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Human  metapneumovirus  (hMPV)  is  a common  respiratory  tract infection  in children.  However,  con-
ventional  immunofluorescence  assays  (IFAs)  for detecting  hMPV  in respiratory  samples  have limited
reliability  with  a sensitivity  and  false-negative  predictive  value  of 58.1%  and  approximately  17.8%,
respectively.  In this  study,  hMPV  was  measured  in  91  clinical  respiratory  samples  (55  sputum  and  36
nasopharyngeal  aspirate  samples),  which  were  obtained  from  children  under  three  years  of  age,  uti-
lizing  our  previously  developed  high-throughput  metal-enhanced  fluorescence  (MEF)-based  biosensor
irus detection
old nanoparticles
igh-throughput biosensor
ocalized surface plasmon resonance
etal-enhanced fluorescence

(HT-MEFB).  The  sensitivity  of HT-MEFB  for hMPV  detection  in  the  91  samples  was  improved  by up to
77.4%  compared  with  that obtained  with  IFAs,  and  the  specificity  of HT-MEFB  for  hMPV  detection  was
91.7%.  In  addition,  the specificity  and  accuracy  obtained  after  the  selection  of  55  sputum  samples  as  the
analyzed  specimen  reached  92.3%  and  90.9%,  respectively.  Thus,  in  terms  of  accuracy,  high  throughput,
and  sensitivity,  HT-MEFB  exhibits  considerable  potential  for hMPV  detection  in  clinical  settings.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Community-acquired pneumonia is a major cause of morbidity
nd mortality in children because, even with advances in diagnos-
ic tools, the causative agent of 20–30% of upper respiratory tract
nfections in children is undiagnosed (Janssen et al., 2010). In 2001,
r. Bernadette van den Hoogen and colleagues first reported the

solation of the paramyxovirus human metapneumovirus (hMPV)
rom nasopharyngeal aspirate samples from children who suffered

rom respiratory tract disease (van den Hoogen et al., 2001), and
nsuing reports have showed that the clinical symptoms associated
ith hMPV infection appear to be quite similar to those associated

∗ Corresponding author at: Chang Gung University, Graduate Institute of Electro-
ptical Engineering, Taoyuan 33371, Taiwan. Tel.: +886 3 2118800 # 3677;
ax: +886 3 2118507.

E-mail address: cchou01@gamil.com (C. Chou).

ttp://dx.doi.org/10.1016/j.jviromet.2014.12.005
166-0934/© 2014 Elsevier B.V. All rights reserved.
with respiratory syncytial virus (RSV) (Ebihara et al., 2005; Lin et al.,
2005; Wei  et al., 2013). Although RSV is the most common pathogen
and is identified in 43.4% of children with respiratory tract infec-
tions, many studies have shown that hMPV is becoming one of the
leading causes of pediatric respiratory tract infections (Williams
et al., 2004; Huang et al., 2010, 2014).

Currently, there are several methods for the detection of hMPV
infections. For example, viral isolation by culture remains the
predominant diagnostic method for viral respiratory infections.
However, culturing viruses is a labor-intensive procedure and has a
long total turnaround time (Kikuta et al., 2008; Kukavica-Ibrulj and
Boivin, 2009; Janssen et al., 2010). Enzyme-based immunoassays
are another diagnostic method, and commercial enzyme-based
immunoassays typically show an acceptable sensitivity (∼80%)

for hMPV detection (Kukavica-Ibrulj and Boivin, 2009; Janssen
et al., 2010; Okamoto et al., 2010). To date, RNA detection by
reverse-transcription polymerase chain reaction (RT-PCR) or
isothermal amplification technologies (IATs) are the most sensitive

dx.doi.org/10.1016/j.jviromet.2014.12.005
http://www.sciencedirect.com/science/journal/01660934
http://www.elsevier.com/locate/jviromet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jviromet.2014.12.005&domain=pdf
mailto:cchou01@gamil.com
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Table 1
Primers and probe sequence used for the detection of hMPV.

