Available online at www.sciencedirect.com

screnor (@omeor: Talanta

ELSE\/IER Talanta 66 (2005) 6-14

www.elsevier.com/locate/talanta

Chemiluminescent optical fiber immunosensor for the detection
of anti-West Nile virus 1gG

Sebastien Herrmaf@nBoaz Leshe) Shimi Lande$,
Bracha Rager-Zism&rf, Robert S. Mark&P-*

a Department of Biotechnology Engineering, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel
b The Institute of Applied Biosciences, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel
¢ Department of Microbiology and Immunology, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel
d Center for Cancer Research, Faculty of Health Sciences, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel

Received 22 April 2004; received in revised form 26 September 2004; accepted 15 October 2004
Available online 18 December 2004

Abstract

An ELISA-based optical fiber methodology developed for the detection of anti-West Nile virus IgG antibodies in serum was compared to
standard colorimetric and chemiluminescent ELISA based on microtiter plates. Colorimetric ELISA was the least sensitive, especially at high
titer dilutions. The fiber-optic immunosensor based on the same ELISA immunological rationale was the most sensitive technique.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction contained WNV-specific antibodi¢k, 20]. Molecularly engi-
neered live-attenuated chimeric West Nile/dengue virus vac-
West Nile virus (WNV) is a mosquito-borne viral cines were also used to protect rhesus monkeys from West
pathogen that belongs taxonomically to the Flaviridae fam- Nile virus[17].
ily (genusFlavivirus). The virus was first identified in 1937 Laboratory diagnosis of WNV infections is based on the
from a febrile adult female from the West Nile District in isolation of the virug6], the detection of viral RNA using re-
Uganda[24]. Numerous large epidemics of West Nile fever verse transcription polymerase chain reaction (RT-F2R)
and meningoencephalitis were recorded in Romania, Russiathe detection of antibody by neutralization test (NZ¥] or
Israel and, more recently, in North Ameriga4,10,15]. The by enzyme-linked immunosorbent assay (ELISA). Detection
scientific community is currently invests exerting consider- of WNV RNA with either RT-PCR or NT has been described
able effort to develop new strategies to prevent, diagnose and5,7,23], but despite the fact that they demonstrated high sen-
treat WNV infection. Recently, it was shown that full pro- sitivity and specificity, they are time-consuming techniques
phylactic and therapeutic effects obtained in mice after their that must be performed in sophisticated reference laborato-
treatment with intravenous pooled plasma or immunoglob- ries[9].
ulins obtained from asymptomatic Israeli blood donors that  The serodiagnosis of Flavivirus infection routine is prefer-
entially based on the detection of IgM antibodies by capture
— or indirect IgG ELISA. Following the 1999 North American
¥ Presentgd at the Third' Bi-National France—Israel Workshop on Biosen- \WNV/ outbreak, many laboratories developed immunoassays
Z(())r_sbgtl:c:;rr::jp;inc;(l)\loznobwtechnology, Beer-Sheva-Eilat, Israel, Novemberforthe detection of WNV antibodigg6]. Shi and Wong22]
* Corresponding author. Tel.: +972 8 647 7182; fax: +972 8 647 2857.  recently reviewed the different serological methods applied
E-mail addressrsmarks@bgumail.bgu.ac.il (R.S. Marks). to the diagnosis of WNV infection and emphasized the latest
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improvement in WNV antibodies detection with a recombi- argon-phase silanization. Performance of the optical fiber
nant antigen microsphere immunoasg28]. However, flow immunoassay is afterwards compared to conventional
cytometry based assays remain very expensive in low or mid-colorimetric and chemiluminescent ELISA using the same
dle throughput analysis due to the initial investment in the immunological rationale.
reading equipment and are always labor intensive. Because
most cases of WNV infection are sub-clinical, monitoring
the spread of the disease will require the use of very sensitive2. Experimental
point-of-care devices like biosensors.
A biosensor couples an immobilized biospecific recogni- 2.1. Chemicals and biochemicals
tion entity to the surface of a transducer, which ‘transduces’ a
molecular recognition event into a measurable electrical sig- Bovine serum albumin (BSA) (A4503)B-propiolac-
nal [8]. Optical fiber sensors are ideal transducers governedtone (P5648), goat anti-mouse IgG peroxidase-labeled
by Snell's law. They have the following advantagés]: antibodies (A3682), 6-maleimidohexanoic adlehydroxy-
