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« Vous ne donnez que peu lorsque vous donnez de vos biens. 
C’est lorsque vous donnez de vous-même que vous donnez réellement. » 

Khalil Gibran 
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LISTE DES ABREVIATIONS 

 

ATS : American Thoracic Society 

BAL : Broncho-Alveolar Lavage  

BPCO : Bronchopneumopathie Chronique Obstructive 

COPD : Chronic Obstructive Pulmonary Disease 

HFO : High Flow Oxygen 

ICU : Intensive Care Unit 

IDSA : Infectious Disease Society of America 

IQR : Inter Quartile Range 

NIV : Non-Invasive Ventilation 

OR : Odd Ratio 

PAC : Pneumopathie Aiguë Communautaire 

PCR : Polymerase Chain Reaction 

RP : Respiratory Panel 

SAPS : Simplified Acute Physiologic Score 

SOFA : Sepsis-related Organ Failure Assessment  
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Les pneumopathies aiguës communautaires (PAC) sont une cause fréquente d’hospitalisation en 

réanimation. La mortalité est importante, allant de 13.7 à 30 % selon les études (1–7). Les patients sont 

principalement des hommes avec de multiples comorbidités (BPCO, insuffisance cardiaque) (3,5). 

Streptococcus pneumoniae est le principal pathogène incriminé dans les PAC, suivi par Legionella, 

Pseudomonas aeruginosa, Mycoplasma pneumoniae, les bacilles Gram négatifs, Chlamydia pneumoniae, 

Staphyloccocus aureus et le virus de la grippe A (2–6,8,9). Cependant, aucun pathogène n’est identifié 

dans 17 à 46 % des PAC graves (3,4,6–10).  

Ces dernières années la contribution des virus dans le pronostic des PAC graves est discutée. Plusieurs 

études montrent que les virus respiratoires peuvent être incriminés dans 17 à 72% des cas de PAC grave 

(4,9,11–13) et qu’ils sont associés à une augmentation de la mortalité (4,8,10,14). De plus, des co-

infections virus-bactéries ont été rapportées et semblent responsables d’une surmortalité hospitalière. 

Dans l’étude de Quah et al, 15.3 % de co-infections sont retrouvées avec une augmentation de la mortalité 

hospitalière (OR 13.99) (4). 

L’administration d’une antibiothérapie large spectre est initiée au plus tôt et semble adaptée dans 84 % 

des cas selon Arancibia et al. Cependant, dans cette même étude, seul 56 % des bactéries atypiques 

étaient couvertes (3). Ainsi, un diagnostic microbiologique rapide pourrait bénéficier à ces patients.  

De récentes techniques microbiologiques, comme les Polymerase Chain Reactions (PCR) à spectre 

respiratoire, ont été de plus en plus développées cette dernière décennie, et leur utilisation pour détecter 

rapidement le pathogène responsable est de plus en plus large. Cependant, leur intérêt dans l’arsenal 

diagnostique des PAC graves est encore un domaine d’investigation.  

L’objectif principal de cette étude était de décrire l’écologie locale des pneumopathies aiguës 

communautaires graves hospitalisées en réanimation au CHU de Nîmes. Les objectifs secondaires étaient 

d’évaluer l’intérêt de l’intégration de techniques moléculaires nouvelles dans la stratégie diagnostique 

des PAC graves et d’en observer l’impact théorique sur le traitement, et de décrire la prévalence des co-

infections virus-bactéries et leur impact sur la mortalité.  
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ABSTRACT 
 
Introduction: Severe community-acquired pneumonia (CAP) is a common cause of hospitalization in 

ICU with a high mortality rate, and the incrimination of viruses is an ongoing topic. The aim of the study 

was to describe the ecology of severe CAP in our ICU, to assess the impact of molecular testing on 

aetiological diagnosis and to report the prevalence of coinfections.  

Methods: A single center retrospective study on adult patients admitted in ICU for severe CAP and 

matching the IDSA/ATS criteria. Available respiratory sample and Legionella urinary antigen test were 

compulsory. In addition to the laboratory results available, we performed a systematic respiratory panel 

PCR and legionella culture. The primary endpoint was the proportion of each pathogen identified in the 

respiratory samples. The secondary endpoints were the proportion of patients for whom respiratory panel 

molecular tests had an impact on diagnosis and indicated a theoretical modification of the antimicrobial 

therapy, the proportions of patients with coinfections and mortality. 

