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A multiplex ligation-dependent probe amplification assay for simultaneous detection of six virus species was
developed and tested on clinical cerebrospinal fluid (CSF) samples. The assay, termed MeningoFinder, showed
an accordance of 97%, concordance of 96%, interlaboratory sensitivity of 90%, and interlaboratory specificity
of 94% compared to PCRs.

The diagnosis of central nervous system (CNS) infections is
nowadays mostly performed by molecular methods such as
(real-time) PCR (13). However, simultaneous PCR detection
of agents is limited by the use of multiple primers, as this
increases the risk of primer-dimer formation and constrains
suitable reaction conditions (9). An amplification technique
that allows for simultaneous detection of targets without the
use of multiple primer sets is the multiplex ligation-dependent
probe amplification (MLPA) technology. MLPA technology
was shown to allow amplification of up to 40 different targets
simultaneously through the use of one universal primer set in
the final amplification (12). Recently, the MLPA technology
was applied for the first time for detection of infectious agents
causing respiratory tract infections (11). The goal of the cur-
rent study was to design and evaluate the MeningoFinder assay
(Fig. 1), a novel MLPA assay for simultaneous detection of six
clinically relevant agents causing CNS infections, i.e., entero-
virus, cytomegalovirus (CMV), varicella-zoster virus (VZV),
Epstein-Barr virus (EBV), and herpes simplex virus type 1 and
2 (HSV-1 and HSV-2). The assay was tested independently in
two different laboratories and compared to conventional PCR-
based diagnostics.

Sample panels containing quantified viral loads of all targets
were obtained from Quality Control for Molecular Diagnostics
(Glasgow, United Kingdom). Clinical cerebrospinal fluid
samples (n � 50) were collected by the Laboratory for
Pathology and Medical Microbiology, Eindhoven, The
Netherlands (PAMM). Samples were divided in multiple parts
for randomized double-blind analysis by the different labora-
tories. The MeningoFinder assay was compared to routine
in-house PCRs. The PCRs for enterovirus, HSV-1, HSV-2, and

VZV were performed by PAMM (1, 6, 15), and the PCRs for
CMV and EBV were performed at the Laboratory of Medical
Microbiology at the Maastricht University Medical Center
(MUMC) (10, 16). Viral RNA/DNA from clinical samples
(200-�l cerebrospinal fluid specimens) for PCR or MLPA was
isolated using either the Nuclisense easyMAG (bioMerieux,
Boxtel, The Netherlands) or the MagnaPure LC nucleic acid
system (Roche Diagnostics) according to the manufacturers’
instructions. Before starting the extraction, a competitive
internal control (IAC) was added; IAC was constructed as
described previously (11). The MeningoFinder probes were
designed against conserved viral genomic regions, i.e., the
CMV UL89 gene (gb DQ48009.1, positions 1767 to 1824),
the EBV nuclear antigen 1 gene (gb AY825078.1, positions
280 to 346), the enterovirus polyprotein gene (emb AJ295206.1
HEC295206, positions 469 to 525), the HSV-1 and HSV-2 US6
genes (gi 30961596 gb AY240830.1, positions 89 to 155, and
gb EU018091.1, positions 154 to 220) and the VZV immedi-
ate-early 62 gene (gb AY253719.1, positions 1996 to 2062).
The primers were used for both specific reverse transcription
as well as preamplification (Table 1). As shown in Fig. 2, the
MeningoFinder setup produces seven specific PCR products.
The MeningoFinder MLPA was performed by PAMM and
Pathofinder B.V. (PF). Preamplification and MLPA were per-
formed as previously described (11), except for the primer
concentration during preamplification, which was raised to 4
�M for each primer (Biolegio, Malden, The Netherlands).
Amplified MLPA products were analyzed either by agarose gel
electrophoresis (Cambrex, Verviers, Belgium) or by acryl-
amide gel electrophoresis using a LI-COR 4300 DNA ana-
lyzer. For the multicenter study, the interlaboratory sensitivity
was defined as the percentage of positive samples giving a
correct positive signal (as determined by PCR). The interlabo-
ratory specificity was defined as the percentage of negative
samples giving a correct negative signal (European Committee
for Standardization, 2002) (4). The accordance (repeatability)
and concordance (reproducibility) were defined as the percent-
ages of finding the same result (positive or negative) from two
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samples analyzed in either the same laboratory or different
laboratories under standard conditions (4).

MeningoFinder detection limit and specificity. The analyti-
cal detection limit of the MeningoFinder MLPA assay was
evaluated using external quality control samples (Quality Con-
trol for Molecular Diagnostics) and was found to be 4 copies/
MLPA assay for CMV, 50 copies/MLPA assay for EBV, 15
copies/MLPA assay for enterovirus, 28 copies/MLPA assay for
HSV-1, 180 copies/MLPA assay for HSV-2, and 154 copies/

MLPA assay for VZV. Similar detection limits were previously
found for a multiplex MLPA assay detecting respiratory vi-
ruses (11), as well as for multiplex real-time PCR assays and
microarray tests detecting viruses causing CNS infections
(2)(8, 14). The specificity of the MeningoFinder assay was
demonstrated by the lack of cross-reactivity between any of the
targets in the panel (data not shown).

