
Introduction 
 
Dengue disease is an arthropod-borne disease 
and Dengue virus (DENV), including serotypes -
1, -2 -3, and -4, is transmitted from person to 
person by Aedes aegypti and Aedes albopictus 
mosquitoes in the domestic environment [1]. 
Recently, dengue disease became the most 
important mosquito-borne viral disease affect-
ing human, and is endemic in most tropical 
countries of the South Pacific, Asia, the Carib-
bean, the Americas and Africa [2-4]. More than 
2.5 billion people are now living in areas at risk 
of DENV infection. The recent trend of increased 
epidemic dengue activity and increased inci-
dence of Dengue Hemorrhagic Fever (DHF) 
around the world is unprecedented [5, 6]. In 
2008, there were 908,926 reported cases, 
58,521 laboratory confirmed cases and 306 

deaths in the Americas only; including a Brazil-
ian national total of 734,384 reported cases, 
9,957 DHF cases and 212 deaths [7]. 
 
With the rapid expansion of dengue disease in 
most tropical and subtropical areas of the 
world, it is urgent to develop effective preven-
tion and control measures, including antivirals 
against dengue disease. A number of antiviral 
compounds, including ribavirin, mycophenolic 
acid, 7-deaza-2’-C-methyl-adenosine, and 6-O-
butanoyl castanospermine, have shown their 
efficacy in inhibiting DENV replication in vitro [8-
13]. Nevertheless, there are still no antiviral 
drugs being tested against dengue disease in 
any clinical trials. 
 
An antiviral drug must be validated in the in 
vitro cytopathic effect (CPE)-based assay, which 

Int J Clin Exp Med (2009) 2:363-373 
Www.ijcem.com /IJCEM911001 
 

Original Article 
The development, optimization and validation of an assay 
for high throughput antiviral drug screening against     
Dengue virus  
 
Pulin Che1,2, Lihua Wang2, Qianjun Li1, 2 
 
1Department of Microbiology, 2Division of Infectious Diseases, Department of Medicine, University of Alabama at 
Birmingham, AL 35294, USA 
 
Received November 5, 2009, accepted November 30, 2009, available online: December 8, 2009 
 
Abstract: Dengue virus (DENV) is listed as one of the NIAID Category A priority pathogens. Dengue disease is endemic 
in most tropical countries, with an estimated 2.5 billion people living in areas at risk of DENV infection. Due to the 
lack of vaccines and antiviral drugs, it is now a huge public health burden around the world. In order to screen large 
compound libraries for the identification of novel antivirals targeting DENV, it is essential to develop a high through-
put screening (HTS) amenable assay. Here, we present the development, optimization and validation of a cytopathic 
effect-based assay against Dengue virus serotype-2 (DENV-2). The assay conditions, including cell culturing condi-
tions, DMSO tolerance and the multiplicity of infection, were optimized in both 96- and 384-well plates. Assay robust-
ness and reproducibility were determined under the optimized conditions in 96-well plate, including Z’-value of 0.71, 
signal-to-background ratio of 6.88, coefficient of variation of 6.3% in mock-infected cells and 12.3% in DENV-2 in-
fected cells. This assay was further miniaturized into a 384-well plate format with similar assay robustness and repro-
ducibility comparing with these in the 96-well plate format. This assay was then validated using the LOPAC1280 com-
pound library, demonstrating its repeatability with comparable assay robustness and reproducibility. This fully devel-
oped and validated HTS amenable assay could be used in future studies to screen large compound libraries for the 
identification of novel antivirals against dengue disease. 
 
Keywords: Dengue virus, high throughput screening, HTS, cytopathic effect, CPE, assay development, assay optimiza-
tion, assay validation, antiviral 



 

CPE-based HTS assay against Dengue 

 
 
364                                                                                                         Int J Clin Exp Med (2009) 2:363-373 

allows the evaluation of antiviral efficacy 
against the entire dengue viral life-cycle. The 
CPE-based assay is one of the most reliable and 
robust assays for the screening of large com-
pound libraries, and has been successfully 
adapted into high throughput format in several 
recently concluded HTS campaigns for the iden-
tification of novel antivirals against influenza 
virus [14, 15], severe acute respiratory syn-
drome coronavirus (SARS-CoV) [16], arenavi-
ruses [17] and Bluetongue virus [18]. Although 
DENV infection does induce CPE in various cell 
culture system, including HeLa and hepatoma 
cells [19, 20], there was no CPE-based, HTS 
amenable assay available against DENV, due to 
technical hurdles such as the difficulties in 
quantitating CPE, optimizing multiplicity of infec-
tion (MOI) for CPE induction, low signal-to-
background (S/B) ratio and low Z’-value. Thus, 
there is very little success in using the CPE-
based assay against DENV as a HTS assay to 
screen large compound libraries, which further 
hampered the antiviral drug discovery. Here, we 
present the development, optimization and vali-
dation of a HTS amenable, robust and repro-
ducible CPE-based assay against serotype 2 
dengue virus (DENV-2). 
 