Results: A total of 104 patients were included with a median SAPS II score of 46.5 (IQR 24.5). Severe CAP 

were documented in 67% cases. The most frequent pathogens were influenza A/B, Streptococcus 

pneumoniae and rhinovirus. Systematic use of respiratory panel molecular testing benefited to the 

diagnosis of 28 patients (27%) with 20 cases of viral induced severe CAP and 8 cases of coinfections. It is 

worth noting that 2 of 6 Legionella severe CAP were only detected by the PCR, these were due to 

Legionella spp. Overall mortality reached 39% by the 3rd month. 

Conclusion: Two third of the population had a positive aetiological diagnosis and the mortality was high. 

The three most frequent pathogens were influenza viruses, Streptococcus pneumoniae and rhinovirus. 

Using respiratory panel PCR tests on all samples helped to improve diagnosis and showed that viral 

aetiologies were frequent in this cohort of severe CAP. 

 

Keywords: severe community-acquired pneumonia, intensive care, pneumonia, microbiology, 

coinfection, pcr, molecular test 
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ARTICLE 

INTRODUCTION 

Severe community-acquired pneumonia (CAP) is a common cause of admission in intensive care unit (ICU), 

associated with a high mortality rate, ranging from 13.7 to 30 %(1–7).These patients are usually male 

exhibiting multiple comorbid conditions (COPD, heart failure) (3,5). Streptococcus pneumoniae remains 

the first pathogen incriminated in severe CAP, followed by Legionella, Pseudomonas aeruginosa, 

Mycoplasma pneumoniae, Gram negative bacilli, Chlamydia pneumoniae, Staphyloccocus aureus, and 

Influenza A virus (2–6,8,9). However, no organism is identified in 17 to 46% of severe CAP (3,4,6–10). 

These past few years the contribution of viruses in the outcome of severe community-acquired 

pneumonia has been debated. Several studies have shown that respiratory viruses could be incriminated 

in up to 17-72% of severe CAP (4,9,11–13) and were associated with increased mortality (4,8,10,14). 

Additionally, viral-bacterial coinfections have been reported and seem responsible for higher hospital 

mortality. In Quah and al. study, 15.3% of viral-bacterial coinfections were found with an OR for hospital  

mortality at 13.99 (4). 

Early administration of broad spectrum antibiotics is recommanded and these are considered adequate 

in 84% of patients, according to Arancibia and al. However, in this same study, only 56% of atypical 

pathogens were covered (3). Therefore, a quick microbiological diagnosis might benefit these patients. 

New microbiological technologies such as respiratory panels Polymerase Chain Reactions (PCRs) have 

been increasingly developed in the last decade, and their use to quickly find the responsible pathogen is 

expanding. However, the impact of these technologies on the aetiological diagnosis of severe CAP is still 

a topic of investigation.  

The aim of this study was to describe the local ecology of severe community-acquired pneumonia  

admitted to ICU in a teaching hospital. The secondary objectives were to assess the impact of integrating 

new microbiological technologies on the diagnostic strategy of severe CAP and its theoretical impact on 

antimicrobial strategy, and to report the prevalence of viral-bacterial coinfections and its impact on 

mortality. 

  



34 
 

METHODS 

Study design 

We conducted a single center retrospective study at the University Hospital of Nîmes, France. The cohort 

included 104 patients from January 2018 to March 2019. This study was approved by the institutional 

review board.  Due to the non-interventional design of the study, informed consent was waived and only 

a letter of information was sent to all participants (IRB No. 21.0030).  

Inclusion criteria were as follows : patients over 18 years old who were admitted in ICU for severe 

community-acquired pneumonia according to IDSA/ATS criteria (15) (Appendix 1) and for whom a 

respiratory sample (for rapid diagnostic test) and urinary antigens for Legionella pneumophila serogroup 

1 were available. 

Patients under 18 years old or pregnant, non ICU patients, hospital acquired pneumonia or patients 

refusing to participate were excluded. 

The primary endpoint of this analysis was the proportion of each pathogen identified in the respiratory 

samples. The secondary endpoints were the proportion of patients for whom respiratory panel molecular 

tests indicated a modification of the antimicrobial therapy, the proportions of patients with coinfections 

and mortality at 28 days and 3 months. 

 

Clinical and laboratory data collection 

All electronic medical records were reviewed for clinical and laboratory data. If any data or test was 

repeated during the first 24 hours within ICU admission, the most severe value was recorded for analysis.  

