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Abstract
Introduction: Microbiological diagnosis for pneumonia causing pathogens refractory to cultivation is frequently slow for
clinical decision taking. Fastidious pathogen identification using new molecular techniques might accelerate appropriate
antibiotic treatment start in patients.
Objectives: We investigated a prototype multiplexed pneumonia test covering the three pneumonia-causing fastidious
pathogens Legionella pneumophila, Chlamydia pneumoniae, Moraxella catarrhalis and 22 resistance genes.
Methods: Results were obtained in 302 hospitalized patients with suspected pneumonia by examining BAL, tracheal
secretion and sputum material. Molecular test results were compared to conventional culture, biochemical test, serology
and antimicrobial susceptibility testing (AST) results as validated methods. Discrepant results were evaluated in context of
patient treatment and outcome in order to assess impact and relevance of molecular results.
Results: Among 302 patients, potentially relevant fastidious pathogens were detected in only 4 patients by molecular
analysis: L. pneumophila (n = 3), C. pneumoniae (n = 1), M. catarrhalis (n = 1). Of these, only the signal for M. catarrhalis
was above the threshold proposed by the manufacturer. The device detected possibly associated resistance markers: ermB
(L. pneumopila, C. pneumoniae), ermC (L. pneumophila) and mefA (M. catarrhalis). These resistance markers were not
associated to the pathogens identified by the molecular technique. In contrast, the conventional culture technique
identified Enterococcus faecium (n = 1), Enterobacter aerogenes (n = 2) and Acinetobacter baumannii (n = 1) with
relevant resistances: gentamicin high-level (E. faecium), piperacillin/tazobactam and ceftazidim (E. aerogenes), and
ampicillin/sulbactam and ciprofloxacin (A. baumannii).
Conclusion: Of the cases in which fastidious bacterial DNA could be detected, only one case (M. catarrhalis) was
relevant according to system threshold, but clinical relevance remained unclear. Erythromycin-resistance was indicated by
the system without corresponding pathogen identification. It appears that detected resistance genes were associated with
respiratory flora, thereby possibly misleading the clinician. On the other hand, nosocomial pathogens detected by
conventional techniques were not sufficiently covered by the system. Taken together it seems that system specificity for
fastidious pneumonia pathogens might be sufficient but results for resistance genes did not correspond to results of
pathogen identification.
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1 Introduction
Delay in microbiology culture diagnostics for pneumonia-causing pathogens refractory to cultivation is a clinical problem
which often results in empirical, sometimes inefficient, broad-spectrum antibiotic therapy until final microbiology results
become available. Identification by molecular techniques might accelerate appropriate treatment of both ventilatorassociated pneumonia (VAP) and community-acquired pneumonia (CAP) [1, 2] which is of special importance for patients
treated in intensive care untis (ICU) [3]. We investigated the Unyvero™ prototype with cartridge P50 covering 17
pneumonia-causing pathogens, among them the fastidious pneumonia-causing pathogens Legionella pneumophila [4]
and Chlamydia pneumoniae [5, 6], which are clinically important in immunocompromised patients [4, 7]. Moraxella
catarrhalis [8] is a pathogen which can be overlooked easily as it looks similar to other commensal bacteria of the normal
flora [9]. Bacterial resistance to many antibiotic treatment options is a growing clinical problem throughout the world.
Antimicrobial susceptibility testing (AST) using either microdiluting methods or automated techniques is the current
gold-standard for pathogen resistance detection [10]. Molecular methods for detecting antibiotic resistance are on the
rise [11, 12], but these methods still need to be compared to AST results [13-15].

2 Material and methods
Results were obtained in 302 hospitalized patients with suspected pneumonia by examining broncho-alveolar lavage
(BAL), tracheal secretion and sputum material using the Unyvero™ pneumonia prototype (Curetis AG, Holzgerlingen,
Germany). This study intended to compare the established standard-of-care for pathogen and antibiotic resistance
detection to the Unyvero™ prototype pneumonia application. It also intended to aid in the diagnosis of pneumonia by
identifying genes of 17 pathogens, including fastidious pathogens (Acinetobacter baumannii, Enterobacter spp.,
Escherichia coli, Chlamydia pneumonia, Haemophilus influenzae, Moraxella catharalis, Streptococcus pneumoniae,
Haemophilus influenza, Legionella pneumophilia, Klebsiella pneumoniae, Klebsiella oxytoca, Morganella morganii,
Pneumocystis jirovecii, Proteus spp., Pseudomonas aeruginosa, Serratia marcescens, Staphylococcus aureus,
Stenotrophomonas maltophilia), and in the detection of 22 resistance gene markers (tem, shv, ctx-M, dha, ebc, kpc, oxa51,
mecA, msrA, ermB, mefA/E, int1, sul1, gyrA83, gyrA87, parC) associated with antibiotic resistance [16]. Test results were
compared to findings of conventional culture and AST. A control of the results by another molecular technique like 16S
rRNA gene PCR was not possible, as samples from the respiratory tract are usually contaminated by several
microorganisms. This leads to mixed sequences in the amplicon averting a sufficient sequencing of nucleotides.
Discrepant results were evaluated in context of patient treatment and outcome to assess impact and relevance of molecular
results.

