
ease, hypersensitivity pneumonitis, were
related to bioaerosols disseminated from
ventilation systems or from water-dam-
aged furnishings.4-8

This paper describes two sentinel
cases of office building-related lung dis-
ease that triggered a public health inves-
tigation. We report our findings regarding
building-related respiratory disease that
was not associated with a humidification
system.

Sentinel Case Reports
Case 1

A 48-year-old social services eligibil-
ity technician began working in a Denver
office building in October 1986. She had an
insidious onset of dry cough in January
1987, which was diagnosed as asthma in
March. Skin prick tests were negative to
aeroallergens, and she was referred to a
tertiary occupational medicine clinic.

She performed peak flow measure-
ments with a mini-Wright peak flow
meter; the results indicated reproducible,
striking airflow limitation shortly after she
entered the office building, with partial re-

covery on lunch breaks outside the build-
ing and full recovery on weekends (Figure
1). After relocating to another building in
February 1988, she had resolution of her
symptoms, of her need for asthma medi-

cations, and of her work-related airflow
limitation as documented by peak flow
measurements.

Case 2
A 37-year-old administrator began

working in the same Denver office build-
ing in April 1985. In February 1987, she
developed exertional dyspnea but sought
no medical attention. In April 1987, an
elective surgery was canceled on the basis
of a preoperative chest x-ray showing bi-
lateral interstitial infiltrates with some al-
veolar component. Her presumed pneu-
monia did not respond to courses of two
antibiotics, and she was referred to a pul-
monary consultant. Her forced expiratory
volume in 1 second was 49% of predicted,
and her forced vital capacity was 42% of
predicted. She began taking 60 mg per day
of prednisone.

When she discontinued steroids in
August, she had a recurrence of her symp-
toms. Her progressive symptoms and
20-lb weight loss over 6 months led to an
open lung biopsy in October 1987. The
pathology report diagnosed usual intersti-
tial pneumonitis with focal bronchiolitis
obliterans and extensive honeycombing.

Richard E. Hoffman is with the Division of Dis-
ease Control and Environmental Epidemiol-
ogy, Colorado Department of Health, Denver.
Rachel C. Wood is with the Department of Pre-
ventive Medicine and Biometrics, School of
Medicine, University of Colorado, Denver.
Kathleen Kreiss is with the Occupational and
Environmental Medicine Division, National
Jewish Center for Immunology and Respira-
tory Medicine, Denver.

Requests for reprints should be sent to
Richard E. Hoffman, MD, MPH, 4300 Cherry
Creek Dr S, Denver, CO 80222-1530.

This paper was submitted to the Journal
October 2, 1991, and accepted with revisions
June 26, 1992.

American Journal of Public Health 89



Hoffman et aL

Recovering from surgery for a month at
home, she became much better, with res-

olution of her dyspnea on exertion and
cough.

After she returned to work, she had
recurrence of fatigue and shortness of
breath associatedwith a flulike illness char-
acterized by cough, pleuritic chest discom-
fort, shaling chills, and sweats. Her respi-
ratory and constitutional symptoms
improved over weekends but became
muchworse during the next 2workweeks.
Her restrictive pulmonary functions dete-
riorated from preoperative values.

She was referred to the same tertiary
occupational medicine clinic as the patient
in Case 1, where her clinical course was

felt to be consistent with hypersensitivity
pneumonitis. Again, she had symptomatic
improvement on 60 mg per day of pred-
nisone and medical restriction from the
Denver building.

Backund
Both sentinel cases of building-re-

lated lung disease were reported to the
Occupational Epidemiology Program of
the Colorado Department of Health, and
by August 1988 the department had re-

ceived reports of five additional cases of
respiratory illnesses potentially related to
working in the building. Because of these
reports, an epidemiologic survey was de-
signed to determine whether there was an

excess of building-related respiratory dis-
ease in people working there.

