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Objectives: We aimed to assess the accuracy of PCR detection of viruses and bacteria on nasopharyngeal
and oropharyngeal swabs (NPS) for the diagnosis of pneumonia in elderly individuals.
Methods: We included consecutive hospitalized elderly individuals suspected of having pneumonia. At
inclusion, NPS were collected from all participants and tested by PCR for the presence of viral and
bacterial respiratory pathogens (index test, defined as comprehensive molecular testing). Routine
diagnostic tests (blood and sputum culture, urine antigen detection) were also performed. The reference
standard was the presence of pneumonia on a low-dose CT scan as assessed by two independent expert
radiologists.
Results: The diagnosis of pneumonia was confirmed in 127 of 199 (64%) included patients (mean age
83 years, community-acquired pneumonia in 105 (83%)). A pathogen was identified by comprehensive
molecular testing in 114 patients (57%) and by routine methods in 22 (11%). Comprehensive molecular
testing was positive for viruses in 62 patients (31%) and for bacteria in 73 (37%). The sensitivity and
specificity were 61% (95% CI 53%e69%) and 50% (95% CI 39%e61%) for comprehensive molecular testing,
and 14% (95% CI 82%e21%) and 94% (95% CI 86%e98%) for routine testing, respectively. Positive likelihood
ratio was 2.55 for routine methods and 1.23 for comprehensive molecular testing.
Conclusion: Comprehensive molecular testing of NPS increases the number of pathogens detected
compared with routine methods, but results are poorly predictive of the presence of pneumonia. Hence,
comprehensive molecular testing is unlikely to impact clinical decision-making (NCT02467192).
Clinical Trials Registration: NCT02467192. V. Prendki, Clin Microbiol Infect 2019;25:1114
© 2019 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology

and Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
ernal Medicine and Rehabili-
tion and Geriatrics, Geneva
l des Trois-Chêne, Chemin du
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Introduction

Identification of the pathogen causing pneumonia is useful to
guide antibiotic therapy, to help with differential diagnosis and for
epidemiological reasons. Hence, most current guidelines recom-
mend microbiological investigations in patients hospitalized for
suspected community-acquired pneumonia (CAP) [1e3].
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Nevertheless the microorganism causing CAP is identified in only a
minority of patients [4]. The difficulty in obtaining high-quality
respiratory samples for microbiological analysis (e.g. sputum cul-
tures) is an important limitation in the elderly [5]. Use of molecular
biology technology improves the diagnostic yield in suspected
pneumonia and is often prescribed by physicians, but it is unclear
how it impacts clinical management [6]. Oosterheert et al. showed
in a randomized controlled trial (107 individuals with lower res-
piratory tract infections, mean age 65 years) that PCR for viruses
and atypical bacteria in nasopharyngeal and oropharyngeal swabs
(NPS) allowed the identification of additional pathogens but did not
reduce antibiotic use or costs [7]. A pragmatic randomized
controlled trial (720 individuals with acute respiratory illness,
mean age 63 years) showed that molecular point-of-care testing for
respiratory viruses did not reduce the proportion of patients
treated with antibiotics [8]. Finally, in a prospective observational
study (147 individuals with lower respiratory tract infection, mean
age 78 years), PCR detection of respiratory viruses had no impact on
antibiotic use and length of stay [9].

We aimed to assess the diagnostic accuracy of PCR detection of
viral and bacterial pathogens on NPS for the diagnosis of pneu-
monia in elderly individuals.

Methods

Individuals admitted to hospital for suspected pneumonia had
NPS collected at inclusion for the detection of multiple bacterial
and viral pathogens using multiplex PCR (comprehensive molecu-
lar testing), in addition to routine testing. A chest low-dose
computed tomography scan (LDCT) was performed as soon as
possible. Results regarding the diagnostic performance of LDCT
have been published elsewhere [10]. The present study is a pre-
planned secondary analysis evaluating the accuracy of compre-
hensive molecular testing in patients with suspected pneumonia.
Sample size is based on the power calculation of the original study.

