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Diagnostic testing for Legionnaires’ 
disease
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Abstract 

Legionnaires’ disease is commonly diagnosed clinically using a urinary antigen test. The urinary antigen test is highly 
accurate for L. pneumophila serogroup 1, however other diagnostic tests should also be utilized in conjunction with 
the urinary antigen as many other Legionella species and serogroups are pathogenic. Culturing of patient specimens 
remains the gold standard for diagnosis of Legionnaires’ disease. Selective media, BYCE with the addition of antibiot-
ics, allows for a high sensitivity and specificity. Culturing can identify all species and serogroups of Legionella. A major 
benefit of culturing is that it provides the recovery of a patient isolate, which can be used to find an environmental 
match. Other diagnostic tests, including DFA and molecular tests such as PCR and LAMP, are useful tests to supple-
ment culturing. Molecular tests provide much more rapid results in comparison to culture, however these tests should 
not be a primary diagnostic tool given their lower sensitivity and specificity in comparison to culturing. It is recom-
mended that all laboratories develop the ability to culture patient specimens in-house with the selective media.
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Background
Legionella species are aerobic, intracellular, gram nega-
tive bacteria [1]. The genus encompasses more than 50 
species and 70 serogroups; almost 50% of the species 
have been associated with disease in humans [1]. The 
species that causes over 90% of human disease is L. pneu-
mophila, with serogroups 1, 4, and 6 being the most fre-
quent serogroup [1]. Legionella can cause two distinct 
types of disease: Pontiac Fever and Legionnaires’ disease, 
a bacterial pneumonia. Among the 20,000–30,000 cases 
of Legionnaires’ disease reported annually, approximately 
25% are hospital acquired [1]. More accurate estimates 
suggest that 56,000–113,000 cases occur in the US annu-
ally and most are not diagnosed (Edelstein P, private 
communication) [2]. The incubation period is 2–14 days 
[1]. High fever >39.5 °C, confusion and stupor, and multi-
system organ failure (especially renal dysfunction) occur 
in the late stages of pneumonia. Gastrointestinal symp-
toms including diarrhea seem to be more common for 
patients with Legionnaires’ disease. The case fatality rate 
of healthcare-associated Legionnaires’ disease ranges 

from 38 to 53%, while community acquired disease car-
ries an approximately 20% fatality rate. Low index of sus-
picion of by physicians for this pneumonia is likely the 
most important predisposing factor since highly effec-
tive antibiotic therapy exists. The average length of hos-
pital stay is 10.3 days but ranges from 1 to 84 days, with 
a total of 13,000 patients hospitalized due to the disease 
per year [3]. It is estimated that the total cost of each 
case of Legionnaires’ disease per patient exceeds $34,000 
and that the total cost of all hospitalizations is over 
$433,000,000 [3, 4].

Urine antigen test for Legionella
Currently 97% of clinical diagnoses are obtained using 
a urinary antigen test [5]. These tests use monoclonal 
antibodies that specifically recognize most L. pneu-
mophila serogroup 1 lipopolysaccharide antigens; they 
however, fail to detect disease caused by other sero-
groups of L. pneumophila or other species of Legionella. 
L. pneumophila serogroup 1 causes from 50 to 80% of 
Legionnaires’ disease; so as many as 20–50% of cases of 
Legionnaires’ disease remain undiagnosed if the urine 
antigen is used as the sole test for diagnosis [1, 5]. Other 
serogroups of L. pneumophila and other species are also 
important in disease, especially serogroups 4 and 6, and 

Open Access

Annals of Clinical Microbiology
and Antimicrobials

*Correspondence:  victorlyu@gmail.com 
1 Special Pathogens Laboratory, 1401 Forbes Avenue, Pittsburgh, PA 
15219, USA
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12941-017-0229-6&domain=pdf


Page 2 of 4Pierre et al. Ann Clin Microbiol Antimicrob  (2017) 16:59 

the species L. micdadei and L. longbeachae [6]. Approxi-
mately 8% of patients with Legionnaires’ disease do not 
excrete antigen in their urine [7]. The sensitivity and 
specificity range from 69 to 100% and 99 to 100% respec-
tively [8–10]. Test results can be available within minutes 
following processing. Despite its weaknesses, the urine 
antigen test has revolutionized the diagnosis of Legion-
naires’ disease given the ease of its performance and 
rapidity of the test.

