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(hereinafter referred to as "Curetis") 
 
 
 
 
 
 
 
 
 
 
 
Last updated: May 2017 
 
Please contact Curetis (if assistance is provided directly by Curetis) or your local contact person 
regarding the current print edition.  
 
Unyvero is a registered trademark of Curetis. 
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This is an operating manual for the Unyvero BCU Application and should only be used by qualified 
personnel. 

1.1 Patents 

Use of the Unyvero System is protected by the following patents: Singapore Patent No. 185467; 
Australian Patent No. 2011254936, Chinese Patent No. ZL201180024484.8 

1.2 Symbols Used 

Safety Symbols 

WARNING A warning contains information relating to tasks that, if not performed correctly, could result 
in injury to the user or even death. Follow instructions that include a warning only once you have 
understood the risk and can therefore carry out the process without risk of injury.  
 
CAUTION A caution contains information relating to tasks that, if not performed correctly, could result 
in damage to the product or invalidate the results of the analysis. Please do not carry out any tasks 
until you have understood the potential risks involved and can perform the task correctly.  
 
NOTE Notes are pieces of information that make it easier to work with the product more efficiently and 
effectively. 

 
Interactive soft keys are shown in bold. 
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1.3 Conventions Used 

Short Names 

Table 1 Unyvero Components 

Full Names Short Names 

Unyvero A50 Analyzer Unyvero Analyzer 

Unyvero L4 Lysator Unyvero Lysator 

Unyvero C8 Cockpit Unyvero Cockpit  

Unyvero M1 Master Mix Tube Unyvero Master Mix 

Unyvero Operating Software  Unyvero OS 

Unyvero BCU Blood Culture Cartridge Unyvero BCU Cartridge 

Unyvero BCU Plug-In Unyvero BCU Plug-In 

Unyvero Sample Tube Holder Unyvero Sample Tube Holder 

Unyvero B1 Sample Tube Unyvero Sample Tube 

Unyvero B1 Sample Tube Cap Unyvero Sample Tube Cap 

Unyvero B1 Transport Cap Unyvero Transport Cap 

Unyvero B1 Collection Tube Unyvero Collection Tube 

 
The Unyvero System consists of the Unyvero Analyzer (item no. 60001), the Unyvero Lysator (item 
no. 60002), the Unyvero Cockpit (item no. 60003), including the Unyvero OS (Software), and the 
Unyvero Sample Tube Holder (item no. 60010). 
 
The Unyvero BCU Application uses the following components: Unyvero BCU Cartridge Set (item no. 
10051) consisting of 12 Unyvero BCU Cartridges (item no. 10050), Unyvero B1 Sample Tube & B1 
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Sample Tube Cap (item no. 10068, contains 12 x item no. 10067), Unyvero B1 Collection Tube (item 
no. 10061, contains 12 x 10058), the Unyvero Master Mix (item no. 10011, contains 12 x 10002), and the 
Unyvero BCU Plug-In.  
 

1.4 Liability 

The content of this manual is subject to change by Curetis at any time without prior notice. 
 
All data and information contained in this manual has been compiled in accordance with current 
German law, European standards and directives.  
 
Curetis gives no guarantee or warranty, either with regard to this guide (in any form of presentation or 
distribution) or its products. This also applies to marketability, applicability to a particular purpose, and 
the non-infringement of third-party intellectual property rights. Curetis will provide immediate 
notification if any conflicting rights come to light. 
 
Curetis accepts no liability for damage caused as a result of: 
» incorrect installation by persons other than Curetis employees or distributors 
» failure to comply with the operating manual supplied with the instruments and the cartridge 
» use of the devices or cartridges for applications other than the approved indication 
» untrained staff, or 
» modifications to products  
 
Curetis 
» is liable for any negligence or willful misconduct in the event that key contractual obligations are 

breached. Depending on the amount, liability for negligence is limited to the amount of the order. 
Liability for consequential and financial losses (e.g. loss of profit) is excluded in the case of 
negligence. 

» is otherwise liable only for damage to materials or property caused by intent or gross negligence. 
Depending on the amount, liability for negligence is limited to the amount of the order. Liability for 
consequential and financial losses (e.g. loss of profit) is excluded in the case of negligence 

The above-mentioned limitations to and exclusions from liability do not apply to claims made under 
the German Product Liability Act, claims for the fraudulent behavior of a contracting party, claims 
arising from liability for guaranteed quality characteristics, or damages resulting from loss of life, 
physical injury, or health. 
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1.5 Service and Support 

If your region is under Curetis customer care, please contact Curetis support by phone or email. Have 
the serial number of your devices to hand (located on the rear of the Unyvero Cockpit and the Unyvero 
Lysator, and under the front cover of the Unyvero Analyzer). Phone +49 7031 49195 55 (available 
Monday–Friday from 9 a.m. to 5 p.m. CET) or email: support@curetis.com. 
 
For all other regions, please contact your local contact person. 
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SAFETY 
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This chapter provides information on how to use the Unyvero BCU Cartridge safely and describes the 
safety precautions that need to be taken. 

2.1 Intended Use 

The Unyvero BCU Application is approved for use together with the Unyvero System. It is used for the 
detection of pathogens and antibiotic resistance genes in samples taken from fully processed blood 
culture bottles.  
 
The Unyvero BCU Application is a DNA test based on the parallel execution of eight multiplex PCR 
reactions. It is approved for the simultaneous detection of multiple pathogen-associated nucleic acids 
in positive blood cultures, with the aim to provide information about the pathogen species and antibiotic 
resistances. The identification of specific, non-viral pathogen DNA in the samples, cultivated in blood 
culture bottles, from patients with signs and symptoms of a bloodstream infection helps in the diagnosis 
of these bacterial and/or fungal infections if these results are used in conjunction with other clinical or 
laboratory methods. Additional cultures are required to cultivate microorganisms for further 
determination of antibiotic resistances. 
 
It is recommended that samples that have tested negative for microorganisms and antibiotic resistance 
genes with the Unyvero BCU Application are retested using microbiological cultures. In particular, a 
negative result for resistance genes does not rule out antibiotic resistance, because other molecular 
mechanisms not tested using the Unyvero BCU Application can lead to resistance. Positive findings 
do not rule out coinfections with viral or other bacterial microorganisms or fungi not analyzed in the 
Unyvero BCU Panel. The microorganism detected may not necessarily be the cause of the illness. 
 
The Unyvero result should not be used alone for diagnosis and patient management.  
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2.2 Responsibilities of the User 

CAUTION The Unyvero BCU Application may only be used for the approved indications. Curetis 
assumes no responsibility for the use of the Unyvero BCU Application for any other purposes.  
 
Do not use Unyvero consumables after the expiration date, if fluid has leaked, or if the packaging is 
damaged. Do not open packaging or seals until immediately before use.  
 
The Unyvero BCU Cartridge, Unyvero Sample Tube, Unyvero Sample Tube Cap, Unyvero Master Mix 
Tube, and Unyvero Collection Tube are intended for single use for one patient sample only. The 
components must be disposed of after use and cannot be reused.  
 
Before using the Unyvero System, all users must be instructed how to operate the instruments. This 
training may only be provided by Curetis personnel or persons trained by Curetis. 
 
In addition, the user should have read the Unyvero System manual and all relevant material safety 
data sheets (Unyvero Cartridge, Unyvero Sample Tube, and Unyvero Sample Tube Cap). 

 

2.3 Storage and Use 

CAUTION Store the Unyvero Cartridge, Unyvero Sample Tube, and Unyvero Sample Tube Cap at 
room temperature (15°C to 25°C). Do not store any of the components in direct sunlight. 
 
Keep the Unyvero Master Mix Tube at -20°C for long-term storage (> 7 days) and at +4°C for short-term 
storage (< 7 days). Before using the Unyvero Master Mix, let it thaw for 30 minutes at room 
temperature. 
 
