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chapter three

Risk factors for sporadic
community-acquired Legionnaires’ disease.

A three-year national case-control study
JW den Boer1, J Nijhof 1, I Friesema1,2

abstract

Objective. Risk factors for sporadic community-acquired Legionnaires’ disease (ld) have been studied in the
past, well before the widespread introduction of the urinary antigen test. Our objective was to evaluate the
impact of the concomitant decrease in underdiagnosis on established and unknown risk factors for ld.

Study design. Prospective case-control study.

Methods. From 1 July 1998 to 30 June 2001, 228 ld cases and 293 controls were included for a national
case-control study. Patients were included upon notification provided that they fulfilled international criteria
for confirmed ld.

Methods. A history of diabetes mellitus, current tobacco smoking, travelling abroad, spending one or more
nights away from home not leaving the country and being a driver by profession were independent risk
factors. ld patients who had travelled abroad during their incubation period differed from ld patients who
had not. They appeared healthier than non- or domestic travellers with respect to a history of coronary
disease, pulmonary disease, current use of corticosteroids or immunosuppressives and any medication. Also
the environmental risk factors differed significantly for the two groups.

Conclusions. The finding of two distinct populations of ld patients calls for a differentiated preventive strategy.

Key words. Legionnaires’ disease; Risk; Community-acquired infections; Pneumonia

introduction

Legionnaires’ disease (ld) is an acute pneumonia that accounts for 8–13% of community-
acquired pneumonias. [1,2] Although 80% of ld cases are sporadic, the disease was first
described after a large outbreak of pneumonia in Philadelphia in 1976 among visitors of a
Legionnaires’ convention held in a hotel, and passers-by at the same hotel. [3] The outbreak
was shown to be caused by a newly discovered genus: Legionella spp. [4] These gramnegative
bacilli live in (manmade) aquatic environments and are capable of infecting humans by

1 Municipal Health Service Kennemerland, Haarlem, the Netherlands; 2 University of Maastricht, Maastricht,
Netherlands.
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aerosol inhalation or by drinking and subsequent aspiration of water. The combination
of the low incidence of ld and the omnipresence of Legionella spp. in water makes it
worthwhile to identify risk factors for infection to enhance preventive measures. Furthermore,
risk factors add to our knowledge of transmission and pathogenesis. Four large studies
on host and environmental risk factors for community-acquired ld have been published.
Two of these compared incidences of underlying disease in ld patients with us national
morbidity data. [5,6] Since these national morbidity data had been collected for a different
purpose, it is unknown if they measure disease incidences in the same way as was done
for the ld patient in these two studies. Hence, the host risk factors found may have been
overestimated or underestimated. Interpretation of the two studies is further hampered by
the lack of differentiation between community-acquired ld and nosocomial ld, whereas
risk factors for these types of ld seem to differ considerably. [7–10] Also, the morbidity
data used were not gender, and agespecific, whereas ld is known to affect men more than
women and the relative contribution of Legionella as a cause of pneumonia is highest
in the 35–49 years age group. [11] In addition to the studies cited above, two us-based
case-control studies on community-acquired sporadic ld have been published, [7,10] but
their results were incomparable due to differences in aim and study design. Also, data
for one of these studies [10] were collected in the 1970s well before urinary antigen tests
became widely used. These facts induced us to start a 3-year case-control study in the
Netherlands. The study design allowed for application of identical definitions of host and
environmental factors for cases and controls. Furthermore, appropriate selection of controls
was expected to reduce bias in age, gender, geographic and seasonal variation. The nation-
wide data collection ensured inclusion of sufficient patients to identify uncommon risk
factors.

