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Short Communication

Comparative analysis of conventional PCR and real-time PCR
to diagnose shrimp WSD
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Abstract

The aims of this study were to standard and optimize a qPCR protocol with FAM-BHQI1 probe, and
to compare its sensitivity against TagMan qPCR and PCR methods to diagnose shrimp WSD. The
FAM-BHQI1 gPCR presented higher clinical sensitivity and showed to be a robust alternative to de-

tect WSSV in clinical samples.
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White spot disease (WSD) is one of the most impor-
tant viral disease for marine shrimp culture, causing serious
mortalities to economically important species, such as
Penaeus monodon, Litopenaeus vannamei and L. styli-
rostris (Sanchéz-Martinéz et al., 2007). Etiologic agent of
WSD, the white spot syndrome virus (WSSV) is a bacilli-
form, non-occluded enveloped, double-stranded DNA vi-
rus of Nimaviridae family (Sritunyalucksana et al., 2006;
Escobedo-Bonilla et al., 2008). The illness was firstly re-
ported in 1992 in Taiwan. Since then, the continuous spread
of disease has been described, mainly throughout the re-
gions of important shrimp production (Asia and the Ameri-
cas) (Sritunyalucksana et al., 2006; Escobedo-Bonilla et
al., 2008; Nunan and Lightner, 2011). Currently, WSD is
considered one of the main barriers for successful expan-
sion of shrimp industry worldwide (Nunan and Lightner,
2011; OIE, 1997).

Several methods have been used to diagnose WSD in
shrimp, including histopathology, immunological assays,
in situ hybridization and molecular techniques (Durand and
Lightner, 2002; Chou et al., 2011; Samanman et al., 2011).
PCR-based assays offer high degrees of sensitivity and
specificity (Chou ef al., 2011); being the Nested PCR pro-
tocol developed by Lo et al. (1996), the gold standard rec-
ommended by the OIE Manual of Diagnostic Tests for
Aquatic Animals (OIE, 2009). Despite of the advantages,
the WSSV Nested-PCR is a two steps, time consuming

method and false positive results can be obtained (Nunan
and Lightner, 2011). Quantitative Real-time PCR (qPCR)
has been successfully used to quantify different viral infec-
tions in shrimp, showing to be fast, sensitive and specific
(Jang et al., 2009). Many different Sybr-green and TagMan
gPCR have been developed to detect WSSV (Durand and
Lightner, 2002; Sritunyalucksana et al., 2006; Jang et al.,
2009; Chou et al., 2011). However, these techniques were
not included in the OIE Manual (OIE, 2009) as a recom-
mended method. Contradictory results, variable reprodu-
cibility and sensibility data have been verified while using
that (Durand and Lightner, 2002; Durand et al., 2003;
Sritunyalucksana et al., 2006).

The aim of this study was to standard a qPCR proto-
col based in dual-labeled hydrolysis probe technology, with
non-fluorescent quencher (Black Hole Quencher, BHQ1),
to diagnose WSD. In addition, to compare the clinical sen-
sitivity of the this protocol against previously developed
PCR (Nested PCR and TagMan qPCR) to detect WSSV in
clinical samples of diseased shrimp.

Diseased and health Litopenaeus vannamei were col-
lected during outbreaks of WSD in shrimp farms, located in
two Brazilian States (Santa Catarina and Bahia). The sam-
ples were 96% ethanol preserved and immediately con-
ducted to LANAGRO- National Animal and Plant Labora-
tory of Brazilian Ministry of Agriculture, situated in Pedro
Leopoldo (Minas Gerais State). The total shrimp DNA was
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extracted from three left abdominal pleopods of each ani-
mal, using the commercial kits Wizard® DNA Genomic Pu-
rification (Promega, USA), DNeasy (Qiagen, USA), and
TRIzol (Invitrogen, USA). The amount of extracted DNA
was quantified spectrophotometrically with GE NanoVue®
Spectrophotometer (GE Healthcare, UK). The DNA sam-
ples were stocked at -20 °C until use.

