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Abstract

Rapid detection of enterovirus (EV) infections is essential in the management of aseptic meningitis. Molecular approaches have opened tt
way to such rapid, but also specific and sensitive, diagnostic tests. The aim of this study was to compare the performance of the CE marke
NucliSens EasyQ Enterovirus assay with an in-house two-step RT-PCR assay using cerebrospinal fluid (CSF) and throat swab samples.
addition, specificity was tested with clinical isolates positive for viruses with clinical importance in CSF samples.

For nucleic acid extraction, the NucliSens miniMAG and NucliSens magnetic extraction reagents were used. Subsequently real-time
nucleic acid sequence-based amplification (NASBA) RNA amplification was performed using NucliSens EasyQ basic kit reagents and
NucliSens EasyQ Enterovirus reagents. An EV-specific internal homologous control (IC) RNA was used to monitor the entire NucliSens
EasyQ procedure at the individual sample level. No IC but an external inhibition control was available for the RT-PCR method. For the
NucliSens EasyQ procedure, amplification and real-time detection reactions were carried out in the NucliSens EasyQ analyzer. The real-tim
NASBA enterovirus detection was based on NASBA amplification and real-time molecular beacon technology. Data were analyzed using
the manufacturer’s software on the NucliSens EasyQ analyzer. For the in-house assay, RT-PCR amplicons were detected using agarose
analysis.

The analysis of clinical samples positive for HSV-1, HSV-2, adenovirus, CMV, VZV, mumps and rhinovirus were all negative by NucliSens
EasyQ Enterovirus assay. Three rhinovirus samples were, however, strongly positive in RT-PCR.

A total of 141 clinical samples were retrospectively tested, including 126 cerebrospinal fluid (CSF) samples and 15 throat swabs. The 91
CSF samples were negative by both methods, 31 CSF samples and 14 throat swab samples were positive by both methods. The four C.
samples were positive by RT-PCR only. One throat swab sample was negative in NucliSens EasyQ but positive in RT-PCR.

The sensitivity and specificity of both methods seem to be more or less comparable. However, the in-house RT-PCR assay appears to ampli
some rhinovirus strains and should therefore not be used for throat swab samples. NucliSens EasyQ Enterovirus assay gave more inval
results than the in-house RT-PCR, which is obvious taken into account the difference in quality control between the CE marked NucliSens
EasyQ Enterovirus assay and the in-house enterovirus assay. The NucliSens EasyQ procedure can be completed within 5 h versus 9.5 h for
RT-PCR. NucliSens EasyQ Enterovirus assay showed to be a standardized, rapid, specific, sensitive and reliable procedure for the detecti
of enterovirus RNA.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction spectively to this study. The samples were collected dur-
ing a time period from June 2002 to August 2003. The
Enteroviruses (EV) are important pathogens with different samples were submitted to the university hospital labora-
manifestation. EV are small RNA viruses that are transmit- tory for enterovirus analysis from patients with clinical de-
ted by the rectal—oral route, that replicate in high titer in the scription of aseptic meningitis. Additional 15 enterovirus
enteric tract, and that are carried by the blood to target organspositive throat swab samples were included to this com-
(Landry et al., 2003aEV consists of more than 60 different  parison study. The samples were originated from 93 male
serotypes. While most infections either are asymptomatic or and 48 female patients. The 52 samples originated from
result in minor ilinesses, aseptic meningitis, neonatal sepsis,adults over 18 years, and 89 from children under 18 years
myocarditis or pericarditis lead to a large number of hos- o|d. All the samples were original analyzed with the in-
pitalizations. Enteroviruses are the most important viruses house enterovirus RT-PCR assay. The 71 samples orig-
causing aseptic menigitisSprgievski-Hrisoho et al., 1998 inated from Bern and the rest from different university
The ability to rapidly differentiate EV infections from bac-  and local hospitals in Switzerland. All the samples were
terial illness can reduce hospitalization time, antimicrobial stored at-70°C. Local ethical approval guidelines were fol-

usage and diagnostic tests. lowed for use of clinical material and access to diagnostic
The mainstay of the enterovirus diagnosis is the virus iso- results.