Evaluation of the MeningoFinder assay on clinical samples.
The accordance, concordance, and interlaboratory sensitivity
and specificity were evaluated using a triple-center approach.
The overall accordance and concordance of the assay were
found to be 97% and 96%, respectively. All discrepancies were
caused by failed detection in one of two runs at PAMM re-
sulting from possible low loads of enterovirus or due to inci-
dents of contamination. The values for accordance and con-
cordance that were found in our study are higher or at least in
the same range as those reported in other multicenter evalu-
ations of molecular tests (3, 4).

To assess the interlaboratory sensitivity and specificity, the
results from the MeningoFinder assay were also compared to
results obtained by PCR. The MeningoFinder MLPA and PCR
were tested on 50 clinical CSF samples (Table 2). Of the 26
samples positive by PCR, the MeningoFinder assay produced
concordant results in 24 (PAMM) and 23 (PF) samples, result-
ing in an average overall interlaboratory sensitivity of 90%.
Regarding the 24 samples that were found negative by PCR,
the MeningoFinder assay generated concordant results in 22
and 23 results for PAMM and PF, respectively, resulting in an
average overall interlaboratory specificity of 94%. Interlabora-
tory sensitivities and specificities were also calculated per in-
dividual causative agent. The interlaboratory specificities were
found to lie between 98 and 100%, whereas the sensitivities
were 100% for enterovirus, HSV-1, HSV-2, and VZV. The
sensitivity for CMV could not be calculated due to the absence
of any CMV-positive samples. The sensitivity for EBV was 0%
due to a failure of the MeningoFinder assay to detect EBV in
two samples. However, the EBV load in these samples was
lower (�10 copies/PCR) than the detection limit of the

FIG. 1. Schematic representation of the MeningoFinder MLPA as-
say setup. A one-step reverse transcription-PCR (RT-PCR) is per-
formed using specific primers for all seven targets. Subsequently, the
MLPA reaction is performed, including a probe hybridization step, a
ligation step, and a amplification step. The amplification is performed
with one universal primer set that can amplify all ligated probes. After
amplification, the MLPA reaction is analyzed by electrophoresis. Each
MLPA probe can be discerned due to its specific length. Recently, the
protocol has been further optimized by combining the probe ligation
and probe amplification in one reaction.

TABLE 1. Preamplification primers used in the
MeningoFinder assay

Target Sequence Amplicon
size (bp)

HSV-1 5�-GAAGACCCCGAGGATTCG-3� 204
5�-CCAGTACACAATTCCGCAAA-3�

HSV-2 5�-CATGGGGCGTTTGACCTC-3� 249
5�-TACACAGTGATCGGGATGCT-3�

VZV 5�-ATGCATTAGCTCTTGTCGAGGAGGCT
TCTG-3�

302

5�-ATGCATGGAATGGCTATGAGCCGTCG
ATAC-3�

Enterovirus 5�-ATGCACTAGCTCCTCCGGCCCCTGAA
TGCGGCTAA-3�

181

5�-ATGCATGGACCTTTCAATTGTCACCAT
AAGCAGCCA-3�

EBV 5�-CGCAGATGACCCAGGAGA-3� 408
5�-CCCTCAGCAAATATATGAGTTTGTA-3�

CMV 5�-ATGCACTAGCCATCGAACAGCCCTTC
TACC-3�

252

5�-ATGCATGGACAGATACGATTCTGGCG
CTTG-3�

IAC 5�-ACATGTAACCGCCCCCATT-3� 118
5�-TCCACGCACGCACTACTATG-3�

FIG. 2. Gel electrophoresis results of the MeningoFinder assay
showing the different sized bands representing detection of the respec-
tive viruses or IAC. Lane M contains molecular size markers, and lanes
1 to 7 show the different MLPA products. Entero, enterovirus.
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MeningoFinder assay for EBV (50 copies/MLPA assay).
Further development of the assay will be geared toward im-
proving the detection limit for EBV, as well as for HSV-2 and
VZV. The values for sensitivity and specificity of the current
MeningoFinder assay are comparable to those for molecular
methods used in other multicenter trials (4, 5, 7). The main
limitation of the current study is that samples have been ana-
lyzed in a retrospective fashion. Future studies will have to be
performed to evaluate the assay prospectively. In conclusion,
the MeningoFinder assay is a flexible and convenient assay that
does not require specialized treatment. It offers a promising
alternative for simultaneous routine detection of multiple vi-
ruses causing CNS infections.

The research described here has been facilitated by a Triple-In
TenderFonds grant provided by the Province of Limburg, The Neth-
erlands.
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TABLE 2. Comparison of the results of MeningoFinder MLPA and
PCR on 50 clinical CSF samples

No. of
samples PCR resulta

MeningoFinder MLPA result by:b

PAMM PF

12 Enterovirus Enterovirus Enterovirus
2 Enterovirus Enterovirusc Enterovirus
1 Enterovirus Enterovirusc HSV-2 � enterovirus
1 NEG EBV EBV
4 HSV-1 HSV-1 HSV-1
1 HSV-2 HSV-2 HSV-2
2 HSV-2 � EBV HSV-2 HSV-2
4 VZV VZV VZV
1 NEG VZV NEG
22 NEG NEG NEG

a PCR analyses were performed by PAMM for HSV-1, HSV-2, enterovirus,
and VZV. EBV and CMV real-time PCRs were performed by MUMC. NEG,
negative.

b All MeningoFinder assays were performed in duplicate, both at PAMM and
PF. All results were identical in duplicate experiments unless indicated other-
wise. NEG, negative.

c Enterovirus was detected in one out of two experiments for these three
enterovirus results.
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