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Objective. The relationship between specific causative organisms and 
development of ARDS in pneumonia patients has not been explored. 
Several case reports have described the development of ARDS in pa-
tients with Legionella pneumonia. The aim is of this study was to de-
termine frequency and outcomes of ARDS in patients with Legionella 
Pneumonia. Methods. A retrospective cohort study of patients with 
Legionella pneumonia hospitalized at two Mayo Clinic Rochester hos-
pitals was conducted. To identify the patients with Legionella pneu-
monia we searched the Mayo Clinic Life Sciences System (MCLSS) 
database from 01/01/2003 to 12/31/2007. Electronic medical records 
of patients with active Legionella pneumonia based on positive cul-
tures and/or urinary antigen were reviewed. ARDS was diagnosed on 
the basis of the criteria of the North American/European consensus 
conference definition.  Results. We identified 15 patients with micro-
biologically proven Legionella pneumonia of whom 11 were admitted 
to the intensive care unit (ICU), 6 required mechanical ventilation and 
5 met the criteria for ARDS. Age (median 42 vs. 50 years, p=0.32) 
and gender (4/10 vs. 1/5 female, p=0.60) were similar in patients with 
and without ARDS.   Septic shock was present in 4 of the 5 patients 
with ARDS and only 1 without. Patients with ARDS had longer ICU 
length of stay (median 9 vs. 1 days, P=0.03). Only one patient (from 
the ARDS group) died in the hospital. Conclusion. In this retrospec-
tive study ARDS occurred in one third of patients with microbiologi-
cally proven Legionella pneumonia and was associated with prolonged 
length of ICU stay.
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Introduction

Legionella is a Gram negative pathogen that causes le-
gionellosis or Legionnaires’ disease. Legionella has 50 
species and 70 serogroups identified, most commonly 
L. pneumophila. Since the first breakout of Legionella in 
July 1976 that affected 221 persons, resulting in 34 deaths 
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(1), there have been numerous reported 
breakouts worldwide (2-9), often associated 
with severe presentations and substantial 
mortality. The incidence of Legionella pneu-
monia ranges from 2 to 15 percent of all 
community-acquired pneumonias (CAP) 
that require hospitalization (10) and is the 
second cause of severe CAP requiring ICU 
admission (11). So far, several case reports 
have described the development of ARDS 
in patients with Legionella pneumonia. In 
addition, a recent report demonstrated an 
increased risk for ARDS in pulmonary vs. 
non-pulmonary infection, as well as the 
relationship between Legionella infection 
and the development of ARDS in critically 
ill patients (12). To our knowledge, there is 
no study that has looked specifically at the 
features of hospitalized patients with Legio-
nella pneumonia and its relation to ARDS. 

The objective of this study was to de-
termine the frequency, characteristics and 
outcome of ARDS among patients with spo-
radic Legionella pneumonia at Mayo Clinic 
Rochester over a five year period.

Patients and methods

In this retrospective cohort study, we re-
viewed electronic medical records of pa-
tients admitted to two Mayo Clinic Roch-
ester hospitals between 01/01/2003 and 
12/31/2007 with microbiologically con-
firmed Legionella pneumonia based on 
positive cultures and/or urinary antigen test. 
Patients were identified by using the Mayo 
Clinic Life Sciences System (MCLSS) data-
base. Pneumonia was defined as new or pro-
gressive infiltrate as seen on a chest X-ray or 
CT scan along with a high clinical suspicion 
of pneumonia defined as at least one of the 
following: fever (>38°C or >100.4°F), leuco-
penia (<4000 WBC/mm3) or leukocytosis 
(>12,000 WBC/mm3), altered mental status 
with no other recognized cause (for adults 
>70 years old) and at least two of the fol-

lowing: new onset of purulent sputum, or 
change in character of sputum, or increased 
respiratory secretions, or increased suction-
ing requirements, new onset or worsening 
cough, or dyspnea, or tachypnea, rales or 
bronchial breath sound and worsening gas 
exchange, increased oxygen requirements, 
or increased ventilation demand (13). The 
outcome measures were: development of 
ARDS, the length of ICU stay and overall 
mortality. ARDS was diagnosed based on 
the criteria by the North American/Euro-
pean consensus conference definition as 
acute hypoxemic respiratory failure (PaO2/
FIO2<300) and development of bilateral 
pulmonary infiltrates in the absence of left 
atrial hypertension (14). 