The single-story, 108 000-ft2 office
building was occupied by the Denver
county agency on April 21, 1985. The
building was mechanically ventilated,
without operable windows or a humidifi-
cation system. Twenty-seven fan coil
units with drip pans above the false ceiling
provided cooling and heating of air, with

intakes on the north wall. Water damage
was visible in ceiling tiles, and employees
reported recurrent water damage to the
carpet from overflow of a janitor's sink
and sewage backup. The south wall of the
building was built into an earthen bank
below street level.

In the spring of 1988, carbon dioxide
levels were documented by National In-
stitute for Occupational Safety and Health
industrial hygienists as increasing from
0.04% to 0.06% in the morning to 0.11% to
0.15% in the afternoon, suggesting insuf-
ficient fresh air intake during the hours
that the building was occupied. The em-

ployer hired a private consultant to con-

duct bioaerosol sampling. The results re-

vealed low counts of viable airborne
bacteria and fungi, both inside and outside
the building, with 10 of 20 outdoor sam-

ples surprisingly showing no growth.
Counts of colony-forming units showed
little variation across specific areas within
the building and between two sampling
days, with the exception of a higher after-
noon fungal count near the south en-

trance. The rank order of fungal species
inside differed from the rank order outside
the building. Aspergillus was the only or-

ganism found inside the building near the
south entrance; no aspergillus grew from
outdoor samples. No sampling for nonvi-
able organisms or antigens was per-
formed.

Meods

In late 1988, we performed cross-

sectional surveys of employees in the
Denver building (case building) and a

comparison building (control building)
housing the same type ofagency inAdams
County, in suburban Denver. The two
sentinel cases were not survey respon-

dents because they were not employed at
the time of the survey.

The comparison buildingwas first oc-
cupied on June 1, 1980, and the office
workers were known to have indoor air-
quality complaints. The six-story building
was air conditioned and had inoperable
windows. We hypothesized that no differ-
ences existed between building groups in
the prevalence of respiratory symptoms
and physician-diagnosed asthma or hyper-
sensitivity pneumonitis.

We distributed self-administered
questionnaires consisting of standardized
respiratory questions9 supplemented by
questions about additional symptoms, the
relationship of symptoms to the work en-
vironment, physician diagnoses, and med-
ication use. Self-reported diagnoses of
asthma or hypersensitivity pneumonitis
were verified by the participant's physi-
cian. We ascertained the dates of symp-
tom onset and diagnosis, objective sup-
portive data, and history of exacerbation
since building occupancy. Four physi-
cians, blind to employment building, then
categorized cases independently and by
consensus as one of the following: insuf-
ficient evidence of the condition, preex-
isting disease, preexisting disease with ex-
acerbation since beginning work in the
building, and disease with onset postoc-
cupancy.

Because the maximum interval from
Denver building occupancy to the date of
the survey of Denver employees was 3.6
years, cases for both Adams and Denver
employees were counted only iftheywere
diagnosed within the first 3.6 years of em-
ployment.

We divided the Adams population
into two groups: group A, consisting of
persons who began work in the building
between June 1, 1980, and April 20, 1985,
and group B, consisting of persons who
began work in the building on or after
April 21, 1985 (the date Denver workers
occupied their building). We compared
the Denver employeeswith allAdams em-
ployees and with each Adams subgroup.
Analyses of Adams group A and Denver
permitted comparison of persons who
newly occupied an office building; analy-
ses of Adams group B and Denver per-
mitted comparison of persons diagnosed
during the same time period, thereby con-
trolling for temporal differences in medical
practice.

We classified Denver building em-
ployees into four work areas demarcated
by floor-to-ceiling partitions and different
sets of ventilation units. Prevalence rates
were compared in the four areas.
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We perfonmed univariate analyses of
demographic variables and symptom and
disease prevalences using Fisher's exact,
x2, or t tests on PC SAS.

Resu&s
Of 671 Denver employees, 512 re-

turned questionnaires (76% response
rate); 281 of 357 Adams employees re-
turned questionnaires (79% response
rate). The only statistically significant dif-
ference in demographic characteristics
among the two employee groups was a
greater proportion of Black and Hispanic
employees in Denver than in the Adams
building. Mean age, gender distribution,
educational level, mean hours worked per
week, and smoking status did not differ
between groups.