(1) geometric convenience and flexibility; (2) low cost of succinimide ester (EMCS) (M9794), (3-mercaptopro-
production; (3) they are inert and therefore non-hazardous; pyl)trimethoxysilane (A1521) and polyoxyethylene-sorbitan
(4) they are free of electric interference; (5) being dielectric, monolaurate (Tween20) (P7949) were purchased from
they are protected against atmospheric disturbances; (6) theiSigma. Fetal calf serum (FCS) (0.4-001-1) was pur-
small volume economizes reagents and enables portabilitychased from Biological Industries Ltd. (Kibbutz Beit
as well as access to difficult areas; (7) they are robust Haemek, Israel). Luminescence measurements were car-
with high tensile strength; (8) their silica composition ried out using the Western Blot Chemiluminescence
enables macromolecular conjugation via silanization; (9) Reagent Plus kit from Perkin-EIméf Life Science Prod-
they enable solid-phase characterization of the analyte;ucts (NEL105). Colorimetric assays were performed with
(10) their potentially long interaction lengths enable remote 3,3,5,5-tetramethylbenzidine (TMB) from Chemicon Inter-
signal transmission; (11) light transmission is done with national Inc. (ES001).
minimal loss; (12) high efficiency coupling occurs in the
blue region which is ideal for chemiluminescence; (13) 2.2. Preparation of the WNV antigen solution
optical multiplicity; (14) polyvalence, as an optrode system,
they can be easily adapted from one antigen—antibody WNV antigen was prepared according to the method
system to another; (15) they are amenable to mass producdescribed by Ben-Nathan et dll]. Briefly, WNV (Is-
tion; (16) they enable multiple antigen detection via fiber raeli strain, 1952) was grown on Vero cells and at the
bundles. appropriate cytopathic effect (CPE) (60-70%) the flasks
Optical fiber biosensors based on biological or chemical were frozen overnight at 70°C. After low-speed centrifu-
luminescence have already shown their ability to detect bio- gation (1560x g for 10 min) to remove cell debris, the
logical entities such as whole organisfii&], nucleic acids virus was concentrated 20-fold by high-speed centrifuga-
[3], genotoxicant$18] and antibodie$11] with high speci- tion (140,000x g for 90 min) and resuspended in phos-
ficity and sensitivity. One previous report also demonstrated phate buffer saline pH 7.2 (PBS) (0.203¢ INaH,PQy,
that, optical fiber immunoassays based on chemilumines-1.149 g1 NaHPQy, 8.5g! NaCl, adjusted to pH 7.2
cence could have some advantages over ELISA mainly con-with 0.1 M HCI/NaOH). The virus was inactivated using
cerning the testing timg5]. B-propiolactone (0.001% final concentration), an alkylating
Immobilization of antigen on the fiber surfaces is usually agent that permeates the protein capsid of the viruses and
achieved by silanization by a bi-functional silane (general chemically modifiesthe nucleic acid. To confirm that virusin-
structure (MeOQ3Si(CH;),X) that allows for the covalent at-  activation was complete, the suspension was tested by plaque
tachment of the biomolecule with an appropriate cross-linker assay on Vero cells and in 3-day-old suckling mice (Harlan
or by direct chemical modification of the reactive X group Olac). No viral infectivity could be detected by either meth-
[13]. However, liquid-phase silanization often provides low ods, confirming complete virus inactivation.
reproducibility of the silane layer configuration and gas
phase preparation, whereas producing better quality surfaces2.3. Preparation of mouse anti-WNV antiserum
usually requires vacuum conditions and high temperature
to obtain high surface coverage. A recent study showed the Five-week-old BALB/c mice (Harlan Olac) were each in-
possibility of performing a gas-phase silanization procedure jected i.p. with 1x 10* plaque forming units (PFU) of WNV
at room temperature and atmospheric pressure on siliconper mouse. Two weeks later, surviving mice were boosted
oxide[16], which we will modify for our present system. with 1 x 10* PFU of virus and bled 14 days later. Blood was
We report herein the first successful construction of a then centrifuged (1568 g for 10 min), the serum collected
chemiluminescent anti-WNV IgG optical fiber immunosen- and then inactivated for 30 min at 36. Thereafter, the sam-
sor based on the immobilization of inactivated virions on pleswere stored at20°C or used immediately. Control mice
a fiber-glass surface previously functionalized by using were injected with PBS (pH 7.2).
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2.4. Detection of anti-WNV IgG antibodies by ELISA

