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The diagnosis of Legionnaires’ disease (LD) is based on the isolation of Legionella spp., a 4-fold rise in antibodies, a positive uri-
nary antigen (UA), or direct immunofluorescence tests. PCR is not accepted as a diagnostic tool for LD. This systematic review
assesses the diagnostic accuracy of PCR in various clinical samples with a direct comparison versus UA. We included prospective
or retrospective cohort and case-control studies. Studies were included if they used the Centers for Disease Control and Preven-
tion consensus definition criteria of LD or a similar one, assessed only patients with clinical pneumonia, and reported data for all
true-positive, false-positive, true-negative, and false-negative results. Two reviewers abstracted data independently. Risk of bias
was assessed using Quadas-2. Summary sensitivity and specificity values were estimated using a bivariate model and reported
with a 95% confidence interval (CI). Thirty-eight studies were included. A total of 653 patients had confirmed LD, and 3,593 pa-
tients had pneumonia due to other pathogens. The methodological quality of the studies as assessed by the Quadas-2 tool was
poor to fair. The summary sensitivity and specificity values for diagnosis of LD in respiratory samples were 97.4% (95% ClI,
91.1% to 99.2%) and 98.6% (95% CI, 97.4% to 99.3%), respectively. These results were mainly unchanged by any covariates
tested and subgroup analysis. The diagnostic performance of PCR in respiratory samples was much better than that of UA. Com-
pared to UA, PCR in respiratory samples (especially in sputum samples or swabs) revealed a significant advantage in sensitivity
and an additional diagnosis of 18% to 30% of LD cases. The diagnostic performance of PCR in respiratory samples was excellent

and preferable to that of the UA. Results were independent on the covariate tested. PCR in respiratory samples should be re-

garded as a valid tool for the diagnosis of LD.

Pneumonia caused by Legionella spp. (Legionnaires’ disease
[LD]) is a life-threatening pulmonary infection. The most
common species causing clinical disease in humans is Legionella
pneumophila (1). In addition to L. pneumophila, 19 species are
documented as human pathogens on the basis of their isolation
from clinical specimens (2). LD can affect people both in the com-
munity (3) and in the hospital and, in both settings, can occur in
outbreaks (4, 5). The true incidence of LD is difficult to assess,
because the bacterial etiology for community-acquired pneumo-
nia (CAP) is generally not documented in clinical practice. LD
cannot be differentiated clinically or radiographically from CAP
caused by other bacterial pathogens (6). As Legionella spp. are
obligatory intracellular bacteria, they are unaffected by beta-lac-
tam antibiotics and require specific treatment with high-dose
quinolones or macrolides (7). Treatment providing coverage
against Legionella spp. has been shown to improve clinical success
(8). Thus, early diagnosis of LD is important and can have an effect
on both public health and management in hospitals (9, 10).
Conventional methods for the diagnosis of LD consist of cul-
ture, antigen detection in urine (i.e., urine antigen [UA]), serolog-
ical testing, and direct fluorescent antibody (DFA) staining or
immunohistochemistry (IHC). PCR-based methods for the diag-
nosis of Legionella spp. are usually based on conserved regions of
rRNA sequences for amplification; these regions are not specific
and, hence, can be used for detection of any Legionella subspecies.
Real-time PCR methods, on the other hand, frequently use the mac-
rophage infectivity potentiator gene (MIP) as a target for the specific
detection of L. pneumophila; hence, they are used for the detection
of L. pneumophila only. PCR enables specific amplification of
minute amounts of Legionella DNA, provides results within a
short time frame, and has the potential to detect infections caused
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by Legionella spp. We systematically reviewed all studies assessing
PCRin clinical samples for the diagnosis of LD. We also compared
and assessed the value of PCR compared to, and combined with,
UA.

MATERIALS AND METHODS

Inclusion criteria. We included prospective or retrospective cohort stud-
ies and case-control studies. Participants (both cases and controls) were
patients with pneumonia, either CAP or hospital acquired, as defined by
radiological signs and clinical symptoms and signs (i.e., target condition).
Case-control studies in which controls were healthy people were analyzed
separately.

The index test was PCR for Legionella spp. performed on any clinical
sample (sputum, bronchoalveolar lavage [BAL] sample, serum, urine,
sterile fluids, and tissues). Analyses were made separately for each clinical
sample. Any PCR test was acceptable, including standard PCR or real-
time, nested, multiplex, or other PCR, and the test could target any Legio-
nella spp. genes. We primarily used the sample taken at the time closest to
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the onset of infection. If data were available for more than one test in a
study, all results were extracted. We also extracted data on UA in studies
reporting both tests separately and together with PCR results. The target
condition was pneumonia (either community or hospital acquired). The
reference standard included two levels of certainty (11).

