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One hundred patients with sporadic, community-acquired,
serologically confirmed Legionnaires’ disease were
matched with controi subjects known by the patients
(acquaintance controls) and control subjects chosen from
among patients with negative serodiagnostic tests for
Legionnaires' disease (clinical controls). Each clinical
control subject was also matched with an acquaintance
control of his own. Legionnaires’ disease patients had
smoked more cigarettes, consumed more alcohol, and
were more likely to have resided near excavation sites
than acquaintance or clinical contro! subjects. Parallel
differences between clinical controils and their
acquaintances were not seen. Legionnaires’ disease
patients had traveled away from home for more time
during the 2 weeks before onset of iliness than had their
acquaintances. The difference was of greater magnitude
than that between clinicai control subjects and their
acquaintances. Legionnaires’ disease patients were more
likely to have resided near construction sites than clinical
controls, and there were more construction workers
among patients than among clinical control subjects.

WITH THE DEVELOPMENT of laboratory tests for the
diagnosis of Legionnaires’ disease, hundreds of sporadic
confirmed Legionnaires’ disease (LD) cases have been re-
ported to the Center for Disease Control (CDC). To
learn more about the epidemiology of these cases, we un-
dertook a case-control study of 100 consecutive sporadic,
community-acquired cases in which the diagnosis was
confirmed by indirect fluorescent antibody (FA) serologic
testing at the CDC. We directed particular attention to
factors that might increase susceptibility to Legionnaires’
disease and to hypotheses on sources and modes of trans-
mission of the etiologic agent.

Materials and Methods
SELECTION OF RESPONDENTS

The Bureau of Epidemiology maintains a list of sporadic cas-
es of confirmed Legionnaires’ disease reported to the CDC from
state health departments and other sources. As of 24 October
1977, 169 cases with onset since 1 August 1976 were listed.
Laboratory confirmation had met one or more of three diagnos-
tic criteria: fourfold or greater rise in indirect FA tiler (stated as
the reciprocal of the dilution) to 128 or above (146 cases), visu-
alization of the LD bacterium in lung tissue by direct immuno-
fluorescence (21 cases), or isolation of the LD bacterium from
clinical or autopsy specimens (six cases).

One hundred consecutive sporadic, community-acquired cas-
es diagnosed serologically at the CDC (Group 1) were selected
for study. Patients known to have been hospitalized in the 2
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weeks before onset of disease were assumed to have infections
that were possibly nosocomially acquired and were excluded
from this study. Two control groups, each made up of one per-
son matched with each patient in Group I, were selected. For
one set (Group II), acquaintance controls were chosen by ask-
ing each respondent in Group I to provide the name of un
acquaintance of roughly the same age (usually = 5 vears) a:
sex who lived in the same community but at least ! mile aw.
For the other set (Group III), clinical controls were chosci.
from a computer listing of all persons from whom specimens
had been obtained and submitted to the CDC for LD serodiag-
nosis. For each patient in Group I, the Group I1I control select-
ed was the person of the same sex and age (usually = 5 vears)
whose specimen was received at the CDC from the same state
in closest time to the date of receipt of the diagnostic specimen
from the Group I patient. Selection for Group IIl was limited
to persons with LD indirect FA titers to LD bacterium strai-~
Philadelphia 1 and Philadeliphia 2 of 64 or less in one or m.
serum specimens drawn at least 21 dayvs after onset of illness
third set of controls (Group I1V) was chosen by asking each
person in Group III to suggest someone of the same age, sex,
and community according to the conditions that governed the
selection of Group Il controls for Group I.

DATA COLLECTION

All respondents were informed of the study's purpose, and
those who consented were interviewed by telephone by an in-
vestigator using a standardized precoded questionnaire de-
signed 10 test various hypotheses about Legionnaires’ dise:
All questions were addressec. to the 2-week tnierval before on. =
of illness in the relevant LD case (Groups I and II) or clinical
control (Groups 111 and IV}, For Groups 1 and 111, interviews
were conducted with the person who had been ill unless that
person was incompetent ot dead, in which case the closest
available contact was interviewed. Interviewers were medical or
vetertnary epidemiologists knowledgeable about Legionnaires’
disease. A serum specimen for LD indirect FA testing was re-
quested from each person in Group Il. The physician of each
person in Group 111 was asked to supply a hospital discharze
summary or other description of the illness for which LD sc
logic testing had been requested.