3 Results
Fastidious pathogens were detected in only four patients out of 302 patients enrolled at our site. In these patients, detection
signal differences were seen between the Unyvero™ prototype and conventional microbiology for fastidious pneumonia
causing pathogens. Unyvero™ prototype detected the fastidious pathogens Legionella pneumophila (n = 3), Moraxella
catarrhalis (n = 1), and Chlamydia pneumoniae (n = 1) in four different patients which have not been detected by
conventional microbiology. In two of these patients, Stenotrophomonas maltophila (n = 2) as a non-fastidious pathogen
was detected only by the Unyvero™ prototype. Of these, only the signal for M. catarrhalis was above the threshold
proposed by the manufacturer. In these four patients, Unyvero™ prototype application system was in addition able to
detect different possibly associated resistance genes ermB (L. pneumopila, C. pneumoniae), ermC (L. pneumophila) and
mefA (M. catarrhalis) (see the table). Parallel conventional diagnostic grew Enterococcus faecium (n = 1), Enterobacter
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aerogenes (n = 2) and Acinetobacter baumannii (n = 1) with relevant resistances: gentamicin high-level (E. faecium),
piperacillin/tazobactam and ceftazidim (E. aerogenes), and ampicillin/sulbactame and ciprofloxacin (A. baumannii). The
patient with M. catarrhalis suffered from infection-exacerbated COPD, conventional culture showed low colony-forming
unit (CFU) numbers of E. aerogenes. Treatment with meropenem was successful, making this case ambiguous. For two
other pathogens (Streptococcus pneumoniae, Stenotrophomonas maltophilia) the detection signals seemed to be false
positive in our small sub-analysis (see the table).
Table. Comparison of Unyvero™ prototype results with conventional microbiology results for pathogens recalcitrent to
cultivation

Patient 1

Unyvero™ Application System
Germs
Resistance Genes
Legionella pneumophilia
ermB & ermC
Stenotrophomonas maltophilia

Patient 2

Legionella pneumophilia
Stenotrophomonas maltophilia

ermB

Patient 3

Legionella pneumophilia
Moraxella catharralis
Streptococcus spp.

ebc
ermB & ermC
mefA

Patient 4

Chlamydia pneumoniae
Proteus spp.

ermB

Conventional Microbiology
Germs
Antibiogram Resistance
*
Enterococccus faecium
gentamicin high-level *
Candida famata
quinolones
ampicillin*,
*
Enterobacter aerogenes
ampicillin/sulbactam*
Yeasts
cefuroxime*
ampicillin*,
ampicillin/sulbactam*
Enterobacter aerogenes*
piperacillin/tazobactam*
Streptococcus spp.
cefuroxime* cefotaxime*
ceftazidime*
Coagulase-negative
staphylococci,
Proteus mirabilis
Acinetobacter baumannii*
Candida glabrata