The following variables were recorded: age; sex; smoking and alcohol habits; comorbidities (Charlson’s 

score was calculated); type of ventilatory support needed at admission; PaO2/FiO2 at admission;  length 

of invasive mechanical ventilation if needed; number of days alive without invasive mechanical 

ventilation, catecholamine and renal replacement therapy at day 7 and day 28; initial antibiotic treatment; 

28 days and 3 months mortality rate; length of ICU stay. Complet blood count, C-reactive protein, 

natremia, blood urea nitrogen, plasma creatinine, arterial lactate were also recorded. Chest radiography 

findings were classified into one of the following patterns: alveolar and/or interstitial infiltrates, bilateral 
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infiltrates or not and by the presence of pleural effusion. Assessment of illness severity was performed 

according to the SOFA and SAPS II scores (16,17). All microbiologic data resulting from the samples drawn 

at ICU admission were also recorded. 

On the respiratory samples, to assess the presence of viruses and atypical pathogens, we performed two 

additional molecular tests (respiratory panels Seegene PCR and Legionella PCR) and a specific Legionella 

culture. 

Study data were collected and managed using REDCap electronic data capture tools hosted at Nîmes’ 

university hospital (18,19). REDCap (Research Electronic Data Capture) is a secure, web-based software 

platform designed to support data capture for research studies, providing 1) an intuitive interface for 

validated data capture; 2) audit trails for tracking data manipulation and export procedures; 3) automated 

export procedures for seamless data downloads to common statistical packages; and 4) procedures for 

data integration and interoperability with external sources. 

 

Laboratory testing for bacteria and viruses (Appendix 2) 

All patients had at least one respiratory sample on ICU admission (sputum, bronchial aspiration, protected 

bronchial sample or broncho-alveolar lavage) and urinary antigens for Legionella pneumophila serogroup 

1 collected at admission. Urinary antigens for Streptococcus pneumoniae were also looked for in most 

cases and blood samples were drawn for aerobic and anaerobic blood culture. 

The microbiological tools on ICU admission included: 

- Gram staining and culture of respiratory sample 

- aerobic and anaerobic blood culture  

- Legionella pneumophila serogroup 1 urinary antigen.  

- respiratory panel PCR (AllplexTM Respiratory Panel (RP) 1 to 4, Seegene) looking for viruses and atypical 

bacteria 

- Legionella PCR (R-DiaLegTM, Diagenode diagnostics) and specific culture for Legionella.  
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Most patients underwent Streptococcus pneumonia urinary antigen testing as well. If the doctor in charge 

felt it was necessary, some patients initial evaluation also included GeneXpert® Flu/VRS PCR, 

Pneumocystis jiroveci and Herpesviridae tests. 

 

Statistical analysis 

Continuous variables were expressed in medians (inter-quartile ranges, IQR) when discrete variables were 

expressed in counts (percentages).  

 

 

RESULTS 

One-hundred and four patients were included in the study (Figure 1). The majority of patients were men 

(64%) and the mean age was 67 years old (IQR 16 years). More than half of the patients had either 

cardiovascular or respiratory conditions (58% and 55% respectively) and two third were smokers or 

previous smokers  (36% and 33% respectively). A third of them had an immunodeficiency (31%) including 

26 patients with malignancies, 17 had an immunosuppressive treatment and 2 were splenectomised . The 

median Charlson score was 4 (IQR 3). General characteristics of patients are shown in Table 1. 

 

148 suspicion of severe CAP 

123 severe pneumonia 

104 severe CAP 

25 pneumonia diagnosis disproved  

19 healthcare associated pneumonia  

Figure 1. Flow chart 
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Patient outcome 

Almost three quarters of patients with severe CAP had a PaO2/FiO2 ratio under 300 mmHg at admission. 

More than half of the patients required invasive mechanical ventilation within the first 24 hours, 78 (75%) 

needed it at some point during the stay when 21 (20%) required high flow oxygen as the maximum 

respiratory support. The number of days alive without invasive mechanical ventilation was 2 days (IQR 6,5 

days) by the 7th day and 18 days (IQR 24 days) by the 28th. The median length of invasive mechanical 

ventilation was 5 days (IQR 9,8 days) and the median length of stay in ICU was 9 days (IQR 13,3 days). 

Overall, patients had severe infections with a median SAPS II score at ICU admission of 46,5 (IQR 24,5) and 

median SOFA score at 6 (IQR 5). 