methods

Legionnaires’ disease (ld) has been a notifiable disease in the Netherlands since 1987. Diag-
nosed patients are reported to one of the 40 regional public health services in the country.
Public health physicians in order to identify the source of the disease and to control a pos-
sible outbreak interview reported patients (or their relatives). Using the interview data, a
disease notification form is completed and sent to the Health Inspectorate at the Ministry
of Health. Since 1990, all public health physicians use the same national protocol of the
National Co-ordination structure for Infectious diseases, which includes diagnostic criteria
and a questionnaire. For the purpose of our study, the questionnaire was updated on 1 July
1998 to facilitate a structured interview on potential host and environmental factors, as sug-
gested by published results from epidemiological studies and outbreak reports. From this date
until 1 July 2001, all regional public health services in the Netherlands participated in our
study. The Health Inspectorate provided questionnaire copies of all confirmed and probable
ld patients who had been interviewed. Since the aim of the study was to identify risk fac-
tors for sporadic community-acquired ld, nosocomial and outbreak-related ld patients were
excluded.
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We used the criteria of the European Working Group for Legionella Infections for con-
firmed cases of ld. A confirmed case was defined as a person presenting with clinical symp-
toms of pneumonia, with radiological signs of infiltration, and with laboratory evidence
of Legionella spp. infection. Laboratory evidence included isolation of Legionella spp. from
respiratory secretions or lung tissue, detection of Legionella pneumophila antigens in urine,
seroconversion or a four-fold or higher rise in antibody titres to L. pneumophila serogroup
1 in paired acute- and convalescentphase sera, as reported by clinicians. Controls were iden-
tified by the family physician of a ld patient. In the Netherlands, citizens are in the care
of a family physician who plays a central role in the Dutch health care system (e.g. for
referral to hospital care). The family physician of an included ld patient selected, in alpha-
betic order, the next four patients from his patient register who were of the same gender
and year of birth. Controls who were willing to participate were requested to complete
a participation form and send it to our institute. Upon receipt of this form, they were
interviewed over the telephone using the same questionnaire as for cases. The nine-page
questionnaire addressed health status as well as exposure to aerosols originating from any
water source (shower, whirlpool, sprinkler, hose, fountain, air conditioning system, heat-
ing system) at home, at work, during leisure and during holiday periods. These questions
related to the 2-week-period prior to the onset of symptoms for cases and to the 2-week-
period prior to the interview for controls. Questions concerning drinking of tap water were
not included. Controls who had suffered from pneumonia or who had stayed in hospi-
tal in the 2 weeks prior to the interview were excluded. Statistical analysis was performed
with version 12.0 of the spss statistical program (Statistical Product and Service Solutions,
Chicago, il, usa). Univariate analysis was used to identify factors associated with ld. Af-
ter checking for effect modifiers, significant (or borderline significant) host and environ-
mental risk factors were entered in a multiple logistic regression model. Using backward
elimination, independent risk factors were established for ld, adjusted for age, gender and
season. Variables were retained in the model if the likelihood ratio test was significant (p <
0.1).

results

From 1 July 1998 to 30 June 2001, 391 non-outbreak ld patients were notified in the Nether-
lands. Excluded from our study were 118 patients: 113 patients whose microbiologic test
results were not in accordance with ewgli criteria for confirmed ld and five patients who
had suffered from nosocomial ld. Of the remaining 273 ld patients, 45 (16%) could not
be included because the questionnaire was lacking. These 45 patients did not differ signif-
icantly in age, gender, or region of residence (North, Mid, South or West) from the 228

patients who were included. A total of 293 controls were recruited (Fig. 1), whose region
of residence (North, Mid, South, or West) did not differ significantly from cases. Although
controls were on average slightly older, there was no significant difference in age or gen-
der distribution between cases and controls (see Table 1). The prevalence of respiratory
tract diseases, chronic obstructive pulmonary disease (copd) and of previous episodes of
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Figure 1. Control Selection.
a ld = Legionnaires’ disease

pneumonia did not differ between cases and controls. Neither was there a difference in
prevalence of coronary heart disease, renal disease nor rheumatic disease. The prevalence
of minor underlying diseases and the use of any medication was significantly lower for ld
patients.