Primer Sequence (5′ to 3′) Size Position

NLN-forward 5′-CATAYAARCATGCTATATT
AAAAGAGTCTC-3′

162 bp 2478–2497

NLN-reverse 5′-CCTATYTCWGCAGCATAT
TTGTARTCAG-3′

2558–2537

NLN-probe 5′-FAM-AATGATGARGGTGT 2500–2528
52 Y.-F. Chang et al. / Journal of Vir

nd specific procedures for hMPV detection (Ebihara et al., 2004;
andry et al., 2005; Kikuta et al., 2008; Klemenc et al., 2012; Wang
t al., 2012). However, IATs are performed only in special labora-
ories, and RT-PCR requires several hours to obtain results (Landry
t al., 2005; Kikuta et al., 2008). The immunofluorescence assay
IFA), which provides results within 2–4 h, is also commonly used
n clinical virology laboratories for the diagnosis of respiratory
iruses (Ishiguro et al., 2005; Landry et al., 2005, 2008; Ingram et al.,
006; Fenwick et al., 2007). However, IFA not only requires a highly
rained technologist to interpret the staining results with the use of

 fluorescence microscope but also shows a relatively poor sensitiv-
ty of approximately 58.06% in our experimental results. Recently,

 gold nanoparticle (GNP)-based immunochromatography assay
ICA) for hMPV detection proposed by Dr. Kikuta et al. showed
0.6% sensitivity and 95.5% specificity, whereas Dr. Matsuzaki et al.
howed sensitivity and specificity of 82.3% and 93.8%, respectively.

GNP has been used to improve the detection sensitivity of
iosensors because GNP has a high surface-area-to-volume ratio
nd exhibits unique optical properties, such as localized surface
lasmon resonance (LSPR) (Baptista et al., 2008; Chen et al., 2014).

n addition, many studies have integrated GNP with a fluorescence
echnique because GNP can not only produce a localized field that
s significantly amplified through LSPR but also make a fluorophore
hat generates a larger quantum yield of fluorescence emission due
o a theoretical increase of at least 1000-fold in the radiative decay
ate of the fluorophore (Geddes et al., 2003; Morton et al., 2011).
hese cause a significantly enhance of the emission of a fluorophore
ear a GNP compared with that obtained in free-space condition;
he phenomenon is so-called metal-enhanced fluorescence (MEF).
ased on this technique, we previously developed MEF  biosensors
o study protein-protein interactions at ultralow concentrations at
he pg/mL level (Hsieh et al., 2007; Chang et al., 2009, 2010, 2011,
013; Huang et al., 2009; Chao et al., 2012). Moreover, the mech-
nism underlying the fluorescence enhancement using metallic
anoparticles in this biosensor was studied based on the scattering
heory (Chang et al., 2009). In this study, hMPV detection using the
eveloped high-throughput MEF-based biosensor (HT-MEFB) was
ompared to that obtained with RT-PCR and IFA using 91 clinical
espiratory samples, including 55 sputum (SP) and 36 nasopharyn-
eal aspirate samples, all of which were obtained from children
nder 3 years of age. The sensitivity of HT-MEFB for hMPV diag-
osis in all of the specimens was improved up to 77.4% compared
ith that obtained with IFA, and the specificity of HT-MEFB for
MPV detection was found to be 91.7%. In addition, the selection of
nly 55 SP samples as the analyzed specimen in this study resulted
n specificity and accuracy values of 92.3% and 90.9%, respectively.
s a result, in terms of accuracy, high throughput, and detection
ensitivity, the HT-MEFB exhibits considerable potential for hMPV
iagnosis in clinical settings.