Statistical analysis

Continuous data are presented as median 
and interquartile range (IQR) and categori-
cal data as counts and percentages. Con-
tinuous variables were compared using the 
Wilcoxon rank-sum test for non-normally 
distributed variables. The Fisher’s exact tests 
were used to compare categorical variables. 
JMP statistical software (JMP Version 7, 
SAS Institute Inc., Cary, NC) was used for 
all statistical analyses.

Results

We identified 15 patients, 5 women, median 
age 46 years (interquartile range (IQR) 42-
57) with microbiologically proven Legionel-
la pneumonia, of whom 11 were admitted 
to the intensive care unit (ICU), 6 required 
mechanical ventilation and 5 met the cri-
teria for ARDS. The median duration of 
mechanical ventilation was 5 days (IQR 
4-8). The diagnosis was made by culture in 
2, urinary antigen in 10 and both in 3 cases. 
Two patients had positive bronchoalveolar 
lavage by direct fluorescent antibody stain-
ing (DFA). Only 4 patients had no previous 
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majority of patients presented with bilateral 
chest infiltrates at the time of hospital ad-
mission, and four patients met the criteria 
for ARDS at the time of hospital admission. 
Figure 1 presents a portable chest radio-
graph appearance in patient with ARDS due 
to Legionella pneumonia. The mean time 
from symptom onset to appropriate antibi-
otic treatment was 6 days (2-10) (Table 1). 

Age (median 42 vs. 50 years, p=0.32) and 
gender (4/10 vs. 1/5 female, p=0.60) were 
similar in patients with and without ARDS. 
ARDS developed in 4 patients with no co-
morbidities and 1 with past medical history 
of COPD and diabetes mellitus. Median 
time from symptom onset to initiation of 
appropriate antibiotic therapy was similar 
in patients with and without ARDS (6 vs.4 
days, p=0.17).  Septic shock was present in 4 

Table 1 Characteristics of patients with Legionella pneumonia

Number 
of 
patient  

Age 
(Years)

Gender Comorbidities Chronic 
Immuno-suppression

Symptom 
to AB 
(days)

Chest X ray 
(on 
admission)

ARDS

1 75 F CAD, HTN, DM, PMR Yes 2 Bilateral No

2 46 M HTN No 14 Unilateral No

3 51 M None No 14 Bilateral Yes

4 42 F HTN, DM No 1 Bilateral No

5 42 F None No 5 Bilateral, ARDS Yes

6 10 F IPH Yes 6 Bilateral No

7 68 M Multiple myeloma Yes 1 Unilateral No

8 39 M None No 6 Bilateral, ARDS Yes

9 74 M Ulcerative colitis, CAD, DM Yes - Unilateral,
cavitary mass

No

10 57 M COPD, DM No 6 Bilateral, ARDS Yes

11 50 M Crohn’s disease Yes 2 Unilateral No

12 54 M Alcohol abuse No 4 Bilateral No

13 46 F Bilateral lung transplant for 
emphysema 

Yes 12 Unilateral No

14 46 M Alcohol abuse No 6 Unilateral,
pleural 
effusion

No

15 25 M No No 9 Bilateral, ARDS Yes

AB-Antibiotics, CAD-Coronary artery disease, HTN-Hypertension, DM-Diabetes mellitus, PMR-Polymyalgia rheumatica, IPH-
Idiopathic pulmonary hemosiderosis

Figure 1 Acute respiratory distress syndrome in 
patient with Legionella pneumonia. Dense right 
middle lobe consolidation and bilateral alveolar in-
filtrates, endotracheal tube 2 cm above the carina

medical history. The most frequent comor-
bidities were hypertension and diabetes. The 
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of the 5 patients with ARDS and only 1 with-
out. All ARDS patients were treated per pro-
tocol with lung protective (tidal volume 4-8 
mL/kg predicted body weight) mechanical 
ventilation.  Patients with ARDS had lon-
ger ICU length of stay (median 9 vs. 1 days, 
P=0.03). Only one patient (from the ARDS 
group) died in the hospital. 