Methods and materials 
 
Cell culture 
 
BSR cells, a derivative cell line from baby ham-
ster kidney (BHK) cells, and LLC-MK2 cells, a 
monkey kidney cell line, were maintained in 
Dulbecco’s modified Eagle’s medium (DMEM, 
GIBCO) containing 5% fetal bovine serum (FBS) 
(Invitrogen) and 100U/ml penicillin-
streptomycin (P/S) (Invitrogen). Cells were incu-
bated at 37 °C, 5.0% CO2 and 80-95% humid-
ity. Once grown to 100% confluency, cells were 
washed once with 1X phosphate-buffered saline 
(PBS), trypsinized (TryLEM Express, GIBCO), and 
re-suspended in fresh media. For all the experi-
ments carried out in this paper, unless other-
wise noted, cells were harvested and re-
suspended in assay medium: DMEM supple-
mented with 100 µg/ml streptomycin, 100 IU 
Penicillin/L and 1% FBS. 
 
DENV-2 culture  
 
Dengue virus serotype-2 (DENV-2), strain New 
Guinea C, was obtained from American Type 
Culture Collection (ATCC, Catalog number VR-
1584, Manassas, VA, USA), which has been 

adapted to LLC-MK2 cells. To propagate DENV-
2, LLC-MK2 cells were grown in 75 cm2 flasks to 
90% confluency, and infected with DENV-2 at 
MOI of 0.1. After 144 h incubation, cells and 
supernatant were harvested and centrifuged at 
2,000 X rpm for 10 minutes at 4°C. The cell 
pellet was re-suspended in 5 ml fresh media, 
sonicated, and centrifuged at 3,000 X rpm for 
10 minutes at 4°C. The supernatants were col-
lected, combined, aliquoted and stored at -80oC 
as DENV-2 stock virus. The DENV-2 stock virus 
was titrated in BSR cells using the 50% tissue 
culture infectious dose (TCID50) assay. The final 
titer was determined at 5.0 X 105 TCID50/ml. 
 
TCID50 assay and virus titer determination  
 
Virus titers were determined in BSR cell 
monolayer grown in 96- well plates. BSR cells 
were seeded at 5,000 cells/well, and incubated 
for 2 h at 37 °C, 5% CO2 and 80-95% humidity. 
A volume of 100 µl of 10-fold serially diluted 
virus was inoculated into each well in quadrupli-
cate format. Plates were further incubated at 37 
°C, 5% CO2 and 80-95% humidity for 120 h, 
after which, CPE was observed microscopically 
at 40 X magnification. Virus titers were ex-
pressed as TCID50 units per ml. 
 
Cell plating  
 
Cells were seeded in black 96- and/or 384-well 
plate with clear flat bottom (Corning). For assay 
optimization, cells were plated in 96-well plates 
at a cell density of 5,000 cells/well (or other-
wise noted) in 80 µl assay media using a Micro-
Flo Select dispenser (BioTek Instruments, Inc.). 
When miniaturized into 384-well plates for the 
validation assay, cells were seeded at 1,500 
cells/well (or otherwise noted) in 15 µl assay 
media using the BioTek MicroFlo Select dis-
penser.  Plated cells were incubated at 37 °C, 
5.0% CO2 and 80-95% humidity for 2 h prior to 
the addition of virus and/or compounds. 
 
Virus addition 
 
Cells were infected with DENV-2 at MOI of 0.4 
(or otherwise noted). The DENV-2 stock virus at 
5 X 105 TCID50/ml was diluted in assay media 
and then added to the compound-treated wells 
and the virus only control wells. Cells were also 
mock infected by adding assay media as mock 
infection control wells.  All additions were car-
ried out using the BioTek MicroFlo Select dis-
penser (BioTek Instruments, Inc.) housed in a 
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class II Biosafety Cabinet within the Bio-Safety 
Level 2 laboratory. Plates were incubated for 
another 120 h, at 37 °C, 5% CO2 and 80-95% 
humidity. The final total volume was 25 µl/well 
for 384-well plates and 100 µl/well for 96-well 
plates. 
 