DATA ANALYSIS

Legionnaires’ disease patients (Group I) were compared sep-
arately with their acquaintances (Group II) and with clinical
controls (Group I1I) by matched-pair analysis. Clinical controls
(Group IIl) were also compared with their acquaintances
(Group 1V). This comparison was analyzed in parallel with the
comparison between Groups I and II.

Differences between Groups I and 1I might represent spec:iic
risk factors for Legionnaires’ disease, nonspecific risk factor. T
pneumonia or similar illness, or factors erroneously though. "
be risk factors for Legionnaires’ disease (misdirections) that had
stimulated physicians to request LD indirect FA testing of their
patients’ serum specimens. Differences between Groups 111 and
IV might represent specific risk factors for whatever diseases
were responsible for illness in patients in Group 111, nonspecific
risk factors for pneumonia or similar illness, or misdirections:
Differences between Groups I and I1I might represent specific



sisk factors for Legionnaires’ disease, specific risk factors for
whatever diseases were responsible for illness in patients in
Group I1I, or differences in the populations of patients seen by
physicians who were either relatively astute or relatively poor at
deciding from whom to submit specimens for serodiagnosis.
Parallel differences in the comparisons of Groups I and II and
of Groups I1I and IV might represent nonspecific risk factors or
misdirections. Differences in the comparison of Groups I and II
that were not found in comparing Groups III and IV might be
nost likely to represent specific risk factors for Legionnaires’
“isease.

Differences were tested for statistical significance using
McNemar's test for correlated proportions (1), except where
otherwise specified. A linear logistic model (2; HALVORSEN
KT: “Estimation of Simple and Multiple Relative Risk Func-
tions in Matched Case-Control Studies,” Master of Science
Thesis, University of Washington, Seattle, 1978) was used to
assess interactions among variables.

Results
CHARACTERISTICS OF RESPONDENTS

One hundred LD patients were considered for inclu-
sion in the study. Seven were found to have possibly no-
socomial acquisition of disease, and substitutes were
chosen to maintain a final target population of 100 com-
munity-acquired cases. Of these 100, one was subsequent-
ly linked to a large cluster of cases and four patients
could not be interviewed for various reasons, leaving 95
~atients with sporadic community-acquired Legion-
iaires’ disease about whorn data were collected for the
study. Thus, seven patients (6.9%) of 102 sporadic cases
of Legionnaires’ disease had possibly nosocomial infec-
tion.

The 95 patients included nine (9.5%) who had died of
Legionnaires’ disease. At the time of their illnesses these
95 had ranged in age from 24 to 83 years (median, 55
vears). Sixty-nine were men and 26 were women, a sex
atio of 2.7. There were 75 whites, 17 blacks, one Ameri-
.an Indian, one Asiatic, and one Hispanic. The ratio of
whites to blacks was 4.4:1, substantially lower than the
7.5:1 ratio in the general population of the United States
(3). Legionnaires’ disease patients had various occupa-
tions: Seven had been in construction work, four in jobs
involving soil exposure, three in health-related jobs, two
in building maintenance, and one in air-conditioning
maintenance. None had been hotel workers. Eighteen pa-
tents had been retired. Twelve had been housewives.
[hirty-nine percent had not completed high school,
whereas 17% had graduated from college. Sixty-eight
percent had been cigarette smokers at the time of illness.
Sixty-seven percent had occasionally or frequently con-
sumed alcohol, including 22% who had averaged more
than three drinks or beers per day. Only three had been
taking immunosuppressive medications.

Serum specimens were received from 35 respondents in
Jroup II. One person had an indirect FA titer of 1024 or
greater to the Philadelphia 2 strain of the LD bacterium
and titers of 64, 128, and 64 to the Wadsworth, Togus,
and Bloomington creek strains, respectively. Indirect FA
titers to these four antigens in the other 34 serum speci-
mens were low—Philadelphia 2, 25 at less than 64 and
nine at 64; Wadsworth, 32 at less than 64 and two at 64;
and Bloomington creek, 34 at less than 64.

