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Abstract

Background Skin and soft tissue infections have a high disease burden in children. The emergence of multidrug-resistant
bacteria over the last decades has heavily influenced hospitalization rates, morbidity and mortality. In addition, with increased
survival rates in neonatology and oncology, health-care associated infections are more frequently encountered. There is a
growing need for fast and feasible diagnostic tools for the recognition of microorganisms and drug resistances.

Methods In this prospective study, we compared results of routine culture with the multiplex PCR based Unyvero Implant
and Tissue Infection (ITT) application. Specimens were obtained from different sources from neonates and children.
Results We analyzed specimens from 29 patients (72.4% male) with a median age of 8.1 years (range 0.03-15.2). Concord-
ance between Unyvero ITI and culture was reached in 16 of 29 samples (55.2%). Unyvero ITI yielded an overall sensitivity
and specificity of 76.3% and 96.5%, respectively. Accuracies were best for non-fermenting bacteria, for which sensitivity was
100% and specificity 98.2%. Detection rates were lower for Gram-positive bacteria (68.8 and 95.2%, respectively). Unyvero
correctly detected one blagxa_sa/ producing Acinetobacter baumannii, while none of the six gyrA87 had a correlate in
antimicrobial susceptibility testing.

Conclusions Unyvero ITI quickly provides additional information relevant for clinical decision-makers. Sensitivity of the
PCR must be improved especially for Gram-positive bacteria, and further studies are needed to assess the impact on clinical
decision-making and outcome.

Keywords Children - Neonates - Skin and soft tissue infections - Bite and burn wounds - Health-care associated infections -
Multiplex PCR.

Abbreviations CP Concordantly positive
AST Antimicrobial susceptibility testing ITI Implant and tissue infection
CI Confidence interval MRSA Methicillin-resistant Staphylococcus aureus
CN Concordantly negative NPV Negative predictive value
CNS Coagulase negative Staphylococci PCR Polymerase chain reaction
PJI Prosthetic joint infection
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bacteria, mainly methicillin-resistant Staphylococcus aureus
(MRSA), has led to increased hospitalization rates [4]. One
major obstacle in the management of SSTI is the lack of
a rapid and reliable diagnostic tool that enables clinicians
to initiate an appropriate therapy, especially in the face of
multidrug-resistant organisms. Due to continuous medical
progress in neonatology or oncology, immunocompromised
children are increasingly prone to health-care associated
infections of intravascular catheters, ventilation therapy, and
surgical procedures [5, 6]. The broad use of prophylactic
antimicrobials not only facilitates growth of drug-resistant
organisms, but also further complicates diagnosis of possi-
ble infections by inhibiting bacterial growth in routine cul-
ture. Altogether, SSTI and health-care associated infections
necessitate a quick and reliable diagnostic tool which not
only detects the responsible microorganisms, but also yields
information on antimicrobial resistance determinants. The
Unyvero ITI application, based on multiplex PCR, has been
developed by Curetis AG (Holzgerlingen, Germany) to diag-
nose implant, catheter-related, osteoarticular, skin, and soft
tissue infections with a short turnaround time of approxi-
mately 5 h. Previous studies in adults with prosthetic joint
infections showed high specificity [7-9]. However, there are
no data for children. We sought to evaluate Unyvero ITI in
children and neonates with SSTI or health-care associated
infections and to compare the findings with routine culture
methods.