A history of diabetes mellitus and a recent history of non-cutaneous neoplasm were
identified as risk factors for ld, whereas no difference was found in the current use of
corticosteroids or immunosuppressives. In addition, two lifestyle related risk factors were
found: current tobacco smoking and drinking more than four units of alcohol per day.
Multiple logistic regression analysis identified diabetes mellitus and smoking as the only two

Table 1. Age and gender of 228 included Legionnaires’ disease
cases and 293 controls

Confirmed ld cases Controls
Men Women Men Women

Number 171 57 211 82
(percentage) (75%) (25%) (72%) (28%)
Mean age in years 54.6 54.2 57.5 56.3
(range) (24–82) (26–81) (27–84) (29–83)

ld = Legionnaires’ disease



39

2007118. DenBoer. 03_Hoofdstuk3. Proef 5. 22-12-2007:18.18, page 39.

independent host risk factors for ld. Analysis of the environmental factors revealed that for
many factors no significant differences were observed: having an electrical heater, public hot
water distribution or air conditioning system at home, being a plumber by profession, working
in a greenhouse, or with a high pressure hose, having visited a sauna, swimming pool, sports
facility or a dentist. However, one leisure-related, two work-related and three travel-related
risk factors for ld were identified. Furthermore, all three travel related factors appeared to
be independent risk factors in the multiple logistic regression model (see Table 2). Of the
ld cases, seven were either taxi driver or company chauffeur, five were truck drivers (one
international), three were bus drivers, one was tram driver and one was train engineer by
profession. Of the controls, three were company chauffeur, two were truck driver, and two
were bus driver (one international) by profession.

In a sub-analysis of ld patients we compared 160 international travellers to 68 non-
or domestic travellers. The prevalence of five host risk factors was significantly lower in
international travellers than in non- or domestic travellers. Also, the environmental risk
factors differed significantly between the two groups (see Table 3). We did not find differences
between the two groups in age, gender distribution, smoking, drinking of more than four units
of alcohol per day, history of pneumonia, copd, diabetes mellitus, renal failure, non-cutaneous
malignant neoplasm, or organ transplantation.

Table 2. Odds ratios with confidence interval for host factors and environmental factors of (borderline)
significance in univariate analysis; multiple logistic regression model using backward elimination, corrected
for age, gender and season (228 Legionnaires’ disease patients; 293 controls)

Multiple logistic
Univariate analysis Patients/ regression model

or (95% ci)a controls or (95% ci)a

Host factor

History of diabetes mellitus 2.0 (0.9 – 4.3) 17/12 5.4 (1.0 – 29)
Recent history of noncutaneous malignant neoplasm 4.6 (1.7 – 13) 16/5
Current tobacco smoking 5.6 (3.8 – 8.2) 137/74 5.5 (2.6 – 12)
Minor underlying diseases 0.5 (0.4 – 0.8) 56/123
Current use of any medication 0.5 (0.4 – 0.7) 74/149
Drinking more than four units of alcohol per day 1.5 (0.9 – 2.6) 31/31

Environmental factor

Travelling abroad 26 (16–44) 160/24 33 (14–78)
Spending one or more nights away from home not

leaving the country
1.7 (0.9 – 3.2) 25/21 4.0 (1.1 – 15)

Having a blue-collar job 1.5 (0.9 – 2.7) 36/30
Being a professional driver 3.1 (1.2 – 7.7) 17/7 3.0 (0.8 – 11)
Using the shower of a sports facility 0.4 (0.2 – 0.9) 9/29
Using the shower at a swimming pool 1.5 (0.9 – 2.5) 35/34

a or (95% ci) = Odds ratio (95% confidence interval)
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discussion

A well designed study to identify risk factors for sporadic community-acquired ld was part
of the Ohio population-based pneumonia incidence study. [7,11] In this prospective study
inclusion bias was limited by systematically testing all pneumonia patients for Legionella
infection. In our study inclusion bias may have influenced the results because only notified
cases were included. However, the bias may be limited as a result of antibiotic guidelines for
community acquired pneumonia in the Netherlands. Treatment of first choice according to
these guidelines does not cover for Legionella infection. [12] When initial drug therapy fails,
testing for Legionella infection is recommended. Unfortunately, comparison of our results with
the Ohio study is hampered for two reasons: hospital patients who were selected as controls
were matched for underlying diseases and the study focus was on domestic transmission only.
Our study design is therefore best compared to that of Storch et al., [10] who conducted
a 15-month national (us) case-control study in 1976/1977, using self-selected acquaintances
as controls. Independent risk factors for sporadic community-acquired ld identified in that
study were smoking, drinking of three or more drinks of beer per day, underlying disease
and travel. There is a strong resemblance of that results to ours. Our results are more specific
in defining underlying disease as a risk factor. Also, they provide more detail on travel as a
risk factor. Not only domestic travel with and without overnight stays, but also travel abroad
appears to be an independent risk factor. The similarity in study results may indicate that
the substantially diminished underdiagnosis of ld as a result of the widespread use of urinary
antigen testing has not resulted in a shift in risk factors for sporadic community-acquired ld.