Hospital discharge summaries or other medical rec-
ords were available for 59 of the subjects in Group III.
Forty-five (76%) had had pneumonia as part of the ill-
ness for which serologic testing was requested. An etio-
logic diagnosis had been microbiologically confirmed for
only one—a case of blastomycosis. Two cases of pneumo-
nia had been tentatively ascribed to Acinetobacter and
one to Haemophilus parainfluenzae infection on the basis
of sputum cultures. Mycoplasma had been an etiologic
agent suspected in three cases but had not been confirmed
by serologic testing or isolation. Diagnoses other than
pneumonia had included pericarditis (three cases), bron-
chitis (two), sepsis (two), influenzal syndrome, lung
abscess, pleurisy with effusion, respiratory failure, metas-
tatic adenocarcinoma of the lung, viral meningoencephal-
itis, and upper respiratory infection (one each).

MATCHED-PAIR ANALYSES

The comparison of patients (Group I) with their ac-
quaintances (Group II) was based on completed inter-
views with 87 matched pairs (I-1I comparison). The com-
parison between clinical control subjects in Group III
and their acquaintances was based on interviews with 72
matched pairs (III-IV comparison). The comparison of
patients with clinical control subjects was based on inter-
views with 88 matched pairs (I-III comparison).

There was an unexpected and striking racial difference
in the matched pairs for the I-III comparison, with 16
blacks in Group I and one in Group III (P < 0.001). The
educational level of persons in Group I was lower than
that of persons in Group III, but not significantly so
(P = 0.09, Wilcoxon signed rank test [4]).

HOST SUSCEPTIBILITY FACTORS

The major differences between patients and control
subjects involved cigarette smoking and alcohol con-
sumption. There was a highly significant excess of
cigarette smoking among patients, both in the I-II com-
parison (P « 0.0001, Wilcoxon signed rank test) and in
the I-III comparison (P = 0.008, Wilcoxon signed rank
test). The smoking difference between clinical control
subjects and their acquaintances (III-IV comparison) was
much smaller and not statistically significant. Alcohol
consumption was also significantly greater for patients in
both the I-II and the I-III comparisons (P = 0.03 and
P = (.04, respectively, Wilcoxon signed rank test). The
relative risk associated with alcohol consumption rose
with increasing intake: there was no excess relative risk
with alcohol consumption overall in comparison to absti-
nence, but the relative risk for persons consuming more
than three drinks per day in comparison with respon-
dents with lesser alcohol intakes was 4.0 (P < 0.05) in
the I-II comparison and 2.4 (0.05 <« P < 0.10) in the [-
IIT comparison. There was no difference in alcohol con-
sumption between Groups III and IV.

We sought evidence of underlying chronic disease by
inquiring about a history of renal disease (other than uri-
nary tract infection), diabetes mellitus, and chronic bron-
chitis and about treatment with glucocorticoids, other
immunosuppressive drugs, cardiac medications, diuret-
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ics, antihypertensives, and bronchodilators or other pul-
monary medications. There was a significant excess of
patients with evidence of chronic disease relative to the
Group II controls (relative risk = 2.4, P < 0.05); the
clinical control subjects (Group III) also had more ap-
parent chronic disease than their acquaintances (Group
1V), but the excess was not statistically significant (rela-
tive risk = 1.7, P > 0.2). The excess of apparent chronic
disease in Group I subjects over that found in Group I1I
was not significant (relative risk = 1.4, P > 0.2).

Patients were significantly more likely to have taken
diuretics than were Group II control subjects (relative
risk = 4.7, P < 0.05), whereas there had been no differ-
ence in diuretic use between respondents in Groups III
and IV (relative risk == 1.0). These differences were only
partly explained by differences in the number of people
reporting hypertension. The excess of diuretic use in pa-
tients in the I-I11 comparison was not statistically signifi-
cant (relative risk = 2.1, 0.10 < P < 0.20).

ENVIRONMENTAL EXPOSURE FACTORS

Legionnaires’ disease patients were significantly more
likely to have lived near excavation sites than were re-
spondents in either control group (II, III) (relative
risk = 3.0, P < 0.05, for I-I comparison; relative
risk = 2.3, P < 0.05, for I-1Il comparison). Significantly
more patients than Group III control subjects had lived
near construction sites (relative risk = 2.7, P < 0.05). In
the I-11 comparison, patients had had more construction
sites near their homes, but the difference was not signifi-
cant (relative risk = 1.7, P > 0.2). There were no differ-
ences in excavation or construction exposure near home
in the III-IV comparison. The only significant occupa-
tional difference noted in the study was the finding of
seven construction workers among the Legionnaires’ dis-
ease patients and none in Group III (P < 0.05). There
were essentially no differences in exposure to soil or
wind-blown dust in any comparison.