Culture of respiratory tract and environmental source
Culturing of patient specimens remains the gold standard 
for diagnoses of Legionnaires’ disease. Culture can iden-
tify all of the known Legionella species and serogroups. 
All known serogroups and species can be identified with 
culture. We found that the sensitivity for culture on 
selective media was 81% if culture was used as the gold 
standard [11].

Procedures for isolation of Legionella from patient 
specimens are not suitable for isolation from water 
sources. Buffered charcoal yeast extract (BCYE) is a 
media that was specifically formulated for the isolation of 
Legionella. In addition to BCYE, there are two other for-
mulations of the BCYE agar for clinical isolation:

(1) BYCE supplemented with polymyxin B, anisomy-
cin, vancomycin, and bromocresol purple and bro-
mothymol blue dyes know as PAV. The dyes color the 
Legionella colonies allowing easy phenotypic char-
acterization and the antibiotics suppress competing 
flora

(2) BCYE agar with polymymixin B, anisomycin, and 
cefamandole [12].

Additional pretreatment measures such as acid pre-
treatment (HCL/KCL solution at pH 2.2) are often 
required to adequately inhibit respiratory flora. We 
would recommend acid pretreatment for sputum as a 
routine measure.

The specificity of culture approaches 99% [2, 10]. 
Recovering the isolate from culture also allows for detec-
tion of the source. The patient isolate and environmental 
isolate can be matched through molecular fingerprinting, 
such as pulsed field gel electrophoresis (PFGE) [6].

Culture results have major patient care implications 
since preventive measures can be enacted- either by dis-
infection of the water supply or expediting effective anti-
biotic therapy. A positive result usually appears within 
3–5  days, although 2  weeks may be required because 
additional treatment may be necessary to reduce back-
ground flora that can inhibit the growth of Legionella. To 
avoid delays in diagnosis, we first perform direct culture 
(plate respiratory sample directly without pretreatment) 

and if overgrowth is observed after 3 days of incubation, 
Legionella Direct Fluorescent Antibody (DFA) staining 
of the specimen is performed followed by repeating the 
culture after acid pretreatment to reduce overgrowth 
[10, 13]. One drawback is that patients may have diffi-
culty producing a suitable sputum specimen—a clinical 
characteristic traditionally associated with the “atypical” 
pneumonias. Given the high sensitivity and the impli-
cations for infection control, we recommend that all 
laboratories develop in-house capability for culturing 
using selective media. An impetus for more widespread 
use of respiratory tract cultures can be the presence of 
Legionella in the hospital water supply.

Environmental isolation requires different pretreat-
ments techniques as well as different media. Culture 
media for environmental isolation requires addition 
of antimicrobial agents active against microbes found 
in environmental water. Two media are available com-
mercially: (1) BCYE agar with bromocresol purple and 
bromothymol blue dyes, glycine, vancomycin, and poly-
myxin B called DGVP [14]. BCYE with cephalothin, 
coliston, vancomycin, and cycloheximide. This media is 
used primarily for culture water samples from cooling 
towers and other non-potable sites, as it contains anti-
fungal agents [15].

Direct fluorescent antigen
The direct fluorescent antibody (DFA) is a rapid test that 
requires expertise. The sensitivity of DFA is about 70% 
for detection of L. pneumophila serogroup 1 [11] with 
specificity approaching 99% [10, 13, 16]. DFA can be used 
as a confirmatory test for suspected Legionella colonies 
isolated from culture.