Do not open the component packaging until shortly before beginning the analysis and use components 
within 30 minutes.  
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2.4 Biological Safety 

WARNING Biological samples can transmit infections. Treat all biological samples, including sample 
containers, as potentially infectious. Adhere to local guidelines regarding the handling of biological 
material.  
 
Wear disposable gloves, a lab coat, and safety glasses when handling patient samples and 
consumables for the Unyvero BCU Application. Wash your hands thoroughly after handling patient 
samples and consumables for the Unyvero BCU Application. Discard used consumables according to 
local safety guidelines or the instructions of your local regulatory authority.  

2.5 Chemical Safety 

CAUTION To minimize any danger when working with hazardous materials:  
» avoid direct contact with chemicals  
» always use personal protective equipment (safety glasses, gloves, protective clothing) when 

handling chemicals 
» check regularly for any chemical leaks  

 
In case of any fluid discharge, follow the cleaning instructions recommended in the material safety 
data sheets. Always adhere to local or national guidelines when handling, storing, or disposing of 
chemicals. Dispose of used consumables according to local safety guidelines or the instructions of 
your local regulatory authority. 
 
NOTE The material safety data sheets (MSDS) for the Unyvero Cartridge, Unyvero Sample Tube, and 
Unyvero Sample Tube Cap are available from Curetis upon request. 
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Packaging Symbols  

 
Pay attention to warnings 

 
Do not expose to direct sunlight 

 
In-vitro diagnostic product 

 

Do not use if packaging is damaged 

 
CE mark 

 
Read the manual 

 
Do not reuse 

 
Temperature limitations 

 
Expiration date 

 

Contents for <n> tests 

 
Lot number 

 
Manufacturer 

 
Product number 

 

Flammable 
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BASIC PRINCIPLE 
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 Unyvero Components 

The Unyvero BCU Application includes the following components: 

» Unyvero Lysator 
» Unyvero Cockpit 
» Unyvero Analyzer 
» Unyvero OS Software and Unyvero BCU Plug-In 
» Unyvero BCU Cartridge 
» Unyvero Sample Tube  
» Unyvero Sample Tube Cap 
» Unyvero Collection Tube 
» Unyvero Master Mix Tube 
» Unyvero Sample Tube Holder 

Instruments and Software 

 
The Unyvero Lysator (1) lyses the sample. 
Based on newly developed technologies, 
the Unyvero Lysator is able to process a 
wide range of clinical sample types using a 
standardized protocol.  
 
The Unyvero Analyzer (2) processes up to 
two Unyvero Cartridges in random access 
mode and automatically performs DNA 
purification, specific amplification, and 
detection. 
 
The Unyvero Cockpit (3), which is 
equipped with a touchscreen and a 
barcode reader, connects the Unyvero 
Analyzer to the Unyvero Lysator. The 

Unyvero OS (software) and Unyvero BCU Plug-In form the user interface, which guides the user 
through the process step by step, and automatically generates and displays the test results.  
 

3 
2 

1 

Figure 1 The Unyvero System 
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Consumables and Accessories 

  

 

 
The Unyvero BCU Cartridge contains reagents for DNA isolation and 
purification, primers, hybridization buffers, wash buffers, and oligonucleotides 
for detection. 

 

 
The Unyvero B1 Sample Tube contains glass beads and buffers to lyse the 
bacteria and liquefy the sample in the Unyvero Lysator. 

 

The Unyvero B1 Sample Tube Cap seals the Unyvero Sample Tube. It contains 
proteinase K and a synthetic control gene for process monitoring.  

 

 
The Unyvero M1 Master Mix Tube is filled with reagents for DNA amplification. 
 
 
The Unyvero B1 Collection Tube can be used when taking the sample from the 
primary sample vial. 
 
 
 

 

The Unyvero Sample Tube Holder holds the Unyvero Sample Tube securely 
while the sample material is transferred into the Unyvero Sample Tube 
(accessory supplied with the Unyvero System). 

 
 

NOTE The instruments are described in detail in the Unyvero System manual. 
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3.2 Unyvero BCU Blood Culture Cartridge 

The Unyvero BCU Cartridge (Figure 2) integrates all relevant analysis steps: 
 
 
 
 
 
 

 
DNA isolation 

 
Multiplex endpoint PCR 

 

Amplicon detection through hybridization on membrane arrays 

 
The Unyvero BCU Cartridge is equipped with integrated reagent vials, a DNA purification column, eight 
separate PCR chambers, and a corresponding number of arrays. The cartridge contains buffers for 
DNA purification, reagents and fluorescence-marked primers for PCR amplification, and probes for 
array hybridization. 
 

Figure 2 The Unyvero BCU Cartridge 
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The cartridge is assembled by inserting the Unyvero Sample Tube containing the lysed sample and 
by inserting the Unyvero Master Mix Tube. Once assembled, the cartridge is physically closed, 
minimizing the risk of contamination. 
 
An internal control (a synthetic gene without any significant homology to known sequences) is included 
in the cartridge to verify DNA purification, PCR, and array hybridization for each measurement. This 
gene is amplified in each of the eight PCR chambers and hybridized on each array.  
 

3.3 Workflow 

The Unyvero BCU Application is easy to use and requires only five minutes of manual work. In the first 
step, as shown in Figure 3, the sample is lysed in the Unyvero Lysator. The cartridge is then fitted with 
the Unyvero Sample Tube and Master Mix Tube for subsequent processing in the analyzer. 
 

 
  

Figure 3 Workflow 
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3.4 Unyvero Software  

The Unyvero software installed on the Unyvero 
Cockpit forms the user interface that guides the user 
through the process step by step and generates and 
displays the test results. Figure 4 shows the Active 
Tests overview screen of the Unyvero Operating 
Software. Each of the bars symbolizes one active 
measurement. The color indicates the measurement 
status.  
 
Bars are opened by tapping on them to display 
additional test information. The type of information 
displayed depends on the current status of the 
selected test.  
 
Gray bars indicate lyses in progress or those that 
were completed. Purple bars represent analyses that 
are in progress. Completed tests are shown in blue. 
Test results are displayed when tapping on a blue 
bar. Unfinished tests that were either terminated by 
the user, or not completed due to a technical 
problem, are shown in orange.  
 
The function keys are at the bottom of the screen 
(Figure 5).  
 

Figure 4 The Unyvero OS Software Active 

Tests overview screen 

Figure 5 Function keys 
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Function Keys 

 

Login/Logout To log the user in and out 

Active Tests Displays all active tests  

New Test Opens the input screen for a new test 

Saved Tests Displays all saved tests  

Advanced 
Functions 

Includes a function to manage connected devices, configuration, 
and system administration 

    Scroll function 

 

Application Software Symbols 

When tapping on a bar of an active test, symbols are displayed that depict the respective process step 
(Table 2). The logo for the current step is green, steps that were successfully completed have a check 
mark. Steps that were not successfully completed are orange and marked by a cross. Steps that have 
not yet started are shown in black and white.  
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Table 2 Process Step Symbols 

 

 
Symbolizes the time period prior to lysator loading 

 
Displayed during lysator processing of the Unyvero Sample Tube 

 

Displayed during the time in which the cartridge is loaded, scanned, and inserted 
into the analyzer 

 
Symbolizes the DNA purification process  

 
Symbolizes the multiplex PCR reaction process 

 
Symbolizes the array hybridization process 

 

3.5 About Blood Cultures 

Current standard diagnosis uses blood culture bottles and subsequent microbiological cultures to 
detect bacteria and their antibiotic resistance, as well as other microorganisms such as fungi. However, 
these results are not available until 24–72 hours after the blood culture bottles were flagged positive. 
Due to the lack of diagnostic results, most cases are treated empirically. Studies show that early, 
adequate antibiotic treatment can significantly reduce the mortality rate1. 
 