The primers sets 146F1 (5’ACTACTAACTTCAG
CCTATCTAG 3’) / 146R1 (5> TAATGCGGGTGTAAT
GTTCTTACGA3’), and 146F1/146R1 plus 146F2 (5
GTAACTGCCCCTTCCATCTCCA  3°)/146R2 (5’
TACGGCAGCTGCTGCACCTTGT 3’) were respectively
used for one-step and two steps (Nested) WSD PCR. The
different qPCR methods were performed using the primer
set WSS1011F (5 TGGTCCCGTCCTCATCTCAG 3°) /
WSS1079R (5’ GCTGCCTTGCCGGAAATTA 3°) and
probe (5> AGCCATGAAGAATGCCGTCTATCACACA
3’) (Durand and Lightner, 2002). The primers and probe
target the genomic fragment saltl of WSSV (Genbank ac-
cession number U50923). Two probe types were tested: a
TagqMan probe (Applied Biosystems, USA) labeled with
fluorescent dyes S-carboxyfluoroscein (FAM) on the 5° end
and N,N,N’,N’-tetramethyl-6-carboxyrhodamine (TAM-
RA) on the 3° end; and dual-labeled hydrolysis probe with
fluorescent dye FAM on the 5° end and the non-fluorescent
quencher, Black Hole Quencher® 1 (Sigma-Aldrich,
USA), on the 3* end (FAM-BHQI1). All primers used were
acquired from Integrated DNA Technologies (IDT, USA).

The one step and two steps WSD PCR were per-
formed as described previously (OIE, 2009). Briefly, PCR
mixture of both reactions consisted of: 1X GoTaq Flexi
Buffer (Promega); 1.5 mM MgCl,; 200 uM of each dNTP;
100 pmol of each primer; and 2 U of GoTaq DNA Polymer-
ase (Promega). 10 uL of one step reaction was used as tem-
plate for the two steps PCR. Cycling conditions for both
assays was 94 °C for 4 min followed by 39 cycles of 94 °C
for 1 min, 55 °C for 1 min and 72 °C for 2 min and a final
extension step at 72 °C for 5 min. The products were visual-
ized in 1% agarose gel -electrophoresis containing
0.5 ug.mL" of ethidium bromide. The expected amplicon
sizes were respectively 1447 and 941 bp, for one and two
step reaction. A purified plasmid containing the WSSV
genomic sequence U50923 was used as positive control. It
was serially 10-fold diluted to standard curve construction
in qPCR analysis. Six plasmid dilutions were used to deter-
mine the analytical sensitivity of different assays. The
amount of plasmid copies ranged from 2 to 2 x 10°.

qPCR reactions with TagMan and FAM-BHQ1 were
optimized for primers and probe concentrations, and com-
pared with previously described reaction (Durand and
Lightner, 2002). A set of standard curves was created using
six dilutions of control plasmid. The primers were evalu-
ated at concentrations ranging from 5 to 100 pmol and
probes varied from 5 to 75 pmol per reaction. The standard
curves were evaluated in triplicate for each qPCR mixture
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tested. The best reaction was determined based in: slope
factor (-3.1035 to -3.7762); correlation coefficient (above
0.99); and lower average quantification cycle (Cq) for each
dilution (Ishi e al., 2007; Bustin et al., 2009). All qPCR as-
says were performed in an ABI 7500 Real-time System
(Applied Biosystems) and TagMan Universal Master Mix
with ROX as passive reference (Applied Biosystems) was
used. The qPCR cycling consisted of 95 °C for 10 min fol-
lowed by 40 cycles of 95 °C for 15 seconds and 60 °C for
60 seconds. Data acquisition and analysis were performed
using 7500 Software Version 2.0 (Applied Biosystems).
The qPCR data were evaluated and are presented according
to MIQE guidelines (Bustin ef al., 2009; Bustin, 2010).

The clinical sensitivity of the qPCR protocols were
addressed in comparison with conventional PCR methods.
Thus, total DNA of 23 clinical samples, 15 WSD positive
and 8 WSD negative, were tested using the different tech-
niques and the sensitivity calculated. The effect of different
concentrations of template DNA in the clinical sensitivity
of conventional and real-time techniques was also deter-
mined. Five DNA concentrations (100, 150, 300 and 600 ng
per reaction) were tested. Additionally, the clinical sensi-
tivity of qPCR with TagMan and FAM-BHQ1 were evalu-
ated under low template DNA amounts per reaction (10, 50,
100 and 150 ng). All analyses were performed in triplicate.

Fisher’s Exact Test was applied to determine statisti-
cal differences among sensitivity of distinct diagnostic
methods evaluated. All analysis was performed using SAS
Statistical Software STAT Version 6.12 (SAS Institute
Inc., USA). A p value of 0.05 or less was considered statis-
tically significant.