Luminescent signal detection and endpoint 
reading 
 
CellTiter-Glo Luminescent Cell Viability Assay kit 
(Promega Inc., Madison, USA) was used to de-
termine the cell viability in vitro. The CellTiter-
Glo buffer and the lyophilized CellTiter-Glo sub-
strate were thawed and equilibrated to room 
temperature prior to use.  The homogeneous 
CellTiter-Glo reagent solution was reconstituted 
after mixing the lyophilized enzyme/substrate 
and the reagent buffer according to the manu-
facturer’s instructions. Meanwhile, the assay 
plates were also equilibrated to room tempera-
ture for 15 minutes. An equal volume of 
CellTiter-Glo reagent, 25 µl for 384-well plate 
and 100 µl for 96-well plate, was added to each 
well robotically.  Plates were further incubated 
for 15 min at room temperature to stabilize lu-
minescent signals. Units of luminescent signal 
generated by a thermo-stable luciferase are 
proportional to the amount of ATP presented in 
viable cells. Luminescence was measured using 
a BioTek synergy 2 multi-label reader (BioTek 
Instruments, Inc.) with an integration time of 0.1 
s/well. 
 
Compound preparation for the screening of the 
small compound library 
 
LOPAC1280 (Library of Pharmacologically Active 
Compounds, Sigma-Aldrich, St. Louis, MO) was 
originally purchased from Sigma-Aldrich and 
stored in DMSO at 2 mM per compound in 96-
well plates at -20°C. Before loading, all com-
pound plates were equilibrated to room tem-
perature, and each compound plate was diluted 
in assay media in a well-to-well manner. The 
dilution plates were stored in 4°C before trans-
ferring to 384-well plates. Four 96-well dilution 
plates were transferred into one 384-well plate 
in a well-to-well manner. The final concentration 
for each compound was 10 µM in 384-well 
plates. Compounds diluting and compounds 
transferring were all operated by PrecisionTM 
Automated Microplate Pipetting Systems 
(BioTek Instruments, Inc.). 
 

Validation of 384-well format assay  
 
The LOPAC1280 was screened in duplicate using 
the optimized in vitro CPE-based assay on a HTS 
platform using the luminescent-based CellTiter-
Glo reagent (Promega). Briefly, cells were plated 
15µl/well at a cell density of 1,500 cells/well in 
black 384-well plates with clear-bottom 
(Corning) using BioTek MicroFlo Select dis-
penser. Plates were then incubated for 2 h at 
37°C, 5.0% CO2 and 80-95% humidity. A total of 
10 µl diluted compounds were dispensed to 
each well in the assay plates by the BioTek Pre-
cisionTM Automated Microplate Pipetting Sys-
tems. The compound wells and the virus control 
wells were infected with DENV-2 at MOI of 0.4. 
Mock infected cells were added with 10µl assay 
media. Under the optimized assay conditions, 
the final assay volume in each well was 25 µl, 
the final concentration of each testing com-
pound was 10 µM. All experiments were carried 
out in a class II Biosafety Cabinet within the Bio-
Safety Level 2 laboratory. All plates were incu-
bated for another 120 h, at 37°C, 5.0% CO2 
and 80-95% humidity. 
 
Data analysis  
 
For the validation assay, each assay plate con-
tains two columns of control wells with mock 
infected cells, and two columns of control wells 
with cells infected with DENV-2. All control wells 
were treated with DMSO at same concentration 
as assay wells and used to calculate Z’-value for 
each plate and to normalize the data on a per 
plate basis. All raw data were analyzed for the 
determination of Z’-value, S/B ratio and percent 
inhibition for each assayed compounds. Results 
were expressed as percent inhibition of CPE 
where 100% inhibition of CPE was equal to the 
mean of the mock infected cell controls, and 0% 
of inhibition was equal to the mean of the DENV
-2 infected cell controls. Statistical calculations 
of Z’-values were made as follows: 
 

Z’ = 1− ((3StdDevS+3 StdDevB)/|MeanS – MeanB|) 
 