ELISA was performed according to the method of Ben-
Nathan et al.[1] with slight modifications. In brief, a
volume of 75ul of the WNV antigen solution (dilution
10~2) was added into each well of a 96-well microtiter

original numerical aperture (NA) of 0.22. Their core, which
is 400um in diameter (refractive index of 1.457 at 633 nm),
is surrounded by a 40m silica cladding (refractive index of
1.44 at 633 nm), followed by a 150m-thick silicon buffer
and finally a 21Qum-thick black Tefzel jacket. The length of
any single fiber used in our experiments was 25 cm in length.

plate (MaxiSorp, Nunc). The plate was sealed to avoid The black Tefzel jacket and silicon buffer were stripped away

evaporation and well-coating of inactivated virions was al-
lowed to take place overnight at°€. After the incuba-

mechanically using a fiber-stripping tool (Micro-Strip, from
Micro-Electronics Inc., USA), leaving a 1 cm nude optical

tion, the coating buffer was decanted and the plate wasfiber core tip. In orderto prepare the fibers for the silanization

washed with PBS (pH 7.2). A blocking step was used,
in which 150ul/well of blocking solution (FCS/BSA 5%
(Wiv)-1% (w/v) in PBS (pH 7.2) was added to reduce the

overall background and increase the sensitivity of the as-

say. The plate was then incubated for 1 h at@7and the
wells washed thrice with PBS—Tween20-BSA (PBST-BSA)
(10g1BSA, 0.203 gt NaH,PQy, 1.149 g1 NapHP Oy,
8.5g1NaCl, 0.05% (v/v) Tween20, adjusted to pH 7.2 with
0.1 M HCI/NaOH). Then 7%l to each well of diluted serum
(dilutions ranging from 19to 10°) were added in triplicates
and the plate incubated 1 h at3Z. Sets of three wells were

procedure, they were soaked successively in distilled water
and ethanol for 10 min each to remove major contaminants.
Then a 5min chemical etching in 48% (v/v) hydrofluoric
acid was used in order to guarantee the complete removal of
the silica cladding. Afterwards, the fiber tips were soaked in a
1:1 methanol/97% HCI (v/v) solution for 30 min to purify the
newly exposed fiber core from micro-contaminants. Finally,
the optical fiber tips were exposed to 95% (v/v) sulfuric acid
for 30 min to enhance the exposure of hydroxyl groups on the
silica surface. A quick rinse with distilled water followed by
drying by airflow was applied between all the previously de-