Discussion

The results of this study demonstrated the 
high frequency of ARDS among hospital-
ized patients with confirmed Legionella 
pneumonia and substantially lower mortal-
ity than previously reported. Comorbidities 
were common, including diabetes mellitus 
and immunologic diseases. This is in line 
with previous studies that showed increased 
risk for Legionnaires’ disease in patients 
50 years and older, with comorbidities in-
cluding diabetes mellitus, chronic obstruc-
tive pulmonary disease, renal disease and 
immuno suppression (15, 16).

The mortality from Legionnaires’ dis-
ease ranges from 5-17% in hospitalized 
patients (17, 18), up to 30% in patients re-
quiring ICU admission. Considering most 
patients in this study had severe forms of Le-
gionella pneumonia, mortality was consid-
erably lower than previously reported (19, 
20). Over the past decade there has been a 
substantial decline in mortality from Legio-
nella infections in the US (21). Early initia-
tion of empirical antimicrobial coverage for 
atypical bacteria, as well as the recent devel-
opments in critical care medicine, including 
the standardized protocols for lung protec-
tive ventilation(22), sedation (23), weaning 
(24), early goal directed therapy in sepsis 
(25) and  conservative strategy of fluid ma-
nagement in patients with acute lung injury 
(26) could explain the lower mortality in 
the observed patients. Several factors have 
been shown to independently influence sur-
vival in critically ill patients with Legionella 

pneumonia, including the baseline severity 
of illness and hyponatremia (20). The ma-
jority of patients in our study presented with 
bilateral chest infiltrates and required ICU 
care, almost half of them were mechani-
cally ventilated, and 30% developed septic 
shock. Although these features have been 
previously recognized to be associated with 
mortality in severe pneumonia patients, and 
are often associated with ARDS, the rela-
tionship between Legionella and ARDS has 
been mostly described in case reports. In-
terestingly, severe forms of Legionella pneu-
monia associated with ARDS were recorded 
not only in patients at risk (27-29), but also 
in previously healthy young adults (30, 31). 
In our study, majority of ARDS patients had 
no past medical history.

Experimental studies have shown that 
in macrophages, L. pneumophila inhib-
its phagolysosome fusion, multiplies and 
causes lysis of the host cell. Both, in macro-
phages and alveolar epithelial cells the viru-
lent strain of L. pneumophila induces pro-
grammed cell death, DNA fragmentation 
and activation of various caspases (32, 33). 

Delay in appropriate antibiotic treatment 
(34) has been associated with increased 
mortality in patients with Legionnaires’ 
disease. In our study, patients who devel-
oped ARDS had longer time from symptom 
onset to initiation of appropriate antibiotic 
treatment although the difference was not 
statistically significant.

There are several limitations of the pres-
ent study. Due to retrospective design and 
the fact that hospital database was used to 
select patients, it is likely that the frequency 
of Legionnaires’ disease is largely under-
estimated, resulting in confirmed infections 
mostly in severely ill patients who under-
went detailed microbiological evaluation. 
Legionella is rarely identified in pneumonia 
patients since the diagnosis requires the use 
of specific tests and the isolation is difficult 
due to organisms’ fastidious nature. In addi-
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tion, the study includes relatively low num-
ber of patients and was underpowered to de-
tect all relevant differences between patients 
with and without the ARDS.

Conclusion

In conclusion, in this retrospective study 
ARDS occurred in one third of patients with 
microbiologically proven Legionella pneu-
monia and was associated with prolonged 
length of ICU stay. Only one patient with 
ARDS due to Legionella pneumonia died. 

Authors’ contributions: Conception and design: MK 
and OG; Acquisition, analysis and interpretation of data: 
MK and GL; Drafting the article: MK; Revising it criti-
cally for important intellectual content: GL and OG.

Conflict of interest: The authors declare that they 
have no conflict of interest. This study was not spon-
sored by any external organization.

References

1. Fraser DW, Tsai TR, Orenstein W, Parkin WE, 
Beecham HJ, Sharrar RG, et al. Legionnaires’ dis-
ease: description of an epidemic of pneumonia. N 
Engl J Med. 1977;297(22):1189-97.