lation in cell culture. However, the turnaround time for cell
culture is usually 5-7 days for positive results and 10 days
for negative reportsGorgievski-Hrisoho et al., 1998lt is
also known that some of the EV serotypes, especially cox-
sackievirus group A do not grow well or not at all in tissue
culture Hsiung, 1994; Landry et al., 2008#n contrast, sen-
sitive nucleic acid amplification techniques can provide re-
sults within 1 or 2 days, can detect serotypes that grow poorly ;
in cell culture, and can thus significantly alter the medical care G€neva, Switzerland). The sample volume was j208nd
offered to patients. Many procedures that bases on reverse{h€ elution volume 2gl. An EV-specific internal homolo-
transcribed polymerase chain reaction (RT-PCR) have beend®Us control (IC) RNA was included to each sample during
described in the pas&imaker et al., 1993; Rotbart, 1990: the e_x_trac_non. This nucleic acid extract was used for both
Zoll et al., 1992. Because the EV group is genetically so di- 2mPlification methods.
vergent all the published amplification methods are targeted
within the highly conserved #ion-coding regionin orderto 2.3, Real-time NASBA enterovirus amplification and
detectthe broadest spectrum of EV serotypesdtal., 2003 detection

The nucleic acid sequence-based amplification (NASBA,;
bioMérieux, Boxtel, The Netherlands) is targeted at RNA. It NucliSens EasyQ (real-time NASBA) enterovirus RNA
makes use of the simultaneous enzymatic activities of avian amplification was performed using NucliSens EasyQ basic
myeloblastosis virus reverse transcriptase, RNase H, and Tkt reagents (containing generic reagents like enzymes and
RNA polymerase under isothermal conditiorSo(pton,  nucleotides for real-time NASBA) and NucliSens EasyQ
199). New CE marked NucliSens EasyQ Enterovirus Enterovirus reagents (containing enterovirus specific am-
assay working on the NucliSens EasyQ analyzer are alsoplification primers and molecular beacons, enterovirus in-
targeted within the Snon-coding region of the enterovirus  ternal control RNA and Basematrix) according to the
genome and were designed in order to obtain broad serotypemanufacturer’s instructions (biodieux, Geneva, Switzer-
specificity in combination with a high sensitivity. The aim of  |and). The input volume was |8 nucleic acid extract.
this study was to compare the performance and conveniencean EV-specific internal homologous control RNA was
of the CE marked Nuclisens EasyQ Enterovirus assay with measured to monitor the entire NucliSens EasyQ pro-
an in-house two-step RT-PCR assay using CSF and throatcedure at the individual sample level. Amplification re-
swab samples. In addition, specificity of both methods was actions were carried out in the NucliSens EasyQ ana-
tested with clinical isolates positive for viruses with clinical |yzer_ The real-time NASBA enterovirus detection was
importance in CSF samples and with genetically closely based on molecular beacons. Two different molecular bea-
related rhinovirus group. cons were used, one specific for the WT enterovirus am-
plicon and one for the internal control amplicon. The
use of two fluorescent dyes (6-FAM for WT, and 6-
ROX for the internal control) allows the synthesis of tar-
2.1. Samples get and internal control RNA to be followed individu-

ally. Data were analyzed using the manufacturer's Nu-

The 126 CSF samples including 35 enterovirus positive cliSens EasyQ director software on the NucliSens EasyQ

and 91 enterovirus negative samples were included retro-analyzer.

2.2. Nucleic acid extraction

The nucleic acid extraction of CSF and throat swab sam-
ples was performed with the NucliSens miniMAG and the
NucliSens magnetic extraction reagents. The extraction was
done according manufacturer’s instructions (b&idux,