Seventy percent of Denver employ-
ees thought therewas aproblemwith their
building, compared with 75% of Adams
employees. Prevalences of nonspecific
symptoms attributed to the work environ-
ment by respondents were high and com-
parable in both buildings (Table 1). The
mean number of sick days taken per year
was significantly greater for Denver em-
ployees than for Adams employees (10
days vs 8 days, P < .05).

Statistically significant excesses ex-
isted among Denver building occupants
for shortness of breath, shortness of
breath while at rest, and chest tightness
(Table 2). The differences in shortness of
breath at rest and chest tightness remained
significant when analyses were limited to
nonsmokers.

There were 32 asthma cases in Den-
ver workers, compared with 11 in Adams
employees; no cases of hypersensitivity
pneumonitiswere reported. Ofthe asthma
cases, 28.1% in Denver and 18.2% in Ad-
ams County were diagnosed with abnor-
mal pulmonary function tests; the primary
method of diagnosis for both groups was
response to bronchodilating agents. No
single attendingphysician diagnosed more
than one case.

The median interval from begiming
work in the building until date of asthma
diagnosis for the 10 Denver caseswith on-
set of asthma postoccupancy (Table 3)
was 1.5 to 2.0 years; the shortest interval
was 1 year. Two of the four postoccu-
pancy Adams cases had an interval
greater than 3.6 years. Eight Denver em-
ployees had exacerbation of preexisting
asthma in their building, and no Adams
employees reported such exacerbation.

Table 3 presents the prevalence of
asthma in Denver employees compared

with all Adams employees, Adams group
A employees, and Adams group B em-
ployees. For every comparison, the Den-
ver prevalence rate was greater than the
Adams rate andwas significantly different
for the comparison of Denver with all Ad-
ams employees and with Adams group A
employees for the total number of cases
with either exacerbation or postoccu-

pancy asthma. No statistically significant
differences in prevalence rates of asthma
existed between Adams group A and
group B employees.

Because the distribution of race/
ethnicgroups differed inthetwo buildings,
we examined whether race/ethnicity
could be a confounding factor. No statis-
tically significant association was found
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between race/ethnic group and exacerba-
tionorpostoccupancy asthma: the asthma
rate was 3.6% in Anglos, 2.7% in Hispan-
ics, and 2.4% in Blacks. There was no
evidence of effect modification by ciga-
rette smoking when analyses were strati-
fied by smoking history.

The prevalence of respiratory symp-
toms and physician-diagnosed asthma
among Denver employees did not differ in
the four work areas. However, asthma
cases appeared to cluster along the south
side of the building, irrespective of floor-
to-ceiling partitions.

Diwusion
The two sentinel cases of building-

related allergic respiratory disease led to a
public health investigation that suggested
that they were neither unique nor the first
reported cases. Case 1 met the criteria for
occupational asthma of the surveillance
case definition disseminated by the Na-
tional Institute for Occupational Safety
and Health.10 For case 2, the temporal re-
lation of respiratory and constitutional
symptoms to work in the Denver building
pointed to a diagnosis of occupational hy-
persensitivity pneumonitis; the pathologic
diagnosis was compatible with hypersen-
sitivity pneumonitis, in which all cases
have interstitial pneumonitis and at least
50% have bronchiolitis obliterans.11,12 Al-
though asthma and hypersensitivity pneu-
monitis are distinct clinical entities, there
maybe airway hyperreactivityinboth; the
clinical expression depends, in part, on
the location of antigen deposition and the
host response. They are both seen in re-
lation to microbial bioaerosol exposure,
isocyanates, phthalic anhydride, animal
antigens, detergents, and coffee dust.13,14

Clinicians frequently fail to recognize
hypersensitivity pneumonitis when airway
symptoms common to both diagnoses sug-
gest asthma. We are unable to determine
whether cases ofhypersensitivity pneumo-
nitis were diagnosed as asthma among
Denver employees. We are aware of an
additional case of interstitial lung disease in
a former Denver employee. Her building-
related symptoms began within 4 months
ofbuilding occupancy, and she died with a
diagnosis of bronchiolitis obliterans within
4 years. In retrospect, her pulmonary phy-
sician felt that hypersensitivity pneumoni-
tis was the probable diagnosis.