2. Fernandez JA, Lopez P, Orozco D, Merino J. Clini-
cal study of an outbreak of Legionnaire’s disease 
in Alcoy, Southeastern Spain. Eur J Clin Microbiol 
Infect Dis. 2002;21(10):729-35.

3. Sonder GJ, van den Hoek JA, Bovee LP, Aanha-
ne FE, Worp J, Du Ry van Beest Holle M, et al. 
Changes in prevention and outbreak management 
of Legionnaires disease in the Netherlands be-
tween two large outbreaks in 1999 and 2006. Euro 
Surveill. 2008;13(38).

4. Kirrage D, Reynolds G, Smith GE, Olowokure 
B. Investigation of an outbreak of Legion-
naires’ disease: Hereford, UK 2003. Respir Med. 
2007;101(8):1639-44.

5. Joseph C. New outbreak of legionnaires’ disease in 
the United Kingdom. BMJ. 2002;325(7360):347-8.

6. From the Centers for Disease Control and Pre-
vention. Update: outbreak of Legionnaires’ Dis-
ease associated with a cruise ship, 1994. JAMA. 
1994;272(12):915.

7. Monforte R, Cayla J, Sala M, Estruch R, Vi-
dal J, Plasencia A, et al. Community outbreak 

of Legionnaires’ disease in Barcelona. Lancet. 
19896;1(8645):1011.

8. Zumla A, Weyell R, Tettmar RE. Legionnaires’ 
disease: early lessons from 1988 London outbreak. 
Lancet. 1988;1(8597):1275.

9. Joseph CA, Ricketts KD. Legionnaires disease 
in Europe 2007-2008. Euro Surveill. 2010;15(8): 
19493.

10. Stout JE, Yu VL. Legionellosis. N Engl J Med. 
1997;337(10):682-7.

11. Rello J, Bodi M, Mariscal D, Navarro M, Diaz E, 
Gallego M, et al. Microbiological testing and out-
come of patients with severe community-acquired 
pneumonia. Chest. 2003;123(1):174-80.

12. Sheu CC, Gong M, Zhai R, Bajwa EK, Gallagher 
DC, Chen F, et al. Infection-Related Acute Respi-
ratory Distress Syndrome: Epidemiology, Micro-
biology, Risk and Prognostic Factors.  Am J Respir 
Crit Care Med; 2009. p. A4637.

13. Bartlett JG, Dowell SF, Mandell LA, File Jr TM, 
Musher DM, Fine MJ. Practice guidelines for the 
management of community-acquired pneumonia 
in adults. Infectious Diseases Society of America. 
Clin Infect Dis. 2000;31(2):347-82.

14. Bernard GR, Artigas A, Brigham KL, Carlet J, 
Falke K, Hudson L, et al. The American-European 
Consensus Conference on ARDS: Definitions, 
mechanisms, relevant outcomes, and clinical 
trial coordination. Am J Respir Crit Care Med. 
1994;149(3 I):818-24.

15. England AC, 3rd, Fraser DW, Plikaytis BD, Tsai 
TF, Storch G, Broome CV. Sporadic legionellosis 
in the United States: the first thousand cases. Ann 
Intern Med. 1981;94(2):164-70.

16. Marston BJ, Lipman HB, Breiman RF. Surveil-
lance for Legionnaires’ disease. Risk factors 
for morbidity and mortality. Arch Intern Med. 
1994;154(21):2417-22.

17. Mykietiuk A, Carratala J, Fernandez-Sabe N, 
Dorca J, Verdaguer R, Manresa F, et al. Clinical 
outcomes for hospitalized patients with Legio-
nella pneumonia in the antigenuria era: the in-
fluence of levofloxacin therapy. Clin Infect Dis. 
2005;40(6):794-9.

18. Fang GD, Fine M, Orloff J, Arisumi D, Yu VL, 
Kapoor W, et al. New and emerging etiolo-
gies for community-acquired pneumonia with 
implications for therapy. A prospective multi-
center study of 359 cases. Medicine (Baltimore). 
1990;69(5):307-16.