The number of days alive without renal replacement therapy was 7 at day 7 (IQR 0 days) and 28 at day 28 

(IQR 16 days). For vasopressive support the number of days alive without catecholamine was 3 days by 

Table 1. General characteristics of patients with severe CAP (n=104) 

Characteristics Value (SD or %)  

Demographics 
 

Age 67 (16) 

Gender, male 67 (64)   

Comorbidities 
 

Smoking * 
 

- active 37(36) 

- weaned off 34 (33) 

Chronic alcoholism * 12 (12) 

Cardiovascular disease 60 (58) 

Respiratory disease 57 (55) 

Neurologic impairment 14 (14) 

Cirrhosis 7 (7) 

Chronic renal disease 15 (14) 

Diabetes mellitus 27 (26) 

Immunodepression 32 (31) 

Charlson score 4 [3] 

Data are presented as median [IQR] or No (%). 

Cardiovascular diseases includes : hypertension, atrial fibrillation, coronary diseases, cardiac 

insufficiency and peripheral arterial disease. 

Respiratory diseases includes : asthma, COPD, restrictive disease, chronic respiratory 

insufficiency, obstructive sleep apnea 

Immunodepression includes : malignancy, aplasia, immunosuppressive treatment, HIV, 

primitive immune deficiency and splenectomy 

*  1 missing data, n=103 
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the 7th day (IQR 6 days) and 20 days by the 28th (IQR 22 days). A third of the population had died at day 

28 (33%) and 40 (39%) at 3 months. 

All data are summarized in Table 2. 

 

Microbiology 

Respiratory sample specimens were as follows : 20 sputum specimens (19%), 2 bronchial aspirations (2%), 

40 protected distal specimens (39%), 3 mini broncho-alveolar lavages (BAL) (33%) and 39 BAL (38%). A 

microbiological diagnosis of CAP was established in 70 (67%) cases. The eight most frequent pathogens 

identified were influenza A/B (15%), Streptococcus pneumonia (12%), rhinovirus (7%), Staphylococcus 

aureus (6%) (including 2 methicillin-resistant S. aureus), Pseudomonas aeruginosa (6%), Legionella spp. 

(6%), Escherichia coli (5%) and herpesviridae (5%) (Table 3).  

Blood culture samples were drawn in 86 (83%) cases and bacteria was identified in 12 cases (12% of our 

cohort). The three most frequent pathogens were Streptococcus pneumonia (25%), Staphylococcus aureus 

(17%) and Escherichia coli (17%) (Table 3). 

A summary of tests and positive findings can be found in Table 4. 
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Table 2. Clinical features and evolution of patients with severe CAP 

Clinical features in the first 24 hours Values (n=104) 

Radiographic features  
Alveolar infiltrates 18 (17%) 

Interstitial infiltrates 16 (15%) 

Alveolo-interstitial infiltrates 52 (50%) 

Bilateral infiltrates 59  (57%) 

Pleural effusion 18 (17%) 

Normal imaging 

 

14 (14%) 

 

PaO2/FiO2 categories  
< 100 mmHg 35 (34%) 

100-200 mmHg 41 (39%) 

201-300 mmHg 21 (20%) 

> 300 mmHg 

 

7 (7%) 

 

Ventilatory support$ 
 

None 4 (4%) 

HFO 48 (46%) 

NIV 26 (25%) 

Invasive ventilation 

 

60 (58%) 

 

Severity scores  
SAPS II 46.5 [24.5] 

SOFA score 6 [5] 

  
Outcomes  
Length of stay in ICU (d) 9 [13.3] 

HFO as maximum ventilatory support 21 (20%) 

Need for invasive ventilation 78 (75%) 

Number of invasive ventilation days(d) 

 

5 [9.8] 

 

D7# 
 

Invasive ventilation free days 2 [6.5] 

Renal replacement therapy free days 7 [0] 

Catecholamines free days 

 

3 [6] 

 

D28*  
Invasive ventilation free days 18 [24] 

Renal replacement therapy free days 28 [16] 

Catecholamines free days 

 

20 [22] 

 

Mortality at day 28 * 34 (33%) 

Mortality at three months * 40 (39%) 

Data are presented as median [IQR] or No (%). 

$ Some patients required different supports during the first 24h, therefore the categories are not exclusives 

SAPS : simplified acute physiologic score (16), SOFA : sepsis-related organ failure assessment (17), HFO : high flow oxygen 

# 1 missing data 

* 7 missing data 
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Table 3. Pathogen distribution 