Sentinel cases of occupational
asthma and hypersensitivity pneumonitis
should provide impetus for epidemiologic
or industrial hygiene studies, which can
lead to preventive recommendations.1='7
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We found a 4.9-fold increase ofphysician-
diagnosed asthma arising or exacerbated
since building occupancy among employ-
ees working in the Denver office building
compared with employees working in a
similar agency in Adams County. In ad-
dition to the excess of diagnosed disease,
increased prevalences were observed in
several respiratory symptoms suggestive
of asthma.

In buildings plagued with indoor air-
quality complaints, overreporting of
symptoms is expected.518 Denver em-
ployees may have had increased health
concerns because of an April 1985 out-
break of complaints attributed to mass
psychogenic illness by management, pre-
vious indoor air-quality investigations,
and newspaper publicity. Nevertheless,
the observed differences between the
Denver and Adams buildings were prob-
ably not attnbutable to reporting bias be-
cause a higher proportion of Adams
Countyworkers thought therewas a prob-
lem with their office building and the re-
sponse rates of the two groups were high
and nearly the same. Furthermore, even if
we assume that nonresponders from both
groups had the same prevalence rate as
the Adams County responders, the Den-
ver rate of asthma would still be 2.1 times
greater than the Adams County rate.

Our survey probably underestimated
the rate of respiratory disease in Denver
employees. A cross-sectional study may
reflect a healthy-worker effectbynot iden-
tifying persons with disease who termi-
natedorwere absentfromwork as a result
of illness, such as the two sentinel cases.
The choice ofcomparison group was con-
servative, since the Adams group had reg-
istered indoor air-quality complaints with
their county health agency and there was
no reason to suspect that the out-migra-
tion of sick workers would be greater in
Adams County than in Denver.

Allergic respiratory disease associ-
atedwith office buildings is usually caused
by dissemination of antigenic material
from a microbial source in ventilation sys-
tems or humidifiers. No evidence to sup-
port a ventilation-related etiology sur-
faced in the epidemiologic investigation.
The possible clustering of cases along the
southwall, whichwas built into an earthen
bank, suggests that moisture incursion
may have led to microbial amplification
and dissemination. Bioaerosol sampling
documented a low level of aspergillus in
this area that was not present in outdoor
air, suggestive of an indoor source. How-
ever, technical difficulties in the sampling,

which resulted in low viability, make en-
vironmental characterization of the build-
ing incomplete.

This investigation leaves many ques-
tions pertinent to prevention unanswered.
Nevertheless, we report our findings to
alert clinicians, indoor-air-quality investi-
gators, and public health epidemiologists
to the phenomenon of office building-re-
lated asthma. Individual cases may be
sentinel events and indicate a need for
public health investigation of remediable
causes. In this respect, occupational pub-
lic health differs little from traditional
communicable disease control activities.
Early recognition of causal association
and removal from exposure may result in
better prognosis or cure of occupational
asthma.'9 Public health surveillance and
further investigation of these types of out-
breaks will provide better understanding
of risk factors for office building-related
respiratory disease. O

Acknowledgments
This research was supported in part by Na-
tional Institute for Occupational Safety and
Health Grant U60/CCU802991. Rachel C.
Wood was recipient of a preventive medicine
residency support award from the Centers for
Disease ControVAmerican Teachers ofPreven-
tive Medicine Cooperative Agreement to the
University of Colorado School of Medicine.

References
1. Robertson AS, Burge PS. Building sick-

ness. Practiioner. 1985;229:531-534.
2. Finnegan MJ, Pickering CAC. Building-

related illness. Clin Alergy. 1986;16:389-
405.