The Unyvero BCU Application was developed to improve diagnosis of pathogens and resistances. It 
 
» allows the testing of samples from blood culture bottles inoculated with blood or puncture fluids, 
» combines all analytical steps in one complete test format,  
» reduces the test procedure to a few simple manual steps, 

                                                      
1 Wisplinghoff et al. (2004), Clin Infect Dis. 39(3):309-317. 
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» detects various microorganisms and antibiotic resistance markers simultaneously in approx. 
4 hours.  
 

3.6 Unyvero BCU Panel 

The detection panel for microorganisms and resistance markers was designed on the basis of 
published incidence data and the following national and international guidelines:  
» Dellinger et al. (2013), Crit Care Med. 41(2):580-637 (Surviving Sepsis Campaign: International 

Guidelines for Management of Severe Sepsis and Septic Shock: 2012) 
» Cumitec #1C Blood Cultures VI, American Society for Microbiology, 2005 
» UK Standards for Microbiological Investigations, Investigation of Blood Culture, Standards Unit, 

Microbiology Services, Public Health England, 2014 
» MiQ: Qualitätsstandards in der mikrobiologisch-infektiologischen Diagnostik (Quality Standards 

in Microbiological-Infectiological Diagnostics), volume 3a Blutkultur (Blood Culture) 
» Friedman et al. (2002), Ann Intern Med. 137(10):791-797. 

 
The Unyvero BCU Cartridge detects the following microorganisms:  

Table 3 Microorganisms Detected by the Unyvero BCU Panel 
 

Group Pathogen 

Universal Bacteria2 

 
 
Gram-positive bacteria 
 
 
 
 

Staphylococcus aureus 

Coagulase-negative Staphylococci (CNS)3 

Streptococcus agalactiae 

Streptococcus pneumoniae 

Streptococcus pyogenes/dysgalactiae 

Streptococcus spp.4  

Enterococcus faecalis 

                                                      
2 More information about this analyte can be found in the text below 
3 Including S. saprophyticus, S. hominis, S. epidermidis, S. warneri, S. haemolyticus, S. capitis, S. lugdunensis 
4 Including S. pneumoniae, S. mitis, S. pyogenes, S. agalactiae, S. sanguinis, S. dysgalactiae subsp. dysgalactiae,  

S. dysgalactiae subsp. equisimilis, S. gordonii 
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Group Pathogen 

Gram-positive bacteria Enterococcus spp.5  

Listeria monocytogenes 

Gram-negative bacteria 
 

Citrobacter freundii/koseri 

Escherichia coli 

Enterobacter cloacae complex6 

Enterobacter aerogenes 

Proteus spp.7  

Klebsiella pneumoniae8 

Klebsiella oxytoca 

Klebsiella variicola9 

Serratia marcescens 

Acinetobacter baumannii complex10 

Pseudomonas aeruginosa 

Stenotrophomonas maltophilia 

Neisseria meningitidis 

Haemophilus influenzae 

Other 

Corynebacterium spp.11 

Mycobacterium spp.  

Propionibacterium acnes 

Fungi 

Candida albicans 

Candida parapsilosis 

Candida tropicalis  

Candida dubliniensis 

Candida glabrata 

Issatchenkia orientalis (Candida krusei) 

Candida spp.12  

Aspergillus spp.  

 

                                                      
5 Including E. faecalis, E. faecium, E. gallinarum, E. casseliflavus, E. avium, E. hirae, E. durans, E. raffinosus 
6 Including E. cloacae, E. asburiae, E. hormaechei 
7 Including P. vulgaris, P. mirabilis, P. penneri, P. hauseri 
8 Including Klebsiella pneumoniae Cluster kp I + II, Alves et al., J Clin Microbiol, 44(10), 2006 
9 Klebsiella variicola (cluster kpIII; formerly K. pneumoniae, 2004 classified as a species in own right) 
10 Including A. baumannii, A. oleivorans, A. calcoaceticus, A. pittii 
11 Including C. jeikeium, C. belfanti, C. amycolatum, C. striatum, C. aurimucosum 
12 More information about this analyte can be found in the text below 
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The Unyvero BCU Cartridge includes a universal primer pair to detect bacteria (Universal Bacteria 
analyte). The PCR product of this primer pair is detected by multiple Universal Bacteria probes. Their 
coverage was verified by a search in the SILVA database13 (effective date: November 25, 2015). The 
total coverage of prokaryotic target sequences in the database was found to be 75.2%. Mycobacterium 
spp. are also detected by specific probes. Verification of the probes by searching the SILVA database 
(effective date: November 26, 2015) revealed 84.5%14 coverage of the Mycobacterium species listed 
in the database (including Mycobacterium tuberculosis, Mycobacterium abscessus, and 
Mycobacterium gordonae). There was also a cross reaction with species of the genera Nocardia, 
Pseudonocardia, and Tsukamurella. These species are summarized under the analyte Mycobacterium 
spp. 
 
The Unyvero BCU Cartridge also contains a universal primer pair to detect fungi. The PCR product of 
this primer pair is not used for universal detection. Instead, members of the genus Aspergillus, as well 
as individual Candida species and closely related species, are detected specifically. The probe 
coverage for Aspergillus and Candida was verified by a search in the SILVA database13 (effective date: 
November 27, 2015). The following coverage was determined for Aspergillus spp.: Aspergillus terreus 
ATCC®20542TM, Aspergillus fumigatus Af293, Aspergillus terreus NIH2624, Aspergillus clavatus 
NRRL1, Aspergillus fumigatus A1163, Aspergillus niger ATCC®1015TM, Aspergillus fumigatus AF210, 
Aspergillus niger, Aspergillus oryzae 100-8, Aspergillus oryzae RIB40, Aspergillus oryzae HBR9, 
Aspergillus niger HBR18, Aspergillus fumigatus, Aspergillus oryzae, Aspergillus terreus, 
Byssochlamys spectabilis. These species are summarized under the Aspergillus spp. analyte.  
Coverage of the following species of Candida spp. was verified by a search in the SILVA database13 
(effective date: November 27, 2015) and determined by a BLAST 15  analysis: Candida albicans, 
Candida tropicalis, Candida orthopsilosis, Candida parapsilosis, Candida dubliniensis, Candida 
viswanathii, Candida metapsilosis, Candida labiduridarum, Candida theae. The closely related species 
Lodderomyces elongisporus, Schwanniomyces etchellsii, and Millerozyma farinosa (Pichia farinosa) 
were also detected under this analyte. These organisms have been described as causing bloodstream 
infections16 and cholecystitis17. Schwanniomyces occidentalis, Yamadazyma triangularis (Candida 
polymorpha), and Phaeosphaeria nodorum were also detected. There is no data for these organisms 
in terms of their pathogenicity in humans. These species are combined under the Candida spp. 
analyte. 

                                                      
13 Quast et al. (2013) Nucleic Acids Res. 41(Database issue):D590-6. doi: 10.1093/nar/gks1219 
14 The hit list of Mycobacterium probes found in the SILVA database is available upon request  
15 Altschul et al. (1990) J Mol Biol. 215(3):403-410. 
16 Lockhart et al. (2008) J Clin Microbiol. 46(1):374-376; Adler et al. (2007) J Clin Microbiol. 45(10):3456-3458.  
17 Relich et al. (2015) Diagn Microbiol Infect Dis. doi: 10.1016/j.diagmicrobio.2015.11.010. 
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The following genes associated with antibiotic resistance are detected simultaneously.  