. Materials and methods

.1. Clinical samples

This study was approved by the institutional review board of
hang Gung Memorial Hospital (IRB 99-2855B) at Taoyuan, Taiwan.
ritten consent was obtained from all of the participants. All of

he clinical samples were independently obtained from 91 patients
nder 3 years of age with acute lower respiratory tract infection. A
otal of 91 patients were recruited from February 2011 to August
011 in Linkou Chang Gung Memorial Hospital. The 91 specimens
ncluded 36 nasopharyngeal aspirate and 55 SP samples, and these
ere prepared by the Department of Laboratory Medicine, Linkou
hang Gung Memorial Hospital, Taoyuan, Taiwan. Each specimen
as collected from a different patient.
CACTG-MGBNFQ-3′

2.2. hMPV detection using the PCR-based assay

The viral RNA from 140 �L of the specimens was extracted using
the QIAamp Viral RNA Mini Kit (Qiagen, Valencia, CA, USA) accord-
ing to the manufacturer’s instructions. The RNA was  eluted into
30 �L of elution buffer. The resulting RNA (8 �L) was  subjected
to cDNA synthesis using 50 ng of a random hexamer primer and
500 nM dNTPs. This step was  performed at 65 ◦C for 10 min  followed
by 4 ◦C for at least 1 min. An RT mixture containing 1X RT buffer,
10 mM DTT, 40 units of RNaseOut and 200 units of SuperScript III
Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA) was  applied
and cycled at 25 ◦C for 10 min, 50 ◦C for 60 min, and 85 ◦C for 5 min
on a BioMetra Thermocycler (Biometra, Goettingen, Germany).

The real-time PCR detection of hMPV was performed using the
Bio-Rad CFX96 TouchTM Real-Time PCR Detection System (Bio-Rad,
Hercules, CA, USA) with iTaqTM Supermix (Bio-Rad, Hercules, CA,
USA). The primers and probe sequence for the detection of hMPV
are shown in Table 1. Amplification was performed in a total volume
of 20 �L containing 10 �L of 2X iTaqTM Supermix RT-PCR Master
mix, 400 nM of each NLN primer, 1 �M NLN probe, 3.6 �L of DEPC
H2O and 4 �L of cDNA template. The RT-PCR program was per-
formed under the following conditions: 95 ◦C for 3 min  followed by
45 cycles of 95 ◦C for 3 s and 60 ◦C for 30 s.

2.3. hMPV detection using IFA

The specimens from clinical patients were washed three times
with phosphate-buffered saline (PBS) solution. The respiratory
epithelial cells were then centrifuged at 2000 rpm for 10 min, and
the supernatant was discarded. An appropriate volume of PBS solu-
tion was added, and the sample solution was mixed. The epithelial
cells were spotted onto slides, and the cell smears were air-dried
and fixed in cold acetone for 10 min. The cell smears were incubated
for 30 min  at 37 ◦C with a FITC-labeled D3 DFA Metapneumovirus
Identification Kit (Diagnostic Hybrids, Athens, OH, USA). After incu-
bation, the cells were washed three times in PBS solution for 10 min,
air-dried and mounted with mounting media. The slides were
viewed and evaluated using a fluorescence microscope (Olympus
Optical, Hamburg, Germany), and the IFA data were used to assess
the detection of hMPV-infected cells in the specimens.

2.4. Optical setup of HT-MEFB

In HT-MEFB, a He–Ne laser (17 mW,  632.8 nm,  Newport) was
used as the excitation light source. The intensity of the laser beam
was modulated at a frequency of 1 kHz using a chopper. A beam
splitter was  applied to split the laser beam into a signal beam and a
reference beam. The intensity-modulated signal beam was directed
incident to each well of a 96-well immunoplate to measure the
antigen–antibody interaction. The immunocomplexes were placed

on the bottom of the immunoplate wells. Two identical long-
pass filters (cutoff wavelength = 640 nm)  were introduced into the
instrument to detect the intensity-modulated fluorescence signal
via a photomultiplier tube (PMT). Two lock-in amplifiers were used
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o simultaneously measure the magnitude of the laser intensity
rom the reference channel and the fluorescence signal from the
ignal channel for hMPV detection.

