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Keywords: Clinical studies, culture-independent diagnosis, body fluids and tissues, 16S/18S rRNA gene 
PCR, sequence analysis, culture negative infections, CE-IVD testing, UMD-Universal, SepsiTest™    

 
 
 
 
 
 
 

Abstract: An overview of clinical studies is presented using CE-IVD marked 16S and 18S rRNA gene 
PCR and sequencing tests, SepsiTest™ and UMD, for the in-vitro diagnosis of a variety of infectious dis-
eases. From the studies employing in total 999 samples from 614 patients the main conclusion was that 
the molecular tests are useful as supplements to culture diagnosis for the rapid identification of non-
growing pathogens and adaptation of antibiotic therapy.    
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Introduction 
Culture diagnosis of blood stream infection is 

the standard procedure in clinical microbiology. 
Major limitations are the long time of culturing of 
up to 4 days and the low positivity (30 to 40%)  
[1]. Since their introduction, commercial prod-
ucts for culture-independent molecular diagnosis 
of infectious agents came into routine clinical 
practice as a rapid method to supplement cul-
ture [1]. 

Broad-range PCR together with sequence 
analysis is principally unlimited in the identifica-
tion of bacterial and fungal pathogens present in 
a specimen. Rice and Madico [2] state that 
broad-range PCR is most beneficial in the iden-
tification of fastidious, non-cultivable and antibi-
otic-inhibited organisms. Molzym offers CE-
marked products for the molecular in vitro diag-
nosis of pathogens in a variety of clinical materi-
als. In a series of studies, microorganisms from 
more than 200 genera of bacteria, among them 
86 Gram-positive and 120 Gram-negative, and 
65 genera of fungi have been identified so far. 
The complete list of organisms is available on 
request.   

The Broad-Range Molecular Di-
agnostic System  

Two kits, SepsiTest™ and UMD-Universal, 
are available for the in-vitro diagnosis of patho-
genic organisms in clinical material. The kits 
include protocols for the extraction of microbial 
DNA from blood (SepsiTest™) and other pri-
mary sterile body fluids of various volumes, in-
cluding ascites, pleural, synovial, cerebrospinal 
fluids, broncho-alveolar lavage and pus (includ-
ing also blood), as well as swabs and tissues 
(UMD-Universal [UMD]). The tests comprise of 
assays for the PCR or Real-Time PCR amplifi-
cation of the hypervariable V3/V4 region of the 
16S and the V8/V9 region of the 18S rRNA 
genes of bacteria and fungi, respectively. For 

pathogen identification, amplicons from positive 
samples are sequenced and compared to a 
library of more than 7,000 validated entries of 
the bacterial 16S rRNA gene and the 18S rRNA 
gene of yeasts and Aspergillus species. Mixed 
sequences of bacterial species can be resolved 
using the Ripseq® tool (Isentio, Norway). The 
time to positive or negative results is typically 4 
hours, including manual DNA extraction and 
Real-Time PCR analysis. In the case of positive 
results, another 3 to 4 hours is needed for se-
quence analysis, depending on the sequencing 
system. Practically, sequencing is performed 
over night and the species record is available at 
the next morning. 

Clinical Applications  

Table 1 presents an overview of the clinical 
studies and the diseases focussed on. In the fol-
lowing sections a selection of studies employing 
SepsiTest™/UMD is discussed.  

Septicaemia . Orszag et al. [7] performed a 
monitoring study employing 160 blood samples 
from 28 patients under extracorporeal oxygena- 
 
 Table 1:  Clinical studies using SepsiTest™/ UMD  

Infection specimen patients samples Ref. 

Septicaemia EDTA blood 187 342 3 

  23 23 4 

  50 50 5 

  20 20 6 

  28 160 7 

Infective 
endocarditis 

heart valve 
tissue 

30 30 8 

  46 46 9 

Bacterial 
meningitis 

cerebrospinal 
fluid 

40 40 10 

  18 66 11 

Liver infection liver tissue 22 22 12 

Joint infection synovial fluid, 
joint tissue 

84 104 13 

Diverse liquids, tissues 66 96 14 
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tion. Under the above time-to-result considera-
tion, the authors noted a 13 to 75 h earlier iden-
tification of pathogens, including coagulase-
negative staphylococci, Serratia marcescens, 
Staphylococcus aureus and Candida glabrata 
than blood culture (BC) in 45% of BC- and Sep-
siTest™-positive patients. In the same study 
25% of BC-negative samples were positive in 
the molecular analysis with sepsis relevant mi-
croorganisms. Failure of BC to detect the patho-
gens was attributed to the treatment of the pa-
tients with antibiotics before blood draws. The 
detection of culture-negative infections highlights 
an important benefit of molecular analysis. 

Infective endocarditis (IE) . In another study 
Marsch et al. [9] investigated the impact of posi-
tive molecular results employing heart valve 
(HV) specimens from IE patients on the antibi-
otic therapy. Of 46 cases with HV culture-nega-
tive results, inconsistent results from pre-opera-
tive BCs or intra-operative suspicion of IE, UMD 
diagnosed relevant infections in 7 patients by 
Tropheryma whipplei, Streptococcus spp. (3 
cases), Haemophilus parainfluenzae, S. aureus 
and Gemella bergeri, respectively. These results 
initiated a change of the antibiotic treatment 
regime. The authors point out the significant 
benefit of molecular diagnosis by rapidly provid-
ing the identity of uncultured aetiologies of IE 
and the possibility of adapting the antibiotic 
treatment regime. 