Molecular tests
PCR and in  situ hybridization have provided commer-
cially available tools for a rapid diagnosis [17]. Commer-
cially-available kits for PCR/RT-PCR for respiratory tract 
specimens have sensitivities ranging from 17 to 100% 
and specificities ranging from 95 to 100% [10, 13, 18, 
19]. Genus probes and L. pneumophila probes have been 
developed, but results rarely identify specific species or 
serogroups. PCR can be performed in a few hours, but 
laboratory expertise is required. PCR assays for detection 
of Legionella in environmental water sources are com-
mercially available. False positive results may exist when 
using PCR because molecular tests can detect non-cul-
turable Legionella [20–22].

Loop-mediated isothermal amplification (LAMP) is a 
process similar to PCR, but requires less equipment, and 
shorter time for processing. Evaluation has been limited 
to environmental samples to date [23–26]. The specific-
ity of the L. pneumophila species probe was 91% and a 
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sensitivity of 100%, while the genus probe had a speci-
ficity of 93 and 100% when compared to the gold stand-
ard of culturing [26]. LAMP is less affected by inhibitory 
agents that would typically inhibit PCR results [26–28]. 
Given the advantages of rapidity of results, LAMP 
assays might be a supplement to culture. The cost per 
sample for LAMP is low relative to PCR because prior 
DNA extraction and thermal cycling equipment are 
unnecessary.

Legionella can be readily isolated from potable water 
systems. Non-potable sources include cooling towers and 
decorative fountains. Aerosolization was once thought to 
be the primary mode of transmission [29–31], but closer 
scrutiny shows that aspiration is the more common mode 
of transmission.

Environmental surveillance can increase the index 
of suspicion for hospital-acquired Legionnaires’ dis-
ease [32]. This is critical because Legionnaires’ dis-
ease is underdiagnosed and easily overlooked in 
hospital settings [33]. Few clinical laboratories have the 
resources or expertise to isolate Legionella from patient 
specimens.

Hospital hot water supplies can serve as a reservoir for 
other opportunistic pathogens, besides Legionella spe-
cies [14, 34–36]. They include nontuberculous Myco-
bacterium spp. [37, 38], Pseudomonas spp. [39, 40], 
Acinetobacter spp. [41, 42], Stenotrophomonas spp. [43, 
44], Brevundimonas spp. [45], Sphingomonas spp. [46, 
47], and Chryseobacterium spp. [48]. These organisms 
can infect the same group of elderly and immunocompro-
mised patients as Legionella and will likely be a growing 
area of concern as this patient population is increasing in 
number [1, 5].

Conclusions
Physicians should adopt a proactive approach to diag-
nosis of pneumonias and anticipate the possibility of 
Legionnaires’ disease. Environmental surveillance and 
clinical surveillance of all nosocomial cases of pneumo-
nia will lead to decreased morbidity and mortality. With 
the addition of efficient and accurate Legionella diagnos-
tic laboratory testing, targeted antibacterial agent therapy 
can be administered.

Authors’ contributions
DMP and VLY provided the initial conception and writing of the article. JES 
is the Chief of the Special Pathogens Laboratory. JB provided microbiologi-
cal support. All authors contributed to the results and study conclusions. All 
authors read and approved the final manuscript.

Author details
1 Special Pathogens Laboratory, 1401 Forbes Avenue, Pittsburgh, PA 15219, 
USA. 2 University of Pittsbrugh, Pittsburgh, Pennsylvania 15219, United States. 
3 Department of Medicine, School of Medicine, University of Pittsburgh, 
Pittsburgh, PA, USA. 

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 1 November 2016   Accepted: 1 August 2017

References
 1. Stout JE, Goetz AM, Yu VL. Hospital epidemiology and infection control. 

4th ed. Philadelphia: Lippinco & Wilkins; 2011.
 2. Edelstein PH. Legionnaires’ disease. Clin Infect Dis. 1993;16:741–7.
 3. Collier SA, Stockman LJ, Hicks LA, Garrison LE, Zhou FJ, Beach MJ. Direct 

healthcare costs of selected diseases primarily or partially transmitted by 
water. Epidemiol Infect. 2012;140(11):2003–13.