3. Burge PS, Finnegan M, Horsfield N, Em-
ery D, Austwick P, Davies PS, Pickering
CAC. Occupational asthma in a factory
with a contaminated humidifier. Thorax-
1985;40:248-254.

4. Kreiss K. The epidemiology of building-
related complaints and illness. In: Cone JE,
Hodgson MJ, eds. Problem Buildings:
Buildig-Associated iEness and the Sick
BuildingSyndrome. Philadelphia, Pa: Han-
ley and Belfus, Inc; 1989;4:575-592.

5. Kreiss K, Hodgson MJ. Building-associ-
ated epidemics. In: Walsh H, Dudney CS,
Copenhaver ED, eds. IndoorAir Qality.
Boca Raton, Fla: CRC Press; 1984:87-108.

6. Bernstein RS, SorensonWG, Garabrant D,
Reaux C, Treitman RD. Exposures to re-
spirable, airborne Peniciliwn from a con-
taminated ventilation system: clinical, en-
vironmental and epidemiologic aspects.
Am Ind HygAssoc J. 1983;44(3):161-169.

7. Hodgson MJ, Morey PR, Attfield M, So-
renson W, Fink IN, Rhodes WW, Visves-
vara GS. Pulmonary disease associated
with cafeteria flooding.Arch EnvirHealtIL
1985;40:96-101.

8. Hodgson MJ, Morey PR, Simon JS, Wa-
ters TD, FinkJN. An outbreak of recurrent
acute and chronic hypersensitivity pneu-

January 1993, Vol. 83, No. 1



monitis in office workers.AmJEpidemnioL
1987;125:631-638.

9. Ferris BG. Epidemiol Stadardization
Project. Bethesda, Md: American Tho-
racic Society and Division of Lung Dis-
eases of The National Heart, Lung, and
Blood Institute; 1978.

10. Centers for Disease Control. Occupational
diwase surveillance: occupational asthma.
MMWR 1990;39:119-123.

11. Reyes CN, Wenzel FJ, Iawton BR, Eman-
uel DA. The pulmonary pathology offarm-
er's lung disease. Chest. 1982;81:142-146.

12. Coleman A, Colby TV. Histologic diagno-
sis ofextrinsic allergic alveolitis.AmJSug
PathoL 1988;2:514-518.

13. Sahaggio JE, Taylor G, Weill H. Occupa-
tional asthma and rhinitis. In: Merchant
JA, ed. Occupational Respiratory Dis-
eases. Cincinnati, Ohio: US Deptof Health
and Human Services; 1986. DHHS publi-
cation NIOSH 86-102.

14. FinkJN. Hypersensitivitypneumonitis. In:
Merchant JA, ed. Occupational Respira-
tory Diseases. Cincinnati, Ohio: US Dept
of Health and Human Services; 1986.
DHHS publication NIOSH 86-102.

15. Rutstein DD, Mullan RJ, FrazierTM, et al.
Sentinel health events (occupational): a ba-
sis for physician recognition and public
health surveillance. Am J Public Health.
1983;73:1054-1062.

BdigRdaed As_m

16. Baker EL. SENSOR: the concept. Am J
Public Health 1989;79(suppl):18-20.

17. Matte TD, Baker EL, Honchar PA. The
selection and definition of targeted work-
related conditions for surveillance under
SENSOR. Am J Public Health. 1989;
79(suppl):21-25.

18. Mendell MJ, SmithAH. Consistent pattern
ofelevated symptoms in air conditioned of-
fice buildings: a reanalysis ofepidemiologic
studies.AmJPublIcHealth. 1990;80:1193-
1199.

19. Chan-Yeung M. Occupational asthma.Am
Rev Respir Dis. 1986;133:686-703.

.:- .....................%......
..

..............
................................ ::j. .................

....................... ............................... ................ .. ...
.............. :.: ....

................
...........

.......

'"'O .............

..........* ........

............... .......................... ..................
..

................
.........

K
..........

LO

P. M,W:
............ due. ward

January 1993, Vol. 83, No. 1 American Joumal of Public Health 93