Methods

We prospectively compared findings of routine microbiol-
ogy with findings of the Unyvero ITI in hospitalized chil-
dren and neonates in whom diagnostics was performed due
to suspected infection. Materials were obtained from chil-
dren from the following sites: intraoperative swabs from
abdominal surgical sites; wound swabs; swabs from surgi-
cally opened skin abscesses, burn or bite wounds or synovial
fluids. All specimens underwent routine diagnostic analysis
according to standard microbiology laboratory procedures
[10] and as described before [11]. The sample remnants were
irreversibly anonymized and analyzed by Unyvero ITI appli-
cation according to manufacturer’s instructions as explained
elsewhere [12, 13]. This application is intended to detect
gene products of 23 pathogens: Staphylococcus aureus,
Coagulase-negative Staphylococci, Streptococcus agalac-
tiae, Streptococcus pyogenes, Granulicatella adiacens,
Abiotrophia defectiva, Enterococcus spp., Enterococcus
faecalis, Escherichia coli, Enterobacter cloacae complex,
Enterobacter aerogenes, Klebsiella pneumoniae, Klebsiella
oxytoca, Proteus spp., Acinetobacter baumannii complex,
Pseudomonas aeruginosa, Propionibacterium acnes, Pro-
pionibacterium avidum/granulosum, Finegoldia magna,
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Bacteroides fragilis group, Corynebacterium spp., Can-
dida albicans, and Candida parapsilosis. In addition, the
following 20 resistance genes are tested: ermA, ermC, mecA,
mecC, vanA, vanB, rpoB, aacA4, aac(6 )aph(2”), blacrx_m
blagpc, blayp: blaxpy, blagy a—23» blaoxa—aaaer blaoxa-as,
blagxa_ss. blayn, §yrA83 and gyrA87. Data were collected
and analyzed in Microsoft Excel (Microsoft Corporation,
Richmond, USA) and GraphPad Prism (GraphPad Software,
Inc.). Apart from age, sex and the designation of the mate-
rial and its source, no further clinical data were collected.
Results from conventional microbiology testing and Unyvero
ITI were compared in terms of detected microorganisms;
detected antibiotic resistance genes were correlated with
findings from the antimicrobial susceptibility testing (AST).
Concordance rates for each pathogen defined by identical
results between the results from both techniques were calcu-
lated. Results were regarded as concordantly positive (CP)
or concordantly negative (CN) when both, Unyvero and cul-
ture were positive or negative; Unyvero positive (UP) when
Unyvero was positive and culture was negative; and Unyvero
negative (UN) when Unyvero was negative and culture was
positive. The performance of Unyvero ITI per pathogen was
evaluated by calculating prevalence, sensitivity, specificity,
positive predictive value, and negative predictive value.
95% confidence intervals were determined in compliance
with the efficient score method [14, 15]. Furthermore, we
assessed the correlation between bacterial quantification,
designated as “many, moderate, or little”, and the Unyvero
signal strength for each pathogen. Data were excluded when
all PCR chambers were invalid or if the failure concerned
chambers containing organisms that yielded positive results
in the corresponding culture. All specimens were obtained
between February 2015 and December 2015. This prospec-
tive and observational study was reviewed, approved, and
declared unobjectionable by the ethic committee of the Lud-
wig-Maximilians-Universitidt Miinchen (UE Nr. 012-14).
The need for informed consent was waived since no addi-
tional patient samples were obtained.

Results

Samples of a total of 29 patients were analyzed, of which the
majority of ten specimens were intraabdominal swabs from
surgical sites (34.5%), and eight specimens were from skin
wounds (27.6%). Five samples were from abscesses (17.2%),
three from burn wounds (10.3%), and one each from a bite
wound, synovial fluid, and a thoracic drainage catheter (3.4%
each). No analysis had to be excluded due to completely
invalid runs (Table 1). Partially invalid runs occurred in
three cases, but the respective failure was not related to the
pathogen detected in culture.
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Table 1 Descriptive data

Descriptive data Number (percentage)

Cases included 29

Cases excluded due to complete invalidity 0

Partially invalid findings 3(10.3%)
Neonates 3(10.3%)
Male 21 (72.4%)
Age, median in years (range) 8.1 (0.03-15.2)
Age, mean in years 6.9

Concordance rates

Positive results in both the routine method and Unyvero were
found in 21/29 (72.4%) specimens, while only ten of those
were concordantly positive. In two cases, the Unyvero failed
to detect the culturally proven pathogen. In 6/29 (20.7%)
specimens, both methods were concordantly negative. Total
concordance was thus reached in 16/29 (55.2%). Unyvero
yielded no pathogens in eight specimens, one pathogen in
nine specimens, two pathogens in seven specimens, and
three or more pathogens in five specimens (Supplementary
Table).