Similar optimization results for qPCR with different
probes were obtained. Best results were verified with prim-
ers and probe concentrations of 90 and 25 pmol, respec-
tively. Optimized TagqMan and FAM-BHQI reactions
promoted higher correlation coefficient (1.0) for standard
curves and better slope factor (-3.45 and -3.42) than previ-
ously described TagMan qPCR (0.99 and -3.19) (Durand
and Lightner, 2002). In addition, these reactions generated
lower Cq standard deviation (SD) among dilution replicas
(data not show). The analytical sensitivity of different
methods were 208 plasmid copies for one step PCR, and ap-
proximately 2 copies for two step PCR and optimized
gPCR techniques. For standard curves, there were no dif-
ferences in analytical sensitivity between qPCR reactions
with distinct probes (TagMan or FAM-BHQ1).

Clinical sensitivity of different methods applied was
roughly affected by the template DNA concentrations used.
The results for 15 positive WSSV samples evaluated are
presented in Table 1. All methods showed high specificity,
with only one false positive result for optimized TagMan
qPCR. Conventional PCR methods showed large intra-
sample variation in the diagnostic results when low amount
of template DNA (100 ng per reaction or less) was used.
Thus, the clinical sensitivity for 50 ng reactions could not
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Table 1 - Clinical sensitivity of conventional and qPCR methods to diag-
nose 15 positive WSSV samples under different concentrations of tem-
plate DNA.

Method Clinical sensitivity (%)
50 ng 100ng 150ng 300ng 600 ng
DNA DNA DNA DNA DNA
One step PCR NC 26.66 53.33 53.33 53.33
Two steps PCR ~ NC 66.66 100 100 100
TagMan qPCR 100 100 6.66 0 0
FAM-BHQI1 100 100 60 0 0

gPCR

NC: not calculated.

be calculated. qPCR assays with 50 and 100 ng of template
DNA showed to be statistically superior to one step
(p < 0.0001) and two steps PCR (p = 0.021). In contrast,
high DNA concentrations (300 and 600 ng) generated
better sensitive results for one (p = 0.001) and two steps
PCR (p < 0.0001) compared with real-time methods.
Positivity of 100% was obtained with two steps PCR using
300 and 600 ng of template DNA. The presence of high
amount of DNA promoted an inhibitory effect in qPCR re-
actions with TagMan and FAM-BHQ1. The results were
not affected by different methods applied to DNA extrac-
tion. The qPCR assays presented negative results for all 15
positive WSD strains, when template DNA concentrations
overcame 150 ng per reaction. For this concentration
(150 ng), two steps PCR showed the best result (p = 0.008)
and no statistical difference were observed between one
step PCR and FAM-BHQ1 qPCR (p =0.5).

The performance of different probes (TagMan and
FAM-BHQ1) in diagnostic qPCR assays was addressed.
Significant differences were observed in lowest (10 ng
DNA) and highest (150 ng) DNA concentrations tested.
FAM-BHQ1 qPCR presented sensitivity of 100%
(p <0.0001) and 60% (p = 0.003) for reactions with 10 ng
and 150 ng of template DNA, respectively. Moreover, they
were higher and statistically significant compared to opti-
mized TaqgMan (60% and 6.66%) results. There was no sig-
nificant difference (p > 1.00) between the performance of
optimized TagMan and FAM-BHQ1 in 50 and 100 ng
DNA reactions (100% sensitivity). However, lower aver-
ages Cq for the major of tested samples were obtained with
FAM-BHQI1 reaction. That assay did not present any false
positive as verified for optimized TagMan.

The present study was able to standard and to opti-
mize a FAM-BHQ1 qPCR protocol, and to compare its per-
formance with conventional and real-time PCR methods to
diagnose WSSV in clinical samples. The analytical sensi-
tivity of two steps PCR and qPCR techniques was similar to
described early (Lo et al., 1996; Durand and Lightner,
2002; Sritunyalucksana et al., 2006; Nunan and Lightner,
2011). In contrast, the one step PCR presented contradic-
tory to the parameter reported in OIE Manual (OIE, 2009).
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Our data for one sep PCR is in accordance with previous
publications of Sritunyalucksana et al. (2006) and Nunan
and Lightner (2011). Since that reaction was recommended
in 1990, PCR technologies and reagents have been submit-
ted to a continuous process of quality improvements (Nu-
nan and Lightner, 2011). Therefore, those advances might
allow better results with same protocols, achieved with the
use of improved reagents, as verified here and previously
(Sritunyalucksana et al., 2006; Nunan and Lightner, 2011).