We considered a culture positive for Legionella spp. when a 4-fold
increase in serum antibodies for Legionella spp. occurred if taken 4 to 6
weeks after the clinical episode or when a positive UA confirmed infec-
tion. Diagnosis by antigen staining in respiratory secretion lung tissue or
in pleural fluid by DFA staining or IHC was regarded as suspected infec-
tion (11). We considered all other cases as having no evidence for Legio-
nella infection. These considerations are compatible with the Centers for
Disease Control and Prevention (CDC) publication for preferred diag-
nostic tests for defining Legionella infection (11).

Electronic searches. We searched MEDLINE, LILACS, and Kore-
aMed databases without date or language restrictions, from inception to
October 2014, using the following terms and their medical subject head-
ings [MESH] (adapted for each database): (PCR or real-time or RT-PCR
or reverse-transcription or nested-PCR or PCR) and (legionell* or legion-
air* or legionellal MESH] or Legionnaires’ Disease[ MESH]). In addition,
we searched the European Conference of Clinical Microbiology and In-
fectious Diseases and the Interscience Conference on Antimicrobial
Agents and Chemotherapy between the years 2010 and 2014 using only
the key words for Legionella or Legionnaires’ and PCR. We scanned the
references of all included studies and reviews cited in the included studies.

Data collection and risk of bias assessment. Two reviewers indepen-
dently selected studies for inclusion and extracted all data from the stud-
ies. Risk of bias assessment was conducted using the Quadas-2 tool (12).

Statistical analysis and data synthesis. We listed the number of true
positives, true negatives, false positives, and false negatives per study,
specimen, index test, primer gene used for PCR, and reference standard.
We calculated the sensitivity and specificity values and the diagnostic odds
ratio (DOR). We used the bivariate model for the data summary. Param-
eter estimates from the model were used to obtain hierarchical summary
receiver operating curves, with 95% confidence intervals (Cls) and a 95%
prediction region. We assessed the effect of the following covariates on
results through subgroups analyses: PCR method, study design, primer
gene used for PCR, number of LD cases, and the Quadas-2 domains. We
compared the test performance of UA and PCR with that of UA alone in
LD cases that were not diagnosed by UA alone, compared to the situation
where either PCR or UA positivity defined a positive test result. Only
direct test comparisons were performed. Studies were included only once
in the analysis. Analyses were conducted using Stata 12 and RevMan 5.3
(13).

RESULTS

The search identified 804 references, of which 77 were selected for
full-text review (see Fig. S1 in the supplemental material). Thirty-
nine studies were excluded. A total of 38 studies that were pub-
lished between the years 1993 and 2013 were included (14-51).
Seven studies reported on the results of PCR in blood or serum, 4
trials reported on PCR in urine, 29 trials reported on PCR in BAL
fluid or sputum, 3 trials reported on PCR in pharyngeal swabs,
and 3 trials reported on PCR in lung tissue specimens. Five studies
performed PCR in several sample types. Thirteen studies reported
result for UA separately from results for PCR. Seventeen studies
were case-control studies, 3 studies were retrospective cohorts,
and the remaining 18 studies were prospective cohort studies.
Altogether, 653 patients with confirmed LD, 8 patients with prob-
able LD, 3,593 patients with pneumonia caused by pathogens
other than Legionella spp., and 296 healthy control patients were
included.

Data from prospective cohorts (not all patients underwent UA
and/or culture) showed that cultures were positive in 164 of 2,562
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patients with pneumonia (6.4%; 95% CI, 1.4% to 15.7%), UA was
positive in 113 patients of 1,445 with pneumonia (7.82%; 95% ClI,
2.2% to 15.2%), and PCR was positive in 309 of 3,463 patients
with pneumonia (8.9%; 95% CI, 4.5% to 20.2%). Mortality was
reported in 4 studies (weighted mean, 5.6%; range, 9.1% to 50%).
Other study characteristics are presented in Table 1.

Risk of bias assessment. The Quadas-2 risk of bias assessment
and applicability criteria are shown in Table 1. Only 12 of 38
studies were at low risk of bias regarding patient selection; 17 of 38
studies were at high risk (all of them were retrospective case-con-
trol studies). The remaining 9 of 38 were of unclear risk; among
them, 3 studies were also of high risk of bias regarding the appli-
cability of the selected population to this review. Concerns regard-
ing the applicability of the index test were present in 15 of 38
studies and unclear in another 16 of 38 studies. High risk of bias
regarding the flow chart, timing of the index test, and ensuring
that all patients received the same tests were present in 5 studies,
unclear in 24 studies, and at low risk of bias in 9 studies. Four of 38
studies were from developing nations. In 9 studies, clinical and
radiological definitions for pneumonia were presented.