prepared for each concentration measured, and another threscribed steps to clean the surface from the previous solutions.
wells were used with the control serum. Additional empty The silanization procedure was then performed by disposing
wells and non-coated wells were used to check the level of the fibers in a reactor chamber. The different steps performed
the background signal. The wells were then washed thriceto reach the covalent binding of the antigen to the optical
with PBST-BSA (pH 7.2), 7pl/well of a solution of goat  fiber are shown irFig. 1A. After exposure of the hydroxyl
anti-mouse IgG peroxidase-labeled antibodies #)0vas groups (step 1), a total volume of b of pure mercaptosi-
added and the plate incubated 1h at'G7 After incuba- lane was manually injected in the bottom of the reactor and
tion the wells were finally washed thrice with PBST-BSA a flow of 0.51/min of argon was allowed to flow into the
(pH 7.2) before reading. For the colorimetric ELISA, a total reactor bulk for a total duration of 30 min at room temper-
volume of 10Qul of substrate (TMB) was added into each ature and ambient pressure. In that way, silane molecules
well and the plate was incubated at room temperature for directly reacted to the fiber surface by gas phase deposition
30 min in the dark. A volume of 5@l/well of 2N HoSOy (step 2). After silanization the fibers were rinsed 10 min in
was added to stop the chemical reaction. The absorbancesthanol to remove the unattached silane molecules and placed
at 450 nm was determined with the Labsystems Multiscan in PBS (pH 7.2). The fibers were then dipped in a 1:9 (v/v)
RC ELISA reader after 10 s of shaking. The data were col- DMSO/PBS (pH 7.2) solution containing 2 mM EMCS for a
lected by using the Labsystems Transmit software, the meantotal duration of 60 min at room temperature. The maleimide
and the standard deviation of the triplicates were calculatedgroup of the EMCS reacted strongly with the thiol group of
for each point and the signal reported in OD 450 units (op- the silane and a covalent bond was created (step 3). The fibers
tical density at 450 nm). In the chemiluminescent ELISA, were rinsed in DMSO to remove the non-bound cross-linker
the microtiter plate was read with a standard luminometer molecules and then dipped in @bof WNV antigen solution
(Thermolabsystems-Luminoskan Ascent) where, before each(10~2) for 60 min at room temperature. The ester group of the
well measurement, oxidizing reagent and enhanced luminol EMCS reacted with an amino group presented at the surface
reagent solutions (NEL105 chemiluminescence reagent kit) of the inactivated virions, creating an amide bond and thus
were injected into the well in a 1:1 ratio. A total of 20 mea- attaching covalently the antigen to the fiber surface (step 4).
surements were performed with a gap of 1s between eachThe modified fibers were either used immediately or stored
reading. The data were collected with the Luminoskan As- at 4°C.

cent Software, the mean and the standard deviation of the

triplicates were calculated for each point and the signal re- 2.6. Detection of anti-WNV IgG antibodies using the

ported in RLU (relative light units).

2.5. Preparation of optical fibers modified with WNV
antigen

All fibers used were SFS400/440B Superguide G UV-Vis
all silica fibers (Fiberguide Industries, Stirling, USA) with an

optical fiber immunosensors

The steps carried out in the immunoassay procedure are
shown inFig. 1B. The West Nile virus-conjugated fibers were
dipped for 20 min in 15@. of blocking solution (step 5),
FCS/BSA (5% (w/v)—1% (w/v)) in PBS (pH 7.2) then rinsed
and washed thrice with PBS (pH 7.2). The fibers were then
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Fig. 1. Optical fiber modification and immunoassay rationale. (A) Modification of the optical fiber core: the hydroxyl groups exposed on the fiber core by
exposure to sulfuric acid (step 1) allow the covalent attachement of bi-functional silane molecules (step 2). The thiol group of the silane is then allowed to
react with the maleimide function of the bi-functional crosslinker (step 3). Finally the ester moiety of the crosslinker allows the covalent linking of the WN
virions through an amino group (step 4). (B) Immunoassay steps: after adding the blocking reagents to the surface to minimize non-specific binding (step 5),
the serum sample is tested for anti-WNV IgG presence (step 6) followed by the chemiluminescent detection of mouse IgGs (step 7). The luminous signal is
finally captured by the fiber core itself (step 8), measured and analyzed. Picture of the WN virion is adapfédjfrom