Table 4 Unyvero BCU Panel Resistance Markers18 

Marker Possible Resistance  Reference 

ermA Macrolides/lincosamides 
Roberts et al., FEMS Microbiol Lett, 282(2), 

2008 

mecA Oxacillin 
Carvalho et al., Braz J Infect Dis, 14(1), 

2010 

mecC (LGA 251) Oxacillin 
Katayama et al., Antimicrob Agents 
Chemother, 44(6), 2000 

vanA Glycopeptides 
Cetinkaya et al., Clin Microbiol Rev. 
13(4):686-707, 2000. 

vanB Glycopeptides 
Cetinkaya et al., Clin Microbiol Rev. 
13(4):686-707, 2000. 

aac(6')/aph(2") Aminoglycosides Shaw et al., Microbiol Rev, 57(1), 1993 

aacA4 Aminoglycosides Shaw et al., Microbiol Rev, 57(1), 1993 

ctx-M19 3rd gen. cephalosporins, class A 
Bonnet et al., Antimicrob Agents 

Chemother, 45(8), 2001 

imp20 Carbapenems, class B Kawa et al., J Clin Micobiol., 34(12), 1996 

kpc21 Carbapenems, class A 
Queenan et al., Clin Microbiol Rev, 20(3), 
2007 

ndm22 Carbapenems, class B 
Cornaglia et al., Lancet Infect Dis, 11(5), 
2011 

 
  

                                                      
18 The antibiotic resistances caused by ß-lactamases are classified according to Ambler. BLAST searches were used to 

determine coverage. 
19 Including the clinically relevant variants ctx-M3, ctx-M10, ctx-M15, ctx-M55. Also, coverage of the following variants was 

determined in silico: ctx-M1, ctx-M23, ctx-M 28, ctx-M29, ctx-M32, ctx-M36, ctx-M42, ctx-M44, ctx-M58, ctx-M61, ctx-M72,  
ctx-M79, ctx-M80, ctx-M89, ctx-M116, ctx-M158, ctx-M166, ctx-M175, ctx-M179 

20 Clinically relevant variants including imp1 to imp10, imp15, imp16, imp19, and imp25 
21 kpc1 to kpc22 
22 ndm-1 to ndm-14 
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Marker Possible Resistance  Reference 

oxa-23  Carbapenems, class D 
Walther-Rasmussen et al., J Antimicrob 

Chemother, 57(3), 2006 

oxa-24/40 Carbapenems, class D 
Walther-Rasmussen et al., J Antimicrob 

Chemother, 57(3), 2006 

oxa-4823 Carbapenems, class D 
Walther-Rasmussen et al., J Antimicrob 

Chemother, 57(3), 2006 

oxa-58 Carbapenems, class D 
Walther-Rasmussen et al., J Antimicrob 

Chemother, 57(3), 2006 

vim24 Carbapenems, class B 
Cornaglia et al., Lancet Infect Dis, 11(5), 

2011 

 
 
The multiplex PCR reactions for the detection of 
microorganisms and resistance markers are distributed across 
eight (independent) PCR chambers (Figure 6). Table 5 shows 
the distribution of the analytes across the individual chambers. 

 
 
 
 
 
 
 
 
 
 
  

                                                      
23 Including oxa-162, oxa-181, oxa-232, oxa-244 
24 Coverage of the following variants was determined in silico: vim-1, vim-2, vim-3, vim-5, vim-6, vim-8, vim-9, vim-10, vim-11, 

vim-15, vim-16, vim-17, vim-18, vim-20, vim-23, vim-24, vim-25, vim-30, vim-31, vim-36, vim-38, vim- 41, vim-44, vim-45,  
vim-46, vim-49, vim-50, vim-51 

Figure 6 PCR chambers 1–8 

      1                                      8 

2                                7  7 

3                   6   7 
4     5   7 
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Table 5 Genetic Markers for Each PCR Chamber  

 
 
 

Chamber 1 Chamber 2 Chamber 3 Chamber 4 

Serratia marcescens 
Coagulase-negative 
Staphylococci (CNS) 

aac(6')/aph(2") 
Streptococcus 
pyogenes/dysgalactiae  

Listeria monocytogenes vanA vanB aacA4 

Stenotrophomonas 
maltophilia 

Corynebacterium spp. 
Citrobacter freundii / 
koserii 

Propionibacterium 
acnes 

Haemophilus influenzae Streptococcus spp. Enterococcus spp. 
Streptococcus 
pneumoniae 

Neisseria meningitidis Enterococcus faecalis Candida albicans ermA 

 Candida tropicalis 
Streptococcus 
agalactiae 

ndm 

 Candida dubliniensis  Candida parapsilosis 

 Candida glabrata   

 
Issatchenkia orientalis 
(Candida krusei) 

  

Chamber 5 Chamber 6 Chamber 7 Chamber 8 

oxa-24/40 Proteus spp. Universal Bacteria oxa-48 

oxa-23 Staphylococcus aureus Aspergillus spp.  oxa-58 

Klebsiella pneumoniae  mecA Candida spp.  vim 

ctx-M Enterobacter aerogenes Mycobacterium spp.  mecC 

Acinetobacter baumannii 
complex 

imp  kpc 

Klebsiella variicola Klebsiella oxytoca  
Enterobacter cloacae 
complex 

 
Pseudomonas 
aeruginosa 

 Escherichia coli 
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3.7 Analysis Principle  

The Unyvero Application automates and integrates DNA purification, eight parallel multiplex endpoint 
PCR reactions, and the qualitative detection of amplicons using hybridization on arrays in a single-use 
cartridge.  
 
» The sample is transferred to the Unyvero Sample Tube, then sealed with the Unyvero Sample Tube 

Cap and lysed in the Unyvero Lysator. 
» The Unyvero Sample Tube and the Unyvero Master Mix Tube are then inserted into the cartridge. 
» The Unyvero Cartridge is inserted into the Unyvero Analyzer, which automatically processes the 

cartridge.  
 

The software guides the user through the entire process. A bar code reader allows the input of sample 
data and consumables. The software checks the expiration dates of the consumables and documents 
it together with the lot number. 
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PERFORMING A TEST 
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This chapter describes how to analyze a sample using the Unyvero BCU Application.  

4.1 Preparation 

CAUTION Never use components after the expiration date has passed. Do not use consumables that 
appear damp or have damaged packaging. Do not open the component packaging until shortly before 
use.  
 
The Unyvero BCU Cartridge, Unyvero B1 Sample Tube, Unyvero B1 Sample Tube Cap, Unyvero M1 
Master Mix Tube, and Unyvero B1 Collection Tube allow the testing of a single sample. Please do not 
reuse any of the components.  
 
NOTE The Unyvero BCU Application may not be used, if even one of the components is past its 
expiration date. 

 

Unyvero Materials 

The following consumables are necessary to carry out the Unyvero BCU Application: 
 
» 1× Unyvero BCU Cartridge 
» 1× Unyvero B1 Sample Tube 
» 1× Unyvero B1 Sample Tube Cap 
» 1× Unyvero M1 Master Mix Tube 
» 1× Unyvero B1 Collection Tube 

 

NOTE Material safety data sheets (MSDS) for the Unyvero Cartridge, Unyvero Sample Tube, and 
Unyvero Sample Tube Cap are available from Curetis, or your local contact person upon request. 
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Additional Materials 

To carry out an analysis, the following materials are needed:  
 
» sample  
» personal protective gear (disposable gloves, lab coat, safety glasses) and equipment for handling 

infectious material pursuant to local regulations 
 

WARNING Biological samples can transmit infections. Treat all biological samples, including sample 
vials, as potentially infectious. Please adhere to local guidelines when handling biological materials.  
 
Wear disposable gloves, a lab coat, and safety glasses when handling samples and consumables for 
the Unyvero BCU Application. Wash your hands thoroughly after handling samples and consumables 
for the Unyvero BCU Application. Dispose of used consumables according to local safety guidelines, 
or the instructions of your local regulatory authority. 

 

Unyvero System 

This section describes the basic steps for initial operation of instruments and software necessary for 
the Unyvero BCU Application.  
 
If the devices have not yet been operated, switch them on in the following order: 

1. The Unyvero Cockpit, using the switch at the bottom right on the rear of the device 
2. The Unyvero Analyzer, using the switch at the bottom right on the front of the device 
3. The Unyvero Lysator, using the switch at the bottom left on the rear of the device  

 
More information on how to operate the devices can be found in the Unyvero System manual. 
 