Context and design

This study took place in the geriatric and internal medicine
wards of Geneva University Hospitals, an 1800-bed tertiary-care
institution serving approximately 500 000 inhabitants. The study
was approved by Geneva's Institutional Review Board (CER 14-250)
and registered at clinicaltrials.gov (NCT02467192). Informed
Patients, n=62
Virus, n=65

Patients with nasopharyngeal sw
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Mixed origin, n=21
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Fig. 1. Flow
consent was obtained from all patients or next of kin. Consecutive
hospitalized individuals �65 years old, suspected of having com-
munity-, nursing-home- or hospital-acquired pneumonia were
enrolled between 1 May 2015 and 30 April 2016. Individuals
included had at least one respiratory symptom and at least one
symptom or laboratory finding compatible with infection [10]. In-
dividuals treated for pneumonia during the previous 6 months or
treated with antimicrobial therapy for more than 48 h before in-
clusion were excluded (Fig. 1). Demographic data, co-morbidities,
vital signs, clinical findings, severity scores, results of standard
laboratory tests, blood, sputum and urine cultures, urinary antigen
detection, PCR for respiratory viruses on NPS, and antimicrobial
therapy administered were recorded prospectively.

Low-dose CT scan and reference standard

Images were interpreted as consistent or inconsistent with
pneumonia by two independent radiologists experienced in
thoracic radiology. Discordant cases were reviewed together to
reach a consensus. The radiological diagnoses were taken as the
reference standard and patients with a seemingly infectious infil-
trate were considered to have pneumonia. The radiologists were
blinded to patients' results.

Nucleic acid analysis using multiplex real-time PCR (index test)

The NPS were performed on all individuals at inclusion. These
were placed in COPAN® 305 Universal Transport Medium (COPAN
Italia spa, Brescia, Italy), sent to the central virology laboratory as
soon as possible and processed directly (neither frozen nor
thawed). Nucleic acids were extracted with Qiasymphony (Qiagen,
Hombrechtikon, Switzerland) using a Virus/Pathogen kit (937055,
Qiagen). Real-time PCR was performed on a Viia7 thermocycler
(Life Technologies, Carlsbad, California, USA). The FTD Respiratory
pathogens 21 panel (FTD-2, FastTrack Diagnostics, Esch-sur-Alzette,
Switzerland) was used to target 17 viruses (coronaviruses 229E,
NL63, OC43, HKU1; human metapneumovirus; influenza A,
A(H1N1) pdm2009 and B viruses; parainfluenza viruses 1, 2, 3 and
4; respiratory syncytial viruses A and B; rhinovirus; adenovirus;
bocavirus; enterovirus; parechovirus). The Bacterial pneumonia
CAP (for community-acquired pneumonia, FTD-29.19, FastTrack
Diagnostics) and the Bacterial pneumonia HAP (for hospital-
acquired pneumonia, FTD-30, FastTrack Diagnostics) tests were
ab (index test), n=199
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used to detect nine bacterial species/genera: Streptococcus pneu-
moniae, Haemophilus influenzae, Moraxella catarrhalis, Staphylo-
coccus aureus, Mycoplasma pneumoniae, Chlamydia pneumoniae,
Legionella spp., Klebsiella pneumoniae and Pseudomonas aeruginosa.
The results of the PCR for viruses were available to the treating
physicians whereas the results of PCR for bacteria were performed
subsequently as a batch on nucleic acid extraction, whichwere kept
at e80�C and were not reported to the treating physicians.
Comprehensivemolecular testingwas defined as the results of both
viral and bacterial PCR.
Routine testing

Routine microbiological tests were performed according to
recommendations, including blood cultures, sputum cultures in
patients able to expectorate and pneumococcal and Legionella
pneumophila urinary antigen detection [3]. Sputum samples with
25 or more neutrophils and fewer than ten epithelial cells were
evaluated after Gram-staining, and were subsequently cultured.
Statistical analysis