placed 20 min in 7l diluted serum solutions at dilutions matsu HC135-01 Photo Multiplier Tube (PMT) Sensor
ranging from 18 to 1P (step 6). Two sets of three replicates Module was used for chemiluminescence measurements,
were prepared for each experimental point. The first one wascombining the sensitivity of a photomultiplier tube with the
used with WNV antiserum and the second one with control intelligence of a micro-controller. The detector is optimized
serum (negative control). Additional unmodified fibers were to the blue light region and includes a 21 mm diameter ac-
usedto checkthe level of the background signal. The tips weretive area convenient to gather light radiation without any
rinsed and washed once with PBST-BSA for 10 min, and then optical focusing elements for luminescence measurements.
thrice for 3 min each. Subsequently, the fibers were dipped The instrument set-up was placed in a light-tight box. The
into 75pl of a solution containing the goat anti-mouse IgG far end of the fiber was held by a fiber holder (FPH-DJ,
peroxidase-labeled antibodies () for 20 min, and finally, Newport) and placed into an adjustable single-fiber mount
rinsed and washed once with PBST-BSA for 10 min and then (77837, Oriel). To prevent damage to the photon-counting

thrice for 3 min each (step 7) before reading (step 8). unit by environmental light, a manual shutter (71430, Oriel)
was placed in front of the detector. To move the slide shut-

2.7. Signal measurement for the chemiluminescent ter, a workshop-made lever was placed outside the box. To

optical fiber immunoassay receive and treat data, a specific driver was developed using

LabView (Version 3.1, National Instruments Corporation),
The instrument set-up for the fiber chemiluminescence which allowed monitoring of the chemiluminescent signal
measurements has been previously desciib@d A Hama- and data handling in real time. The immunosensor optical
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fiber probes were placed in a 4Q0sample tube contain- 18 -
ing the combined oxidizing reagent and enhanced luminol 1.6 A
reagent solutions (NEL105 chemiluminescence reagent Kkit) 1.4 1
ina 1:1 (v/v) ratio. The chemiluminescence readings were in- 121
tegrated for 1 s and each measurement was obtained by taking € |
a mean value of photon counts during 15s. The responses § 08 |
of the controls were also checked by the same procedure. = o6 |
Mean of the triplicates and the standard deviation was cal- ©
culated for each dilution and reported as RLU (relative light 041
units). 02 ]
00 4 3 T o
-0.2 T T T T
3. Results 1e+1 1e+2 1e+3 1e+4 1e+s le+6
(A) Serum dilution
After demonstrating briefly the advantages of optical fiber
silanization in argon flow, the characterization of the different
immunoassays employed in the detection of anti-WNV IgG
— namely, colorimetric ELISA, chemiluminescent ELISA
and chemiluminescent optical fiber immunoassay — was
performed based on their respective calibration curves. The
modelization curves allowed afterwards the determination of é

essential parameters like the dynamic range, the sensitivity
and the lower detection limits of the different procedures.

3.1. Advantages of fiber silanization in argon flow

-10 T T
Te+1 1e+2 1e+3 1e+4 1e+5 1e+6

Serum dilution

This method of silanization was previously reported for
the modification of a flat piece of silicon oxide surfd28] ®B)
and we successfully adapted this methodology to the modi-
fication of optical fiber silica tips. Our small reactor allowed 25000
the parallel modification by mercaptosilane of 25 fibers in 24000
30 min at room temperature and local pressure. Control of
the surface modification was performed by X-ray microanal-
ysis and of the fiber tip surface, which clearly showed the 15000 |
presence of sulfur atoms belonging to the mercaptosilane -
(data not shown). The results observed in the optical fiber # 10000 |
immunoassays following this procedure (Fig. 2C) were rel-
atively homogeneous and suggest that the fiber silanization 5000
was reproducible. This methodology thus allows us to obtain
areproducible and convenient procedure to achieve function- 0 1
alized silane layers on optical fiber tips without any increase
of temperature or pressure commonly used in gas-phase de-
position and this in a very short time (30 min against 6h ©)
usually recommended).

20000 -

L B S S 13 S S B ) S B B B e B )

1e+1 le+2 1e+3 letd 1e+5 le+6 le+?
Serum dilution

Fig. 2. Calibration curves. The curves were obtained by using serum dilu-
3.2. Calibration curves tions ranging from 18to 1(P. The result of the linear regression in the middle
part of the curve is represented in each upper right corner: (@) positive serum
f and (A) control serum. (A) Calibration curve for the colorimetric ELISA,
(B) calibration curve for the chemiluminescent ELISA and (C) calibration
curve for the optical fiber immunoassay.