  Number of cases 

Pathogen Type 
Urinary 

antigen 

Culture PCR Antigen Blood 

culture on respiratory sample 
Acinetobacter baumannii Bacteria  1   0 

Bordetella parapertussis# Bacteria  0 0  0 

Bordetella pertussis# Bacteria  0 0  0 

Chlamydia pneumoniae# Bacteria  0 0  0 

Citrobacter freundii Bacteria  1   0 

Corynebacterium striatum Bacteria  1   0 

Enterobacter cloacae Bacteria  3   1 

Escherichia coli Bacteria  5   2 

Haemophilus influenzae# Bacteria  3 3  1 

Klebsiella oxytoca Bacteria  1   1 

Klebsiella pneumoniae Bacteria  2   0 

Legionella pneumophila serogroup 1# Bacteria 4 1§ 4  0 

Legionella spp Bacteria  0 2  0 

Moraxella catharralis Bacteria  3   0 

Mycoplasma pneumoniae# Bacteria  0 0  0 

Pasteurella bettyae Bacteria  0   1 

Proteus mirabilis Bacteria  1   0 

Pseudomonas aeruginosa Bacteria  6   1 

Serratia marsescens Bacteria  1   0 

Staphylococcus aureus Bacteria  6   2 

Staphylococcus epidermidis Bacteria  0   1 

Staphylococcus hominis Bacteria  0   1 

Streptococcus dysgalactiae Bacteria  0   1 

Streptococcus mitis/oralis Bacteria  2   0 

Streptococcus pneumoniae# Bacteria 11 * 2 4  3 

Atypical mycobacteria   1   0 

Adenovirus# Virus   0   

Bocavirus# Virus   0   

Coronavirus# Virus   0   

Enterovirus# Virus   2   

Influenza A# Virus   1   

Influenza A H1N1# Virus   5   

Influenza A H3N2# Virus   6   

Influenza B# Virus   4   

Herpesviridae (CMV,EBV, VZV, HSV) Virus   5$   

Metapneumovirus# Virus   2   

Parainfluenzae virus 1# Virus   1   

Parainfluenzae virus 2# Virus   0   

Parainfluenzae virus 3# Virus   0   

Parainfluenzae virus 4# Virus   0   

Rhinovirus# Virus   7   

VRS# Virus   3   

Pneumocystis jiroveci Fungus   8   

Aspergillus Fungus    1  

# Pathogen detectable with the AllplexTM Respiratory Panel 1 to 4 (Seegene) 

§  found with specific Legionella culture and not the standard culture 

$ 2 HSV1, 2 CMV and 1 EBV 

* n=88 



41 
 

 

Respiratory panel PCR impact on severe CAP diagnosis 

The type of pathogens identified by combining respiratory panel PCR and legionella PCR are represented 

in Figure 2. 

 

On the 38 cases of infection involving bacteria 7 were due to atypical bacteria (15,8%). These were mostly 

Legionella severe CAP (6 cases) and in one case, an atypical mycobacteria was identified. Among the 

Table 4. Microbiological testing done on our population of severe CAP 

Tests Number of 

samples 

Performance of tests, n of 

positive findings (%) 

Respiratory sample Culture 104 26* (25) 

Legionella pneumophila urinary antigen 104 4 (3,8) 

Streptococcus pneumoniae urinary antigen 88 11 (12,5) 

GeneXpert® Flu/VRS (Cepheid)  16 4 (25) 

Realstar® alpha herpesvirus / CMV / EBV PCR kits (Altona) 15 5 (33,3) 

RealStar® Pneumocystis jiroveci PCR kit (Altona)  27 8 (29,6) 

Mycobacteria 22 1 (4,5) 

Aspergillus 27 3 (11,1) 

Nocardia / Actinomyces 12 0 (0) 

AllplexTM Respiratory Panel (RP) 1 to 4 (Seegene)  104 40 (38,5) 

R-DiaLegTM (Diagenode diagnostics)  104 6 (5,8) 

Legionella culture 104 1 (1) 

Blood culture 86 12 (14) 

* positive with pathogen > threshold   

Figure 2. Respiratory panel (RP) PCR and Legionella PCR impact 
on aetiological diagnosis of severe CAP 
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Legionella severe CAP, 4 were due to Legionella pneumophila serogroup 1 which were detected by the 

common urinary antigen and 2 were due to Legionella spp which were detected by the specific PCR (R-

DiaLegTM (Diagenode diagnostics)). Legionella culture was only positive in 1 case. 

The systematic use of a respiratory panel PCR contributed to the  diagnosis of 28 patients (27%) which 

had not or had an incomplete diagnosis. We mostly found viral related severe CAP (20 cases) and 8 cases 

of viral-bacterial coinfections. The most frequent viruses found were influenza virus A and B followed by 

rhinovirus. This last one was the most frequently involved in coinfections. Details on the viruses involved 

are found in Table 5. 

 

 

Type of infection and mortality 

Among the 70 cases with a microbiological diagnosis, 28 were due to bacterial pathogen only (40%), 26 

were viral-only severe CAP (37%), 12 were coinfections (17%) and 4 were fungal-only severe CAP (6%). 