 4. Kozicki ZA, Cwiek MA, Lopes JE Jr, Rodabaugh G, Tymes N Jr, Baiyasi-
Kozicki SJS. Waterborne pathogens: a public health risk in U.S. hospitals. J 
Am Water Works Assoc. 2012;104(1):52–6.

 5. Prevention C.f.D.C.a., Legionellosis-United States, 2000–2009. In: Morbidity 
and mortality weekly report, 2011, Vol 60. 2011.

 6. Yu VL, Stout JE. Rapid diagnostic testing for community-acquired pneu-
monia: can innovative technology for clinical microbiology be exploited? 
Chest. 2009;136(6):1618–21.

 7. Munoz M, Martinez Toldos MC, Yague G. Evaluation of three immuno-
chomatographic assays for detection of Legionella pneumophila sero-
group 1 antigen in urine sample. de la Sociedad Espanola de Quimiotera-
pia. 2009;22(4):207–9.

 8. Yzerman EP, den Boer JW, Lettinga KD, Schellekens J, Dankert J, Peeters M. 
Sensitivity of three urinary antigen tests associated with clinical severity 
in a large outbreak of Legionnaires’ disease in The Netherlands. J Clin 
Microbiol. 2002;40(9):3232–6.

 9. Shimada T, Noguchi Y, Jackson JL, Miyashita J, Hayashino Y, Kamiya T, 
Yamazaki S, Matsumura T, Fukuhara S. Systematic review and metaanaly-
sis urinary antigen tests for Legionellosis. Chest. 2009;136:1576–85.

 10. Lindsay DS, Abraham WH, Findlay W, Christie P, Johnston F, Edwards 
GF. Laboratory diagnosis of legionnaires’ disease due to Legionella 
pneumophila serogroup 1: comparison of phenotypic and genotypic 
methods. J Med Microbiol. 2004;53(Pt 3):183–7.

 11. Vickers RM, Yee YC, Rihs JD, Wagener MM, Yu VL. Prospective assessment of 
sensitivity, quantitation, and timing of urinary antigen, serology, and direct 
ffuorescent antibody for diagnosis of Legionnaires’ disease, abstr. C17. In: 
94th general meeting of the American society for microbiology. 1994.

 12. Lee TC, Vickers RM, Yu VL, Wagener MM. Growth of 28 Legionella spe-
cies on selective culture media: a comparative study. J Clin Microbiol. 
1993;31(10):2764–8.

 13. Hayden RT, Uhl JR, Qian X, Hopkins MK, Aubry MC, Limper AH, Lloyd RV, 
Cockerill FR. Direct detection of Legionella species from bronchoalveolar 
lavage and open lung biopsy specimens: comparison of LightCycler PCR, 
in situ hybridization, direct fluorescence antigen detection, and culture. J 
Clin Microbiol. 2001;39(7):2618–26.

 14. Ta AC, Stout JE, Yu VL, Wagener MM. Comparison of culture methods for 
monitoring Legionella species in hospital potable water systems and 
recommendations for standardization of such methods. J Clin Microbiol. 
1995;33(8):2118–23.

 15. Kusnetsov JM, Jousimies-Somer HR, Nevalainen AI, Martikainen PJ. Isola-
tion of Legionella from water samples using various culture methods. J 
Appl Bacteriol. 1994;76(2):155–62.

 16. She RC, Billetdeaux E, Phansalkar AR, Petti CA. Limited applicability of 
direct fluorescent-antibody testing for Bordetella sp. and Legionella sp. 
specimens for the clinical microbiology laboratory. J Clin Microbiol. 
2007;45(7):2212–4.



Page 4 of 4Pierre et al. Ann Clin Microbiol Antimicrob  (2017) 16:59 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 17. Avni T, Bieber A, Green H, Steinmetz T, Leibovici L, Paul M. Diagnos-
tic accuracy of PCR alone and compared to urinary antigen testing 
fro detection of Legionella spp: a systematic review. J Clin Microbiol. 
2016;54(2):401–11.