Table 3. Odds ratios with confidence interval for host factors and environmental factors of (borderline)
significance in univariate analysis (160 Legionnaires’ disease patients who travelled abroad versus 68
Legionnaires’ disease patients who did not)

International travellers/
or (95% ci)a Non-travellers or domestic travellers

Host factor

History of coronary heart disease 0.2 (0.1 – 0.7) 5/9
History of pulmonary disease 0.5 (0.2 – 0.9) 28/21
History of splenectomy n.a 0/2
Current use of corticosteroids or

immunosuppressives
0.1 (0.0 – 0.3) 1/11

Current use of any medication 0.6 (0.3 – 1.1) 46/28

Environmental factor

Staying in a hotel 24 (9.8 – 60) 112/6
Spending one or more nights away from home,

not leaving the country
0.4 (0.2 – 1.0) 13/12

Contact with aerosols at work 0.3 (0.1 – 0.8) 10/11
Using the shower at a swimming pool 2.0 (0.8 – 4.8) 28/7

a or (95% ci) = Odds ratio (95% confidence interval)
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Given our finding of travelling abroad as a strong risk factor, we were interested to see if
part of this could be explained by a different subpopulation of patients, e.g. older patients
with a higher incidence of underlying disease. However, to our surprise the travellers were in
better health than the nontravelling ld patients. Therefore, our study results suggest that two
distinct populations of ld patients exist: relatively healthy international travellers and non- or
domestic travellers whose risk profiles resemble that of patients with nosocomial ld. The two
case-control studies described above [7,10] did not report such a difference, possibly because
fewer patients were included (100 and 146, respectively) or because no distinction was made
between short- and long-distance travel.

However, it would be possible that pneumonia patients who had travelled abroad or who
presented with underlying disease were selectively tested for Legionella infection, resulting
in inclusion bias. Although this cannot explain the finding of two travel-related risk factors
in domestic travellers, the finding that ld can be acquired in healthy individuals should
urge clinicians to test systematically for Legionella infections in all patients presenting with
pneumonia regardless of immune status or presence of underlying diseases. Furthermore, all
pneumonia patients above the age of 18 should be tested, because Legionella is more common
as a cause of pneumonia in patients under the age of 50 than over the age of 50. [11]

Our study confirms that smoking is the most consistent and strongest independent host-
related risk factor for ld. [7,10] The concurrent absence of smoking-related risk factors such
as ‘copd’ and ‘history of pneumonia’ in our study as well as three other studies [5,7,10] is
remarkable and suggests an additional role for smoking in the pathogenesis of ld. It may be
that deep inhalation during smoking facilitates infection with Legionella spp. in addition to
the deficient physical defence in smokers’ airways. Also, since smoking promotes aspiration,
[13] its influence may be indirect. Drinking and subsequent aspiration of contaminated water
is a mode of transmission in ld that is often overlooked, [14] especially in the elderly. [15]

Diabetes mellitus was the only underlying disease identified as an independent host risk
factor. The impaired macrophage functions in diabetes mellitus patients [16] may account
for the underlying mechanism of this risk factor. Diabetes had not earlier been described
as a risk factor for community-acquired ld. So far, all host risk factors for ld apart from
smoking have been described for nosocomial and not for sporadic community acquired ld.
Published prevalences of underlying disease and impaired immune system in community-
acquired ld patients have been much lower than in nosocomial ld patients. For example,
in a large outbreak in the Netherlands, where all outbreak-related pneumonia patients were
systematically tested for Legionella infection, only 11% suffered from any form of underlying
disease. [17]

In conclusion, our finding suggests that distinct populations of ld patients exist. However,
because inclusion bias cannot be ruled out, ideally our finding should be confirmed in a
prospective study of community-acquired pneumonia which systematically includes testing
for Legionella infection.
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