PCR technique. Details of the PCR techniques are presented
Table 2. Standard PCR was used in 12 studies; real-time PCR, in 16
studies; real-time with multiplex PCR, in 4; and nested PCR, in 6
(in 2 studies (43, 49), 2 methods of PCR were used). Eight studies
used primers targeting the MIP gene, 7 studies used both 5s rRNA
and MIP genes, 6 studies used both 16S rRNA and MIP genes, 7
studies used the 5s rRNA gene, 7 studies used the 16S rRNA gene
primers, and 4 studies used other genes (multiple genes were used
in 4 studies). The primers targeted specifically L. pneumophila in
25 of 38 studies. DNA extraction was performed by the use of
QIAamp kit (n = 10), MagNA Pure LC DNA isolation kit (n = 5),
other commercial kits (n = 10), and phenol-chloroform protocols
(n = 13). Internal/inhibition controls were described in 27 of 38
studies, and contamination/digestion controls were described in
19 of 38 studies.

Performance of PCR. Details of PCR sensitivity and specificity
for the diagnosis of LD are presented in Table 3. The specificity
was very high regardless of the sample; however, the sensitivity of
urine and serum samples were very low (49.7% [95% CI, 26.5% to
73.0%] and 48.9% [95% CI, 38.4% to 59.5%], respectively). Re-
spiratory samples had a high sensitivity for the detection of Legio-
nella spp. by PCR. The summary sensitivity and specificity values
of the bivariate model for all respiratory samples (BAL fluid, spu-
tum, pharyngeal swabs, and tissue biopsies) were 97.4% (95% CI,
91.1% to 99.2%) and 98.6% (95% CI, 97.4% to 99.3%), respec-
tively. The DOR was 2,826 (95% CI, 738 to 10,815).

Subgroup analysis based on sample type revealed summary
sensitivity and specificity values of 97.7% (95% CI, 91.6% to
99.4%) and 98.6% (95% CI, 97.3% to 99.2%), respectively, for
BAL fluid (combined occasionally with sputum) and 96.8% (95%
CI, 41.2% to 99.9%) and 99.4% (95% CI, 91.7% to 99.9%), re-
spectively, for sputum. Analysis based on studies with high meth-
odological qualities (n = 9) yielded summary sensitivity and spec-
ificity values of 98.6% (95% CI, 57.7% to 99.9%) and 99.0% (95%
CI, 96.9% to 99.9%), respectively.

There were no statistically significant differences in the per-
formance of real-time, nested, and other PCR types. The use of
inhibition control or contamination control did not affect sig-
nificantly the performance of PCR. The use of genes specific to
L. pneumophila was associated with increased sensitivity com-
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TABLE 3 Sensitivity and specificity of PCR in the diagnosis of Legionnaires’ disease

Comparison, no. of studies Sensitivity, % (95% CI?)

Specificity, % (95% CI) DOR? (95% CI)

49.7 (26.5-73.0)
48.9 (38.4-59.5)

PCR in urine samples, 5
PCR in blood samples, 7
PCR in respiratory samples

All, 35 97.4 (91.1-99.2)
BAL‘ sample, 29 97.7 (91.6-99.4)
Sputum, 9 96.8 (41.2-99.9)

PCR in respiratory samples

Retrospective studies excluded, 14 99.1 (63.3-99.9)
All high ROB studies excluded, 9 98.4 (57.7-99.9)
Standard PCR, 8 98.8 (47.5-99.9)
Nested/hybrid PCR, 5 97.0 (83.4-99.5)
Real-time PCR, 17 97.9 (89.1-99.6)
L. pneumophila genes, 20 98.4 (91.4-99.7)
Various Legionellaspp. genes, 9 95.7 (69.4-99.5)
No inhibition control, 9 97.0 (73.6-99.7)
Inhibition control, 20 98.3 (90.6-99.7)

98.2 (85.6-99.8)
99.8 (59.1-99.9)

54 (5.7-509)
889 (1.25-633,052)

98.6 (97.4-99.3)
98.6 (97.3-99.2)
99.4 (91.7-99.9)

2,826 (738-10,815)
3,072 (733-12,786)
5,774 (30-1,110,511)

98.5 (97.1-99.2) 8,335 (127-546,320)
99.0 (96.9-99.6) 6,447 (132-314,848)
97.9 (94.9-99.2) 3,996 (46-346,416)
98.4 (92.9-99.6) 2,169 (227-20,697)
98.7 (96.8-99.4) 3,675 (529-25,509)
98.3 (96.7-99.2) 3,957 (655-23,875)
99.1 (96.4-99.8) 2,680 (141-50,611)
98.0 (94.2-99.3) 1,720 (185-15,930)
98.6 (97.1-99.3) 4,435 (622-31,632)

“ CI, confidence interval.