We used frequencies, percentage, mean with range and median
with interquartile range for descriptive purposes. Variables
including results of comprehensive molecular testing, viral PCR
alone, bacterial PCR alone and routine methods, were compared
between patients with and without pneumonia in univariate
analysis using the ManneWhitneyeWilcoxon test or the
KruskaleWallis method for continuous variables, and Fisher's exact
test or chi-square test for categorical variables, as appropriate.
Comprehensive molecular testing was the index test. The test
characteristics (sensitivity, specificity, positive and negative pre-
dictive values, positive and negative likelihood ratios (LR), and
diagnostic odds ratios) of comprehensive molecular testing, viral
PCR, bacterial PCR, and routine methods, were computed using
two-by-two tables. A p value of <0.05 was considered significant.
Analyses were performed using the R statistical software package,
version 3.1.1 (www.cran.r-project.org).
Table 1
Demographic and clinical characteristics comparing participants with or without pneum

All patients (n ¼ 199) n (%)
or mean (minemax)

Pneumonia (n ¼
or mean (mine

Age (years) 84 (65e103) 83 (65e101)
CURB65 score 2.4 (1e4) 2.4 (1e4)
Place of acquisition of

symptoms
Home 161 (81) 105 (83)
Nursing home 22 (11) 13 (10)
Hospital 16 (8) 9 (7)

Temperature �38.0�C on
admission

116 (58) 77 (60.6)

Cough 169 (85) 115 (90.6)
Dyspnoea 144 (72.4) 92 (72.4)
Sputum production 73 (36.7) 46 (36.2)
Chest pain 34 (17) 23 (18.1)
Crackles 170 (85.4) 105 (82.7)
Decreased breath sounds 51 (25.6) 37 (29.1)
Respiratory rate >30/min 35 (17.6) 25 (19.7)
White blood cell count at

inclusion, 103/mm3
11.6 (0.8e40.9) 12.0 (2.0e40.9)

C-reactive protein, mg/L 119 (1e512) 135 (1e512)
Antimicrobial therapy before

inclusion
10 (5) 7 (5.5)

30-day mortality 14 (7) 11 (14.2)

Laboratory values and vital signs were obtained at admission.
Definitions: CURB65 is a pneumonia severity score taking into account confusion, respir
Results

Participants

Baseline characteristics of included patients are shown in
Table 1. NPS were performed in 199/200 patients (99.5%) and
presence of pneumonia was confirmed in 127/199 (64%). Pneu-
monia was community-acquired in 105/127 (83%). The median
delay between inclusion and LDCT was 2.2 h (interquartile range
0.9e15.4). Among the 72 patients without pneumonia, the most
frequent diagnoses were non-respiratory sepsis, viral upper respi-
ratory tract infection, bronchitis or exacerbation of chronic
obstructive pulmonary disease, and heart failure. Mean duration of
antimicrobial therapy was 6.8 days. Eighty-six of 199 patients
(43.2%) received a combination antimicrobial therapy for a mean of
3.1 days (most frequently a b-lactam and a macrolide, according to
institutional guidelines).
PCR findings on NPS

Results are depicted in Table 2 and the Supplementary material
(Table S1). Comprehensive molecular testing was positive in 114/
199 patients (57%). Sixty-two patients (31%) had a positive PCR for
at least one virus, 73 patients (37%) had a positive PCR for at least
one bacterium, and 21 (11%) had a positive PCR for both virus and
bacteria. Antimicrobial therapy was stopped in 6/62 patients (9.7%)
with a positive viral PCR.
Routine findings

Results are displayed in Table 2 and the Supplementary material
(Table S1). Blood cultures were performed in 176/199 patients
(88%), urinary antigens for Legionella spp. and Streptococcus pneu-
moniae in 178/199 patients (89%) and 183/199 patients (92%),
respectively. Sputum was obtained in 81/199 patients (41%), with
only 12/81 (15%) of sufficient quality to warrant further evaluation.
Routine methods led to the identification of a pathogen in 22/199
patients (11%). Twelve patients (6%) had bacteraemia, six (3%) of
onia

127) n (%)
max)

No pneumonia (n ¼ 72) (n (%)
or mean (minemax)

p value (pneumonia versus
no pneumonia)

85 (70e103) 0.13
2.4 (1e4) 0.96

0.67

56 (78)
9 (12)
7 (10)
39 (54.2) 0.45

54 (75.0) 0.006
52 (72.2) 1
27 (37.5) 0.88
11 (15.3) 0.70
65 (90.3) 0.21
14 (19.4) 0.18
10 (13.9) 0.34
10.9 (0.8e22.3) 0.36