CAUTION Before starting an analysis, ensure that the required application-specific plug-in (BCU) is 
activated. 
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To start a test, please proceed as follows: 
 
Tap on Login on the start screen. 
 
In the next window, enter your user name and password using the integrated on-screen keyboard, and 
then tap on OK. You will then have access to the test input screen (Figure 7).  
 

 

NOTE Refer to the Unyvero System manual to create a 
user. 
 
NOTE Before you start the lysing process, make sure 
that you took a Unyvero Master Mix Tube out of the 
freezer to thaw. See also "Thawing the Unyvero Master 
Mix" in Section 4.5. 

 
 
 
  
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 7 Test input screen 
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4.2 Sample Storage  

CAUTION Positive blood culture bottles should be 
tested immediately after removal from the blood 
culture system. Do not use blood cultures that 
were stored longer than 12 hours after sampling 
from the blood culture bottles. Only prepare as 
many samples as there are free slots in the 
Unyvero Analyzer. 

 
 
 
 
 

 

4.3 Sample Transfer 

With the Unyvero BCU Application, samples can 
be processed from positively flagged blood 
culture bottles. Take a sample from the blood 
culture bottle and transfer it to a suitable sample 
vial. This sample vial can be placed in the 
Unyvero Sample Tube Holder. 
 
The Unyvero Sample Tube Holder has four slots 
for Unyvero Sample Tubes (1) (Figure 9). Behind 
each slot, there are openings of various sizes into 
which primary sample containers can be placed 
(2). 
 
  Figure 9 Positioning the Unyvero Sample Tube 

1 

2 

Figure 8 Blood culture bottles 
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Have the selected blood culture bottle ready for analysis.  
 
Remove the sample from the blood culture bottle using the standard sampling technique at your 
institution. Use the B1 Collection Tube to collect the sample. 
 
Place the sample in the respective sample holder in the top section of the Unyvero Sample Tube 
Holder. 
 
Remove the Unyvero Sample Tube from the packaging. 
 
Place the Unyvero Sample Tube into an empty slot in the Unyvero Sample Tube Holder (Figure 9). 
 
Tap the top of the Unyvero Sample Tube to ensure that no fluid remains in the Unyvero Transport Cap. 
 

CAUTION Make sure to use the B1 Sample Tube.  
 
CAUTION Do not vortex or centrifuge the Unyvero Sample Tube.  

 
 
 
 
 
 
 
 
 

 
 
 
 

Remove and discard the Transport Cap (Figure 10). If necessary, remove any air bubbles from the 
Sample Tube before filling it with sample. 
 
Transfer 50 µL of the sample material into the Unyvero Sample Tube (Figure 11).  

Figure 10 Removing the Transport Cap Figure 11 Transferring the sample 
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CAUTION Make sure that no absorption resin beads are transferred from the blood culture bottle 
medium to the Unyvero Sample Tube.  
 
CAUTION To prevent the Unyvero Sample Tube from overflowing, do not use more than 50 µL of 

sample. 

 
 
Remove the packaging from the Unyvero Sample Tube Cap. 
 

NOTE The bottom edge of the Unyvero Sample Tube Cap (1) has two small 
openings (Figure 12), located opposite each other. The top edge of the 
Unyvero Sample Tube has two small lock-in catches (2). Make sure that they 
fully snap into the hole in the Unyvero Sample Tube Cap.  

 
 
 
 
 
 

 
 
Press the Unyvero Sample Tube Cap onto the Unyvero 
Sample Tube until it snaps into place (Figure 13). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13 Closing the Unyvero Sample Tube 
with the Sample Tube Cap 

Figure 12 Unyvero  

Sample Tube 

1 
 

2 
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WARNING Any contact with samples carries the risk of infection during handling. Before continuing, 
make sure that the outside of the Unyvero Sample Tube is clean. Please read the material safety data 
sheet (MSDS) for the Unyvero Sample Tube. After removing the Transport Cap, chemicals that can 
irritate or damage the skin may be released. If your skin or eyes have come into contact with chemicals 
from the Unyvero Sample Tube, wash your skin/eyes immediately and thoroughly with water.  
 
CAUTION Make sure that the Unyvero Sample Tube is securely sealed. If a Unyvero Sample Tube is 
improperly sealed, the laboratory and the Unyvero Lysator may be contaminated, and it may also 
cause damage to the lysator.  
 
CAUTION Do not attempt to reopen the Unyvero Sample Tube. 

4.4 Starting the Test  

Tap on New Test at the bottom of the overview touch screen (Figure 14).  
 
Scan the sample ID.  
 
 

NOTE It is also possible to enter the sample ID manually via 
the on-screen keyboard. 
 
NOTE Blood culture bottles are supplied by various vendors. 
Please select the correct type of bottle for the measurement. 

 
 
 
 
 
 

 
 
 
 

Figure 14 Starting a new test 
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Proceed as follows:  
 

Select the application (BCU).  
 

Select the indication, e.g. other bottle. 
 

Select the sample type, e.g. aerobic.  
 

Once all of the information has been entered, tap on 
Start. 

 
Hold the bar code of the Unyvero Sample Tube in 
front of the bar code reader and scan it (Figure 15). 

 
 

 
 
 

NOTE Once a button has been selected, it turns green and the other selection buttons become 
invisible. When the green button is selected again, the invisible buttons will reappear. 

 
If the expiration date of the Unyvero Sample Tube has passed, a new Unyvero Sample Tube that has 
not expired must be used for the test. 
 

4.5 Thawing the Unyvero Master Mix  

NOTE The Unyvero Master Mix Tube must be stored at -20°C (> 7 days), but may be stored at +4°C 
for short-term storage (< 7 days).  

 
Leave the Unyvero Master Mix Tube out to thaw for 30 minutes at room temperature. Do not shake 
the Unyvero Master Mix Tube. 

Figure 15 Scanning the Unyvero 
Sample Tube 
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4.6 Performing the Lysis 

Once the Sample Tube was scanned successfully, the lid of the Unyvero Lysator opens automatically 
and a slot is unlocked. An icon to insert the Unyvero Sample Tube into the Unyvero Lysator appears 
on the screen (Figure 16). 
 

NOTE Before loading the Unyvero Lysator with the Unyvero 
Sample Tube, make sure that the slot in the lysator is not 
contaminated. In the event of contamination, the slot must 
be cleaned with a cotton swab and 70% ethanol. Before 
continuing, make sure that no ethanol residue is present.  

 
Slide the safety latch backwards over the lysator slot. Place 
the Unyvero Sample Tube into the opened position. Then 
press the Unyvero Sample Tube down firmly as far as 
possible (Figure 17).  
 
Allow the safety latch to slide forward again. Make sure that 
it is back in its starting position and covers the Unyvero 
Sample Tube.  
 
Close the lid of the Unyvero Lysator. 
 
If another slot is free in both the Unyvero Lysator and 
Unyvero Analyzer, you will be asked whether you would 
like to perform another lysis. 
 
 
 

NOTE The lysis cannot start until the Unyvero Lysator lid is closed.  

  

Figure 16 Prompt to load the Unyvero 

Lysator 
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If you intend to lyse another sample, tap on Yes and 
proceed as described above.  
 
If you do not wish to lyse another sample, tap on No. 
 
Once you inserted all Unyvero Sample Tubes, close 
the Unyvero Lysator lid. The lysis process starts 
automatically. 
 
 
 
 
 

 

NOTE If you have already started a lysis with the Unyvero Lysator, you must wait until the end of the 
lysis process before you can begin another lysis in this Unyvero Lysator.  
 
NOTE You can only start a lysis if free analyzer slots are available, or if an analyzer slot will become 
available within 30 minutes (remaining time on the analyzer screen). 

 

4.7 Lysis Status  

The lysis process takes approximately 30 minutes and is indicated on 
the overview screen by a gray bar for each patient sample. 
 