? DOR, diagnostic odds ratio.
“BAL, bronchoalveolar lavage.
4 ROB, risk of bias.

pared to primers from genes that targeted various Legionella
spp. (Table 3).

Comparison of PCR to UA. Details of the direct comparison of
PCR and UA are detailed in Table 4. The summary sensitivity and
specificity values of the bivariate model for UA in all studies were
77.0% (95% CI, 55% to 90.0%) and 100% (by definition), respec-
tively. The DOR was 7,540 (95% ClI, 289 to 19,652). In the direct
comparison of PCR in respiratory secretions versus the use of UA,
PCR had higher sensitivity (P = 0.001).

A subgroup analysis of cases of LD, when a priori excluding all
cases of LD that were diagnosed by UA alone, yielded a summary
sensitivity 0f 93.1% (95% CI, 63.9% t0 99.0%) for PCR and 51.8%
(95% CI, 33.1% to 69.1%) for UA.

Taking into account that UA is easily performed and available
for each patient, while performing BAL fluid is invasive, contains
certain risks, and is not readily available in all settings, we exam-
ined the performance of UA in sputum samples and/or pharyn-
geal swabs alone. The summary sensitivity and specificity values of
PCR in sputum samples were 97.1% (95% CI, 59.6% to 99.8%)

TABLE 4 Direct comparisons of PCR in respiratory samples versus UA”

and 99.7% (95% CI, 91.4% to 99.9%), respectively; those of UA
were 52.9% (95% CI, 30.8% to 73.9%) and 100% (by definition),
respectively; those of either UA or PCR were 99.9% (95% CI,
99.9% t0 99.9%) and 99.7% (95% CI, 90.2% to 99.9%), in 5 stud-
ies. In absolute terms, 11 of 61 patients (18%) with LD had a
negative UA and a positive sputum PCR and would had been
misdiagnosed by conventional methods.

DISCUSSION

We examined the accuracy of PCR alone and in comparison with
UA in various clinical samples for the diagnosis of LD among
patients with pneumonia, where the reference standard was
proven or probable LD according to criteria suggested by the CDC
(11). We demonstrated near perfect specificity values for all sam-
ple types and equally high sensitivity values for all respiratory sam-
ples (consisting of BAL fluid, sputum, pharyngeal swabs, tissue
biopsy specimens, and other respiratory fluids). Overall, in 35
included studies that used any respiratory sample, the summary
sensitivity and specificity estimates were 97.4% and 98.6%, re-

Comparison, no. of studies Sensitivity, % (95% CI%)

Specificity, % (95% CI) DOR (95% CI)

UA: all studies, 13
PCR in respiratory samples vs UA?

77.0 (55.3-90.0)

PCR, 8 93.1 (63.9-99.0)
UA, 8 51.8 (33.6-69.6)
UA or PCR, 8 95.6 (68.2-99.5)

PCR in sputum samples/swabs vs UA*

PCR, 5 97.1 (59.6-99.8)
UA, 5 52.9 (30.8-73.9)
UA or PCR, 5 99.9 (99.9-99.9)

99.9 (99.9-99.9) 7,540 (289-196,522)
99.1 (98.0-99.5)
99.9 (99.9-99.9)
99.1 (97.6-99.6)

1,515 (185-12,344)
NA®
2,577 (209-31,650)

99.7 (91.4-99.9)
99.9 (99.9-99.9)
99.7 (90.2-99.9)

12,467 (171-907,125)
NA
NA

“ UA, urinary antigen.

b CI, confidence interval.

“DOR, diagnostic odds ratio.

@ All cases of LD diagnosed by UA alone were excluded.
¢ NA, not applicable.

408 jcm.asm.org

Journal of Clinical Microbiology

February 2016 Volume 54 Number 2


http://jcm.asm.org

spectively. In studies that used easy-to-obtain samples, such as
sputum samples and pharyngeal swabs, the summary sensitivity
and specificity estimates were 94.5% and 99.2%, respectively (13
studies). PCR sensitivity of urine and blood samples was low
(roughly, 50%), rendering these samples unusable for clinical
practice. We explored further the accuracy of PCR through sub-
group and sensitivity analyses. We discovered that PCR sensitivity
in respiratory samples remains very high after consideration for
methodological quality, study design, and various PCR methods.