ampicillin*,
ampicillin/sulbactam*,
cefuroxime*,
cefotaxime*,
ciprofloxacin*

Note. *Relevant AST results for conventional pathogen finding

Three of these patients passed away during study period, one patient survived. Antibiotic treatment was either done
empirically or based on conventional antibiogram. Unyvero™ prototype results were not sent to the clinical site as
application is not validated yet clinically. The initial antibiotic treatment against radiologically confirmed pneumonia of
case 1 (68 year old Caucasian) consisted of sultamicillin and roxithromycin, but was not sufficient as patient was
re-admitted to hospital with similar clinical signs of dyspnoea. At this time, pulmonary embolism was diagnosed. Lysis
therapy plus interventional thrombectomy was started immediately. The initial antibiotic treatment was re-started without
any improvement in respiratory function. Liver transaminases and coagulation parameters deteriorated and acute liver
failure was suggested. The patient had a travel history to China some weeks before his hospitalisation. Hepatitis serology
was positive for hepatitis E IgG antibodies. Conventional BAL analysis showed Enterococcus faecium (sensitive to
vancomycin and linezolid), also detected in central venous blood culture, and Candida famata (sensitive to fluconazole,
voriconazole, amphotericin B and itraconazole). The E. faecium isolate showed high-level resistance to gentamicin in
AST. Legionella pneumophila IgG and IgM ELISA were negative. Viral analysis was negative for CMV pp65, EBV
quantitative PCR, VZV PCR, HHV-6 PCR, HIV quantitative PCR and Adenovirus qualitative PCR. ELISA serology
(IgG/IgM/IgA) was negative for herpes simplex virus, cytomegalovirus, Epstein-Barr-virus, varizella zoster virus,
influenza A, influenza B and parainfluenza 1, 2 and 3. ECG and cranial CT was normal. Abdominal sonography showed
slight hepatomegaly with normal blood flow. Chest X-Ray revealed shadows in left upper field and right lower field of
lung with mediastinal fluid left. Calculated initial meropenem therapy was chosen from the treating physician for the
treatment of Enterococcus bacteremia until AST results became available. Patient developed rising body temperatures,
progredient infiltrates in lung, rising CRP levels, leucocytosis, anemia and thrombocytopenia. Patient developed sepsis
and died in multiorgan failure a few days later. Unyvero™ prototype was able to detect additionally two germs (Legionella
pneumophilia and Stenotrophomonas maltophilia) in this patient. In the Unyvero™ resistance gene analysis, macrolide
resistance genes ermB and ermC were detected as well.
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Case 2 was a 68 year old woman who was admitted with acute left sided subarachnoidal and intracranial bleeding due to a
rupture of a left arteria cerebri media aneurysma. Unyvero™ prototype results showed Stenotrophomonas maltophilia and
Legionella pneumophila value around the pre-defined threshold which have not been detected by conventional
microbiology. ermB resistance gene was detected. Initial calculated treatment consisted of trimethoprim and
sulfamethoxazole (co-trimoxazole). Despite hemicranectomy and clip support of aneurysma rupture patient passed away
within one month. Clinical signs of pneumonia (cough, dyspnoea, fever) were evident, although no infiltrates were seen in
chest X-Ray.
Case 3 is on the waiting list for lung transplantation due to stage IV COPD and lung emphysema. Patient was admitted to
hospital with worsening shortness of breath. Bronchoscopy showed acute bronchitis and BAL was undertaken.
Conventional microbiology results showed Enterobacter aerogenes in BAL. Enterococcus faecium and
coagulase-negative staphylococci were found at the catheter tip, an antibiogram-adapted treatment against Enterococcus
faecium was started. ELISA showed 10.00 mg/L antibodies against pneumococcal capsule polysaccharide. No
Pneumocystis jirovecii was found microscopically. HSV, CMV, VZV and Influenza A/B PCR were negative. Aspergillus
antigen as well as Cryptococcus antigen were not detected serologically. As no infiltrates were seen in the chest X-Ray,
diagnosis of pneumonia was defined clinically. Patient was treated with clarithromycin, linezolid and meropenem.
Streptococcus pneumoniae and Moraxella catarrhalis and ebc, ermC, mefA, ermB resistance genes were detected by
Unyvero™ Application System in BAL samples from this patient. In addition, an amplification signal for Legionella
pneumophila below the threshold was detected by the Unyvero™ Application System. Patient survived this episode and is
still on waiting list for lung transplantation.
Case 4 was admitted to the hospital with acute left-sided chest pain, elevated troponine I laboratory values and ST-segment
depression in ECG. 3-vessel coronary heart disease was confirmed following heart catheter examination, thus heart
surgery was performed. Patient was reintubated after heart surgery due to food aspiration and respiratory problems. The
patient developed rising infection signs and elevated CRP level. An empiric antibiotic treatment with meropenem and
vancomycin was started due to the development of infiltrates in chest X-Ray. Proteus spp. and C. pneumophila below
system threshold and ermB-resistance gene were detected by Unyvero™ prototype in BAL samples from this patient. The
patient did not receive any immunosuppressive therapy. Conventional microbiology results showed coagulase-negative
Staphylococci, Proteus mirabilis, Acinetobacter baumannii and Candida glabrata in BAL, as well as Candida glabrata in
one blood culture at different time points. Patient underwent gastroscopy due to gastric bleeding, and was treated with
adrenaline injection at antrum bleeding site. Despite antibiotic and gastroscopic treatment patient’s condition worsened
and patient passed away in septic shock. An obduction was done in which death due to bacterial sepsis and multiple organ
failure was confirmed.