The remaining processing time and loading status of the Unyvero 
Lysator (gray filled circles indicate lysator positions) are also shown on 
the small screen on the Unyvero Lysator (Figure 18). 
 
 Figure 18 Lysator screen 

Figure 17 Loading the Unyvero Lysator 
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4.8 Removing the Samples  

When the lysis process is complete, the gray test bar in the Unyvero Cockpit closes. If you tap on the 
bar, the lid on the Unyvero Lysator opens automatically, and both the Unyvero Cockpit (Figure 19) and 
the Unyvero Lysator screen (Figure 20) prompt you to remove the sample tube.  
 
Tap on the gray test bar for the sample to be analyzed. The Unyvero Lysator will open.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 20 Lysator screen 

 

Figure 19 Prompt to remove the Unyvero 

Sample Tube 
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Slide the safety latch backwards and remove the Unyvero Sample Tube. Allow the safety latch to slide 
back into position. 
 
Then close the lid of the Unyvero Lysator.  
 
In case several Unyvero Sample Tubes were lysed, start by assembling the cartridge with the first 
sample that you just removed. You can only proceed to remove the next Unyvero Sample Tube from 
the Unyvero Lysator once you inserted this cartridge into the Unyvero Analyzer. 
 
For each new sample, proceed as for the previous one. After tapping on the lysis bar displayed on the 
screen, the Unyvero Lysator opens again automatically and releases the next Unyvero Sample Tube.  
 

CAUTION Store the lysed samples at room temperature and assemble the cartridges within 
60 minutes.  

 

4.9 Assembling the Cartridge 

WARNING The Unyvero Cartridge contains chemicals that may irritate and damage the skin in case 
the cartridge is damaged. If your skin or eyes come into contact with these chemicals, wash your 
eyes/skin immediately and thoroughly. Please do not use damaged cartridges. Do not use a cartridge 
if it appears damp, or if its sealing foil is broken. Do not open the cartridge.  
 
CAUTION Pay attention to the information in Section 2.5. Check expiration dates on labels and 
packaging of the Unyvero BCU Cartridge, Unyvero Sample Tube, and Unyvero Master Mix Tube. 
Analysis with the Unyvero BCU Application cannot be continued, if consumables are expired.  
 
NOTE Also read the material safety data sheet for the Unyvero Cartridge. 
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Remove the packaging from the Unyvero BCU Cartridge. 
 
Remove the packaging from the thawed Unyvero Master Mix Tube. 
 
Tap the top of the Unyvero Master Mix Tube to ensure that the fluid collects in the lower part of the 
tube. 
 

 

CAUTION Do not vortex or centrifuge the Unyvero Master 
Mix Tube.  
 
NOTE You have the option to check the expiration date of 
the consumables by using the Check Consumable 
function (button at the bottom of the opened bar for the 
current sample. Another option to check consumables can 
be found under Advanced Functions). If, after assembly 
of the Unyvero BCU Cartridge, it appears that the Unyvero 
BCU Cartridge or the Unyvero Master Mix Tube are past 
their expiration dates, the test must be restarted using a 
new Unyvero Sample Tube, Unyvero BCU Cartridge, and 
Unyvero Master Mix Tube.  

 
 
 
 
 
 
 
 
 

 
After the Unyvero Sample Tube was removed from the Unyvero Lysator and the lid on the lysator was 
closed, the cartridge assembly screen appears (Figure 21). 
  

Figure 21 Prompt to assemble cartridge 
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Insert the Unyvero Sample Tube vertically into position 1 of the Unyvero BCU Cartridge (Figure 22).  
 
Insert the Unyvero Master Mix Tube into position 2 of the cartridge (Figure 22). 
 
As shown in Figure 23, hold the Unyvero BCU Cartridge facing the Unyvero Cockpit barcode reader. 

 
 
1 — Sample Tube slot 
2 — Master Mix Tube slot 
 
 

CAUTION Make sure that the inserted Unyvero 
Sample Tube in the cartridge is the same sample 
tube that was removed from the lysator. 
 
NOTE When scanning, place the cartridge on the 
narrow edge of the Unyvero Cockpit to ensure 
problem-free scanning (Figure 23).  

 
 
 
All bar codes (Unyvero Sample Tube, Unyvero 
BCU Cartridge, Unyvero Master Mix Tube) are 
scanned, checked, and automatically linked by the 
Unyvero OS software, and saved under the sample 
ID. 

  

Figure 23 Scanning the cartridge 

1 

2 

Figure 22 Cartridge slots 
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4.10 Measuring in the Analyzer 

Transfer the Unyvero BCU Cartridge to the slot selected by the Unyvero OS software (Figure 24). The 
slot number is also displayed on the screen of the Unyvero Analyzer and is indicated by a green arrow 
under the slot (Figure 25).  
 

Slide the Unyvero BCU Cartridge as far as possible into 
the slot indicated (Figure 26). 
  

Figure 25 Analyzer 
display 

Figure 24 Prompt to load the Unyvero 
Analyzer 
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4.11 Analysis Status 

The processing of the Unyvero BCU Cartridge takes approximately four 
hours.  
The remaining time for analysis is displayed on the Unyvero Analyzer 
screen (Figure 27) and in the Unyvero Cockpit test status bar. The 
processing progress of the Unyvero BCU Cartridge in the Unyvero 
Analyzer is indicated by a purple status bar on the overview screen.  
 
 
 
 

Figure 27 Analyzer display 

Figure 26 Inserting the cartridge into the 
Unyvero Analyzer 
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4.12 Removing the Cartridge 

When the analysis is complete, you will be asked to remove the cartridge.  
 
The Unyvero Analyzer slot appears blue on the small screen, and an arrow 
indicates that the Unyvero BCU Cartridge can be removed (Figure 28). 
 
 
 

 
 
 
 

Remove the Unyvero BCU Cartridge. 
 

CAUTION The Unyvero BCU Cartridge is intended for single use and can only be used for one sample. 
Please do not reuse the Unyvero BCU Cartridge. 

 
Dispose of the Unyvero BCU Cartridge according to the guidelines set by your institution. 
 
After the analysis has been completed and the cartridge was removed, the test bar on the Cockpit 
screen appears blue. 
 

NOTE As soon as the blue test bar is opened once and closed again, this analysis will be saved in the 
Saved Tests screen. Tap on the Saved Tests button to open this display. If you do not close the blue 
bar and switch from the Active Tests screen to another screen, the test is also moved to Saved Tests.  

 
  

Figure 28 Analyzer 
display 
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TEST RESULTS 
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5.1 Viewing Results 

Completed analyses are displayed by blue bars on the overview screen (Active Tests or Saved 
Tests). 
 
To view a test result, tap on the corresponding blue test bar (Figure 29).  
 

A screen appears with a new menu bar and the 
following buttons (Figure 30):  
 

» Overview 
» Microorganisms 
» Resistance Markers 
» Test Information 

 
 
 
 
  

Figure 30 Results screen buttons 

Figure 29 Saved Tests screen 
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5.2 Reading the Results 

Summary of Measurement Results 

 
Tap on the Overview button.  
 
 

The result overview screen shows an overview over all 
microorganisms detected as positive, and antibiotic 
resistances.  
 
The microorganisms detected are shown in the top half of 
the screen (Figure 31), while the bottom half shows a 
summary of antibiotic classes and any detected resistance 
genes.  
 
 
 
 
 
 
 
 

 
 
 
 

 
  

Figure 31 Overview screen  
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Detailed Information on Microorganisms 
 
Tap on the Microorganisms button to view a list of all microorganisms analyzed by the Unyvero 
BCU Application. 
 
Microorganisms (Figure 32) are categorized as follows:  

» Universal bacteria 
» Gram-negative bacteria 
» Gram-positive bacteria 
» Fungi 
» Other 

 
The presence or absence of microorganisms is displayed 
as follows on the Microorganisms screen (Figure 32): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

On the right-hand side, the measured signal intensities are shown with three boxes representing three 
levels. The more boxes that are green, the higher the signal intensity. To the right of these boxes, a 
corresponding numerical signal intensity is shown. This number is also displayed, if the signal is below 
the threshold. For the analyte Universal Bacteria, the result is shown only as being positive or negative.  
 