When we compared the results of PCR in respiratory samples
to those of UA, we demonstrated improved sensitivity with similar
specificity, regardless of the sample type. Furthermore, when cases
that were diagnosed only by UA (without positive culture, serol-
ogy, or DFA) and all cases that were diagnosed by BAL fluid were
excluded, leaving a real-life comparison of PCR of pharyngeal
swabs and/or sputum samples and the UA, PCR was considerably
more sensitive than the UA and resulted in reclassification of 18%
of patients with pneumonia and negative UA to an LD diagnosis.

Using the pooled sensitivity and specificity estimates of our
review, the negative and positive predictive values (NPV and PPV,
respectively) of the test can be calculated, using a defined preva-
lence of disease (52). With a prevalence of LD of 7.5% among
patients with CAP (as observed from the prospective cohort stud-
iesin our review), negative PCR in respiratory sample excludes LD
in 99.7% of patients, and positive PCR confirms LD in 84.9%.
When both PCR on sputum sample/swab and UA are performed
and either positive result defines a positive test, the NPV is 99.9%,
and the PPV is 96%. Thus, a negative PCR rules out the diagnosis
of LD with a very high probability (=97%). Performing both tests
increases the probability of ruling in LD without affecting speci-
ficity.

When LD is diagnosed, combination therapy directed at Legio-
nella spp. increases the chances of survival (53) Therefore, the
diagnosis of LD among patients hospitalized with CAP, especially
when severe, may directly influence prognosis, while other pa-
tients may be treated with beta-lactam monotherapy (54). The
diagnosis of LD today is based on several traditional methods.
Culture requires special media, processing, and technical exper-
tise, and 3 to 5 days are required to obtain a positive result. Sero-
logical testing for Legionella has little impact on clinical practice, as
20% to 30% of patients with LD do not develop a detectable anti-
body response if tested too early (55) or at all (56). The most
common method currently used for diagnosing LD in the clinical
setting is UA detection of L. pneumophila serogroup 1 (57). In a
previous systematic review, the pooled sensitivity of UA assays for
the detection of L. pneumophila serogroup 1 was 74% (95% CI,
68% to 81%), with a pooled specificity of 99% (95% CI, 98% to
99%) (58). Our results are in concordance with this systematic
review (pooled UA sensitivity of 77% and near 100% specificity).
However, the antigen is excreted in urine for weeks (and up to
ayear) after an infectious episode, which weakens its specificity
(59). Furthermore, L. pneumophila serogroup 1 is the predom-
inant Legionella spp. that causes LD in the United States and Europe
but not in Asia and Australia (60). LD from non-pneumophila Legio-
nella species is more common in immunocompromised patients,
and L. pneumophila serogroups other than serogroup 1 can cause
nosocomial outbreaks of LD (61, 62). In such cases, the UA might
provide false-negative results. Diagnosis is LD among immuno-
compromised patients and in the nosocomial setting is critical,
and PCR might improve the diagnosis of these cases significantly.
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One of the main criticisms against the use of PCR in the diag-
nosis of LD, and one of the major limitations of analyzing PCR-
based methods, is the lack of standardization in performance and
reporting of the PCR methods. The contamination of commercial
DNA extraction kits may produce false-positive results with the
lack of a negative control (63). The occurrence of false-positive
testing demonstrates the need for a standardized laboratory pro-
tocol for the needed stringent quality control requirements. Vari-
able methods of sampling, extraction, and amplification protocols
were used in the studies included in our review. We did not ob-
serve an effect of each parameter on results, except for improved
sensitivity with primers made from a gene sequence of L. pneumo-
phila. However, the number of studies included in our review was
too small, and reporting was insufficient to assess individually and
in combination the large number of variables relating to PCR
methods. Moreover, PCR kits are expensive, PCR requires a ded-
icated laboratory equipment and personnel, and PCR is not easily
interpreted, whereas the UA is relatively inexpensive (around $10
per test in the United States) and requires no special equipment or
training.

In summary, we show an excellent sensitivity and specificity of
PCR for the diagnosis of LD in any respiratory sample. The NPV
given the usual disease prevalence was over 95% regardless of the
subgroup examined. The PPV was also above 95%, thus making
the PCR an excellent tool for ruling in or out LD. The sensitivity of
the PCR in respiratory samples was superior to the UA and may
result in the additional diagnosis of patients with L. pneumophila
serogroup 1 LD and those with non-pneumophila Legionella spe-
cies or non-serogroup 1 LD. We suggest using the PCR especially
when infectdion with non-pneumophila Legionella species is pos-
sible.
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