.5. hMPV detection using HT-MEFB

The polyclonal antibody (anti-hMPV) used as the capture and
etection antibodies in this study was provided by Department
f Laboratory Medicine, Linkou Chang Gung Memorial Hospital,
aoyuan, Taiwan. Bovine serum albumin (BSA) and PBS were
urchased from Sigma (St. Louis, MO,  USA). GNP-conjugated strep-
avidin (Au-SA, GNP diameter ∼40 nm)  was obtained from Innova
iosciences (Cambridge, UK), and Cy5-PEG-biotin (MW:  1000,

ength: ∼7 nm)  was purchased from Nanocs (New York, NY, USA).
astly, the 96-well immunoplates were obtained from Corning
ostar (Corning, NY, USA).

Briefly, 96-well immunoplates were first coated with 100 �L
f 3 �g/mL (300 ng/well) capture antibody (anti-hMPV) at 37 ◦C
or 2 h. The plates were then washed six times with PBS solu-
ion. After the immunoplates were blocked with 100 �L of 2% BSA
n PBS solution (2% BSA–PBS) for 1 h at 37 ◦C, 25-fold dilutions
f the UV-irradiated clinical samples in a total volume of 100 �L
ere individually added to the wells, and the plates were incu-

ated at 37 ◦C for 2 h. The immunoplates were then washed six
imes with PBS solution. Subsequently, 100 �L of 2 �g/mL biotiny-
ated detection antibody solution was added to each well, and the
lates were then incubated for 1 h at 37 ◦C to form the capture
ntibody/target/biotinylated detection antibody immunocomplex.
fter immunocomplex formation, each well was  washed six times
ith PBS solution. The immunoplates were then incubated with

00 �L of Au-SA in PBS solution (9 × 109 mL–1) for 0.5 h at 37 ◦C,
nd 100 �L of 10 �M Cy5-PEG-biotin solution was  added to each
ell. The plates were then incubated at 37 ◦C for 0.5 h. After wash-

ng six times with PBS solution, the fluorescence of each well of
he immunoplate was measured by HT-MEFB. A schematic diagram
f the experimental procedures is shown in Fig. 1. This assay was
onducted in parallel using a conventional 96-well immunoplate,
equiring a scanning time of 15 min  for all 96 wells.

.6. Statistical analysis

The statistical analyses were performed using Student’s t-test
o determine the p values and 95% confidence intervals (95% CIs).
ollowing the criteria for optimal discrimination described previ-
usly, the receiver operating characteristics (ROC) curve was used

o determine the correlation between the level of the measured flu-
rescence signal and the patient infection status. The area under the
OC curve (AUC) was calculated to determine whether the platform

s suitable for detecting hMPV. Larger AUC values indicate better

Fig. 1. Schematic diagram of the
l Methods 213 (2015) 151–156 153

performance of the diagnostic platform in discriminating diseased
and non-diseased subjects.

3. Results

3.1. hMPV detection using PCR-based assay

Currently, RT-PCR is the most sensitive, specific and frequently
used diagnostic method for hMPV detection. In this study, 91 clin-
ical samples from children of less than 3 years of age were tested
for hMPV infection using the PCR-based assay. The results of this
assay showed that 31 samples were positive and 60 samples were
negative for hMPV. For the purposes of this study, the results from
the PCR-based assay are used as the gold standard for comparison
with other methods.

3.2. hMPV detection using IFA

The immunofluorescence staining of cells from nasopharyngeal
secretions offers advantages in some laboratory settings and should
produce more rapid results than PCR-based assays. IFA is therefore
commonly used in clinical virology laboratories for the diagno-
sis of respiratory viruses. In this experiment, 91 clinical samples
were tested using IFA. Of the 31 PCR-positive samples, 18 samples
were found to be hMPV-positive and 13 samples were found to be
hMPV-negative using IFA. All of the 60 samples that tested nega-
tive for hMPV by the PCR-based assay also tested negative using
IFA. According to these results, the sensitivity (true positive) and
specificity (true negative) of IFA were 58.1% and 100%, respectively.
In addition, the accuracy and false-negative predictive value (one
minus negative predictive value) of IFA were estimated to be 85.7%
and 17.8%, respectively.