Table 2 Pathogen and group specific results

Pathogen identification

Cumulatively, Unyvero ITI showed a sensitivity of 76.3%
(95% CI 59.4-88.0%) and specificity of 96.5% (95% CI
94.2-97.9%), while positive predictive and negative predic-
tive values were 64.4% (95% CI 48.7-77.7%) and 98.0%
(95% CI 96.0-99.0%), respectively (Table 2). Considering
concordantly positive findings, the most frequently detected
pathogens were Escherichia coli in 8/29 cases (27.6%),
Staphylococcus aureus in 6/29 cases (20.7%), and Bacte-
roides fragilis in 4/29 cases (13.8%). When both, concord-
antly positive and Unyvero positive findings were taken into
account, the most prevalent pathogens were still Escheri-
chia coli with 9/45 (20%), Staphylococcus aureus and Bac-
teroides fragilis each with 6/45 (13.3%), and Enterococcus
spp. with 5/45 (11.1%).

Test performances for Gram-negative bacteria were best,
especially for the non-fermenting bacteria Pseudomonas
aeruginosa and Acinetobacter baumannii. The sensitivity
for this group, i.e. the rate of culture-positive specimens
that were detected by Unyvero, was 100% (3/3; 95% CI
31-100%). The specificity, i.e. the rate of negative results
in Unyvero conforming with the culture, was 98.2% (54/55;
95% CI 89-99.9%). For Enterobacterales, sensitivity was

Specificity PPV NPV

Pathogen CP UN UP CN Prev Sensitivity

S. aureus 6 0 0 23 20.7 100.0 (51.7-100.0)
CNS 2 2 1 24 69  50.0(9.2-90.8)

S. pyogenes 2 1 0 26 69  66.7(12.5-98.2)
Granulicatella adiacens 0 0 1 28 0 -

Abiotrophia defectiva 0 0 1 28 0 -

Enterococcus spp 1 1 4 23 34 50.0(2.7-97.3)
Enterococcus faecalis 0 1 2 26 0 0.0 (0.0-94.5)

E. coli 8 1 1 19 27.6 88.9(50.7-99.4)
E. cloacae complex 1 0 0 28 3.4  100.0 (5.5-100.0)
Enterobacter spp 0 0 0 29 0 -

K. pneumoniae 0 0 1 28 0 -

K. oxytoca 2 0 0 27 6.9  100.0 (19.9-100.0)
A. baumannii 1 0 1 27 34  100.0 (5.5-100.0)
P. aeruginosa 2 0 0 27 6.9 100.0 (19.8-100.0)
Propionibacterium acnes 0 0 2 27 0 -

Bacteroides fragilis 4 1 2 22 13.8 80.0(29.9-98.9)
Candida albicans 0 2 0 27 0 0.0 (0.0-80.2)
Total 29 9 16 439 100 76.3 (59.4-88.0)
Grampositive 11 5 9 178 379 68.8(41.5-87.9)
Non-Fermenter 30 1 54 10.3 100.0 (31.0-100.0)
Enterobacterales 11 1 2 131 379 91.2(59.8-99.6)
Anaerobic 4 1 4 49 13.8 80.0(29.9-98.9)

100.0 (82.2-100.0)
96.0 (82.0-96.0)
100.0 (83.9-100.0)
96.6 (80.3-99.8)
96.6 (80.3-99.8)
85.2 (65.3-95.1)
92.9 (75.0-98.8)
95.0 (73.1-99.7)
100.0 (85.0-100.0)
100.0 (85.4-100.0)
96.6 (80.3-99.8)
100.0 (84.5-100.0)
96.4 (79.8-99.8)
100.0 (84.5-100.0)
93.1 (75.8-98.8)
91.7 (71.5-98.5)
100.0 (84.5-100.0)
96.5 (94.2-97.9)
95.2 (90.8-97.6)
98.2 (89.0-99.9)
98.5 (94.1-99.7)
92.5 (80.9-97.6)

100.0 (51.7-100.0)
66.7 (12.5-98.2)
100.0 (19.8-100.0)
0.0 (0.0-94.5)

0.0 (0.0-94.5)
20.0 (1.1-70.1)
0.0 (0.0-80.2)

88.9 (50.7-99.4)
100.0 (5.5-100.0)

0.0 (0.0-94.5)
100.0 (19.8-100.0)
50.0 (2.7-97.3)
100.0 (19.8-100.0)
0.0 (0.0-80.2)
66.7 (24.1-94.0)