91 (11e305) 0.006
3 (4.2) 0.75

3 (4.2) 0.39

atory rate, blood pressure and age �65 years.

http://www.cran.r-project.org


Table 2
Microbiological results according to the presence of pneumonia

All patients (n ¼ 199) Pneumonia (n ¼ 127) No pneumonia (n ¼ 72) p value (pneumonia versus
no pneumonia)

Comprehensive molecular testing 114 (57%) 78 (61%) 36 (50%) 0.14
Viral PCRa 62 (31%) 45 (35.4%) 17 (23.6%) 0.111
Bacterial PCRa,b 73 (36.7%) 50 (39%) 23 (32%) 0.484
Routine methodsc 22 (11%) 18 (14%) 4 (6%) 0.097

One patient could have more than one positive result.
a Twenty-one patients had PCR positive for both virus and bacteria (18 with pneumonia, three without pneumonia, p 0.097).
b Eleven patients had two bacteria identified using PCR.
c Five patients had two bacteria identified using routine methods.
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which had a non-respiratory origin (four urinary and two
abdominal).

Microbiological results according to the presence of pneumonia on
LDCT

Details for each pathogen are available in the Supplementary
material (Table S1). Comprehensive molecular testing was positive
in 78/127 patients (61%) with pneumonia and 36/72 patients (50%)
without. At least one viral PCRwas positive in 45/127 patients (35%)
with pneumonia and 17/72 (24%) without. Bacterial PCR was pos-
itive in 50/127 patients (39%) with pneumonia and 23/72 (32%)
without. Routine methods were positive in 18/127 patients (14%)
with pneumonia and 4/72 (6%) without.

Test characteristics of comprehensive molecular testing and routine
methods

Results are depicted in Table 3. Sensitivity and specificity were
61% and 50% for comprehensive molecular testing, 14% and 94% for
routine methods, 35% and 76% for viral PCR, and 39% and 68% for
bacterial PCR, respectively. The positive LR was 2.55 for routine
methods and 1.23 for comprehensive molecular testing. Negative
LRs of routine and molecular methods were 0.91 and 0.77,
respectively.

Discussion

Our main findings are that results of comprehensive molecular
testing of NPS are poorly predictive of the presence of pneumonia.
Positive (1.23) and negative (0.77) LR of comprehensive molecular
testing are too low to affect the probability of having pneumonia.

Comprehensive molecular testing increased the sensitivity to
61% in comparison with 14% with routine methods. Gadsby et al.
achieved pathogen detection in 87% of patients hospitalized for CAP
using comprehensive molecular testing [6]. This higher sensitivity
is probably explained by collection of sputum in 96% of their pa-
tients, who were much younger (median age 67 years). In com-
parison, sputum of adequate quality was obtained in only 12/199
(6%) of our patients. Though sputum culture is recommended in
Table 3
Accuracy of microbiological tests for the diagnosis of pneumonia

Comprehensive molecular testing

Sensitivity 61% (53e69)
Specificity 50% (39e61)
Positive predictive value 68% (62e74)
Negative predictive value 42% (35e50)
Positive likelihood ratio 1.23 (0.94e1.61)
Negative likelihood ratio 0.77 (0.56e1.06)
Diagnostic odds ratio 1.59 (0.89e2.85)
international guidelines [3,11], it is hard to obtain in elderly pa-
tients [12]. Our results compare with those of Putot et al., whowere
able to collect sputum from only 15% of elderly patients hospital-
ized for pneumonia [5]. Obtaining more good-quality lower respi-
ratory tract samples would require an invasive procedure [13,14].