Bacterial/fungal meningitis . Cerebrospinal 
fluid samples (CSF) from 40 patients with clinical 
symptoms of central nervous system infections 
were analysed for the presence of bacteria and 
fungi by culture, microscopy and UMD [10]. In a 
sub-group of 20 patients with white blood cell 
counts of >500/µl CSF and suspect of bacterial 
infection, 13 patients (65%) were positive by 
UMD, whereas only 7 patients were positive by 
culture/microscopy (35%). Overall, 5 samples 
were positive by UMD and culture/microscopy 
with pathogens, including S. pneumoniae, Neis-
seria meningitidis, Haemophilus influenzae, 
Klebsiella pneumoniae and Cryptococcus neo-
formans. In 8/32 samples (25%) which were 
culture/microscopy negative further relevant 
bacteria were identified by UMD, including spe-
cies mentioned above and additionally S. aga-
lactiae and Listeria monocytogenes. The authors 
argue that molecular testing may reduce diag-
nostic uncertainty in patients with suspected 
CNS infection and may optimise antibiotic ther-
apy and prophylaxis. 

Biomarker guided 16S PCR diagnosis of 
bacterial meningitis . Stubljar et al. [11] con-
ducted a prospective study enrolling 18 children 
with external ventricular drains and clinical signs 
of bacterial meningitis/ventriculitis. CSF samples 
were collected for the analysis of sCD14-ST as 
inflammatory biomarker and aetiologies by 

UMD. In a group of patients with ventriculitis, 
pathogens were identified in 37 out of 38 CSF 
samples (97%) by UMD in comparison to 17 
cases by culture methods (45%). More bacteria 
(20 species) and mixed infections (10 samples) 
were diagnosed with UMD than culture (10 spe-
cies; 6 samples mixed infections). The authors 
conclude that sCD14-ST guided 16S rRNA gene 
PCR could be used in every day clinical practice 
to improve the aetiological diagnosis of meningi-
tis/ventriculitis and to prescribe more appropriate 
antibiotics. 

Pathogens in explanted liver . In their pro-
spective study employing paediatric patients 
receiving liver transplantation, Schukfeh et al. 
[12] analysed the spectrum and incidence of 
pathogens in explanted liver tissue samples. 
The overall positivity by culture and/or UMD was 
9/20 (41%). With UMD one or more pathogens 
were detected in 7 (35%) and with culture in 2 
(10%) patients. UMD identified single infections 
by bacteria (S. epidermidis, Pseudomonas spp., 
Dermacoccaceae) and fungi (Pichia anomala, 
Ascomycota) and a mixed infection by S. epi-
dermidis and the yeast, C. albicans. The authors 
reasoned that universal PCR appears to be an 
effective detection method for the broad spec-
trum of pathogens in the native livers of pediatric 
patients undergoing liver transplantation.  

References  
[1] Afshari A, Schrenzel J, Ieven M, Harbarth S  (2012) 

Crit Care  16: 222.  
[2] Rice PA, Madico GE  (2005) Circulation 111: 1352-1354. 
[3] Wellinghausen N, Kochem AJ, Disqué C et al. (2009) 

J Clin Microbiol 47: 2759-2765. 

[4] Rogina P,  Skvarc M, Stubljar D et al.  (2014) Mediators 
of Inflammation, doi.org/10.1155/2014/108592. 

[5] Schreiber J, Nierhaus A, Braune SA et al. (2013) Med 
Klin Intensivmed Notfmed; doi 10.1007/s00063-013-
0227-1. 

[6] Kühn C, Orszag P, Burgwitz K et al. (2013) ASAIO 
Journal 59, 368-373. 

[7] Orszag P, Disqué C, Keim S et al. (2013) J Clin Micro-
biol 52, 307-311. 

[8] Kühn C, Disqué C, Mühl H et al. (2011) J Clin Microbiol 
49, 2919-2923. 

[9] Marsch G, Orszag P, Mashaqi B et al. (2015) Interac-
tive CardioVascular Thoracic Surgery 1–5. 
doi:10.1093/icvts/ivv006. 

[10] Meyer T, Franke G, Polywka SKA et al.  (2014) J. Clin. 
Microbiol 52, 1751-1753. 

[11] Stubljar D, Kopitar AN, Groselj-Grenc M et al.  (2015) 
J Clin Microbiol; doi:10.1128/JCM.03052-14. 

 [12]Schukfeh N, Doerner JM, Heintschel von Heinegg E 
et al. (2014) Ped Transplantation 18, 266–271. 

[13] Grif K, Heller W., Prodinger M et al. (2012)  J Clin 
Microbiol 50, 2250-2254. 

[14] Haag H, Locher F, Nolte O (2013) Diag Microbiol Inf Dis 
76, 413-418. 

 
Contact : Dr. Michael Lustig, Molzym GmbH & Co. KG, 

D-28359 Bremen, Germany 

Tel.:+49(0)421 696 162 17; e-mail: lustig@molzym.com 