2. Materials and methods
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Table 1 Table 2
Comparison of EV real-time NASBA and EV RT-PCR Patients with positive and discrepant results
NASBA EV assay Sample identification Age Sex Sample NASBAEV RT-PCR
Positive Negative Be004 13 f CSF + +
— 1ath b 1th b Be008 <l m CSF + +
EV RT-PCR p03|t|\(e 31 CSF, 14 throat swal 4 CSF,; .1t roat swal Be012 <1 f CSF + +
EV RT-PCR negative 0 CSF,; 0 throat swab 91 CSF; O throat swab g.4¢6 14 m CSE _ +
Be018 6 f CSF + +
Be019 5 m CSF + +
. . Be023 5 m CSF + +
2.4. RT-PCR for amplification of enterovirus RNA Be027 15 m CSF + +
Be030 10 m CSF + +
Anin-house RT-PCR for enterovirus detection is based to a Be034 16 m CSF + +
work of Rotbart (1990)The RT reaction was carried out with ~ Be038 8 m CSF t +
reverse primer MD90 (SATTGTCACCATAAGCAGCCA) ~ Beo42 1 m  Throatswab + *
d OmniScript reverse transkriptase reagents accordin pe0ds Lom CSF N N
an pt rev _ P g 0rdiNGgeo49 4 f CSF + +
to manufacturer’s instructions (Qiagen, Basel, Switzer- gegs3 3 f CSF - +
land). RT-reaction was performed with &P nucleic acid Be057 1 m CSF + +
eluat and &l RT reagents. The following PCR am- Be060 1 m CSF t +
plification was carried out with forward primer MD91 g:ggg é ][“ g;f : :
/
(5_-CCTCCGGCCCCTGAATGCGGCTAAT) and reverse pg.o71 <1 m Throatswab + .
primer MD90. The 1Qul of RT-product and 9@l PCR Be075 9 m Throatswab + ¥
reagents were performed to the amplification step consistingBe079 7 m CSF + +
of 40 cycles with following program: 95C for 1 min, 60°C Be082 <t f CSF + +
for 1 min, and 72C for 1 min. The amplicons were detected BZggi <; In (éz":: ' :
using agarose_gel an_aly_3|§._ For every _sample_we performeds 90 9 m CSF + +
an external universal inhibition control in real-time PCR us- gegg4 6 f CSF ¥ ¥
ing TagMan Exogenous IPC reagents (Applied Biosystems, Be099 <1 m CSF + +
Rotkreuz, Switzerland). Be105 8 m CSF + +
Bel06 7 m CSF + +
Bel10 9 m CSF + +
2.5. Specificity studies Bell4 <1 m CSF + +
Be118 6 m CSF + +
The specificity of NucliSens EasyQ Enterovirus assay and 120 <t f CsF - *
of the enterovirus in-house RT-PCR was tested with clini- oo-2x 6 m CsF y y
. o ) . o - . Bel26 7 m  Throatswab + +
cal isolates positive for viruses with clinical importance in ge130 <1 m Throatswab + +
CSF samples and with genetically very similar rhinoviruses. Be136 <1 m Throatswab + +
The definitive identification of the viruses was originally con- Be139 <l m Throatswab + +
firmed with monoclonal antibodies. Three HSV-1, three HSV- Bé148 <l m  Throatswab + *
2, three adenovirus, three CMV, three VZV isolates, nine pelsl $ f Throatswab + *
P - ! ! . ! Bel55 9 m  Throatswab + +
Rhinovirus and two mumps type strains, Jeryl Lynn and En- ge1s9 5 m Throatswab + +
ders, were extracted as upon described and amplified paralleBe163 <1 f  Throatswab + +
with NucliSens EasyQ Enterovirus assay and with in-house Bel66 4 m  Throatswab + +
RT-PCR Bel70 5 m CSF - +
' Bel72 5 f CSF + +
Bel75 7 m CSF + +
Bel77 <1 f Throat swab — +
3. Results Bel79 <1 f  Throatswab + +
Ageinyears: <1, less than 1-year-old. Sex: f, female; m, male. Sample: CSF,
3.1. Comparison of EV real-time NASBA and EV cerebrospinal fluid. NASBA EV, RT-PCR: +, positive;, negative.

RT-PCR results
the positive and discrepant samples with patient age, sex and
The 126 CSF samples and 15 throat swab samples wergesults of both analysis can be seefTable 2
extracted with NucliSens miniMAG and parallel analyzed
with EV real-time NASBA and EV in-house RT-PCR. As 3.2. Specificity testing
shown inTable 191 CSF samples were negative by both
methods. The 31 CSF samples and 14 throat swab samples HSV-1, HSV-2, adenovirus, CMV and VZV isolates, three
were positive by both methods. The four CSF samples andof each, were all negative by EV NASBA and by EV RT-PCR.
one throat swab sample were positive by RT-PCR only. All Two mumps type strains, Jeryl Lynn and Enders, were also
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negative by both methods. All nine rhinovirus isolates were and thus, cross-reactivity is common between these viruses
negative by real-time NASBA method but three were strongly (Lai et al., 2003.