 18. Diederen BM, Kluytmans JA, Vandenbroucke-Grauls CM, Peeters MF. 
Utility of real-time PCR for diagnosis of Legionnaires’ disease in routine 
clinical practice. J Clin Microbiol. 2008;46:671–7.

 19. Benitez AJ, Winchell JM. Clinical application of a multiplex real-time 
PCR assay for simultaneous detection of Legionella species, Legionella 
pneumophila, and Legionella pneumophila serogroup 1. J Clin Microbiol. 
2013;51(1):348–51.

 20. Wellinghausen N, Frost C, Marre R. Detection of Legionella in hospital 
water samples by quantitative real-time LightCycler PCR. Appl Environ 
Microbiol. 2001;67(9):3985–93.

 21. Joly P, Falconnet PA, André J, Weill N, Reyrolle M, Vandenesch F, Maurin M, 
Etienne J, Jarraud S. Quantitative real-time Legionella PCR for environ-
mental water samples: data interpretation. Appl Environ Microbiol. 
2006;72(4):2801–8.

 22. Alleron L, Merlet N, Lacombe C, Frère J. Long-term survival of Legionella 
pneumophila in the viable but nonculturable state after monochloramine 
treatment. Curr Microbiol. 2008;57(5):497–502.

 23. Zhu SR. W.Z.G., Zhang Z, Lu Y.Y., Mei L.L., Zhan L., Establishment and 
application of loop-mediated isothermal amplification method for rapid 
detection. Zhonghua Liu Xing Bing Xue Za zhi. 2009;30(5):481–5.

 24. Annaka T. Rapid and simple detection of Legionella species by LAMP, a 
mew DNA amplification method. Rinsho Biseibutshu Jinsoku Shindan 
Kenkyukai Shi. 2003;14(1):25–30.

 25. Lu QF, Zheng W, Luo P, Wu ZH, Li H, Shen JG. Establishment of loop-
mediated isothermal amplification method for detection of Legionella 
pneumophila. Zhejiang Da Xue Xue Bao Yi Xue Ban. 2010;39(3):305–10.

 26. Lu X, Mo ZY, Zhao HB, Yan H, Shi L. LAMP-based method for a rapid identi-
fication of Legionella spp. and Legionella pneumophila. Appl Microbiol 
Biotechnol. 2011;92(1):179–87.

 27. Mori Y, Notomi T. Loop-mediated isothermal amplification (LAMP): a 
rapid, accurate, and cost-effective diagnostic method for infectious 
diseases. J Infect Chemother. 2009;15(2):62–9.

 28. Francois P, Tangomo M, Hibbs J, Bonetti EJ, Boehme CC, Notomi T, Perkins 
MD, Schrenzel J. Robustness of a loop-mediated isothermal amplifica-
tion reaction for diagnostic applications. FEMS Immunol Med Microbiol. 
2011;62(1):41–8.

 29. Yu VL. Cooling towers and legionellosis: a conundrum with proposed 
solutions. Int J Hyg Environ Health. 2008;2008(211):229–34.

 30. Yu VL. Could aspiration be the major mode of transmission for Legionella? 
Am J Med. 1993;95(1):13–5.

 31. Muder RR, Yu VL, Woo A. Mode of transmission of Legionella pneumoph-
ila: a critical review. Arch Intern Med. 1986;146:1607–12.

 32. Squier CL, Stout JE, Krsytofiak S, McMahon J, Wagener MM, Dixon B, et al. 
A proactive approach to prevention of healthcare-acquired Legionnaires’ 
disease: the Allegheny County (Pittsburgh) experience. Am J Infect Con-
trol. 2005;33:360–7.

 33. Hollenback B, Dupont I, Mermel LA. How often is a work-up for Legionella 
pursued in patients with pneumonia? A retrospective study. BMC Infect 
Dis. 2011;11:237.