Coinfections included 9 viral-bacterial severe CAP (75%) and 3 fungal-bacterial severe CAP (25%). So 

viruses were detected in 50% of severe CAP with a microbiological diagnosis (34% of all severe CAP).  

Out of 28 bacterial-only severe CAP 13 had died by day 28 and 14 by the third month (46% and 50% 

respectively). 7 deaths by day 28 and 8 by the third month were deplored in the viral-only group (27% and 

31% respectively) whereas 5 deaths by day 28 and 6 by the third months in the coinfection  group (42% 

and 50 respectively). In the fungal-only group 3 patients died (75%). Mortality rate according to the type 

of infection is shown in Figure 3.  

Table 5. Input of a systematic use of a respiratory panel PCR : pathogen found and type of severe CAP 

Pathogen Viral-only severe CAP Viral-bacterial coinfections 

Influenza  A 9 1 

Influenza B 3  

Rhinovirus 3 4 

Metapneumovirus 2  

CMV 1  

Enterovirus 1 1 

HSV1  1 

Parainfluenzae virus 1 1  

RSV 1 1 

CMV: cytomegalovirus, HSV: Herpes Simplex Virus, RSV: Respiratory Syncytial Virus 
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Impact of the use of respiratory panel PCR on treatment 

The median duration of antimicrobial therapy was seven days (IQR 3 days). Antimicrobial therapy was 

adapted in 51% of patients during their ICU stay.  

Among the twenty-eight patients for whom the systematic use of respiratory panel PCR would have 

changed the antimicrobial strategy, eighteen would have their antibiotic duration shortened and eight 

would benefit from the introduction of oseltamivir (Figure 4). 

 

 

 

 

Figure 3. Mortality by day 28 and month 3 according to the type of infection 

Mortality at 3 months Mortality at 28 days 
Missing data (counted as alive) : bacterial infection 1, coinfection 1, viral infection 2, non-documented infections 3 

Figure 4. Theoretical impact of a systematic use of respiratory panel PCR on treatment 
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DISCUSSION 

In this cohort of severe CAP,  we report a 67% rate of documented severe CAP which is similar to previous 

studies (54-71%) (3,4,6,8,10,20).  The systematic use of molecular testing methods permitted to either 

diagnose or sharpen the diagnosis of 27% of severe CAP in our study. Among the severe CAP with a 

confirmed aetiological diagnosis, 50% implicated viruses (33,7% of the whole population). The use of PCR 

has increased detection of viruses that are difficult to identify with conventional methods, including 

rhinoviruses, human coronaviruses and human metapneumovirus. As a result, the overall prevalence of 

respiratory viral infections in PCR studies is generally higher than for studies in which PCR was not 

implemented. The high proportion of viruses reported in the present study adds to the growing evidence 

of their implication in severe CAP (4,10,12,13,21) and highlights the risk of underestimation when viral 

PCRs are not integrated in CAP diagnosis strategy. In Arabi and colleagues’ review, respiratory viral 

infections accounted for 17-53% among critically ill patients (12).  Whether these viral severe CAP should 

be treated with preventive or therapeutic antiviral therapy remains a matter of debate (22). 

Influenza A/B were the most frequent pathogens found in our population followed by Streptococcus 

pneumonia and rhinovirus. This is similar to those detected by Quah and al (4) and more widely to the 

most frequent pathogens found in the literature of severe CAP (7,9,11,13). Rhinovirus was the first virus 

implicated in virus-bacterial coinfections contrary to Lim and al.’s study that found respiratory syncytial 

virus as the most frequent virus in these coinfections (10). This might be explained by the fact that Lim’s 

study was not specific to severe community-acquired pneumonia but concerned all hospitalized CAP.  

Accordingly to the literature, the most frequent bacteria found is Streptococcus pneumoniae and it is also 

commonly associated with bacteremic pneumonia (6,8,10,20). Alongside, the use of molecular assays 

pointed out two additional Legionella severe CAP. Those were due to Legionella spp. This study was not 

designed to evaluate the interest of systematic molecular Legionella tests in patients admitted in the ICU 

for severe CAP, however this result is noteworthy and asks for additional studies. In this line, Gatsby and 

al. evaluated the systematic use of Legionella molecular testing in patients with severe pneumonia 

hospitalized in ICU or hematology-oncology ward or in patients with atypical pneumonia on specific 
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request, and found greater diagnosis of Legionella pneumophila and Legionella species. The authors 

concluded on its useful addition when applied in a well-defined algorithm (23).  