positive in RT-PCR. The purpose of this study was further to compare the
performance and user convenience of NucliSens EasyQ En-
3.3. Patient characteristic terovirus assay with that of the in-house two-step RT-PCR

assay. The study showed that the performance and the user
The 45 samples were positive with both methods. The 41 convenience of NucliSens EasyQ Enterovirus assay was bet-
(45) out of these originated from children under 10 years old. ter than that of the RT-PCR. First of all NucliSens EasyQ
The 4 (45) positive samples originated from children between Enterovirus assay could be completed in the same day within
10 and 18 years old. None of the positive sample (with both 5 h versus 9.5 h for the RT-PCR divided in two working days.
methods positive) originated from adults over 18 years. This is important since a rapid and accurate diagnosis of
enterovirus infection is essential for the appropriate clini-
3.4. Comparison of the performance of the EV real-time cal management of patients with aseptic meningitis. For nu-
NASBA and EV RT-PCR assays cleic acid extraction the new NucliSens miniMAG platform
was used in combination with NucliSens magnetic extraction
The NucliSens EasyQ Enterovirus assay can be com-reagents. This is the next generation “BoorBbom et al.,
pleted within 5h versus 9.5h for the RT-PCR divided in 1990 technology based on magnetic silica extractigan
two working days. The enterovirus specific internal control Deursen et al., 2004The NucliSens EasyQ is a closed sys-
provides control at the individual sample level. For the tem, which comprises the real-time NASBA amplification
in-house RT-PCR method only an external inhibition control step with automatic analysis of the data. No RT-reaction and
was available which does not control the extraction step. The separate detection step is necessary. Soitis easier and requires
real-time NASBA results were analyzed using the manufac- less technical work from laboratory personal. The PCR con-
turer’s NucliSens EasyQ director software on the NucliSens tamination risk can be avoided in NucliSens EasyQ because
EasyQ analyzer and were classified as positive, negative orthe tubes with amplification product never have to be opened.
invalid in case the internal control was not detected or the The NASBA results were analyzed using the manufacturer's
signal was too weak. Compared to the subjective reading of NucliSens EasyQ director software on the NucliSens EasyQ
the positive and weak positive bands after RT-PCR in agaroseanalyzer and were clear to interpret compared to the subjec-
gel the NASBA results were easy and clear to interpret. tive reading of the positive and weak positive bands after RT-
Some invalid samples (data not shown) were found with PCRinagarose gel. An EV-specificinternal homologous con-
NASBA method which were not invalid with the universal trol RNA provides control over the entire NucliSens EasyQ
inhibition control in real-time PCR. NucliSens EasyQ is a procedure including the extraction. For the in-house RT-PCR
closed tube format, which minimizes the risk of amplicon only an external inhibition control was available which does
contamination and is therefore more secure than the RT-PCRnot control the extraction step. During the evaluation some of
where the tubes has to be opened after PCR reaction. the samples were invalid in the NucliSens EasyQ procedure
(data not shown) that were not invalid with the universal in-
hibition control in real-time PCR. The observation is not sur-
4. Discussion prising taken into consideration the different level of quality
control between the two assays. The NucliSens EasyQ assay
The results in this comparative study showed that the sen-uses a homologous internal control added before extraction
sitivity and specificity of the NucliSens EasyQ Enterovirus and hence safequarding the whole process from extraction
assay and the in-house two-step RT-PCR assay were mordo end result, while the in-house RT-PCR assay only uses
or less comparable. The 141 clinical samples were retro- an inhibition control added after extraction and hence only
spectively tested, including 126 CSF samples and 15 throatchecking inhibition of the RT-PCR reaction. A more indepth
swabs. The four CSF samples and one throat swab samplanalysis of this phenomenon will be performed at a later stage.
were positive by RT-PCR only. The discrepant CSF samples It was interesting that all the samples (45) positive in both
were probably samples with very low viral load and the throat methods originated from children and none from adults over
swab sample cannot be excluded from rhinovirus group (seel8years. The 41 (45) were isolated from children even yonger
specificity analysis described below). The specificity anal- than 10 years old.
ysis with clinical isolates positive for viruses with clinical The current results confirm previous experiences of the
importance in CSF samples (HSV-1, HSV-2, Adeno, CMV, sensitivity of both molecular assays. Participation of the en-
VZV and mumps) and with rhinoviruses showed no cross- terovirus external quality control QCMD 2003 showed for
reaction by NucliSens EasyQ Enterovirus assay. However inboth assays a score of 100% (data not shown). Virus titer of
this study it could be shown that our in-house RT-PCR ap- 0.3 TCID(50)/ml could be detected by both assays, testing
pear to amplify some rhinovirus strains and should therefore positive for RT-PCR and equivocal for NucliSens EasyQ En-
not be used for throat swab samples. It is known that the en-terovirus assay. Other studies on the NASBA based detection
teroviruses are genetically very similar to the rhinoviruses, of enteroviruses verify the findings in this study about the
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sensitivity and user convenience of the enterovirus NASBA for the specificity analysis. We thank all members of the
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