The calibration curve describes the general behavior o
the 1gG detecting system. The curves were built on a set of
dilutions of the analyte solution ranging from19to 10°6.

For each experimental point in the three methodologies, the
same amount of antigen (inactivated WN virions), of analyte
(mouse anti-WNV antiserum) and of secondary antibodies
(anti-mouse antibodies) were used in order to allow a suit-

. . =yt+———7
able comparison. The regression curves were calculated byy 14 i)”
analyzing the data in SigmaPlot 8.2 (Systat) and by applying *0

the logistic sigmoid four-parameter curve regression model
described by the following equation:

1)
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Table 1
Mathematical models and performance description of the methodologies

11

Characteristics Colorimetric ELISA Chemiluminescent ELISA Optical fiber immunoassay
Curve mathematical modeling

parameters (Eq1))

a 1.65 77.62 23,315.96

b 1.16 1.05 1.13

X0 1,970 4,486.01 439.97

Yo 0.020 1.79 304.31

r? 0.99 0.99 0.99
Linear domains parameters (€g))

c -0.92 —40.00 —13,036.88

d 3.87 186.34 46,100.96

r? 0.99 0.99 0.99

¢ n/a n/a —349.19

d n/a n/a 2,206.57

rZ n/a n/a 0.97
Performance criteria of the methodology

Linear range (titer) 1:500-1:10,000 1:1,000-1:20,000 1:100-1:2,000

1:10,000-1:1,000,000
Sensitivity (normalized signalltiter) 0.55 0.50 0.55
0.01
Lower detection limit (titer) (Eq(3)) 1:10,000 1:500,000 1:1,000,000
Maximum response (RLU or Abs) 1.65 79.41 23,620.27

Results are shown ifig. 2and the mathematical parame-

Dynamic ranges can be visualized fig. 2 in the top
ters are reported ilable 1. The regression model applied right corner of their corresponding curve and the mathemat-
showed to be a good description of the relation between ical data are reported ifable 1. In this study, the dynamic

the serum titers and the reported signal as shown by theranges were 1:500-1:10,000 for the colorimetric ELISA
r? values (near 1) and the Durbin-Watson statistic values and 1:1000-1:20,000 for the chemiluminescent ELISA and
that show the independency of the residuals (around 2).1:100-1:2000 for the optical fiber immunoassay. However,
The maximum response for a theoretical non-diluted serumthe latter one clearly showed another linear range from
sample can be calculated by adding the values @ind 1:10,000t0 1:1,000,000 that was not observable in the chemi-
yo. All three methodologies also revealed a good repro- luminescent ELISA calibration curveiwalue equals 0.84
ducibility of the measurement merely at high serum dilu- for the last three points before the detection limit). This par-
tions. This demonstrates that the deviation observed in theticular part of the sigmoid is shown Fig. 3. All these curves
signal is not due to non-specific binding of the secondary showed a very good reliability according to their highval-
antibodies, but is more likely correlated to the attachment ues. We can conclude from these results that both the colori-
efficiency of the anti-WNV antibodies to the antigen sur-
face. In each procedure, experimental points based on con-
trol serum showed a low, homogenous and linear-based
signal. 800 1

1000

3.3. Dynamic ranges 500 1

-
.|
o
The dynamic range (or working range) gives the titer range 400 1
where the detection system shows a proportional relation be-
tween the serum titer and the measured signal. Clinical diag- 200

nostics usually requires a serum dilution that belongs to this
range in order to guarantee the putative detection of compa- . .
rable amounts of target antibodies. The dynamic ranges can 1e+4 1e+5 1e+6
be extracted from the previous results by applying a two- Serum dilution

parameter linear regression in the medium part of the curves
by the following equation:

Fig. 3. Optical fiber immunoassay working range at very low serum titer:
(®) positive serum and (A) control serum. This working range was only
visible in the optical fiberimmunoassay and allowed theoritically a very low
working dilution. It ranged approximately from 4@ 10° serum dilutions.