In our cohort, 31% of the patients had a positive result for a virus,
mainly rhinovirus and influenza virus. Forty-five (22.6%) had both a
positive viral PCR and pneumonia. Positive and negative LRs were
1.50 and 0.85, respectively. This is in accordance with previous
results in the literature. In another study assessing the performance
of PCR on NPS for the prediction of CT-scan-confirmed pneumonia,
prevalence of positive viral PCR was 28%, and positive and negative
LRs were 1.39 and 0.87, respectively [15]. Certainly, many viruses,
including influenza virus, respiratory syncytial virus, human met-
apneumovirus, parainfluenza virus and rhinovirus, are known
causes of pneumonia [16e21]. Jain et al. showed that respiratory
viruses were more frequently detected than bacteria in patients
hospitalized for non-severe CAP (median age 57 years) [22]. But
viruses are also detected in NPS in individuals with bronchitis,
exacerbation of chronic obstructive pulmonary disease, and even in
asymptomatic patients [23e25]. In the present study, many pa-
tients with non-respiratory sepsis or cardiac failure had positive
NPS. Our results confirm that viruses are frequently identified in
patients with symptoms of a respiratory illness, including those
without pneumonia. Finally, antimicrobial therapy was stopped in
only 10% of patients with a positive viral PCR, suggesting that
comprehensive molecular testing might not be an adequate means
of reducing antimicrobial therapy prescription in patients with
symptoms of lower respiratory tract infection.

We had hypothesized that a positive bacterial PCR in NPS might
be a surrogate for bacterial pneumonia, allowing us to surpass the
aforementioned difficulties to obtain good-quality sputum sam-
ples. However, bacterial PCR had poor diagnostic accuracy (positive
and negative LRs of 1.23 and 0.90, respectively), probably because
they are not able to differentiate between pharyngeal carriage and
lower respiratory tract infection. Compared with the results of the
CAPiTA cohort, pharyngeal carriage rate of Staphylococcus aureus
and Streptococcus pneumoniaewere lower in our cohort (14% versus
21% and 3% versus 17%, respectively), whereas the carriage rate was
similar for Haemophilus influenzae (8% versus 7%) and higher for
Viral PCR Bacterial PCR Routine methods

35% (28e44) 39% (31e48) 14% (82e21)
76% (65e85) 68% (57e78) 94% (86e98)
73% (62e81) 68% (59e76) 81% (61e93)
40% (36e45) 39% (34e44) 38% (36e41)
1.50 (0.93e2.42) 1.23 (0.83e1.84) 2.55 (0.90e7.25)
0.85 (0.70e1.01) 0.90 (0.72e1.10) 0.91 (0.83e0.99)
1.77 (0.92e3.41) 1.38 (0.75e2.55) 2.81 (0.91e8.65)
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Moraxella catarrhalis (14% versus 8%) [26]. This differences may
stem from the different population enrolled, the CAPiTA cohort
including community-dwelling elderly people (mean age 72 years),
a far younger and healthier population than ours.

Finally, the identification of a pathogen with routine methods
did not result in a high diagnostic accuracy, although better than
with comprehensive molecular testing.

Our study has several strengths. It was conducted in a consec-
utive cohort of unselected elderly patients who were submitted to
extensive testing. We used a robust reference standard based on
LDCT scan. The radiologists were blinded to participants' clinical,
biological and microbiological results, so incorporation bias could
be attenuated. According to recent findings, a reference standard
for pneumonia based on chest X-ray may lead to frequent mis-
classifications, which can flaw the evaluation of microbiological
test accuracy [10,27]. Our comprehensive molecular testing
includedmore respiratory bacterial pathogens than previous works
[6,7].

Our study also had some limitations. The lack of a control arm
prevented the assessment of the impact of comprehensive molec-
ular testing on patient management. We did not perform PCR an-
alyses on a quantitative basis, and multiplex PCR have different
analytical sensitivities according to the viruses sought. Sputumwas
not tested with PCR because good-quality sputum could only be
obtained in a small minority of patients. Finally, the presence of an
infiltrate on an LDCT scan may be an imperfect reference standard
for the diagnosis of infectious pneumonia. However, using micro-
biological results of the patients in the reference definition would
have led to a risk of incorporation bias.
Conclusion

The present study highlights the difficulties in identifying a
causative agent in elderly patients with suspected pneumonia. Vi-
ruses and bacteria are frequently isolated by PCR in the upper
airway of elderly patients but their presence is not useful for pre-
dicting the presence or absence of pneumonia. Hence they are
unlikely to be helpful in making patient management decisions.
Further investigation is needed to assess the usefulness of PCR
sampling in patients with proven pneumonia to direct treatment.
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