Here MeanS is the mean luminescent signals 
from mock infected cell controls, StdDevS is the 
standard deviation of the luminescent signals 
from mock infected cell controls, MeanB is the 
mean luminescent signals from DENV-2 infec-
tion controls, and StdDevB is the standard de-
viation of the luminescent signals from virus 
infection controls. Coefficient of ariation (CV) = 
StdDev/Mean and S/B = MeanS/MeanB [21, 
22]. 
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Results 
 
Quantitation of CPE induced post DENV-2 infec-
tion  
 
The induction of CPE post DENV infection is ob-
servable in various cell lines, including HeLa 
and hepatoma cells [19, 20]. In this assay sys-
tem, CPE could also be observed in BSR cells at 
different hours post infection (h.p.i.) of DENV-2, 
depending on the MOI. In order to develop a 
HTS amenable assay for antiviral drug screening 
against DENV, it is critical that the CPE induced 
post DENV-2 infection can be quantitated in 96-
well plates or higher format with a simple assay 
protocol such as “mix and measure”. The quan-
titation of CPE induced post DENV-2 infection in 
BSR cells was developed using the CellTiter-Glo 
luminescent cell viability reagent (Promega), a 
homogeneous method of determining the num-
ber of viable cells in culture based on the quan-
titation of ATP present, which signals the pres-
ence of metabolically active cells. Cell viability in 
BSR cells post DENV-2 infected was compared 
to the cell viability in mock infected cells at 120 
h.p.i., with 1.2-, 1.3-, 3.0- and 10.2-fold de-
creases of cell viability, i.e. S/B ratios, at MOI of 
0.001, 0.01, 0.1 and 1, respectively (Figure 1). 
This result demonstrated that DENV-2 induced 
CPE can be quantitated in this assay system 
using BSR cells. Cells infected with higher MOIs 
showed fairly higher signal difference window or 
S/B ratio indicating the correlation between CPE 
and luminescent signals in cells infected with 
DENV-2. 

Assay condition optimization  
 
It is commonly observed that CPE can be in-
duced within 72 h post RNA virus infection, in-
cluding the induction of CPE by BTV [18] and 
SARS-CoV [16]. Comparing with these systems, 
quantitatable induction of CPE post DENV-2 
infection takes longer period, usually more than 
120 h. The lengthy period of culturing BSR cells 
makes the assay condition optimization chal-
lenging. We took a step-by-step approach to 
determine the optimal assay conditions, includ-
ing seeding cell density, end-point determina-
tion, FBS concentration, cell tolerance to DMSO 
and MOI as described below. 
 
Optimization of seeding cell density  
 
Since reasonably higher S/B ratios were ob-
served at 120 h post DENV-2 infection, the opti-
mization of seeding cell density will be critical in 
order to obtain high luminescent signals without 
triggering cell overgrowth up to 120 h post 
seeding. To determine the maximum seeding 
cell density, cells were plated at densities rang-
ing from 1,000 up to 20,000 cells/well in 96-
well plates using assay media, and cultured up 
to 120 h. Luminescent signals representing cell 
viabilities were determined at 24 h intervals 
over the 120 h period using CellTiter-Glo re-
agent (Figure 2). At cell densities of 1,000 and 
2,500 cells/wells, BSR cells continued to grow 
till 120 h post seeding with no signs of cell over-
growth. At 5,000 cells/well, cell growth reached 
a plateau at 96 h post seeding and luminescent 

 
 
Figure 1. Quantitation of 
CPEs induced in BSR cells 
post DENV-2 infection. 
BSR cells were seeded at 
5,000 cells/well and then 
infected with DENV-2 at 
different MOIs as indi-
cated. Inhibitions of cell 
viability were determined 
using the CellTiter-Glo 
reagent at 120 h.p.i.. 
Mock infection: BSR cells 
were mock-infected by 
adding DMEM media only. 
MOI: Multiplicity of Infec-
tion. Each data point 
represents the average 
value of 8 replicates. 
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signals decreased slightly at 120 h post seed-
ing. At 10,000, 15,000 and 20,000 cells/well, 
substantial decreases of luminescent signal 
indicated cell overgrowth within 72 h culturing. 
Since luminescent signals were higher at 5,000 
cells/well when compared with the signal from 
1,000 and 2,500 cells/well, we chose the cell 
density of 5,000 cells/well as the cell density 
for further optimization considering the slight 
signal decrease that might be related with cell 
overgrowth. 
 