We then separately analyzed the experimental results of the
55 SP and 36 nasopharyngeal aspirate specimens. Using the 55
SP samples, a sensitivity of 56.3% and a specificity of 100% were
reached with IFA for hMPV diagnosis. In addition, the accuracy
and false-negative predictive value were estimated to be 87.3%
and 15.2%, respectively. Moreover, using the 36 nasopharyngeal
aspirate samples, the sensitivity and the specificity were 60.0% and
100%, respectively. The accuracy was 83.3%, and the false-negative
predictive value was  22.2%. These analytical results are shown in
Table 2.

3.3. Measurement of hMPV using HT-MEFB

To develop a highly sensitive assay for hMPV detection, we

analyzed the HT-MEFB platform to determine its sensitivity and
specificity using 91 clinical samples. Twenty-five-fold dilutions of
the UV-irradiated samples were added to a 96-well immunoplate
to form a <capture antibody/target/MEF probe> immunocomplex.

 experimental procedures.
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Table 2
Comparison of the performances of HT-MEFB and IFA with different types of
samples.

HT-MEFB IFA

All samples
(including 55 SP and
36 nasopharyngeal
aspirate samples)

Sensitivity 77.4% (24/31) 58.1% (18/31)
Specificity 91.7% (55/60) 100% (60/60)
Accuracy 86.8% (79/91) 85.7% (78/91)
False-negative
predictive value

11.3% (7/62) 17.8% (13/73)

55 SP samples Sensitivity 87.5% (14/16) 56.3% (9/16)
Specificity 92.3% (36/39) 100% (39/39)
Accuracy 90.9% (50/55) 87.3% (48/55)
False-negative
predictive value

5.3% (2/38) 15.2% (7/46)

36 nasopharyngeal
aspirate samples

Sensitivity 73.3% (11/15) 60.0% (9/15)
Specificity 85.7% (18/21) 100% (21/21)
Accuracy 80.6% (29/36) 83.3% (30/36)
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Table 3
Sensitivity and specificity obtained for different cutoff values of the normalized
hMPV level.

Cutoff level (a.u.) Sensitivity (%) Specificity (%)

0.7736 83.87 80.00
0.9069 77.42 91.67

F
t
v
fi
t

False-negative
predictive value

18.2% (4/22) 22.2% (6/27)

ccording to our previous study, HT-MEFB can use non-diluted
r 10×-diluted clinical specimens, and the results show similar
etection sensitivity and specificity compared with the analyte in
BS buffer. This finding implies that the uncertainties and accuracy
re consistent to each other and that no significant differences
re obtained between diluted and non-diluted clinical specimens
Chang et al., 2009; Huang et al., 2009). The intensity-modulated
uorescence signal from the bound MEF  probe in each well was
easured. The normalized hMPV levels in the control group

n = 60) were compared to those found for the hMPV-positive
atients (n = 31), as shown in Fig. 2(a). Each sample represents
he mean of five measurements. The results are presented using
he normalized hMPV level, which was defined as the measured
uorescence intensity from each well normalized to the fluores-
ence intensity of the positive controls in the same plate. Thus,
he normalized hMPV level is presented in arbitrary units (a.u.).
he results showed that the normalized hMPV level found for the

MPV-positive group was significantly higher than that found for
he control group. Additionally, both the mean and median values
f the normalized hMPV levels found for hMPV-positive patients

ig. 2. (a) The normalized hMPV levels in the control group (n = 60) were compared to thos
he  median. The lower and upper boundaries of the rectangle are the 25th and 75th pe
alues  of the data. (b) ROC curve analysis of HT-MEFB for the discrimination of hMPV-p
tted  ROC curve (red) and their AUC values of 0.866 (95% confidence interval: 0.772–0.9
his  figure legend, the reader is referred to the web version of this article.)
1.008 70.79 95.00

(2.6 and 1.2, respectively) were markedly higher than those found
for the control group (0.6 and 0.6, respectively).