64.4 (48.7-71.7)
55.0 (32.0-76.2)
75.0 (21.9-98.7)
84.6 (53.7-97.3)
50.0 (17.4-82.6)

100.0 (82.2-100.0)
92.3 (73.4-98.7)
96.3 (79.1-99.8)

100.0 (85.0-100.0)

100.0 (85.0-100.0)
95.8 (76.9-99.8)
96.2 (79.1-99.8)
95.0 (73.1-99.7)

100.0 (85.0-100.0)

100.0 (85.4-100.0)

100.0 (85.0-100.0)

100.0 (84.5-100.0)

100.0 (84.5-100.0)

100.0 (84.5-100.0)

100.0 (84.5-100.0)
95.7 (76.0-99.8)
95.3 (75.8-98.8)
98.0 (96.0-99.0)
97.3 (93.4-99.0)

100.0 (91.7-100.0)
99.2 (95.2-99.9)

0.98 (88.0-99.9)

CP, UN, UP and CN as defined in the materials and methods section, given as absolutes; Prevalence (Prev), sensitivity, specificity, positive pre-
dictive value (PPV) and negative predictive value (NPV) given as accuracy measures, in percent; 95% confidence intervals in brackets
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91.7% (11/12; 95% CI 59.8-99.6%), and specificity was
98.5% (131/133; 95% CI 94.1-99.7%). Furthermore,
Unyvero detected anaerobic bacteria with a sensitivity of
80% (4/5; 95% CI 29.9-98.9%) and a lower specificity of
92.5% (49/53; 95% CI 80.9-97.6%), influenced by a high
rate of presumably false-positive findings. The performance
for Gram-positive bacteria was even poorer, yielding a sen-
sitivity of only 68.8% (11/16; 95% CI 41.5-87.9%), while
specificity was 95.2% (178/187; 95% CI 90.8-97.6%).
Interestingly, the detection of Staphylococcus aureus was
perfect (sensitivity and specificity of 100%), while the fail-
ure of Unyvero to detect CNS and Streptococcus pyogenes
accounted for the poor overall performance for Gram-posi-
tive bacteria. Overall, Candida albicans was the only patho-
gen that Unyvero failed to detect completely (2 specimens).
On the other hand, Unyvero detected bacteria in five culture-
negative specimens, namely Propionibacterium acnes, Gra-
nilucatella adiacens, Abiotrophia defectiva, and Klebsiella
pneumoniae.

Resistance markers

In total, 12 resistance genes were detected by Unyvero in 11
specimens. The most frequently encountered resistance gene
was gyrA87 in six cases; followed by ermC in three speci-
mens, aac(6 Japh(2"") in two specimens, and blagx s _paso In
one specimen. None of the six gyrA87 was associated with
chinolone resistance in AST; only one of the ermC find-
ings correlated with macrolide and clindamycin resistance
in the according AST. None of the aac(6 ")aph(2"") findings
were associated with aminoglycoside resistance in AST. The
only detected carbapenemase blagxs_s4/40 Was found in a
carbapenem-resistant Acinetobacter baumannii.

Correlation between signal strength and microbial
count

We tested for congruency between the Unyvero and the
routine method by comparing signal strength and micro-
bial counts. Overall, correlation between the signal strength
of Unyvero and the microbial count was weak (Spearman
r=0.48), while for higher signal strengths, the correlation
was slightly stronger (Fig. 1). In addition, we observed lower
means (404.5 vs. 723.2) of signal counts in specimens in
which culture had yielded no pathogen.

Discussion

In this study, we prospectively evaluated the point-of-care
multiplex PCR Unyvero ITI in children and neonates, and
compared it to routine microbiological culture methods.
Unyvero successfully detected all culture-positive cases of
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Fig. 1 Correlation between signal strength measured by Unyvero and
bacterial count assessed by the routine method; bacterial count 1: lit-
tle; 2: moderate; 3: many; signal strength: no specified unit. Dotted
lines: 95% confidence interval