NOTE Tap on the information icon to display detailed analyte information, such as a list of all species 
summarized under a particular analyte.  

 
Detected 

 
Not detected 

 
Invalid analyte 

 
Information 

 

Positive, specific detection of 
bacterial pathogens — see the 
Result Report 
 

Figure 32 Microorganisms result 
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CAUTION In the literature evidence can be found that blood culture media could contain DNA 
contaminations.25 These contaminations could lead to false-positive results. We recommend to inspect 
each batch of blood culture bottle medium for contamination.  
 
NOTE The universal test for bacterial DNA only displays a positive or negative result, if all of the panel's 
specific bacterial assays are negative and/or invalid. If a specific bacterial assay is positive, this is 
indicated in the result field for this specific result (the Universal Bacteria analyte is shown with a circular 
symbol). This does not exclude the possibility that, in addition to the specifically detected pathogens, 
DNA from other bacteria is also present.  

 
 

Details on Antibiotic Resistance Markers 
 
Tap on the Resistance Markers button to display an 
overview of all resistance markers tested with the Unyvero 
BCU Application.  
 
The presence or absence of resistance markers is shown 
on the "Resistance Markers" screen (Figure 33).  
 
Groups of microorganisms that may carry these resistance 
genes are shown on the right-hand side of the screen. This 
information is literature-based. 
 

 
Detected 

 
Not detected 

 
Invalid analyte 

 
 

                                                      
25 Fredricks & Relman (1998) J Clin Microbiol. 36(10):2810-6; Karahan et al. (2006) J Med Microbiol. 55(Pt 1):53-7. 

Figure 33 Resistance Markers results 
screen 
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Transferable Antibiotic Resistance (Resistance Genes) 

The resistance markers that are detected using the Unyvero BCU Application are genes that are 
transferred by mobile genetic elements (plasmids and integrons).26 The presence of such a gene 
correlates with resistance against a particular class of antibiotics.27 Table 6 lists the resistance markers 
detected by the Unyvero BCU Application.  
 
Table 6 Unyvero BCU Panel Resistance Markers 

Gene Possible Resistance Most Common Microbial Source 

ermA Macrolides/lincosamides Staphylococcus spp., Streptococcus spp. 

mecA Oxacillin Staphylococcus spp. 

mecC Oxacillin Staphylococcus spp. 

vanA Glycopeptides 
Staphylococcus spp., Streptococcus spp., 
Enterococcus spp. 

vanB Glycopeptides 
Staphylococcus spp., Streptococcus spp., 
Enterococcus spp. 

aac(6‘)/aph(2‘‘) Aminoglycosides 
Gram-positive bacteria Staphylococcus spp. and 
Streptococcus spp. 

aacA4 Aminoglycosides Enterobacteriaceae, non-fermenting bacteria 

ctx-M 3rd gen. cephalosporins Enterobacteriaceae, non-fermenting bacteria 

imp Carbapenems Enterobacteriaceae, non-fermenting bacteria 

kpc Carbapenems Enterobacteriaceae, non-fermenting bacteria 

ndm Carbapenems Enterobacteriaceae, non-fermenting bacteria 

                                                      
26 Roberts, Front Microbiol, Vol. 2 (2011) 
27 Maiden, MolBiotechnol, Vol. 18 (2001) 
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Gene Possible Resistance Most Common Microbial Source 

oxa-23 Carbapenems Enterobacteriaceae, non-fermenting bacteria 

oxa-24/40 Carbapenems Enterobacteriaceae, non-fermenting bacteria 

oxa-48 Carbapenems Enterobacteriaceae, non-fermenting bacteria 

oxa-58 Carbapenems Enterobacteriaceae, non-fermenting bacteria 

vim Carbapenems Enterobacteriaceae; non-fermenting bacteria 

 

NOTE When detecting these resistance markers, no link can be established to an organism. 

 

5.3 Invalid Results 

The Unyvero System checks the quality of the analysis by different mechanisms, and marks individual 
analytes as invalid, if certain criteria are not met, or if the cartridge could not be processed correctly.  

» A control gene is detected in each chamber. In the absence of detection, all analytes in that 
chamber are marked as invalid. 

» Proper detection cannot take place, if there are problems with the membrane array washing 
steps, or if holes, ruptures, or dust particles appear unexpectedly on the membrane. 

» A number of mechanisms monitor correct array detection by the optic module. If irregularities 
occur, these will result in invalid analytes, because array detection could not be performed 
properly. 
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During the CE performance evaluation study, the Unyvero BCU Application was tested both 
analytically using bacterial reference strains or DNA fragments (amplicons), and clinically using patient 
samples with more than 600 cartridges. For the analysis of the clinical samples (samples from blood 
culture bottles that were marked as positive), samples were primarily used that had returned a positive 
result in the clinical microbiology for the pathogens that are part of the BCU Panel (a total of 232 
pathogens). Furthermore, for rare microorganisms, blood culture bottles were selectively inoculated, 
incubated until a positive result was seen, and included as samples in the clinical performance 
evaluation study. A total of 66 different pathogen species and 23 different resistance genes were 
tested.  

6.1 Analytical Testing (Analytical Performance Data) 

Analytical Sensitivity 
 
Detection thresholds for individual pathogens were tested with serial dilutions of living reference 
strains, or amplified DNA fragments in buffer. The following concentrations were reproducibly verified 
using the Unyvero BCU Cartridge: 
 

» A concentration of 104 pathogens/mL for Citrobacter koseri  
» A concentration of 105 pathogens/mL for Haemophilus influenzae, Stenotrophomonas 

maltophilia, Corynebacterium spp., Candida albicans, Streptococcus agalactiae, 
Acinetobacter baumannii complex, Klebsiella variicola, Enterobacter aerogenes, 
Pseudomonas aeruginosa, Candida spp., Escherichia coli, Klebsiella oxytoca  

» A concentration of 106 pathogens/mL for Serratia marcescens, coagulase-negative 
Staphylococci (CNS), Citrobacter freundii, Propionibacterium acnes, Streptococcus 
pyogenes/dysgalactiae, Klebsiella pneumoniae, Proteus spp., Staphylococcus aureus, 
Enterobacter cloacae complex, and Universal Bacteria 

» A concentration of 107 pathogens/mL for Listeria monocytogenes, Neisseria meningitidis, 
Enterococcus faecalis, Streptococcus spp., Streptococcus pneumoniae 

» A concentration of 108 pathogens/mL for Mycobacterium spp., Candida glabrata. This value 
also applies to Candida dubliniensis, Candida tropicalis, and Issatchenkia orientalis (Candida 
krusei), because these analytes are amplified with the same primer pair as Candida glabrata 
and then assigned using specific probes 

» A concentration of 109 pathogens/mL for Candida parapsilosis, Aspergillus spp. 
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The detection threshold for antibiotic resistance markers was determined with dilutions of DNA 
fragments and strains bearing resistance markers. The following resistance markers were detected 
reproducibly at a concentration of 105 copies/mL: vanA, ndm, oxa-24/40, oxa-48. A concentration of 
106 copies/mL was determined for aacA4, ctx-M, oxa-23, mecA, kpc, oxa-58, and vim. A concentration 
of 107 copies/mL was determined for aac(6')/aph(2"), vanB, ermA, imp, and mecC.  
 
These detection thresholds were confirmed in various relevant sample materials (various culture media 
from blood culture bottles) using selected reference material. 
 