Within our population coinfections accounted for 11,5% of all severe CAP which is similar to the study 

findings reported by Quah and colleagues in their retrospective cohort study and Cilloniz and al in their 

prospective cohort (4,8) and lower than the prevalence reported by Voiriot et al. (9).Strong variations in 

the distribution of viral species according to the studied population, seasonality, and geographic areas 

have been observed. Mortality in co-infected patients was high (50%) emphasizing the increased 

pathogenicity of the interaction of bacteria and viruses in severe CAP (9). 

According to pathogens detection allowed by the respiratory panel, antibiotics could have been stopped 

earlier and some patients could have beneficiated from oseltamivir if molecular methods had been 

applied. According to Arabi and al.’s 2020 recommendations oseltamivir should be used for all hospitalized 

patients regardless of illness duration prior to hospitalization even though the greatest benefit on 

reduction of mortality happens if administered early (7,12).  

However, as respiratory panel PCRs may not include some pathogens involved in severe CAP such as 

Pseudomonas aeruginosa,  combining respiratory panel PCRs with conventional methods for the 

detection of respiratory pathogens should remain the rule (4,24). Worth noting, in the present cohort we 

found 11% of nosocomial pathogens such as methicillin-resistant Staphylococcus aureus and 

Pseudomonas aeruginosa. In these situations, initial antibiotic therapy recommendations may fail to 

provide adequate antimicrobial therapy.  

In the present study, death occurred in one third of the population confirming the results from  previously 

published studies on severe CAP (2,5,6). The difference in mortality rate between studies is mainly 

explained by the variability in patient severity. Although IDSA/ATS criteria appear to be the most 

pragmatic severity tool in CAP (7), definition of severe community-acquired pneumonia and criteria for 

ICU admission still widely varied (4,8). 

 

We acknowledge several limitations of the present study. First, this is a single center retrospective study, 

thus, results cannot be generalized to all ICUs. Alongside, the high proportion of immunodepression in 
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this cohort (mostly due to malignancy, chemotherapy or corticosteroids) might have increased the 

presence of viral infections. However, the reported viral and co infections rates are consistent with the 

literature. Second, due to the small sample size, we could not assess the risk factors for bacterial-viral 

coinfections. Third, due to the retrospective nature of this study, the microbiological investigations were 

not standardized. A PCR was reported for each included patient because it was the criteria for patient 

screening, however, additional microbiological testing were performed on a convenient sampling. Finally, 

it would have been interesting to analyze the impact of a systematic use of molecular assay on 

therapeutics and patient outcome to better determine beneficial effects of implementing these rapid 

molecular diagnostic tools at bedside. 

 

In conclusion, the positive aetiological diagnosis of severe CAP with the use of molecular assays was 67% 

in the present study. The three most frequent pathogens were influenza A/B virus, Streptococcus 

pneumonia and rhinovirus. Using respiratory panel PCR tests on all samples permitted 27% more diagnosis 

and viral aetiology accounted for 50% of severe CAP with a determined pathogen. Therefore, the routine 

use of respiratory panel PCR could help in determining the aetiology of severe CAP (especially for viruses 

and Legionella) but the cost effectiveness of such strategy should be evaluated in a prospective cohort. 
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APPENDIXES 

APPENDIX 1 : IDSA/ATS criteria for defining severe community-acquired pneumonia (15) 

 

 

 

 

 

 

 

 

 

 

 

 

  

Validated definition includes either 1 major criterion or ≥3 minor criteria 

Major criteria 

Septic shock with need for vasopressors  

Respiratory failure requiring mechanical ventilation 

  

Minor criteria 

Respiratory rate >30 breaths/min 

PaO2/FIO2ratio <250 mmHg 

Multilobar infiltrates 

Confusion/disorientation 

Uremia (blood urea nitrogen level >20 mg/dl) 

Leukopenia* (white blood cell count < 4,000 cells/ml) 

Thrombocytopenia (platelet count < 100,000/ml) 

Hypothermia (core temperature < 36,8°C) 

Hypotension requiring aggressive fluid resuscitation 

*Due to infection alone (i.e not chemotherapy induced) 



50 
 

APPENDIX 2 : Description of microbiological tests used on the respiratory samples 

AllplexTM Respiratory Panel (RP) 1 to 4 (Seegene) : looks for respiratory viruses, atypical pathogens and 

most frequent bacteria 

- RP 1 : Influenza A virus (Flu A), Influenza A-H1 (Flu A-H1), Influenza A-H1pdm09 (Flu A-H1pdm09), 