19. Moine P, Vercken JB, Chevret S, Chastang C, Gaj-
dos P. Severe community-acquired pneumonia. 
Etiology, epidemiology, and prognosis factors. 
French Study Group for Community-Acquired 

Marija Kojicic et al.: ARDS in Legionella pneumonia



44

Acta Medica Academica 2011;40:39-44

Pneumonia in the Intensive Care Unit. Chest. 
1994;105(5):1487-95.

20. el-Ebiary M, Sarmiento X, Torres A, Nogue S, 
Mesalles E, Bodi M, et al. Prognostic factors 
of severe Legionella pneumonia requiring ad-
mission to ICU. Am J Respir Crit Care Med. 
1997;156(5):1467-72.

21. Benin AL, Benson RF, Besser RE. Trends in le-
gionnaires disease, 1980-1998: declining mortal-
ity and new patterns of diagnosis. Clin Infect Dis. 
2002;35(9):1039-46.

22. Ventilation with lower tidal volumes as compared 
with traditional tidal volumes for acute lung in-
jury and the acute respiratory distress syndrome. 
The Acute Respiratory Distress Syndrome Net-
work. N Engl J Med. 2000;342(18):1301-8.

23. Kress JP, Pohlman AS, O’Connor MF, Hall JB. Dai-
ly interruption of sedative infusions in critically ill 
patients undergoing mechanical ventilation. N 
Engl J Med. 2000;342(20):1471-7.

24. Ely EW, Bennett PA, Bowton DL, Murphy SM, 
Florance AM, Haponik EF. Large scale implemen-
tation of a respiratory therapist-driven protocol 
for ventilator weaning. Am J Respir Crit Care 
Med. 1999;159(2):439-46.

25. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin 
A, Knoblich B, et al. Early goal-directed therapy in 
the treatment of severe sepsis and septic shock. N 
Engl J Med. 2001;345(19):1368-77.

26. Wiedemann HP, Wheeler AP, Bernard GR, Thomp-
son BT, Hayden D, deBoisblanc B, et al. Compari-
son of two fluid-management strategies in acute 
lung injury. N Engl J Med. 2006;354(24):2564-75.

27. Chang CC, Chung CL, Huang CL, Wang FC. 
Legionnaires‘ disease in a patient with rheu-

matoid arthritis. J Microbiol Immunol Infect. 
2001;34(1):76-8.

28. Kakeya H, Ehara N, Fukushima K, Seki M, Izu-
mikawa K, Yamamoto Y, et al. Severe legionnaires‘ 
disease successfully treated using a combination 
of fluoroquinolone, erythromycin, corticosteroid, 
and sivelestat. Intern Med. 2008;47(8):773-7.

29. Marques AS, Estrada MH. Legionella pneumonia-a 
case report. Rev Port Pneumol. 2005;11(2):165-73.

30. Da Broi U, Pasqualucci A, Savron F. ARDS in a se-
vere case of primary pulmonary infection caused 
by Legionella pneumophila. Minerva Anestesiol. 
1993;59(9):455-8.

31. Demello D, Kierol-Andrews L, Scalise PJ. Severe 
sepsis and acute respiratory distress syndrome 
from community-acquired legionella pneumonia: 
case report. Am J Crit Care. 2007;16(3): 317-20.

32. Furugen M, Higa F, Hibiya K, Teruya H, Akamine 
M, Haranaga S, et al. Legionella pneumophila in-
fection induces programmed cell death, caspase 
activation, and release of high-mobility group 
box 1 protein in A549 alveolar epithelial cells: 
inhibition by methyl prednisolone. Respir Res. 
2008;9(1):39.

33. Gao LY, Abu Kwaik Y. Apoptosis in macrophages 
and alveolar epithelial cells during early stages of 
infection by Legionella pneumophila and its role in 
cytopathogenicity. Infect Immun. 1999;67(2):862-
70.

34. Heath CH, Grove DI, Looke DF. Delay in appro-
priate therapy of Legionella pneumonia associated 
with increased mortality. Eur J Clin Microbiol In-
fect Dis. 1996;15(4):286-90.


	AMA 1-2011-39-44.pdf