Coverage of Pathogens and Resistances 
 

» The Acinetobacter baumannii complex analyte is also used to detect Acinetobacter ursingii 
and Acinetobacter haemolyticus 

» The Neisseria meningitidis analyte is used to detect serotypes a, b, c and d 
» Corynebacterium ulcerans and Corynebacterium pseudodiphtheriticum are not detected using 

the Corynebacterium spp. analyte 
» Staphylococcus pettenkoferi is not detected using the coagulase-negative Staphylococci 

(CNS) analyte  
» The Listeria monocytogenes analyte is also used to detect Listeria ivanovii subsp. ivanovii, 

Listeria welshimeri, and Listeria innocua 
» For the ctx-M analyte, the variant ctx-M2 is only detected with a reduced sensitivity 

 
Possible Cross Reactions 
 
At clinically relevant pathogen concentrations, the following possible cross reactions were observed 
with closely related strains, or other analytes of the Unyvero BCU Panel:  
 

» Possible cross reaction of Aggregatibacter aprophilus with the Haemophilus influenzae 
analyte 

» Possible cross reaction of Raoultella ornithinolytica with the Escherichia coli analyte 
» Possible cross reaction of Staphylococcus saccharolyticus (coagulase-positive) with the 

coagulase-negative Staphylococci (CNS) analyte  
» Possible cross reaction with the primers of the Enterobacter cloacae complex analyte in the 

event of high Klebsiella oxytoca concentrations 
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6.2 Interfering Substances 

Example analytes from the BCU Panel were added to potentially interfering matrices to test for 
potential interferences with the medium from the blood culture bottles, heparin, EDTA blood, and whole 
blood. Tables 7 and 8 list the potentially interfering substances that were tested. No interferences were 
observed.  
 
Table 7 Media from Blood Culture Bottles Tested for Potential Interactions 

Blood Culture Bottle Media 

BD BACTEC Standard Aerobic/F 

BD BACTEC Standard Anaerobic/F 

BD BACTEC Plus Aerobic/F 

BD BACTEC Plus Anaerobic/F 

BioMérieux BacT/ALERT FA 

BioMérieux BacT/ALERT FN 

BioMérieux BacT/ALERT FA Plus 

BioMérieux BacT/ALERT FN Plus 

VersaTREK REDOX 1 

Oxoid SIGNAL Blood Culture System BC0102M 

 
Table 8 Substances Tested for Potential Interactions 

Medications 

Heparin  

Sample Matrix Components 

Blood (100%) 

EDTA blood 
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6.3 Clinical Trial (Diagnostic Performance Data) 

In the clinical trial, measurements were performed on 250 samples (clinical samples with verified, 
microbiologically positive findings and selectively inoculated samples from blood culture bottles). The 
results of the clinical trial are shown in Table 9. 
 
Table 9 Clinical Trial Data Following Investigation of Discrepant Findings  
 

Pathogen 
Unyvero Result Sensitivity Specificity 

TP FP FN TN [%] [%] 

Acinetobacter baumannii complex 9 0 0 228 100.0 100.0 

Aspergillus spp.  3 0 0 245 100.0 99.6 

Candida albicans 9 1 0 237 100.0 99.6 

Candida dubliniensis 1 0 2 245 33.0 100.0 

Candida glabrata 4 0 0 244 100.0 100.0 

Candida parapsilosis 5 0 0 244 100.0 100.0 

Candida spp.  21 1 0 226 100.0 99.6 

Candida tropicalis 3 0 1 244 75.0 100.0 

Citrobacter freundii/koseri 3 2 0 242 100.0 99.2 

Corynebacterium spp.  4 1 0 241 100.0 99.6 

Enterobacter aerogenes 2 0 0 246 100.0 100.0 

Enterobacter cloacae complex 9 3 0 234 100.0 98.7 

Enterococcus faecalis 11 2 0 234 100.0 99.2 

Enterococcus spp.  23 0 0 224 100.0 100.0 

Escherichia coli 14 0 0 232 100.0 100.0 

Haemophilus influenzae 2 1 0 247 100.0 99.6 

Issatchenkia orientalis (Candida krusei) 1 0 0 246 100.0 100.0 

Klebsiella oxytoca 4 1 0 243 100.0 99.6 

Klebsiella pneumoniae 11 0 1 225 91.7 100.0 

Klebsiella variicola 1 1 0 235 100.0 99.6 

Coagulase-negative staphylococci (CNS) 40 35 1 172 97.6 83.2 

Listeria monocytogenes 7 0 1 242 87.5 100.0 

Mycobacterium spp. 0 0 0 248 n/a 100.0 

Neisseria meningitidis 4 0 0 246 100.0 100.0 
TP: true positive, FP: false positive, FN: false negative, TN: true negative 
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Table 9 Data from the Clinical Trial Following Investigation of the Discrepant Findings (Continued) 

 

Pathogen 
Unyvero Result Sensitivity Specificity 

TP FP FN TN [%] [%] 

Propionibacterium acnes 10 0 0 239 100.0 100.0 

Proteus spp.  8 0 1 238 88.9 100.0 

Pseudomonas aeruginosa 12 0 2 233 85.7 100.0 

Serratia marcescens 5 0 0 245 100.0 100.0 

Staphylococcus aureus 17 4 0 227 100.0 98.3 

Stenotrophomonas maltophilia 4 0 0 246 100.0 100.0 

Streptococcus agalactiae 5 0 0 242 100.0 100.0 

Streptococcus pneumoniae 8 0 0 241 100.0 100.0 

Streptococcus pyogenes/dysgalactiae 4 0 0 245 100.0 100.0 

Streptococcus spp.  23 0 1 223 95.8 100.0 

Universal Bacteria 198 0 9 42 95.7 100.0 
TP: true positive, FP: false positive, FN: false negative, TN: true negative 

 
In 57 cases, the Unyvero BCU Application detected additional pathogens that had not been seen in 
the microbiological findings. Further tests were performed for some of these discrepant findings using 
manual PCRs and sequencing. The further tests showed that four of the analytes that had been 
assessed as false positives were actually verified as true positives, which had been overlooked during 
microbiological testing. Most false-positive results produced by the Unyvero System occurred for the 
detection of coagulase-negative Staphylococci (CNS) (39 out of 53). As these microorganisms are 
part of the normal skin microbiota, findings may not have been reported in the microbiological results.  
 
The data also suggested that the Unyvero System returned 23 false negatives. Additional tests were 
also performed for these discrepant findings using manual PCR and sequencing. During these further 
tests, three findings were confirmed as true negatives. Most of the false-negative results were seen 
with the Universal Bacteria analyte. When using this analyte, false-negative results should be 
anticipated in some cases, as its coverage is 75.2% due to the broad spectrum of prokaryotic target 
sequences.  
 
If resistance markers were detected together with their typical corresponding pathogens, it was verified 
whether the expected antibiotic resistance matched the microbiologically determined resistance data. 
All resistance markers included in the BCU Panel were measured, except for vanB and oxa-48. The 
number of resistance markers detected with the matching antibiogram is shown in Table 10.  
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Table 10 Resistance Markers Detected in Accordance with the Antibiogram 
 

Resistance against the following antibiotic classes Number of positive results produced by Unyvero 
matching the antibiogram 

3rd gen. cephalosporins (gram-negative) 24 

Carbapenems (gram-negative) 21 

Oxacillin (Staphylococcus spp.) 32 

Macrolides/lincosamides (gram-positive) 5 

Glycopeptides (vancomycin) 1 

Aminoglycosides (gram-negative and gram-positive) 30 

 
Only in the case of mecA, it was possible to obtain a sufficient number of sample measurements with 
an antibiogram to determine positive and negative predictive values (PPV, NPV). A total of 
14 Staphylococcus samples were measured with a correlating antibiogram. Nine of these samples 
were true positives, one was a false positive, one was a false negative and three were true negatives, 
giving a PPV of 90% and an NPV of 75%.  
 
Resistance markers were also detected that did not match the antibiograms. In general, it should be 
noted that resistance markers may also originate from strains that are not detected by the Unyvero 
BCU Panel. Furthermore, resistances against certain antibiotic classes are often not detected for 
certain pathogen groups.  
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