Influenza A-H3 (Flu A-H3), Influenza B virus (Flu B), Respiratory syncytial virus A (RSV A), 

Respiratory syncytial virus B (RSV B)  

- RP 2 : Adenovirus (AdV), Enterovirus (HEV), Metapneumovirus (MPV), Parainfluenza virus 1 (PIV 

1), Parainfluenza virus 2 (PIV 2), Parainfluenza virus 3 (PIV 3), Parainfluenza virus 4 (PIV 4) 

- RP 3 : Bocavirus 1/2/3/4 (HBoV), Coronavirus 229E (229E), Coronavirus NL63 (NL63), Coronavirus 

OC43 (OC43), Human rhinovirus (HRV) 

- RP 4 : Bordetella parapertussis (BPP), Bordetella pertussis (BP), Chlamydophila pneumoniae (CP), 

Haemophilus influenzae (HI), Legionella pneumophila (LP), Mycoplasma pneumoniae (MP), 

Streptococcus pneumoniae (SP) 

R-DiaLegTM (Diagenode diagnostics) : detects Legionella pneumophila and Legionella spp 

GeneXpert® Flu/VRS (Cepheid) : allows urgent diagnoses of influenza  A/B and VRS  

Realstar® alpha herpesvirus PCR kit and Realstar® CMV and EBV PCR kits (Altona) : detection and 

quantification of HSV 1/2, VZV, CMV, EBV 

RealStar® Pneumocystis jiroveci PCR kit (Altona) : detection and quantification of Pneumocystis jiroveci 

specific DNA 

Gram-staining and respiratory sample culture : 

- Gram-staining is often the first test performed, 3 steps (crystal violet dye, fixation with iodine and 

decoloration) are followed to assess for positivity (microorganisms with higher peptidoglycan 

content) or negativity (microorganisms with higher lipid content) and fuschin stain is used for an 

easier identification of Gram-negative bacteria 

- Culture uses growth media containing nutrients to isolate pathogens. Here a selective media, 

BCYE (Buffered Charcoal Yeast Extract), was also used to assess for Legionella species. 
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RESUME 

Introduction: Les pneumopathies aiguës communautaires (PAC) graves sont une cause fréquente 

d’hospitalisation en réanimation et grevées d’une importante mortalité. La responsabilité des virus dans 

cette pathologie est un sujet d’actualité. Les objectifs de cette étude sont de décrire l’écologie locale des 

PAC graves, d’identifier le rôle des virus et de discuter de l’intérêt de l’utilisation systématique de tests 

moléculaires à l’admission des patients.  

Méthode: Etude descriptive rétrospective monocentrique incluant des adultes admis en réanimation 

pour PAC grave, répondant aux critères de l’IDSA/ATS, et ayant un prélèvement respiratoire disponible 

ainsi qu’un test urinaire antigénique de légionellose. En plus des résultats microbiologiques respiratoires 

disponibles, nous avons réalisé une analyse moléculaire à spectre respiratoire et une culture spécifique 

de la légionelle. Le critère d’évaluation principal était la proportion de chaque pathogène détecté sur les 

prélèvements respiratoires. Les critères d’évaluation secondaires étaient l’apport de l’utilisation 

systématique de tests moléculaires, la présence de co-infections virus-bactéries et  la mortalité. 

Résultats: Au total 104 patients ont été inclus, avec un score SAPS II médian de 46.5 (IQR 24.5). Le 

diagnostic étiologique a pu être défini dans 67% des cas. Les pathogènes les plus impliqués étaient le virus 

de la grippe (A/B), Streptococcus pneumoniae et rhinovirus. L’utilisation systématique de tests PCR 

couvrants les pathogènes respiratoires a bénéficié au diagnostic de 28 patients (27%) avec 20 cas 

d’infections virales et 8 cas de co-infections. A noter, 2 cas de légionellose grave sur 6 ont été uniquement 

détectés via la PCR. Celles-ci étaient dues à des Legionella spp. La mortalité a atteint 39% au 3ème mois. 

Conclusion: Deux tiers des patients ont eu un diagnostic étiologique. La mortalité des PAC graves était 

élevée. Les 3 pathogènes les plus fréquents sont le virus de la grippe, Streptococcus pneumoniae et 

rhinovirus.  Les tests moléculaires ont permis d’améliorer le rendement diagnostique et de mettre en 

évidence l’implication des virus dans ces PAC graves.  

Mots-clés: pneumopathie aiguë communautaire grave, réanimation, pneumonie, microbiologie, PCR, 

tests moléculaires 