There were no differences in any comparison with re-
gard to exposure to air-conditioning, heating, humidify-
ing, or dehumidifying systems or exhaust fans, nor were
there any differences in the number of persons who had
done maintenance or repair work on such climate-control
systems or on other home appliances. More patients (six)
than respondents in Groups II (two) or III (one) had
been exposed to malfunctioning air-conditioning systems,
but these differences were not statistically significant.

As previously noted, 6.9% of patients with sporadic
cases of Legionnaires’ disease about whom information
was available were excluded from this study because of
hospitalization during all or part of the 2 weeks before
onset of illness. The proportion of potential respondents
in Group III similarly excluded was three of 92 (3.3%)
(chi-square = 0.65, P > 0.2, for I-III comparison).
Twenty-one (22%) of the 95 patients in the study had
had some sort of exposure to a hospital, but not as inpa-
tients, in the 2 weeks before onset of disease. No signifi-
cant differences in such hospital exposure were seen in
the I-11, I1I-1V, and I-1II comparisons. In general, pa-
tients had had less exposure than respondents in Group
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II to 12 kinds of public buildings that were neither hospi-
tals nor buildings associated with travel. A similar pat-
tern was seen in the III-IV comparison. No consistent
pattern regarding exposure to public buildings emerged
from the I-11I comparison.

Legionnaires’ disease patients had traveled away from
home for more time during the 2 weeks before onset of
their illnesses than had their acquaintances (P = 0.02,
Wilcoxon signed rank test). No similar significant differ-
ences in time spent on trips away from home were seen i
the I-III or III-IV comparisons.

There were no differences in any of the comparisons n
exposure to insects, birds or bird roosts, other animals, or
fish aquariums.

INTERACTIONS AMONG RISK FACTORS

We attempted to calculate the relative risk for Legion-
naires’ disease associated with certain variables in th.
presence of other potentially interacting ones by using .
linear logistic model. The variables were potential risk
factors chosen from the univariate analysis: cigarette
smoking, heavy drinking (more than three drinks or
beers per day), educational level, use of diuretics, pres-
ence of an underlying illness, excavation near home, con-
struction near home, overnight travel during the 2 weeks
before onset, race, and occupation as a construction
worker. Smoking, heavy drinking, travel, and presence ¢
an underlying disease were associated with the relativ:
risks in the I-II comparison most significantly differeni
from unity, whereas there were no risk factors with rela-
tive risks significantly greater than unity in the III-IV
comparison. In the I-III comparison the variables of
greatest significance were smoking, heavy drinking, race,
and construction near home. The sequential elimination
of the remaining variables from the I-II and I-III com-
parisons did not have a significant effect on the ability ¢
the model to distinguish patients from control subjects.
The significant or borderline significant variables were
then used in the final linear logistic model (Table 1).

Discussion

Interpretations of the results of this study on possible
risk factors in Legionnaires’ disease should be made with
caution. A large number of tests for possible association
were explicitly or implicitly done. The impact of an assc-
ciation shown to exist at a given level of statistical signifi-
cance is diminished in proportion to the number of com-
parisons carried out to find that association.

Sporadic confirmed cases of Legionnaires’ disease re-
ported to the CDC have included an excess of cases in
middle-aged men, both in relation to the general popula-
tion and to the age and sex composition of persons from
whom serum specimens are submitted to the CDC i
serologic testing (STORCH G, SHEPARD CC: Unpublished
data, 1978). This study clearly adds cigarette smoking to
advanced age and male sex as a risk factor for Legion-
naires’ disease and strongly suggests that heavy alcohol
consumption is an additional independent risk factor.
Cigarette smoking, but not alcohol consumption, was
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e

Risk Factor Comparison
I-11 II-1v [T

smoking

Less than one-half pack per day versus none 1.6 (1.2-2.3) 1.1 (0.8-1.7) 1.6 (1.1-2.3)

One-half to one pack per day versus none 2.6 (1.3-5.1) 1.3 (0.6-2.9) 2.5 (1.3-5.2)

More than one pack per day versus none : 4.2 (1.6-11.4) 1.5 (0.4-49) 4.1 (1.4-11.8)
H vy drinking™* 3.5(1.0-13.0) 1.1 (0.2-7.1) 4.8 (1.3-18.0)
i . lerlying disease 2.0 (0.9-4.7) 2.0 (0.9-4.5) NAt
T:.velf 2.5 (0.9-6.8) 2.0(0.7-3.9) NA
Construction near home NA NA 4.4 (1.2-15.7)
Black or other race versus whites NA NA 14.0 (1.8-112.0)

* Three drinks or beers per day versus less or no consumption.
+ NA = no association, not included in model for this comparison.