To identify the criteria that would enable optimal discrimina-
tion, we used a fitting program (kindly provided by John Eng ROC
analysis, web-based calculator for ROC curve, Johns Hopkins Uni-
versity, Baltimore, MD,  USA; http://www.jrocfit.org.) to calculate
the ROC curve based on the maximum fit of a binomial model.
Fig. 2(b) shows the empirical and fitted ROC curves of the 91 sam-
ples, and the AUC values were 0.866 (95% confidence interval:
0.772–0.961) and 0.861, respectively. The ROC curve is a graph-
ical plot of the sensitivity as a function of the false positive rate
(one minus specificity) for a binary classification system as the dis-
crimination threshold is varied. Furthermore, each point on the ROC
curve corresponds to a unique pair of sensitivity and specificity val-
ues. In this study, based on the empirical ROC curve, we  calculated
the sensitivity and specificity for different cutoff values of the nor-
malized hMPV level, as shown in Table 3. The selection of 0.9069 as
the cutoff level resulted in an accuracy and false-negative predic-
tive value of HT-MEFB for hMPV detection greater than 86.8% and
less than 11.3%, respectively.

Furthermore, we individually analyzed the 55 SP and 36
nasopharyngeal aspirate samples utilizing the ROC  curve. First, we
only selected the 55 SP samples as the analyzed specimen. The
normalized hMPV levels obtained for the control group (n = 39)
were compared to those obtained for the hMPV-positive patients
(n = 16), as shown in Fig. 3(a), and the AUCs of the empirical and fit-
ted ROC curves were 0.950 (95% confidence interval: 0.897–1.000)

and 0.951, respectively, as shown in Fig. 3(b). The selection of a
normalized hMPV level of 0.9203 as the cutoff value resulted in a
sensitivity of 87.5% and a specificity of 92.3% for hMPV diagnosis

e in the hMPV-positive patients (n = 31). The middle line in the rectangle represents
rcentiles, respectively. The ends of the whiskers are the minimum and maximum
ositive patients from the 91 clinical samples. The empirical ROC curve (blue) and
61) and 0.861, respectively, are shown. (For interpretation of reference to color in

http://www.jrocfit.org/
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Fig. 3. Results obtained using the 55 SP samples as the analyzed specimen. (a) The normalized hMPV levels in the control group (n = 39) were compared to those in the
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MPV-positive patients (n = 16). The middle line in the rectangle shows the media
espectively. The ends of the whiskers are the minimum and maximum values o
atients from the 55 SP samples. The empirical ROC curve (blue) and fitted ROC cur
espectively, are shown. (For interpretation of reference to color in this figure legen

sing HT-MEFB. The accuracy and false-negative predictive value
ere estimated to be 90.9% and 5.3%, respectively.

In contrast, the selection of only 36 nasopharyngeal aspirate
amples as the analyzed specimen resulted in the distributions
f the normalized hMPV levels of hMPV-positive group (n = 15)
nd control group (n = 21) shown in Fig. 4(a) and (b), respectively,
ith AUCs of the empirical and fitted ROC curves of 0.771 (95%

onfidence interval: 0.584–0.959) and 0.766, respectively. The sen-
itivity and specificity were 73.3% and 85.7%, respectively. The
ccuracy was estimated to be 80.6%, and the false-negative pre-
ictive value was 18.2%. These results are shown in Table 2 and

ndicate that SP samples may  be more suitable for use with this pro-
osed platform compared with nasopharyngeal aspirate samples.