Determination of optimal FBS concentration 
 
In the previous experiment, we showed that 
when cells were seeded at 5,000 cells/well with 
1% FBS in the media, the luminescent signals 
decreased slightly at 120 h post seeding. Thus, 
we further optimized the FBS concentration in 
the media with five designated FBS concentra-
tions, ranging from 0% up to 10%. Cell viabilities 
were evaluated at 72 h, 96 h and 120 h. Com-
paring with the previous result at 1% FBS 
(Figure 2), we showed that cells were still grow-
ing actively with no sign of overgrowth at 1.25% 
FBS at 120 h.p.i. (Figure 3). Thus, we selected 
1.25% FBS as the optimal FBS concentration for 
all subsequent experiments. 
 
Effect of DMSO on cell viability in BSR cells  
 
During the small-molecule chemical compound 
library screening, all original testing compounds 

were delivered at fixed concentrations in 100% 
DMSO. Thus, DMSO solvent compatibility of the 
assay needed to be determined to evaluate the 
effect of DMSO on cell growth and cell viability 
over the 120 h period. After being seeded in 96-
well plates at 5,000 cells/well and 1.25% FBS, 
BSR cells were treated with DMSO at concentra-
tions ranging from 0.01% up to 2.5% (Figure 4). 
Cell viability was determined using the CellTiter-
Glo reagent after 120 h of incubation. The ef-
fect of DMSO on cell viability was evaluated by 
comparing the cell viability in DMSO treated 
cells to cell viability in cells that were not 
treated with DMSO, i.e. the mock treated cells 
with 100% pre-set viability. When BSR cells 
were treated with DMSO concentrations less 
than 1.25%, no decreases in the cell viability 
were observed. In contrast, there was a slight 
increase of cell viability, although not substan-
tial, when cells were treated with DMSO concen-
tration below 0.16%. However, when cells were 
treated with concentrations of DMSO over 
1.25%, a notable decrease of cell viability was 
observed comparing to the cell viability in mock 
treated cells (Figure 4). This result suggests that 
the DMSO concentration should be kept be-
tween 0.16% and 0.625% for antiviral drug 
screening using this assay, and there should be 
no more than 1.25% DMSO in the culture for 
the entire screening.  This result is coincident 
with most standard cell based assays recom-
mending that the final DMSO concentration 
should be kept under 1%. 

 

Figure 2. Optimiza-
tion of seeding cell 
density. BSR cells 
were seeded at dif-
ferent cell densities 
in 96-well plates. 
Cell viabilities were 
measured at differ-
ent times post seed-
ing and were ex-
pressed as relative 
luminescent signal 
units per well using 
CellTiter-Glo reagent. 
Each data point 
represents the aver-
age value of 8 repli-
cates. 
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Optimization of MOI 
 
DENV infection in Vero cells can induce both 
necrosis at a higher infectious dose (MOI ≥ 10) 
and apoptosis at a lower MOI (<10) [23]. Al-
though both necrosis and apoptosis will gener-
ate observable CPE, it is important to note that 
the cytotoxic effect resulting from the accumu-
lating DENV particles in the cells should be 
avoided for antiviral drug screening. Thus, we 
chose to use MOI <10 for this MOI optimization 
assay. 
 
Because the extent of DENV-2 induced CPE is 
affected by the initial infectious dose, DENV-2 

MOI was optimized to achieve the relatively 
lower luminescent signals at the lowest DENV-2 
MOI. As shown earlier, the luminescent signals 
were decreased 3.0- and 10.0- fold at MOIs of 
0.1 and 1, respectively (Figure 1). For further 
optimization, we chose eight MOIs, ranging from 
0.025 to 3.2, to infect BSR cells at the optimal 
conditions. Cell viability was evaluated using the 
CellTiter-Glo reagent. At 120 h.p.i, the differ-
ences of luminescent signals (i.e. S/B ratios) 
between mock infected cells and DENV-2 in-
fected cells were 1.6, 1.8, 3.1, 5.4, 8.0, 7.6, 7.6 
and 10.0 folds at MOI of 0.025, 0.05, 0.1, 0.2, 
0.4, 0.8, 1.6, and 3.2, respectively (Figure 5). 
The S/B ratio at MOI of 0.4 was the lowest MOI 

Figure 3. Effect of FBS in 
DMEM media on the 
growth of BSR cells. BSR 
cells were seeded at 
5,000 cells/well in 96-well 
plates with DMEM contain-
ing different concentration 
of FBS and incubated at 
37 °C with 5.0% CO2. Cell 
viability were determined 
at 120 h post seeding 
using CellTiter-Glo reagent. 
Line indicated the level of 
luminescent signals from 
cells at regular mainte-
nance media containing 
5% FBS, which was pre-set 
as 100%. Each data point 
represents the average 
value of 8 replicates. 