Staphylococcus aureus, a major cause of not only skin and
soft tissue infections, but also osteoarticular, and foreign body
infections [16]; non-fermenting bacteria such as Acinetobacter
baumannii and Pseudomonas aeruginosa, an important patho-
gen of hospital-acquired infections [6]; and some Enterobac-
terales such as Klebsiella oxytoca and Enterobacter cloacae
complex. Detection rate for all Enterobacterales, including
Escherichia coli, was not as good as for non-fermenting bac-
teria, but still above 90%. In 16 findings (55.2%), Unyvero
detected a pathogen while the corresponding culture remained
negative for the respective pathogen. This might indicate a
higher precision of PCR, which can detect traces of genetic
material also from bacterial debris, hence leading to specific-
ity lower than 100%. The clinical relevance of these findings
remains unclear, yet for some organisms that are difficult to
grow in culture this may offer an advantage. Specificity as it
is calculated in our analysis is influenced by negative findings,
and could be increased, by adding more especially rare and
irrelevant pathogens into the assay. Yet, sensitivity remains
the clinically more important variable in our analysis, since
it shows as in how far pathogens detected by culture are also
reliably detected by Unyvero. Overall, Unyvero delivered
a sensitivity of 76.3%, missing pathogens grown in culture
in nine cases, among those both cases of Candida albicans.
Furthermore, sensitivity was low for Gram-positive bacteria
such as Coagulase negative Staphylococci (important cause
of catheter-related infections [17]), and S. pyogenes, a major
pathogen associated with SSTI [18]. A biological explanation
for this finding may be that Gram-positive bacteria possess a
thicker cell wall, which might affect the lysis during PCR, a
phenomenon that has recently been observed for the Unyvero
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pneumonia assay [11]. Our findings confirm previous studies,
all of which were carried out in adults with prosthetic joint
infections (PJI). In a pilot study by Borde et al., a concord-
ance rate of 82% between the Unyvero and the routine method
[7] was found. In two other prospective studies, sensitivities
ranged from 60.5 to 66.7%, and specificities from 98.0 to
100%, the latter being mainly due to concordantly negative
findings [8, 9]. In a more recent study, a Swiss group tested
the Unyvero ITI assay on culture negative specimens from
bone cement spacers, and found no advantages of the assay
[19]. Villa et al. evaluated the system for early and late PJI,
resulting in a sensitivity of 34.2% before and 81.6% after broth
enrichment, in comparison with routine culture [20]. Finally,
in a large French trial published in 2018, the Unyvero ITI assay
was compared to routine and to 16S RNA PCR in patients with
PJ1, yielding concordance rates of 58.1% and 70.1%, respec-
tively [21].

Besides the clinically important detection of a carbapen-
emase with a matching finding in AST in our study, Unyvero
ITI detected multiple resistance genes, e.g. gyrA87, with-
out correlate in the routine sensitivity testing. This finding
is not entirely surprising since the mere presence of genes
does not necessarily implicate expression of the enzyme and
subsequent resistance. Yet, the clinical relevance of these
findings remains unclear and no additional data on therapy
and outcome were available for these patients.

One limitation of this study was the low number of speci-
mens. In addition, no clinical data were available for cor-
relating findings with e.g. antimicrobial therapy or disease
severity, both of which may influence detection of pathogens
with routine methods. Every multiplex PCR assay covers
a specific selection of possible pathogens. For pediatric
patients, it would be advisable to include especially organ-
isms that are difficult to culture, e.g. Kingella kingae, a path-
ogen encountered especially in children with osteoarticular
infections [22], or Mycobacterium tuberculosis, which can
cause skeletal tuberculosis [23].

No specimen had to be excluded from our analysis due
to complete failure of all PCR chambers, while partially
invalid probes were found in three cases. Of the former
studies of the Unyvero ITI application in adults, Hischebeth
[8] reported on one failed chamber out of 62 specimens. In
comparison with earlier studies with the Unyvero pneumonia
application with invalidity rates ranging from 6.1 to 34.3%
[11-13, 24-26], we consider this rate as an improvement of
the system.

Conclusions

In summary, our data indicate that Unyvero might facilitate
fast diagnosis in cases of SSTI, osteoarticular or health-care
associated infections. However, it needs to be reassessed in

patients undergoing antimicrobial therapy prior to diagno-
sis. Sensitivity for some clinically important Gram-positive
bacteria, but also fungal pathogens needs to be improved.
Our results need confirmation in further studies with special
emphasis on correlation with clinical data, incorporation in
clinical decision algorithms, and cost efficiency analysis.
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