1 Mean number of days (7) spent in travel by Legionnaires’ disease patients who were away from home for at least one night versus no travel.

shown to be a risk factor in the epidemic among members
. -he American Legion in Philadelphia in 1976 (5). Al-
ti.ough alcohol consumption has not previously been
shown to be a risk factor for Legionnaires’ disease, gram-
negative bacterial pneumonia, particularly that caused by
Klebsiella pneumoniae, has been thought to show a pre-
dilection for middle-aged and elderly men, especially
those who abuse alcohol (6, 7).

Epidemics and sporadic cases have occurred in several
instances after the affected persons have traveled. The

~ults of this study support an association between travel
and the acquisition of Legionnaires’ disease. This associa-
tion could be due to the stress of travel, to exposure to
point sources of the etiologic agent in buildings or other
sites frequented by travelers, or to transit of nonimmune
residents of areas with low risk of exposure to endemic
foci.

Although a high proportion of the Legionnaires and
others afflicted in the 1976 Philadelphia epidemic had

~derlying illnesses (62% of 94 hospitalized patients) (5),
in our study the presence of an underlying illness ap-
peared to be a relatively small and nonspecific predispos-
ing factor. Since only three of our 95 patients had been
taking immunosuppressive medications and there were
few others with diseases that severely affect the immune
system, it appears that most community-acquired sporad-
ic cases occur in persons without major defects in system-

immunity. Experience from several epidemics (8-10),
.»wever, indicates that immunosuppression does predis-
pose to Legionnaires’ disease and may be particularly im-
portant in nosocomial acquisition of the disease.

The very high relative risk (14.0 in the linear logistic
model) for blacks and others in comparison to whites had
not previously been suggested by analysis of Legion-
naires’ disease epidemics. This racial difference is also not
“pparent in more recent surveillance data on sporadic

ases (11), which show that Legionnaires’ disease patients
.pproximate the racial distribution of the general popula-
tion of the United States. Several possible biases may
have affected the comparison between patients (Group I)
and clinical control subjects (Group III), the only control
group not implicitly racially matched and thus the only
group used to evaluate the racial factor. If the diagnosis
of Legionnaires’ disease had been considered more indis-

criminately in whites than in blacks or if physicians who
were relatively adept at identifying likely cases on clinical
grounds were disproportionately involved in the care of
black patients, then the proportion of negative specimens
submitted would be higher for whites than for blacks.
When persons having negative specimens were then se-
lected as clinical controls, whites could be over-represented
in the control group, resulting in an apparent excess of
Legionnaires’ disease cases in blacks. Alternatively, if the
diseases in which the diagnosis of Legionnaires’ disease is
mistakenly considered actually occur more frequently in
whites than in blacks, clinical control subjects as chosen
in this study could include a disproportionately large
number of whites, again resulting in an apparent excess
of blacks as cases. Thus, the observed excess relative risk
for blacks may be an artifact of this study. The possibility
of differing race-specific attack rates should receive fur-
ther study in future epidemics of Legionnaires’ disease
and in continuing analysis of sporadic cases.

The presence of a construction site near home emerged
in the linear logistic model as significantly associated
with Legionnaires’ disease, but only in the I-III compari-
son. The small but statistically significant excess of con-
struction workers in the patient group further supports
the hypothesis that exposure to construction sites may be
meaningful in transmission of Legionnaires’ disease. The
association in the univariate analysis of Legionnaires’ dis-
ease with excavation sites near dwellings may point to a
source in soil, as suggested by findings from one epidemic
(12).

In addition to the exposure risk factors suggested by
our study, many other sources of exposure conceivably
exist. In particular, air-conditioning systems have been
involved in several epidemics (13-16). Although the study
questionnaire dealt extensively with exposure to air-
conditioning systems, such exposure was difficult to char-
acterize, and the results of our study should not be taken
as evidence that air-conditioning systems play no role in
sporadic cases. In epidemics, however, cooling towers or
evaporative condensers rather than household units have
been contaminated with the LD bacterium. Perhaps
when these components of large air-conditioning systems
are contaminated, enough people are exposed to cause
epidemics rather than sporadic cases.
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