 

Figure 4. Evaluation of the 
DMSO tolerance in BSR 
cells. BSR cells were 
seeded at 5,000 cells/well 
with DMEM containing 1% 
FBS. The assay media also 
contain different concen-
trations of DMSO. Percent-
ages of cell viability were 
determined using CellTiter-
Glo reagent at 120 h post 
seeding. Line indicated the 
level of luminescent sig-
nals from cells without 
DMSO treatment, which 
set as 100%. Each data 
point represents the aver-
age value of 8 replicates. 
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with comparable low cell viability and compara-
ble high S/B ratio (8.0) to that of MOI 0.8, 1.6 
and 3.2, which fits our standard to achieve rela-
tive high signal difference window with lowest 
MOI. Thus, MOI of 0.4 was selected for further 
analysis including the determination of assay 
robustness. 
 
Assay robustness determination 
 
Various assay parameters, including Z’-value, 
CV and S/B ratio, provide an indication of the 
assay reliability during normal run conditions 
and determines the assay robustness and re-
producibility. The Z’-value evaluates the assay's 
signal dynamic range, the data variation associ-
ated with the sample measurement, and the 
data variation associated with the reference 
control measurement. The S/B ratio between 
the mean maximal signal and the mean mini-
mum signal or background signal, describes the 
dynamic range of the assay. CV is a normalized 
measure of dispersion of a probability distribu-
tion defined as the ratio of the standard devia-
tion to the mean. To determine the Z’-value, CV 
and S/B ratio, the CPE-based assay in 96-well 
plates was run at the optimized conditions in-
cluding cell density at 5,000 cells/well and 
1.25% FBS, DENV-2 infection at MOI of 0.4 and 
final luminescence signals read at 120 h.p.i. 
The 96-well plate was divided into four quad-
rants, with the mock infected cell controls in 
Quadrant I and IV as positive controls, and the 
DENV-2 infected cells as negative controls in 
Quadrant II and III on the plate. The Z’-value 
analysis was performed repeatedly to demon-
strate reproducibility. We obtained a Z’-value of 

0.71, an S/B ratio of 6.88, and CV of 6.3% for 
mock infected cells and 12.3% for DENV-2 in-
fected cells under the optimized assay condi-
tions using the formula described earlier [22]. 
This result demonstrated the successful adapta-
tion of the CPE-based assay against DENV-2. 
This assay was therefore suitable for current 
use, or for further development into a primary 
HTS assay. 
 
Miniaturization of the assay into 384-well plates 
 
Since HTS involves the use of robotic instrumen-
tation capable of dispensing small volumes of 
compounds and buffers into microplates or 
other vessels, it is recommended to use 384-
well plates or higher formats. The miniaturiza-
tion of this CPE-based assay into 384-well plate 
format was carried out via the optimization of 
assay conditions for cell culture and DENV-2 
infection to achieve the optimal conditions that 
yield the greatest dynamic range, that is, the 
greatest difference between infected and unin-
fected cells (S/B ratio > 5), with a Z’-value > 0.5 
and a CV < 10%. Various assay conditions, in-
cluding the determination of seeding cell den-
sity, optimization of cell culture conditions and 
MOI, were optimized similar to these experi-
ments described for assay optimization in 96-
well plates. The optimal experimental conditions 
were determined as seeding cell density at 
1,500 cells/well, 1.25% FBS and MOI of 0.4, in 
384-well plates. Under these optimal condi-
tions, we obtained a Z’-value of 0.69, S/B ratio 
of 11.2, and CV of 7.1% in mock-infected cell 
control and 24.2% in DENV-2 infected cells. 
 