y=clog(x) +d (2
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metric ELISA and the fiber immunoassay are the most reli- perimental points as previously showrFig. 3 (from 200 to
able methodologies for anti-WNV IgG detection at highly 800 RLU). This may be explained by the fact that the chemi-
concentrated sera, while chemiluminescent ELISA is for luminescentreaction occurs close to the fiber surface and that
medium concentrated sera. The optical fiber immunoassaysmall variations of the collected light can be measured with
remains the only reliable procedure at low serum titers and the biosensor.

thus theoretically offers the possibility to work with a smaller

volume of serum than any ELISA diagnosis procedure. Con- 3.5. Lower detection limit

sequently, it can help to lower the volume of initial blood

sampling and can constitute a major advantage if numerous  The lower detection limit is a parameter that describes the
tests have to be run on the same serum sample. Moreover, thgower analyte dilution that can be efficiently distinguished by
fiber-based procedure was shown to be less time-consuminghe detecting system. It is calculated by taking into account,
than ELISA (approximately 2 h against 4 h, respectively, af- for a definite dilution, the difference of the signal level be-
ter antigen binding) thus, constituting a real gain in time for tween the experimental points with positive or control sera,

high-throughput diagnosis. and is then modulated by the standard deviation of the control.
The lower detection limit can be calculated by the following
3.4. Sensitivity equation:

The parameter called sensitivity, takes into account the Z y(x0) Z z(x0) 2 \/ n2 3 z(x0)? — (2(x0))? -
— >
ni n»

power of discrimination of the system between two differ- na2(nz — 1)
- o . . 2(n2
ent serum dilutions located within the working range. It is
calculated in terms of signal units per log of titer and is par- ~ wherey(x) andz(x) are the functions relative to the posi-
ticularly relevant if a relative quantification of the analyte tive serum and the control serum in the system, respectively,
needs to be performed. In order to enable a clear comparisorko the serum titer andh; and np the number of replicates
of the three methodologies, each value of their respective dy-for the positive serum and the control serum, respectively. If
namic range was normalized by dividing it by the maximum the formula is verified for the specific serum titer then the
response of the system and reported as percent of maximunpoint is validated. After application of this rule, the lower
response according to the serum titer (Fig. 4). The sensitiv- detection limit for the colorimetric ELISA, the chemilumi-
ity is then equal to the slope module of the linear regression nescent ELISA and the optical fiber immunoassay were re-
curve reported. Whereas, the sensitivities are relatively closeported as 1:10,000; 1:500,000 and 1:1,000,000, respectively.
in high/medium serum concentrations for the chemilumines- The effect of the background signal can be observed by us-
cent ELISA, the optical fiber immunoassay and the colori- ing a ratio between the signal value of the anti-WNV IgG
metric ELISA (0.50, 0.55 and 0.55, respectively), the fiber containing serum (signal) and the control serum (noise). Re-
immunoassay shows a relatively low sensitivity at lower con- sults are reported iRig. 5as signal-to-noise ratio as a func-
centrations (0.01) with this calculation method. However, the

signal amplitude at low titers in the optical fiber immunoas-
30

say remains largely sufficient to discriminate between two ex-
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Fig. 4. Linearrange and sensitivity of the procedures: (®) chemiluminescent Fig.5. Evolution of the signal-to-noise ratio: (O) chemiluminescent ELISA;
ELISA; (¥) colorimetric ELISA; (O) optical fiber imnmunoassay low titer (@) colorimetric ELISA; (¥) optical fiberimmunoassay. Signal values (anti-
linear range; (V) optical fiber immunoassay high titer linear range. These WNV IgG containing serum) are divided by the noise values (control serum)
curves are obtained by dividing the relative signal in each methodology by its in order to follow the evolution of the background signal. The colorimetric
maximum response. It clearly shows that sensitivity of the three methods are methodology shows a faster decrease of the ratio than the chemiluminescent
comparable in high serum titer and that optical fiber immunoassay displays methodologies pointing the fact that the background signal has a greater
a lower sensitivity for low serum titers. influence at low serum titers in this procedure.
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