The clinical sensitivity of distinct PCR techniques
was highly affected by template DNA amount used in the
reactions. Two steps PCR presented best sensitivity results
for reactions with higher concentrations of shrimp DNA
(> 150 ng). In contrast, FAM-BHQ1 qPCR showed best
performance with low DNA concentrations (< 150 ng).
Those reactions presented the same analytical sensitivity,
being able to detect plasmid 2 copies. However, for two
steps PCR and samples with low target concentration (posi-
tive in FAM-BHQI reactions), the total shrimp DNA de-
creases its sensitivity. In spite of the recommended DNA
concentration range from 100 ng to 300 ng for two steps
PCR (OIE, 2009), an abrupt reduction in sensibility was
verified when 100 ng were used. Lo et al. (1996) described
100 ng of DNA as the optimal template concentration for
that assay, but, the methodology used to determine that was
not presented. Thus, the information accuracy of that can-
not be evaluated. Herein, 100% of sensitivity was obtained
with DNA levels of 150, 300 and 600 ng, suggesting that
the recommended range of template concentration in two
steps PCR is slightly higher at minimum level (150 ng). In
addition, the DNA amount can securely overcome the max-
imum level of 300 ng (until 600 ng) without sensitivity loss;
however, unspecific amplicons can be verified. High DNA
concentrations (> 150 ng) promoted an inhibitory effect in
real-time PCR protocols. This phenomenon has been al-
ready described by qPCR reactions with total template
DNA of other marine invertebrates. The potential inhibitors
can be extracted together with nucleic acids, as well as,
high concentrations of DNA of those animals can directly
inhibit real-time PCR reactions, in a concentration-depen-
dent way (Pan ef al., 2008).

TagMan and FAM-BHQ1 qPCR protocols presented
higher clinical sensitivity when 50 and 100 ng of total
shrimp DNA was used. These could be valuable tools,
mainly to diagnose WSD in larvae and postlarvae shrimp.
Those specimens usually present low viral loads and the to-
tal amount of DNA obtained can be reduced (Jang ef al.,
2009); that combination increases the possibility of false
negative results, when conventional PCR techniques are
applied. Therefore, qPCR protocols can solve this problem,
allowing to detect WSSV in young animals; the main kinds
of shrimp transported between the farms.

Different performances were observed in qPCR sen-
sitivity with TagMan and FAM-BHQ1 probes for WSSV
detection. TagMan are dual-labeled hydrolysis probes con-
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stituted of the fluorophore FAM in 5’ extremity and the flu-
orescent quencher TAMRA at 3° (Daum et al., 2004).
TAMRA fluoresces; whereas Black Hole Quencher 1
(BHQ1) is a dark quencher, which re-emits its energy as
heat rather than light (Yang et al., 2009). The background
fluorescence of TAMRA may reduce the sensitivity of
qPCR assays (Daum et al., 2004; Yang ef al., 2009). This
behavior was verified for the tested WSSV qPCR reactions.
TagMan assay had overall worst results than reactions us-
ing FAM-BHQI1 probes. FAM-BHQ1 qPCR promoted
lower intra-assay variation and Cq for tested samples. Simi-
lar results were found by Yang et al. (2009) evaluating the
performance of TagMan and BHQ1 quenched probes to de-
tect viral and bacterial respiratory pathogens. FAM-BHQI
qPCR for WSSV detection showed a constant 100% clini-
cal sensitivity in reactions within the recommended range
of DNA concentrations (10-100 ng per reaction). In con-
trast, TagMan qPCR presented a significant sensitivity de-
crease in reactions with low DNA amount (10 ng). Those
data clarify the advantages of standardized FAM-BHQI
gPCR in comparison to TagMan assay.

In conclusion, the standardized FAM-BHQ1 qPCR
protocol showed to be a fast, robust and viable tool to diag-
nose WSSV in clinical samples. It could be used as an alter-
native to two steps PCR, mainly to diagnose WSD in larvae
and postlarvae shrimp.
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