his difference may  be observed because the collection and manip-
lation of specimens will influence the matrix effects to result in
ifferent accuracies.

ig. 4. Results obtained using the 36 nasopharyngeal aspirate samples as the analyzed spec
hose  in the hMPV-positive patients (n = 15). The middle line in the rectangle is the median
espectively. The ends of the whiskers are the minimum and maximum values of the data. 

rom  the 36 nasopharyngeal aspirate samples. The empirical ROC curve (blue) and fitted RO
nd  0.766, respectively, are shown. (For interpretation of reference to color in this figure 
e lower and upper boundaries of the rectangle are the 25th and 75th percentiles,
ata. (b) ROC curve analysis of HT-MEFB for the discrimination of hMPV-positive

d) and their AUC values of 0.950 (95% confidence interval: 0.897–1.000) and 0.951,
 reader is referred to the web version of this article.)

4. Discussion

The relatively high incidence of hMPV leads to the need for a
reliable and easy-to-use diagnostic tool (Huang et al., 2014). RT-
PCR is normally the most effective and frequently used method
for hMPV diagnosis. However, a PCR-based assay requires a well-
trained technician several hours to acquire results and uses more
expensive instruments (Kikuta et al., 2008; Wang et al., 2012). In
contrast, IFA is another hMPV diagnostic method that is commonly
used in clinical virology laboratories but requires a well-trained
technician to analyze the staining results (Kikuta et al., 2008). In
addition, according to the analysis performed in this study, the sen-
sitivity and false-negative predictive value of IFA are 58.06% and

17.81%, respectively. Thus, the development of a novel platform
for hMPV diagnosis is encouraged. In this study, HT-MEFB shows a
20% increase in detection sensitivity compared with IFA, although

imen. (a) The normalized hMPV levels in the control group (n = 21) were compared to
. The lower and upper boundaries of the rectangle are the 25th and 75th percentiles,
(b) ROC curve analysis of HT-MEFB for the discrimination of hMPV-positive patients

C curve (red) and their AUC values of 0.771 (95% confidence interval: 0.584–0.959)
legend, the reader is referred to the web version of this article.)
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he measured specificities of IFA and HT-MEFB are 100% and 91.7%,
espectively. However, the false-negative predictive value of HT-
EFB (11.3%) is markedly lower than that obtained for IFA (17.8%).
oreover, if we focus on the 55 SP samples, the accuracy of HT-
EFB reached 90.9%, and the detection sensitivity reached 87.5%.

hese performances are very close to those obtained with differ-
nt detection platforms, such as enzyme-based immunoassay and
CA for different purposes (Kikuta et al., 2008; Kukavica-Ibrulj and
oivin, 2009).

In this study, HT-MEFB was developed as a cost-effective
ethod with high-throughput capability and adequate sensitivity

or clinical hMPV diagnosis. Two identical polyclonal antibodies in
he sandwich immunoassay were used in the system, which not
nly increases the availability of the antibody but also makes the
ethod cost-effective for clinical diagnosis. Because of the need for

igh-throughput scanning, HT-MEFB integrates a conventional 96-
ell immunoplate into the platform, which exhibits a significant

dvantage in comparison with other GNP-based detection systems,
uch as GNP scattering. Because the HT-MEFB is based on 96-well
mmunoplates, it can be used for parallel assays and is thus able to
ignificantly improve the measurement efficiency. In this study, a
canning rate of <15 min  for 96 samples was properly conducted.
oreover, HT-MEFB shows high detection sensitivity because a 96-
ell-designed MEF  probe is used in the sandwich immunoassay.
ased on the MEF  effect and the optimized number of fluorophores
ttached to a single MEF  probe, the fluorescence signal can be sig-
ificant enhanced experimentally, and the sandwich immunoassay
ith HT-MEFB may  provide a method with high bio-specificity and

ensitivity for clinical hMPV diagnosis.
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