 34. Stout JE, Yu VL, Vickers RM, Zuravleff J, Best M, Brown A, Yee RB, 
Wadowsky R. Ubiquitousness of Legionella pneumophila in the water 
supply of a hospital with endemic Legionnaires’ disease. N Engl J Med. 
1982;306(8):466–8.

 35. Stout JE, Yu VL, Best MG. Ecology of Legionella pneumophila within water 
distribution systems. Appl Environ Microbiol. 1985;49(1):221–8.

 36. Stout JE, Yu VL, Muraca P, Joly J, Troup N, Tompkins LS. Potable water as a 
cause of sporadic cases of community-acquired Legionnaires’ disease. N 
Engl J Med. 1992;326(3):151–5.

 37. Squier CL, Yu VL, Stout JE. Waterborne nosocomial infections. Curr Infect 
Dis Rep. 2000;2(6):490–6.

 38. Falkinham JO. Impact of human activities on the ecology of nontubercu-
lous mycobacteria. Future Microbiol. 2010;5(6):951–60.

 39. Yapicioglu H, Gokmen TG, Yildizdas D, Koksal F, Ozlu F, Kale-Cekinmez E, 
Mert K, Mutlu B, Satar M, Narli N, Candevir A. Pseudomonas aeruginosa 
infections due to electronic faucets in a neonatal intensive care unit. J 
Paediatr Child Health. 2012;48:430–4.

 40. Rogues AM, Boulestreau H, Lasheras A, Boyer A, Gruson D, Merle C, 
Castaing Y, Bebear CM, Gachie JP. Contribution of tap water to patient 
colonization with Pseudomonas aeurginosa in a medical intensive care 
unit. J Hosp Infect. 2007;67(1):72–8.

 41. Cunha BA, Klimek JJ, Gracewski J, McLaughlin JC, Quintiliani RA. A com-
mon source outbreak of Acinetobacter pulmonary infections traced to 
Wright respirometers. Postgrad Med J. 1980;56(653):169–72.

 42. Kappstein I, Grundmann H, Hauer T, Niemeyer C. Aerators as a reservoir 
of Acinetobacter junii: an outbreak of bacteraemia in paediatric oncology 
patients. J Hosp Infect. 2000;44(1):27–30.

 43. Elsner HA, Duhrsen U, Hollwitz B, Kaulfers PM, Hossfeld DK. Fatal 
pulmonary hemorrhage in patients with acute leukemia and fulminant 
pneumonia caused by Stenotrophomonas maltophilia. Ann Hematology. 
1997;74(4):155–61.

 44. Looney WJ, Narita M, Muhlemann K. Stenotrophomonas maltophilia: 
an emerging opportunistic human pathogen. Lancet Infect Dis. 
2009;9(5):312–23.

 45. Mondello P, Ferrari L, Carnevale G. Nosocomial Brevundimonas vesicularis 
meningitis. Le Infesioni in Medicina. 2006;14(4):235–7.

 46. Dale BA, Williams J. Pseudomonas paucimobilis contamination of cool mist 
tents on a paediatric ward. J Hosp Infect. 1986;7(2):189–92.

 47. Perola O, Nousiainen T, Suomalainen S, Aukee S, Karkkainen UM, Kaup-
pinen J, Ojanen T, Katila ML. Recurrent Sphingomonas paucimobilis-bac-
teraemia associated with a multi-bacterial water-borne epidemic among 
neutropenic patients. J Hosp Infect. 2002;50(3):196–201.

 48. Wang JL, Chen ML, Lin YE, Chang SC, Chen YC. Association between 
contaminated faucets and colonization of infection by nonfermenting 
gram-negative bacteria in intensive care units in Taiwan. J Clin Microbiol. 
2009;47(10):3226–30.


	Diagnostic testing for Legionnaires’ disease
	Abstract 
	Background
	Urine antigen test for Legionella
	Culture of respiratory tract and environmental source

	Direct fluorescent antigen
	Molecular tests
	Conclusions
	Authors’ contributions
	References