4 Discussion
As a monocentric experience, Unyvero™ prototype system used in our study was able to detect fastidious germs in 4 out
of 302 patients (L. pneumophila [n = 3], C. pneumoniae [n = 1], M. catarrhalis [n = 1]). Of these, only the signal for M.
catarrhalis was above the threshold proposed by the manufacturer. In addition, in these 4 cases the device detected
possibly associated resistance markers: ermB (L. pneumopila, C. pneumoniae), ermC (L. pneumophila) and mefA (M.
catarrhalis). Conventional diagnostic grew Enterococcus faecium (n = 1), Enterobacter aerogenes (n = 2) and
Acinetobacter baumannii (n = 1) with relevant resistances: gentamicin high-level (E. faecium), piperacillin/tazobactam
and ceftazidime (E. aerogenes), and ampicillin/sulbactam and ciprofloxacin (A. baumannii). The patient with M.
catarrhalis suffered from infection-exacerbated COPD, conventional culture showed low number of E. aerogenes.
Treatment
with meropenem was successful, making this case ambiguous. In case 1, secondary pulmonary hypertension from
CT-confirmed pulmonary embolism and hepatitis E virus-caused acute liver failure might have been worsened by
enterococcus-caused sepsis (detected by conventional microbiology), resulting in multi-organ failure. It is of doubt that
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these clinical symptoms were even more worsened by Legionella pneumophilia or Stenotrophomonas maltophilia,
detected by Unyvero™ prototype system, not detected by conventional microbiology (Legionella IgG / IgM ELISA
negative]. Unyvero™ prototype system detected macrolide resistance genes ermC and ermB (coding for a
macrolide-inactivating enzymes) were not of clinical significance as Enterococcus spp. was treated with roxithromycin.
The resulting conventional antibiogram was appropriate and lead to antibiogram-adapted immediate therapy against
conventionally detected Enterococcus faecium, which was not detected by Unyvero™ prototype application system, as
this germ is not in the panel of this application. Legionella-specific radiological findings were not evident, but initial
roxithromycin therapy should have been useful in the treatment of this potential Legionella infection as well. Legionella
signal was below Unyvero™-threshold, thus it can be speculated that only non-viable Legionella-DNA was detected
without any clinical significance, maybe even caused by contamination. In case 2, patient deceased from massive cerebral
bleeding. There is no evidence that a change of antibiotic treatment following the Unyvero™ results would have changed
this fatal outcome. In case 3, detection of antibodies against pneumococcal capsule polysaccharide as a clinical marker for
vaccination against S. pneumoniae was detected by Unyvero™ system, which could be suggestive for an acute
pneumococcus infection with a different serotype. Thus, Unyvero™ application system might have been the better
diagnostic procedure for the detection of this germ. As in case 1, it is not clear if low grade Legionella detection was not
caused by contamination, as no pneumonia-specific radiological findings were detected and initial treatment included
antibiotic treatment against Legionella. The detected resistance genes might well be coding for macrolide-resistance in
pneumococci, but this finding was not relevant under the antibiotic treatment received. Unyvero™-detected Moraxella
catarrhalis might have well been responsible for respiratory problems, but this germ was well covered with the antibiotic
treatment provided. In case 4, it is questionable if the Unyvero™-detected Chlamydia result was of any clinical
significance, as pathogen detection was below the Unyvero™ Chlamydia threshold and sepsis was confirmed by autopsy.
Moreover, a potential pneumonia caused by anaerobic germs or by the relative frequent CAP-causing fastidious pathogen
Mycoplasma pneumonia [17] was not detected by the molecular prototype device, as these pathogens were not included in
the panel.

5 Conclusions
Of the four cases in which fastidious bacterial DNA could be detected, only one case (M. catarrhalis) was relevant
according to system threshold, but clinical relevance remained unclear. Although Unyvero™ prototype was able to detect
pathogens recalcitrant to cultivation, it is questionable if this was of clinical significance in the cases reported as the
viability of the organism that harbored the detected DNA remained unclear. In all four cases, erythromycin-resistance was
indicated by the system without corresponding pathogen identification. It appears that detected resistances were associated
with respiratory flora, thereby possibly misleading the clinician. On the other hand, nosocomial pathogens detected by
conventional techniques were not sufficiently covered by the system. Taken together, it seems that the prototype system
specificity for fastidious pneumonial pathogens has to be optimized and results of resistance gene detection should be
taken with care. It also remains unclear if detections would have led to a different clinical outcome in the cases reported.
The frequently CAP-causing fastidious pathogen Mycoplasma pneumoniae should also be included in an updated panel.
Further analysis in a future study with an optimized molecular diagnosis system is therefore urgently needed for fastidious
pathogens.
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