 
Figure 5. Optimization of 
DENV-2 MOI for the induction 
of CPE in BSR cells. BSR 
cells were seeded at 5,000 
cells/well, and then infected 
by different DENV-2 at differ-
ent MOIs. Percentages of cell 
viabilities were determined 
using luminescent signals 
from CellTiter-Glo reagent at 
120h post seeding. Each 
data point represents the 
average value of 8 repli-
cates. 
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Assay validation using LOPAC1280 compound 
library 
 
The LOPAC1280 (Library of Pharmacologically 
Active Compounds, Sigma-Aldrich, St. Louis, 
MO) is designed for the validation of new drug 
discovery assays, and was used to validate the 
miniaturized antiviral assay against DENV-2. 
LOPAC1280 is a collection of high quality, innova-
tive molecules that have been used for a broad 
range of researches including cell signaling and 
neuroscience, reflecting the most commonly 
screened targets in the drug discovery commu-
nity. 
 
All compounds in the LOPAC1280 library was di-
luted in assay media to achieve a final concen-
tration of 10 μM per compound per well. The 
compound library was screened in duplicate. 
Additional controls, including mock-infected 
cells with DMSO and DENV-2 infected cells, 
were added along the sides of the 384-well 
plate for quality control. The values from the 
mock-infected control wells were reviewed to 
determine the cell viability of each plate and pre
-set as 100% inhibition, and the values of DENV-
2 infected only cells were pre-determined as 0% 
inhibition. The values of cell viability for each 
compound were analyzed to determine the per-
centage of inhibition to DENV-2 induced CPE. Z’-
values, S/B ratios, CVs for mock infected cells 
and DENV-2 infected cells were calculated and 

averaged from each plate.  Based on the dupli-
cated screening, we obtained an average Z’-
value of 0.57 ± 0.05. The average CVs were 
12% ± 2% in mock-infected cells and 19% ± 6% 
in DENV-2 infected cells. The average S/B ratio 
was 16.37 ± 3.66 for the entire screening. The 
percentage of inhibition of virus induced CPE 
from each compound in the screen was plotted 
in Figure 6. Effective “hit” compounds were de-
fined as compounds displaying efficacy values 
greater than the mean of the negative control 
plus 3 times the standard deviation of the nega-
tive control mean, which was 8.5% in this dupli-
cated screening.  An arbitrary cut-off value of 
20% inhibition rate for the entire screening was 
also applied. Out of the 1280 compounds 
screened, we identified 4 identical hits with over 
20% CPE inhibition in both screenings. 
 
The reproducibility and robustness of the dupli-
cate screens were demonstrated with similar Z’ 
values (0.59 vs 0.55), CVs from both cell con-
trols (11.76% vs 12.99%) and virus controls 
(23.63% vs 13.610%), and S/B ratios that aver-
aged from each plate (19.00 vs 13.73) (Table 
1). Overall, we observed an average hit rate of 
0.55 - 1.02% and 0.31% for compounds that 
inhibited 8.5% and 20% of DENV-2 induced 
CPE, respectively. These results demonstrated 
that the assay was reproducible and robust for 
future HTS of large compound libraries. 
 

Figure 6. The percent-
age of inhibition to 
DENV-2 induced CPE 
from each compound in 
the validation assay 
using the LOPAC1280 
compound library.  Each 
dot represents one com-
pound from the library, 
and total of 1280 com-
pounds were plotted 
here. The lower line at 
8.5% inhibition of virus 
induced CPE was calcu-
lated as the average 
inhibition plus three 
times standard devia-
tion of % inhibition of all 
compounds from the 
entire screen. The 
higher line indicating 
the inhibition at 20% of 
DENV-2 induced CPE. 
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Discussion 
 
The development of a HTS amenable assay is 
usually accompanied with rigorous standards 
that require specific attention to assay optimiza-
tion. It is recommended that a simple “mix and 
measure” protocol be established to automate 
and validate specific cell-based assays for anti-
viral drug discovery. The determination of opti-
mal culture conditions, the establishment of 
compound addition parameters and the valida-
tion of assay robustness are also required to 
achieve doable assay parameters, including Z’-
value over 0.5, S/B over 5, and CV less than 
10% [24]. For most antiviral HTS assay, it usu-
ally takes less than 72 h to observe a measur-
able CPE. However, the antiviral assay devel-
oped in this paper requires at least 120 h to 
detect the CPE-induced post DENV-2 infection. 
Such a lengthy assay period increases the chal-
lenge of optimizing assay conditions. Here, we 
present detailed, step-by-step method for opti-
mizing assay conditions, which is critical for the 
success of the antiviral HTS assay development 
against Dengue disease. The assay robustness 
was established early in the assay development 
in 96-well plates, with Z’-value of 0.71, a S/B 
ratio of 6.88, CV of 6.3% in mock-infected cells 
and 12.3% in DENV-2 infected cells under the 
optimized assay conditions. This assay was 
miniaturized into 384-well plates with Z’-value 
of 0.69, S/B ratio of 11.2, and CV of 7.1% in 
mock infected cell control and 24.2% in DENV-2 
infected cells under the optimized assay condi-
tions.  Further validation of the assay using the 
LOPAC1280 compound library showed an average 
Z’-value of 0.57 ± 0.05, average CVs of 12% ± 

2% for mock infected cells and 19% ± 6% for 
DENV-2 infected cells. The average S/B ratio 
was 16.37 ± 3.66 for the entire screening. It is 
very common that CV was over 10% in virus 
infected cells as the cells react to virus infection 
differently with the addition of the compounds. 
Meanwhile, we also observed slight variation of 
the Z’-values, CVs and S/B ratios in different 
assay formats, which is very common for a HTS 
assay. When determining whether the assay is 
HTS amenable, it is important to obtain a high 
Z’-value, usually over 0.5. If the Z' value is be-
tween 0 and 0.5, the assay is considered do-
able but will require replicates during HTS. If the 
value is ≥ 0.5, the assay is considered excellent, 
and generally a single test of a compound li-
brary will be sufficient. Thus, the consistent Z’-
value from the validation screenings, between 
0.59 and 0.71, indicated that this assay was 
HTS amenable and robust for further screening 
of large compound libraries. 
 
The assay repeatability or intra-assay precision 
was also determined with the repeated valida-
tion assay using the exact same LOPAC1280 com-
pound library under the same optimized assay 
conditions at two separate but duplicated as-
says. We showed the two duplicated screenings 
with similar Z-values, S/B ratios and CVs in 
mock-infected cells and DENV-2 infected cells. 
The 8.5% inhibition of DENV-2 induced CPE 
equaled to average CPE inhibition plus three 
times standard deviation of % inhibition of all 
compounds from the duplicated screenings. We 
also applied an arbitrary cut-off value of 20% 
inhibition rate for the entire screening. Re-
markably, we obtained four “hits” from the du-

Table 1. Summary of the validation screening using LOPAC1280 against DENV-2 

The CPE-based assay against DENV was validated twice using the LOPAC1280 compound library, via the screen-
ing of total 1280 compounds. Results from the validations screening assay were summarized and compared in 
the table. Number of hits and hit rates were expressed in two data sets. One set was expressed as the mean 
inhibition of CPE plus three times the standard deviation, which was 8.5% here. Another set was expressed as 
the 20% inhibition of the virus induced CPE. N: number of compound screened, Z’: average Z’-value from each 
plate screened, CV: Coefficient of Variation, S/B ratio: signal-to-background ratio. 

 N Z' CV(Cell) CV(Virus) S/B ratio Number of 
hits 

Hit rate 

Validation 
repeat 1 

1280 0.59±0.02 11.76±0.22 23.63±11.06 19.00±0.8
8 

13(>8.5%) 1.02% 

4(>20%) 0.31% 

Validation 
repeat 2 

1280 0.55±0.05 12.99±1.67 13.61±1.56 13.73±0.9
9 

7(>8.5%) 0.55% 

4(>20%) 0.31% 
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plicated screening which were 100% identical 
for the 20% inhibition of DENV induced CPE. 
This further demonstrated that the assay was 
reproducible and reliable. 
 
Several antiviral HTS assays have been devel-
oped for the drug discovery against dengue dis-
ease, including virtual screening [25], screening 
of small-molecule compound libraries using rep-
licon-based assay [26-28], antisense RNA strat-
egy development [29], and docking assay [30]. 
The replicon-based assay, using the replicon-
harboring cell line, allows screening for inhibi-
tors of viral replication, including translation, 
polyprotein processing, and minus- and plus-
strand RNA synthesis [26, 27, 31, 32]. The an-
tisense RNA strategies and virtual screening of 
small-molecule libraries also generate possible 
antivirals against dengue disease [25, 28]. 
While these assays showed certain advantages, 
it was believed that the standard CPE-based 
assay should be developed and validated to 
allow the evaluation of antiviral efficacy against 
the entire dengue viral life-cycle. The successful 
development, optimization and validation of the 
CPE-based assay against DENV into a HTS ame-
nable, robust and reproducible assay, made it 
possible to screen large compound libraries to 
identify novel antiviral drugs against Dengue 
virus infection. 
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